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PREFATORY NOTE

This work contains virtually all the non-technical material

contained in the author's "Guide to the Study of Fishes." It

lacks the considerable portion relating to the structure and

classification of fishes, which is intended rather for the technical

student of ichthyology.

The present volume contains substantially all which the

author wotdd have written had his original purpose been to

cover the subject of fishes in a general natural history of animals.

The fishes used as food and those sought by anglers in America

are treated fully, and proportionate attention is paid to all

the existing as well as all extinct families of fishes.

Notwithstanding the relative absence of technical material

in the present volume, the writer hopes that it may still be

valuable to students of ichthyology, though his chief aim has

been to make it interesting to nature-lovers and anglers, and

instructive to all who open its pages.

David Starr Jordan.
June 15, 1907.
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CIL\PTER I

THE LIFE OF THE FISH

A POPULAR ACCOUNT OF THE LIFE OF THE LONG-EARED
SUNFLSH, LEPOMIS MEGALOTIS

HAT is a Fish ?—A fish is a back-boned animal which

hves in the water and cannot ever live very long

an\^vhere else. Its ancestors have always dwelt in

water, and most likely its descendents will forever follow their

example. So, as the water is a region very different from the

fields or the woods, a fish in form and structure must be quite

unlike all the beasts and birds that walk or creep or fly above

ground, breathing air and being fitted to live in it. There are

a great many kinds of animals called fishes, but in this all of

them agree: all have some sort of a back-bone, all of them
breathe their life long by means of gills, and none have fingers

or toes with which to creep about on land.

The Long-eared Sunfish.—If we would understand a fish,

we must first go and catch one. This is not very hard to do, for

there are plenty of them in the little rushing brook or among the

lilies of the pond. Let us take a small hook, put on it an angle-

worm or a grasshopper,—no need to seek an elaborate artificial

fly,—and we will go out to the old " swimming-hole " or the deep

eddy at the root of the old stump where the stream has gnawed
away the bank in changing its course. Here we will find

fishes, and one of them will take the bait very soon. In one

part of the coimtry the first fish that bites will be different from

the first one taken in some other. But as we are fishing in

the United States, we will locate our brook in the centre of popu-

lation of our covmtry. This will be to the northwest of Cincin-
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The Life of the Fish 3

nati, among the low wooded hills from which clear brooks flow

over gravelly bottoms toward the Ohio River. Here we will catch

sunfishes of certain species, or maybe rock bass or catfish: any

of these will do for our purpose. But one of our sunfishes is

especially beautiful—mottled blue and golden and scarlet, with

a long, black, ear-like appendage backward from his gill-covers

—

and this one we will keep and hold for our first lesson in fishes.

It is a small fish, not longer than your hand most likely, but it

can take the bait as savagely as the best, swimming away with

it with such force that you might think from the vigor of its

pull that you have a pickerel or a bass. But when it comes out

of the water you see a little, flapping, unhappy, living plate of

Fig. 2.—Long-eared Sunfish, Lepomis megalotis (Rafinesque). (From Clear Creek,

Bloomington, Indiana.) Family Centrarchidte.

brown and blue and orange, with fins wide-spread and eyes

red with rage.

Form of the Fish.—And now we have put the fish into a

bucket of water, where it lies close to the bottom. Then we take

it home and place it in an aquarium, and for the first time we

have a chance to see what it is like. We see that its body is

almost elhptical in outline, but with flat sides and shaped on the

lower parts very much like a boat. This form we see is such as

to enable it to part the water as it swims. We notice that its

progress comes through the sculling motion of its broad, flat tail.



4 The Life of the Fish

Face of a Fish.—When we look at the sunfish from the front

we see that it has a sort of face, not unlike that of higher animals.

The big eyes, one on each side, stand out without eyelids, but the

fish can move them at will, so that once in a while he seems to

wink. There isn't much of a nose between the eyes, but the

mouth is very evident, and the fish opens and shuts it as

it breathes. We soon see that it breathes water, taking it in

through the mouth and letting it flow over the gills, and then

out through the opening behind the gill-covers.

How the Fish Breathes.— If we take another fish—for we shall

not kill this one—we shall see that in its throat, behind the mouth-
cavity, there are four rib-like bones on each side, above the

beginning of the gullet. These are the gill-arches, and on each

one of them there is a pair of rows of red fringes called the gills.

Into each of these fringes runs a blood-vessel. As the water

passes over it the oxygen it contains is absorbed through the

skin of the gill-fringe into the blood, which thus becomes puri-

fied. In the same manner the impurities of the blood pass out

into the water, and go out' through the gill-openings behind.

The fish needs to breathe just as we do, though the apparatus of

breathing is not the same. Just as the air becomes loaded with

impurities when many people breathe it, so does the water in our

jar or aquarium become foul if it is breathed over and over again

by fishes. Wlien a fish finds the water bad he comes to the sur-

face to gulp air, but his gills are not well fitted to use tmdissolved

air as a substitute for that contained in water. The rush of a

stream through the air purifies the water, and so again does the

growth of water plants, for these in the sunshine absorb and

break up carbonic acid gas, and throw out oxygen into the water.

Teeth of the Fish. —On the inner side of the gill-arch w^e

find some little projections which serve as strainers to the water.

These are called gill-rakers. In our sunfish they are short and

thick, seeming not to amount to mucli but in a herring they are

very long and numerous.

Behind the gills, at the opening of the gullet, are some round-

ish bones armed with short, thick teeth. These are called pharyn-

geals. They form a sort of jaws in the throat, and they are useful

in helping the little fish to crack shells. If we look at the mouth
of our live fish, we shall find that when it breathes or bites it moves
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the lower jaw very much as a dog does. But it can move the

upper jaw, too, a Httle, and that by pushing it out in a queer

fashion, as though it were thrust out of a sheath and then drawn
in. If we look at our dead fish, we shall see that the upper jaw

divides in the middle and has two bones on each side. On one

bone are rows of little teeth, while the other bone that lies behind

it has no teeth at all. The lower jaw has little teeth like those

of the upper jaw, and there is a patch of teeth on the roof of the

mouth also. In some sunfishes there are three little patches,

the vomer in the middle and the palatines on either side.

The tongue of the fish is flat and gristly. It cannot move it,

scarce even taste its food with it, nor can it use it for making a

noise. The unruly member of a fish is not its tongue, but its tail.

How the Fish Sees.—To come back to the fish's eye again.

We say that it has no eyelids, and so, if it ever goes to sleep, it

must keep its eyes wide open. The iris is brown or red. The pupil

is round, and if we could cut open the eye we should see that the

crystalline lens is almost a perfect sphere, much more convex than

the lens in land animals. We shall learn that this is necessary

for the fish to see under water. It takes a very convex lens or

even one perfectly round to form images from rays of light

passing through the water, because the lens is but little more

dense than the water itself. This makes the fish near-sighted.

He cannot see clearly anything out of water or at a distance.

Thus he has learned that when, in water or out, he sees anything

moving quickly it is probably something dangerous, and the

thing for him to do is to swim away and hide as swiftly as

possible.

In front of the eye are the nostrils, on each side a pair of

openings. But they lead not into tubes, but into a little cup

lined with delicate pink tissues and the branching nerves of

smell. The organ of smell in nearly all fishes is a closed sac,

and the fish does not use the nostrils at all in breathing. But

they can indicate the presence of anything in the water which is

good to eat, and eating is about the only thing a fish cares for.

Color of the Fish.—Behind the eye there are several bones on the

side of the head which are more or less distinct from the skull

itself. These are called membrane bones because they are

formed of membrane which has become bony by the deposition
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in it of salts of lime. One of these is called the opercle, or

gill-cover, and before it, forming a right angle, is the pre-

opercle, or false gill-cover. On our sunfish we see that the

opercle ends behind in a long and narrow flap, which looks

like an ear. This is black in color, with an edging of scarlet

as though a drop of blood had spread along its margin.

When the fish is in the water its back is dark greenish-looking,

like the weeds and the sticks in the bottom, so that we cannot

see it ver}^ plainly. This is the way the fish looks to the fish-

hawks or herons in the air above it who may come to the stream

to look for fish. Those fishes which from above look most like

the bottom can most readily hide and save themselves. The

under side of the sunfish is paler, and most fishes have the belly

white. Fishes with white bellies swim high in the water, and the

fishes who would catch them lie Ijelow. To the fish in the water

Fio. 3.—Common Sunfish, Eupomotis gibbosus (Linnanis). Natural size. (From

life by R. W. Shufcldt.)

all outside the water looks white, and so the white-bellied fishes

are hard for other fishes to sec, just as it is hard for us to see a

white rabbit bounding over the snow.
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But to be known of his own kind is good for the sunfish, and
we may imagine that the black ear-flap with its scarlet edge

helps his mate and friends to find him out, where they swim on

his own level near the bottom. Such marks are called recognition-

marks, and a great many fishes have them, but we have no

certain knowledge as to their actual purpose.

We are sure that the ear-flap is not an ear, however. No
fishes have any external ear, all their hearing apparatus being

buried in the skull. They cannot hear very much: possibly a

great jar or splash in the water may reach them, but whenever

they hear any noise they swim off to a hiding-place, for any dis-

turbance whatever in the water must arouse a fish's anxiety.

The color of the live sunfish is very brilliant. Its body is cov-

ered with scales, hard and firm, making a close coat of mail,

overlapping one another like shingles on a roof. Over these is a

thin skin in which are set little globules of bright-colored matter,

green, brown, and black, with dashes of scarlet, blue, and white

as well. The§e give the fish its varied colors. Some coloring

matter is under the scales also, and this especially makes the

back darker than the lower parts. The bright colors of the sun-

fish change with its surroundings or with its feelings. When it

lies in wait under a dark log its colors are very dark. When it

rests abo^e the white sands it is very pale. When it is guarding

its nest from some meddling perch its red shades flash out as it

stands with flns spread, as though a water knight with lance at

rest, looking its fiercest at the intruder.

When the sunfish is taken out of the water its colors seem to

fade. In the aquarium it is generally paler, but it will sometimes

brighten up when another of its own species is placed beside it.

A cause of this may lie in the nervous control of the muscles

at the base of the scales. When the scales lie very flat the color has

one appearance. When they rise a little the shade of color seems

to change. If you let fall some ink-drops between two panes of

glass, then spread them apart or press them together, you will

see changes in the color and size of the spots. Of this nature is

tlic apparent change in the colors of fishes under different con-

ditions. Where the fish feels at its best the colors are the richest.

There are some fishes, too, in which the male grows very brilliant

in the breeding season through the deposition of red, white, black,
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or blue pigments, or coloring matter, on its scales or on its head
or fins, this pigment being absorbed when the mating season is

over. This is not true of the sunfish, who remains just about

the same at all seasons. The male and female are colored

alike and are not to be distinguished without dissection. If we
examine the scales, we shall find that these are marked with fine

lines and concentric stria;, and part of the apparent color is due

to the effect of the fine Knes on the light. This gives the bluish

lustre or sheen which we can see in certain lights, although we
shall find no real blue pigment under it. The inner edge of each

scale is usually scalloped or crinkled, and the outer margin of

most of them has little prickly points which make the fish seem

rougli when we pass our hand along his sides.

The Lateral Line.—Along the side of the fish is a line of

peculiar scales which runs from the head to the tail. This is

Fig. 4.

—

Ozorihe dictyogramma (Herzenstein). A Japanese blenny, from Hakodate:
showing iiuTi-ased nuinbcr of l:it<'ral lines, a trait characteristic of many fishes of

the north Pacific.

called the lateral line. If we examine it carefully, we shall see

that each scale has a tube from which exudes a watery or

mucous fluid. Behind these tubes are nerves, and although not

much is known of the function of the tubes, we can be sure that

in some degree the lateral line is a sense-organ, perhaps aiding

the fish to feel sound-waves or other disturbances in the water.

The Fins of the Fish.—The fish moves itself and directs its

course in the water by means of its fins. These are made up of

stiff or flexible rods growing out from the body and joined to-

gether by membrane. There are two kinds of these rays or rods

in the fins. One sort is without joints or branches, tapering to

a sharp point. The rays thus fashioned are called spines, and
they are in the sunfish stiflf and sharp-pointed. The others.
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known as soft rays, are made up of many little joints, and most

of them branch and spread out brush-like at their tips. In the

fin on the back the first ten of the rays are spines, the rest are

soft rays. In the fin under tlie tail there are three spines, and in

each fin at the breast there is one spine with five soft rays. In

the other fins all the rays are soft.

The fin on the back is called the dorsal fin, the fin at the end

of the tail is the caudal fin, the fin just in front of this on the

lower side is the anal fin. The fins, one on each side, just behind

the gill-openings are called the pectoral fins. These correspond

to the arms of man, the wings of birds, or the fore legs of a turtle

or lizard. Below these, corresponding to the hind legs, is the

pair of fins known as the ventral fins. If we examine the bones

behind the gill-openings to which the pectoral fins are attached,

we shall find that they correspond after a fashion to the shoulder-

girdle of higher animals. But the shoulder-bone in the sunfish

is joined to the back part of the skull, so that the fish has

not any neck at all. In animals with necks the bones at the

shoulder are placed at some distance behind the skull.

If we examine the legs of a fish, the ventral fins, we shall

find that, as in man, these are fastened to a bone inside called

the pelvis. But the pelvis in the sunfish is small and it is placed

far fonvard, so that it is joined to the tip of the "collar-bone" of

the shoulder-girdle and pelvis attached together. The caudal

fin gives most of the motion of a fish. The other fins are mostly

used in maintaining equilibrium and direction. The pectoral

fins are almost constantly in motion, and they may sometimes

help in breathing by starting currents outside which draw water

over the gills.

The Skeleton of the Fish.—The skeleton of the fish, like that

of man, is made up of the skull, the back-bone, the limbs, and

their appendages. But in the fish the bones are relatively

smaller, more numerous, and not so firm. The front end of the

vertebral column is modified as a skull to contain the little

brain which serves for all a fish's activities. To the skull are

attached the jaws, the membrane bones, and the shoulder-

girdle. The back-bone itself in the sunfish is made of about

twenty-four pieces, or vertebrae. Each of these has a rounded

central part, concave in front and behind. Above this is a
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channel through which the great spinal cord passes, and above

and below are a certain number of processes or projecting

points. To some of these, through the medium of another set of

sharp bones, the fins of the back are attached. Along the sides

of the body are the slender ribs.

The Fish in Action.—The fish is, like any other animal, a

machine to convert food into power. It devours other animals

or plants, assimilates their substance, takes it over into itself,

and through its movements uses up this substance again. The
food of the sunfish is made up of worms, insects, and little fishes.

To seize these it uses its mouth and teeth. To digest them it

needs its alimentary canal, made of the stomach with its glands

and intestines. If we cut the fish open, we shall find the stomach

with its pyloric caeca, near it the large liver with its gall-

bladder, and on the other side the smaller spleen. After the

food is dissolved in the stomach and intestines the nutritious

part is taken up by the walls of the alimentary canal, whence

it passes into the blood.

The blood is made pure in the gills, as we have already seen.

To send it to the gills the fish has need of a little pumping-engine,

and this we shall find at work in the fish as in all higher animals.

This engine of stout muscle surrounding a cavity is called the

heart. In most fishes it is close behind the gills. It contains

one auricle and one ventricle only, not two of each as in man.

The auricle receives the impure blood from all parts of the body.

It passes it on to the ventricle, which, being thick-walled, is

dark red in color. This passes the blood by convulsive action,

or heart-beating, on to the gills. From these the blood is col-

lected in arteries, and without again returning to the heart it

flows all through the body. The blood in the fish flows slug-

gishly. The combustion of waste material goes on slowly, and

so the blood is not made hot as it is in the higher beasts and

birds. Fishes have relatively little blood; what there is is

rather pale and cold and has no swift current.

If we look about in the inside of a fish, we shall find close

along the lower side of the back-bone, covering the great artery,

the dark red kidneys. These strain out from the blood a cer-

tain class of impurities, poisons made from ner\'e or muscle

waste which cannot be burned away by the oxygen of respiration.
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The Air-bladder.—In the front part of the sunfish, just above
the stomach, is a closed sac, filled with air. This is called the

air-bladder, or swim-bladder. It helps the fish to maintain its

place in the water. In bottom fishes it is almost always small,

while fishes that rise and fall in the current generally have a

large swim-bladder. The gas inside it is secreted from the

blood, for the sunfish has no way of getting any air into it from

the outside.

But the primal purpose of the air-bladder was not to serve

as a float. In very old-fashioned fishes it has a tube connecting

it with the throat, and instead of being an empty sac it is a true

lung made up of many lobes and parts and lined with little blood-

vessels. Such fishes as the garpike and the bowfin have lung-

like air-bladders and gulp air from the surface of the water.

In the very little sunfish, when he is just hatched, the air-

bladder has an air-duct, which, however, is soon lost, leaving

only a closed sac. From all this we know that the air-bladder

is the remains of what was once a lung, or additional arrange-

ment for breathing. As the gills furnish oxygen enough, the

lung of the common fish has fallen into disuse and thrifty X'ature

has used the parts and the space for another and a very different

purpose. This will ser\'e to help us to understand the swim-

bladder and the way the fish came to acquire it as a substitute

for a lung.

The Brain of the Fish.—The movements of the fish, like those

of every other complex animal, are directed by a central ner-

vous system, of which the principal part is in the head and is

known as the brain. From the eye of the fish a large nerve

goes to the brain to report what is in sight. Other nerves go

from the nostrils, the ears, the skin, and every part which has

any sort of capacity for feeling. These nerves carry their mes-

sages inward, and when they reach the brain they may be trans-

formed into movement. The brain sends back messages to the

muscles, directing them to contract. Their contraction moves

the fins, and the fish is shoved along through the water. To
scare the fish or to attract it to its food or to its mate is about

the whole range of the effect that sight or touch has on the

animal. These sensations changed into movement constitute

what is called reflex action, performance without thinking of





The Life of the Fish i 3

what is being done. With a boy, many familiar actions may be

equally reflex. The boy can also do many other things "of his

own accord," that is, by conscious effort. He can choose among
a great many possible actions. But a fish cannot. If he is

scared, he must swim away, and he has no way to stop himself.

If he is hungry, and most fishes are so all the time, he will spring

at the bait. If he is thirsty, he will gasp, and there is nothing

else for him to do. In other words, the activities of a fish are

nearly all reflex, most of them being suggested and immediately

directed by the influence of external things. Because its

actions are all reflex the brain is very small, very primitive, and

verv simple, nothing more being needed for automatic move-

ment. Small as the fish's skull-cavity is, the brain does not

half fill it.

The vacant space about the little brain is filled with a fatty

fluid mass looking like white of egg, intended for its protection.

Taking the dead sunfish (for the live one we shall look after

carefully, giving him even,' day fresh water and a fresh worm
or snail or bit of beef), if we cut off the upper part of the skull

we shall see the separate parts of the brain, most of them lying

in pairs, side b^^ side, in the bottom of the brain-cavity. The

largest pair is near the middle of the length of the brain, two

nerve-masses (or ganglia), each one round and hollow. If we
turn these over, we shall see that the nerves of the eye run into

them. We know then that these nerve-masses receive the

impressions of sight, and so they are called optic lobes. In

front of the optic lobes are two smaller and more oblong nerve-

masses. These constitute the cerebrum. This is the thinking

part of the brain, and in man and in the higher animals it makes

up the greater part of it, overlapping and hiding the other ganglia.

But the fish has not much need for thinking and its fore-brain

or cerebrum is very small. In front of these are two small,

1
slim projections, one going to each nostril. These are the olfac-

1 tory lobes which receive the sensation of smell. Behind the

optic lobes is a single small lobe, not divided into two. This

is the cerebellum and it has charge of certain powers of motion.

Under the cerebellum is the medulla, below which the spinal

cord begins. The rest of the spinal cord is threaded through

the different vertebrae back to the tail, and at each joint it sends
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out nerves of motion and receives nerves of sense. Everything

that is done by the fish, inside or outside, receives the attention

of the little branches of the great ners'e-cord.

The Fish's Nest.—The sunfish in the spawning time will

build some sort of a nest of stones on the bottom of the eddy,

and then, when the eggs are laid, the male with flashing eye and

fins all spread will defend the place with a good deal of spirit.

All this we call instinct. He fights as well the first time as

the last. The pressure of the eggs suggests nest-building to

the female. The presence of the eggs tells the male to defend

them. But the facts of the nest-building and nest protection are

not very well understood, and any boy who can watch them and
describe them truly will be able to add something to science.



CHAPTER II

THE EXTERIOR OF THE FISH

jORM of Body.—With a glance at the fish as a living

organism and some knowledge of those structures

which are to be readily seen without dissection, we

are prepared to examine its anatomy in detail, and to note some

of the variations which may be seen in different parts of the

great group.

In general fishes are boat-shaped, adapted for swift progress

through the water. They are longer than broad or deep and

the greatest width is in front of the middle, leaving the com-

pressed paddle-like tail as the chief organ of locomotion.

But to all these statements there are numerous exceptions.

Some fishes depend for protection, not on swiftness, but on the

thorny skin or a bony coat of mail. Some of these are almost

globular in form, and their outline bears no resemblance to that

Fig. G.—Pine-cone Fish, Monocentris japoyiicus (HouttiUTi). Waka, Japan.

of a boat. The trunkfish {Ostracion) in a hard bony box has

no need of rapid progress.
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Fig. 7.—Porcupine-fish, Diodon hyatrix (Litinu-us). Tortug:is Islands.

1/

Fig. 8. Fig. !i.

Fio. 8.—Tlirc!ul-eol, Nemichlhya arncetin Jordan antl (lilhi-rl. ^'ancouve^ Island.

Fig. 9.—Sea-horse, Hippocampus liudsonius Uekay, \'irginiu.
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Fig. 10.—Harvest^fish, Peprilus paru (Linnaeus). Virginia.

Fig. 11.—.\nko orTisliing-irog, Lophius lilulon (Jordan). Matsushima Bay, Japan.

(The short line in all cases shows the degree of reduction; it represents an

inch of the fish's length.)
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The pine-cone fish (Monocciitris japonicns) adds strong fin-

spines to its bony box, and the porcupine fish {iJiodon hystrix)

is covered with long prickles which keep away all enemies.

Among swift fishes, there are some in which the body is

much deeper than long, as in Antigonia. Certain sluggish fishes

seem to be all head and tail, looking as though the body by
some accident had been omitted. These, like the headfish

(Mola mola) are protected by a leathery skin. Other fishes, as

the eels, are extremely long and slender, and some carry this

elongation to great extremes. Usually the head is in a line

with the axis of the body, but in some cases, as the sea-horse

{Hippocampus), the head is placed at right angles to the axis,

and the body itself is curved and cannot be straightened with-

out injury. The type of the swiftest fish is seen among the

mackerels and tunnies, where every outline is such that a racing

yacht might copy it.

The body or head of the fish is said to be compressed when
it is flattened sidewise, depressed when it is flattened vertically.

Thus the Pepnlus (Fig. lo) is said to be compressed, while the

fishing-frog (Lopliius) (Fig. ii) has a depressed body and head.

Other terms as truncate (cut off short), attenuate (long-drawn

out), robust, cuboid, filiform, and the like may be needed in

descriptions.

Measurement of the Fish.—As most fishes grow as long as

they live, the actual length of a specimen has not much value

for purposes of description. The essential point is not actual

length, but relative length. The usual standard of measure-

ment is the length from the tip of the snout to the base of the

caudal fin. With this length the greatest depth of the body,

the greatest length of the head, and the length of individual parts

may be compared. Thus in the Rock Hind (Epiiiephcliis

adscensionis) , fig. 12, the head is contained 2^ times in the

length, while the greatest depth is contained three times.

Thus, again, the length of the muzzle, the diameter of the eye,

and other dimensions may be compared with the length of the

head. In the Rock Hind, fig. 12, the eye is 5 in head, the snout

is 4| in head, and the maxillary 2f. Young fishes have the

eye larger, the body slenderer, and the head larger in proportion

than old fishes of the same kind. The mouth grows larger
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with age, and is sometimes larger also in the male sex. The
development of the fins often varies a good deal in some fishes

with age, old fishes and male fishes having higher fins when

«^ i3> 5 * - * .J ^ -^,

%
Fig. 12.—Rock Hind or Cabra Mora of the West Indies, Epinephelus adsceiusioms

(Osbeclc). Family Scrranida;.

such differences exist. These variations are soon understood by
the student of fishes and cause little doubt or confusion in the

study of fishes.

The Scales, or Exoskeleton.—The surface of the fish may be

naked as in the catfish, or it may be covered with scales, prickles,

shagreen, or bony plates. The hard covering of the skin, when
present, is known as the exoskeleton, or outer skeleton. In the

fish, the exoskeleton, whatever form it may assume, may be

held to consist of modified scales, and this is usually obviously

the case. The skin of the fish may be thick or thin, bony,

homy, leathery, or papery, or it may have almost any inter-

mediate character. When protected by scales the skin is usually

thin and tender; when unprotected it may be ossified, as in the

sea-horse ; homy, as in the headfish ; leathery, as in the catfish

;

or it may, as in the sea-snails, form a loose scarf readily de-

tachable from the muscles below.

The scales themselves may be broadly classified as ctenoid,

c^'cloid, placoid, ganoid, or prickly.

Ctenoid and Cycloid Scales.—Xomially formed scales are

rounded in outline, marked by fine concentric rings, and crossed

on the inner side by a few strong radiating ridges and folds.
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They usually cover the body more or less evenly and are imbri-

cated like shingles on a roof, the free edge being turned back-

ward. Such normal scales are of two types, ctenoid or cycloid.

Ctenoid scales have a comb-edge of fine prickles or cilia ; cycloid

scales have the edges smooth. These two types are not very

different, and the one readily passes into the other, both being

sometimes seen on different parts of the same fish. In general,

however, the more primitive representatives of the typical fishes,

those with abdominal ventrals and without spines in the fins,

have cycloid or smooth scales. Examples are the salmon,

herring, minnow, and carp. Some of the more specialized

spiny-rayed fishes, as the parrot-fishes, have, however, scales

equally smooth, although somewhat different in structure.

Sometimes, as in the eel, the cycloid scales may be reduced to

mere rudiments buried in the skin.

Ctenoid scales are beset on the free edge by little prickles or

points, sometimes rising to the rank of spines, at other times

soft and scarcely noticeable, when they are known as ciliate or

eyelash-like. Such scales are possessed in general by the more
specialized types of bony fishes, as the perch and bass, those

with thoracic ventrals and spines in the fins.

Placoid Scales.—Placoid scales are ossified i)apilla', minute,

enamelled, and close-set, forming a fine shagreen. These are

characteristic of the sharks, and in the ^
most primitive sharks the teeth are evidently t^j^^ ifeJ^RJ^l
modifications of these ])rimitivc structures.

Some other fishes have scales which appear

shagreen-like to sight and feeling, but only

the sharks have the peculiar structure to

which Agassiz gave the name of placoid.

The rough prickles of the filefishes and

some sculpins are not placoid, but are re-

duced or modified ctenoid scales, scales nar-

rowed and reduced to prickles.

Bony and Prickly Scales.—Bony and prickly scales are

found in great variety, and scarcely adm.it of description or

classification. In general, prickly points on the skin are modifi-

cations of ctenoid scales. Ganoid scales are thickened and cov-

ered with bony enamel, much like that seen in teeth, otherwise

Fig. 13. —Scales of

.1 ra iilhocKKUs bronni

(AglL-vsizl. (.XfUT

Dean.)
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essentially like cycloid scales. These are found in the garpike
and in many genera of extinct Ganoid and Crossopterygian

fishes. In the line of descent the placoid scale preceded the

ganoid, which in turn was followed by the

cycloid and lastly by the ctenoid scale. Bony
scales in other types of fishes may have noth-

ing structurally in common with ganoid scales

or plates, however great may be the superficial

resemblance.

The distribution of scales on the body may
vary exceedingly. In some fishes the scales

Fig. 14.—Cycloid are arranged in very regular series ; in others
''^^'

they are variously scattered over the body.

Some are scaly everywhere on head, body, and fins. Others

may have only a few lines or patches. The scales may be

everywhere alike, or they may in one part or another be greatly

modified. Sometimes they are transformed into feelers or tactile'

organs. The number of scales is always one of the most valu-

able of the characters by which to distinguish species.

Lateral Line.—The lateral line in most fishes consists of a

series of modified scales, each one provided with a mucous tube

extending along the side of the body from the head to the caudal

fin. The canal which pierces each scale is simple at its base, but

its free edge is often branched or ramified. In most spiny-rayed

fishes it runs parallel with the outline of the back. In most
soft-rayed fishes it follows rather the outline of the belly. It is

subject to many variations. In. some large groups (Gobiidcn,

PaciliidcE) its surface structures are entirely wanting. In scale-

less fishes the mucous tube lies in the skin itself. In some

groups the lateral line has a peculiar position, as in the flying-

fishes, where it forms a raised ridge bounding the belly. In

many cases the lateral line has branches of one sort or another.

It is often double or triple, and in some cases the whole back

and sides of the fish are covered with lateral lines and their

ramifications. Sometimes peculiar sense-organs and occasionally

eye-like luminous spots are developed in connection with the

lateral line, enabling the fish to see in the black depths of the

sea. These will be noticed in another chapter.

The Lateral Line as a Mucous Channel.—The more primitive
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condition of the lateral line is seen in the sharks and chimaeras,

in which fishes it appears as a series of channels in or under

the skin. These channels are filled with mucus, which exudes

through occasional open pores. In many fishes the bones

of the skull are cavernous, that is, provided with cavities filled

Fig. 15.—Singing Fish (with many l:it< ral lines), Porichlhys porosissivius (Cuv.

and Val.). Gulf of Mexico.

with mucus. Analogous to these cavities are the mucous chan-

nels which in primitive fishes constitute the lateral line.

Function of the Lateral Line.—The general function of the

lateral line with its tubes and pores is still little understood.

As the structures of the lateral line are well provided with

nerves, it has been thought to be an organ of sense of some

sort not 3'et understood. Its close relation to the ear is beyond

question, the ear-sac being an outgrowth from it.

"The original significance of the lateral line," according to

Dr. Dean,* "as yet remains undetermined. It appears inti-

mately if not genetically related to the sense-organs of the head

and gill region of the ancestral fish. In response to special

aquatic needs, it may thence have extended farther and farther

backward along the median line of the trunk, and in its later

differentiation acquired its metameral characters." In view

of its peculiar nerve-supply, "the precise function of this entire

system of organs becomes especially difficult to determine.

Feeling, in its broadest sense, has safely been admitted as its

possible use. Its close genetic relationship to the hearing

organ suggests the kindred function of detennining waves of

vibration. These are transmitted in so favorable a way in

the aquatic medium that from the side of theory a system of

* Fishes Recent and Fossil, p. 52.
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hypersensitive end-organs may well have been established.

The sensory tracts along the sides of the body are certainly

well situated to determine the direction of the approach of

friend, enemy, or prey."

The Fins of Fishes.—The organs of locomotion in the fishes

are known as fins. These are composed of bony or cartilaginous

rods or rays connected by membranes. The fins are divided

into two groups, paired fins and vertical fins. The pectoral fins,

one on either side, correspond to the anterior limbs of the higher

vertebrates. The ventral fins below or behind them represent

the hmder limbs. Either or both pairs may be absent, but
the ventrals are much more frequently abortive than the pec-

torals. The insertion of the ventral fins may be abdominal, as

in the sharks and the more generalized of the bony fishes, thoracic

under the breast (the pelvis attached to the shoulder-girdle) or

jugular, under the throat. When the ventral fins are ab-

dominal, the pectoral fins are usually placed very low. The
paired fins are not in general used for progression in the water,

but serve rather to enable the . fish to keep its equilibrium.

With the rays, however, the wing-like pectoral fins form the

chief organ of locomotion.

The fin on the median line of the back is called the dorsal,

that on the tail the caudal, and that on the lower median line

the anal fin. The dorsal is often divided into two fins or even

three. The anal is sometimes divided, and either dorsal or

anal fin may have behind it detached single rays called finlets.

The rays composing the fin may be either simple or branched

The branched rays are always articulated, that is, crossed by
numerous fine joints which render them flexible. Simple rays

are also sometimes articulate. Rays thus jointed are known
as soft rays, while those rays which are neither jointed nor

branched are called spines. A spine is usually stif? and sharp-

pointed, but it may be neither, and some spines are very slen-

der and flexible, the lack of branches or joints being the

feature which distinguishes spine from soft ray.

The anterior rays of the dorsal and anal fins are spinous in

most fishes with thoracic ventrals. The dorsal fin has usu-

ally about ten spines, the anal three, but as to this there is

much variation in dift'erent groups. When the dorsal is di-
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vided all the rays of the first dorsal and usually the first ray of

the second are spines. The caudal fin has never true spines,

though at the base of its lobes are often rudimentary rays

which resemble spines. Most spineless fishes have such rudi-

ments in front of their vertical fins. The pectoral, as a rule,

is without spines, although in the catfishes and some others a

single large spine may be developed. The ventrals when ab-

nominal are usually without spines. When thoracic each

usually, but not always, consists of one spine and five soft

rays. When jugular the number of soft rays may be reduced,

this being a phase of degeneration of the fin. In writing de-

scriptions of fishes the number of spines may be indicated by

Roman numerals, those of the soft rays by Arabic. Thus

D. XII-I, 17 means that the dorsal is divided, that the an-

terior portion consists of twelve spines, the posterior of one

spine and seventeen soft rays. In some fishes, as the catfish or

the salmon, there is a small fin on the back behind the dorsal

fin. This is known as the adipose fin, being formed of fatty

substance covered by skin. In a few catfishes, this adipose fin

develops a spine or soft rays.

Muscles.—The movements of the fins are accomplished by

the muscles. These organs lie along the sides of the body,

forming the flesh of the fish. They are little speciaUzed, and

not clearly differentiated as in the higher vertebrates.

With the higher fishes there are several distinct systems of

muscles controlling the jaws, the gills, the eye, the different

fins, and the body itself. The largest of all is the great lateral

muscle, composed of flake-like segments (myocommas) which

correspond in general with the number of the vertebrae. In

general the muscles of the fish are white in color. In some

groups, especially of the mackerel family, they are deep red,

charged with animal oils. In the salmon they are orange-red,

a color also due to the presence of certain oils.

In a few fishes muscular structures are modified into electric

organs. These will be discussed in a later chapter.



CHAPTER III

THE DISSECTION OF THE FISH

(HE Blue-green Sunfish.—The organs found in the

abdominal cavity of the fish may be readily traced

in a rapid dissection. Any of the bony fishes may
be chosen, but for our purposes the sunfish will serve

as well as any. The names and location of the principal

organs are shown in the accompanying figure, from Kellogg's

Zoology. It represents the blue-green sunfish, Apovwtis cya-

nellus, from the Kansas River, but in these regards all the

species of sunfishes are alike. We may first glance at the dif-

ferent organs as shown in the sequence of dissection, leaving a

detailed account of each to the subsequent pages.

The Viscera.—Opening the body cavity of the fish, as shown
in the plate, we see below the back-bone a membranous sac

closed and filled with air. This is the air-bladder, a rudiment

of that structure which in higher vertebrates is developed as a

lung. The alimentar}^ canal passes through the abdominal cavity

extending from the mouth through the pharynx and ending at

the anus or vent. The stomach has the form of a blind sac, and
at its termination are a number of tubular sacs, the pyloric

caeca, which secrete a digestive fluid. Beyond the pylorus ex-

tends the intestine with one or two loops to the anus. Con-

nected with the intestine anteriorly is the large red mass of the

liver, with its gall-bladder, which serves as a reservoir for bile,

the fluid the liver secretes. Farther back is another red glandu-

lar mass, the spleen.

In front of the liver and separated from it by a membrane
is the heart. This is of four parts. The posterior part is a

thin-walled reservoir, the sinus venosus, into which blood

enters through the jugular vein from the head and through

the cardinal vein from the kidney. From the sinus venosus

it passes forward into a large thin-walled chamber, the auricle.
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Next it flows into the thick-walled ventricle, whence by the

rhythmical construction of its walls it is forced into an arterial

bulb which lies at the base of the ventral aorta, which carries

it on to the gills. After passing through the fine gill-filaments,

it is returned to the dorsal aorta, a large blood-vessel which ex-

tends along the lower surface of the back-bone, giving out branches

from time to time.

The kidneys in fishes constitute an irregular mass under the

back-b'one posteriorly. They discharge their secretions through

the ureter to a small urinary bladder, and thence into the uro-

genital sinus, a small opening behind the anus. Into the same
sinus are discharged the reproductive cells in both sexes.

In the female sunfish the ovaries consist of two granular

masses of yellowish tissue lying just below and behind the swim-

bladder. In the spring they fill much of the body cavity and
the many little eggs can be plainly seen. When mature they

are discharged through the oviduct to the urogenital sinus. In

some fishes there is no special oviduct and the eggs pass into the

abdominal cavity before exclusion.

In the male the reproductive organs have the same position

as the ovaries in the female. They are, however, much smaller

in size and paler in color, while the minute spermatozoa appear

milky rather than granular on casual examination. A vas defe-

rens leads from each of these organs into the urogenital sinus.

The lancelets, lampreys, and hagfishes possess no genital

ducts. In the former the germ cells are shed into the atrial

cavity, and from there find their way to the exterior either

through the mouth or the atrial pore ; in the latter they are shed

directly into the body cavity, from which they escape through

the abdominal pores. In the sharks and skates the Wolffian

duct in the male, in addition to its function as an excretory duct,

serves also as a passage for the sperm, the testes having a direct

connection with the kidneys. In these forms there is a pair

of Miillerian ducts which serve as oviducts in the females; they

extend the length of the bod}'' cavity, and at their anterior end

have an opening which receives the eggs which have escaped

from the ovary into the body cavity. In some bony fishes as

the eels and female salmon the germ cells are shed into the body

ca^'ity and escape through genital pores, which, however, may
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not be homologous with abdominal pores. In most other bony

fishes the testes and ovaries are continued directly into ducts

which open to the outside.

Organs of Nutrition.—The organs thus shown in dissection

we may now examine in detail.

The mouth of the fish is the organ or series of structures first

concerned in nutrition. The teeth are outgrowths from the

Fig. 17.—Black Swallower, Chiasmodon niger Johnson, containing a fish larger

than itself. Lc Have Bank.

skin, primarily as modified papillae, aiding the mouth in its various

functions of seizing, holding, cutting, or crushing the various kinds

of food material. Some fishes feed exclusively on plants, some
on plants and animals alike, some exclusively on animals, some
on the mud in which minute plants and animals occur. The
majority of fishes feed on other fishes, and without much regard

to species or condition. With the carnivorous fishes, to feed repre-

sents the chief activity of the organism. In proportion to the

voracity of the fish is usually the size of the mouth, the sharp-

ness of the teeth, and the length of the lower jaw.

The most usual type of teeth among fishes is that of villiform

bands. Villiform teeth are short, slender, even, close-set, making
a rough velvety surface. When the teeth are larger and more
widely separated, they are called canliform, like the teeth of a

wool-card. Granular teeth are small, blunt, and sand-like. Ca-

nine teeth are those projecting above the level of the others,

usually sharp, curved, and in some species barbed. Sometimes
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the canines are in front. In some families the last tooth in

either jaw may be a "posterior canine," serving to hold small

animals in place while the anterior teeth crush them. Canine
teeth are often depressible, having a hinge at base.

Teeth very slender and brush-like are called setiform. Teeth
with blunt tips are molar. These are usually enlarged and fitted

for crushing shells. Flat teeth set in

mosaic, as in many rays and in the

pharyngeals of parrot-fishes, are said

to be paved or tessellated. Knife-like

teeth, occasionally with serrated edges,

are found in many sharks. Many
fishes ha\-e incisor-like teeth, some
flattened and truncate like human
teeth, as in the sheepshead, sometimes

with serrated edges. Often these teeth

are movable, implanted only in the

skin of the lips. In other cases they

are set fast in the jaw. Most species

with movable teeth or teeth with ser-

rated edges are herbivorous, while

strong incisors may indicate the choice

of snails and crabs as food. Two or

more of these different types may be

The knife-like teeth of the sharks are

progressively shed, new ones being constantly formed on the

inner margins of the jaw, so that the teeth are marching to be

lost over the edge of the jaw as soon as each has fulfilled its

function. In general the more distinctly a species is a fish-

eater, the sharper are the teeth. Usually fishes show little dis-

crimination in their choice of food ; often they devour the young
of their own species as readily as any other. The digestive

process is rapid, and most fishes rapidly increase in size in the

process of development. When food ceases to be abundant the

nshes grow more slowly. For this reason the same species will

grow to a larger size in large streams than in small ones, in lakes

than in brooks. In most cases there is no absolute limit to

growth, the species growing as long as it lives. But while some

species endure many years, others are certainly very short-

FiG. 18.—Jaws of a Parrot-

fish, Sparisoma aurofrenutum

(Val.). Cuba.

found in the same fish.
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lived, and some may be even annual, dying after spawning, per-

haps at the end of the first season.

Teeth are wholly absent in several groups of fishes. They
are, however, usually present on the premaxillary, dentary, and

pharyngeal bones. In the higher forms, the vomer, palatines,

and gill-rakers are rarely without teeth, and in many cases the

pterygoids, sphenoids, and the bones of the tongue are similarly

armed.

Xo salivary glands or palatine velum are developed in fishes.

The tongue is always bony or gristly and immovable. Some-

times taste-buds are developed on it, and sometimes these are

found on the barbels outside the mouth.

The Alimentary Canal.—The mouth-cavity opens through the

pharynx between the upper and lower pharyngeal bones into the

Fig. 19.—Sheepshead (with incisor teeth"), Archnnargus probatocephaliis (Wal-

bauin). Beaufort, X. C.

oesophagus, whence the food passes into the stomach. The intes-

tinal tract is in general divided into four portions—oesophagus,

stomach, small and large intestines. But these divisions of the

intestines are not always recognizable, and in the very lowest

forms, as in the lancelet, the stomach is a simple straight tube

without subdivision.

In the lampreys there is a distinction only of the oesoph-

agus with many longitudinal folds and the intestine with but
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one. In the bony fishes the stomach is an enlarged area, either

siphon-shaped, with an opening at either end, or else forming

a blind sac with the openings for entrance (cardiac) and exit

(pyloric) close together at the anterior end. In the various

kinds of mollets (Mngil) and in the hickory shad {Dorosoma),

fishes which feed on minute vegetation mixed with mud, the

stomach becomes enlarged to a muscular gizzard, like that of a

fowl. Attached near the pylorus and pouring 'their secretions

into the duodenum or small intestine are the pyloric casca.

These are tubular sacs secreting a pale fluid and often almost as

long as the stomach or as wide as the intestine. These may be

very numerous as in the salmon, in which case they are likely to

become coalescent at base, or they be few or altogether wanting.

Besides these appendages which are wanting in the higher

vertebrates, a pancreas is also found in the sharks and many
other fishes. This is a glandular mass behind the stomach, its

duct leading into the duodenum and often coalescent with the

bile duct from the liver. The liver in the lancelet is a long

diverticulum of the intestine. In the true fishes it becomes a

large gland of irregular form, and usually but not always pro-

vided with a gall-bladder as in the higher vertebrates. Its

secretions usually pass through a ductus cholodechus to the

duodenum.

The spleen, a dark-red lymphatic gland, is found attached

to the stomach in all fish-like vertebrates except the lancelet.

The lining membrane of the abdominal cavity is known as the

peritoneum, and the membrane sustaining the intestines from

the dorsal side, as in the higher vertebrates, is called the mesen-

tery. In many species the peritoneum is jet black, while in

related forms it may be pale in color. It is more likely to be

black in fishes from deep water and in fishes which feed on

plants.

The Spiral Valve.—In the sharks or skates the rectum or

large intestine is peculiarly modified, being provided with a spiral

valve, with sometimes as many as forty gyrations. A spiral

valve is also present in the more ancient types of the true fishes

as dipnoans, crossopterygians, and ganoids. This valve greatly

increases the surface of the intestine, doing away with the neces-

sity for length. In the bow^n (Aniia) and the garpike (Lepi-
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sos,e.s) the valve is reduced to a rudiment of three or four eon^

volutions near the end of the uuestme. In *e s^«*
^^*

3.ates the intest,ne opens into a *aea
-^^^^^^

'o^e'Tr iTeS: t t:U hshes and the .ano.ds

n»;^°t';i:-ln.es.ine.-.n all hshes, as in the •u.her ver

tebrates the length of the ahmentary canal ,s coordinated ».th

SeTood of the fish. In those winch feed upon plants the mtes-

#̂
TT,. 20 S,one-n,ll,. > ,..s,o,m, ,n,om./um (Rafine.que). Family Cwpnmd^.

^ "
ShTSg mial tube;cles and intestines coiled about the ar-bladder.

th.e is very long and much convoluted while ^^ those jhich

feed on other fishes it is always relatively short. In the

stone roller, a fresh-water minnow iCa.npostcna) found m the

Ssissippi Valley, the excessively long -t-tmes
^^^^^^^^^^^

veeetable matter are wound spool-fashion about the arge air

bladder Tn all other fishes the air-bladder lies on the dorsal

side of the intestinal canal.

Fio. 21 .-Skeleton of the Cow-fish, Lactnphrys triconu. (Linnxus).
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The Eggs of Fishes.—The great majority of fishes are ovipa-

rous, the eggs being fertilized after deposition. The eggs are laid

iiT gravel or sand or other places suitable for the species, and the

milt containing the sperm-cells of the male is discharged over or

among them in the water. A very small quantity of the sperm-

fiuid may impregnate a large number of eggs. But one sperm-

cell can enter a particular egg. In a number of families the

species are ovoviviparous, the eggs being hatched in the ovary

or in a dilated part of the oviduct, the latter resembling a real

uterus. In some sharks there is a structure analogous to

f^ '^-^>:^^-

Fig. 22.—White Surf-fish, viviparous, with young, Cymatogaster aggregatus

Gibbons. San Francisco.

the placenta of higher animals, but not of the same structure

or origin. In the case of viviparous fishes actual copulation takes

place and there is usually a modification of some organ to effect

transfer of the sperm-cells. This is the purpose of the sword-

shaped anal fin in many top-minnows (Pccciliidcc), the fin itself

being placed in advance of its usual position. In the surf-fishes

(Einbioiocidcu) the structure of part of the anal fin is modified,

although it is not used as an intromittent organ. In the Elas-

mobranchs, as already stated, large organs of cartilage (claspers)

are developed from the ventral fins.

In some viviparous fishes, as in the rockfishes (Sebastodes)

and rosefishes {Sebastes), the young a^j very minute at birth.
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In others, as the surf-fishes {Enihiotocidcc), they are relatively

large and few in number. In the viviparous sharks, which con-

stitute the majority of the species of living sharks, the young

are large at birth and prepared to take care of themselves.

The eggs of fishes vary very much in size and form. In

Fig. 34 —Egg of Callorhi/iu-lius anitirrticus, the Bottle-nosed Chimsera. (After

Parker and Hasuell.)

those sharks and rays which lay eggs the ova are deposited in

a homy egg-case, in color and texture suggesting the kelp in

which they are laid. The eggs of the bull-head sharks {Heterodon-

tus) are spirally twisted, those of the cat-sharks {Scyliorhinidcc)

are quadrate with long filaments at the angles. Those of rays

are wheelbarrow-shaped with four "handles." One egg-case

Fig. 25.—Egg of the Hagfisb, Myxine limomt Girurd, showing threads for attach-

ment. (.\fter Dean.)

of a ray may sometimes contain several eggs and develop

several young. The eggs of lancelets are small, but those of

the hagfishes are large, ovate, with fibres at each side, each with

a triple hook at tip. The chimsera has also large egg-cases,

oblong in form.

In the higher fishes the eggs are spherical, large or small

according to the species, and varying in the firmness of their
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outer walls. All contain food-yolk from which the embryo in

its earlier stages is fed. The eggs of the eel (Aiiguilla) are micro-

scopic. According to Giinther 2 5,000

eggs have been counted in the herring,

155,000 in the lumpfish, 3,500,000 in

the halibut, 635,200 in the sturgeon,

and 9,344,000 in the cod. Smaller

numbers are found in fishes with

large ova. The red salmon has

about 3500 eggs, the king salmon

about 5200. Where an oviduct is

present the eggs are often poured out

in glutinous masses, as in the bass.

When, as in the salmon, there is no

oviduct, the eggs lie separate and
do not cohere together. It is only

with the latter class of fishes, those

in which the eggs remain distinct,

that artificial impregnation and

hatching is practicable. In this ve-

ei,.ti,~//f °j r^ iV'°" gard the value of the salmon and
bhark, JJeterodonlus phdippi °

(Lac6p(5de). (After Parker and trout is predominant. In some fishes,

Haswell.) especially those of elongate form, as

the needle-fish (Tylosuriis) , the ovary of but one side is

developed.

Protection of the Young.—In most fishes the parents take

no care of their eggs or yotmg. In some catfishes {Pldtystacus)

the eggs adhere to the under surface of the female. In the

sea-horses and pipefishes a pouch is formed in the skin, usually

underneath the tail of the male. Into this the eggs are thrust,

and here the young fishes hatch out, remaining until large enough

to take care of themselves. In certain sea catfishes {Caleichthys)

the male carries the eggs in his mouth, tluis protecting them
from the attacks of other fishes. In numerous cases the male

constructs a rough nest, which he defends against all intruders,

against the female as well as against outside enemies. The
nest-building habit is especially developed in the sticklebacks

{(lasterosteidcE), a group in which the male fish, though a pygmy
in size, is very fierce in disposition.





CHAPTER IV

INSTINCTS. HABITS, AND ADAPTATIONS

I

HE Habits of Fishes.—The habits of fishes can hardly

1)6 summarized in any simple mode of classification.

In tlie usual course of fish-life the egg is laid in the

early spring, in water shallower than that in which the parents

spend their lives. In most cases it is hatched as the water

grows warmer. The eggs of the members of the salmon and

cod families are, however, mostly hatched in cooling waters.

The young fish gathers with others of its species in little schools,

feeds on smaller fishes of other species or of its own, grows and
changes until maturity, deposits its eggs, and the cycle of life

begins again, while the old fish ultimately dies or is devoured.

Irritability of Animals.—All animals, of whatever degree of

organization, show in life the quality of irritability or response

to external stimulus. Contact with external things produces

some effect on each of them, and this effect is something more
than the mere mechanical effect on the matter of which the

animal is composed. In the one-celled animals the functions

of response to external stimulus are not localized. They are

the property of any part of the protoplasm of the body. In the

higher or many-celled animals each of these functions is spe-

cialized and localized. A certain set of cells is set apart for each

function, and each organ or series of cells is released from all

functions save its own.

Nerve-cells and Fibres. — In the development of the indi-

vidual animal certain cells from the primitive external layer

or ectoblast of the embryo are set apart to preside over the rela-

tions of the creature to its environment. These cells are highly

specialized, and while some of them are highly sensitive, others

are adapted for carrying or transmitting the stimuli received by
the sensitive cells, and still others have the function of receiv-

3S
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ing sense-impressions and of translating them into impulses of

motion. The nerve-cells are receivers of impressions. These
are gathered together in nerve-masses or ganglia, the largest

of these being known as the brain, the ganglia in general being

known as nerve-centres. The nerves are of two classes. The
one class, called sensory nerves, extends from the skin or other

organ of sensation to the nerve-centre. The nerves of the other

class, motor nerves, carry impulses to motion.

The Brain, or Sensorium.—The brain or other nerve-centre

sits in darkness, surrounded by a bony protecting box. To this

main nerve-centre, or sensarin in, come the nerves from all parts

of the body that have sensation, the external skin as well as the

special organs of sight, hearing, taste, and smell. With these

come nerves bearing sensations of pain, temperature, muscular

effort—all kinds of sensation which the brain can receive. These

nerves are the sole sources of knowledge to any animal organism.

Whatever idea its brain may contain must be built up through

these nerve-impressions. The aggregate of these impressions

constitute the world as the organism knows it. All sensation is

related to action. If an organism is not to act, it cannot feel,

and the intensity of its feeling is related to its power to act.

Reflex Action.—These impressions brought to the brain by
the sensory nerves represent in some degree the facts in the

animal's environment. They teach something as to its food

or its safety. The power of locomotion is characteristic of

animals. If they move, their actions must depend on the indi-

cations carried to the nerve-centre from the outside ; if they feed

on living organisms, they must seek their food; if, as in many
cases, other living organisms prey on them, they must bestir

themselves to escape. The impulse of hunger on the one hand

and of fear on the other are elemental. The sensorium receives

an impression that food exists in a certain direction. At once

an impulse to motion is sent out from it to the muscles necessary

to move the body in that direction. In the higher animals

these movements are more rapid and more exact. This is

because organs of sense, muscles, nerve-fibres, and the nerve-

cells are all alike highly specialized. In the fish the sensation

is slow, the muscular response sluggish, but the method remains

the same. This is simple reflex action, an impulse from the
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environment carried to the brain and then unconsciously re-

flected back as motion. The impulse of fear is of the same

nature. Reflex action is in general unconscious, but with ani-

mals, as with man, it shades by degrees into conscious action,

and into volition or action "done on purpose."

Instinct.— Different animals show differences in method or

degree of response to external influences. Fishes will pursue

their prey, flee from a threatening motion, or disgorge sand or

gravel swallowed with their food. Such peculiarities of dif-

ferent forms of life constitute the basis of instinct.

Instinct is automatic obedience to the demands of conditions

external to the ner\-ous system. As these conditions vary with

each kind of animal, so must the demands vary, and from this

arises the great variety actually seen in the instincts of different

animals. As the demands of life become complex, so do the in-

stincts. The greater the stress of environment, the more perfect

the automatism, for impulses to safe action are necessarily ade-

quate to the duty they have to perform. If the instinct were

inadequate, the species would have become extinct. The fact

that its individuals persist shows that they are provided with

the instincts necessary to that end. Instinct differs from other

allied forms of response to external condition in being hereditary,

continuous from generation to generation. This sufficiently dis-

tinguishes it from reason, but the line between instinct and reason

and other forms of reflex action cannot be sharply drawn.

It is not necessary to consider here the question of the origin

of instincts. Some writers regard them as "inherited habits,"

while others, with apparent justice, doubt if mere habits or

voluntary actions repeated till they become a "second nature"

ever leave a trace upon heredity. Such investigators regard

instinct as the natural survival of those methods of automatic

response which were most useful to the life of the animal, the

individual having less effective methods of reflex action perish-

ing, leaving no posterity.

Classification of Instincts. —The instincts of fishes may be

roughly classified as to their relation to the individual into

egoistic and altruistic instincts.

Egoistic instincts are those which concern chiefly the indi-

vidual animal itself. To this class belong the instincts of feed-
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ing, those of self-defense and of strife, the instincts of play, the
climatic instincts, and environmental instincts, those which direct

the animal's mode of life.

Altruistic instincts are those which relate to parenthood and
those which are concerned with the mass of individuals of the

same species. The latter may be called the social instincts.

In the former class, the instincts of parenthood, may be included

the instinct of courtship, reproduction, home-making, nest-

building, and care for the young. Most of these are feebly

developed among fishes.

The instincts of feeding are primitively simple, growing com-
plex through complex conditions. The fish seizes its prey by
direct motion, but the conditions of life modify this simple

action to a very great degree.

The instinct of self-defense is even more varied in its mani-

festations. It may show itself either in the impulse to make
war on an intruder or in the desire to flee from its enemies.

Among carnivorous forms fierceness of demeanor serves at once

in attack and in defense.

Herbivorous fishes, as a rule, make little direct resistance

to their enemies, depending rather on swiftness of movement,

or in some cases on simple insignificance. To the latter cause

the abundance of minnows, anchovies, and other small or feeble

fishes may be attributed, for all are the prey of carnivorous

fishes, which they far exceed in number.

The instincts of courtship relate chiefly to the male, the

female being more or less passive. Among many fishes the

male makes himself conspicuous in the breeding season, spread-

ing his fins, intensifying his pigmented colors through mus-

cular tension, all this supposedly to attract the attention of the

female. That this purpose is actually accomplished by such

display is not, however, easily proved. In the little brooks in

spring, male minnows can be found with warts on the nose or

head, with crimson pigment on the fins, or blue pigment on the

back, or jet-black pigment all over the head, or with varied com-

bination of all these. Their instinct is to display all these to

the best advantage, even though the conspicuous hues lead to

their own destruction.

The movements of many migratory animals are mainly con-
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trolled by the impulse to reproduce. Some pelagic fishes, espe-

cially flying fishes and fishes allied to the mackerel, swim long

distances to a region favorable for a deposition of spawn. Some

species are known only in the waters they make their breeding

homes, the individuals being scattered through the wide seas at

other times. Many fresh-water fishes, as trout, suckers, etc., for-

sake the large streams in the spring, ascending the small brooks

2ii22^

l-'iG. 28 —Jaws of Xemichthys nrocella Jordan and Gilbert.

where they can rear their young in greater safety. Still others,

known as anadromous fishes, feed and mature in the sea, but

ascend the rivers as the impulse of reproduction grows strong.

An account of these is given in a subsequent paragraph.

Variability of Instincts.— When we study instincts of ani-

mals with care and in detail, we find that their regularity is

much less than has been supposed. There is as much variation

in regard to instinct among individuals as there is with regard

to other characters of the species. Some power of choice is

found in almost every operation of instinct. Even the most

machine-like instinct shows some degree of adaptability to new

conditions. On the other hand, in no animal does reason show
entire freedom from automatism or reflex action. "The funda-

mental identity of instinct with intelligence," says Dr. Charles

0. Whitman, "is shown in their dependence upon the same

structural mechanism (the brain and nerves) and in their re-

sponsive adaptability."

Adaptation to Environment.—In general food-securing struc-

tures are connected with the mouth, or, as in the anglers, are

hung as lures above it; spines of offense and defense, electric

organs, poison-glands, and the like are used in self-protection;

the briglit nuptial colors and adornments of the breeding sea-

son are doubtfully classed as useful in riwilry; the egg-sacs,

nests, and other structures or habits may serve to defend the

young, while skinny flaps, sand or weed-like markings, and
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many other features of mimicry serve as concessions to the en-

vironment.

Each kind of fishes has its own ways of Hfe, fitted to the con-

ditions of environment. Some species he on the bottom, flat,

as a flounder, or prone on their lower fins, as a darter or a stone-

roller. Some swim freely in the depths, others at the surface

of the depths. Some leap out of the water from time to time,

as the mullet (Mugil) or the tarpon {Tarpon atlanticus)

.

Flight of Fishes.—Some fishes called the flying-fishes sail

through the air with a grasshopper-like motion that closely imi-

tates true flight. The long pectoral fins, wing-like in form,

cannot, however, be flapped by the fish, the muscles serving

Fig. 29.—Culalina Flying lish, (Jypsilurus caiijurnicus (,Cooper;. .S;int:i Barbara.

only to expand or fold them. These fishes live in the open sea

or open channel, swimming in large schools. The small species

fly for a few feet only, the large ones for more than an eighth

of a mile. These may rise five to twenty feet above the water.

The flight of one of the largest flying fishes {Cypsiluriis cali-

fornicns) has been carefully studied by Dr. Charles H. Gilbert

and the writer. The movements of the fish in the water are

extremely rapid. The sole motive power is the action under

the water of the strong tail. No force can be acquired while

the fish is in the air. On rising from the water the movements
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of the tail are continued until the whole body is out of the water.

When the tail is in motion the pectorals seem in a state of rapid

vibration. This is not produced by muscular action on the

fins themselves. It is the body of the fish which vibrates, the

pectorals projecting farthest having the greatest amplitude of

movement. While the tail is in the water the ventral fins are

folded. When the action of the tail ceases the pectorals and

ventrals are spread out wide and held at rest. They are not

used as true wings, but are held out firmly, acting as parachutes,

enabling the body to skim through the air. When the fish

begins to fall the tail touches the water. As soon as it is in the

water it begins its motion, and the body with the pectorals

again begins to vibrate. The fish may, by skimming the water,

regain motion once or twice, but it finally falls into the water

with a splash. While in the air it suggests a large dragon-fly.

/^^?>v

Fig. 30.—Sand-darter, .Immocri/pta c/oro (Jordan and Meek). Dos Moines River.

The motion is very swift, at first in a straight line, but is later

deflected in a curve, the direction bearing little or no relation

to that of the wind. When a vessel passes through a school

of these fishes, they spring up before it, moving in all directions,

as grasshoppers in a meadow.
Quiescent Fishes.—Some fishes, as the lancelet, lie buried in

the sand all tlicir lives. Others, as the sand-darter {Ammocrypta

pellncida) and the liinalea (Julis gaimard), bury themselves in

the sand at intervals or to escape from their enemies. Some live

in the cavities of tunicates or sponges or holothurians or corals

or oysters, often passing their whole lives inside the cavity of

one animal. Many others hide themselves in the interstices of

kelp or seaweeds. Some eels coil themselves in tlie crevices of

rocks or coral masses, striking at their prey like snakes. Some
sea-horses cling by their tails to gulfweed or sea-wrack. Many
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little fishes {Gobiomorus, Carangus, Psenes) cluster under the

stinging tentacles of the Portuguese man-of-war or under

ordinary jellyfishes. In the tide-pools, whether rock, coral,

or mud, in all regions multitudes of little fishes abound. As
these localities are neglected by most collectors, they have
proved of late years a most prolific source of new species.

Fio. 31.—Pearl-fish, Fierasfer acus (Linnseus), issuing from a Holothurian.
Coast of Italy. (After Emery.)

The tide-pools of Cuba, Key West, Cape Flattery, Sitka, Una-
laska, Monterey, San Diego, Mazatlan, Hilo, Kailua and Waianae

in Hawaii, Apia and Pago-Pago in Samoa, the present

writer has found peculiarly rich in rock-loving forms. Even
richer are the pools of the promontories of Japan, Hakodate
Head, Misaki, Awa, Izu, Waka, and Kagoshima, where a whole

new fish fauna unknown to collectors in markets and sandy

bays has been brought to light. Some of these rock-fishes are

left buried in the rock weeds as the tide flows, lying quietly

until it returns. Others cling to the rocks by ventral suckers,

while still others depend for their safety on their powers of

leaping or on their quickness of their movements in the water.

Those of the latter class are often brilliantly colored, but the

others mimic closely the alga2 or the rocks. Some fishes live in

the sea only, some prefer brackish water. Some are found only
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in the rivers, and a few pass more or less indiscriminately

from one kind of water to another.

Migratory Fishes.—The movements of migrator}' fishes are

mainly controlled by the impulse of reproduction. Some pelagic

fishes, especially those of the

mackerel and flying-fish families,

swim long distances to a region

favorable for the deposition of

spawn. Others pursue for equal

distances the schools of men-

haden or other fishes which ser\-e

as tlicir prey. Some species

are known mainly in the waters

they make their breeding homes,

as in Cuba, Southern Cali-

fornia, Hawaii, or Japan, the

individuals being scattered at

other times through the wide

seas.

Anadromous Fishes. — Many
fresh-water fishes, as trout and

suckers, forsake the large streams

in the spring, ascending the

small brooks where their young

can be reared in greater safety.

Still others, known as anadromous

fishes, feed and mature in the

sea, but ascend the rivers as the

impulse of reproduction grows

strong. Among such fishes arc the salmon, shad, alewife, stur-

geon, and striped bass in American waters. The most remark-

able case of the anadromous instinct is found in the king salmon

or quinnat (Oncorliyiichus tschawytscha) of the Pacific Coast.

This great fish spawns in November, at the age of four years

and an average weight of twenty-two pounds. In the Columbia

River it begins running with the spring freshets in March and

April. It spends the whole summer, without feeding, in the

ascent of the river. By autumn the individuals have reached

the mountain streams of Idaho, greatly changed in appearance,

Fio. 33. — Portuguese Man-of-war

Fish, Gobiomorus gronovii. Family

Slromaleidw.
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discolored, worn, and distorted. The male is humpbacked, with
sunken scales, and greatly enlarged, hooked, bent, or twisted

jaws, with enlarged dog-like teeth. On reaching the spawning

beds, which may be a thousand miles from the sea in the

Columbia, over two thousand in the Yukon, the female de-

posits her eggs in the gravel of some shallow brook. The
male covers them and scrapes the gravel over them. Then both

male and female drift tail foremost helplessly down the stream;

none, so far as certainly known, ever survives the reproductive

act. The same habits are found in the five other species of

salmon in the Pacific, but in most cases the individuals do not

start so early nor n.ui so far. The blue-back salmon or redfish,

however, does not fall far short in these regards. The salmon

of the Atlantic has a similar habit, but the distance traveled is

everyw^here much less, and most of the hook-jawed males drop

down to the sea and survive to repeat the acts of reproduction.

Catadromons fishes, as the true eel {Angnilla), reverse this

order, feeding in the rivers and brackish estuaries, apparently

finding their usual spawning-ground in the sea.

Pugnacity of Fishes.—Some fishes are very pugnacious, al-

ways ready for a quarrel with their own kind. The stickle-

backs show this disposition, especially the males. In Hawaii the

natives take advantage of this trait to catch the Uu {Myripristis

33._Squaw-fish, Ptychocheilus oregonensis (Richard.son). Columbia River.

mnrdjan), a bright crimson-colored fish found in those waters.

The species lives in crevices in lava rocks. Catching a live one,

the fishermen suspend it by a string in front of the rocks. It

remains there with spread fins and flashing scales, and the others

come out to fight it, when all are drawn to the surface by a
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concealed net. Another decoy is substituted and the trick

is repeated until the showy and quarrelsome fishes are all

secured.

In Siam the fighting-fish {Betta pugnax) is widely noted. The
following account of this fish is given by Cantor:*

"When the fish is in a state of quiet, its dull colors pre-

sent nothing remarkable; but if two be brought together, or if

one sees its own image in a looking-glass, the little creature

becomes suddenly excited, the raised fins and the whole body
shine with metallic colors of dazzling beauty, while the pro-

jected gill membrane, waving like a black frill round the throat,

adds something of grotesqueness to the general appearance. In

this state it makes repeated darts at its real or reflected antag-

onist. But both, when taken out of each other's sight, instantly

become quiet. The fishes were kept in glasses of water, fed

with larv.'c of mosquitoes, and had thus lived for many months.

The Siamese are as infatuated with the combats of these fish

as the Malays are with their cock-fights, and stake on the issue

considerable sums, and sometimes their own persons and fami-

lies. The license to exhibit fish-fights is farmed, and brings a

considerable annual revenue to the king of Siam. The species

abounds in the rivulets at the foot of the hills of Penang. The
inhabitants name it 'Pla-kat,' or the 'fighting-fish'; but the

kind kept especially for fighting is an artificial variety culti-

vated for the purpose."

A related species is the equally famous tree-climber of India

(Anabas scandeus). In 1797 Lieutenant Daldorf describes his

capture of an Anabas, five feet above the water, on the bark of

a palm-tree. In the effort to do this, the fish held on to the

bark by its preopercular spines, bent its tail, inserted its anal

spines, then pushing forward, repeated the operation.

* Cantor, Catal. Malayan Fishes, 1850, p. 87. Bowring, Siam, p. 155, gives

T similar account of the battles of these fishes.
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CHAPTER V

ADAPTATIONS OF FISHES

PINES of the Catfishes.—The catfishes or homed pouts

{Silurida) have a strong spine in the pectoral fin, one

or both edges of this being jagged or serrated. This

spine fits into a peculiar joint and by means of a slight downward
or forward twist can be set immovably. It can then be broken

more easily than it can be depressed. A slight turn in the opposite

direction releases the joint, a fact known to the fish and readily

learned by the boy. The sharp spine inflicts a jagged wound.

Fig. 315 —Mad-toni, Schilbeodes furiosus Jordan and .Meek. Sho^ving the poisoned

pectoral spine. Family Siluridas. Neuse River.

Pelicans which have swallowed the catfish have been known to

die of the wounds inflicted by the fish's spine. When the catfish

was first introduced into the Sacramento, according to Mr. Will

S. Green, it caused the death of many of the native "Sacra-

mento perch" (Archoplites interritptiis). This perch (or rather

bass) fed on the young catfish, and the latter erecting their

pectoral spines in turn caused the death of the perch by tear-

ing the walls of its stomach. In like manner the sharp dorsal

and ventral spines of the sticklebacks have been known to cause

the death of fishes who swallow them, and even of ducks. In

Puget Sound the stickleback is often known as salmon-killer.

51
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Certain small catfishes known as stone-cats and mad-toms
(Xottirtts, Schilbeodes), found in the rivers of the Southern and
Middle Western States, are provided with special organs of

offense. At the base of the pectoral spine, which is sometimes

very jagged, is a structure supposed by Professor Cope to be a

poison gland the nature of which has not yet been fully ascer-

tained. The wounds made by these spines are exceedingly

painful like those made by the sting of a wasp. They are,

however, apparently not dangerous.

Venomous Spines.—Many species of scorpion-fishes (Scor-

pmna, Synanceia, Pelor, Pterois, etc.), found in warm seas,

as well as the European weavers. (Trachinus), secrete poison

Fig. 36—Black Nohu. or PiiHim-tish, i-.mmi/drichlhi/s viilcaniis Jordan. A species

with stinging spines, showing rcsemtjlancc to lumps of lava among which it

lives. Family Scorpcenida. From Tahiti.

from under the skin of each dorsal spine. The woimds made

by these spines are very exasperating, but are not often danger-

ous. In some cases the glands producing these poisons form an

oblong bag excreting a milky juice, and placed on the base of

the spine.

In Thalassophryne, a genus of toad-fishes of tropical America,

is found the most perfect system of poison organs known among

fishes. The spinous armature of the opercle and the two spines

of the first dorsal fin constitute the weapons. The details are

known from the dissections of Dr. Giinther. According to his *

observations, the opercle in Thalassophrym "is very narrow,

* Gunther, Introd. to the Study of Fishes, p. 192.
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vertically styliform and very mobile. It is armed behind with

a spine eight lines long and of the same form as the hollow

venom-fang of a snake, being perforated at its base and at its

extremity. A sac covering the base of the spine discharges its

contents through the apertures and the canal in the interior of

the spine. The structure of the dorsal spines is similar. There

are no secretory glands imbedded in the membranes of the sacs

and the fluid must be secreted by their mucous membrane. The

sacs are without an external muscular layer and situated im-

mediately below the thick, loose skin which envelops the spines

at their extremity. The ejection of the poison into a living

animal, therefore, can only be effected as in Synanceia, by the

pressure to which the sac is subjected the moment the spine

enters another body."

The Lancet of the Surgeon-fish.—Some fishes defend themselves

by lashing their enemies with their tails. In the tangs, or surgeon-

fishes {Tenthis), the tail is provided with a formidable weapon.

Fig 37.—Bro^Ti Tang, Teuthis. hahianux (Ranzani). Tortugas, Florida.

a knife-like spine, with the sharp edge directed forward. This

spine when not in use slips forward into a sheath. The fish,

when alive, cannot be handled without danger of a severe cut.

In the related genera, this lancet is very much more blunt

and immovable, degenerating at last into the rough spines of

Balistapns or the hair-like prickles of Monacanthus.
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Spines of the Sting-ray.— In all the large group of sting-

rays the tail is provided with one or more large, stiff, barbed

spines, which are used with great force by the animal, and are

capable of piercing the leather}^ skin of the sting-ray itself.

There is no evidence that these spines bear any specific poison,

but the ragged wounds they make are always dangerous and
often end in gangrene. It is possible that the mucus on the

surface of the spine acts as a poison on the lacerated tissues,

rendering the wound something very different from a simple cut.

Protection Through Poisonous Flesh of Fishes. — In certain

groups of fishes a strange form of self-protection is acquired by

Fig. 38.—Cominnn I'ilr(ish, Sicphnnntcpif! hispiiliis (Linn:pus). Virfiini.i.

the presence in the body of poisonous alkaloids, by means of

which the enemies of the species are destroyed in the death

of the individual devoured.

Such alkaloids are present in the globefishes (Tctraodoiitidcc),

the filefishes (MonacantJms), and in some related forms, while

members of other groups {Batradioididcc) are under suspicion in

this regard. The alkaloids produce a disease known as cigua-

tera, characterized by paralysis and gastric derangements.

Severe cases of ciguatera with men, as well as with lower

animals, may end fatally in a short time.

The flesh of the filefishes {Stephanolepis tomentosits), which
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the writer has tested, is very meager and bitter, having a de-

cidedly offensive taste. It is suspected, probably justly, of be-

ing poisonous. In the globefishes the flesh is always more or

less poisonous, that of Tetraodon Iiispidus, called muki-muki,

or death-fish, in Hawaii, is reputed as excessively so. The poi-

sonous fishes have been lately studied in detail by Dr. Jacques

Pellegrin, of the Museum d'Histoire Naturelle at Paris. He
shows that any species of fish may be poisonous under certain

circumstances, that under certain conditions certain species are

poisonous, and that certain kinds are poisonous more or less at

Fig. 39.

—

Tetraodun 77icleagris (Lac^pede). Riu Kiu Islands.

all times. The following account is condensed from Dr. Pelle-

grin' s observations.

The flesh of fishes soon undergoes decomposition in hot

climates. The consumption of decayed fish may produce

serious disorders, usually with symptoms of diarrhoea or erup-

tion of the skin. There is in this case no specific poison, but

the formation of leucomaines through the influence of bacteria.

This may take place with other kinds of flesh, and is known as

botolism, or allantiasis. For this disease, as produced by the

flesh of fishes. Dr. Pellegrin suggests the name of ichthyosism.

It is especially severe in certain very oily fishes, as the ttmny,

the ancho^'y, or the salmon. The flesh of these and other fishes

occasionally produces similar disorders through mere indiges-

tion. In this case the flesh undergoes decay in the stomach.
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In certain groups (wrasse-fishes, parrot-fishes, etc.) in the

tropics, individual fishes are sometimes rendered poisonous by
feeding on poisonous mussels, holothurians, or possibly polyps,

species which at certain times, and especially in their spawning

season, develops alkaloids which themselves may cause cigua-

tera. In this case it is usually the very old or large fishes which

are liable to be infected. In some markets numerous species

are excluded as suspicious for this reason. Such a list is in

use in the fish-market of Havana, where the sale of certain

species, elsewhere healthful, or at the most suspected, was rigidly

Fig. 40 —The Trigger-fish, Batistes carotinensis Gniehn. New York.

prohibited under the Spanish regime. A list of these suspicious

fishes has been given by Prof. Poey.

In many of the eels the serum of the blood is poisonous, but

its venom is destroyed by the gastric juice, so that the flesh

may be eaten with impunity, unless decay has set in. To eat

too much of the tropical morays is to invite gastric troubles,

but no true ciguatera. The true ciguatera is produced by a

specific poisonous alkaloid. This is most developed in the

globefishes or puffers {Tctraodon, Spheroides, Tropidichthys, etc.).

It is present in the filefishes {Monacanthus, AliUera, etc.), prob-

ably in some toadfishes {Batrachoides, etc.), and similar com-
pounds are found in the flesh of sharks and especially in sharks'

livers.
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These alkaloids are most developed in the ovaries and testes,

and in the spawning season. They are also found in the liver

and sometimes elsewhere in the body. In many species other-

wise innocuous, purgative alkaloids are developed in or about

the eggs. Serious illness has been caused by eating the roe of

the pike and the barbel. The poison is less virulent in the

species which ascend the rivers. It is also much less developed

in cooler waters. For this reason ciguatera is almost confined

to the tropics. In Havana, Manila, and other tropical ports it

is of frequent occurrence, while northward it is practically un-

known as a disease requiring a special name or treatment. On
the coast of Alaska, about Prince William Sound and Cook Inlet,

Fig. 41.^—Numbfish, Narcine brasiliennis Henle, showing electric cells.

Pensaeola, Florida.

a fatal disease resembling ciguatera has been occasionally pro-

duced by the eating of clams.

The purpose of the alkaloids producing ciguatera is con-

sidered by Dr. Pellegrin as protective, saving the species by the

poisoning of its enemies. The sickness caused by the specific

poison must be separated from that produced by ptomaines and

leucomaines in decaying flesh or in the oil diffused through it.

Poisonous bacteria may be destroyed by cooking, but the alka-

loids which cause ciguatera are unaltered by heat.

It is claimed in tropical regions that the germs of the bu-

bonic plague may be carried through the mediation of fishes

which feed on sewage. It is suggested by Dr. Charles B. Ash-
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mead that leprosy may be so carried. It is further suggested

that the custom of eating the flesh of fishes raw almost luii-

versal in Japan, Hawaii, and other regions may be responsible

for the spread of certain contagious diseases, in which the fish

acts as an intermediate host, much as certain mosquitoes spread

the germs of malaria and yellow fever.

Electric Fishes.—Several species of fishes possess the power

to inflict electric shocks not imlike those of the Leyden jar.

This is useful in stunning their prey and especially in confound-

ing their enemies. In most cases these electric organs are

evidently developed from muscular substance. Their action,

which is largely voluntary, is in its nature like muscular action.

The power is soon exhausted and must be restored by rest and

food. The effects of artificial stimulation and of poisons are

parallel with the effect of similar agents on muscles.

In the electric rays or torpedos {Narcobatida) the electric

organs are large honeycomb-like structures, "vertical hexag-

Fiii. 43 —Electric Catfish, Torpedo cleclriciis (Gmelin). Congo River.

(After Boulenger.J

onal prisms," upwards of 400 of them, at the base of the pec-

toral fins. Each prism is filled " with a clear trembling jelly-like

substance." These fishes give a shock which is communicable

through a metallic conductor, as an iron spear or the handle of

a knife. It produces a peculiar and disagreeable sensation not

at all dangerous. It is said that this living battery shows all

the known qualities of magnetism, rendering the needle mag-

netic, decomposing chemical compounds, etc. In the Nile is

an electric catfish {Torpedo electricus) having similar powers.

Its electric organ extends over the whole body, being thickest

below. It consists of rhomboidal cells of a firm gelatinous

substance.

The electric eel {Electrophortis electricus), the most powerful
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of electric fishes, is not an eel, but allied rather to the sucker or

carp. It is, however, eel-like in form and lives in rivers of Brazil

and Guiana. The electric organs are in two pairs, one on the back

of the tail, the other on the

anal fin. These are made up

of an enormous number of

minute cells. In the electric

eel. as in the other electric

fishes, the nerves supplying

these organs are much larger

than those passing from the

spinal cord for any other pur-

pose. In all these cases

closely related species show

no trace of the electric powers.

Dr. Gilbert has described

the electric powers of species

of star-gazer (Astroscopas

y-grcBCum and A. zepJiyreus),

the electric cells lying under

the naked skin of the top of

the head. Electric power is

ascribed to a species of cusk

{Urophycis regius), but this

perhaps needs verification.

Photophores or Luminous

Oigans.—Many fishes, chiefly

of the deep seas, develop

organs for producing light.

These are known as luminous

organs, phosphorescent or-

gans, or photophores. These

are independently developed

in four entirely unrelated

groups of fishes. This differ-

ence in origin is accompanied
by corresponding difference in structure. The l)est-known
type is found in the Iniomi, including the lantern-fishes and
their many relatives. These may have luminous spots, differ-

/
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entiated areas round or oblong which shine star-like in the

dark. These are usually symmetrically placed on the sides o£

Fio 44.— Hoadlight Fish, .h'l/iniimrn luridn Ooodc and Bean. Gulf Stn'ain.

the body. Tlicy may have also luminous glands or diffuse areas

which are luminous, but which do not show the specialized

structure of the phosphorescent spots. These glands of similar

nature to the spots are mostly on the head or tail. In one

Fit;. i5. —Cori/tinlnpliu/! reinhnnlli (I.iitkrn'), showing Iuniino\is hulh (modified

after Liitken). Family Ccrntiida: Deep sea off Greenland.

genus, Mihoprora. the luminous snout is compared to the head-

light of an engine.
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Entirely different are the photophores in the midshipman

or singing-fish (Porichthys), a genus of toad-fishes or Batra-

choididcc. This species Uves near the shore and the luminous

spots are outgrowths from pores of the lateral line.

In one of the anglers (Corynoloplius reinhardti) the complex

bait is said to be luminous, and luminous areas are said to

occur on the belly of a very small shark of the deep seas of

o i

Fig. 46.

—

Etmopterus lucifer Jordan and Snyder. Mi;aki, Japan.

Japan {Etmopterus lucifer). This phenomenon is now the sub-

ject of study by one of the numerous pupils of Dr. Mitsukuri.

The structures in Corynolophus are practically unknown.

Photophores in Iniomous Fishes.—In the Iniomi the luminous

organs have been the subject of an elaborate paper by Dr.

R. von Lendenfeld (Deep-sea Fishes of the Challenger. Ap-

pendix B). These he divides into ocellar organs of regular

form or luminous spots, and irregular glandular organs or

luminous areas. The ocellar spots may be on the scales

of the lateral line or on other definite areas. They may be

raised above the surface or sunk below it. They ma}^ be simple,

with or without black pigment, or they may have within them

a reflecting surface. They are best shown in the Myctophidcs

and Stomiatidcc, but are found in numerous other families in

nearly all soft-rayed fishes of the deep sea.

The glandular areas may be placed on the lower jaw, on the

barbels, under the gill cover, on the suborbital or preorbital,

on the tail, or they may be irregularly scattered. Those about

the eye have usually the reflecting membrane.

In all these structures, according to Dr. von Lendenfeld, the

whole or part of the organ is glandular. The glandular part

is at the base and the other structures are added distally. The

primitive organ was a gland which produced luminous slime.
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To this in the process of specialization greater complexity has

been added.

The luminous organs of some fishes resemble the supposed

original structure of the primitive photophore, though of

course these cannot actually represent it. The simplest type

of photophore now found is in Astronesthes, in the form of

irregular glandular luminous patches on the surface of the skin.

Fio. 47 — .1 r.jijropelecus olfersi Cuvier. Gulf Stream.

There is no homology between the luminous organs of any insect

and those of any fish.

Photophores of Porichthys.—Entirely distinct in their origin

are the luminous spots in the midshipman (Porichthys notatus),

a shore fish of California. These have been described in detail

by Dr. Charles Wilson Greene (late of Stanford University, now
of the University of Missouri) in the Journal of Morphology,

XV., p. 667. These are found on various parts of the body in

connection with the mucous pores of the lateral lines and about

the mucous pores of the head. The skin in Porichthys is naked,

and the photophores arise from a modification of its epidermis.

Each is spherical, shining white, and consists of four parts—the
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lens, the gland, the reflector, and the pigment. As to its func-

tion Prof. Greene observes:
" I have kept specimens of PoricJithys in aquaria at the Hop-

kins Seaside Laboratory, and have made numerous observations

on them with an effort to secure ocular proof of the phospho-

rescence of the living active fish. The fish was observed in

the dark when quiet and when violently excited, but, with a

single exception, only negative results were obtained. Once

a phosphorescent glow of scarcely perceptible intensitv was
observed when the fish was pressed against the side of the

aquarium. Then, this is a shore fish and quite common, and
one might suppose that so striking a phenomenon as it would

present if these organs were phosphorescent in a small degree

would be observed by ichthyologists in the field, or by fisher-

men, but diligent inquiry re\-eals no such evidence.

" Notwithstanding the fact that Parichtliys has been observed

to vohmtarily exhibit only the trace of phosphorescence men-
tioned above, still the organs which it possesses in such num-
bers are beyond doubt true phosphorescent organs, as the fol-

lowing observations will demonstrate. A live fish put into an

aquarium of sea-water made alkaline with ammonia water ex-

hibited a most brilliant glow along the location of the well-

developed organs. Xot only did tlie lines of organs shine

forth, but the individual organs themselves were distinguish-

able. The glow appeared after about five minutes, remained

prominent for a few minutes, and then for twenty minutes

gradually became weaker until it was scarcely perceptible.

Rubbing the hand over the organs was followed always by a

distinct increase in the phosphorescence. Pieces of the fish

containing the organs taken five and six hours after the death

of the animal became luminous upon treatment witli ammonia
water.

" Electrical stimulation of the live fish was also tried with

good success. The interrupted current from an induction coil

was used, one electrode being fixed on the head over the brain

or on the exposed spinal cord near the brain, and the other

moved around on different parts of the body. No results fol-

lowed relatively weak stimulation of the fish, although such

currents produced violent contractions of the muscular system
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of the body. But when a current strong enough to be quite

painful to the hands while handling the electrodes was used

then stimulation of the fish called forth a brilliant glow of light

apparently from every well-developed photophore. All the

lines on the ventral and lateral surfaces of the body glowed

with a beautiful light, and continued to do so while the stimu-

lation lasted. The single well-developed organ just back of

and below the eye was especially prominent. Xo luminosity

was observed in the region of the dorsal organs previously de-

scribed as rudimentary in structure. I was also able to produce

Fig. 48.—Luminous organs and lateral line of Midshipman, Portchlht/x nnlatus

Girard. Family Bolrachoidida:. Monterey, California. (.Vftcr Greene.)

the same effect by galvanic stimulation, rapidly making and

breaking the current by hand.

"The light produced in Porichthys was, as near as could be

determined by direct observation, a white light. When pro-

duced by electric stimxilation it did not suddenly reach its

maximal intensity, but came in quite gradually and disappeared

in the same way when the stimulation ceased. The light was

not a strong one, only strong enough to enable one to quite

easily distinguish the apparatus used in the experiment.
" An important fact brought out by the above experiment is

that an electrical stimulation strong enough to most violently

stimulate the nervous system, as shown by the violent con-

tractions of the muscular system, may still be too weak to

produce phosphorescence. Tliis fact gives a physiological con-
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firmation of the morphological result stated above that no

specific nerves are distribiited to the phosphorescent organs.

" I can explain the action of the electrical current in these

experiments only on the supposition that it produces its effect

by direct action on the gland.

" The experiments just related were all tried on specimens of

the fish taken from under the rocks where they were guarding

Fig. 49.—Cross-section of a ventral phosphorescent organ of the Midshipman,

Porichthtis notatus Girard. I, lens; gl, gland; r, reflector; bl, blood; p, pig-

ment. (.\fter Greene.)

the young brood. Two specimens, however, taken by hooks

from the deeper water of Monterey Bay, could not be made to

show phosphorescence either by electrical stimulation or by

treatment with ammonia. These specimens did not have the

high development of the system of mucous cells of the skin

exhibited by the nesting fish. My observations were, how-
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ever, not numerous enough to more than suggest the possibihty

of a seasonal high development of the phosphorescent organs.

" Two of the most important parts of the organ have to do

with the physical manipulation of light—the reflector and the

lens, respectively. The property of the reflector needs no dis-

cussion other than to call attention to its enormous develop-

ment. The lens cells are composed of a highly refractive sub-

stance, and the part as a whole gives every evidence of light

refraction and condensation. The form of the lens gives a

theoretical condensation of light at a very short focus. That

such is in reality the case, I have proved conclusively by exami-

nation of fresh material. If the fresh fish be exposed to direct

Fig. 50—Section of the deeper portion ol phosphorescent organ of Porichlhys

nolalus, highly magnified, (.\fter Greene.)

sunlight, there is a reflected spot of intense light from each

phosphorescent organ. This spot is constant in position with

reference to the sun in whatever position the fish be turned

and is lost if the lens he dissected away and only the reflector

left. With needles and a simple microscope it is comparatively

easy to free the lens from the surrounding tissue and to examine

•it directly. When thus freed and examined in normal saline, I

have found by rough estimates that it condenses sunlight to a

bright point a distance back of the lens of from one-fourth to

one-half its diameter. I regret that I have been unable to make

precise physical developments.

" The literature on the histological structure of known phos-

phorescent organs of fishes is rather meager and unsatisfactory.

Von Lendenfeld describes twelve classes of phosphorescent

organs from deep-sea fishes collected by the Challenger expe-
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dition. All of these, however, arc greater or less modifications

of one type. This type includes, according to von Lendenfeld's

views, three essential parts, i.e., a gland, phosphorescent cells,

and a local ganglion. These parts may have added a reflector,

a pigment layer, or both ; and all these may be simple or com-

pounded in various ways, giving rise to the twelve classes.

Rlood-vessels and nerves are distributed to the glandular por-

tion. Of the twelve classes direct ocular proof is given for

one, i.e., ocellar organs of Myctophmn which were observed by

Willemoes-Suhm at night to shine 'like a star in the net.' A"on

Lendenfeld says that the gland produces a secretion, and he

supposes the light or phosphorescence to be produced either

by the ' burning or consuming ' of this secretion by the phos-

phorescent cells, or else by some substance produced by the

phosphorescent cells. Furthermore, he says that the phos-

phorescent cells act at the 'will of the fish' and are excited

to action by the local ganglion.

" Some of these statements and conclusions seem insufficiently

grounded, as, for example, the supposed action of the phos-

phorescent cells, and especially the control of the ganglion

over them. In the first place, the relation between the ganglion

and the central nervous system in the forms described by von

Lendenfeld is very obscure, and the structure described as a

ganglion, to judge from the figures and the text descriptions,

may be wrongly identified. At least it is scarcely safe to

ascribe ganglionic function to a group of adult cells so poorly

preserved that only nuclei are to be distinguished. In the

second place, no structural character is shown to belong to the
' phosphorescent cells ' by which they may take part in the

process ascribed to them.*
'

' The action of the organs described by him may be explained

on other grounds, and entirely independent of the so-called

'ganglion cells' and of the 'phosphorescent cells.'

* The cells which von Lendenfeld designates ' phosphorescent cells ' have

as their peculiar characteristic a large, oval, highly refracting body imbedded in

the protoplasm of the larger end of the clavate cells. These cells have nothing

in common with the structure of the cells of the firefly known to be phos-

phorescent in nature. In fact the true phosphorescent cells are more probably

the ' gland-cells ' found in ten of the twelve classes of organs which he
describes.
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" Phosphorescence as applied to the production of Hght by a

living animal is, according to our present ideas, a chemical action,

a)i oxidation process. The necessary conditions for producing it

are two—an oxidizable substance that is luminous on oxida-

tion, i.e., a photogenic substance on the one hand, and the pres-

ence of free oxygen on the other. Every phosphorescent organ

must have a mechanism for producing these two conditions;

all other factors are only secondary and accessory. If the

gland of a firefly can produce a substance that is oxidizable

and luminous on oxidation, as shown as far back as 1828 by
Faraday and confirmed and extended recently by Watasc, it is

conceivable, indeed probable, that phosphorescence in Myctophum
and other deep-sea forms is produced in the same direct way,

that is, by direct oxidation of the secretion of the gland found

in each of at least ten of the twelve groups of organs described

by von Lendenfeld. Free oxygen may be supplied directly

from the blood in the capillaries distributed to the gland

which he describes. The possibility of the regulation of the

supply of blood carrying oxygen is analogous to what takes

place in the firefly and is wholly adequate to account for any

'flashes of light' 'at the will of the fish.'

"In the phosphorescent organs of Porichtliys the only part

the function of which cannot be explained on physical grounds

is the group of cells called the gland. If the large granular

cells of this portion of the structure produce a secretion, as seems

probable from the character of the cells and their behavior

toward reagents, and this substance be oxidizable and luminous

in the presence of free oxygen, i.e., photogenic, then we have

the conditions necessary for a light-producing organ. The

numerous capillaries distributed to the gland will supply free

oxygen sufficient to meet the needs cf the case. Light pro-

duced in the gland is ultimately all projected to the exterior,

cither directly from the luminous points in the gland or reflected

outward by the reflector, the lens condensing all the rays into

a definite pencil or shghtly diverging cone. This explanation

of the light-producing process rests on the assumption of a

secretion product with certain specific characters. But com-

paring the organ with structures known to produce such a sub-

stance, i.e., the glands of the firefly or the photospheres of Eu-
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phausia, it seems to me the assumption is not less certain than

the assumption that twelve structures resembling each other in

certain particulars have a common function to that proved for

one only of the twelve.

" I am inclined to the belief that whatever regulation of the

action of the phosphorescent organ occurs is controlled by the

regulation of the supply of free oxygen by the blood-stream

flowing through the organ ; but, however this may be, the essen-

tial fact remains that the organs in PoricJithys are true phos-

phorescent organs." (Greene.)

Other species of Porichthys with similar photophores occur

in Texas, Guiana, Panama, and Chile. The name midshipman
alludes to these shining spots, compared to buttons.

Globefishes.—The globefishes {Tctraodon, etc.) and the por-

cupine-fishes have the surface defended by spines. These fishes

have an additional safeguard through the instinct to swallow

air. When one of these fishes is seriously disturbed it rises to

Fiu. 51.—Sucking-fish, or Pcgador, Lephcheneis naucrates (Linna-us). Virginia.

the surface, gulps air into a capacious sac, and then floats belly

upward on the surface. It is thus protected from other fishes,

although easily taken by man. The same habit appears in some

of the frog-fishes (Antennarius) and in the Swell sharks (Cepha-

loscylliiim)

.

The writer once hauled out a netful of globefishes {Tetrao-

don hispidns) from a Hawaiian lagoon. As they lay on the bank

a dog came up and sniffed at them. As his nose touched them

they swelled themselves up with air, becoming visibly two or

three times as large as before. It is not often that the lower

animals show surprise at natural phenomena, but the attitude

of the dog left no question as to his feeling.

Remoras.—The different species of Remora, or shark-suckers,

fasten themselves to the surface of sharks or other fishes and

are carried about by them often to great distances. These
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fishes attach themselves by a large sucking-disk on the top of

the head, which is a modified spinous dorsal fin. They do not

harm the shark, except possibly to retard its motion. If the

shark is caught and drawn out of the water, these fishes often

instantly let go and plunge into the sea, swimming away with

great celerity.

Sucking-disks of Clingfishes.— Other fishes have sucking-

disks dilYerently made, by which they cHng to rocks. In the

gobies the united \-entrals have some adhesive power. The

blind goby {Typhlogobius californiensis) is said to adhere to rocks

in dark holes by the ventral fins. In most gobies the adhesive

power is slight. In the sea-snails {Liparididcc) and lumpfishes

(Cyclopteridcs) the united ventral fins are modified into an

Fig. 53.—Clingfish, Caularchus maandricus (Girard). Monterey, California.

elaborate circular sucking-disk. In the clingfishes {Gohiesocidaf)

the sucking-disk lies between the ventral fins and is made in

part of modified folds of the naked skin. Some fishes creep

over the bottom, exploring it with their sensitive barbels, as

the gurnard, surmullet, and goatfish. The suckers (Catostomus)

test the bottom with their thick, sensitive lips, either puckered

or papillose, feeding by suction.

Lampreys and Hagfishes.—The lampreys suck tlie blood of

other fishes to which they fasten themselves by their disk-like

mouth armed with rasping teeth.

The hagfishes (Myxine, Eptatrctiis) alone among fishes are

truly parasitic. These fishes, worm-like in form, have round

mouths, armed with strong hooked teeth. Tliey fasten them-

selves at the throats of large fishes, work their way into the

muscle without tearing the skin, antl finally once inside devour

all the muscles of the fish, leaving the skin unbroken and the

viscera undisturbed. These fishes become living hulks before
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they die. If lifted out of the water, the slimy hagfish at once

slips out and swims quickly away. In gill-nets in Monterey

Bay great mischief is done by hagfish {Polistotrema stouti). It

is a curious fact that large numbers of hagfish eggs are taken

from the stomachs of the male hagfish, which seems to be

Fig 53.—Hagfish, Polistotrema stouti (Lockington).

almost the only enemy of his own species, keeping the ni:mbers

in check.

The Swordfishes.—In the swordfish and its relatives, the sail-

fish and the spearfish, the bones of the anterior part of the

head are grown together, making an efficient organ of attack.

The sword of the swordfish, the most powerful of these fishes,

has been known to pierce the long planks of boats, and it is

supposed that the animal sometimes attacks the whale. But

stories of tliis sort lack verification.

The Paddle-fishes.—In the paddle-fishes (Polyodon spatula and

Psephiirus gladiiis) the snout is spread out forming a broad

paddle or spatula. This the animal uses to stir up the mud
on the bottoms of rivers, the small organisms contained in

mud constituting food. Similar paddle-like projections are

developed in certain deep-water Chimseras {Harriotita, Rhino-

chvucrra), and in the deep-sea shark, Mitsukurina.

The Sawfishes.—A certain genus of rays (Pristis, the saw-

fish) and a genus of sharks {Pristiophorus, the saw-shark), pos-

sess a similar spatula-shaped snout. But in these fishes the

snout is provided on either side with enamelled teeth set in

sockets and standing at right angles with the snout. The
animal swims through schools of sardines and anchovies, strikes
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right and left with this saw, destroying the small fishes, who
thus become an easy prey. These fishes live in estuaries and
river mouths, Pristis in tropical America and Guinea, Pristi-

opkorus in Japan and Australia. In the mythology of science, the

Fig. 55.—Saw-shark, Pristiophorus japonicus Giinther. Specimen from

Nagasaki.

sawfish attacks the whale, but in fact the two animals never

come within miles of each other, and the sawfish is an object of

danger only to the tender fishes, the small fry of the sea.

Peculiarties of Jaws and Teeth.—The jaws of fishes are sub-

ject to a great variety of modifications. In some the bones are

joined by distensible ligaments and the fish can swallow other

fishes larger than itself. In other cases the jaws are excessively

small and toothless, at the end of a long tube, so ineffective in

appearance that it is a marvel that the fish can swallow any-

thing at all.

In the thread-eels (Nemichthys) the jaws are so recur^-ed

that they cannot possibly meet, and in their great length seem

worse than useless.

In some species the knife-like canines of the lower jaw pierce

through the substance of the upper.

In four different and wholly unrelated groups of fishes the

teeth are grown fast together, forming a homy beak like that of

the parrot. These are the Chimasras, the globefishes (Tetroadon)

,

and their relatives, the parrot-fishes (Scarus, etc.), and the

stone-wall perch {Oplegnathiis). The structure of the beak

varies considerably in these four cases, in accord with the dif-

ference in the origin of its structures. In the globefishes the
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jaw-bones are fused together, and in the Chimaeras they are

soHdly joined to the cranium itself.

The Angler-fishes.—In the large group of angler-fishes the first

spine of the dorsal fin is modified into a sort of bait to attract

smaller fishes into the capacious mouth below. This structure

is typical in the fishing-frog (Lophiiis), where the fleshy tip of

this spine hangs over the great mouth, the huge fish lying on

the bottom apparently inanimate as a stone. In other related

fishes this spine has different forms, being often reduced to a

vestige, of little value as a lure, but retained in accordance

with the law of heredity. In a deep-sea angler the bait is

enlarged, provided with fleshy streamers and a luminous body
which serves to attract small fishes in the depths.

The forms and uses of this spine in this group constitute a

ver\' suggestive chapter in the study of specialization and ulti-

mate degradation, when the special function is not needed or

becomes ineffective.

Similar phases of excessive development and final degrada-

tion may be found in almost every group in which abnormal

stress has been laid on a particular organ. Thus the ventral

fins, made into a large sucking-disk in Liparis, are lost alto-

gether in Paraliparis. The very large poisoned spines of Pierois

become very short in Aploactis, the high dorsal spines of Citiila

are lost in Alectis, and sometimes a very large organ dwindles

to a very small one within the limits of the same genus. An
example of this is seen in the poisoned pectoral spines of

Scliilheodes

.

The Unsymmetrical Eyes of Flounders.—In the two great

families of flounders and soles the head is unsymmetrically

formed, the cranium being twisted and both eyes placed on the

same side. The body is strongly compressed, and the side pos-

sessing the eyes is uppermost in all the actions of the fish.

This upper side, whether right or left, is colored, while the eye-

less side is white or very nearly so.

It is well known that in the very young flounder the body

rests upright in the water. After a little there is a tendency to

turn to one side and the lower eye begins its migration to the

other side, the interorbital bones or part of them moving before
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it. In most flounders the eye seems to move over the surface

of the head, before the dorsal fin, or across the axil of its first

ray. In the tropical genus Platophrys the movement of the eye

is most easily followed, as the species reach a larger size than

do most flounders before the change takes place. The larva,

while symmetrical, is in all cases transparent.

In a recent study of the migration of the eye in the winter
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the eyes and the brain, caused by the growth of the facial carti-

lages.

5. The migrating eye moves through an arc of about 120

degrees.

Fig. 58.

—

Platophrys hinatus (Linnaeus), ths Wide-eyed Flounder. Family

Pleuronectidw. Cuba. (From nature by Mrs. H. C. Nash.)

6. The greater part of this rotation (three- fourths of it in

P. americanus) is a rapid process, taking not more than three

daj's.

7. The anterior ethmoidal region is not so strongly influ-

enced by the twisting as the

ocular region.

8. The location of the olfac-

tory nerves (in the adult) shows

that the morphological midline

follows the interorbital septum.

9. The cartilage mass lying in the front part of the orbit of

the adult eye is a separate anterior structure in the lan'a.

10. With unimportant differences, the process of meta-

morphosis in the sinistral fish is parallel to that in the dextral

fish.

11. The original location of the eye is indicated in the adult

by the direction first taken, as they leave the brain, by those

cranial nerves having to do with the transposed eye.

Fig. 59. — Young Flounder, just

hatched, with symmetrical eyes.

(.\fter S. K. Williams.)
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12. The only well-marked asymmetry in the adult brain is

due to the much larger size of the olfactory nerve and lobe of

the ocular side.

13. There is a perfect chiasma.

14. The optic nerve of the migrating eye is always anterior

to that of thb other eye.

"The why of the peculiar metamorphosis of the Plenro-

nectidw is an unsolved problem. The presence or absence of

a swim-bladder can have nothing to do with the change of

habit of the young flatfish, for P. amencanus must lose its air-

bladder before metamorphosis begins, since sections showed no

Fig. 60.—Larval Flounder, Pseudopleuronectes americanus. (After S. R. Williams.)

Fig. 61.—Larval Flounder, Pseudopleuronectes americanus. (.\fterS. R. Williams.)

evidence of it, whereas in Lophopsetta maculata, ' the window-

pane flotmder,' the air-sac can often be seen by the naked eye

up to the time when the fish assumes the adult coloration, and

long after it has assumed the adult form.

" Cunningham has suggested that the weight of the fish

acting upon the lower eye after the turning would press it

toward the upper side out of the way. But in all probability the

planktonic larva rests on the sea-bottom little if at all before

metamorphosing. Those taken by Mr. Williams into the labora-

tory showed in resting no preference for either side until the eye

was near the midline.
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Fig. C2.—Japanese Sea-horse, Hippocampus mohnikei Blocker. Misaki, Japan.



CHAPTER VI

THE COLORS OF FISHES

IGMENTATION.—The colors of fishes are in general pro-

duced by oil sacs or pigment cells beneath the epidermis

^ or in some cases beneath the scales. Certain metallic

shades, silvery blue or iridescent, are produced, not by actual

pigment, but, as among insects, by the deflection of light from

the polished skin or the striated surfaces of the scales. Certain

fine striations give an iridescent appearance through the inter-

ference of light.

The pigmentary colors may be divided into two general

classes, ground coloration and ornamentation or markings.

Of these the ground color is most subject to individual or local

variation, although usually within narrow limits, while the

markings are more subject to change with age or sex. On the

other hand, they are more distinctive of the species itself.

Protective Coloration. — The ground coloration most usual

among fishes is protective in its nature. In a majority of fishes

the back is olivaceous or gray, either plain or mottled, and the

belly white. To birds looking down into the water, the back

is colored like the water itself or like the bottom below it. To
fishes in search of prey from below, the belly is colored like

the surface of the water or the atmosphere above it. In any

case the darker colored upper surface casts its shadow over

the paler lower parts.

In shallow waters or in rivers the bottom is not uniformly

colored. The fish, especially if it be one which swims close

to the bottom, is better protected if the olivaceous surface is

marked by darker cross streaks and blotches. These give the

fish a color resemblance to the weeds about it or to the sand

and stones on which it lies. As a rule, no fish which lies on

the bottom is ever quite uniformly colored.

In the open seas, where the water seems very blue, blue

7Q
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colors, and especially metallic shades, take the place of oliva-

ceous gray or green. As we descend into deep water, especially

in the warm seas, red pigment takes the place of olive. At a

moderate depth a large percentage of the fishes are of vari-

ous shades of red. Several of the large groupers of the

West Indies are represented by two color forms, a shore

form in which the prevailing shade is olive-green, and a

deeper-water form which is crimson. In several cases an inter-

FiG. 03.—Garibaldi (scarlet in color), Hi/p-inpops rubicunda (Girard). La JoUa,
San Diego, California.

mediate-color form also exists which is lemon-yellow. On
the coast of California is a band-shaped blenny {Apodichthys

flavidus) which appears in three colors, according to its sur-

roundings, blood-red, grass-green, and olive-yellow. The red

coloration is also essentially protective, for the region inhab-

ited by such forms is the zone of the rose-red alga:;. In the

arctic waters, and in lakes where rose-red algae are not found,

the red-ground coloration is almost unknown, although red

may appear in markings or in nuptial colors. It is possible

that the red, both of fishes and alga;, in deeper water is related

to the effect of water on the waves of light, but whether this

should make fishes red or violet has never been clearly under-
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stood. It is true also that where the red in fishes ceases violet-

black begins.

In the greater depths, from 500 to 4000 fathoms, the ground

color in most fishes becomes deep black or violet-black, sometimes

with silvery luster reflected from the scales, but more usually

dull and lusterless. This shade may be also protective. In

these depths the sun's rays scarcely penetrate, and the fish and
the water are of the same apparent shade, for black coloration

is here the mere absence of light.

In general, the markings of various sorts grow less distinct

with the increase of depth. Bright-red fishes of the depths are

usually uniform red. The violet-black fishes of the oceanic

abysses show no markings whatever (luminous glands excepted)

,

and in deep waters there are no nuptial or sexual differences in

color.

Ground colors other than olive-green, gray, brown, or silvery

rarely appear among fresh-water fishes. JIarine fishes in the

tropics sometimes show as ground color bright blue, grass-

green, crimson, orange-yellow, or black ; but these showy colors

are almost confined to fishes of the coral reefs, where they are

often associated with elaborate systems of markings.

Protective Markings.—The markings of fishes are of almost

every conceivable character. They may be roughly grouped

as protective coloration, sexual coloration, nuptial coloration,

recognition colors, and ornamentation, if we may use the latter

tenn for brilliant hues which serve no obvious purpose to the

fish itself.

Examples of protective markings may be seen everywhere.

The fiounder which lies on the sand has its upper surface cov-

ered with sand-like blotches, and these again will vary according

to the kind of sand it imitates. It may be true sand or crushed

coral or the detritus of lava, in any case perfectly imitated.

Equally closely will the markings on a fish correspond with

rock surroundings. With granite rocks we find an elaborate

series of granitic markings, with coral rocks another series of

shades, and if red corals be present, red shades of like appear-

ance are found on the fish. Still another kind of mark indi-

cates rock pools lined with the red calcareous algas called coral-

lina. Black species are found in lava masses, grass-green ones
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among the fronds of ulva, and olive-green among Sargassum
or fucus, the markings and often the form corresponding to the

nature of the alga? in which the species makes its home.

Sexual Coloration.— In many groups of fishes the sexes are

differently colored. In some cases bright-red, blue, or black

markings characterize the male, the female having similar

marks, but less distinct, and the bright colors replaced by olive,
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minnows of many species the male in spring has the skin charged

with bright pigment, red, black, or bright silver>% for the most
part, the black most often on the head, the red on the head
and body, and the silvery on the tips of the fins. At the same
time other markings are intensified, and in many species the

head and sometimes the body and fins are covered with wartv
excrescences. These shades are most distinct on the most viaror-

Fio. G6.—BIue-brea.st('d Dartor, nitfosinm i rnmurum ((^ipc), the most brilliantly

colored of American river-fishes. C'umberlaiKi (.lap, Tennessi'e.

ous males, and disappear with the warty excrescences after the

fertilization of the eggs.

Nuptial colors do not often appear among marine fishes, and

in but few families are the sexes distinguishable by differences

in coloration.

Recognition-marks.—Under the head of "recognition-marks"

may be grouped a great variety of special markings, which may
be conceived to aid the representatives of a given species to

recognize each other. That they actually serve this purpose is

a matter of theory, but the theory is plausible, and these mark-

ings have much in common with the white tail feathers, scarlet

crests, colored wing patches, and other markings regarded as

recognition-marks among birds.

Among these are ocelli, black- or blue-ringed with white or

yellow, on various parts of the body; black spots on the dorsal

fin; black spots below or behind the eye; black, red, blue, or

yellow spots variously placed ; cross-bars of red or black or green,

with or without pale edges; a blood-red fin or a fin of shining

blue among pale ones ; a white edge to the tail ; a yellow, blue,

cr red streamer to the dorsal fin, a black tip to the pectoral
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or ventral; a hidden spot of emerald in the mouth or in the

axil; an almost endless variety of sharply defined markings,

not directly protective, which serve as recognition-marks, if not

to the fish itself, certainly to the naturalist who studies it.

These marks shade off into an equally great variety for which

we can devise no better name than "ornamentation." Some
fishes are simply covered with brilliant spots or bars or reticu-

lations, their nature and variety baffling description, while no

useful purpose seems to be served by them, unless we stretch

still more widely the convenient theory of recognition-marks.

In many cases the markings change with age, certain bands,

stripes, or ocelli being characteristic of the young and gradu-

ally disappearing. In such cases the same marks will be found

permanent in some related species of less differentiated colora-

tion. In such cases it is safe to regard them as ancestral.

In case of markings on the fins and of elaborate ornamenta-

tion in general, it is best defined in the oldest and most vigorous

individuals, becoming intensified by degrees. The most bril-

liantly colored fishes are found about the coral reefs. Here

may be found species of which the ground color is the most

intense blue, others are crimson, grass-green, lemon-yellow,

jet-black, and each with a great variety of contrasted mark-

ings. The frontispiece of this volume shows a series of such

fishes drawn from nature from specimens taken in pools of the

great coral reef of Apia in Samoa. These colors are not pro-

tective. The coral masses are mostly plain gray, and the fishes

which lie on the bottom are plain gray also. Nothing could

be more brilliant or varied than the hues of the free-swimming

fishes. What their cause or purpose may be, it is impossible to

say. It is certain that their intense activity and the ease with

which they can seek shelter in the coral masses enable them to

defy their enemies. Nature seems to riot in bright colors where

her creatures are not destroyed by their presence.

Intensity of Coloration.—In general, coloration is most in-

tense and varied in certain families of the tropical shores, and

especially about coral reefs. But in brilHancy of individual

markings some fresh-water fishes are scarcely less notable,

especially the darters (Etheosiomiiice) and sunfishes (Centrar-

chidce) of the streams of eastern North America. The bright
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hues of these fresh-water fishes are, however, more or less con-

cealed in the water by the olivaceous markings and dark blotches

of the upper parts.

Coral-reef Fishes.—The brilliantly colored fishes of the trop-

ical reefs seem, as already stated, to have no need of pro-

tective coloration. They save themselves from their enemies

in most cases by excessive alertness and activity {Chcstodon,

Pomacentrus), or else by burying themselves in coral sand {Jiilis

gaimard), a habit more frequent than has been suspected.

Every large mass of branching coral is full of lurking fishes,

some of them often most brilliantly colored.

Fading of Pigments in Spirits.—In the preservation of speci-

mens most red and blue pigments fade to whitish, and it requires

considerable care to interpret the traces which may be left of

red bands or blue markings. Vet some blue pigments are abso-

lutely permanent, and occasionally blood-red pigments persist

through all conditions. Black pigment seldom changes in

spirits, and olivaceous markings simply fade a little without

material alteration. It is an important part of the work of the

systematic ichthyologist to learn to interpret the traces of the

faded pigment left on specimens he may have occasion to ex-

amine. In such cases it is more important to trace the mark-

ings than to restore the ground color, as the ground color is

at once more variable with individuals and more constant in

large groups.

Variation in Pattern.—Occasionally, however, a species is

found in which, other characters being constant, both ground

color and markings are subject to a remarkable range of varia-

tion. In such cases the actual unity of the species is open to

serious question. The most remarkable case of such variation

known is found in a West Indian fish, the vaca, which bears

the incongruous name of Hypoplectriis unicolor. In the typical

vaca the body is orange with black marks and blue lines, the

fins checkered with orange and blue. In a second form the

body is violet, barred with black, the head with blue spots and

bands. In another form the blue on the head is wanting. In

still another the body is yellow and black, with blue on the

head only. In others the fins are plain orange, without checks,

and the body yellow, with or without blue stripes and spots, and
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sometimes with spots of black or violet. In still others the body-

may be pink or brown, or violet-black, the fins all yellow, part

black or all black. Finally, there are forms deep indigo-blue in

color everywhere, with cross bands of indigo-black, and these

again may have bars of deeper blue on the head or may lack

these altogether. I find no difference among these fishes ex-

cept in color, and no way of accounting for the differences in

this regard.

Certain species of puffer (Tetraodon setosus, of Panama, and
Tetraodon nigropunctatus, of Polynesia) show similar remark-

able variations, being dark gray with white spots, but varying

to indigo-blue, lemon-yellow, or sometimes having coarse blotches

of either. Lemon-yellow varieties of several species are knowTi,

and these may be due to a failure of pigment, a sort of semi-

albinism. True albinos, individuals wholly without pigment, are

rare among fishes. In some cases the markings, commonly
black, will be replaced by a deep crimson which does not fade

in alcohol. This change happens most frequently among the

Scorpccnidcc. An example of this is shown on colored plate

facing page 644. The Japanese okose or poison-fish {Inimiciis)

is black and gray about lava-rocks. In deeper water among
red algc-e it is bright crimson, the color not fading in spirits, the

markings remaining the same. In still deeper water it is lemon-

yellow.



CHAPTER VII

THE GEOGRAPHICAL DISTRIBUTION OF FISHES

OOGEOGRAPHY—Under the head of distribution we
consider the facts of the actual location of species

of organisms on the surface of the earth and the

laws by which their location is governed. This constitutes

the subject-matter of the science of zoogeography. In physical

geography we may prepare maps of the earth or of any part of

it, these bringing to prominence the physical features of its

surface. Such maps show here a sea, there a plateau, here a

mountain chain, there a desert, a prairie, a peninsula, or an

island. In political geography the maps show their physical

features of the earth as related to the people who inhabit

them and the states or powers which receive or claim their

allegiance. In zoogeography the realms of the earth are con-

sidered in relation to the species or tribes of animals which

inhabit them. Thus series of maps could be drawn representing

those parts of North America in which catfishes or trout or

sunfishes are found in the streams.- In like manner the distri-

bution of any particular fish as the muskallonge or the yellow

perch could be shown on the map. The details of such a map
are very instructive, and their consideration at once raises a

series of questions as to the cause behind each fact. In science

it must be supposed that no fact is arbitrary or meaningless.

In the case of fishes the details of the method of diffusion of

species afford matters of deep interest. These are considered

in a subsequent chapter.

The dispersion of animals may be described as a matter of

space and time, the movement being continuous but modified

by barriers and other codnitions of environment. The ten-

dency of recent studies in zoogeography has been to consider

90
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1

the facts of present distribution as the result of conditions in

the past, thus correlating our present knowledge with the past

relations of land and water as shown through paleontology.

Dr. A. E. Ortmann well observes that "Any division of the

earth's surface into zoogeographical regions which starts

exclusively from the present distribution of animals without
considering its origin must always be unsatisfactory." We
must therefore consider the coast-lines and barriers of Tertiary

and earlier times as well as those of to-day to understand the

present distribution of fishes.

General Laws of Distribution.—The general laws governing

the distribution of all animals are reducible to three very simple

propositions.

Each species of animal is found in every part of the earth

having conditions suitable for its maintenance, unless

(a) Its individuals have been unable to reach this region

through barriers of some sort; or,

(b) Having reached it, the species is unable to maintain

itself, through lack of capacity for adaptation, through severity

of competition with other forms, or through destructive condi-

tions of environment; or else,

(c) Having entered and maintained itself, it has become so

altered in the process of adaptation as to become a species dis-

tinct from the original type.

Species Absent through Barriers.—The absence from the Jap-
anese fauna of most European or American species comes under

the first head. The pike has never reached the Japanese lakes,

though the shade of the-lotus leaf in the many clear ponds
would suit its habits exactly. The grunt * and porgies f of

our West Indian waters have failed to cross the ocean and there-

fore have no descendants in Europe or Asia.

Species Absent through Failure to Maintain Foothold. — Of
species under (b), those who have crossed the seas and not found

lodgement, we have, in the nature of things, no record. Of the

existence of multitudes of estrays we have abundant evidence.

In the Gulf Stream off Cape Cod are every year taken many
young fishes belonging to species at home in the Bahamas and
which find no permanent place in the New England fauna. In

* HtBtnulon. t Ca!a»ius.
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like fashion, young fishes from the tropics drift northward in the

Kuro Shiwo to the coasts of Japan, but never finding a per-

manent breeding-place and never joining the ranks of the Japa-

nese fishes. But to this there have been, and will be, occasional

exceptions. Now and then one among thousands finds per-

manent lodgement, and by such means a species from another

region will be added to the faima. The rest disappear and
leave no trace. A knowledge of these currents and their in-

fluence is eventual to any detailed study of the dispersion of

fishes.

The occurrence of the young of many shore fishes of the

Hawaiian Islands as drifting plankton at a considerable distance

from the shores has been lately discovered by Dr. Gilbert.

Each island is, in a sense, a "sphere of influence," affecting

the fauna of neighboring regions.

Species Changed through Natural Selection.—In the third class,

that of species changed in the process of adaptation, most
insular forms belong. As a matter of fact, at some time or

another almost every species must be in this category, for isola-

tion is a source of the most potent elements in the initiation

and intensification of the minor differences which separate re-

lated species. It is not the preservation of the most useful

featiires, but of those which actually existed in the ancestral

individuals, which distinguish such species. Natural selection

must include not only the process of the survival of the fittest,

but also the results of the survival of the existing. This means
the preservation through heredity of the traits not of the species

alone, but those of the actual individuals set apart to be the

first in the line of descent in a new environment. In hosts of

cases the persistence of characters rests not on any special use-

fulness or fitness, but on the fact that individuals possessing

these characters have, at one time or another, invaded a cer-

tain area and populated it. The principle of utility explains

survivals among competing structures. It rarely accounts for

qualities associated with geographical distribution.

Extinction of Species. — The extinction of species may be

noted here in connection with their extension of range. Prof.

Herbert Osboni has recognized five different types of elimina-

tion.
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I. That extinction wliirh comes from modification or pro-

gressive evolution, a relegation to the past as the result of a

transmutation into more advanced forms. 2. Extinction from

changes of physical environment which outrun the powers of

adaptation. 3. The extinction which results from competition.

4. The extinction from extreme specialization and limitation

to special conditions the loss of which means extinction. 5.

Extinction as a result of exhaustion. As an illustration of Xo. i,

we may take almost any species which has a cognate species on

the further side of some barrier or in the tertiary seas. Thus

the trout of the Twin Lakes in Colorado has acquired its present

characters in the place of those brought into the lake by its actual

ancestors. No. 2 is illustrated by the disappearance of East

Indian types {Zandiis, Platax, Toxotes, etc.) in Italy at the end of

the Eocene, perhaps for climatic reasons. Extinction through

competition is shown in the gradual disappearance of the Sacra-

mento perch {Archoplitis interruptus) after the invasion of the

river by catfish and carp. From extreme specializaion certain

forms have doubtless disappeared, but no certain case of this

kind has been pointed out among fishes, unless this be the

cause of the disappearance of the Devonian mailed Ostracopliores

and Arthrodires. It is not likely that any group of fishes

has perished through exhaustion of the stock of vigor.

Barriers Checking Movement of Marine Fishes.—The limits

of the distribution of individual sjx'cies or genera must be

found in some sort of barrier, past or present. The chief bar-

riers which hmit marine fishes are the presence of land, the

presence of great oceans, the difi'erenccs of temperature arising

from differences in latitude, the nature of the sea bottom, and

the direction of oceanic currents. That which is a barrier to

one species may be an agent in distribution to another. The

common shore fishes would perish in deep waters almost as surely

as on land, while the open Pacific is a broad highway to the

albacore or the swordfish.

Again, that which is a barrier to rapid distribution may be-

come an agent in the slow extension of the range of a species.

The great continent of Asia is undoubtedly one of the greatest

of barriers to the wide movement of species of fish, yet its long

shore-line enables species to creep, as it were, from bay to bay.
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or from rock to rock, till, in many cases, the same species is

found in the Red Sea and in the tide-pools or sand-reaches of

Japan. In the North Pacific, the presence of a range of half-

submerged volcanoes, known as the Aleutian and the Kurile

Islands, has greatly aided the slow movement of the fishes of

the tide-pools and the kelp. To a school of mackerel or of

flying-fishes these rough islands with their narrow channels

might form an insuperable barrier.

Temperature the Central Fact in Distribution.—It has long

been recognized that the matter of temperature is the central

fact in all problems of geographical distribution. Few species

in any group freely cross the frost-line, and except as borne by

rr^T-T

Fig. 70.—Japanese file-fish, Rudarius ercodes Jordan and Snyder. W'akanoura,

Japan. Family Monacanthidce.

oceanic currents, not many extend their range far into waters

colder than those in which the species is distinctively at home.

Knowing the average temperature of the water in a given region

we know in general the types of fishes which must inhabit it.

It is the similarity in temperature and physical conditions

which chiefly explains the resemblance of the Japanese fauna

to that of the Mediterranean or the Antilles. This fact alone
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must explain the resemblance of the Arctic and Antarctic

faunae, there being in no case a barrier in the sea that may not

some time be crossed. Like forms lodge in like places.

Agency of Ocean Currents.—We may consider again for a

moment the movements of the great currents in the Pacific as

agencies in the distribution of species.

A great current sets to the eastward, crossing the ocean

just south of the equator. It extends past Samoa and passes

on nearly to the coast of Mexico, touching the Galapagos Islands,

Clipperton Island, and especially the Revillagigedos. This

may account for the number of Polynesian species found on

these islands, about which they are freely mixed with immi-

grants from the mainland of Mexico.

From the Revillagigedos * the current moves northward

and westward, passing the Hawaiian Islands and thence onward

to the Ladrones. The absence in Hawaii of most of the charac-

teristic fishes of Polynesia and Micronesia may be in part due

to the long detour made by these currents, as the conditions

of life in these groups of islands are not very dififerent. North-

east of Hawaii is a great spiral current, moving with the hands

of the watch, foiTning what is called Fleurieu's Whirlpool.

This does not reach the coast of California. This fact may
help to account for the almost complete distinction in the shore

fishes of Hawaii and California.

t

No other group of islands in the tropics has a fish fauna

so isolated as that of Hawaii. The genera are largely the

ordinary tropical types. The species are largely peculiar to

these islands.

The westward current from Hawaii reaches Luzon and For-

mosa. It is deflected to the northward and, joining a north-

ward current from Celebes, it forms the Kuro Shiwo or Black

Stream of Japan, which strews its tropical species in the rock

pools along the Japanese promontories as far as Tokio. Then,

turning into the open sea, it passes northward to the Aleutian

Islands, across to Sitka. Thence it moves southward as a cold

* Clarion Island and Socorro Island.

t A few Mexican shore fishes, Chcctodon hitmcralis. Galcichlhys dasyccphalus,

Hypsobloitiius pannpinnis, have been wrongly accredited to Hawaii by some

misplacement of labels.
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current, bearing Ochotsk-Alaskan types southward as far as

the Santa Barbara Islands, to which region it is accompanied

by species of Aleutian origin. A cold return current seems to

extend southward in Japan, along the east shore perhaps as

far as Alatsushima. A similar current in the sea to the west of

Japan extends still further to the southward, to Noto, or beyond.

It is, of course, not necessary that the movements of a

species in an oceanic current should coincide with the direction

of the current. Young fishes, or fresh-water fishes, would be

borne along with the water. Those that dwell within floating

bodies of seaweed would go whither the waters carry the drift-

ing mass. But free-swimming fishes, as the mackerel or flying-

fishes, might as readily choose the reverse direction. To a free-

swimming fish the temperature of the water would be the only

consideration. It is thus evident that a current which to certain

forms would prove a barrier to distribution, to others would be

a mere convenience in movement.

In comparing the Japanese fauna with that of Australia, we

find some trace of both these conditions. Certain forms are

perhaps excluded by cross-currents, while certain others seem

to have been influenced only by the warmth of the water. A
few Australian types on the coast of Chile seem to have been

carried over by the cross-currents of the South Atlantic.

It is fair to say that the part taken by oceanic currents in

the distribution of shore fishes is far from completely demon-

strated. The evidence that they assist in such distribution

is, in brief, as follows:

1. The young of shore fishes often swim at the surface.

2. The young of very many tropical fishes drift northward

in the Gulf Stream and the Japanese Kuro Shiwo.

3. The faunal isolation of Hawaii may be correlated with

the direction of the oceanic currents.

Centers of Distribution.—We may assume, in regard to any

species, that it has had its origin in or near that region in which

it is most abundant and characteristic. Such an assumption

must in\-olve a very large percentage of error or of doubt, but

in considering the mass of species, it may represent essential

truth. In the same fashion we may regard a genus as being

autochthonous or first developed in the region where it shows
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the greatest range or variety of species. Those regions where

the greatest number of genera are thus autochthonous may be

regarded as centers of distribution. So far as the marine fishes

are concerned, the most important of these supposed centers are

found in the Pacific Ocean. First of these in importance is the

East-Indian Archipelago, with the neighboring shores of India.

Next would come the Arctic Pacific and its bounding islands,

from Japan to British Columbia. Third in importance in this

regard is Australia. Important centers are found in temperate

Japan, in California, the Panama region, and in New Zealand,

Chili, and Patagonia. The fauna of Polynesia is almost entirely

derived from the Indies; and the shore fauna of the Red Sea,

the Bay of Bengal, and Madagascar, so far as genera are con-

cerned, seems to be not really separable from the Indian fauna

generally.

I know of but six genera which may be regarded as autoch-

thonous in the Red Sea, and nearly all of these are oi* doubtful

Fio. 71.—Globe-fish, Tetraodon sctosus Rosa Smith. Clarion Island, Mexico.

value or of uncertain relation. The many peculiar genera de-

scribed by Dr. Alcock, from the dredgings of the Investigator

in the Bay of Bengal, belong to the bathybial or deep-water
series, and will all, doubtless, prove to be forms of wide dis-

tribution.

In the Atlantic, the chief center of distribution is the West
Indies ; the second is the Mediterranean. On the shores to the

northward or southward of these regions occasional genera have
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found their origin. This is true especially of the New England

region, the North Sea, the Gulf of Guinea, and the coast of

Argentina. The fish fauna of the North Atlantic is derived

mainly from the North Pacific, the differences lying mainly

in the relative paucity of the North Atlantic. But in certain

groups common to the two regions the migration must have

been in the opposite direction, exceptions that prove the rule.

Distribution of Marine Fishes.—The distribution of marine

fishes must be indicated in a different way from that of the

fresh-water forms. The barriers which limit their range fur-

nish also their means of dispersion. In some cases proximity

overbalances the influence of temperature ; with most forms

questions of temperature are all-important.

Pelagic Fishes.—Before consideration of the coast-lines we

may glance at the dift'erences in vertical distribution. Many
species, especially those in groups allied to the mackerel family,

are pelagic—that is, inhabiting the open sea and ranging

widely within limits of temperature. In this series some species

are practically cosmopolitan. In other cases the genera are

so. Each school or group of individuals has its breeding place,

and from the isolation of breeding districts new species may be

conceived to arise. The pelagic types have reached a species

of equilibrium in distribution. Each type may be found where

suitable conditions exist, and the distribution of species throws

little light on questions of distribution of shore fishes. Yet

among these species are all degrees of localization. The pelagic

fishes shade into the shore fishes on the one hand and into the

deep-sea fishes on the other.

Bassalian Fishes.—The vast group of bassalian or deep-sea

fishes includes those forms which live below the line of ade-

quate light. These too are localized in their distribution, and

to a much greater extent than was formerly supposed. Yet as

they dwell below the influence of the sun's rays, zones and

surface temperatures are nearly alike to them, and the same
forms may be found in the Arctic or under the equator. Their

differences in distribution are largely vertical, some living at

greater depths than others, and they shade of? by degrees from

bathybial into senii-bathybial, and finally into ordinary pelagic

and ordinary shore types. Apparently all of the bassalian fishes
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are derived from littoral types, the changes in structure being

due to degeneration of the osseous and muscular systems and
of structures not needed in deep-sea life.

The fishes of the great depths are soft in substance, some of

them blind, some of them witli very large eyes, all black in

color, and very many are provided with luminous spots or areas.

A large body of species of fishes are semi-bathybial, inhabiting

depths of 20 to 100 fathoms, showing many of the characters

of shore fishes, but far more widely distributed. Many of the

remarkable cases of wide distribution of type belong to this

class. In moderate depths red colors are very common, cor-

responding to the zone of red algae, and the colors in both

Fig. 72. —Sting-ray, Dnsyntin sahina Lc Suour. Galveston.

cases are perhaps determined from the fact that the red rays

of light are the least refrangible.

A certain number of species are both marine and fresh water,

inhabiting estuaries and brackish waters, while some more
strictly marine ascend the rivers to spawn. In none of these,

cases can any hard and fast line be drawn, and some groups

which are shore fishes in one region will be represented by semi-

bathybial or fiuviatile forms in another.*

* The dragonets (Calltonymus) are shore fishes of the shallowest waters in

Europe and Asia, but inhabit considerable depths in tropical America. The
sea-robins (Prionotus) are shore fishes in Massachusetts, semi-bathybial fishes

at Panama. Often Arctic shore fishes become semi-bathybial in the Temper-
ate Zone, living in water of a given temperature. A long period of cold
weather will sometimes bring such to the surface.
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Littoral Fishes.—The shore fishes are in general the most
highly speciaUzed in their respective groups, because exposed
to the greatest variety of selecting conditions and of competi-

tion. Their distribution in space is more definite than that of,

the pelagic and bassalian types, and they may be more defi-

nitely assigned to geographical areas.

Distribution of Littoral Fishes by Coast-lines. — Their distri-

bution is best indicated, not by realms or areas, but as form-

ing four parallel series corresponding to the four great north

and south continental outlines. Each of these series may be

represented as beginning at the north in the Arctic fauna,

practically identical in each of the four series, actually identical

in the two Pacific series. Passing southward, forms are arranged

according to temperature. One by one in each series, the

Arctic types disappear; subarctic, temperate, and semi-trop-

ical types take their places, giving way in turn to south-tem-

perate and Antarctic forms. The distribution of these is modi-

fied by barriers and by currents, yet though genera and species

may be different, each isotherm is represented in each series by
certain general -types of fishes.

Fig. 73.—Green-sided Darter, Diplesion blennioides Rafinesque. Clinch River.

Family Percidw.

Passing southward the two American series, the East At-

lantic and the East Pacific, pass on gradually through temperate

to Antarctic types. These are analogous to those of the Arctic,

and in a few cases they are generally identical. The West
Pacific (East Asian) series is not a continuous line on account

of the presence of Australia, the East Indies, and Polynesia.

The irregularities of these regions make a number of subseries,

which break up the simplicity expressed in the idea of four
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parallel series. Yet the fauna of Polynesia is strictly East

Indian, modified by the omission or alteration of species, and

that of Australia is Indian at the north, and changes to the

southward much as that of Africa does. In its marine fishes,

it does not constitute a distinct "realm." The East Atlantic

(Europe-African) series follows the same general lines of change

as that of the West Atlantic. It extends, however, only to the

South Temperate Zone, developing no Antarctic elements. The

relative shortness of Africa explains in large degree, as already

shown, the similarity between the tropical elements in the two

Old-World scries, as the similarity in tropical elements in the

two American series must be due to a former depression of the

connecting Isthmus. The practical unity of the Arctic marine

fauna needs no explanation in view of the present shore lines

of the Arctic Ocean.

Minor Faunal Areas.—The minor faunal areas of shore fishes

may be grouped as follows:

East Atlantic.

Icelandic,

British,

Mediterranean,

Guinean,

Cape.

West .Atlantic.

Greenlandic,

New England,

Virginian,

Austroriparian,

Floridian,

Antilla;an,

Caribbean,

Brazilian,

Argentinan,

Patagonian.

East Pacific.

Arctic,

Aleutian,

Sitkan,

Califomian,

San Diegan,

Sinaloan,

Panamanian,

Peruvian,

Revillagigedan,

Galapagan,

Chilian,

Patagonian.

West Pacific.

Arctic,

Aleutian,

Kurile,

Hokkaido,

Nippon,

Chinese,

East Indian,

Polynesian,

Hawaiian,

Indian,

Arabian,

Madagascarian,

Cape,

North Australian,

Tasmanian,

New Zealand,

Antarctic.

Equatorial Fishes Most Specialized. — In general, the dif-

ferent types are most highly specialized in equatorial w-aters.

The processes of specific change, through natural selection or
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other causes, if other causes exist, take place most rapidly there

and produce most far-reaching modification. As elsewhere

stated, the coral reefs of the tropics are the centers of fish-life,

the cities in fish-economy. The fresh waters, the arctic waters,

the deep sea and the open sea represent forms of ichthyic back-

woods, regions where change goes on more slowly, and in them

we find survivals of archaic or generalized types. For this rea-

son the study in detail of the distribution of marine fishes of

equatorial regions is in the highest degree instructive.

Realms of Distribution of Fresh-water Fishes.—If we consider

the fresh-water fishes alone we may divide the land areas of

the earth into districts and zones not differing fundamentally

with those marked out for mammals and birds. The river

basin, boimded by its shores and the sea at its mouth, shows

many resemblances, from the point of view of a fish, to an

island considered as the home of an animal. It is evident that

with fishes the differences in latitude outweigh those of con-

tinental areas, and a primary division into Old World and New
World would not be tenable.

The chief areas of distribution of fresh-water fishes we may
indicate as follows, following essentially the grouping proposed

by Dr. Gunther :

*

Northern Zone.—With Dr. Gunther we may recognize first

the Northern Zone, characterized familiarly by the presence of

sturgeon, salmon, trout, white-fish, pike, lamprey, stickleback,

and other species of which the genera and often the species are

identical in Europe, Siberia, Canada, Alaska, and most of the

United States, Japan, and China. This is subject to cross-

division into two great districts, the first Europe-Asiatic, the

second North American. These two agree very closely to the

northward, but diverge widely to the southward, developing a

variety of specialized genera and species, and both of them pass-

ing finally by degrees into the Equatorial Zone.

Still another line of division is made by the Ural Mountains

in the Old World and by the Rocky Mountains in the New. In

both cases the Eastern region is vastly richer in genera and

species, as well as in autochthonous forms, than the Western.

The reason for this lies in the vastly greater extent of the river

* " Introduction to the Study of Fishes."
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basins of China and the Eastern United States, as compared with
those of Europe or the Califomian region.

Minor divisions are those which separate the Great Lake
region from the streams tributary to the Gulf of Mexico; and
in Asia, those which separate China from tributaries of the

Caspian, the Black, and the Mediterranean.

Equatorial Zone.—The Equatorial Zone is roughly indicated

by the tropics of Cancer and Capricorn. Its essential feature

is that of the temperature, and the peculiarities of its divisions

are caused by barriers of sea or mountains.

Dr. Giinther finds the best line of separation into two
divisions to lie in the presence or absence of the great group

of dace or minnows,* to which nearly half of the species of fresh-

water fishes the world over belong. The entire group, now
spread everywhere except in the Arctic, South America, Aus-

tralia, and the islands of the Pacific, seems to have had its

origin in India, from which region its genera have radiated in

every direction.

The Cyprinoid division of the Equatorial Zone forms two

districts, the Indian and the African. The Acyprinoid division

includes South America, south of Mexico, and all the islands of

the tropical Pacific Ij'ing to the east of Wallace's line. This

line, separating Borneo from Celebes and Bali from Lompoe,

marks in the Pacific the western limit of Cyprinoid fishes, as

well as that of monkeys and other important groups of land

animals. This line, recognized as very important in the distribu-

tion of land animals, coincides in general with the ocean current

between Celebes and Papua, which is one of the sources of the

Kuro Shiwo.

In Australia, Hawaii, and Polynesia generally, the fresh-

water fishes are derived from marine types by modification of

one sort or another. In no case, so far as I know, in any island

to the eastward of Borneo, is found any species derived from

fresh-water families of either the Eastern or the Western Conti-

nent. Of course, minor subdivisions in these districts are formed

by the contour lines of river basins. The fishes of the Nile differ

from those of the Niger or the Congo, or of the streams of Mada-

* Cyprinidae.
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gascar or Cape Colony, but in all these regions the essential

character of the fish fauna remains the same.

Southern Zone.—The third great region, the Southern Zone,

is scantily supplied with fresh-water fishes, and the few it pos-

sesses are chiefly derived from modifications of the marine

fauna or from the Equatorial Zone to the north. Three districts

are recognized—Tasmania, New Zealand, and Patagonia.



CHAPTER VIII

BARRIERS TO DISPERSION OF RIVER FISHES

?HE Process of Natural Selection. — We can say, in

general, that in all waters not absolutely uninhabit-

able there are fishes. The processes of natural

selection have given to each kind of river or lake species of

fishes adapted to the conditions of life which obtain there.

There is no condition of water, of bottom, of depth, of speed

of current, but finds some species with characters adjusted

to it. These adjustments are, for the most part, of long stand-

ing; and the fauna of any single stream has as a rule been

produced by immigration from other regions or from other

streams. Each species has an ascertainable range of distribu-

tion, and within this range w^e may be reasonably certain to

find it in any suitable waters.

V*

I'lG 74.—Slippery-dick or noncpll;i. IfaHchopres bitnttaivs Hlocli, a fish of tlie

coral reefs. Key West. Family Lahridw.

But every species has beyond question some sort of limit to

its distribution, some sort of barrier which it has never passed

in all the years of its existence. That this is true becomes

evident when we compare the fish fauna of widely separated

rivers. Thus the Sacramento, Connecticut. Rio Grande, and
lofi
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St. John's Rivers have not a single species in common; and
with one or two exceptions, not a species is common to any
two of them. None of these * has any species peculiar to itself,

and each shares a large part of its fish fauna with the water-

basin next to it. It is probably true that the faunas of no two
distinct hydrographic basins are wholly identical, while on
the other hand there are very few species confined to a single

one. The supposed cases of this character, some twenty in

number, occur chiefly in the streams of the South Atlantic

States and of Arizona. All of these need, however, the con-

firmation of further exploration. It is certain that in no case

has an entire ri\'er faunaf originated independently from the

divergence into separate species of the descendants of a single

type.

The existence of boundaries to the range of species implies,

therefore, the existence of barriers to their diffusion. We may
now consider these barriers and in the same connection the

degree to which they may be overcome.

Local Barriers.—Least important to these are the barriers

which may exist within the limits of any single basin, and

which tend to prevent a free diffusion through its waters of

species inhabiting any portion of it. In streams flowing south-

ward, or across different parallels of latitude, the difference in

climate becomes a matter of importance. The distribution of

species is governed very largely by the temperature of the water.

Each species has its range in this respect,—the free-swimming

fishes, notably the trout, being most affected by it; the mud-

loving or bottom fishes, like the catfishes, least. The latter can

reach the cool bottoms in hot weather, or the warm bottoms in

cold weather, thus keeping their own temperature more even than

that of the surface of the water, .\lthough water communica-

tion is perfectly free for most of the length of the Mississippi,

there is a material difference between the faunee of the stream

in Minnesota and in Louisiana. This difference is caused chiefly

by the dift'erence in temperature occupying the difference in

latitude. That a similar difference in longitude, with free

* Except possibly the Sacramento.

t Unless the fauna of certain cave streams in the United States and Cuba

be regarded as forming an exception.
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water communication, has no appreciable importance, is shown
by the almost al)solute identity of the fish fauntc of Lake Winne-

bago and Lake Champlain. While many large fishes range

freely up and down the Mississippi, a majority of the species

do not do so, and the fauna of the upper Mississippi has more
in common with that of the tributaries of Lake Michigan than

it has with that of the Red River or the Arkansas. The in-

fluence of climate is again shown in the paucity of the fauna

of the cold waters of Lake Superior, as compared with that

of Lake Michigan. The majority of our species cannot endure

the cold. In general, therefore, cold or Northern waters con-

tain fewer species than Southern waters do, though the num-
ber of individuals of any one kind may be greater. This is

shown in all waters, fresh or salt. The fisheries of the Northern

seas are more extensi\-e than those of the tropics. There are

more fishes there, but they are far less varied in kind. The
writer once caught seventy-five species of fishes in a single

Flu. To.

—

Peristedion miniatum Goode and Bean, a decp-rcil colored fi.sli of

tlie depths of the Gulf Stream.

haul of the seine at Key West, while on Cape Cod he obtained

with the same net but forty-five s]:)ecics in the course of a week's

work. Thus it comes that tlic an^jjler, contented with many
fishes of few kinds, goes to Northern streams to fish, while the

naturalist goes to the South.

But in most streams the difference in latitude is insignificant,

and the chief differences in temperature come from differences

in elevation, or from the tlistance of the waters from the colder

source. Often the lowland waters are so diff'crent in character

as to produce a marked change in the quality of their fauna.

These lowland waters may form a barrier to the free movements
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of upland fishes; but that this barrier is not impassable is

shown by the identity of the fishes in the streams * of the uplands

of middle Tennessee with those of the Holston and French

Broad. Again, streams of the Ozark Mountains, similar in

character to the rivers of East Tennessee, have an essentially

similar fish fauna, although between the Ozarks and the Cum-
berland range lies an area of lowland bayous, into which such

fishes are never known to penetrate. We can, however, imag-

ine that these upland fishes may be sometimes swept down
from one side or the other into the ilississippi, from which

they might ascend on the other side. But such transfers cer-

tainly do not often happen. This is apparent from the fact

that the two faunas f are not quite identical, and in some cases

the same species are represented by perceptibly different varie-

ties on one side and the other. The time of the commingling of

these faunae is perhaps now past, and it may have occurred

only when the climate of the intervening regions was colder

than at present.

The effect of waterfalls and cascades as a barrier to the dif-

fusion of most, species is self-evident; but the importance of

such obstacles is less, in the course of time, than might be ex-

pected. In one way or another very many species have passed

these barriers. The falls of the Cumberland limit the range of

most of the larger fishes of the river, but the streams above it

have their quota of darters and minnows. It is evident that

the past history of the stream must enter as a factor into this

discussion, but this past history it is not always possible to

trace. Dams or artificial waterfalls now check the free move-
ment of many species, especially those of migratory habits;

while conversely, numerous other species have extended their

range through the agency of canals, t

* For example, Elk River, Duck River, etc.

t There are three species of darters (CoUogasier copelandi Jordan, Hadrop-
lerus evides Jordan and Copeland, Hadroplerus scierus Swain) which are now
known only from the Ozark region or beyond and from the uplands of Indiana,

not yet having been found at any point between Indiana and Missouri. These

constitute perhaps isolated colonies, now separated from the parent stock

in Arkansas by the prairie districts of Illinois, a region at present uninhabitable

for these fishes. But the non-occurrence of these species over the inter\'ening

areas needs confirmation, as do most similar cases of anomalous distribution.

t Thus, Dorosoma cepedinnmn Le Sueur and Pomolohiis chrysochloris Rafi-

nesque have found their way into Lake Michigan through canals.
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Every year fishes are swept down the rivers by the winter's

floods; and in the spring, as the spawning season approaches,

almost every species is found working its way up the stream.

In some cases, notably the Ouinnat salmon * and the blueback

salmon, t the length of these migrations is surprisingly great.

To some species rapids and shallows have proved a sufficient

barrier, and other kinds have been kept back by unfavorable

conditions of various sorts. Streams whose waters are always

charged with silt or sediment, as the Missouri, Arkansas, or

Brazos, do not invite fishes; and even the occasional floods of

red mud such as disfigure otherwise clear streams, like the Red

River or the Colorado (of Texas), are unfavorable. Extremely

unfavorable also is the condition which obtains in many rivers

of the Southwest, as, for example, the Red River, the Sabine,

and the Trinity, wliich are full from bank to bank in winter

and spring, and which dwindle to mere rivulets in the autumn

droughts.

Favorable Waters have Most Species.—In general, those streams

which have conililions most favoralile to fish life will be found

to contain the greatest number of species. Such streams invite

immigration ; and in them the struggle for existence is indi-

vidual against individual, species against species, and not a

mere struggle with hard conditions of life. Some of the condi-

tions most favorable to the existence in any stream of a large

number of species of fishes are the following, the most important

of which is the one mentioned first: Connection with a large

hydrographic basin; a warm climate; clear water; a moderate

current; a bottom of gravel (preferably covered by a growth

of weeds) ; little fluctuation during the year in the volume of

the stream or in the character of the water.

Limestone streams usually yield more species than streams

flowing over sandstone, and either more than the streams of

regions having metamoi-phic rocks. Sandy bottoms usually are

not favorable to fishes. In general, glacial drift makes a suit-

able ri\'er bottom, but the higher temperature usual in regions

beyond the limits of the drift gives to certain Southern streams

conditions still more favorable. These conditions are all well

* Oncorhynchus tschawytscha Walbaum.

t Oncorhynchus ncrka Walbaum.
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realized in the Washita River in Arkansas, and in various trib-

utaries of the Tennessee, Cumberland, and Ohio; and in these,

among American streams, the greatest number of species has

been recorded.

The isolation and the low temperature of the rivers of New
England have given to them a very scanty fish fauna as com-

pared with the rivers of the South and West. This fact has

been noticed by Professor Agassiz, who has called New England

a "zoological island." *

In spite of the fact that barriers of e\^ery sort are some-

times crossed by fresh-water fishes, we must still regard, the

matter of freedom of water communication as the essential one

in determining the range of most species. The larger the river

basin, the greater the variety of conditions likely to be offered

in it, and the greater the number of its species. In case of the

divergence of new forms by the processes called "natural selec-

tion," the greater the number of such fomis which may have

spread through its waters; the more extended any river basin,

the greater are the chances that any given species may some-

times find its way into it; hence the greater the number of

species that actually occur in it, and, freedom of movement
being assumed, the greater the number of species to be found

in any one of its affluents.

Of the six htmdred species of fishes found in the rivers of the

United States, about two hundred have been recorded from

the basin of the Mississippi. From fifty to one hundred of

these species can be found in any one of the tributary streams

of the size, say, of the Housatonic River or the Charles. In

the Connecticut River there are but about eighteen species per-

manently resident; and the number fotmd in the streams of

Texas is not much larger, the best known of these, the Rio

Colorado, having yielded but twenty-four species.

The waters of the Great Basin are not rich in fishes, the

* " In this isolated region of North America, in this zoological island of

New England, as we may call it, we find neither Lepidosteus, nor Amia, nor

Polyodon, nor Amblodon {A plodiiwtus) . nor Grystes {M icropterus) . nor Centrar-

chus. nor Pomo.xis, nor Ambloplites, nor Calliunis (Clianobryltus) , nor Carpiodes,

nor Hyodon, nor indeed any of the characteristic forms of North American

fishes so common everywhere else, with the e.xception of two Pomotis (Lepomis),

one Boleosoma, and a few Catostomus."

—

Agassiz, Amer. Journ. Set. Arts, 1854.
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species now found being evidently an overflow from the Snake
River when in late glacial times it drained Lake Bonneville.

This postglacial lake once filled the present basin of the Great

Salt Lake and Utah Lake, its outlet flowing northwest from

Ogden into Snake River. The same fishes are now found in

the upper Snake River and the basins of Utah Lake and of

Sevier Lake. In the same fashion Lake Lahontan once occu-

pied the basin of Nevada, the Humboldt and Carson sinks, with

Pyramid Lake. Its drainage fell also into the Snake River,

and its former limits are shown in the present range of species.

These have almost nothing in common with the group of species

inhabiting the former drainage of Lake Bonneville. Another
postglacial body of water, Lake Idaho, once united the lakes

of Southeastern Oregon. The fauna of Lake Idaho, and of the

lakes Mallieur, ^^'amer, Goose, etc., which have replaced it, is

also isolated and distinctive. The number of species now known
from this region of these ancient lobes is about 125. This list is

composed almost entirely of a few genera of suckers,* minnows,t

and trout, t None of the catfishes, perch, darters, or sunfishes,

moon-eyes, pike, kdlifishes, and none of the ordinary Eastern

types of minnows § have passed the barrier of the Rocky Moun-
tains.

West of the Sierra Nevada the fauna is still more scanty,

only about seventy species being enumerated. This fauna, ex-

cept for certain immigrants
Ij
from the sea, is of the same general

character as that of the Great Basin, though most of the species

are diflferent. This latter fact would indicate a considerable

change, or "ev^olution," since the contents of the two faunae

were last mingled. There is a considerable difference between

the faima of the Columbia and that of the Sacramento. The
species which these two basins have in common are chiefly

those which at times pass out into the sea. The rivers of Alaska

contain but few species, barely a dozen in all, most of these

being found also in Siberia and Kamchatka. In the scanti-

* Catostontus, Pantosteus, Chasmistes.

t Gila, Ptychocheilus, etc.

X Salmo clarkii and its varieties.

§ Genera Notropis, Chrosomus, etc.

II
As the fresh-water surf-fish (Hysterocarfms ira<ik j1 and the species of

salmon.
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ness of its faunal list, the Yukon agrees with the Mackenzie

River, and with Arctic rivers generally.

There can be no doubt that the general tendency is for

each species to extend its range more and more widely until

all localities suitable for its growth are included. The various

agencies of dispersal which have existed in the past are still

in operation. There is apparently no limit to their action.

It is jjrobable that new "colonies" of one species or another

ma}'' be planted each year in waters not heretofore inhabited

by such species. But such colonies become permanent only

where the conditions are so favorable that the species can hold

its own in the struggle for food and subsistence. That the

various modifications in the habitat of certain species have been

caused by human agencies is of course too well known to need

discussion here.

Watersheds.—We may next consider the question of water-

sheds, or barriers which separate one river basin from an-

other.

Of such barriers in the United States, the most important

and most effective is unquestionably that of the main chain

of the Rocky Mountains. This is due in part to its great

height, still more to its great breadth, and most of all, perhaps,

to the fact that it is nowhere broken by the passage of a river.

But two species—the red-throated or Rocky Mountain trout *

and the Rocky Mountain whitefishf—are found on both sides

of it, at least within the limits of the United States ; while many
genera, and even several families, find in it either an eastern or a

western limit to their range. In a few instances representative

species, probably modifications or separated branches of the

same stock, occur on opposite sides of the range, but there are

not many cases of correspondence even thus close. The two

faunas are practically distinct. Even the widely distributed

red-spotted or "dolly varden" trout | of the Columbia River

and its affluents does not cross to the east side of the moun-

tains, nor does tlic .Montana grayhng § ever make its way to the

West. In Northern Mexico, however, numerous Eastern river

fishes have crossed the main chain of the Sierra Madre.

* Salmo clarki Richardson. % Salvelinus malma (Walbaum).

t Coregoniis williamsoni Girard. § Thymallus tricolor Cope.
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How Fishes Cross Watersheds. — It is easy to account for

this separation of the fauna;; but how shall we explain the

almost universal diffusion of the whitefish and the trout in

suitable waters on both sides of the dividing ridge? We may
notice that these two are the species which ascend highest in

the mountains, the whitefish inhabiting the mountain pools

and lakes, the trout ascending all brooks and rapids in search of

their fountainheads. In many cases the ultimate dividing ridge

is not very broad, and we may imagine that at some time spawn
or even young fishes may have been carried across by birds or

other animals, or by man, or more likely by the dash of some
summer whirlwind. Once carried across in favorable circum-

stances, the species might survive and spread.

The following is an example of how such transfer of spe-

cies may be accomplished, which shows that we need not be

left to draw on the imagination to invent possible means of

transit.

The Suletind. — There are few watersheds in the world

better defined than the mountain range which forms the "back-

bone" of Norway. I lately climbed a peak in this range, the

Suletind. From its summit I could look down into the valleys

of the Lara and the Bagna, flowing in opposite directions to op-

posite sides of the peninsula. To the north of the Suletind is

a large double lake called the Sletningenvand. The maps show
this lake to be one of the chief sources of the westward-flowinsr

river Lara. This lake is in August swollen by the melting of

the snows, and at the time of my visit it was visibly the source

of both these rivers. From its southeastern side flowed a

large brook into the valley of the Bagna, and from its south-

western comer, equally distinctly, came the waters which fed

the Lara. This lake, like similar mountain ponds in all north-

ern countries, abounds in trout; and these trout certainly have

for part of the year an uninterrupted line of water communica-

tion from the Sognefjord on the west of Norway to the Chris-

tianiafjord on the southeast,—from the North Sea to the Baltic.

Part of the year the lake has probably but a single outlet

through the Lara. A higher temperature would entirely cut

off the flow into the Bagna, and a still higher one might dry

up the lake altogether. This Sletningenvand, with its two
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outlets on the summit of a sharp watershed, may serve to

show us how other lakes, permanent or temporary, may else-

where have acted as agencies for the transfer of fishes. We
can also see how it might be that certain mountain fishes should

be so transferred while the fishes of the upland waters may
be left behind. In some such way as this we may imagine that

various species of fishes have attained their present wide range

in the Rocky Mountain region; and in similar manner perhaps

the Eastern brook trout * and some other mountain species f

may have been carried across the Alleghanies.

The Cassiquiare.—Professor John C. Branner calls my atten-

tion to a marshy upland which separates the valley of the La
Plata from that of the Amazon, and which permits the free

movement of fishes from the Paraguay River to the Tapajos.

It is well known that through the Cassiquiare River the Rio

Negro, another branch of the Amazon, is joined to the Orinoco

River. It is thus evident that almost all the waters of eastern

South America form a single basin, so far as the fishes are con-

cerned.

As to the method of transfer of the trout from the Columbia

to the Missouri, we are not now left in doubt.

Two-Ocean Pass.—To this day, as the present writer and

later Evermann and Jenkins | have shown, the Yellowstone and

Snake Rivers are connected by two streams crossing the main

divide of the Rocky Mountains from the Yellowstone to the Snake

across Two-Ocean Pass.

Prof. Evermann has described the locality as follows:

"Two-Ocean Pass is a high mountain meadow, about 8,200

feet above the sea and situated just south of the Yellowstone

National Park, in longitude 110° 10' W., latitude 44° 3' N.

It is surrounded on all sides by rather high mountains except

where the narrow valleys of Atlantic and Pacific creeks open

* Salvelinus jonlinalis Mitchill.

t Notropis rubricroceus Cope, Rhinichthys atronasus Mitchill, etc.

J Evermann. .\ Rcconnoi.ssance of the Streams and Lakes of Western

Montana and Northwestern Wyoming, in Bull. U. S. Fish. Comm., XI, 1891,

24-28, pis. I and 11; Jordan, The Story of a Strange Land, in Pop. Sci.

Monthly, Feb., 1892, 447-458; Evermann. Two-Ocean Pass, in Proc. Ind. Ac.

Sd., 1892, 29-34, pi. i; Evermann, Two-Ocean Pass, in Pop. Sci. Monthly,

June, 1895, with plate.
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out from it. Running back among the mountains to the north-

ward are two small canyons down which come two small streams.

On the opposite is another canyon down which comes another

small stream. The extreme length of the meadow from east

to west is about a mile, while the width from north to south

is not much less. The larger of the streams coming in from

the north is Pacific Creek, which, after winding along the western

side of the meadow, turns abruptly westward, leaving the meadow
through a narrow gorge. Receiving numerous small affluents.

Pacific Creek soon becomes a good-sized stream, which finally

unites with Buffalo Creek a few miles above where the latter

stream flows into Snake River.

"Atlantic Creek was found to have two forks entering the

pass. At the north end of the meadow is a small wooded canyon

down which flows the North Folk. This stream hugs the bor-

der of the flat very closely. The South Fork comes down the

canyon on the south side, skirting the brow of the hill a little

less closely than does the North Fork. The two, coming to-

gether near the middle of the eastern border of the meadow,
form Atlantic Creek, which after a course of a few miles flows

into the Upper Yellowstone. But the remarkable phenomena
exhibited here remain to be described.

" Each fork of Atlantic Creek, just after entering the

meadow, divides as if to flow around an island, but the stream

toward the meadow, instead of returning to the portion from

which it had parted, continues its westerly course across the

meadow. Just before reaching the western border the two

streams unite and then pour their combined waters into Pacific

Creek; thus are Atlantic and Pacific creeks united and a con-

tinuous waterway from the. Columbia via Two-Ocean Pass to

the Gulf of Mexico is established.

"Pacific Creek is a stream of good size long before it enters

the pass, and its course through the meadow is in a definite

channel, but not so with Atlantic Creek. The west bank of

each fork is low and the stream is liable to break through any-

where and thus send part of its water across to Pacific Creek.

It is probably true that one or two branches always connect

the two creeks under ordinary conditions, and that following

heavy rains or when the snows are melting, a much greater
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portion of the water of Atlantic Creek crosses the meadow
to the other side.

"Besides the channels already mentioned, there are several

more or less distinct ones that were dry at the time of our visit.

As already stated, the pass is a nearly level meadow covered

with a heavy growth of grass and many small willows one to

three feet high. While it is somewhat marshy in places it has

nothing of the nature of a lake about it. Of course, during

Fig. 77.—Silver Surf-fish {vivipaTous),Hypocritichthys analis (.\gassiz). Monterey.

wet weather the small springs at the borders of the meadow
would be stronger, but the important facts are that there is

no lake or even marsh there and that neither Atlantic nor

Pacific Creek has its rise in the meadow. Atlantic Creek, in

fact, comes into the pass as two good-sized streams from op-

posite directions and leaves it by at least four channels, thus

making an island of a considerable portion of the meadow.

And it is certain that there is, under ordinary circumstances,

a continuous waterway through Two-Ocean Pass of such a

character as to permit fishes to pass easily and readily from

Snake River over to the Yellowstone, or in the opposite direc-

tion. Indeed, it is quite possible, barring certain falls in the

Snake River, for a fish so inclined, to start at the moUth of the

Columbia, travel up that great river to its principal tributary,

the Snake, thence on through the long, tortuous course of that

stream, and, under the shadows of the Grand Teton, enter the

cold waters of Pacific Creek, by which it could journey on up to
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the very crest of the great continental divide,—to Two-Ocean
Pass; through this pass it may have a choice of two routes to

Atlantic Creek, in which the downstream journey is begun. Soon
it reaches the Yellowstone, down which it continues to Yel-

lowstone Lake, then through the lower Yellowstone out into

the turbid waters of the Missouri; for many hundred miles it

may continue down this mighty river before reaching the

Father of Waters, which will finally carry it to the Gulf of

Mexico—a wonderful journey of nearly 6,000 miles, by far the

longest possible fresh-water journey in the world.

"We found trout in Pacific Creek at every point where we
examined it. In Two-Ocean Pass we found trout in each of

the streams and in such positions as would have permitted

them to pass easily from one side of the divide to the other.

We also found trout in Atlantic Creek below the pass, and in

the upper Yellowstone they were abundant. Thus it is cer-

tain that there is no obstruction, even in dry weather, to pre-

vent the passage of trout from the Snake River to Yellowstone

Lake; it is quite evident that trout do pass over in this way;
and it is almost certain that Yellowstone Lake was stocked with

trout from the west via Two-Ocean Pass."

—

Evermann.
Mountain Chains. — The Sierra Nevada constitutes also a

very important barrier to the diffusion of species. This is,

however, broken by the passage of the Columbia River, and
many species thus find their way across it. That the waters

to the west of it are not unfavorable for the growth of

Eastern fishes is shown by the fact of the rapid spread of the com-

mon Eastern catfish,* or homed pout, when transported from

the Schuylkill to the Sacramento. The catfish is now one of the

important food fishes of the San Francisco markets, and with

the Chinaman its patron, it has gone from California to Hawaii.

The Chinese catfish, described by Bleeker as Ameiurus can-

tonensis, was doubtless carried home by some Chinaman return-

ing from San Francisco. In like "fashion the small-mouthed

black bass is now frequent in California streams, as is also the

blue-green sunfish, Apomotis cyanellus, introduced as food for

the bass.

* Ameiurus nebulosus Le Sueur: Attieinrtis ccrtus Linnfeu"!.
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The mountain mass of Mount Shasta is, as already stated,

a considerable barrier to the range of fishes, though a number
of species find their way around it through the sea. The lower

and irregular ridges of the Coast Range are of small importance

in this regard, as the streams of their east slope reach the sea

on the west through San Francisco Bay. Yet the San Joaquin

contains a few species not yet recorded from the smaller rivers

of southwestern California.

The main chain of the Alleghanies forms a barrier of im-

portance separating the rich fish fauna of the Tennessee and

Ohio basins from the scantier fauna) of the Atlantic streams.

Yet this barrier is crossed by many more species than is the

case with either the Rocky Mountains or the Sierra Nevada. It

is lower, narrower, and much more broken,—as in New York,

in Pennsylvania, and in Georgia there arc several streams which

pass through it or around it. The much greater age of the

Alleghany chain, as compared with the Rocky Mountains, seems

not to be an element of any importance in this connection. Of

the fish which cross this chain, the most prominent is the brook

trout,* which is found in all suitable waters from Hudson's

Bay to the head of the Chattahoochee.

Upland Fishes.—A few other species are locally found in

the head waters of certain streams on opposite sides of the range.

An example of this is the little red " fallfish,"t found only in the

mountain tributaries of the Savannah and the Tennessee. We
may suppose the same agencies to have assisted these species

that we have imagined in the case of the Rocky Mountain trout,

and such agencies were doubtless more operative in the times

immediately following the glacial epoch than they are now.

Prof. Cope calls attention also to the numerous caverns existing

in these mountains as a sufficient medium for the transfer of

many species. I doubt whether the main chains of the Blue

Ridge or the Great Smoky can be crossed in that way, though

such channels are not rare in the subcarboniferous limestones

of the Cumberland range. In the brooks at the head waters of

the Roanoke River about Alleghany Springs in Virginia, fishes

of the Tennessee Basin are found, instead of those characteristic

* Salvelinus fontinalis.

t Notropis riibricroceus Cope.
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of the lower Roanoke. In this case it is likely that we have
to consider the results of local erosion. Probably the divide has
been so shifted that some small stream with its fishes has been
cut off from the Holston and transferred to the Roanoke.

The passage of species from stream to stream along the

Atlantic slope deserves a moment's notice. It is under present

conditions impossible for any mountain or upland fish, as the

trout or the miller's thumb,* to cross from the Potomac River

to the James, or from the Neuse to the Santee, by descending

to the lower courses of the rivers, and thence passing along

either through the swamps or by way of the sea. The lower

courses of these streams, warm and muddy, are uninhabitable

by such fishes. Such transfers are, however, possible farther

north. From the rivers of Canada and from many rivers of

New England the trout does descend to the sea and into the

sea, and farther north the whitefish does this also. Thus these

fishes readily pass from one river basin to another. As this is

the case now everywhere in the North, it may have been the

case farther south in the time of the glacial cold. We may, I

think, imagine a condition of things in which the snow-fields

of the Alleghany chain might have played some part in aiding

the diftusion of cold-loving fishes. A permanent snow-field on

the Blue Ridge in western North Carolina might render almost

any stream in the Carolinas suitable for trout, from its source

to its mouth. An increased volume of colder water might carry

the trout of the head streams of the Catawba and the Savannah

as far down as the sea. We can even imagine that the trout

reached these streams in the first place through such agencies,

though of this there is no positive evidence. For the presence

of trout in the upper Chattahoochee we must account in some
other way.

It is noteworthy that the upland fishes are nearly the same
in all these streams until we reach the southern limit of possible

glacial influence. South of western North Carolina the faunae

of the dift'erent river basins appear to be more distinct from

one another. Certain ripple-loving types are represented by
closely related but unquestionably dift'erent species in each

* Cottus ictalops Rafinesque.
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river basin, and it would appear that a thorough mingling of

the upland species in these rivers has never taken place.

The best examples of tliis are the following: In the Santee

basin are found Xotropis pyrrhomelas, Notropis niveus, and No-
tropis chloristiiis; in the Altamaha, Xotropis xccniirtis and Xotro-

pis callisemus; in the Chattahoochee, Xotropis liypselopterus and
Xotropis eurystomus; in the Alabama, Xotropis ccerideiis, Xotro-

pis trichroistius, and Xotropis callistiiis. In the Alabama, Es-

cambia, Pearl, and numerous other ri\'ers is found Xotropis cer-

costigma. This species descends to the sea in the cool streams of

the pine woods. Its range is wider than that of the others, and

in the rivers of Texas it reappears in the form of a scarcely dis-

tinct variety, Xotropis veiiustus. In the Tennessee and Cumber-

land, and in the rivers of the Ozark range, is Xotropis galactiirus;

and in the upper Arkansas Xotropis camurus,—all distinct species

of the same general type. Northward, in all the streams from

the Potomac to the Oswego, and westward to the Des Moines and

the Arkansas, occurs a single species of this type, Xotropis

whipplei, varying eastward into Xotropis a)ialostauus. But this

species is not known from any of the streams inhabited by any

of the other species mentioned, although very likely it is the

parent stodk of them all.

Lowland Fishes.—With the lowland species of the Southern

rivers it is different. Few of these are confined within narrow

limits. The streams of the whole South Atlantic and Gulf

Coast flow into shallow bays, mostly bounded by sand-spits or

sand-bars which the rivers themselves have brought dowTi. In

these bays the waters are often neither fresh nor salt ; or, rather,

they are alternately fresh and salt, the former condition being

that of the winter and spring. Many species descend into these

bays, thus finding every facility for transfer from river to river.

There is a continuous inland passage in fresh or brackish waters,

traversable by such fishes, from Chesapeake Bay nearly to

Cape Fear; and similar conditions exist on the coasts of Louisi-

ana, Texas, and much of Florida. In Perdido Bay I have found

fresh-water minnows* and silversidesf living togetTier with

marine gobiesj and salt-water eels.§ Fresh-water alligator

* Xotropis cercostigma, Notropis xwnoccphalus. | Gobiosoma molcstum.

t Labidcsthes sicculus. § Myrophis punctatus.
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gars* and marine sharks compete for the garbage thrown over

from the Pensacola wharves. In Lake Pontchartrain the fauna

is a remarkable mixture of fresh-water fishes from the Missis-

sippi and marine fishes from the Gulf. Channel-cats, sharks,

sea-crabs, sunfishes, and mullets can all be found there to-

gether. It is therefore to be expected that the lowland fauna

of all the rivers of the Gulf States would closely resemble that

of the lower Mississippi; and this, in fact, is the case.

The streams of southern Florida and those of southwestern

Texas offer some peculiarities connected with their warmer
climate. The Florida streams contain a few peculiar fishes ;t

while the rivers of Texas, with the same general fauna as those

farther north, have also a few distinctly tropical types, J immi-

grants from the lowlands of Mexico.

Cuban Fishes.—The fresh waters of Cuba are inhabited by
fishes unlike those found in the United States. Some of these

are evidently indigenous, derived in the waters they now in-

habit directly from marine forms. Two of these are eyeless

species, § inhabiting streams in the caverns. They have no

relatives in the fresh waters of any other region, the blind

fishes
II
of our caves being of a wholly different type. Some of

the Cuban fishes are common to the fresh waters of the other

West Indies. Of Northern types, only one, the alligator gar,*f

is found in Cuba, and this is evidently a filibuster immigrant from

the coasts of Florida.

Swampy Watersheds. — The low and irregular watershed

which separates the tributaries of Lake Michigan and Lake

Erie from those of the Ohio is of little importance in determining

the range of species. Many of the distinctively Northern fishes

are found in the headwaters of the Wabash and the Scioto.

The considerable difference in the general fauna of the Ohio

Valley as compared with that of the streams of Michigan is due

to the higher temperature of the former region, rather than

* Lepiioslcus tristccchus.

^ Jordanclla, Rivuliis.-Heterandria, etc.

X Heros, Tciragonopicrus.

% Lticifiiga and Stygicola, fishes allied to the cusk, and belonging to the

family of Brolulidcs.

II
Amblyopsis, Typhlichlhys.

\ Lepisosteus tristcechus.
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to any existing barriers between the river and the Great Lakes.

In northern Indiana the watershed is often swampy, and in

many places large ponds exist in the early spring.

At times of heavy rains many species will mo\-e through con-

siderable distances by means of temporary ponds and brooks.

Fishes that have thus emigrated often reach places ordinarily

inaccessible, and people finding them in such localities often

imagine that they have "rained down." Once, near Indian-

apolis, after a heavy shower, I found in a furrow in a corn-field

a small pike,* some half a mile from the creek in which he

should belong. The fish was swimming along in a temporary

brook, apparently wholly unconscious that he was not in his

native stream. Migratory fishes, which ascend small streams to

spawn, are especially likely to be transferred in this way. By
some such means any of the watersheds in Ohio, Indiana, or

Illinois may be passed.

Fio. 78.—Creekfish or Chub-suckor, Erimyznn suretta (Lac<;p6de). Nipisink

Lake, Illinois. Family Catoslomida.

It is certain that the limits of Lake Erie and Lake Michigan

were once more extended than now. It is reasonably prob-

able that some of the territory now drained by the Wabash
and the Illinois was once covered by the waters of Lake Michi-

gan. The ciscof of Lake Tippecanoe, Lake Geneva, and the

lakes of the Oconomowoc chain is evidently a modified de-

scendant of the so-called lake herring, f Its origin most likely

* Esox vermjculatus Le Sueur. t Argyrosomiis sisco Jordan.

I Argyrosomus artedi Le Sueur.
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dates from the time when these small deep lakes of Indiana

and Wisconsin were connected with Lake Michigan. The
changes in habits which the cisco has undergone are consider-

able. The changes in external characters are but trifling. The
presence of the cisco in these lakes and its periodical disappear-

ance—that is, retreat into deep water when not in the breeding

season—have given rise to much nonsensical discussion as to

whether any or all of these lakes are still joined to Lake Michigan

by subterranean channels. Several of the larger fishes, properly

characteristic of the Great Lake region,* are occasionally taken

in the Ohio River, where they are usually recognized as rare

stragglers. The difference in physical conditions is probably the

sole cause of their scarcity in the Ohio basin.

The Great Basin of Utah.—The similarity of the fishes in the

different streams and lakes of the Great Basin is doubtless to be

attributed to the general mingling of their waters which took

place during and after the Glacial Epoch. Since that period the

climate in that region has grown hotter and drier, until the over-

flow of the various lakes into the Columbia basin through the

Snake River has long since ceased. These lakes have becom.e

isolated from each other, and many of them have become salt

or alkaline and therefore uninhabitable. In some of these lakes

certain species may now have become extinct which still remain

in others. In some cases, perhaps, the differences in surroimd-

ings may have caused divergence into distinct species of what was
once one parent stock. The suckers in Lake Tahoe f and those

in Utah Lake are certainly now different from each other and from

those in the Columbia. The trout J in the same waters can be

regarded as more or less tangible species, while the white-

fishes § show no differences at all. The differences in the present

faunas of Lake Tahoe and Utah Lake must be chiefly due to

influences which have acted since the Glacial Epoch, when the

whole Utah Basin was part of the drainage of the Columbia.

Arctic Species in Lakes.—Connected perhaps with changes

* As Lota maculosa; Percopsis guttata; Esox masquinongy.

t Catostomus talioensis, in Lake Tahoe; Catostomus macrocheilus and dis-

cobolus, in the Columbia; Catostomus fecuiidus, Catostomus ardens; Chasmistes

liorus and Pantosteus generosus, in Utah Lake.

X Salmo henshawi and virginalis.

§ Coregonus williamsoni.
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due to glacial influences is the presence in the deep waters of the

Great Lakes of certain marine types,* as shown by the explora-

tions of Professor Sidney I. Smith and others. One of these is a

genus of fishes, t of which the nearest allies now inhabit the Arctic

Seas. In his review of the fish fauna of Finland, | Professor A. J.

Malmgren finds a number of Arctic species in the waters of Fin-

land which are not found either in the North Sea or in the southern

portions of the Baltic. These fishes are said to " agree with their

'forefathers' in the Glacial Ocean in every point, but remain

comparatively smaller, leaner, almost starved." Professor Loven§

also has shown that numerous small animals of marine origin are

found in the deep lakes of Sweden and Finland as well as in the

Gulf of Bothnia. These anomalies of distribution are explained

by I-/iven and Malmgren on the supposition of the former con-

tinuity of the Baltic through the Gulf of Bothnia with the Glacial

Ocean. During the second half of the Glacial Period, according

to Lov6n, "the greater part of Finland and of the middle of

Sweden was submerged, and the Baltic was a great gulf of the

Glacial Ocean, and not connected with the German Ocean. By
the gradual elevation of the Scandinavian Continent, the Baltic

became disconnected from the Glacial Ocean and the Great

Lakes separated from the Baltic. In consequence of the gradual

change of the salt water into fresh, the marine fauna became

gradually extinct, with the exception of the glacial forms men-

tioned above."

It is possible that the presence of marine types in our Great

Lakes is to be regarded as due to some depression of the land

which would connect their waters with those of the Gulf of St.

Lawrence. On this point, however, our data are still incomplete.

To certain species of upland or mountain fishes the depression

of the Mississippi basin itself forms a barrier which cannot be

passed. The black-spotted trout,
||
very closely related species

* Species of Mysis and other genera of Crustaceans, similar to species

described by Sars and others, in lakes of Sweden and Finland.

f Triglopsis thompsoni Girard, a near ally of the marine species Oncocottus

quadricornis L.

J Kritisk Ofversigft af Finlands Fisk-Fauna, Helsingfors, 1863.

§ See Giinther, Zoological Record for 1864, p. 137.

II
Salmo jario L., in Europe; Salmo labrax Pallas, etc., in Asia; Salmc

gairdneri Richardson, in streams of the Pacific Coast: Salmo perryi, in Japan;
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of which abound in all waters of northern Asia, Europe, and

western North America, has nowhere crossed the basin of the

Mississippi, although one of its species finds no difficulty in passing

Bering Strait. The trout and whitefish of the Rocky Moun-

tain region are all species different from those of the Great Lakes

or the streams of the Alleghany system. To the grayling, the

trout, the whitefish, the pike, and to arctic and subarctic

species generally, Bering Strait has evidently proved no serious

obstacle to diffusion ; and it is not unlikely that much of the close

resemblance of the fresh-water faunae of northern Europe, Asia,

and North America is due to this fact. To attempt to decide

from which side the first migration came in regard to each group

of fishes might be interesting ; but without a wider range of facts

than is now in our possession, most such attempts, based on guess-

work, w^ould have little value. The interlocking of the fish faunas

of Asia and North America presents, however, a number of inter-

esting problems, for migrations in both directions have doubtless

taken place.

Causes of Dispersion Still in Operation.—One might go on

indefinitely with the discussion of special cases, each more or less

interesting or suggestive in itself, but the general conclusion is in

all cases the same. The present distribution of fishes is the result

of the long-continued action of forces still in operation. The
species have entered our waters in many invasions from the Old

World or from the sea. Each species has been subjected to the

various influences implied in the term "natural selection," and
under varying conditions its representatives have undergone

many dift'erent modifications. Each of the six hundred fresh-

water species we now know in the United States may be con-

ceived as making every year inroads on territory occupied by
other species. If these colonies are able to hold their own in

the struggle for possession, they will multiply in the new condi-

tions, and the range of the species becomes widened. If the

surroundings are different, new species or varieties may be formed

wath time ; and these new forms may again invade the territory

of the parent species. Again, colony after colony of species

Sab)io darki Richardson, throughout the Rocky Mountain range to the Mexican
boundary' and the headwaters of the Kansas, Platte, and Missouri.
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after species may be destroyed by other species or by uncongenial

surroundings.

The ukimate result of centuries on centuries of the restlessness

of individuals is seen in the facts of geographical distribution.

Only in the most general way can the history of any species be

traced ; but could we know it all, it would be as long and as event-

ful a story as the history of the colonization and settlement of

North America by immigrants from Europe. But by the fishes

each river in America has been a hundred times discovered, its

colonization a hundred times attempted. In these efforts there

is no co-operation. Every individual is for himself, every struggle

a struggle of life and death ; for each fish is a cannibal, and to each

species each member of every other species is an alien and a

savage.



CHAPTER IX

FISHES AS FOOD FOR MAN

• HE Flesh of Fishes.—xVmong all races of men, fishes

are freely eaten as food, either raw, as preferred by
the Japanese and Hawaiians, or else as cooked,

salted, dried, or otherwise preserved.

The flesh of most fishes is white, flakj', readily digestible,

and with an agreeable flavor. Some, as the salmon, are charged

with oil, which aids to give an orange hue known as salmon

color. Others have colorless oil which may be of various con-

sistencies. Some have dark-red flesh, which usually contains

a heavy oil which becomes acrid when stale. Some fishes, as

the sharks, have tough, coarse flesh. Some have flesh which is

watery and coarse. Some are watery and tasteless, some dry

and tasteless. Some, otherwise excellent, have the muscular

area, which constitutes the chief edible part of the fish, filled

with small bones.

Relative Rank of Food-fishes.—The writer has tested most

of the noted food-fishes of the Northern Hemisphere. When

79.—Eulachon, or Ulchen. Thateichthys prctiosus Girard. Columbia, River.

•Family Argentinida:.

properly cooked (for he is no judge of raw fish) he would place

first in the ranks as a food-fish the eulachon, or candle-fish

{Thaleichthys pacificus).

129
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This little smelt, about a foot long, ascends the Columbia

River, Frazer River, and streams of southern Alaska in the

spring in great numbers for the purpose of spawning. Its flesh

is white, very delicate, charged with a white and very agree-

FiG. 80.—Ayu, or Jupaucac ;SiiiiiU:l, I'UkiiiIoxsus altivelUi Sthlegel. Tanagawa,
Tokyo, Japan.

able oil, readily digested, and with a sort of fragrance peculiar

to the species.

Next to this he is inclined to place the ayu (Pleco^lossiis

altivelis), a sort of dwarf salmon which runs in similar fashion

in the rivers of Japan and Formosa. The ayu is about as large

Fig. 81.—Whitefish, Coregonus clupeiformis Mitcliill. Ecorse, Mich.

as the eulachon and has similar flesh, but with little oil and no

fragrance.

Very near the first among sea-fishes must come the pampano
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{Trachinotus caroliniis) of the Gulf of Mexico, with firm, white,

finely flavored flesh.

The red surmullet of Europe {Mulhts barbatiis) has been
long famed for its deHcate flesh, and may perhaps be placed
next. Two related species in Polynesia, the mimu and the

Fig. 83.—Golden Surmullet, Mullus auratus Jordan & Gilbert.
Woods Hole, Mass.

kumu {Pseudupeneus bifasciaius and Pseudupetteus porphyreus),

are scarcely inferior to it.

Side by side with these belongs the whitefish of the Great
Lakes (Coregonus cliipeijormis). Its flesh, deUcate, slightly

Fig. 83.—Spanish Mackerel, Scomberomorus macidatus Mitchill.

Family ScombridcB. Key West.

gelatinous, moderately oily, is extremely agreeable. Sir John
Richardson records the fact that one can eat the flesh of this

fish longer than any other without the feeling of cloying. The
salmon cannot be placed in the front rank, because, however

excellent, the stomach soon becomes tired of it. The Spanish

mackerel {Scomberomorus macidatus), with flesh at once rich and
delicate, the great opah (Lampris luna), still richer and still
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more delicate, the bluefish (Pomatomus saltatrix) similar but a

little coarser, the ulua {Carangus sent), the finest large food -fish

of the South Seas, the dainty California poppy-fish, miscalled

" Pampano " {Palomeia simillima), and the kingfish firm and

.*^hfyK-

Fig. 85.—Bluefish, Pomatomus saltatrix (L.). New York.

well-flavored (Scomberouionts cavalla), represent the best of the

fishes allied to the mackerel.

The shad (Alosa sapidissima) , with its sweet, tender, finely

oily flesh, stands also near the front among food-fishes, but it

sins above all others in the matter of small bones. The weak-

fish (Cynoscion nobilis) and numerous relatives rank first among

Fig. 86 —Robalo, Centropnmus undecimalis (Bloch). Florida.

those with tender, white, savorous flesh. Among the bass and

perch-like fishes, common consent places near the first the

striped bass {Rocus Uneatus), the bass of Europe (Dicentrarchiis

labrax), the susuki of Japan (Lateolabrax japonicus), the red

tai of Japan (Pagrits major and P. cardinalis), the sheep's-head

{Archosargus probatocephaUis) , the mutton-fish or Pargo CrioUo

of Cuba {Lutianus analis), the European porgy (Pagrtis pagrus)

,
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the robalo {Ccntropomiis undccimalis), the uku {A prion vires-

cens) of Hawaii, the spadefish {Chcetodipterus fabcr), and the

black bass {Micropterns dolomieu).

Fig. 87.—Spadefish, Chalodipterus fabcr (L.). Virginia.

Fig. 88.—Small-mouthed Black Bass. Micropterus dolomieu (Lac(5p6de).

Potomac iiiver.

The various kinds of trout have been made famous the world

over. All are attractive in form and color; all are gamy; all
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have the most charming of scenic surroundings, and, finally, all

are excellent as food, not in the first rank perhaps, but well

above the second. Notable among these are the European

Fig. 89.—Speckled Trout (male), Salrelinus fonlinalis (Mitchill). New York.

Fig. 90.—Rainbow Trout, Salmo irideus Gibbons. Sacramento River, California.

ifi^

Fig. 91.—Rangeley Trout, Salvelinus oqitassa (Girard). Lake Oquassa, Maine.

charr (Salvelinus alpinus), the American speckled trout or charr

{Salvelinus fontinalis), the Dolly Varden or malma (Salvelinus

malma), and the oquassa trout (Salvelinus oquassa). Scarcely
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less attractive are the true trout, the brown trout, or forelle

(Salino fario), in Europe, the rainbow-trout {Salino irideus).

Fig. 93 —Steelhead Trout, Salmo gairdneri Richardson. Columbia River.

the steelhead (Salmo gairdneri), the cut-throat trout (Salmo
clarkii), and the Tahoe trout (Salmo hcnshawi), in America,

1 10 93 —Tahoe Trout, Salmo henshawi Gill & Jordan. Lake Tahoe, California.

and the yamabe (Salino pcrryi) of Japan. Not least of all

these is the flower of fishes, the grayling (Thymallus), of differ-

ent species in different parts of the world.

Fig 94 —The Dolly Vardeii Trout, Salvelinus mahna (Walbaum). Lake Pend
d'Oreille, Idaho. (After Evermann.)

Other most excellent food-fishes are the eel (Angiiilla species),

the pike (Esox Inciiis), the muskallonge (Esox masquinongy)

.

the sole of Europe (Solea 50/m), the sardine (Sardinella pilchar-
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diis), the atka-fish {Pleiirogrammus monopterygius) of Bering

Sea, the pescado bianco of Lake Chapala {CJiirostoma estor and
other species), the Hawaiian mullet (Miigil ccphalus), the channel

Fig. 95.—Alaska Grayling, Thymallus siynifer Richardson. Nulato, Alaska.

Fig. 96 —Pike, Esox lucius L. Ecorse, Mich.

Fig. 97.—Atka-fish, Plcuroyrammus monoptenjgiufi (Pallas). Atka Island.

catfish (Ictalitrns piinctatiis) , the turbot (Scophtlialmus maxinms),

the barracuda {SphyrcEna), and the young of various sardines and
herring, known as whitebait. Of large fishes, probably the
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swordfish {Xiphias gladius), the halibut (Hippoglossus hippo-

glossiis), and the king-salmon, or quinnat {Oncorhynchus tschawy-

tscha), may be placed first. Those people who feed on raw fish

Fio. 98.—Pescado bianco, Chiroatoma humholdlianum (Val.).

Citv of Mexico.
Lake Chalco,

prefer in general the large parrot-fishes (as Pseudoscarus jordani

in Hawaii), or else the young of mullet and similar species.

Abundance of Food-fishes.—In general, the economical value

of any species depends not on its toothsomeness, but on its

abundance and the ease with which it may be caught and pre-

Fio. 99.—Red Goatfish, or Salinonete, Paeudupeneus maculalus Bloch.
Family MuUida (SunnuUets).

served. It is said that more individuals of the herring (Clupea

harengiis in the Atlantic, Clnpca pallasi in the Pacific) exist than

of any other species. The herring is a good food-fish and when-

ever it runs it is freely sought. According to Bjornson, wherever

the school of herring touches the coast of Nonvay, there a village

springs up, and this is true in Scotland, Newfoundland, and
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from Killisnoo in Alaska to Otaru in Japan, and to Strielok in

Siberia. Goode estimates the herring product of the North

Atlantic at 1,500,000,000 pounds annually. In 1881 Professor

Huxley used these words:

Fig. 100.—Great Parrot-fish, or Guacaraaia, Psciidoscarus guacamaia
Bloch & Schneider. Florida.

" It is said that 2,500,000,000 or thereabout of herrings

are every year taken out of the North Sea and the Atlantic.

Suppose we assume the number to be 2,000,000,000 so as to be

quite safe. It is a large number undoubtedly, but what does

Fig. 101.—Striped Mullet, .MwjU cephalus (L.). Wood's Hole, M.ass.

it come to? Not more than that of the herrings which may be

contained in one shoal, if it covers half a dozen square miles,

and shoals of much larger size are on record. It is safe to say
that scattered through the North Sea and the Atlantic, at one
and the same time, there must be scores of shoals, any one of
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which would go a long way toward supplying the whole of man's

consumption of herrings."

The codfish {Gadiis callarias in the Atlantic; Gadtis macro-

Fio. 102.—Mutton-snapper, or Pargo crioUo, LiUianiis analis (Cuv. & Val.).

Kev \\'est.

Fig. 103.— Herring. Clupi-a karengus L. XfW York.

Fig. 104.—Codfbh, Gadxis callarins L. Eastport, Maine.

cephalus in the Pacific) likewise swarms in all the northern seas,

takes the hook readily, and is better food when salted and dried

than it is when fresh.
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Next in economic importance probably stands the mackerel

of the Atlantic {Scomber scoinbrus), a rich, oily fish which bears

salting better than most.

Fig. 105.—Mackerel, Scomber scombrus L. New York.

Not less important is the great king-salmon, or quinnat (Oii-

corliyncJius tschawytscha) , and the still more valuable blue-back

salmon, or red-fish {Oncorhynchus nerka).

Fiu. 106.—Halibut, Hippoglossus hippoglossus (Lmiueus). St. Paul Island,

Bering Sea. (Photograph Ijy U. S. Fur Seal Commission.)

The salrhon of the Atlantic {SaUno salar), the various species

of sturgeon (Acipenscr), the sardines {SardtJicHa), the haHbut

(Hippoglossus), are also food-fishes of great importance.
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Variety of Tropical Fishes.—In the tropics no one species is

represented by enormous numbers of individuals as is the case

in colder regions. On the other hand, the number of species

regarded as food-fishes is much greater in any given port. In

Havana, about 350 different species are sold as food in the mar-

kets, and an equal number are found in Honolulu. Upward of

600 different species appear in the markets of Japan. In Eng-

land, on the contrary', about 50 species make up the list of fishes

commonly used as food. Yet the number of individual fishes

is probably not greater about Japan or Hawaii than in a similar

stretch of British coast.

Economic Fisheries.—\'olumes have been written on the eco-

nomic value of the different species of fishes, and it is not the

purpose of the present work to summarize their contents.

Fig. 107 —Fishing for Avii with Cormorants in tlie T.anagawa, near Tokyo.
(After pliotograpli by J. O. Snyder by Sclcko Sliimada.)

Equally voluminous is the literature on the subject of catch-

ing fishes. It ranges in quality from the quaint wisdom of the

"Complcat Angler" and the delicate wit of " Little Rivers" to

elaborate discussions of the most economic and effective forms

and methods, of the beam-trawl, the purse-seine, and the cod-
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fish hook. In general, fishes are caught in four ways—by baited

hooks, by spears, by traps, and by nets. Special local methods,

such as the use of the tamed cormorant * in the ca-tching of the

ayu, by the Japanese fishermen at Gifu, may be set aside for

the moment, and all general methods of fishing come under

one of these four classes. Of these methods, the hook, the

spear, the seine, the beam-trawl, the gill-net, the purse-net, the

sweep-net,, the trap and the weir are the most important. The

use of the hook is again extremely varied. In the deep sea

long, sunken lines are sometimes used for codfish, each bait-

ed with many hooks. For pelagic fish, a baited hook is drawn

swiftly over the surface, with a "spoon" attached which

looks like a living fish. In the rivers a line is attached to

a pole, and when fish are caught for pleasure or for the joy of

being in the woods, recreation rises to the dignity of angling.

Angling may be accomplished with a hook baited with an earth-

worm, a grasshopper, a living fish, or the larva of some insect.

The angler of to-day, however, prefers the artificial fly, as being

more workmanlike and also more effective than bait-fishing.

The man who fishes, not for the good company of the woods
and brooks, but to get as many fish as possible to eat or sell, is

not an angler but a pot-fisher. The man who kills all the trout

he can, to boast of his skill or fortune, is technically known as

a trout-hog. Ethically, it is better to lie about your great

catches of fine fishes than to make them. For most anglers,

also, it is more easy.

Fisheries.—With the multiplicity of apparatus for fishing,

there is the greatest variety in the boats which may be used.

The fishing-fleet of any port of the w'orld is a most interesting

* The cormorant is tamed for this purpose. A harness is placed about
its wings and a ring about the lower part of its neck. Two or three birds

may be driven by a boy in a shallow stream, a small net behind him to drive

the fish down the river. In a large river like that of Gifu, where the cor-

morants are most used, the fishermen hold the birds from the boats and fish

after dark by torchlight. The bird takes a great interest in the work, darts

at the fishes with great eagerness, and fills its throat and gular pouch as

far down as the ring. Then the boy takes him out of the water, holds him
by the leg and shakes the fishes out into a basket. When the fishing is over

the ayu are preserved, the ring is taken off from the bird's neck, and the zako
or minnows are thrown to him for his share. These he devours greedily.
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object, as are also the fishermen with their quaint garb, plain

speech, and their strange songs and calls with the hauling in of

the net.

For much information on the fishing apparatus in use in

Fio. 10b.—Fishing for .•Vyu in the Tanagawa, Japan. Emptying tlio pouch of

the cormorant. (Photograpli by J. O. Snyder.)

America the reader is referred tn the Reports of the Fisheries in

the Tenth Census, in 1880, under the editorship of Dr. George

Brown Goode. In these reports Goode, Steams, Earle, Gilbert,

Bean, and the present writer have treated very fully of all eco-

nomic relations of the American fishes. In an admirable work
entitled "American Fishes," Dr. Goode, with the fine literary
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touch of which he was master, has fully discoursed of the game-

and food-fishes of America with especial reference to the habits

and methods of capture of each. To these sources, to Jordan

and Evermann's " Food and Game Fishes of North America,"

and to many other works of similar purport in other lands, the

reader is referred for an account of the economic and the

human side of fish and fisheries.

Angling.—It is no part of the purpose of this work to de-

scribe the methods or materials of angling, still less to sing its

praises as a means of physical or moral regeneration. We may
perhaps find room for a first and a last word on the subject ; the

one the classic from the pen of the angler of the brooks of Staf-

fordshire, and the other the fresh expression of a Stanford stu-

dent setting out for streams such as Walton never knew, the

Purissima, the Stanislaus, or perchance his home streams, the

Provo or the Bear.

" And let me tell you, this kind of fishing with a dead rod,

and laying night-hooks, are like putting money to use ; for they

both work for the owners when they do nothing but sleep, or

eat, or rejoice, as you know we have done this last hour, and

sat as quietly and as free from cares tmder this sycamore as

Virgil's Tityrus and his Meliboeus did tmder their broad beech-

tree. No life, my honest scholar,—no life so happy and so

pleasant as the life of a well-governed angler; for when the

lawyer is swallowed up with business and the statesman is pre-

venting or contriving plots, then we sit on the cowslip-banks,

hear the birds sing, and possess ourselves in as much quietness

as these silent silver streams w'hich we now see glide so quietly

by us. Indeed, my good scholar, we may say of angling, as

Dr. Boteler said of strawberries, ' Doubtless God could have made

a better berry, but doubtless God never did' ; and so, if I might

be judge, 'God never made a more calm, quiet, innocent recrea-

tion than angling.

'

"I'll tell you, scholar, when I sat last on this primrose-bank,

and looked down these meadows, I thought of them as Charles

the Emperor did of Florence, 'That they w-ere too pleasant to

be looked on but only on holidays.'

"Gentle Izaak! He has been dead these many years, but

his disciples are still faithful. When the cares of business lie
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heavy and the sound of wheels jarring on cobbled streets grows

painful, one's fingers itch for the rod; one would away to the

quiet brook among the pines, where one has fished so often.

Every man who has ever got the love of the stream in his blood

feels often this longing.

" It comes to me each year with the first breath of spring.

There is something in the sweetness of the air, the growing

things, the 'robin in the greening grass' that voices it. Duties

that have before held in their performance something of pleas-

ure become irksome, and practical thoughts of the day's work

are replaced by dreamy pictures of a tent by the side of a moun-

tain stream—close enough to hear the water's singing in the

night. Two light bamboo rods rest against the tent-pole, and

a little column of smoke rising straight up through the branches

marks the supper fire. Jack is preparing the evening meal,

and, as I dream, there comes to me the odor of crisply browned

trout and sputtering bacon—was ever odor more delicious?

I dare say that had the good Charles Lamb smelled it as I have,

his ' Dissertation on Roast Pig' would never have been written.

But then Charles Lamb never went a-fishing as we do here in

the west—we who have the mountains and the fresh air so

boundlessly.

"And neither did Izaak Walton for that matter. He who is

sponsor for all that is gentle in angling missed much that is

best in the sport by living too early. He did not experience

the exquisite pleasure of wading down mountain streams in

supposedly water-proof boots and feeling the water trickling in

coolingly; nor did he know the joy of casting a gaudy fly far

ahead with a four-ounce rod, letting it drift, insect-like, over

that black hole by the tree stump, and then feeling the sea-

weed line slip through his fingers to the whirr of the reel. And,

at the end of the day, supper over, he did not squat around a

big camp-fire and light his pipe, the silent darkness of the moun-
tains gathering round, and a basketful of willow-packed trout

hung in the clump of pines by the tent. Izaak 's idea of fishing

did not comprehend such joy. With a can of worms and a

crude hook, he passed the day by quiet streams, threading the

worms on his hook and thinking kindly of all things. The
day's meditations over, he went back to the village, and, may-
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liap, joined a few kindred souls over a tankard of ale at the

sign of the Red Lobster. But he missed the mountains, the

water rushing past his tent, the bacon and trout, the camp-

Fig. 109 —Fishing for Tai, Tokyo Bay. (Photograph by J. O. Snyder.)

fire—the physical exaltation of it all. His kind of fishing was

angling purely, while modem Waltons, as a rule, eschew the

worm.
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"To my mind, there is no real sport in any kind of fishing

except fly-fishing. This sitting on the bank of a muddy stream

with your bait sunk, waiting for a bite, may be conducive to

gentleness and patience of spirit, but it has not the joy of action

in which a healthy man revels. How much more sport is it to

clamber over fallen logs that stretch far out a-stream, to wade
slipping over boulders and let your fly drop caressingly on

ripples and swirling eddies and still holes! It is worth all the

work to see the gleam of a silver side as a half-pounder rises,

and, with a flop, takes the fly excitedly to the bottom. And
then the nerv^ous thrill as, with a deft turn of the wrist, you
hook him securely—whoever has felt that thrill cannot forget

it. It will come back to him in his law office when he should

be thinking of other things; and with it will come a longing

for that dear remembered stream and the old days. That is

the hold trout-fishing takes on a man.
" It is spring now and I feel the old longing myself, as I

always do when life comes into tlie air and the smell of new
growth is sweet. I got my rod out to-day, put it together,

and have been looking over my flies. If I cannot use them, I

can at least muse over days of the past and dream of those to

come." (Walde.m.\r Young.)



CHAPTER X

THE MYTHOLOGY OF FISHES

[HE Mermaid.—A word may be said of the fishes

which have no existence in fact and yet appear in

popular literature or in superstition.

The memiaid, half woman and half fish, has been one

of the most tenacious among these, and the manufacture of

their dried bodies from the head, shoulders, and ribs of a

monkey sealed to the body of a fish has long been a profitable

industry in the Orient. The sea-lion, the dugong, and other

marine mammals have been mistaken for mermaids, for their

faces seen at a distance and their movements at rest are not

inhuman, and their limbs and movements in the water are

fishlike.

In China, small mermaids are very often made and sold to

the curious. The head and torso of a monkey are fastened

ingeniously to the body and tail of a fish. It is said that Lin-

naeus was once forced to leave a town in Holland for question-

ing the genuineness of one of these mermaids, the property of

some high official. These monsters are still manufactured for

the "curio-trade."

The Monk-fish.—Many strange fishes were described in the

Middle Ages, the interest usually centering in some supposed

relation of their appearance with the afi:airs of men. Some of

these find their way into Rondelet's excellent book, "Histoire

Entiere des Poissons," in 1558. Two of these with the accom-

panying plate of one we here reproduce. Other myths less

interesting grew out of careless, misprinted, or confused ac-

counts on the part of naturalists and travelers.

" In our times in Norway a sea-monster has been taken after

a great storm, to which all that saw it at once gave the name of

149
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monk; for it had a man's face, rude and ungracious, the head

shorn and smooth. On the shoulders, hke the ck>ak of a monk,
were two long fins instead of arms, and the end of the body was
finished by a long tail. The picture I present was given me by
the very illustrious lady, Margaret de Valois, Queen of Navarre,

Fig. 110.

—

" Lc monslre marin en habii de Moine." (.After Rondelet.)

who received it from a gentleman who gave a similar one to

the emperor, Charles V., then in Spain. This gentleman said

that he had seen the monster as the portrait shows it in Nor-

way, thrown by the waves and tempests on the beach at a place

called Dieze, near the town called Denelopoch. I have seen a

similar picture at Rome not differing in mien. Among the sea-

beasts, Pliny mentions a sea-mare and a Triton as among the

creatures not imaginary. Pausanias also mentions a Triton."

Rondelet further says:
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The Bishop-fish.
—

" I have seen a portrait of another sea-

monster at Rome, whither it had been sent with letters that

affirmed for certain that in 1531 one had seen this monster in

a bishop's garb, as here portrayed, in Poland. Carried to the

king of that country, it made
certain signs that it had a

great desire to return to the

sea. Being taken thither it

threw itself instantly into the

water."

The Sea-serpent.—A myth of

especial persistency is that of

the sea-serpent. Most of the

stories of this creature are sea-

man's yams, sometimes based

on a fragment of wreck, a long

strip of kelp, the power of sug-

gestion or the incitement of

alcohol. But certain of these

tales relate to real fishes. The
sea-serpent with an uprearing

red mane like that of a horse

is the oarfish (Regalcciis), a

long, slender, fragile fish com-

pressed like a ribbon and

reaching a length of 25 feet.

We here present a photograph

of an oarfish {Regalcciis riis-

selli) stranded on the Cali-

fornia coast at Newport in Orange County, California. A figure

of a European species (Regalecus glesne) is also given showing the

fish in its uninjured condition. Another reputed sea-serpent is

the frilled shark {Chlamydoselachiis angineus), which has been

occasionally noticed by seamen. The struggles of the great

killer {Orca orca) with the whales it attacks and destroys has

also given rise to stories of the whale struggling in the embrace

of some huge sea-monster. This description is correct, but the

mammal is a monster itself, a relative of the whale and not a

reptile.

Fig. Ill;—" Le rt^onslr: mmin en habit

d' Eveque." ( ^fter Kondelet.)
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It is often hard to account for some of the stories of the sea-

serpent. A gentleman of unquestioned intelligence and sincer-

ity lately dercribed to the writer a sea-serpent he had seen at

short range, 100 feet long, swimming at the surface, and with

a head as large as a barrel. I do not know what he saw, but I

do know that memory sometimes plays strange freaks.

Little venomous snakes with flattened tails {Plaiyitrus,

Pelamis) are found in the salt bays in many tropical regions of

the Pacific (Gulf of California, Panama, East Indies, Japan),

but these are not the conventional sea-serpents.

Certain slender fishes, as the thread-eel {Nemichthys) and

the wolf-eel (Aiianhichihys) , have been brought to naturalists

as young sea-serpents, but these of course are genuine fishes.

Whatever the nature of the sea-serpent may be, this much
is certain, that while many may be seen, none will ever be

caught. The great swimming reptiles of the sea vanished at

the end of Mesozoic time, and as living creatures will never be

known of man.

As a record of the Mythology of Science, we may add the

following remarks of Rafinesque on the imaginary garpike

(Litliolepis adamajitiniis) , of which a specimen was painted for

him by the wonderful brush of Audubon

:

"This fish may be reckoned the wonder of the Ohio. It is

only found as far up as the falls, and probably lives also in the

Mississippi. I have seen it, but only at a distance, and have

been shown some of its singular scales. Wonderful stories are

related concerning this fish, but I have principally relied upon

the description and picture given me by Mr. Audubon. Its

length is from 4 to 10 feet. One was caught which weighed

400 pounds. It lies sometimes asleep or motionless on the

surface of the water, and may be mistaken for a log or snag. It

is impossible to take it in any other way than with the seine

or a very strong hook ; the prongs of the gig cannot pierce the

scales, which are as hard as flint, and even proof against lead

balls! Its flesh is not good to eat. It is a voracious fish. Its

vulgar names are diamond-fish (owing to its scales being cut

like diamonds), devil-fish, jackfish, garjack, etc. The snout

is large, convex above, very obtuse, the eyes small and black;

nostrils small, roimd before the eyes; mouth beneath the eyes.
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transversal with large angular teeth. Pectoral and abdominai

fins trapezoidal. Dorsal and anal fins equal, longitudinal, with

many rays. Thj whole body covered with large stone scales,

lying in oblique rows; they are conical, pentagonal penta;dral,

with equal sides, from half an inch to one inch in diameter,

brown at first but becoming the color of turtle-shell when dry.

They strike fire with steel and are ball-proof!

"
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CHAPTER XI

CLASSIFICATION OF FISHES

[AXONOMY.—Classification, as Dr. Elliott Coues has

well said,* is a natural function of "the mind which
always strives to make orderly disposition of its

cnowledge and so to discover the reciprocal relations and
interdependencies of the things it knows. Classification pre-

supposes that there do exist such relations, according to

which we may arrange objects in the manner which facilitates

their comprehension, by bringing together what is like and

,
separating what is tmlike, and that such relations are the

result of fixed inevitable law. It is therefore taxonomy (Ta$i?,

away ; yojuos, law) or the rational, lawful disposition of observed

facts."

A perfect taxonomy is one which would perfectly express

all the facts in the evolution and development of the various

forms. It would recognize all the evidence from the three ances-

tral documents, palaeontology, morphology, and ontogeny. It

would consider structure and form independently of adaptive

or physiological or environmental modifications. It would

regard as most important those characters which had existed

longest unchanged in the history of the species or type. It

would regard as of first rank those characters which appear first

in the history of the embryo. It would regard as of minor

importance those which had arisen recently in response to

natural selection or the forced alteration through pressure of

environment, while fundamental alterations as they appear one

after another in geologic time would make the basal characters

of corresponding groups in taxonomy. In a perfect taxonomy

or natural system of classification animals would not be divided

into groups nor ranged in linear series. ^Ye should imagine

* Key to North American Birds. •
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The collect&r can, if he thinks best, use all kinds of fishing

tackle for himself. In Japan he can use the "dabonawa" long

lines, and secure the fishes which were otherwise dredged by
the Challenger and Albatross. If dredges or trawls are at his

hand he can hire them and use them for scientific purposes.

He should neglect no kind of bottom, no conditions of fish life

which he can reach.

Especially important is the faima of the tide-pools, neg-

lected by almost all collectors. As the tide goes down, espe-

cially on rocky capes which project into the sea, myriads of

little fishes will remain in the rock-pools, the algae, and the clefts

of rock. In regions like California, where the rocks are buried

with kelp, blcnnies will lie in the kelp as quiescent as the

branches of the alga; themselves until the flow of water returns.

A sharp three-tined fork will help in spearing them. The
water in pools can be poisoned on the coast of Mexico with the

milky juice of the "hava" tree,' a tree which yields strychnine.'

In default of this, pools can be poisoned by chloride of lime,

sulphate of copper, or, if small enough, by formalin. Of

all poisons the commercial chloride of lime seems to be most

effective. By such means the contents of the pool can be

secured and the next tide carries away the poison. The
water in pools can be bailed out, or, better, emptied by a

siphon made of small garden-hose or rubber tubing. On
rocky shores, dynamite can be used to advantage if the col-

lector or his assistant dare risk it and if the laws of the

country do no prevent.

Most effective in rock-pool work is the help of the small

boy. In all lands the collector will do well to take him into

his pay and confidence. Of the hundred or more new species

of rock-pool fishes lately secured by the writer in Japan, fully

two-thirds were obtained by the Japanese boys. Equally

effective is the "muchacho" on the coasts of Mexico.

Masses of coral, sponges, tunicates, and other porous or

hollow organisms often contain small fishes and should be care-

fully examined. On the coral reefs the breaking up of large

masses is often most remunerative.

The importance of securing the young of pelagic fishes by

tow-nets and otherwise cannot be too strongly emphasized.
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How to Preserve Fishes.—Fishes must be permanently pre-

served in alcohol. Dried skins are far from satisfactory, except

as a choice of difificulties in the case of large species.

Dr. Giinther thus describes the process of skinning fishes:

" Scaly fishes are skinned thus : With a strong pair of scissors

an incision is made along the median line of the abdomen from
the foremost part of the throat, passing on one side of the base

of the ventral and anal fins to the root of the caudal fin, the

cut being continued upward to the back of the tail close to

the base of the caudal. The skin of one side of the fish is then

severed with the scalpel from the underlying muscles to the

median line of the back; the bones which support the dorsal

and caudal are cut through, so that these fins remain attached

to the skin. The removal of the skin of the opposite side is

easy. ]\Iore difficult is the preparation of the head and scapu-

lary region. The two halves of the scapular arch which have

been severed from each other bj' the first incision are pressed

toward the right and left, and the spine is severed behind the

head, so that now only the head and shoulder bones remain

attached to the skin. These parts have to be cleaned from

the inside, all soft parts, the branchial and hyoid apparatus,

and all smaller bones being cut away with the scissors or scraped

off with the scalpel. In many fishes which are provided with

a characteristic dental apparatus in the pharynx (Labroids,

Cyprinoids), the pharyngeal bones ought to be preserx^ed and
tied with a thread to their specimen. The skin being now
prepared so far, its entire inner surface as well as the inner side

of the head are rubbed with arsenical soap; cotton-wool or

some other soft material is inserted into an}' cavities or hol-

lows, and finally a thin layer of the same material is placed

between the two flaps of the skin. The specimen is then dried

under a slight weight to keep it from shrinking.

" The scales of some fishes, as for instance of many kinds of

herrings, are so delicate and deciduous that the mere handling

causes them to rub off easily. Such fishes may be covered

with thin-paper (tissue paper is the best) which is allowed to

dry on them before skinning. There is no need for removing

the paper before the specimen has reached its destination.

" Scaleless fishes, as siluroids and sturgeons, are skinned in



i6o The Collection of Fishes

the same manner, but the skin can be rolled up over the head

;

such skins can also be preserved in spirits, in which case the

traveler may save to himself the trouble of cleaning the head.

"Some sharks are known to attain to a length of thirty feet,

and some rays to a width of twenty feet. The preservation of

such gigantic specimens is much to be recommended, and

although the difficulties of preserving fishes increase with their

size, the operation is facilitated, because the skins of all sharks

and rays can easily be preserved in salt and strong brine.

Sharks are skinned much in the same way as ordinary fishes.

In rays an incision is made not only from the snout to the end

of the fleshy part of the tail, but also a second across the widest

part of the body. When the skin is removed from the fish,

it is placed into a cask with strong brine mixed with alum,

the head occupying the upper part of the cask ; this is necessary,

because this part is most likely to show signs of decomposition,

and therefore most requires supervision. When the preser\'ing

fluid has become decidedly weaker from the extracted blood

and water, it is thrown away and replaced by fresh brine. After

a week's or fortnight's soaking the skin is taken out of the cask

to allow the fluid to drain olT; its inner side is covered with a

thin layer of salt, and after being rolled up (the head being

inside) it is packed in a cask the bottom of which is covered

with salt ; all the interstices and the top are likewise filled with

salt. The cask must be perfectly water-tight."

Value of Formalin.—In the- field it is much better to use

formalin (formaldehyde) in preference to alcohol. This is an

antiseptic fluid dissolved in water, and it at once arrests decay,

leaving the specimen as though preserved in water. If left

too long in forinalin fishes swell, the bones are softened, and

the specimens become brittle or even worthless. But for ordi-

nary purposes (except use as skeleton) no harm arises from two

or three months' saturation in formalin. The commercial

formalin can be mixed with about twenty parts of water. On
the whole it is better to have the solution too weak rather than

too strong. Too much formalin makes the specimens stiff,

swollen, and intractable, besides too soon destroying the color.

Formalin has the advantage, in collecting, of cheapness

and of ease in transportation, as a single small bottle will make
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a large amount of the fluid. The specimens also require much
less attention. An incision should be made in the (right) side

of the abdomen to let in the fluid. The specimen can then be

placed in formalin. When saturated, in the course of the day,

it can be wrapped in a cloth, packed in an empty petroleirm

can, and at once shipped. The wide use of petroleum in all

parts of the world is a great boon to the naturalist.

Before preservation, the fishes should be washed, to remove
slime and dirt. They should have an incision to let the fluid

into the body cavity and an injection with a syringe is a useful

help to saturation, especially with large fishes. Even decay-

ing fishes can be saved with formalin.

Records of Fishes.—The collector should mark localities

most carefully with tin tags and note-book records if possible.

He should, so far as possible, keep records of life colors, and

water-color sketches are of great assistance in this matter. In

spirits or formalin the life colors soon fade, although the pat-

tern of marking is usually preserved or at least indicated. A
mixture of formalin and alcohol is favorable to the preserva-

tion of markings.

In the museum all specimens should be removed at once

from formalin to alcohol. No substitute for alcohol as a per-

manent preservative has been found. The spirits derived

from wine, grain, or sugar is much preferable to the poisonous

methyl or wood alcohol.

In placing specimens directly into alcohol, care should be

taken not to. crowd them too much. The fish yields water

which dilutes the spirit. For the same reason, spirits too dilute

are ineffective. On the other hand, delicate fishes put into

very strong alcohol are likely to shrivel, a condition which may
prevent an accurate study of their fins or other structures. It

is usually necessary to change a fish from the first alcohol used

as a bath into stronger alcohol in the course of a few days, the

time depending on the closeness with which fishes are packed.

In the tropics, fishes in alcohol often require attention within

a few hours. In formalin there is much less difiiculty with

tropical fishes.

Fishes intended for skeletons should never be placed in

formalin. A softening of the bones which prevents future
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exact studies of the bones is sure to take place. Generally

alcohol or other spirits (arrack, brandy, cognac, rum, sake

"vino") can be tested with a match. If sufficiently concen-

trated to be ignited, they can be safely used for preservation

of fishes. The best test is that of the hydrometer. Spirits

for permanent use should show on the hydrometer 40 to 60

above proof. Decaying specimens show it by color and smell

and the collector should be alive to their condition. One rot-

ting fish may endanger many others. With alcohol it is neces-

sary to take especial pains to ensure immediate saturation.

Deep cuts should be made into the muscles of large fishes as

well as into the body cavity. Sometimes a small distilling

apparatus is useful to redistil impure or dilute alcohol. The

use of formalin avoids this necessity.

Small fishes should not be packed with large ones; small

bottles are very desirable for their preser\-ation. .Ml spinous

or scaly fishes should be so wrapped in cotton muslin as to

prevent all friction.

Eternal Vigilance.—The methods of treating individual

groups of fishes and of handling them under different climatic

and other conditions are matters to be learned by experience.

Eternal vigilance is the price of a good collection, as it is said

to be of some other good things. ^Mechanical collecting—pick-

ing up the thing got wthout effort and putting it in alcohol

without further thought—rarely serves any useful end in science.

The best collectors are usually the best naturalists. The col-

lections made by the men who are to study them and who are

competent to do so are the ones which most help the progress

of ichthyology'. The student of a group of fishes misses half

the collection teaches if he has made no part of if himself.



CHAPTER XII

THE LEPTOCARDII, OR LANCELETS

(HE Lancelet.—The lancelet is a vertebrate reduced to

its very lowest terms. The essential organs of ver-

tebrate life are there, but each one in its simplest form

unspecialized and with structure and function feebly differen-

tiated. The skeleton consists of a cartilaginous notochord in-

closed in a membranous sheath. There is no skull. No limbs,

no conspicuous processes, and no vertebrae are present. The heart

is simply a long contractile tube, hence the name Leptocardii

(from Xenro?, slender; Kapdia, heart). The blood is colorless.

There is a hepatic portal circulation. There is no brain, the

spinal cord tapering in front as behind. The water for respira-

tion passes through very many gill-slits from the pharynx into

the atrium, from which it is excluded through the atripore in

front of the vent. A large chamber, called the atrium, extends

almost the length of the body along the ventral and lateral

regions. It commtmicates with the pharynx through the gill-

slits and with the exterior through a small opening in front

of the vent, the atripore. The atrium is not foxind in forms

above the lancelets.

The reproductive organs consist of a series of pairs of seg-

mentally arranged gonads. The excretory organs consist of

a series of tubules in the region of the pharynx, connecting the

body-cavity with the atrium. The mouth is a lengthwise slit

without jaws, and on either side is a row of fringes. From this

feature comes the name Cirrostomi, from cirrus, a fringe of

hair, and atoixa, mouth. The body is lanceolate in form, sharp

at either end. From this fact arises a third name, Amphioxus,

from afi<pi, both; oSvs, sharp. Dorsal and anal fins are de-

veloped as folds of the skin supported by very slender rays.

163
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There are no other fins. The alimentar>' canal is straight, and

is differentiated into pharj'nx and intestine; the Uver is a bhnd

sac arising from the anterior end of the intestine. A pigment

spot in the wall of the spinal cord has been interpreted as an

eye. Above the snout is a supposed olfactory pit which some

have thought to be connected with the pineal structure. The
muscular impressions along the sides are very distinct and it

is chiefly by means of the variation in numbers of these that

the species can be distinguished. Thus in the common lance-

let of Europe, Branchiostoma lanccolatum, the muscular bands

are 35 + 14 + 12=61. In the common species of the Eastern

coasts of America, Branchiostoma carihccmn, these are 35 + 14

+ 9 = 58, while in the California lancelet, Branchiostoma cali-

foriu'cn.sc, these arc 44 + 16+9=69.
Habits of Lancelets.—Lancelets are slender translucent worm-

like creatures, varying from half an inch {Asymmetron lucaya-

niim) to four inches {Branchiostoma californiense) in length.

They live buried in sand in shallow waters along the coasts of

warm seas. One species, Amphioxidcs pelagicus, has been taken

at the depth of 1000 fathoms, but whether at the bottom

or floating near the surface is not known. The species are very

tenacious of life and will endure considerable mutilation. Some
of them are found on almost every coast in semi-tropical and

tropical regions.

Species of Lancelets.—The Mediterranean species ranges north-

ward to the south of England. Others are found as far north

as Chesapeake Bay, San Diego, and Misaki in Japan, where is

found a species called Branchiostoma bclchcri. The sands at

the mouth of San Diego Bay are noted as producing the largest

of the species of lancelets, Branchiostoma californiense. From
the Bahamas comes the smallest, the type of a distinct genus,

Asymmetron liicayaniim, distinguished among other things by

a projecting tail. Other supposed genera are Amphioxides

{pelagicus), dredged in the deep sea off Hawaii and supposed

to be pelagic, the mouth without cirri; Epigonichthys {ciiltellus)

,

from the East Indies, and Hctcropleiiron {bassanum), from Bass

Straits, Australia. These little animals are of great interest

to anatomists as giving the clue to the primitive structure of

vertebrates. While possibly these have diverged widely from



The Leptocardii, or Lancelets 165

their actual common ancestry with the fishes, they must ap-

proach near to these in many ways. Their simpHcity is largely

primitive, not, as in the Tunicates, the result of subsequent

degradation.

The lancelets, less than a dozen species in all, constitute a

single family, Braiichiostomidcr. The principal genus, Branchi-

ostoma. is usually called Amphioxus by anatomists. But while

Fig. 115.—California Lanoek't, liriinchiosiuinu caiijoriucnse Gill.

(From San Diego.)

the name Amphioxus, like lancelet, is convenient in vernacular

use, it has no standing in systematic nomenclature. The name
Branchiostoma was given to lancelets from Naples in 1834, by
Costa, while that of Amphioxus, given to specimens from Corn-

wall, dates from Yarrell's work on the British fishes in 1836.

The name Amphioxus may be pleasanter or shorter or more
familiar or more correctly descriptive than Branchiostoma, but

if so the fact cannot be considered in science as affecting the

duty of priority.

The name Acraniata (without skull) is often used for the

lower Chordates taken collectively, and it is sometimes applied

to the lancelets alone. It refers to those chordate forms which

have no skull nor brain, as distinguished from the Cranwta,

or forms with a distinct brain having a bony or cartilaginous

capsule for its protection.

Origin of Lancelets.— It is doubtless true, as Dr. Willey sug-

gests, that the Vertebrates became separated from their worm-
like ancestry through "the concentration of the central nen.'ous

system along the dorsal side of the body and its conversion
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into a hollow tube." Besides this trait two others are common
to all of them, the presence of the gill-slits and that of the noto-

chord. The gill-slits may have ser\'ed primarily to relieve the

stomach of water, as in the lowest forms they enter directly into

the body-cavity. The primitive function of the notochord is

still far from clear, but its ultimate use of its structures in

affording protection and in furnishing a fulcrum for the muscles

and limbs is of the greatest importance in the processes of life.

IIG.—Gill-basket of Lamprey.



CHAPTER XIII

THE CYCLOSTOMES, OR LAMPREYS

JHE Lampreys.—Passing upward from the lancelets and
setting aside the descending series of Tiinicates, we
have a long step indeed to the next class of fish-like

vertebrates. During the period this great gap represents, in

time we have the development of brain, skull, heart, and other

differentiated organs replacing the simple structures found in

the lancelet.

The presence of brain without limbs and without coat-of-

mail distinguishes the class of Cyclostomes, or lampreys (/cf/cAo's,

round; crroixa, mouth). This group is also known as Marsipo-

hrandii {^apantiov, pouch; (ipayxoz, gill); Dermopteri {Sep/xa,

skin; nrepov, fin); and I^lyzontes {/ivCdo}, to suck). It includes

the forms known as lampreys, slime-eels, and hagfishes.

Structure of the Lamprey.—Comparing a Cyclostome with a

lancelet we may see many evidences of specialization in struc-

ture. The Cyclostome has a distinct head with a cranium
formed of a continuous body of cartilage modified to contain a

fish-like brain, a cartilaginous skeleton of which the cranium
is evidently a differentiated part. The vertebrae are undeveloped,

the notochord being surrounded by its membranes, without
bony or cartilaginous segments. The gills have the form of

fixed sacs, six to fourteen in number, on each side, arranged

in a cartilaginous structure known as "branchial basket" (fig.

1 1 6), the elements ( f which are not clearly homologous with the

gill-arches of the true fishes. Fish-like eyes are developed on the

sides of the head. There is a median nostril associated with
a pituitary pouch, which pierces the skull floor. An ear-capsule

is developed. The brain 's composed of paired ganglia in

general appearance resembling the brain of the true fish, but
167.
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the detailed homology of its different parts offers considerable

vincertainty. The heart is modified to form two pulsating

cavities, auricle and ventricle. The folds of the dorsal and

anal fins are distinct, supported by slender rays.

The mouth is a roundish disk, wvth rasping teeth over its

surface and with sharper and stronger teeth on the tongue.

The intestine is straight and simple. The kidney is represented

by a highl}' primitive pronephros and no trace exists of an

air-bladder or lung. The skin is smooth and naked, some-

times secreting an excessive quantity of slime.

From the true fishes the Cyclostomes differ in the total

absence ( f limbs and of shoulder and pelvic girdles, as well as

of jaws. It has been thought by some writers that the limbs

were ancestrally present and lost through degeneration, as in

the eels. Dr. Ayers, following Huxley, finds evidence of the

ancestral existence of a lower jaw. The majority of observers,

however, regard the absence of limbs and jaws in Cyclo-

stomes as a primitive character, although numerous other features

of the modem hagfish and lamprey may have resulted from

degeneration. There is no clear evidence that .-the class of

Cyclostomes, as now known to us, has any great antiquity, and

its members may be all degenerate offshoots from types of

greater complexity of structure.

Supposed Extinct Cyclostomes.— No fossil Cyclostomes are

known. The strange forms called Conodontes, thought for a

time to be teeth of lampreys, are probably teeth of worms, or

perhaps appendages of Trilobites. The singular fossil, Palaro-

spoudylus, once supposed to be a lamprey, it is certain belongs

to some higher order.

Orders of Cyclostomes.—The known Cyclostomes are natu-

rally divided into two orders, the Hypcroireta, or hagfishes, and
the Hyperoartia, or lampreys. These two orders are very dis-

tinct from each other. While the two groups agree in the general

form of the body, they differ in almost every detail, and there is

much pertinence in Lankester's suggestions that each should

stand as a separate class. The ancestral forms of each, as well

as the intervening types if such ever existed, are left unrecorded

in the rocks.

The Hyperotreta, or Hagfishes.—The Hypcrotreia {vnZftoa, pal-
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ate; rper 6s, perforate), or hagfishes, have the nostril highly

developed, a tube-like cylinder with cartilaginous rings pene-

trating the palate. In these the eyes are little developed and
the species are parasitic on other fishes. In Polistotrema stouti,

the hagfish of the coast of California, is parasitic on large fashes,

rockfishes, or flounders. It usually fastens itself at the throat

or isthmus of its host and sometimes at the eyes. Thence it

works very rapidly to the inside of the body. It there devours

all the muscular part of the fish without breaking the skin or

the peritoneum, leaving the fish a living hulk of head, skin, and
bones. It is especially destructive to fishes taken in gill-nets.

The voracity of the Chilean species Polistotrema dombeyi is equally

remarkable. Dr. Federico T. Delfin finds that in seven hoiu"s a

hagfish of this species will devour eighteen times its own weight

of fish-flesh. The intestinal canal is a simple tube, through

which most of the food passes undigested. The eggs are large,

each in a yellowish homy case, at one end of which are barbed

threads by which they cling together and to kelp or other objects.

In the California hagfish, Polistotrema stouti, great numbers of

these eggs h^ve been found in the stomachs of the males.

Similar Habits are possessed by all the species in the two
families, Myxinidcc and Eptatrctidcc. In the Myxinidw the

Fio. 117.—California Hagfish, Polistotrema stouii Lockington.

gill-Openings are apparently single on each side, the six gills

being internal and leading by six separate ducts to each of

the six branchial sacs. The skin is excessively slimy, the ex-

tensible tongue is armed with two cone-like series of strong

teeth. About the mouth are eight barbels.
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Of Myxine, numerous species are known

—

Myxine gliitinosa,

in the north of Europe; Myxine limosa, of the West Atlantic;

Myxine australis, and several others about Cape Horn, and
Myxine garmani in Japan. All live in deep waters and none
have been fully studied. It has been claimed that the hagfish

is male when young, many individuals gradually changing to

female, but this conclusion lacks verification and is doubtless

without foundation.

In the Eptatretidce the gill-openings, six to fourteen in number,

are externally separate, each with its own branchial sac as in

the lampreys.

The species of the genus Eptatretus (Bdellostoma, Heptatretna,

and Homea, all later names for the same group) are found only

in the Pacific, in California, Chile, Patagonia, South Africa, and

Japan. In general appearance and habits these agree with the

species of Myxine. The species with ten to fourteen gill-openings

{dombeyi: stoiiti) are sometimes set off as a distinct genus {Polis-

totrema), but in other regards the species ditTer little, and fre-

quent individual variations occur. Eptatretus burgeri is found

in Japan and Eptatretus forstcri in Australia.

The H3rperoartia, or Lampreys.—In the order Hyperoartia, or

lampreys, the single nostril is a blind sac which does not pene-

trate the palate. The seven gill-openings lead each to a sepa-

rate sac, the skin is not especially covered with mucus, the eyes

are well developed in the adult, and the mouth is a round disk

armed with rasp-like teeth, the comb-like teeth on the tongue

being less developed than in the hagfishes. The intestine in

the lampreys has a spiral valve. The eggs are small and are

usually laid in brooks away from the sea, and in most cases the

adult lamprey dies after spawning. According to Thoreau, "it

is thought by fishermen that they never return, but waste

away and die, clinging to rocks and stumps of trees for an in-

definite period, a tragic feattue in the scenery of the river-bottoms

worthy to be remembered with Shakespeare's description of

the sea-flioor." This account is not far from the truth, as re-

cent studies have shown.

The lampreys of the northern regions constitute the family

of PetromyzonidcB. The larger species {Pctromyzon, Entosphcnus)

live in the sea, ascending rivers to spawn, and often becoming
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land-locked and reduced in size by living in rivers only. Such

land-locked marine lampreys {Petromyzon marinus imico'or) breed

in Cayuga Lake and other lakes in New York. The marine forms

reach a length of three feet. Smalle • lampreys of other genera

six inches to eighteen inches in length remain all their lives in

the rivers, ascending the little brooks in the spring, clinging to

stones and clods of earth till their eggs are deposited. These

are found throughout northern Europe, northern Asia, and

the colder parts of North America, belonging to the genera

Lampe'.ra and Ichthyomyzon. Other and more aberrant genera

from Chile and Australia are Gsotria and Mordacia, the latter

forming a distinct family, Mordaciidcc. In Geotria, a large and

peculiar gular pouch is developed at the throat. In Macroph-

thalmia chilensis from Chile the eyes are large and conspicuous.

Food of Lampreys.—The lampreys feed on the blood and flesh

of fishes. They attach themselves to the sides of the various

species, rasp off the flesh with their teeth, sucking the blood

till the fish weakens and dies. Preparations made by students

of Professor Jacob Reighard in the University of Michigan show

clearly that the lamprey stomach contains muscular tissue as well

as the blood of fishes. The river species do a great deal of mis-

Fig. 118—Lamprey, Petromyzon marinus L. Wood's Hole, Mass.

chief, a fact which has been the subject of a valuable investiga-

tion by Professor H. A. Surface, who has also considered the

methods available for their destruction. The flesh of the lam-

prey is wholesome, and the larger species, especially the great

sea lamprey of the Atlantic, Petromyzon marinus, are valued as

food. The small species, according to Prof. Gage, never feed on

fishes.

Metamorphosis of Lampreys.—All lampreys, so far as known,

pass through a distinct metamorphosis. The young, known as

the Ammocwtes form, are slender, eyeless, and with the mouth



172 The Cyclostomes, or Lampreys

narrow and toothless. From Professor Surface's paper on "The
Removal of Lampreys from the Interior Waters of New York"
we have the following extracts (slightly condensed)

:

" In the latter part of the fall the young lampreys, Petro-

myzon marinas unicolor, the variety land-locked in the lakes

of Central New York, metamorphose and assume the form of

the adult. They are now about six or eight inches long. The

externally segmented condition of the body disappears. The
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up and down from the ventral toward the dorsal side of the

mouth. Around the mouth is a circle of soft membrane final'y

surrounded by a margin of fimbriae or small fringe. This com-

pletes the apparatus with which the lamprey attaches itself

to its victims, takes its food, carries stones, builds and tears

down its nest, seizes its mate, holds itself in position in a strong

current, and climbs over falls.

Mischief Done by Lampreys.—" The most common economic

feature in the entire life history of these animals is their feeding

habits in this (spawning) stage, their food now consisting wholly

of the blood (and ficrh) of fishes. A lamprey is able to strike

its suctorial mouth against a fish, and in an instant becomes so

firmly attached that it is very rarely indeed that the efforts of

the fish will avail to rid itself of its persecutor. When a lam-

prey attaches itself to a person's hand in the aquarium, it can

only be freed by lifting it from the water. As a rule it will drop

the instant it is exposed to the open air, although often it will

remain attached for some time even in the open air, or may
attach itself to an object while out of water.

" Nearly all lampreys that are attached to fish when they

are caught in nets will escape through the meshes of the nets,

but some are occasionally brought ashore and may hang on

to their victim with bulldog pertinacity.

" The fishes that are mostly attacked are of the soft-rayed

species, having cycloid scales, the spiny-rayed species with

ctenoid scales being most nearly immune from their attacks.

We think there may be three reasons for this: ist, the fishes

of the latter group are generally more alert and more active

than those of the former, and may be able more readily to dart

away from such enemies ; 2d, their scales are thicker and stronger

and appear to be more firmly imbedded in the skin, consequently

it is more difficult for the lampreys to hold on and cut through

the heavier coat-of-mail to obtain the blood of the victim;

3d, since the fishes of the second group are wholly carnivorous

and in fact almost exclusively fish-eating when adult, in every

body of water they are more rare than those of the first group,

which are more nearly omnivorous. According to the laws

and requirements of nature the fishes of the first group must

be more abundant, as they become the food for those of the
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second, and it is on account of their greater abundance that

the lampreys' attacks on them are more observed.

" There is no doubt that the bullhead, or horned pout {Anieiii-

riis nebulosus), is by far the greatest sufferer from lamprey

attacks in Cayuga Lake. This may be due in part to the slug-

gish habits of the fish, which render it an easy victim, but it

is more likely due to the fact that this fish has no scales and
the lamprey has nothing to do but to pierce the thick skin and
find its feast of blood ready for it. There is no doubt of the

excellency of the bullhead as a food-fish and of its increasing

favor with mankind. It is at ]iresent the most important

food- and market-fish of the State (Xew York), being caught

by bushels in the early part of June when preparing to spawn.

As we have observed at times more than ninety per cent, of

the catch attacked by lampreys, it can readily be seen how
very serious are the attacks of this terrible parasite which is

surely devastating our lakes and streams.

Migration or "Running" of Lampreys.—"After thus feeding

to an unusual extent, their reproductive elements (gonads) be-

come mature and their alimentary canals commence to atrophy.

This duct finally becomes so occluded that from formerly being

large enough to admit a lead-pencil of average size when forced

through it, later not even liquids can pass through, and it

becomes nearly a thread closely surrounded by the crowding

reproductive organs. When these changes commence to ensue,

the lampreys turn their heads against the current and set out

cm their long journeys to the sites that are favorable for spawn-

ing, which here may be from two to eight miles from the lake.

In this migration they are true to their instincts and habits

of laziness in being carried about, as they make use of any avail-

able object, such as a fi h, boat, etc., that is going in their direc-

tion, fastening to it with their suctorial mouths and being

borne along at their ease. During this season it is not infre-

quent that as the Cornell crews come in from practice and lift

their shells from the water, they find lampreys clinging to the

bottoms of the boats, sometimes as many as fifty at one time.

They are likely to crowd up all streams flowing into the lake,

inspecting the bed of the stream as they go. They do not

stop until they reach favorable spawning sites, and if they
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find unsurmountable obstac'.es in their way, such as vertical

falls or dams, they turn around and go down-stream until they

find another, up which they go. This is proved every spring

by the number of adult lampreys which are seen temporarily

in Fall Creek and Cascadilla Creek. In each of these streams,

about a mile from its mouth, there is a vertical fall over

thirty feet in height which the lampreys cannot surmount, and

in fact they have never been seen attempting to do so. After

clinging with their mouths to the stones at the foot of the

falls for a few days, they work their way down-stream, care-
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Fig 124.— Kamchatka Lamprey, Lampelra camtschatica (Tile.sius). Kamchatka.

fully inspecting all the bottom for suitable spawning sites.

They do not spawn in these streams because there are too many
rocks and no sand, but finally enter the only stream (the Cayuga

Lake inlet) in which they find suitable and accessible spawn-

ing sites.

" The three-toothed lampreys (Entosphenns tridentatus) of

the West Coast climb low falls or rapids by a series of leaps,

holding with their mouths to rest, then jumping and striking

again and holding, thus leap by leap gaining the entire distance.

" The lampreys here have never been known to show any

tendency or ability to climb, probably because there are no

rapids or mere low falls in the streams up which they would

run. In fact, as the inlet is the only stream entering Cayuga
Lake in this region which presents suitable spawning condi-

tions and no obstructions, it can be seen at once that all the

lampreys must spawn in this stream and its tributaries.

"In 'running' they move almost entirely at night, and if

they do not reach a suitable spawning site by daylight, they

will cling to roots or stones during the day and complete their

journey the next night. This has been proven by the positive
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observation of individuals. Of the specimens that run up

early in the season, about four-fifths are males. Thus the

males do not e.xactly precede the females, because we have

found the latter sex represented in the stream as early in the

season as the former, but in the earlier part of the season the

number of the males certainly greatly predominates. This pro-

portion of males gradually decreases, until in the middle of

the spawning season the se.\es are about equally represented,

and toward the latter part of the season the females continue

to come until they in turn show the greater numbers. Thus
it appears very evident in general that the reproductive in-

stinct impels the most of the males to seek the spawning ground

before the most of the females do. However, it should be said

that neither the males nor the females show all of the entirely

sexually mature features when they first run up-stream in the

beginning of the season, but later they are perfectly mature

and 'ripe' in every regard when they first appear in the stream.

\Yhen they migrate, they stop at the site that seems to suit their

fancy, many stopping near the lake, others pushing on four

or five miles farther up-stream. We have noted, however,

that later in the season the lower courses become more crowded,

showing that the late comers do not attempt to push up-stream

as far as those that came earlier. Also it thus follows, from

what was just said about late-running females, that in the latter

part of the season the lower spawning beds are especially crowded

with females. In fact, during the early part of the month of

June we have found, not more than half a mile above the lowest

spawning bed, as many as five females on a spawning nest with

but one male; and in that immediate vicinity many nests

indeed were found at that time with two or three females and

but one male.

" Having arrived at a shoal which seems to present suitable

conditions for a spawning nest, the individual or pair commences

at once to move stones with its mouth from the centre to the

margin of an area one or two feet in diameter. When many
stones are thus placed, especially at the upper edge, and they

are cleaned quite free of sediment and algae, both by being

moved and by being fanned with the tail, and when the proper

condition of sand is found in the bottom of the basin thus formed,
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it is ready to be used as a spawning bed or nest. A great many
nests are commenced and deserted. This has been left as a

mystery in publications on the subject, but we are well con-

vinced that it is because the lampreys do not find the requi-

sites or proper conditions of bottom to supply all their needs

and fulfill all conditions for ideal sites.



CHAPTER XIV

THE CLASS ELASMOBRANCHII OR SHARK-LIKE
FISHES.—TRUE SHARKS

^HE Sharks.—The gap between the lancelets and the

lampreys is a very wide one. Assuming the primi-

tive nature of both groups, this gap must represent the

peritxl necessary for the evolution of brain, skull, and elaborate

sense organs. The interspace between the lampreys and the

nearest fish-like forms which follow them in an ascending scale

is not less remarkable. Between the lamprey and the shark

we have the development of paired fins with their basal attach-

ments of shoulder-girdle and pelvis, the formation of a lower

jaw, the relegation of the teeth to the borders of the mouth,

the development of separate vertebrae along the line of the

notochord, the development of the gill-arches, and of an ex-

ternal covering of enameled points or placoid scales.

These traits of progress separate the Elasmobranchs from

all lower vertebrates. For those animals which possess them,

the class name of Pisces or fishes has been adopted by numerous

authors. If this term is to be retained for technical purposes,

it should be applied to the aquatic vertebrates above the 1 im-

preys and lancelets. We may, however, regard fish as a popular

term only, rather than to restrict the name to members of a class

called Pisces. From the bony fishes, on the other hand, the

sharks are distinguished by the much less specialization of the

skeleton, both as regards form and substance, by the lack of

membrane bones, of air-bladder, and of true scales, and by

various peculiarities of the skeleton itself. The upper jaw, for

example, is formed not of maxillary and premaxillary, but of

elements which in the lower fishes would be regarded as belonging

to the palatine and pterygoid series. The lower jaw is formed
1 80
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not of several pieces, but of a cartilage called Meckel's cartilage,

which in higher fishes precedes the development of a separate

dentary bone. These structures are sometimes called primary

jaws, as distinguished from secondary jaws or true jaws de-

veloped in addition to those bones in the Aciinopteri or typical

fishes. In the sharks the shoulder-girdle is attached, not to

the skull, but to a vertebra at some distance behind it, leaving

a distinct neck, such as is possessed or retained by the verte-

brate higher than fishes. The shoulder-girdle itself is a con-

tinuous arch of cartilage, joining its fellow at the breast of the

fish. Other peculiar traits will be mentioned later.

Characters of Elasmobranchs.—The essential character of the

Elasmobranchs as a whole are these: The skeleton is cartilagi-

nous, the skull without sutures, and the notochord more or

less fully replaced or inclosed by vertebral segments. The jaws

are peculiar in structure, as are also the teeth, which are usually

highly specialized and found on the jaws only. There are no
membrane bones; the shoulder-girdle is well developed, each

half of one piece of cartilage, and the ventral fins, with the

pelvic-girdle, are always present, always many-rayed, and

abdominal in position. The skin is covered with placoid scales,

or shagreen, or with bony bucklers, or else it is naked. It is

never provided with imbricated scales. The tail is diphycercal,

heterocercal, or else it degenerates into a whip-like organ, a

form which has been called leptocercal. The gill-arches are 5,

6, or 7 in number, with often an accessory gill-slit or spiracle.

The ventral fins in the males (except perhaps in certain primi-

tive forms) are provided with elaborate cartilaginous appen-

dages or claspers. The brain is elongate, its parts well separated,

the optic nerves interlacing. The heart has a contractile

arterial cone containing several rows of valves; the intestine

has a spiral valve ; the eggs are large, hatched within the body,

or else deposited in a leathery case.

Classification of Elasmobranchs.—The group of sharks and

their allies, rays, and Chimagras, is usually known coUective'y aii

Elasmobranchii {eXda^io?, blade or plate; /Spdyx"^' gill)- Other

names applied to all or a part of this group are these: Selachii

(o-eAa^ds, a cartilage, the name also used by the Greeks for the

gristle-fishes or sharks) ; Plagiostomi {rtXayios, oblique ; ord/vcf,
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mouth); Chondropterygii (joi'dpos, cartilage; TrrepiZ, fin); and
Antacea {avrixKaios, sturgeon). They represent the most
primitive known type of jaw-bearing vertebrates, or Gnatho-

stoiiii {yvddos, jaw; a-Tof-in, mouth), the Chonlatcs without jaws

being sometimes called collectively Agnaiha {d-yvaOo;, without

jaws). These higher types of fishes have been also called

collectively Lyn'fera, the form of the two shoulder-girdles taken

together being compared to that of a lyre. Through shark-

like forms all the higher vertebrates must probably trace their

descent. Sharks' teeth and fin-spines are found in all rocks

from the Upper Silurian deposits to the present time, and while

the majority of the genera are now extinct, the class has

had a vigorous representation in all the seas, later PaliEozoic,

Mesozoic, and Cenozoic, as well as in recent times.

Most of the Elasmobranchs are large, coarse-fleshed, active

animals feeding on fishes, hunting down their prey through

superior strength and activity. But to tliis there are many
exceptions, and the highly specialized modern shark of the

type of the mackerel-shark or man-eater is by no means a fair

type of the whole great class, some of the earliest types being

diminutive, feeble, and toothless.

Subclasses of Elasmobranchs.—With the very earliest recog-

nizable remains it is clear that the Elasmobranchs are already

divided into two great divisions, the sharks and the Chimaras.

These groups we may call subclasses, the Sclachii and the Holo-

ccphali, or Chismopnea.

The Selachii, or sharks and rays, have the skull hyostylic,

that is, with the quadrate bone grown fast to the palate which

forms the upper jaw, the hyomandibular, acting as suspen-

sorium to the lower jaw, being articulated directly to it.

The palato-quadrate apparatus, the front of which forms

the upper jaw in the shark, is not fused to the cranium, although

it is sometimes articulated with it. There are as many external

gill-slits as there are gill-arches (5, 6, or 7), and the gills are

adnate to the flesh of their own arches, without free tips. The

cerebral hemispheres are grown together. The teeth are sepa-

rated and usually strongly specialized, being primitively modified

from the prickles or other defences of the skin. There is no

frontal holder or bony hook on the forehead of the male.
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The subclass Holocephalt, or Chimceras, differ from the sharks

in all this series of characters, and its separation as a distinct

group goes back to the Devonian or even farther, the earliest

known sharks having little more in common with Chimseras

than the modem forms have.

The Selachii.—There have been many efforts to divide the

sharks and rays into natural orders. Most writers have con-

tented themselves with placing the sharks in one order {Sqiiali

or Galci or Pleurotremi) having the gill-openings on the side,

and the rays in another (Rajar, Batoidci, Hypotrema) having

the gill-openings underneath. Of far more importance than

this superficial character of adaptation are the distinctions

drawn from the skeleton. Dr. Gill has used the attachment
of the palato-quadrate apparatus as the basis of a classification.

The Opistharthri {Hexanclud<z) have this structure articulated

with the postorbital part of the skull. In the Prosarthri {Hetero-

donUda) it is articulated with the preorbital part of the skull,

while in the other sharks (Anarihri) it is not articulated at all.

But these characters do not appear to be always important.

Chlamydoselachus, for example, differs in this regard from

Heptrancliias, which in other respects it closely resembles. Yet,

in general, the groups thus characterized are undoubtedly

natural ones.

The sharks are among the earliest fishes to appear in the

rocks, and from primitive sharks all the higher groups of

fishes are descended. The earliest known and lowest in

Fig. 125.

—

Clndosclache fyleri (Newberry), restored. Middle Devonian of Ohio.
(After Dcau.)

structure constitute the order Pleitropterygii [Cladoselachidcc),

typified by Cladoselache jyleri from the middle Devonian of

Ohio.
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Order Notidani.—We may recognize as a distinct order a

primitive group of recent sharks, a group of forms finding its

natural place somewhere between the Cladoselachidcc and Hctcro-

dontidcc, both of which groups long preceded it in geological

time.

It has been lately announced that a ruaimentary sixth gill-

arch exists in Heterodonliis. This would show the close afilnity

of these two primitive groups, Notidani and Cestractontes, and

the latter should be removed from the Asterospondyli. The
presence of five species in the Squalidcc perhaps indicates affinity

with Heterodontus. The fact that Cestraciontes wtre the only

sharks living in the Triassic, soon followed by Xotidani and later

by squaloid and galeoid sharks, seems to be significant.

The name Xotidani {Nolidanns, vooTiSdvo?, dry back, an old

name of one of the genera) may be retained for this group,

which corresponds to the Diplospondyli of Hasse, the Opis-

tharthri of Gill, and the Protoselachii of Parker and Haswell.

The Notidani are characterized by the primitive structure of

the spinal column, whxh is without calcareous matter, the centra

being imperfectly developed. There are six or seven branchial

arches, and in the typical forms not in Chlamydoselachiis) the

palato-quadrate or upper jaw articulates with the postorbital

Fig. 12G.—Griset or Cow-shark, Heianckus griseus (Gmelin). Currituck Inlet, N.C.

region of the skull. The teeth are of primitive character, of

different forms in the same jaw, each with many cusps. The

fins are without spines, the pectoral fin having the three basal

cartilages (mesopterygium with propterygium and metapte-

rygium) as usual among sharks.

The few living forms are of high interest. The extinct species

are numerous, but not very dift'erent from the living species.
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Family Hexanchidae.—The majority of the living Notidanoid

sharks belong to the family of Hexandiidcs. These sharks have

six or seven gill-openings, one dorsal fin, and a relatively simple

organization. The bodies are moderately elongate, not eel-

shaped, and the palato-quadrate articulates with the post-

orbital part of the skull. The six or eight species are fotmd

sparsely in the warm seas. The two genera, Hexanchns, with

six, and Heptranchias, with seven vertebrae, are found in the

Mediterranean. The European species are Hexanchns griseus,

the cow-shark, and Heptranchias cinereus. The former crosses

to the West Indies. In California, Heptranchias niaculatus

Fig. 127.—Teeth of Heptratwhias indicus Gmelin.

and HcxancJms corimis are occasionally taken, whi'e Heptran-

chias deani is the well known Aburazame or oil shark of Japan.

Heptranchias indicus, a similar species, is found in India.

Fossil Hexancliidce exist in large numbers, all of them re-

ferred by Woodward to the genus Notida)iHS (which is a later

name than Hexatichus and Heptranchias and intended to in-

clude both these genera), dift'ering chiefly in the number of gil'-

openings, a character not ascertainable in the fossils. None
of these, however, appear before Cretaceous time, a fact which

may indicate that the simplicity of structure in Hexanchns and
Heptranchias -s a result of degeneration and not altogether a

mark of primitive simplicity. The group is apparently much
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younger than the Cestraciontes and little older than the Lam-
noids, or the Squaloid groups. Heptranchias microdon is com-

mon in English Cretaceous rocks, and Heptranchias primigenius

and other species are found in the Eocene.

Family Chlamydoselachidae.—Very great interest is attached to

the recent discovery by Samuel Garman of the frilled shark,

Chlamydoselachus anguineus, the sole living representative of

the Chlamydoselachidcc

.

Fig. 128.—Frill-shark, Chlamydoselachus anguineus Garman. From Misaki,

Japan. (After Gunther.)

This shark was first found on the coast of Japan, where it

is rather common in deep water. It has since been taken off

Madeira and off the coast of Norway. It is a long, slender,

eel-shaped shark with six gill-openings and the palato-quadrate

not articulated to the cranium. The notochord is mainly

persistent, in part replaced by feeble cyclospondylic vertebral

centra. Each gill-opening is bordered by a broad frill of skin.

There is but one dorsal fin. The teeth closely resemble those

of Dittodits or Didytnodus and other extinct Ichthyotomi. The

teeth have broad, backwardly extended bases overlapping,

the crown consisting of three slender curved cusps, separated

by rudimentary denticles. Teeth of a fossil species, Chlamy-

doselachus lawleyi, are recorded by J. \V. Davis from the Pliocene

of Tuscany.

Order Asterospondyli.—The order of Asterospondyli comprises

the typical sharks, those in which the individual vertebrae are

well developed, the calcareous lamellas arranged so as to radiate,

star-fashion, from the central axis. All these sharks possess

two dorsal fins and one anal fin, the pectoral fin is normally
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developed, with the three basal cartilages; there are five gill-

openings, and the tail is heterocercal.

Fig. 129.—Bullhead-shark, Heterodontus francisci (Girard). San Pedro, Cal.

Suborder Cestraciontes.—The most ancient types may be set

off as a distinct suborder under the name of Cestraciontes or

Prosarthri.

Fig. 130.—Lower jaw of Heterodontus phib'ppi. From Australia. Family Hetero-

dontidcs. (After Zittel.)

These forms find their nearest allies in the Noiidani, which

they resemble to some extent in dentition and in having the

palato-quadrate articulated to the skull although fastened
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farther for^vard than in the Notidani. Each of the two dorsal

fins has a strong spine.

Family Heterodontidae. — Among recent species this group
contains only the family of Hcterodontidcc, the bullhead sharks,

or Port Jackson sharks. In this family the head is high, with

usually projecting eyebrows, the lateral teeth are pad-like,

ridged or rounded, arranged in many rows, different from the

4^

Fig. 131. Fio. i;i2.

Fio. 131.—Teeth of Cestraciont Sharks. (After \\'ooclw!ird.') d, Syncchntlus

dubrisiamts Mackie; e. Hcterodonlux canaliculatus Egerton; /, Ilybodus
striatulus Agassiz. (After Woodward.)

Fig. 132.—Egg of Port Jackson Shark, Hclerodonlus philippi (Lac^pMe). (After

Parker & Haswell.)

pointed anterior teeth, the fins are large, the coloration is strongly

marked, and the large egg-cases are spirally twisted. All

have five gill-openings. The living species of Hcterodontidcc

are found only in the Pacific, the Port Jackson shark of Australia,

Heterodontus philippi, being longest known. Other species

are Heterodontus francisci, common in California, Heterodontus

japonicHS, in Japan, and Heterodontus zebra, in China. These

small and harmless sharks at once attriict attention by their

peculiar forms. In the American species the jaws are less
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contracted than in the Asiastic species, called Heterodontus.

For this reason Dr. Gill ha 5 separated the former under the

name of Gyropleurodiis. The differences are, however, of slight

value. The genus Heterodontus first appears in the Jurassic,

where a number of species are known, one of the earliest

being Heterodontus falcifer.

The discussion of the long array of fossil HeterodontidcB and

allied families may be here omitted. It is an interesting fact

that the only sharks known to exist in the Triassic period

belong to this family from which all recent sharks are descended.

Very lately the discovery has been made that in sharks of

this group a rudiment of a sixth gill-segment exists. This

demonstrates a close relation to the Notidani.

Suborder Galei.—The great body of recent sharks belong to

the suborder Galei, or Eiisclachii, characterized by the astero-

spondylous vertebrae, each having a star-shaped nucleus, and
by the fact that the palato-quadrate apparatus or upper jaw
is not articulated with the skull. The sharks of this suborder

are the most highly specialized of the group, the strongest and
largest and, in general, the most active and voracious. They
are of three types and naturally group themselves about the

three central iamilies Scylliorhiiiida. Lamnidce, and Carchariidm

{Galeorhtnidce)

.

The Asterospondyli are less ancient than the preceding groups,

but the modem families were well differentiated in Mesozoic

times.

Among the Galei the dentition is less complex than with

the ancient forms, although the individual teeth are more
highly specialized. The teeth are usually adapted for biting,

often with knife-like or serrated edges; only the outer teeth

are m function ; as they are gradually lost, the inner teeth are

moved outward, gradually taking the place of these.

We may place first, as most primitive, the forms without

nictitating membrane.
Family Scylliorhinidae.— The most primitive of the modem

families is doubtless that of the Scylliorhinidce, or cat-sharks.

This group includes sharks with the dorsal fins both behind

the ventrals, the tail not keeled and not bent upward, the

spiracles present, and the teeth small and close-set. The species
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are small and mostly spotted, found in the warm seas. All

of them lay their eggs in large cases, oblong, and with long

filaments or strings at the comers. The cat-sharks, or rous-

settes, Scylliorhinus canicitla and Cattilus stellaris, abound in

the Mediterranean. Their skin is used as shagreen or sand-

paper in polishing furniture. The species of swell-sharks

{Cephaloscylium) {C. uter, in California; C. ventriosiis, in Chile;

C. laticcps, in Australia; C. ttmbratile, in Japan) are short,

wide-bodied sharks, which have the habit of filling the capacious

stomach with air, then floating belly upward like a globe-fish.

Other species are found in the depths of the sea. Scyllio-

rhinus, Catulus, and numerous other genera are found fossil.

The earliest is PalcEoscylHiim, in the Jurassic, not very dif-

ferent from Scylliorhinus, but the fins are described as more

nearly like those of Giuglyuiostoma.

Close to the Scylliorhinida: is the Asiatic family, Hcmi-

scylliidce, which differs in being ovoviviparous, the young,

according to Mr. Edgar R. Waite, hatched within the body.

The general appearance is that of the Scylliorhinida, the body

being elongate. Chiloscylliiim is a well-known genus with sev-

eral species in the East Indies. Chiloscyllitmi modestum is the

dogfish of the Australian fishermen. The Orectolobidcc are thick-

set sharks, with large heads provided with fleshy fringes. • Orec-

tolobus barbatus (Crossorhimis of authors) abounds from Japan

to Australia.

Another family, Ginglymostomidcc, differs mainly in the

form of the tail, which is long and bent abruptly upward at

its base. These large sharks, known as nurse-sharks, are found

in the warm seas. Ginglymostoma cirrhatum is the common
species with Orectolobiis . Stegosloma tigrinum, of the Indian

seas and north to Japan, one of several genera called tiger-

sharks, is remarkable for its handsome spotted coloration.

The extinct genus Pseiidogcilcus (voltai) is said to connect the

Scylliorhinid(Jc: with the Carcharioid sharks.

The Lamnoid or Mackerel Sharks.—The most active and most

ferocious of the sharks, as well as the largest and some of the

most sluggish, belong to a group of families known -collectively

as Lamnoid, because of a general resemblance to the mackerel-
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shark, or Laiuna, as distinguished from the blue sharks and
white sharks allied to Carcharias [Carcharhimis)

.

The Lamnoid sharks agree with the cat-sharks in the absence

of nictitating membrane or third eyelid, but differ in the an-

terior insertion of the first dorsal fin, which is before the ven-

trals. Some of these sharks have the most highly specialized

teeth to be found among fishes, most effective as knives or as

scissors. Still others have the most highly specialized tails,

either long and flail-like, or short, broad, and muscular, fitting

the animal for swifter progression than is possible for any other

sharks. The Lamnoid families are especially numerous as

fossils, their teeth abounding in all suitable rock deposits from

Mesozoic times till now. Among the Lamnoid sharks numerous
families must be recognized.

The most primitive is perhaps that of the Odontaspidida:

(called Carchariidcc by some recent authors), now chiefly ex-

tinct, with the tail unequal and not keeled, and the teeth slender

and sharp, often with smaller cusps at their base. Odontaspis

and its relatives of the same genus are numerous, from the

Cretaceous onward, and three species are still extant, small

sharks of a voracious habit, living on sandy shores. Odon-

taspis littoralis (also known as Carcharias littoralis) is the com-

mon sand-shark of our Atlantic coast. Odontaspis taurus is

a similar form in the Mediterranean.

Family Mitsukurinidae, the Goblin-sharks.— Closely allied to

Odontaspis is the small family of Mitsiikiirinidcc, of which a single

living species is known. The teeth are like those of Odontaspis,

but the appearance is very different.

The goblin-shark, or Tenguzame, Mitstiknrina owstoni, is a

very large shark rarely taken in the Kuro Shiwo, or warm " Black

Cxirrent" of Japan. It is characterized by the development

of the snout into a long flat blade, extending far beyond the

mouth, much as in Polyodon and in certain Chimeeras. Several

specimens are now known, all taken by Capt. Alan Owston

of Yokohoma in Sagami Bay, Japan. The original specimen,

a young shark just bom, was presented by him to Professor

Kakichi Mitsukuri of the University of Tokyo. From this

our figure was taken. The largest specimen now known is in

the United States National Museum and is fourteen feet in
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length. In the Upper Cretaceous is a very similar genus,

Scapanorhynchus {lewisi, etc.), which Professor Woodward thinks

may be even generically identical with Mitsukurina, though
there is considerable difference in the form of the still longer

rostral plate, and the species of Scapanorhynchus differ among
themselves in this regard.

Mitsukurina, with Heierodontus, Hepiranchias, and Chlamy-
doselachc, is a very remarkable survival of a very ancient form.

Fig. 13-4.

—

Scapanorhtjnchiis leii'isi Davis. Family M itsukurinida:. Under side

of snout. (.\i'ter Woodward.)

It is an interesting fact that the center of abundance of all

these relics of ancient life is in the Black Current, or Gulf Stream,

of Japan.

Family Alopiidae, or Thresher Sharks.—The related family of

AlopiidcE contains probabh^ but one recent species, the great

fox-shark, or thresher, found in all warm seas. In this species,

Alopias vulpes, the tail is as long as the rest of the body and

bent upward from the base. The snout is very short, and

the teeth are small and close-set. The species reaches a length

of about twenty-five feet. It is not especially ferocious, and the

current stories of its attacks on whales probably arise from

a mistake of the observers, who have taken the great killer,

Orca, for a shark. The killer is a mammal, allied to the por-

poise. It attacks the whale with great ferocity, clinging to

its flesh by its strong teeth. The whale rolls over and over,

throwing the killer into the air, and sailors report it as a thresher.

As a matter of fact the thresher very rarely if ever attacks

any animal except small fish. It is said to use its tail in round-

ing up and destroying schools of herring and sardines. Fossil

teeth of thresher-sharks of some species are found from the

Miocene.

Family Pseudotriakidae.—The PseiidotriakidcB consist of two
species. One of these is Pseudotriakis microdon, a large shark
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with a long low tail, long and low dorsal fin, and small teeth.

It has been only twice taken, off Portugal and off Long Island.

The other, the mute shark, Pseudotriakis aerates, a large shark

with the body as soft as a rag, is in the museum of Stanford

University, having been taken by Mr. Owston off Misaki.

Family Lamnidae.—To the family of Lamnidcc proper belong

the swiftest, strongest, and most voracious of all sharks. The
chief distinction lies in the lunate tail, which has a keel on

either side at base, as in the mackerels. This

form is especially favorable for swift swim-
ming, and it has been independently de-

veloped in the mackerel-sharks, as in the

mackerels, in the interest of speed in move-

ment.

The porbeagle, Lanina corniibica, known '

as salmon-shark in Alaska, has long been

noted for its murderous voracity. About „ .„ , .

,

iiG. 135.—Tooth ol I.am-

Kadiak Island it destroys schools of na cuspiduia Agas.siz.

salmon, and along the coasts of Japan, and L^mnida. (After NicH-

especially of Europe and across to New olson.)

England, it makes its evil presence felt among the fishermen.

Numerous fossil species of Lamna occur, known by the long

knife-like flexuous teeth, each having one or two small cusps

at its base.

Frtj. 136.—Mackorol-shark, Isuropsis dekaiji Gill. Pensacola, Fla.

In the closely related genus, Isitrus, the mackerel-sharks,

this cusp is wanting, while in Isuropsis the dorsal fin is set

farther back. In each of these genera the species reach a

length of 20 to 25 feet. Each is strong, swift, and voracious.
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Isiirus oxyrhyiiclins occurs in the Mediterranean, Isuropsis dekayi,

in the Gulf of Mexico, and Isuropsis glauca, from Hawaii and

Japan westward to the Red Sea.

Man-eating Sharks.—Equally swift and vastly stronger than

these mackerel-sharks is the man-eater, or great white shark,

Carcharodon carcharias. This shark, found

occasionally in all warm seas, reaches a length

of over thirty feet and has been known to

devour men. According to Linnaeus, it is the

animal which swallowed the prophet Jonah.
" Jonam Prophetum," he observes, "ut veteris

Herculem trinoctem, in hujus ventriculo tri-
FiG. 137—Tooth of , . . 1 • • -1 4. ->

Isvrus hastalis (^^1 spateo bsesisse, verosimile est.

(Agassiz). Mio- j^ jg bevond comparison the most vo-
cene. ramilv/vam- '

. .

nidce. (AfterNich- racious of fish-like animals. Near Soquel,
"^°°''

California, the writer obtained a speci-

men in 1880, with a young sea-lion {Zalophiis) in its stomach.

It has been taken on the coasts of Europe, New England, Caro-

lina, California, Hawaii, and Japan, its distribution evidently

girdling the globe. The genus Carcharodon is known at once by
its broad, evenly triangular, knife-like teeth, with finely serrated

edges, and without notch or cusp of any kind. But one species

is now living. Fossil teeth are found from the Eocene. One of

these, Carcharodon megalodoti (Fig. 138), from fish-guano deposits

in South Carolina and elsewhere, has teeth nearly six inches long.

The animal could not have been less than ninety feet in length.

These huge sharks can be but recently extinct, as their teeth

have been dredged from the sea-bottom by the Challenger

in the mid-Pacific.

Fossil teeth of Lamna and Isiirns as well as of Carcharodon

are found in great abundance in Cretaceous and Tertiary rocks.

Among the earlier species are forms which connect these genera

very closely.

The fossil genus Otodns must belong to the Lamnidcc. Its

massive teeth with entire edges and blunt cusps at base are

common in Cretaceous and Tertiary deposits. The teeth are

formed much as in Lamna, but are blunter, heavier, and much
less effective as instruments of destruction. The extinct genus

Corax is also placed here by Woodward.
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Family Cetorhinidae, or Basking Sharks.—The largest of all

living sharks is the great basking shark {Cctorhiniis maximus),

constituting the family of Cetorhinida. This is the largest of

all fishes, reaching a length of thirty-six feet and an enormous

Fig. 1.38.

—

Carcharodon tnegalodon Charlesworth.
(After Zittel.)

Miocene. Faniilv Lamnidce

weight. It is a dull and sluggish animal of the northern seas,

almost as inert as a sawlog, often floating slowly southward in

pairs in the spring and caught occasionally by whalers for its

liver. When caught, its huge flabby head spreads out wide on

the ground, its weight in connection with the great size of the

mouth-cavity rendering it shapeless. Although so clumsy

and without spirit, it is said that a blow with its tail will crush
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an ordinary whaleboat. The basking shark is known on all

northern coasts, but has most frequently been taken in the
North Sea, and about Monterey Bay in California. From this

locality specimens have been sent to the chief museums of

Europe. In its external characters the basking shark has much
in common with the man-eater. Its body is, however, rela-

FiG. 139 —Basking Shark, Cetorhimis maximua (Gunner). France.

tively clumsy forward; its fins are lower, and its gill-openings

are much broader, almost meeting under the throat. The
great difference lies in the teeth, which in Cetorhinus are very

small and weak, about 200 in each row. The basking shark,

also called elephant-shark and bone-shark, does not pursue its

prey, but feeds on small creatures to be taken without effort.

Fossil teeth of Cctoriiinits have been found from the Creta-

ceous, as also fossil gill-rakers, structures which in this shark

are so long as to suggest whalebone.

Family Rhineodontidae. — The whale-sharks, RhincodontidcB,

are likewise sluggish monsters with feeble teeth and keeled,

tails. From Cciorhinns they differ mainly in having the last

gill-opening above the pectorals. There is probably but one

species, Rhineodon typicus, of the tropical Pacific, straying north-

ward to Florida, Lower California, and Japan.

The Carcharioid Sharks, or Requins.— The largest family of re-

cent sharks is that of Carchariidcr ' (often called GalcorhimdcB,

or Galeida), a modem offshoot from the Lamnoid type, and
especially characterized by the presence of a third eyelid, the

nictitating membrane, which can be drawn across the eye from
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below. The heterocercal tail has no keel; -the end is bent up-

ward; both dorsal fins are present, and the first is well in front

of the ventral fins; the last gill-opening over the base of the

pectoral, the head normally formed ; these sharks are ovovivipa-

rous, the young being hatched* in a sort of uterus, with or

without placental attachment.

Some of these sharks are small, blunt-toothed, and innocuous.

Others reach a very large size and are surpassed in voracity

only by the various Lamnida.

The genera Cynias and Mustehis, comprising the soft-mouthed

or hound-sharks, have the teeth flat and paved, while well-

developed spiracles are present. These small, harmless sharks

abound on almost all coasts in warm regions, and are largely

used as food by those who do not object to the harsh odor of

Fig. 140.—Soup-fin Shark, Caleus zyopterus (Jordan & Gilbert). Monterey.

shark's flesh. The best-known species is Cynias cants of the

Atlantic. By a regular gradation of intermediate forms, through

such genera as Rhinotriacis and Triakis with tricuspid teeth, we
reach the large sharp-toothed members of this family. Caleus (or

Galeorhinits) includes large sharks having spiracles, no pit at the

root of the tail, and with large, coarsely serrated teeth. One

species, the soup-fin shark (Caleus zyopterus), is found on the

coast of California, where its fins are highly valued by the

Chinese, selling at from one to two dollars for each set. The

delicate fin-rays are the part used, these dissolving into a finely

flavored gelatine. The liver of this and other species is used

in making a coarse oil, like that taken from the dogfish. Other

species of Caleus are foimd in other regions, Caleus galeus being

known in England as tope, Caleus japoniciis abounding in Japan.

Caleocerdo differs mainly in having a pit at the root of the

tail. Its species, large, voracious, and tiger-spotted, are found
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in warm seas and known as tiger-sharks {Galeocerdo maculaius

in the Atlantic, Galeocerdo tigriuus in the Pacific).

The species of CarcJiarias {Carcharhiniis of Blainville) lack

the spiracles. These species are very niimerous, voracious,

armed with sharp teeth, broad or narrow, and finely serrated

on both edges. Some of these sharks reach a length of thirty feet.

They are very destructive to other fishes, and often to fishery

apparatus as well. They are sometimes sought as food, more
often for the oil in their livers, but, as a rule, they arc rarely

caught except as a measure for getting rid of them. Of the

many species the best known is the broad-headed Carcharias

lamia, or cub-shark, of the Atlantic. This the writer has taken

with a great hook and chain from the wharves at Key West.

These great sharks swim about harbors in the tropics, acting as

Fig. hi.—Cub-sliark, Carcharias lamia Rafinesque. Florida.

scavengers and occasionally seizing arm or leg of those who
venture within their reach. One species (Carcharias nicara-

guensis) is found in Lake Nicaragua, the only fresh-water shark

known, although some run up the brackish mouth of the Ganges

and into Lake Pontchartrain. Carcharias japoiiciis aboimds in

Japan.

A closely related genus is Prionace, its species Prionace

glaiica, the great blue shark, being slender and swift, with the

dorsal farther back than in Carcharias. Of the remaining

genera the most important is Scoliodon, small sharks with

oblique teeth which have no serrature. One of these, Scoliodon

terrcc-novcE, is the common sharp-nosed shark of our Carolina

coast. Fossil teeth representing nearly all of these genera

are common in Tertiary rocks.

Probably allied to the Carchariidce is the genus Corax,

containing large extinct sharks of the Cretaceous with broad-
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triangular serrate teeth, very massive in substance, and wiiliout

denticles. As only the teeth are known, the actual relations

of the several species of Corax

are not certainly known, and

they may belong to the Lam-
nidcc.

Family Sphymidae, or Ham-
mer-head Sharks.—The Sphyrni-

dce, or hammer-headed sharks,

are exactly like the Carcha-

riidcB except that the sides of

the head are produced, so as

to give it the shape of a ham- Vm. 142.—Teeth oi Cimuc

mer or of a kidney, the eye
prisiodonius.

being on the produced outer edge. The species are few, but

mostly widely distributed ; rather large, voracious sharks with

small sharp teeth.

The true hammer-head, Sphyrna zygccna, Fig. 143, is common
from the Mediterranean to Cape Cod, California, Hawaii, and

Japan. The singular form of its head is one of the most ex-

traordinary modifications shown among fishes. The bonnet-head

(Sphyrna tibiiro) has the head kidney-shaped or crescent-shaped.

It is a smaller fish, but much the same in distribution and habits.

Intermediate forms occur, so that with all the actual differences

we must place the Sphyrnida: all in one genus. Fossil hammer-

heads occur in the Miocene, but their teeth are scarcely different

from those of Carcharias. Sphyrna prisca, described by Agassiz,

is the primeval species.

The Order of Tectospondyli.—The sharks and rays having no

anal fin and with the calcareous lamella; arranged in one or

more rings around a central axis constitute a natural group to

which, following Woodward, we may apply the name of Tecto-

spondyli. The Cyclospondyli (Sqiialidce, etc.) with one ring

only of calcareous lamellae may be included in this order, as

also the rays, which have tectospondylous vertebra; and differ

from the sharks as a group only in having the gill-openings

relegated to the lower side by the expansion of the pectoral

fins. The group of rays and Hasse's order of Cyclospondyli we
may consider each as a suborder of Tectospondyli. The origin





202 The True Sharks

of this group is probably to be found in or near the Cestraciontes,

as the strong dorsal spines of the Squalidcs resemble those

of the Hctcrodontidcc.

Suborder Cyclospondyli.—In this group the vertebrae have

the calcareous lamclkL- arranged in a single ring about the cen-

tral axis. The anal fin, as in all the tectospondylous sharks

and rays, is wanting. In all the astcrospondylous sharks,

as in the Ichthyotomi, Acaiitliodei, and Chiniccras, this fin is

present. It is present in almost all of the bony fishes. All

the species have spiracles, and in all are two dorsal fins. None
have the nictitating membrane, and in all the eggs are hatched

internally. Within the group there is considerable variety

of form and structure. As above stated, we have a perfect

gradation among Tectospondyli from true sharks, with the

gill-openings lateral, to rays, which have the gill-opening on

the ventral side, the great expansion of the pectoral fins, a

character of relatively recent acquisition, having ' crowded the

gill-openings fnnn their usual position.

Family Squalidae. -The largest and most primitive family

of Cyclospondyli is that of the Sqxialidcc, collectively known as

dogfishes or skittle-dogs. In the Squalida each dorsal fin has

a stout spine in front, the caudal is bent upward and not keeled,

and the teeth are small and varied in form, usually not all alike

in the same jaw.

The genus Sqiialus includes the dogfishes, small, greedy

sharks abundant in almost all cool seas and in some tropical

Fig. 144 —Dogfish, Squalus acanlhias L. Gloucester, Mass.

waters. They are known by the stout spines in the dorsal fins

and by their sharp, squarish cutting teeth. They are largely

sought by fishermen for the oil in their livers, which is used to

adulterate better oils. Sometimes 20,000 have been taken in one
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haul of the net. They are very destructive to herrings and other

food-fishes. Usually the fishermen cut out the liver, throwing

the shark overboard to die or to be cast on the beach. In

northern Europe and New England Sqitalits acanthias is abun-

dant. Sqnalns sncklii replaces it in the waters about Puget

Sound, and Squalus mitsiikiirii in Japan and Hawaii. Still

others are found in Chile and Australia. The species of Squalus

live near shore and have the gray color usual among sharks.

Allied forms perhaps hardly different from Squalus are found in

the Cretaceous rocks and have been described as Centrophoroides.

Other genera related to Squalus live in greater depths, from 100

to 600 fathoms, and these are violet-black. Some of the deep-

water forms are the smallest of all sharks, scarcely exceeding a

m i

Fig. 145.—Elmoptems lucijer Jordan & Snyder. Misaki, Japan.

foot in length. Etmopterus spinax lives in the Mediterranean,

and teeth of a similar species occur in the Ita'ian Pliocene

rocks. Etmopterus lucijer* a deep-water species of Japan, has a

brilliant luminous glandular area along the sides of the belly.

Other small species of deeper waters belong to the genera

Ceutrophorns, Centroscymnus, and Deania. In some of these

species the scales are highly specialized, pedunculate, or having

the form of serrated leaves. Some species are Arctic, the others

are most abundant about Misaki in Japan and the Madeira

Islands, two regions especially rich in semibathybial types.

Allied to the Squalidce is the small family of OxynotidcB with

short bodies and strong dorsal spine. Oxynotus centrina is found

in the Mediterranean, and its teeth occur in the Miocene.

Family Dalatiidse.—The Dalatiidcr, or scymnoid sharks, differ

from the Squalidce almost solely in the absence of dorsal spines.

The smaller species belonging to Dalatias (Scyviiiorhinus, or

Scymnus), Dalatias licha, etc., are very much like the dog-

* Dr. Peter Schmidt has made a sketch of this little shark at night from a
living example, using its own light.
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fishes. They are, however, nowhere very common. The teeth

of Dalatias major exist in Miocene rocks. In the genus

Somniosus the species are of very much greater size, Somniosus

microcephaliis attaining the length of about twenty-five feet.

This species, known as the sleeper-shark or Greenland shark,

lives in all cold seas and is an especial enemy of the whale, from

which it bites large masses of flesh with a ferocity hardly to be

expected from its clumsy appearance. From its habit of feeding

on fish-offal, it is known in New England as "gurry-shark." Its

small quadrate teeth are very much like those of the dogfish,

their tips so turned aside as to form a cutting edge. The species

is stout in form and sluggish in movement. It is taken for

its liver in the north Atlantic on both coasts in Puget Sound
and Bering Sea, and I have seen it in the markets of Tokyo. In

Alaska it abounds about the salmon canneries feeding on the

refuse.

Family Echinorhinidae.—The bramble-sharks, Echtnorhinidcc,

difter in the posterior insertion of the very small dorsal fins,

and in the presence of scattered round tubercles, like the thorns

of a bramble instead of shagreen. The single species, Echinorhi-

niis spinosus reaches a large size. It is rather

scarce on the coasts of Europe, and was once

taken on Cape Cod. The teeth of an extinct

species, EchinorJiiniis richardi, are found in the

Pliocene.

Suborder Rhinse. —The suborder Rhino: in-

cludes those sliarks having the vertebra; tecto-

spondylous, that is, with two or more series of

calcified lamelte, as on the rays. They are

transitional forms, as near the rays as the

sharks, although having the gill-openings rather

lateral than inferior, the great pectoral fins

being separated by a notch from the head.

The principal family is that of the angel-

fishes, or monkfishes {Squatiiiidic). In this

group the body is depressed and flat like that ^'MonkLh^'!s™»!J/„m

of a rav. The greatly enlarged pectorals form -yaima L. (.\fter

a sort of shoulder m front alongside of the

gill-openings, whicli has suggested the bend of the angel's wing.
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The dorsals are small and far hack, the tail is slender with

small fins, all these being characters shared by the rays. But

one genus is now extant, widely diffused in warm seas. The
species if really distinct are all very close to the European
Sqiiatina squaiina This is a moderate-sized shark of sluggish

habit feeding on crabs and shells, which it crushes with its

small, pointed, nail-shaped teeth. Numerous fossil species of

Sqiiatiiia are found from the Triassic and Cretaceous, Squaiina

alifera being the best known.

Family Pristiophoridae, or Sawsharks.— Another highly aber-

rant family is that of the sawsharks, PristiophoridcB. These are

small sharks, much like the Dalatiidcc in appearance, but with the

snout produced into a long fiat blade, on either side of which is a

Fig. 147 —Sa.wsha.Tk, PristiophorusjaponicusGxxnthcT. Specimen from Nagasaki.

row of rather small sharp enameled teeth. These teeth are smaller

and sharper than in the sawfish (Pristis) , and the whole animal

is much smaller than its analogue among the rays. This saw

must be an effective weapon among the schools of herring and

anchovies on which the sawsharks feed. The true teeth are

small, sharp, and close-set. The few species of .sawsharks

are marine, inhabiting the shores of eastern Asia and Aus-

tralia. Pristiophoriis japonicus is found rather sparsely along

the shores of Japan. The vertebrae in this group are also tecto-

spondylous. Both the Sqiiatina and Pristiophoriis represent a

perfect transition from the sharks and rays. We regard them
as sharks only because the gill-openings are on the side, not
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crowded downward to the under side of the body-disk. As
fossil, Pristiophoriis is known only from a few detached verte-

brae found in Germany.

Suborder Batoidei, or Rays.—The suborder of Batoidci, Raja,

or Hypotrciiia, including the skates and rays, is a direct modem
offshoot from the ancestors of tectospondylous sharks, its char-

acters all specialized in the direction of life on the bottom with

a food of shells, crabs, and other creatures less active than fishes.

The single tangible distinctive character of the rays as a

whole lies in the position of the gill-openings, which are directly

below the disk and not on the side of the neck in all the sharks.

This difference in position is produced by the anterior encroach-

ment of the large pectoral fins, which are more or less attached to

the side of the head. By this arrangement, which aids in giving

the body the form of a flat disk, the gill-openings are limited

and forced downward. In the Sqiiaiinidw (angel-fishes) and

the PristiophoridcB (sawsharks) the gill-openings have an inter-

mediate position, and these families might well be referred to

the Batoidei, with which group they agree in the tectospondy-

lous vertebras.

Other characters of the rays, appearing progressively, are

the widening of the disk, through the greater and greater de-

velopment of the fins, the reduction of the tail, which in the

more specialized forms becomes a long whip, the reduction, more

and more posterior insertion, and the final loss of the dorsal

fins, which are always without spine, the reduction of the teeth

to a tessellated pavement, then finally to flat plates and the

retention of the large spiracle. Through this spiracle the rays

breathe while lying on the bottom, thus avoiding the danger of

introducing sand into their gills, as would be done if they

breathed through the mouth. In commnn with the cyclospon-

dylous sharks, all the rays lack the anal fin. The rays rarely

descend to great depths in the sea. The different members

have varying relations, but the group most naturally divides

into thick-tailed rays or skates (Sarcura) and whip-tailed rays

or sting-rays (Masticiira). The former are much nearer to the

sharks and also appear earliest in geological times.

Pristididae, or Sawfishes.—The sawfishes, Pristidida, are long,

shark-like rays of large size, having, like the sawsharks, the



The True Sharks 207

snout prolonged into a very long and strong flat blade, with

a series of strong enameled teeth implanted in sockets along

either side of it. These teeth are much larger and much less

sharp than in the sawsharks, but they are certainly homolo-

gous with these, and the two groups must have a common de-

scent, distinct from that of the other rays. Doubtless when
taxonomy is a more refined art they will constitute a small

suborder together. This character of enameled teeth on the

snout would seem of more importance than the position of the

gill-openings or even the flattening and expansion of the body.

The true teeth in the sawfishes are blunt and close-set, pave-

ment-like as befitting a ray. (See Fig. 54.)

The sawfishes are found chiefly in river-mouths of tropi-

cal America and West Africa: Pristis pcctinatus in the West

Fig. 148.—Sawfish, Pristis pcctinatus Latham. Pensacola, Fla.

Indies; Pristis zephyreus in western Mexico; and Pristis pccti-

natus in the Senegal. They reach a length of ten to twenty feet,

and with their saws they make great havoc among the schools

of mullets and sardines on which they feed. The stories of

their attacks on the whale are without foundation. The writer

has never foimd any of the species in the open sea. They

live chiefly in the brackish water of estuaries and river-mouths.

Fossil teeth of sawfishes occur in abundance in the Eocene.

Still older are vertebrae from ' the Upper Cretaceous at Maes-

tricht. In Propristis schweiiifiirthi the tooth-sockets are

not yet calcified. In Sclerorhynchus atavus, from the Upper

Cretaceous, the teeth are complex in form, with a "crimped"

or stellate base and a sharp, backward-directed enameled crown.

Rhinobatidse, or Guitar-fishes.— The RhinohatidcB (guitar-

fishes) are long-bodied, shovel-nosed rays, with strong tails ; they

are ovoviviparous, hatching the eggs within the body. The body,

like that of the shark or sawfish, is covered with nearly uniform

shagreen. The numerous species abound in all warm seas ;
they

are olive-gray in color and feed on small animals of the sea-



2o8 The True Sharks

bottoms. The length of the snout differs considerably in

dift'erent species, but in all the body is relatively long and strong.

Most of the species belong to Rliiuobatus. The best-known
American species are Rhinobatus lentiginosiis of Florida and
Rliiitobattts prodiictiis of Cahfomia. The names guitar-fish,

fiddler-fish, etc., refer to the form of the body. Numerous
fossil species, allied to the recent forms, occur from the Jurassic.

Species much like Rhinobatus occur in the Cretaceous and Eocene.

Tamiobatis veiusius, lately described by Dr. Eastman from a

skull found in the Devonian of eastern Kentucky, the oldest

ray-like fish yet known, is doubtless the type of a distinct

family, Tam'obatidcc. It is mc^re likely a shark however than

a ray, although the skull has a flattened ray-like form.

Fig. 149.—Guii;ir-lish, h/iinobatus lentiginosiis Giirman. Charleston, S. C.

Closely related to the Rkiuobatidcc are the Rhinidcc {Rham-

phobatida), a small family of large rays shaped like the guitar-

fishes and found on the coast of Asia. Rhina ancylostonia

extends northward to Japan.

In the extinct family of Astrodcrmidcc, allied to the Rliino-

baiidic, the tail has two smooth spines and the skin is covered

with tubercles. In Belemnobatis sismonda tlic tubercles are

conical; in Astrodcrmits platyptcriis they are stellate.

Rajidae, or Skates.—The Rajidcc, skates, or rays, inhabit the

colder waters of the globe and are represented by a large number
of living species. In tliis family the tail is stout, with two-

rayed dorsal fins and sometimes a caudal fin. The skin is

variously armed with spines, there being always in the male two

series of specialized spinous hooks on the outer edge of the

pectoral fin. There is no serrated spine or "sting," and in

all the species the eggs are laid in leathery cases, which are
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"wheelbarrow-shaped," with a projecting tube at each of the

four angles. The size of this egg-case depends on the size of

the species, ranging from three to about eight inches in length.

In some species more than one egg is included in the same case.

]\lost of the species belong to the typical genus Raja, and
these are especially numerous on the coasts of all northern

regions, where they are largely used as food. The flesh, although

rather coarse and not well flavored, can be improved by hot

butter, and as " raie au beurre noir" is appreciated by the

epicure. The rays of all have small rounded teeth, set in a close

pavement.

Some of the species, known on our coasts as "barn-door

skates," reach a length of four or five feet. Among these are

Raja IcEvis and Raja ocellata on our Atlantic coast, Raja binocu-

/\.'
.

^ X

x»v«'»'/i;.

Fig. 150 —Comraon^kate, Raja erinacea Mitchill. Wood's Hole, Mass.

lata in California, and Raja tengii in Japan. The small tobacco-

box skate, brown with black spots, abiandant on the New England

coast, is Raja erinacea. The corresponding species in Cali-

fornia is Raja inornata, and in Japan Raja kenojei. Numerous
other species. Raja batis, clavata, circularis, fullonica, etc.,

occur on the coasts of Europe. Some species are variegated in

color, with eye-like spots or jet-black marblings. Still others,

living in deep waters, are jet-black with the body very soft and
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limp. For these Garman has proposed the generic name Mala-
corhinus, a name which may come into general use when the

species are better known. In the deep seas rays are found

even under the equator. In the south-temperate zone the

species are mostly generically distinct, Psammobatis being a

typical form, differing from Raja. Discobatus sinensis, com-

mon in China and Japan, is a shagreen-covered form, looking

like a Rhinobatns. It is, however, a true ray, laying its eggs

in egg-cases, and with the pectorals extending on the snout.

Fossil Rajidcc, known by the teeth and bony tubercles, are

found from the Cretaceous onward. They belong to Raja and

to the extinct genera Dynatobatis, Oncobatis, and Acanthobatis.

The genus Arthropterus (rileyi), from the Lias, known from a

large pectoral fin, with distinct cylindrical-jointed rays, may
have been one of the Rajidcc, or perhaps the type of a distinct

family, Arthropterida.

Narcobatidae, or Torpedoes.—The torpedoes, or electric rays

(Narcobatidcc), are characterized by the soft, perfectly smooth

Fio. 151.—Numbfish, Narcine hrnsih'etisin Henlp, showing electric cells.

Pensiioola, Fla.

skin, by the stout tail with rayed fins, and by the ovoviviparous

habit, the eggs being hatched internally. In all the species is

developed an elaborate electric organ, muscular in its origin

and composed of many hexagonal cells, each filled with soft

fluid. These cells are arranged under the skin about the liack
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of the head and at the base of the pectoral fin, and are capable

of benumbing an enemy by means of a severe electric shock.

The exercise of this power soon exhausts the animal, and a

certain amount of rest is essential to recovery.

The torpedoes, also known as crampfishes or numbfishes,

are peculiarly soft to the touch and rather limp, the substance

consisting largely of watery or fatty tissues. They are found

in all warm seas. They are not often abundant, and as food

they have not much value.

Perhaps the largest species is Tetronarce occidentalis, the

crampfish of our Atlantic coast, black in color, and said some-

times to weigh 200 pounds. In California Tetronarce cali-

fornica reaches a length of three feet and is ver}' rarely taken,

in warm sandy bays. Tetronarce nobiliana in Europe is much
like these two American species. In the European species,

Narcobatus torpedo, the spiracles are fringed and the animal

is of smaller size. To Xarcine belong the smaller numbfish,

or "entemedor, " of tropical America. These have the spiracles

close behind the eyes, not at a distance as in Xarcobatiis and
Tetronarce. Narcine brasiliensis is found throughout the West
Indies, and Narcine entemedor in the Gulf of California. Astrape,

a genus with but one dorsal fin, is common in southern Japan.

Fossil Narcobatus and Astrape occur in the Eocene, one speci-

men of the former nearly five feet long. Vertebrae of Astrape

occur in Prussia in the amber-beds.

Petalodontidae.— Near the Sqiiatinidce, between the sharks

and the rays, Woodward places the large extinct family of

Pctalodontidcc, with coarsely paved

teeth each of which is elongate

with a central ridge and one or

more strong roots at base. The
best-known genera are Janassa and

Petalodiis, widely distributed in

Carboniferous time. Janassa is

a broad flat shark, or, perhaps,

a skate, covered with smooth

shagreen. The large pectoral fins

are grown to the head ; the rather

large ventral fins are separated from them. The tail is small,

Fig. 152.—Teeth of Janaxm lin-

gmrlormix Attley. Carboniferous.
Family Petalodo/didce. (After
Nicholson.)
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and the fins, as in the rays, are without spines. The teeth

bear some resemblance to those of Myliobatis. Janassa is found

in the coal-measures of Europe

and America, and other genera

extend upward from the Sqb-

carboniferous limestones, dis-

appearing near the end of Car-

boniferous time. Petalodns is
f.o. 153 -^Pot,,rhizodu. mdwon. .Apas-

equally common, but known siz. Family Petahdnntida-. Carhon-
, 1. . , ^ ,

iforous of Ireland. (After McCoy.)
only from the teeth. Other

w'idely distributed genera are Ctenoptychius and Polyrhizodtis.

These forms may be intermediate between the skates and
the sting-rays. In dentition they resemble most the latter.

Similar to these is the extinct family of Pristodontidcc with

one large tooth in each jaw, the one hollowed out to meet the

other. It is supposed that but two teeth existed in life, but

that is not certain. Nothing is known of the rest of the body
in Pristodns, tlie only genus of the group.

Dasyatidse, or Sting-rays.— In the section Masticura the tail

is slender, mostly whip-like, without rayed dorsal or caudal

fins, and it is usually armed with a very long spine with saw-

teeth projecting backward. In the typical forms this is a

very effective weapon, being wielded with great force and making
a jagged wound which in man rarely heals without danger of

blood-poisoning. There is no specific poison, but the slime

and the loose cuticle of the spine serve to aggravate the irregu-

lar cut. I have seen one sting-ray thrust this spine through

the body of another lying near it in a boat. Occasionally two

or three of these spines are present. In the more specialized

forms of sting-rays this spine loses its importance. It be-

comes very small and not functional, and is then occasionally

or even generally absent in individuals.

The common sting-rays, those in which the caudal spine

is most developed, belong to the family of Dasyatidce. This

group is characterized by the small skate-like teeth and liy

the non-extension of the pectoral rays on the head. The skin is

smooth or more or less rough. These animals lie flat on the sandy

bottoms in nearly all seas, feeding on crabs and shellfish. All

hatch the eggs within the body. The genus Vrolophtis has a
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rounded disk, and a stout, short tail with a caudal fin. It has a

strong spine, and for its size is the most dangerous of the sting-

rays. Urolophtis halleri, the California species, was named for a

young man who was stung by the species at the time of its first

discovery at San Diego in 1863. Ufolophns jamaicensis abounds

in the West Indies, UrolopJins mundus at Panama, and Urolo-

phus fusciis in Japan. None of the species reach Europe. The
true sting-ray (stingaree, or clam-cracker), Dasyatis, is more
widely diffused and the species are very closely related. In

these species the body is angular and the tail whip-like. Some

Fig. 154 —Sting-ray, Dos^aiis saii'na Le Sueur. Galveston.

of the species reach a length of ten or twelve feet. None have

any economic value, and all are disliked by fishermen. Dasyatis

pastinaca is common in Europe, Dasyatis centriira along our

Atlantic coast, Dasyatis sabiiia ascends the rivers of Florida,

and Dasyatis dipterura abounds in the bay of San Diego. Other

species are found in trx)pical America, while still others (Dasyatis

akajei, kiihlii, zugei, etc.) swarm in Japan and across India to

Zanzibar.

Pteroplatea, the butterfly-ray, has the disk very much broader

than long, and the trivial tail is very short, its little spine more

often lost than present. Different species of this genus circle

the globe: Pteroplatea maclura, on our Atlantic coast; Ptero-

platea marmorata, in California ; Pteroplatea japonica, in Japan

;
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and Pteroplatea altavela, in Europe. They are all very much
alike, olive, with the brown ujipcr surface pleasingly mottled

and spotted.

Sting-rays of various types, Tccniura, Urolophiis, etc., occur

as fossils from the Eocene onward. A complete skeleton called

Xiphotrygon acutidens, distinguished from Dasyatis by its

sharp teeth, is described by Cope from the Eocene of Twin Creek

in Wyoming. Vertebrae of Urolophiis are found in German Eocene.

Cyclobatis {pligodactylns), allied to Urolophiis, with a few long

pectoral rays greatly produced, extending over the tail and

forming a rayed wreath-like ])rojection over the snout, is known
from the Lower Cretaceous.

Myliobatidae. — The eagle-rays, Myliobatidcr, have the pec-

toral fins extended to the snout, where they form a sort of rayed

pad. The teeth arc very large, flat, and laid in mosaic. The
w^hip-like tail is much like that in the Dusyatidcc, but the spine

is usually smaller. The eagle-like appearance is suggested

by the form of the skull. The eyes are on the side of the head

with heavy eyebrows above them. The species are destructive

to clams and oysters, crushing them with their strong flat teeth.

In Aetobatus the teeth are very large, forming but one row.

The species Aetobatus nariiiari is showily colored, brown with

yellow spots, the body very angular, with long whip-like tail.

It is found from Brazil to Hawaii and is rather common.

In Myliobatis the teeth are in several series. The species

are many, and found in all warm seas. Myliobatis aquila is

the eagle-ray of Europe, Myliobatis californicus is the batfish of

California, and Myliobatis tobijei takes its place in Japan.

In Rhinoptera the snout is notched and cross-notched in

front so that it appears as if ending in four lobes at the tip.

These "cow-nosed rays," or " whipparees," root up the soft

bottoms of shallow bays in their search for clams, much as a

drove of hogs would do it. The common American species

is Rhinopteriis bonasns. Rhinoptera stcindachneri lives in the

Gulf of California.

Teeth and spines of all these genera are common as fossils

from the Eocene onwards, as well as many of the extinct genus,

Ptychodiis, with cyclospondylous vertebrae. Ptychodus niam-

milaris, rugosiis, and deciirrciis are characteristic of the Creta-
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ceous of England. Myliobatis dixoni is comrnon in the Euro-
pean Eocene, as is also Myliobatis toliapicus and Aetobatis

Fio. 105.—Eagle-raj', Aetobalis narinari (Euphrascn). Cedar Keys, Fla.

irregularis. Apocopodon seriaats is known from the Cretaceous

of Brazil.

Family Psammodontidae. — The Psammodontidcc are known
only from the teeth, large, flat, or rounded and finely dotted or

roughened on the upper surface, as the name Psammodus {fd/.t/jOb,
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sand ; odovs, tooth) would indicate. The way in which the

jaws lie indicates that these teeth belonged to rays rather than

sharks. Numerous species have been described, mostly from

the Subcarboniferous limestones. Archccobatis gigas, perhaps,

as its name would indicate, the primeval skate, is from the

Subcarboniferous limestone of Greencastle, Indiana. Teeth

of niomerous species of Psammodits and Copodus are found in

1^...^^

,v-

FlG. 156 —Devil-ray or Sea-devil, Matita hiroslris (Vi'aWjaum). Florida.

many rocks of Carboniferous age. Psammodus rugosus com-

mon in Carboniferous rocks of Europe.

Family Mobulidae.—The sea-devils, Mobulidce, are the mightiest

of all the rays, characterized by the development of the anterior

lobe of the pectorals as a pair of cephalic fins. These stand

up like horns or ears on the upper part of the head. The teeth

are small and fiat, tubercular, and the whip-like tail is with

or without spine. The species are few, little known, and in-

ordinately large, reaching a width of more than twenty feet

and a weight, according to Risso, of 1250 pounds. When har-

pooned it is said that they will drag a large boat with great

swiftness. The manta, or sea-devil, of tropical America is
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Manta birostris. It is said to be much dreaded by the pearl-

fishers, who fear that it will devour them "after enveloping

them in its vast wings." It is not likely, however, that the

manta devours anything larger than the pearl-oyster itself.

Manta hamiltoni is a name given to a sea-devil of the Gulf of

California. The European species Mobula edentula reaches a

similarly enormous size, and Mobula hypostoma has been scantily

described from Jamaica and Brazil. Mobula japonica occurs

in Japan. A foetus in my possession from a huge specimen

taken at Misaki is nearly a foot across. In Mobula {Cephaloptera)

there are teeth in both jaws, in Manta (Ceratoptera) in the lower

jaw only. In Ccratobatis from Jamaica (C. robertsi) there are

teeth in the upper jaw only. Otherwise the species of the three

genera are much alike, and from their huge size are little known
and rarely seen in collections. Of Mobulidcs no extinct species

are known.



CHAPTER XV

THE HOLOCEPHALI, OR CHIM.ERAS

j
HE Chimaeras.— Very early in geological times, cer-

tainly as early as the middle Silurian, the type of

Chimcsras diverged from that of the sharks. Hasse

derives them directly from his hypothetical primitive Polyo-

spondyli, by way of the Acanthodci and Ichthyotomi. In any

event the point of divergence must be placed very early in the

evolution of sharks, and this suggestion is as likely as any other.

The chief character of Chimaeras is found in the autostylic skull,

which is quite different from the hyostylic skull of the sharks.

In the sharks and in all higher fishes the mandible is joined to the

skull by a suspensorium of bones or cartilages (quadrate, sym-

plectic, and hyomandibular bones in the Teleost fishes). To this

arrangement the name hyostylic is given. In the Chimaera there

is no suspensorium, the mandible being directly attached to

the cranium, of which the hyomandibular and quadrate elements

form an integral part, this arrangement being called autostylic.

The palato-quadrate apparatus, of which the upper jaw is the

anterior part* is immovably fused with the cranium, instead

of being articulated with it. This fact gives the name to the

subclass Holocephali {o\o5, whole or solid; /ce(pa\//, head).

Other characters are fotmd in the incomplete character of the

back-bone, which consists of a scarcely segmented notochord

dilYering from the most primitive condition imagined only

in being surrounded by calcareous rings, no lime entering into

the composition of the notochord itself. The tail is diphycercal

and usually prolonged in a filament (leptocercal). The shoulder-

girdle, as in the sharks, is free from the skull. The pectoral

fins are short and broad, without segmented axis or archiptery-
2lS
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gium and without recognizable analogue of the three large

cartilages seen in the sharks, the propterygium, mesopterygium,

and metapterygium. In the mouth, instead of teeth, are de-

veloped flat, bony plates called tritors or grinders, set endwise

in the front of the jaws. The gills are fringe-like, free at the

tips as in ordinary fishes, and there is a single external opening

for them all as in true fishes, and they are covered with a flap

of skin. These structures are, however, quite different from

those of the true fishes and are doubtless independently de-

veloped. There is no spiracle. The skin is smooth or rough.

In the living forms and most of the extinct species there is a

strong spine in the dorsal fin. The ventral fin in the male has

complex, usually trifid, claspers, and an analogous organ, the

cephalic holder, is developed on the front of the head, in the

adult male. This is a bony hook with a brush of glistening

enameled teeth at the end. The eggs are large, and laid in

oblong or elliptical egg-cases, provided with silky filaments.

The eggs are fertilized after they are extruded. Mucous chan-

nels and lateral line are highly developed, being most complex

about the head. The brain is essentially shark-like, the optic

nerves form a chiasma, and the central hemispheres are large.

The teeth of the Chimaeras are thus described by Woodward,
vol. 2, pp. 36, 37:

" In all the known families of Chimsroids, the dentition

consists of a few large plates of vascular dentine, of which

certain areas ('tritors') are specially hardened by the depo-

sition of calcareous salts within and around groups of medullary

canals, which rise at right angles to the functional surface. In

most cases there is a single pair of such plates in the lower jaw,

meeting at the symphysis, while two pairs are arranged to

oppose these above. As a whole, the dentition thus closely

resembles that of the typical Dipnoi (as has often been pointed

out) ; and the upper teeth may be provisionally named pala-

tine and vomerine until further discoveries shall have revealed

their precise homologies. The structures are sometimes de-

scribed as 'jaws,' and regarded as dentaries, maxillae, and

premaxillae, but the presence of a permanent pulp under each

tooth is conclusive proof of their bearing no relation to the

familiar membrane-bones thus named in higher fishes."
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Relationship of Chimaeras.—As to the origin of the Chimaeras

and their relation to the sharks, Dr. Dean has this recent ("The

Devonian Lamprey") and interesting word:

"The Holocephali have always been a doubtful group,

ancitomy and palaeontology contributing but imperfect evidence

as to their position in the gnathostome phylum. Their em-

bryology, however, is still undescribed, except in a brief note

by T. J. Parker, and it is reasonably looked to to contribute

evidence as to their line of descent. The problem of the relation-

ships of the Chimaeroids has long been of especial interest to

me, and it has led me to obtain embryonic material of a Pacific

species of one of these forms. It may be of interest in this

connection to state that the embryology of this form gives

the clearest evidence that the wide separation of the Selachii

and Holocephali is not tenable. The entire plan of develop-

ment in Chimara colliei is clearly like that of a shark. The
ovulation is closely like that of certain of the rays and sharks:

the eggs are large, the segmentation is distinctly shark-like

;

the circular blastoderm overgrows the yolk in an elasmobranchian

manner. The early embryos are shark-like ; and the later

ones have, as T. J. Parker has shown, external gills, and I note

further that these arise, precisely as in shark-embryos, from the

posterior margin of the gill-bar. A spiracle also is present.

A further and most interesting developmental feature is the

fact that the autostylism in Chiniccra is purely of secondary

nature and is at the most of ordinal value. It is found that

in a larva of Chinicrra measuring 45 mm. in length, the

palato-quadrate cartilage is still separated from the skull by

a wide fissure. This becomes gradually reduced by the con-

fluence of the palato-quadrate cartilage with the skull, the

fusion taking place at both the anterior and posterior ends of

the mesal rim of the cartilage. The remains of the fissure are

still well marked in the young Chimccra, four inches in length;

and a rudiment of it is present in the adult skull as a passage-

way for a nerve. Regarding the dentition: it may also be

noted in the present connection that the growth of the dental

plates in Chimccra suggests distinctly elasmobranchian con-

ditions. Thus on the roof of the mouth the palatine plates

are early represented by a series of small more or less conical
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elements which resemble outwardly, at least, the 'anlagen'

of the pavement teeth in cestraciont sharks."

Family Chimaeridae.—The existing Chima;ras are known also

as spookfishes, ratfishes, and elephant-fishes. These are divided

by Garman into three families, and in the principal family, the

ChimccridcB, the snout is blunt, the skin without plates, and
the dorsal fin is provided with a long spine. The flat tritors

Fig. 157.—Skeleton of Chimmra monstrosa Linnaeus. (After Dean.)

var\- in the different genera. The single genus represented

among living fishes is Clu'iiiccra, found in cold seas and in the

oceanic depths. The best-known species, Chiiiurra collici, the

elephant-fish, or chimsera of California, abounds in shallow

waters of ten to twenty fathoms from Sitka to San Diego.

It is a harmless fish, useless except for the oil in its liver, and
of special interest to anatomists as the only member of the

family to be found when desired for dissection. This species

was first found at Monterey by Mr. Collie, naturalist of Captain

Beechey's ship, the Blossom. It is brown in color, with whitish

spots, and reaches a length of 2^ feet. As a shallow-water

form, with certain differences in the claspers and in the tail,

Chimara colliei is sometimes placed in a distinct genus, Hydro-

lagus. Other species inhabit much greater depths and have

the tail produced into a long filament. Of these, Chimara
monstrosa, the sea-cat of the north Atlantic, has been longer

known than any other Chimcera. Chimara afflnis has been

dredged in the Gulf Stream and off Portugal. Chimccra phan-

tasma and Chimccra mitsukurii are frequently taken in Japan,
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and the huge jet-black Chimara piirpurascens in Hawaii and

Japan. None of these species are valued as food, but all impress

the spectator with their curious forms.

The fossil Chimccridcc, although numerous from Triassic

times and referred to several genera, are known chiefly by their

teeth with occasional fin-spines, frontal holders, or impressions

of parts of the skeleton. The earliest of chimaeroid remains has

Fic. 1.58.—Elephant-fish, Chimara colliei Lay & Bennett. Monterey.

been described by Dr. Charles D. Walcott * from Ordovician

or Lower Silurian rocks at Canon City, Colorado. Of the species

called Dictyorhabdus priscus, only parts supposed to be the

sheath of the notochord have Ijeen preserved. Dr. Dean thinks

this more likely to be part of the axis of a cephalopod shell.

The definitely known ChimtrridcB are mainly confined to the

rocks of the Mesozoic and subsequent eras. Ischyodiis priscus

(avitus) of the lowev Jura resembles a modem chimxra.

Granodns oweni is another extinct chima^ra, and numerous

fin-spines, teeth, and other fragments in the Cretaceous and
Eocene of America and Europe are referred to Edaphodon. A
species of Chimara has been recorded from the Pliocene of

Tuscany, and one of Cal'orhynchiis from the greensand of New
Zealand. Other American Cretaceous genera of chim;croids are

Mylognathiis, Bryactiniis, Isotccnia, Lcptomylns and Sphagepoca.

Dental plates called Rhynchodus are found in the Devonian.

Rhinochimaeridse.—The most degenerate ol existing chimaeras

belong to the family of Rlii)iochiiiiccridcr, characterized by the

long flat soft blade in which the snout terminates. This struc-

* Bulletin Geol. Soc. America, 1892.
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ture resembles that seen in the deep-sea shark, Mitsukurina,

and in Polyodon. In Rhinochimcera pactfica of Japan the teeth

in each jaw form but a single plate. In Harriotta raleighana,

of the Gulf Stream, they are more nearly as in Chimcrra. Both

are bathybial fishes, soft in texture, and found in great depths.

The family of Callorhynchida, or Antarctic Chimteras, includes

the bottle-nosed Chimaera (Callorhynchus callorJiynchus) of the

Patagonian region. In this species the snout is also produced,

a portion being turned backward below in front of the mouth,

forming a sensory pad well supplied with nerves.

Ostracophori.—In natural sequence the class or subclass of

Ostracophores follows the sharks and Chimaeras.

As all the Ostracophori are now extinct, we may here pass

them by without further discussion, referring the reader to the

full treatment in the " Guide to the Study of Fishes." These
are most extraordinary creatures, jawless, apparently limb-

less, and enveloped in most cases anteriorly in a coat of mail.

In typical forms the head is very broad, bony, and horseshoe-

shaped, attached to a slender body, often scaly, with small

fins and ending in a heterocercal tail. What the mouth was
like can only be guessed, but no trace of jaws has yet been
found in connection with it. The most remarkable distinctive

character is fovmd in the absence of jaws and limbs in connec-

tion with the bony armature. The latter is, however, sometimes

obsolete. The back-bone, as usual in primitive fishes, is de-

veloped as a persistent notochord imperfectly segmented. The
entire absence of jaw structures, as well as the character of the

armature, at once separates them widely from the mailed Arthro-

dires of a later period. But it is by no means certain that

these structures were not represented by soft cartilage, of which

no traces have been preserved in the specimens known.
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THE CROSSOPTERYGII

LASS Teleostomi.—We may unite the remaining groups

of fishes into a single class, for which the name Teleos-

tomi (reAeo?, true; (TT6/.ta, mouth), proposed by Bona-

parte in 1838, may be retained. The fishes of this class are

characterized by the presence of a suspensorium to the man-
dible, by the existence of membrane-bones (opercles, sub-

orbitals, etc.) on the head, by a single gill-opening leading to

gill-arches bearing filamentous gills, and by the absence of

claspers on the ventral fins. The skeleton is at least partly

ossified in all the Teleostomi. More important as a primary

character, distinguishing these fishes from the sharks, is the

presence typically and primitively of the air-bladder. This

is at first a lung, arising as a diverticulum from the ventral side

of the oesophagus, but in later forms it becomes dorsal and is,

by degrees, degraded into a swim-bladder, and in very many
forms it is altogether lost with age.

This group comprises the vast majority of recent fishes,

as well as a large percentage of those known only as fossils.

In these the condition of the lung can be only guessed.

The Teleostomi are doubtless derived from sharks, their

relationship being possibly nearest to the Ichthyotomi or to the

primitive Chimccras. The Dipnoans among Teleostomi retain

the shark-like condition of the upper jaw, made of palatal

elements, which may be, as in the Chimccra, fused with the cra-

nium. In the lower forms also the primitive diphycercal or

protocercal form of tail is retained, as also the archipterygium

or jointed axis of the paired fins, fringed with rays on one or

both sides.

334
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We may divide the Teleostomes, or true fishes, into three

subclasses: the Crossopterygii, or fringe-fins; the Dipneusti, or

lung-fishes; Actinopleri, or ray-fins, including the Ganoidei and
the Teleostei, or bony fishes. Of these many recent writers are

disposed to consider the Crossopterygii as most primitive, and
to derive from it by separate lines each of the remaining sub-

classes, as well as the higher vertebrates. The Ganoidei and
Teleostei (constituting the Actinopteri) are very closely related,

the ancient group passing by almost imperceptible degrees into

the modern group of bony fishes.

Subclass Crossopterygii.— The earliest Teleostomes known
belong to the subclass or group called after Huxley, Crossop-

terygii {Kp6(r(To>, fringe; nrepvB,, fin). A prominent character of

the group lies in the retention of the jointed pectoral fin or archip-

terygium, its axis fringed by a series of soft rays. This char-

acter it shares with the Ichthyotomi among sharks, and with

the Dipneusti. From the latter it differs in the hyostylic cra-

nium, the lower jaw being suspended from the hyomandibular,

and by the presence of distinct premaxillary and maxillary

elements in the upper jaw. In these characters it agrees with

the ordinary fishes. In the living Crossopterygians the air-

bladder is lung-like, attached by a duct to the ventral side

of the oesophagus. The lung-sac, though specialized in struc-

ture, is simple, not cellular as in the Dipnoans. The skeleton

is more or less perfectly ossified. Outside the cartilaginous

skull is a bony coat of mail. The skin is covered with firm

scales or bony plates, the tail is diphycercal, straight, and end-

ing in a point, the shoulder-girdle attached to the cranium is

cartilaginous but overlaid with bony plates, and the branchios-

tigals are represented by a pair of gular plates.

In the single family represented among living fishes the

heart has a muscular arterial bulb with many series of valves

on its inner edge, and the large air-bladder is divided into two

lobes, having the functions of a lung, though not cellular as in

the lung-fishes.

The fossil types are very closely allied to the lung-fishes,

and the two groups have no doubt a common origin in Silurian

times. It is now usually considered that the Crossopterygian

is more primiti\-e than the lung-fish, though at the same time
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more nearly related to the Ganoids, and through them to the

ordinary fishes.

Origin of Amphibians.—From the primitive Crossopterygii

the step to the ancestral Amphibia, which are likewise mailed

and semi-aquatic, seems a very short one. It is true that most

writers until recently have regarded certain Dipneustans as

the Diptcridw as representing the parents of the Amphibians.

But the weight of recent authority. Gill, Pollard, Boulenger,

DoUo, and others, seems to place the point of separation of the

higher vertebrates with the Crossopterygians, and to regard

the lobate pectoral member of Polypicriis as a possible source of

the five-fingered arm of the frog. This view is still, however, ex-

tremely hypothetical and there is still much to be said in favor

of the theory of the origin of Amphibia from Dipnoans and in

FlQ. 159.—Shouliler-girJIe o^ Polypleras bichir. Specimen from the White Xile.

favor of the view that the Dipnoans are also ancestors of the

Crossopterygians.

In the true Amphibians the lungs are better developed

than in the Crossopterygian or Dipnoan, although the lungs are

finally lost in certain salamanders which breathe through epithe-

lial cells. The gills lose, among the Amphibia, their primitive

importance, although in Proteus angniiicits of Austria and
NectuTHS vtaculosus, the American "mud-puppy" or water-dog,

these persist through life. The archipterygium, or primitive

fin, gives place to the chiropterygium, or fingered arm. In
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this the basal segment of the archipterygium gives place to

the htimerus, the diverging segments seen in the most special-

ized type of archipterygium {Polypteriis) become perhaps radius

and ulna, the intermediate quadrate mass of cartilage possibly-

becoming carpal bones, and from these spring the joints called

metacarpals and phalanges. In the Amphibians and all higher

forms the shoulder-girdle retains its primitive insertion at a

distance from the head, and
the posterior limbs remain

abdominal.

The Amphibians are there-

fore primarily fishes with

fingers and toes instead of

the fringe-fins of their an-

cestors. Their relations are

really with the fishes, as

indicated by Huxley, who
unites the amphibians and
fishes in a primary group,

Fig. 160. -Arm of Xg.
Ichthyopsida, while reptiles

and birds form the contrasting group of Sauropsida.

The reptiles dilTer from the Amphibians through accelera-

tion of development, passing through the gill-bearing stages

within the egg. The birds bear feathers instead of scales,

and the mammals nourish their young by means of glandular

secretions. Through a reptile-amphibian ancestry the birds

and mammals may trace back their descent from palaeozoic

Crossopterygians. In the very young embryo of all higher

vertebrates traces of double-breathing persist in all species,

in the form of rudimentary gill-slits.

The Fins of Crossopterygians.—Dollo and Boulenger regard

the heterocercal tail as a primitive form, the diphycercal form
being a result of degradation, connected with its less extensive

use as an organ of propulsion. Most writers who adopt the

theory of Gegenbaur that the archipterygium is the primitive

form of the pectoral fin are likely, however, to consider the

diphycercal tail found associated with it in the Iclithyotoini,

Dipneusti, Crossopterygii as the more primitive form of the tail.

From this form the heterocercal tail of the higher sharks and
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Ganoids may be derived, this giving way in the process of de-

velopment to the imperfectly homocercal tail of the salmon,

the homocercal tail of the perch, and the isocercal tail of the

codfish and its allies, the gephyrocercal and the leptocercal tail,

tapering or whip-like, representing various stages of degenera-

tion. Boulenger draws a distinction between the protocercal

Fig. 161.

—

Polypterus congietis.fi Crossopterygi.in fish from the Congo River. Young,
with external gills, (.\ftcr Boulenger.)

tail, the one primitively straight, and the diphycercal tail

modified, like the homocercal tail, from an heterocercal ancestry.

Orders of Crossopterygians.—Cope and Woodward divide the

Crossoptcrygia into four orders or suborders, Haplistia, Rhipi-

distia, Actinistia, and Cladistia. To the latter belong the exist-

ing species, or the family of PolypteridcE, alone. Boulenger unites

the three extinct orders into one, which he calls Osteolepida.

In all three of these the pectorals are narrow with a single basal

bone, and the nostrils, as in the Dipneustans, are below the

snout. The differences are apparently such as to justify Cope's

division into three orders.

Haplistia.—In the Haplistia the notochord is persistent, and

the basal bones of dorsal and anal fins are in regular series,

much fewer in number than the fin-rays. The single family

Tarrassiidcs is represented by Tarrasiiis problematicns, found

by Traquair in Scotland. This is regarded as the lowest of the

Crossopterygians, a small fish of the Lower Carboniferous, the

head mailed, the bodyw'ith small bony scales.

Rhipidistia.—In the Rhipidistia the basal bones of the median
fins ("axonosts and baseosts") are found in a single piece, not

separate as in the Haplistia. Four families are recognized,

HoloptychiidcE, Megalichthyidce, Osteolepida, and Onychodontidce,

the first of these being considered as the nearest approach of

the Crossopterygians to the Dipnoans.
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The Holoptychiida have the pectoral fins acute, the scales

cycloid, enameled, and the teeth very complex. Holoptychius

nobilissimiis is a very large fish from the Devonian. Glyptolepis

Icptopterus from the Lower Devonian is also a notable species.

Dendrodus from the Devonian is known from detached teeth.

In the Ordovician rocks of Canon City, Colorado, Dr. Wal-

cott finds numerous bony scales with folded surfaces and stellate

ornamentation, and which he refers with some doubt to a

Crossopterygian fish of the family HoloptychiidcB. This fish he

Fig. 163.—Bnsal bone of dorsal fin, IToloptycMus leptopterus (Agassiz).

(After Woodward.)

names Eriptychiiis amcricanns. If this identification proves cor-

rect, it will carry back the appearance of Crossopterygian fishes,

the earliest of the Teleostome forms, to the beginning of the

Silurian, these Caiion City shales being the oldest rocks in which

remains of fishes are known to occur. In the same rocks are

found plates of Ostracophores and other fragments still

more doubtful. It is certain that our records in palaeontology

fall far short of disclosing the earliest sharks, as well as

the earliest remains of Ostracophores, Arthrodires, or even

Ganoids.

Megalichthyidse .—The McgaliclitJiyidcu (wrongly called " Rltizo-

dontida") have the pectoral fins obtuse, the teeth relatively

simple, and the scales cycloid, enameled. There are numer-

ous species in the Carboniferous rocks, largely known from

fragments or from teeth. Megalichtiiys, Strcpsodus, Rhizo-

dopsis, Gyroptychiiis, Tristichopterus, Eiisthenopteron, Cricodns,

and Sauriptcrus are the genera; Rliizodopsis sauroides from

the coal-measures of England being the best-known species.

The Osteolcpidco differ from the Mcgalichthyidcc mainly in

the presence of enameled rhomboid scales, as in Polypteriis and
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Lcpisosteus. In Glyptopomiis these scales are sculptured, in

the others smooth. In Osteolepis, Thursius, Diplopterus, and

Glyptopomiis a pineal foramen is present on the top of the head.

This is wanting in Parabatraclius {Megalichthys of authors).

In Osteolepis, Thursius, and Parabatraclius the tail is heterocercal,

-^tsw--

Fio. IfiS — Oyroptychius vikrolepidotus Aga.^siz. Devonian. Family Megalich-
ihyidti. (After Pander.)

while in Diplopterus and Glyptopomus it is diphycercal. Osteo-

lepis macrolepidotiis and numerous other species occur in the

Lower Devonian. Diplopterus agassizii is common in the same

horizon. Megalichthys hibbcrti is found in the coal-measures,

and Glyptopomus minimus in the Upper Devonian. Palceosteus

is another genus recently described.

The Onychodontidcc are known from a few fragments of

Onychodus sigmoides from the Lower Devonian of Ohio and

Onychodus anglicus from England.

Order Actinistia.—In the Actinistia there is a single fin-ray

to each basal bone, the axonosts of each ray fused in a single

Fio. 104

—

CalacantJiui elegans Newberry. From the Ohio Carboniferous, showing
air-bladder. (After Dean.)

piece. The notochord is persistent, causing the back-bone

in fossils to appear hollow, the cartilaginous material leaving

no trace in the rocks. The genera and species are numerous,

ranging from the Subcarboniferous to the Upper Cretaceous,

many of them belonging to Ccvlacanthus, the chief genus of the
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single family Coslacanthidcs. In Ccelacanthiis the fin-rays are

without denticles. Ccelacanthus granulatus is found in the
European Permian. Ccelacanthus elegans of the coal-measures

is foimd in America also. In Undina the anterior fin-rays are

marked with tubercles. Undina penicillata and Undina gido

from the Triassic are well-preserved species. In Macropoma
(lewesicnsis) the fin-rays are robust, long, and little articulated.

Fig. 165.— Undina gulo'EgertOD; Lias. Family Cailacanihidce. (After Woodward.)

Other genera are Heptanema, Coccoderma, Libys, Dipliirus,

and Grapliiurus. Dipliirus longicaiidatus was found by New-
berry in the Triassic of New Jersey and Connecticut.

Order Cladistia.— In the Cladistia the axis of the pectoral

limb is fan-shaped, made of two diversified bones joined by
cartilage. The notochord is restricted and replaced by ossi-

fied vertebrje. The axonosts of the dorsal and anal are in

regular series, each bearing a fin-ray. The order contains the

single family Polypieridce. In this group the pectoral fin is

formed differently from that of the other Crossopterygians,

being broad, its base of two diverging bones with cartilage

between. This structure, more specialized than in any other

of the Crossopterygians or Dipneiisti, has been regarded by
Gill and others, as above stated, as the origin of the fingered

hand (chiropterygium) of the frogs and higher vertebrates.

The base of the diverging bones has been identified as the ante-

cedent of the humerus, the bones themselves as radius and

ulna, while the intervening non-ossified cartilage breaks up
into carpal bones, from which metacarpals and digits ulti-

mately diverge. This hypothesis is open to considerable doubt.
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The nostrils, as in true fishes, are superior. The body in these

fishes is covered with rhombic enameled scales, as in the gar-

pike; the head is similarly mailed, but, in distinction from the

garpike, the anterior rays of the dorsal are developed as iso-

lated spines.

The young have a bushy external gill with a broad scaly

base. The air-bladder is double, not cellular, with a large

air-duct joining the ventral surface of the oesophagus. The

intestine has a spiral valve.

The cranium, according to Boulenger (" Poissons du Bassin

du Congo," p. 1 1 ), is remarkable for its generalized form, tliis char-

acter forming a trait of union between the Ganoids and the primi-

tive Amphibia or Siegocephali. Without considering Polypterus,

it is not possible to interpret the homologies of the cranium

of the amphibians and the sharks.

The jaws are similar to those of the vertebrates higher than

fishes. Tooth-bearing premaxillaries and dentaries are solidly

joined at the front of the cranium, and united by a suture to

the toothed maxillaries which form most of the edge of the

mouth. Each half of the lower jaw consists of four elements,

covering Meckel's cartilage, which is ossified at the symphysis.

These are the articular, angular, dentary, and splenial (coro-

noid). Most of these bones are armed with teeth. The
palato-suspensory consists of hyomandibular, quadrate, ecto-

pterygoid, entopterygoid, metapterygoid, and

palatine elements, the pterygoid elements beanng
teeth. In Erpetoichthys only the opercle is dis-

tinct among the gill-covers. In Polypterus there

is a subopercle also; the suborbital cliain is

represented by two small bones.

The gill-arches are four, but without lower

pharyngeals. The teeth are conic and pointed,

and in structure, according to Agassiz, they

jiiw of /w.y/j<e- differ largely from those of bony fishes, ap-

befow
'''""' '^'""'" preaching the teeth of reptiles.

The external gill of the young, first discovered

by Steindachner in 1869, consists of a fleshy axis bordered above

and below by secondary branches, themselves fringed. In form

and structure this resembles the external gills of amphibians.
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It is inserted, not on the gill-arches, but on the hyoid arch.

Its origin is from the external skin. It can therefore not be
compared morphologically with the gills of other fishes, nor

with the pseudobranchiae, but rather with the external gills

of larval sharks. The vertebrae are very numerous and bi-

FiG. 167

—

Polypterus congicus, a Crossopterygian fish from the Congo River.
Young, with e.xtcrnal gills. (After Bouleager.)

concave as in ordinary fishes. Each of the peculiar dorsal

spines is primitively a single spine, not a finlet of several pieces,

as some have suggested. The enameled, rhomboid scales are

in movable oblique whorls, each scale interlocked with its

neighbors.

The shoulder-girdle, suspended from the cranium by post-

temporal and supraclavicle, is covered by bony plates. To the

small hypercoracoid and hypocoracoid the pectoral fin is at-

tached. Its basal bones may be compared to those of the

sharks, mesopterygium, propterygium, and metapterygium,

which may with less certainty be again called himierus, radius,

Fig. 168.

—

Polypterns delhezi Boiilenger. Congo River.

and ulna. These are covered by flesh and by small imbricated

scales. The air-bladder resembles the lungs of terrestrial

vertebrates. It consists of two cylindrical sacs, that on the

right the longer, then uniting in front to form a short tube,

which enters the oesophagus from below with a slit-like glottis.

Unlike the lung of the Dipneusti, this air-bladder is not cellu-

lar, and it receives only arterial blood. Its function is to assist

the respiration by gills without replacing it.
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The Polypteridse.—All the Polypterida: are natives of Africa.

Two genera are known, no species having been found fossil.

Of Polypteriis, Boulenger, the latest authority, recognizes nine

species: sbt in the Congo, Polyptcrus congicns, P. delhezi, P.

ornatipinnis, P. weeksi, P. palmas, and P. retropinnis; one, P.

lapradei, in the Niger; and two in the Nile, Polypteriis bichir and

P. etidlicheri. Of these the only one known until very recently

was Polypteriis bichir of the Nile.

These fishes in many respects resemble the garpike in

habits. They live close on the mud in the bottom of sluggish

waters, moving the pectorals fan-fashion. If the water is

foul, they rise to the surface to gulp air, a part of which escapes

through the gill-openings, after which they descend like a flash.

In the breeding season these fishes are very active, depositing

their eggs in districts flooded in the spring. The eggs are very

numerous, grass-green, and of the size of eggs of millet. The

flesh is excellent as food.

The genus Erpetoichthys contains a single species, Erpetoich-

thys calabaricus* found also in the Senegal and Congo. This

Fig. 169.—Erpetmehthys calabaricus Smith. Senegambia. (After Dean.)

species is very slender, almost eel-like, extremely agile, and, as

usual in wriggling or undulating fishes, it has lost its ventral

fin. It lives in shallow waters among interlaced roots of palms.

When disturbed it swims like a snake.

* This genus was first called Erpetoichthys, but the name was afterwards

changed by its author, J. A. Smith, to Calamoichthys, because there is an

earlier genus Erpichlhys among blennies, and a Herpetoichthys among eels.

But these two names, both wrongly spelled for Herpetichthys, are suHiciently

different, and the earlier name should be retained. "A name in science is a

name without necessary meaning" and without necessarily correct spelling.

Furthermore, if names are spelled differently, they are different, whatever
their meaning. The efforts of ornithologists, notably those of Dr. Coucs,

to spell correctly improperly formed generic names have shown that to do
so consistently would throw nomenclature into utter confusion. It is well

that generic names of classic origin should be correctly formed. It is vastly

more important that they should be stable. Stability is the sole function

of the law of priority.
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SUBCLASS DIPNEUSTI,* OR LUNG-FISHES

HE Lung-fishes. — The group of Dipneusti, or Iving-

fishes, is characterized by the presence of paired fins

consisting of a jointed axis with or without rays.

The skull is autostylic, the upper jaw being made as in the

Chimasra of palatal elements joined to the quadrate and fused

with the cranium, without premaxillary or maxillary. The
dentary bones are little developed. The air-bladder is cellular,

used as a lung in all the living species, its duct attached to the

Fig. 170 —Shoulder-girdle of Neoceratodus foraUri Giinther. (After Zittel.)

ventral side of the oesophagus. The heart has many valves in

the muscular arterial bulb. The intestine has a spiral valve.

The teeth are usually of large plates of dentine covered with

enamel, and are present on the pterygo-palatine and splenial

bones. The nostrils are concealed, when the mouth is closed,

under a fold of the upper lip. The scales are cycloid, mostly

not enameled.

The lung-fishes, or Dipneusti (Sis, two; nvelv, to breathe),

arise, with the Crossopterygians, from the vast darkness of

* This group has been usually known as Dipnoi, a name chosen by Johannes
Miiller in 1845. But the latter term was first taken by Leuckart in 1821 as

a name for Amphibians before any of the living Dipneusti were known. We
therefore follow Boulenger in the use of the name Dipneusti, suggested by
Hseckel in 1866. The name Dipnoan may, however, be retained as a ver-

nacular equivalent of Dipneusti.

235
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Palaeozoic time, their origin with that or through that of the

latter to be traced to the Ichthyotomi or other primitive sharks.

These two groups are separated from all the more primitive

fish-like vertebrates by the presence of lungs. In its origin

the lung or air-bladder arises as a diverticulum from the ali-

mentary canal, used by the earliest fishes as a breathing-sac,

the respiratory functions lost in the progress of further di-

vergence. Nothing of the nature of lung or air-bladder is

found in lancelet, lamprey, or shark. In none of the remaining

groups of fishes is it wholly wanting at all stages of develop-

ment, although often lost in the adult. Among fishes it is most

completely functional in the Dipneusti, and it passes through

all stages of degeneration and atrophy in the more specialized

bony fishes.

In the Dipneusti, or Dipnoans, as in the Crossopterygians

and the higher vertebrates, the trachea, or air-duct, arises, as

above stated, from the ventral side of the oesophagus. In the

more specialized fishes, yet to be considered, it is transferred

to the dorsal side, thus avoiding a turn in passing around the

oesophagus itself. From the sharks these forms are further

distinguished by the presence of membrane-bones about the

head. From the Actinopteri (Ganoids and Teleosts) Dipnoans

and Crossopterygians are again distinguished by the presence

of the fringe-fin, or archipterygium, as the form of the paired

limbs. From the Crossopterygians the Dipnoans are most

readily distinguished by the absence of maxillary and pre-

maxillary, the characteristic structures of the jaw of the true

fish. The upper jaw in the Dipnoan is formed of palatal ele-

ments attached directly to the skull, and the lower jaw con-

tains no true dentary bones. The skull in the Dipnoans, as

in the Chimccra, is autostylic, the mandible articulating directly

with the palate 1 apparatus, the front of which forms the upper

jaw and of which the pterygoid, hyomandibular and quadrate

elements form an immovable part. The shoulder-girdle, as

in the shark, is a single cartilage, but it supports a pair of super-

ficial membrane-bones.

In all the Dipnoans the trunk is covered with imbricated

cycloid scales and no bony plates, although sometimes the

scales are firm and enameled. The head has a roof of well-
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developed bony plates made of ossified skin and not corre-

sponding with the membrane-bones of higher fishes. The fish-

like membrane-bones, opercles, branchiostegals, etc., are not

yet differentiated. The teeth have the form of grinding-plates

on the pterygoid areas of the palate, being distinctly shark-like

in structure. The paired fins are developed as archipterygia,

often without rays, and the pelvic arch consists of a single

cartilage, the two sides symmetrical and connected in front.

There is but one external gill-opening leading to the gill-arches,

which, as in ordinary fishes, are fringe-like, attached at one

end. In the young, as with the embryo shark, there is a bushy

external gill, which looks not unlike the archipterygium pec-

toral fin itself, although its rays are of different texture. In

early forms, as in the Ganoids, the scales were bony and enam-

eled, but in some recent forms deep sunken in the skin. The

claspers have disappeared, the nostrils, as in the frog, open

into the pharynx, the heart is three-chambered, the arterial

bulb with many valves, and the cellular structure of the skin

and of other tissues is essentially as in the Amphibian.

The developed Itmg, fitted for breathing air, which seems

the most important of all these characters, can, of course, be

traced only in the recent forms, although its existence in all

others can be safely predicated. Besides the development

of the lung we may notice the gradual forward movement
of the shoulder-girdle, which in most of the Teleostomous

fishes is attached to the head. In bony fishes generally

there is no distinct neck, as the post-temporal, the highest

bone of the shoulder-girdle, is articulated directly with the

skull. In some specialized forms {Balistes, Tetraodon) it is

even immovably fused with it. In a few groups (Apodes,

Opisthomi, Heteromi, etc.) this connection ancestrally possessed

is lost through atrophy and the slipping backward of the

shoulder-girdle leaves again a distinct neck. In the Amphib-

ians and all higher vertebrates the shoulder-girdle is dis-

tinct from the skull, and the possession of a flexible neck is

an important feature of their structure. In all these higher

forms the posterior limbs remain abdominal, as in the sharks

and the primitive and soft-rayed fishes generally. In these

the pelvis or pelvic elements are attached toward the middle



238 Subclass Dipneusti, or Lung-fishes

of the body, giving a distinct back as well as neck. In the

spiny-rayed fishes the "back" as well as the neck disappears,

the pelvic elements being attached to the shoulder-girdle, and

in a few extreme forms (as Ophidion) the pelvis is fastened at

the chin.

Classification of Dipnoans.—By Woodward the Dipneusti are

divided into two classes, the Sirenoidei and the Arthrodira.

We follow Dean in regarding the latter as representative of a

distinct class, leaving the Sirenoidei, with the Ctenodipterini,

to constitute the subclass of Dipneusti. The Sirenoidei are

divided by Gill into two orders, the Monopneumona, with one

lung, and the Diplopneumona, with the lung divided. To the

latter order the Lepidosirenidw belong. To the former the

Ceratodontidce, and presumably the extinct families also belong,

although nothing is known of their lung structures. Zittel

and Hay adopt the names of Ctenodipterini and Sirenoidei for

these orders, the former being further characterized by the very

fine fin-rays, more numerous than their supports.

Order Ctenodipterini. — In this order the cranial roof-bones

are small and numerous, and the rays of the median fins are

very slender, much more numerous than their supports, which

are inserted directly on the vertebral arches.

In the UronemidcB the upper dentition comprises a cluster

of small, blunt, conical denticles on the palatine bones; the

lower dentition consists of similar denticles on the splenial

bone. The vertical fins are continuous and the tail diphycercal.

There is a jugular plate, as in Amia. The few species are found

in the Carboniferous, Uronemus lohatus being the best-known

species.

In Dipteridce there is a pair of dental plates on the palatines,

and an opposing pair on the splenials below. Jugular plates

are present, and the tail is usually distinctly heterocercal.

In Phaneropleuron there is a distinct anal fin shorter than

the very long dorsal; Phaneropleuron andersoni is known from

Scotland, and Scaumenacia carta is found at Scavmienac Bay
in the Upper Devonian of Canada.

In Dipterus there are no marginal teeth, and the tail is

heterocercal, not diphycercal, as in the other Dipnoans gener-

ally. Numerous species of Dipterus occur in Devonian rocks.
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In these the jugular plate is present, as in Uronenms. Dipterus

valenciennesi is the best-known European species. Dipterus

nelsoni and numerous other species are found in the Chemung
and other groups of Devonian rocks in America.

In the Ctenodontidcs the tail is diphycercal, and no jugular

plates are present in the known specimens. In Ctenodus and
Sagenodiis there is no jugular plate and there are no marginal

teeth; The numerous species of Ctenodus and Sagenodus belong

Fig. I'll.—Phaneropteuron anderscmiHuxley; restored; Devonian. (After Dean.)

chiefly to the Carboniferous age. Ctenodus wagneri is found in

the Cleveland shale of the Ohio Devonian. Sagenodus occiden-

talis, one of the many American species, belongs to the coal-

measures of Illinois.

As regards the succession of the Dipneusti, Dr. Dollo re-

gards Dipterus as the most primitive, Scaumenacia, Uronenms,

Ctenodus, Ceratodus, Protopterus, and Lepidosiren following

in order. The last-named genus he thinks marks the terminus

of the group, neither Ganoids nor Amphibians being derived

from any Dipnoans.

Order Sirenoidei.— The living families of Dipneusti differ

from these extinct types in having the cranial roof-bones re-

duced in number. There are no jugular plates and no marginal

teeth in the jaws. The tail is diphycercal in all, ending in a

long point, and the body is covered with cycloid scales. To
these forms the name Sirenoidei was applied by Johannes
Muller.

Family Ceratodontidse. — The Ceratodontidce have the teeth

above and below developed as triangular plates, set obliquely

each with several cusps on the outer margin. Nearly all the

species, representing the genera Ceratodus, Gosfordia, and Con-
chnpoina, are now extinct, the single genus Neoceratodus still

existing in Australian rivers. Ntmierous fragments of Cera-

todus are fotmd in Mesozoic rocks in Europe, Colorado, and
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India, Ceraiodus latissimus, figured

by Agassiz in 1838, being the best-

known species.

The abundance of the fossil teeth

of Ceratodns renders the discovery of

a Hving representative of the same

type a matter of great interest.

In 1870 the Barramunda of the

rivers of Queensland was described

Fig. 172.—TVeth of Ceraiodus runcinatus Plio-

ninger. Carboniferous. (After Zittel.)

by Krefft, who recognized its rela-

tionship to Ceratodns and gave it the

name of Ceratodns forsteri. Later,

generic differences were noticed, and

it was separated as a distinct group

by Castelnau in 1876, under the name
of Neoceratodns (later called Epicera-

todus by Teller) . Neoceratodns forsteri

and a second species, iVeoceraiot/;<5 niio-

lepis, have been since very fully dis-

cussed by Dr. Giinther and Dr. Krefft.

M.

Fio. 174 Archiptcrygium of Neoceratodus
forsteri GUnther.
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They are known in Queensland as Barramunda. They inhabit the

rivers known as Burnett, Dawson, and Mary, reaching a length

of six feet, and being locally much valued as food. From the

salmon-colored flesh, they are known to the settlers in Queens-

land as "salmon." According to Dr. Giinther, "the Barra-

munda is said to be in the habit of going on land, or at least

on mud-flats; and this assertion appears to be borne out by

the fact that it is provided with a lung. However, it is much
more probable that it rises now and then to the surface of the

water in order to fill its lung with air, and then descends again

until the air is so much deoxygenized as to render a renewal

of it necessary. It is also said to make a grunting noise which

may be heard at night for some distance. This noise is proba-

bly produced by the passage of the air through the oesophagus

when' it is expelled for the purpose of renewal. As the Barra-

munda has perfectly developed gills besides the lung, we can

hardly doubt that, when it is in water of normal composition

and sufficiently pure to yield the necessary supply of oxygen,

these organs are sufficient for the purpose of breathing, and

that the respiratory function rests with them alone. But

when the fish is compelled to sojourn in thick muddy water

charged with gases, which are the

products of decomposing organic

matter (and this must be the case

very frequently during the droughts

which annually exhaust the creeks

of tropical Australia), it commences

to breathe air with its limg in the

way indicated above. If the medium
in which it happens to be is perfectly

unfit for breathing, the gills cease to

have any function ; if only in a less

degree, the gills may still continue

to assist in respiration. The Barra-

munda, in fact, can breathe by either

gills or lung alone or by both simul-

taneously. It is not probable that

it lives freely out of water, its limbs being much too flexible

for supporting the heavy and unwieldy body and too feeble

Fig. 170 —Upper jaw of Neocera-
todtisforsteri Giinther. (After
Zittel.)
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generally to be of much use in locomotion on land. How-

ever, it is quite possible that it is occasionally compelled to

leave the water, although we cannot believe that it can exist

without it in a lively condition for any length of time.

" Of its propagation or development we know nothing except

that it deposits a great number of eggs of the size of those of

a newt, and enveloped in a gelatinous case. We may infer

that the young are provided with external gills, as in Pro-

topteriis and Polyptcnis.

" The discovery of Ccratodns does not date farther back

than the year 1870, and proved to be of

the greatest interest, not only on account

of the relation of this creature to the other

living Dipneusti and Ganoidei, but also

because it threw fresh light on those

singular fossil teeth which are found in

strata of Triassic and Jurassic formations

176—Lower jaw of i" various parts of Europe, India, and

America. These teeth, of which there

is a great variety with regard to general

shape and size, are sometimes two inches long, much longer

than broad, depressed, with a flat or slightly undulated, always

Lepidosirenidae.—The family Lepidosirenidcc, representing the

suborder Diploneiimona, is represented by two genera of mud-
fishes found in streams of Africa and South America.

Lcpidosiren paradoxa was discovered by Natterer in 1837 in

tributaries of the Amazon. It was long of great rarity in

Fio
Neoceratodns fomteri Glln
ther. (After Gttnther.)

Fig. 177 —Adult iiiale of Lepidoiiren paradoxa Fitzinger. (After Kerr.)

collections, but quite recently large numbers have been ob-

tained, and Dr. J. Graham Kerr of the University of Cambridge

has given a very useful account of its structure and develop-

ment. From his memoir we condense the following record

of its habits as seen in the swamps in a region known as Gran

Chaco, which lies under the Tropic of Capricorn. These swamps
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in the rainy season have a depth of from two to four feet, be-

coming entirely dry in the southern winter (June, July).

Kerr on the Habits of Lepidosiren.—The loalach, as the Lepi-

dosircn is locally called, is normally sluggish, wriggling slowly

about at the bottom of the swamp, using its hind limbs in

irregular alternation as it clambers through the dense vegeta-

tion. More rapid movement is brought about by lateral

strokes of the large and powerful posterior end of the body.

It burrows with great facility, gliding through the mud, for

which form of movement the shape of the head, with the

Fig. 178 —Embryo (3 days before hatching and larva (13 days after hatching)
of Lepidosiren paradoxa Fitzinger. (After Kerr.)

Upper lip overlapping the lower and the external nostril placed

within the lower lip, is admirably adapted. It feeds on plants,

algte, and leaves of flower-plants. The gills are small and quite

unable to supply its respiratory needs, and the animal must
rise to the surface at intervals, like a frog. It breathes with

its lungs as continuously and rhythmically as a mammal, the

air being inhaled through the mouth. The animal makes no

vocal sound, the older observation that it utters a cry like

that of a cat being doubtless erroneous. Its strongest sense is

that of smell. In darkness it grows paler in color, the black
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chromatophores shrinking in absence of light and enlarging in

the sunshine. In injured animals this reaction becomes much
less, as they remain pale even in daylight.

In the rainy season when food is abundant the Lepidosiren

eats voraciously and stores great quantities of orange-colored

fat in the tissues between the muscles. In the dry season it

ceases to feed, or, as the Indians put it, it feeds on water. Wlien

the water disappears the Lepidosiren burrows down into the

mud, closing its gill-openings, but breathing through the mouth.

As the mud stiffens it retreats to the lower part of its burrow.

Fio. 171) —Larva of Lepidosiren paradoxa 30 days after hatching. (After Kerr.)

where it lies with its tail folded over its face, the body sur-

rounded by a mucous secretion. In its burrow there remains

an opening which is closed by a lid of mud. At the end of the

Pio. 180.— Larva of Lepidosiren paradoxa 40 days after halihin;;. (After Kerr.)

dry season this lid is pushed aside, and the animal comes out

when the water is deep enough. When the waters rise the

presence of Lepidosirens can be found only by a faint quivering

Fio. 181 — Lui vii of Lepidosiren paradoxa 3 months after hatching. (After Kerr.)

movement of the grass in the bottom of the swamp. When
taken the body is found to be as slippery as an eel and as mus-
cular. The eggs are laid in underground Inirrows in the 1)lack
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peat. Their galleries run horizontally and are usually two feet

long by eight inches wide. After the eggs are laid the male

remains curled up in the nest with them. In the spawning

season an elaborate brush is developed in connection with the

ventral fins.

Protoptcrns, a second genus, is found in the rivers of Africa,

with three species, P. aniicctens, P. dolloi, and P. crtliiopicus.

The genus has five gill-clefts, instead of four as in Lepidosiren.

It retains its external gills rather longer than the latter, and
its limbs are better developed. The habits of Protopterus are

essentially like those of Lepidosiren, and the two . types have

developed along parallel lines doubtless from a common ancestry.

No fossil LepidosirenidcB are known.

Fig. 182.

—

ProiopUrus dolloi Bouleuger. Congo River. Family Lepidosireni(la>.

Arthrodires.— The large group of Arthrodires consists of

mailed and helmeted fishes with distinct jaws and other charac-

ters separating them widely from the Ostracophores. In the

latest view, that of Woodward and Eastman, these fishes con-

FiG. 183.—An Artbrodire, DinicTithys intermedius Newberry, restored. Devonian.

stitute an order of Dipnoans. As they are all extinct, the

reader is referred to the "Guide to the Study of Fishes " for

further discussion.

Cycliae.—The hypothetical suborder, Cyclicc, based on the

extinct genus Palcrospotidylus, may be similarly treated.



CHAPTER XVIII

THE GANOIDS

'uBCLASS Actinopteri. — In our glance over the taxon-

omy of the earher Chordates, or fish-like vertebrates,

we have detached from the main stem one after an-

other a long series of archaic or primitive types. We have first

set off those with rudimentary' notochord , then those with retro-

gressive development who lose the notochord, then those with-

out skull or brain, then those without limbs or lower jaws.

The residue assume the fish-iike form of body, but still show

great differences among themselves. We have then detached

those without membrane-bones, or trace of lung or air-bladder.

We next part company with those having the air-bladder a

veritalilc lung, and those with an ancient type of paired fins,

a jointed axis fringed with rays, and those having the palate

still forming the upper jaw. We have finally left only those

having fish-jaws, fish-fins, and in general the structure of the

modem fish. For all these in all their variety, as a class or

subclass, the name Actinopteri, or Actinopterygii, suggested by
Professor Cope, is now generally adopted. The shorter form,

Actinopteri, being equally correct is certainly preferable. This

term {aKTis, ray; nrepov or nrepuS, fin) refers to the structvire

of the paired fins. In all these fishes the bones supporting

the fin-rays are highly specialized and at the same time con-

cealed by the general integument of the body. In general

two bones connect the pectoral fin with the shoulder-girdle.

The hypercoracoid is a flat square bone, usually perforated

by a foramen. Lying below it and parallel with it is the irregu-

larly formed hypocoracoid. Attached to them is a row of bones,

the actinosts, or pterygials, short, often hour-glass-shaped,

which actually support the fin-rays. In the more specialized

forms, or Teleosts, the actinosts are few (four to six) in number,
246
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but in the more primitive types, or Ganoids, they may remain

numerous, a reminiscence of the condition seen in the Crossop-

terygians, and especially in Polypteriis. Other variations may
occur ; the two coracoids

sometimes are imperfect

or specially modified, the

upper sometimes without

a foramen, and the ac-

tinosts may be distorted

in form or position.

The Series Ganoidei.

—

Among the lower Acti-

noptcri many archaic

traits still persist, and

in its earlier representa-

tives the group ap-

proaches closely to the

Crossopterygii, although

no forms actually inter-

mediate are known either

living or fossil. The
great group of Actinopteri

may be divided into two

series or subclasses, the

Ganoidei, or Chrondrostci,

containing those forms,

mostly extinct, which re-

tain archaic traits of one

sort or another, and the

Teleostei, or bony fishes,

in which most of the

primitive characters have disappeared. Doubtless all of the

Teleostei are descended from a ganoid ancestry.

Even among the Ganoidei, as the term is here restricted,

there remains a very great variety of form and structure. The

fossil and existing forms do not form continuous series, but rep-

resent the tips and remains of many diverging branches perhaps

from some Crossopterygian central stock. The group constitutes

at least three distinct orders and, as a whole, does not admit of

Fig. 184.—Shoulder-girdle of a Flounder, Parii-
lichthys califoniicun (Ayres).
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perfect definition. In most but not all of the species the tail

is distinctly and obviously heterocercal, the lack of symmetry

of the tail in some Teleosts being confined to the bones and not

evident without dissection. Most of the Ganoids have the

skeleton still cartilaginous, and in some it remains in a very

primitive condition. Usually the Ganoids have an armature

of bony 'plates, diamond-shaped, with an enamel like that

developed on the teeth. In all of them the pectoral firr has

numerous basal bones or actinosts. All of them have the air-

bladder highly developed, usually cellular and functional as a

lung, but connecting with the dorsal side of the gullet, not with

the ventral side as in the Dipnoans. In all living forms there

is a more or less perfect optic chiasma. These ancient forms

retain also the many valves of the arterial bulb and the spiral

valve of the intestines found in the more archaic types of fishes.

But traces of some or all of these structures are found in some

bony fishes, and their presence in the Ganoids by no means

justifies the union of the Ganoids with the sharks, Dipnoans,

and Crossopterygians to form a great primary class, Palcrich-

thyes, as proposed by Dr. Giinther. Almost every form of body

may be found among the Ganoids. In the Mesozoic seas these

fishes were scarcely less varied and perhaps scarcely less abundant

than the Teleosts in the seas of to-day. They far exceed the

Crossopterygians in number and variety of forms. Transitional

forms connecting the two groups are thus far not recognized. So

far as fossils show, the characteristic actinopterous fin with its

reduced and altered basal bones appeared at once without in-

tervening gradations.

The name Ganoidei (yavos, brightness; eidos, resemblance),

alluding to the enameled plates, was first given by Agassiz to

those forms, mostly extinct, which were covered with bony scales

or hard plates of one sort or another. As the term was originally

defined, mailed catfishes, sea-horses, Agonidw, Arthrodircs,

Ostracophores, and other wholly unrelated types were included

with the garpikes and sturgeons as Ganoids. Most of these

intruding forms among living fishes were eliminated by Johannes

Miiller, who recognized the various archaic characters common
to the existing forms after the removal of the mailed Teleosts.

Still later Huxley separated the Crossopterygians as a distinct
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group, while others have shown that the Ostracophori and Arthro-

dira should be placed far from the garpike in systematic classi-

fication. Cope, Woodward, Hay, and others have dropped the
name Ganoid altogether as productive of confusion through
the many meanings attached to it. Others have kept it as

a convenient group name for the orders of archaic Actinopteri.

For these varied and more or less divergent forms it seems con-

venient to retain it. As an adjective "ganoid" is sometimes
used as descriptive of bony plates or enameled scales, some-

in the sense of archaic, as applied to fishes.

Classification of Ganoids. — The subdivision of the series

of Ganoidei into orders offers great difficulty from the fact

of the varying relationships of the members of the group

and the fact that the great majority of the species are

known only from broken skeletons presen,'ed in the rocks.

It is apparently easy to separate those with cartilaginous

skeletons from those with these bones more or less ossified. It

is also easy to separate those with bony scales or plates from

those having the scales cycloid. But the one type of skeleton

grades into the other, and there is a bony basis even to the

thinnest of scales foiand in this group. Among the multitude

of names and divisions proposed we may recognize six orders,

for which the names Lysopteri, Cho)idrostei, Selachosioini',

Pycnodonti, Lepidostei, and Halecomorphi are not inappropriate.

Each of these seems to represent a distinct offshoot from the

first primitive group.

Order Lysopteri.—In t-he most primitive order, called Lysop-

teri {Xvaos, loose; nr^pov, fin) by Cope, Heterocerci by Zittel

and Eastman, and the "ascending series of Chondrostei" by
Woodward, we find the nearest approach to the Chondropter-

ygians. In this order the arches of the vertebra are more or

less ossified, the body is more or less short and deep, covered

with bony dermal plates. The opercular apparatus is well

developed, with nxomerous branchiostegals. Infraclavicles are

present, and the fins provided with fulcra. Dorsal and anal

fins are present, with rays more niomerous than their supports;

ventral fin with basal supports which are imperfectly ossified

;

caudal fin mostly heterocercal, the scales mostl}^ rhombic in

form. All the members of this group are now extinct.
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The Palaeoniscidse.—The numerous genera of this order are

referred to three famihes, the Palcconiscidw, Platysomida: , and

Diciyopygidic; a fourth family, Dorypteridcc, of uncertain re-

lations, being also tentatively recognized. The family of

PaUroniscidce is the most primitive, ranging from the Devonian

to the Lias, and some of them seem to have entered fresh

waters in the time of the coal-measures. These fishes have

the body elongate and provided with one short dorsal fin. The

tail is heterocercal and the body covered with rhombic plates.

Fulcra or rudimentary spine-like scales are developed on the

upper edge of the caudal fin in most recent Ganoids, and often

the back has a median row of undeveloped scales. A multi-

tude of species and genera are recorded A typical form is

the genus Palcconisciiin* with many species represented in the

rocks of various parts of the world. The longest known species

is PalcEonisciim jrieslebenense from the Permian of Germany
and England. Palcconiscnm magnum, sixteen inches long, occurs

Fig. 185.

—

Palaoniscum frieslebenenxc Ulaiiiville. Family Pataoniscida.
(After Zittel.)

in the Permian of Germany. From Canohius, the most primi-

tive genus, to Coccolepis, the most modem, is a continuous series,

the .suspensorium of the lower jaw becoming more oblique,

the basal bones of the dorsal fewer, the dorsal extending farther

forward, and the scales more completely imbricate. Other
prominent genera are Amhlypteriis, Eurylepis, Cheirolepis,

Rhadinichthys, Pygoptcriis, Elonichthys, JErolepis, Gyrolepis,

Myriolepis, Oxygnathits, Centrolepis, and Holnrus.

The Platysomidae.— The Platysomida; are different in fnnn,

the body being deep and compressed, often diamond-shaped,

This word is usually written Palceoniscus, but Blainville, its author (1818),

chose the neuter form.
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with very long dorsal and anal fins. In other respects they are

very similar to the Palceoniscidcc, the osteology being the same.

The Palcconiscida: were rapacious fishes with sharp teeth, the

PlatysomidcB less active, and, from the blimter teeth, probably

feeding on small animals, as crabs and snails.

The rhombic enameled scales are highly specialized and
held together as a coat of mail by peg-and-socket joints. The
most extreme form is Platysomus, with the body very deep.

Platysomus gibbosiis and other species occur in the Permian

rocks of Germany. Cheirodiis is similar to Platysomus, but

without ventral fins. Eurynotus, the most primitive genus, is

remarkable for its large pectoral fins. Eurynotus crenatus occurs

Fig. 186.

—

Eurynotus crenatus Agassiz, restored. Carboniferous. Family
Platysomida: . (After Traquair.)

in the Subcarboniferous of Scotland. Other genera are Meso-

lepis, Globulodtis, Wardichthys, and Cheirodopsis

.

Some of the Platysomida have the intemeural spines pro-

jecting through the skin before the dorsal fin. This condition

is found also in certain bony fishes allied to the Carangidcc.

The Dorypteridse.

—

Dorypteriis hoffmani, the type of the sin-

gular Paleozoic family of Dorypteridcr, with thoracic or sub-

jugular many-rayed ventrals, is Stromateus-like to all appear-

ance, with distinct resemblances to certain Scombroid forms,

but with a heterocercal tail like a ganoid, imperfectly ossified

back-bone, and other very archaic characters. The body is

apparently scaleless, xinlike the true PlatysomidcB, in which the
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scales are highly developed.

altliaiisi, also from the German
This species has lower fins

maiii, but may be the adult

Doryptcriis is regarded by

cialized offshoot from the

many-rayed ventrals and the

body and fins suggest affinity

Dictyopygidae.—In the Dic-

dtc), the body is gracefully

pressed, the heterocercal tail

turned upwards, the teeth

hooked, and the bony plates

this group two genera are

taining numerous species. In

terns Rcdficld, not of Agassiz)

A second species, Doryptcriis

copper shales, has been described,

than Doryptcriis Jioff-

of the same type.

Woodward as a spe-

PlatysomidcE. The
general form of the

with the Lampridee,

tyopygidce {Catopteri-

elongate, less com-
is short and abruptly

are sharp and usually

well developed. Of

recognized, each con-

Rcdficldiiis { = Catop-

the dorsal is inserted

FiQ. 187

—

D^.ryplerus hifjmani Gcrmiir, ri'storcd. (After Iliincock and Ilowse.)

behind the anal, while in Dictyopyge this is not the case. Red-

fieldiiis gracilis and other species are found in the Triassic of

the Connecticut River. Dictyopyge macrura is found in the same
region, and Dictyopyge catoptcra and other species in Europe.
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Order Chondrostei.— "^he order Chondrostei {xovdpoz, carti-

lage; oareov, bone), as accepted by Woodward, is characterized

by the persistence of the notochord in greater or less degree,

the endoskeleton remaining cartilaginous. In all, the axonosts

and baseosts of the median fins are arranged in simple regu-

lar series and the rays are more numerous than the sup-

porting elements. The shoulder-girdle has a pair of infra-

clavicular plates. The pelvic fins have well-developed base-

osts. The branchiostegals are few or wanting. In the living

forms, and probably in all others, a matter which can never

be ascertained, the optic nerves are not decussating, but form

an optic chiasma, and the intestine is provided with a spiral

valve. In all the species there is one dorsal and one anal fin,

separate from the caudal. The teeth are small or wanting,

the body naked or covered with bony plates; the caudal fin is

usually heterocercal, and on the tail are rhombic plates. To
this order, as thus defined, about half of the extinct Ganoids

belong, as well as the modem degenerate forms known as stur-

geons and perhaps the paddle-fishes, which are apparently derived

from fishes with rhombic enameled scales. The species extend

from the Upper Carboniferous to the present time, being most

numerous in the Triassic.

At this point in Woodward's system diverges a descending

series, characterized as a whole by imperfect squamation and

elongate form, this leading through the synthetic type of Clioii-

drosteidcE to the modem sturgeon and paddle-fish, which are

regarded as degenerate types.

The family of Saiirorhyiichidce contains pike-like forms, with

long jaws, and long conical teeth set wide apart. The tail is

not heterocercal, but short-diphycercal ; the bones of the head

are covered with enamel, and those of the roof of the skull form

a continuous shield. The opercular apparatus is much reduced,

and there are no branchiostegals. The fins are all small, without

fulcra, and the skin has isolated longitudinal series of bony

scutes, but is not covered with continuous scales. The principal

genus is Saitrorhynchiis {—Beloiiorhynclius; the former being

the earlier name) from the Triassic. Saurorhynchiis acntus from

the English Triassic is the best known species.

The family of Chondrosteidcs includes the Triassic precursors
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of the sturgeons. The general form is that of the sturgeon,

but the body is scaleless except on the upper caudal lobe, and

there are no plates on the median line of the skull. The oper-

cle and subopercle are present, tlie jaws are toothless, and there

are a few well-developed caudal rays. The caudal has large

fulcra. The single well-known species of this group, Chondrostcus

acipenseroides, is found in the Triassic rocks of England and

reaches a length of about three feet. It much resembles a

modem sturgeon, though differing in several technical respects.

Chondrosteits pachyums is based on the tail of a species of much
larger size and Gyrostcus mirabilis, also of the English Triassic,

^

Fig. 188.

—

Chondrosteus acipenseroides Egerton. Family Chondrosteidce.

(After Woodward.)

is known from fragments of fishes which must have been i8

to 20 feet in length.

The sturgeons constitute the recent family of Acipensendce,

characterized by the prolonged snout and toothless jaws and

the presence of four barbels below the snout. In the Acipen-

serida there are no branchiostegals and a median series of plates

is present on the head. The body is armed with five rows of

large bony bucklers,—each often with a hooked spine, sharpest

in the young. Besides these, rhombic plates are developed

on the tail, besides large fulcra. The sturgeons are the youngest

of the Ganoids, not occurring before the Lower Eocene, one

species, Acipenser toliapiciis occurring in the London clay.

About thirty living species of sturgeon are known, referred

to three genera: Acipenser, found throughout the Northern

Hemisphere, Scaphirhynclius, in the Mississippi Valley, and
Kesslcria (later called Psendoscaphirhynchiis) , in Central Asia

alone. Most of the species belong to the genus Acipenser, which
abounds in all the rivers and seas in which salmon are found.

Some of the smaller species spend their lives in the rivers, ascend-



The Ganoids 255

ing smaller streams to spawn. Other sturgeons are marine,

ascending fresh waters only for a moderate distance in the

spawning season. They range in length from 2^ to 30 feet.

All are used as food, although the flesh is rather coarse

and beefy. From their large size and abundance they possess

great economic value. The eggs of some species are prepared

as caviar.

The sturgeons are sluggish, clumsy, bottom-feeding fish.

The mouth, underneath the long snout, is very protractile,

sucker-like, and without teeth. Before it on the under side

of the snout are four long feelers. Ordinarily the sturgeon feeds

on mud and snails with other small creatvires, but I have seen

Fig. 189.—Common Sturgeon, Acipetiser sturio Mitchill. Potomac River.

large numbers of Eulachon (Thalcichthys) in the stomach of

the Columbia River sturgeon {Acipenser transmontanus). This

fish and the Eulachon run in the Columbia at the same time,

and the sucker-mouth of a large sturgeon will draw into it num-
bers of small fishes who may be unsuspiciously engaged in

depositing their spawn. In the spawning season in June these

clumsy fishes will often leap wholly out of the water in their

play. The sturgeons have a rough skin besides five series of

bony plates which change much with age and which in very

old examples are sometimes lost or absorbed in the skin. The

common sturgeon of the Atlantic on both shores is Acipenser

sturio. Acipenser huso and numerous other species are found

in Russia and Siberia. The great sturgeon of the Columbia

is Acipenser transmontanus, and the great sturgeon of Japan

Acipenser kikuchii. Smaller species are foiind farther south,

as in the Mediterranean and along the the Carolina coast. Other

small species abound in rivers and lakes. Acipenser ruhicimdus

is found throughout the Great Lake region and the Mississippi

Valley, never entering the sea. It is four to six feet long, and

at Sandusky, Ohio, in one season 14,000 sturgeons were taken
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ill tlie pound nets. A similar species, Acipenser mikadoi, is

abundant and valuable in the streams of northern Japan.

Flo. 190.—Lake Sturgeon, Acipenser mbicundus Le Sueur. Ecorse, Mich.

In the genus Acipenser the snout is sharp and conical, and

the shark-like spiracle is still retained.

The shovel-nosed sturgeon {ScaphirJiynchiis platyrhynchns)

has lost the spiracles, the tail is more slender, its surface wholly

bony, and the snout is broad and shaped like a shovel. The
single species of Scaphirhynchus abounds in the Mississippi

Fin. 191 -Shovel-nosed Sturgeon. Scaphirhynchus plalyrhynchus (Rafinesque).

Ohio River.

Valley, a fish more interesting to the naturalist than to the

fisherman. It is the smallest of our sturgeons, often taken in

the nets in large numbers.

In ScapJiyrhyncliHs the tail is covered by a continuous coat

of mail. In Kcsskria * fcdtschenkot, rossikowi, and other

Asiatic species the tail is not mailed.

Order Selachostomi : the Paddle-fishes. — Another type of

Ganoids, allied to the sturgeons, perhaps still further degenerate,

is that of the paddle-fishes, called by Cope Selachostomi (o-eAa^os,

shark ; arofxa, mouth) . This group consists of a single family,

Folyodontida:, having apparently little in common with the

other Ganoids, and in appearance still more suggestive of the

sharks. The common name of paddle-fishes is derived from

the long flat blade in which the snout terminates. This ex-

tends far beyond the mouth, is more or less sensitive, and is

* These species have also been named Pseudoscaphirhynchiis. Kessleria

is the earlier name, left undefined by its describer, although the type was

indicated.
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used to stir up the mud in which are found the minute organisms

on which the fish feeds. Under the paddle are four very minute

Fig. 192.—Paddle-fish, Polyodon spathula (Walbaum). Ohio River.

barbels corresponding to those of the sturgeons. The vernacular

names of spoonbill, duckbill cat, and shovel-fish are also derived

from the form of the snout. The skin is nearly smooth, the tail

is heterocercal, the teeth are very small, and a long fleshy flap

covers the gill-opening. The very long and slender gill-rakers

Flu. 193.—Paddle-fish, Polyodon spathula (Walbaum). Ohio River.

serve to strain the food (worms, leeches, water-beetles, crusta-

ceans, and algae) from the muddy waters from which they are

taken. The most important part of this diet consists of En-

tomostracans. The single American species, Polyodon spathula,

abounds through the Mississippi Valley in all the larger

streams. It reaches a length of three or four feet. It is often

taken in the nets, but the coarse tough flesh, like that of our

inferior catfish, is not much esteemed. In the great rivers of

China, the Yangtse and the Hoang Ho, is a second species.

Fig. 194

—

Psephurus gladius Giinther. Yangtse River. (After Giinther.)

Psephiirus gladius, with narrower snout, fewer gill-rakers, and

much coarser fulcra on the tail. The habits, so far as known,

are much the same.

Crossopholis magiiicaudains of the Green River Eocene

shales is a primitive member of the PolyodontidcB. Its rostral blade
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is shorter than that of Polyodon, and the body is covered ^vith

small thin scales, each in the form of a small grooved disk with

several posterior denticulations, arranged in oblique series but

not in contact. The scales are quadrate in form, and more

widely separated anteriorly than posteriorly. As in Polyodon,

the teeth are minute and there are no branchiostegals. The

squamation of this fish shows that Polyodon as well as Acipenser

may have spnmg from a type having rhombic scales. The tail

of a Cretaceous fish, Pholidiirus disjcctus from the Cretaceous

of Europe, has been referred with doubt to this family of Poly-

odontida.

Order Pycnodonti.—In the extinct order Pycnodonti, as rec-

ognized by Dr. O. P. Hay, the notochord is persistent and with-

out ossification, the body is very deep, the teeth are always

Fig. 195.

—

Gyrodus hexagonus Agassi?.. Family Pycnodontidce.

Lithographic Shales.

blunt, the opercular apparatus is reduced, the dorsal fin many-

rayed, and the fins without fulcra. The scales are rhombic,

but are sometimes wanting, at least on the tail. Many genera

and species of Pycnodontidce are described, mostly from Triassic

and Jurassic rocks of Europe. Leading European genera are

Pycnodus, Typodus (Mesodon), Gyrodus, and Palccobalistiim. The

numerous American species belong to Typodus, Coclodiis,

Pycnodus, Hadrodus, and Uranoplosus. These forms have no

affinity w'ith Balistes, although there is some resemblance in

appearance, which has suggested the name of Palccohalistum.
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Woodward places these fishes with the Semionotidcc and Ha-
lecouwrphi in his suborder of Protospondyli. It seems preferable,

however, to consider them as forming a distinct order.

Order Lepidcstei.—We may place, following Eastman's edition

of Zittel, the allies and predecessors of the garpike in a single

order, for which Huxley's name Lepidostei may well be used.

In this group the notochord is persistent, and the vertebras are

in various degrees of ossification and of different forms. The

Fig. 196.

—

Mesturus verrucosus Wagner. Family Pycnodonlidm.
(After Woodward.)

opercles are usually complete, the branchiostegals present, and
there is often a gular plate. There is no infraclavicle and the

jaws have sharp teeth. The fins have fulcra, and the supports

of the fins agree in number with the rays. The tail is more or less

heterocercal. The scales are rhombic, arranged in oblique series,

which are often united above and below with peg-and-socket

articulations. This group contains among recent fishes only the

garpikes (Lcpisostciis).

Family Lepisosteidae.—The family of Lcpisosteidce, constituting

the suborder Ginglyiitodi {yiyyXv/.i6?, hinge), is characterized

especially by the form of the vertebrtE.

These are opisthocoeHan, convex in front and concave behind,

as in reptiles, being connected by ball-and-socket joints. The tail

is moderately heterocercal, less so than in the Halecomorphi, and

the body is covered with very hard, diamond-shaped, enameled
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scales in structure similar to that of the teeth. A number of

j)eculiar characters are shown by these fishes, some of them
having often been regarded as reptilian traits. Notable features

are the elongate, crocodile-like jaws, the upper the longer, and

both armed with strong teeth. The mandible is without pre-

symphysial bone. The fins are small with large fulcra, and

the scales are nearly uniform in size.

All the species belong to a single family, Lepisosteidcv, which

includes the modem garpikes and their immediate relatives,

some of which occur in the early Tertiary. These voracious

fishes are characterized by long and slender cylindrical bodies,

with enameled scales and mailed heads and heterocercal tail.

The teeth are sharp and unequal. The skeleton is well ossified,

and the animal itself is extremely voracious. The vertebrae,

reptile-like, are opisthocoelian, that is, convex in front, concave

behind, forming ball-and-socket joints. In almost all other

fishes they are amphica-lian or double-concave, the interspace

filled with gelatinous substance. The recent species, and per-

haps all the extinct species also, belong to the single genus

Lcpisosteiis (more correctly, but also more recently, spelled

Lepidosteus) . Of existing forms there are not many species,

three to five at the most, and they swarm in the lakes, bayous,

and sluggish streams from Lake Champlain to Cuba and along

the coast to Central America. The best known of the species

is the long-nosed garpike, Lepisosteiis osseus, which is found

throughout most of the Great Lake region and the Mississippi

\'alley, and in which the long and slender jaws are much longer

than the rest of the head. The garpike frequents quiet waters

and is apparently of sleepy habit. It often lies quiet for a long

time, carried around and around by the eddies. It does not

readily take the hook and seldom feeds in the aquarium. It

feeds on crayfishes and small fishes, to which it is exceedingly

destructive, as its bad reputation indicates. Fishermen every-

Avhere destroy it without mercy. Its flesh is rank and tough

and unfit even for dogs.

In the young garpike the caudal fin appears as a second

dorsal and anal, the filamentous tip of the tail passing through
and beyond it.

The short-nosed garpike, Lcpisostcus platystomns, is gener-
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ally common throughout the Mississippi Valley. It has a short

broad snout like the alligator gar, but seldom exceeds three feet

in length. In size, color, and habits it agrees closely with the

common gar, differing only in the form of the snout. The form

is subject to much variation, and it is possible that two or more

species have been confounded.

The great alligator-gar, Lepisosteiis tristocchiis, reaches a

length of twenty feet or more, and is a notable inhabitant of

the streams about the Gulf of Mexico. Its snout is broad and

relatively wide, and its teeth are very strong. It is very de-

structive to all sorts of food-fishes. Its flesh is worthless, and

its enameled scales resist a spear or sometimes even shot.

Fig. 197.—Alligator-gar^ Lepisosteus tristaechus (Bloch). Cuba.

It breathes air to a certain extent by its lungs, but soon dies

in foul water, not having the tenacity of life seen in Amia.

Order Halecomorphi.—To this order belong the allies, living

or extinct, of the bowfin {Amia), having for the most part

cycloid scales and vertebrge approaching those of ordinary

fishes. The resemblance to the Isospondyli, or herring group,

is indicated in the name (Halec, a herring; lAopcpt'i, form). The
notochord is persistent, the vertebras variously ossified. The
opercles are always complete. The branchiostegals are broad

and there is always a gular plate. The teeth are pointed, usually

strong. There is no infraclavicle. Fulcra are present or

absent. The supports of the dorsal and anal are equal in num-
ber to the rays. Tail heterocercal. Scales thin, mostly cycloid,

but bony at base, not jointed with each other. Mandible com-

plex, with well-developed splenial rising into a coronoid process,

which is completed by a distinct coronoid bone. Pectoral fin

with more than five actinosts; scales ganoid or cycloid. In the

living forms the air-bladder is connected with the oesophagus

through life; optic chiasma present; intestine with a spiral

valve.
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The Bowfins: Amiidae.—The Amiidw have the vertebras more

complete. The dorsal fin is many-rayed and is without distinct

fulcra. The diamond-shaped enameled scales disappear, giving

place to cycloid scales, which gradually become thin and mem-
branous in structure. A median gular plate is developed be-

tween the branchiostegals. The tail is moderately heterocercal,

. and the head covered with a bony coat of mail.

The family of Amiida: contains a single recent species,

Amia calva, the only living member of the order Halccomorphi.

The bowfin, or grindle, is a remarkable fish abounding in the

lakes and swamps of the Mississippi Valley, the Great Lake

region, and southward to Virginia, where it is known by the

imposing but unexplained title of John A. Grindle. In the

Great Lakes it is usually called "dogfish," because even the

dogs will not eat it, and "lawyer," because, according to Dr.

Kirtland, "it will bite at anything and is good for nothing

when caught."

The bowfin reaches a length of two and one half feet, the

male being smaller than the female and marked by an ocellated

black spot on the tail. Both sexes are dark mottled green in

Fi(i. 198.—Bowfin (female), Amia calva Liniuvus. Lake Michigan.

color. The fiesh of the species is very watery, pasty, much
of the substance evaporating when exposed to the air. It is

ill-flavored, and is not often used as food. The species is

very voracious and extremely tenacious of life. Its well-devel-

oped lung enables it to breathe even when out of the water, and

it will live in the air longer than any other fish of American

waters, longer even than the homed pout (Ainciiiriis) or the

mud-minnow {Umbra). As a game fish the grindle is one of

the very best, if the angler does not care for the flesh of wliat he

catches, it being one of the hardest fighters that ever took the hook.
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The Amiida retain many of the Ganoid characters, though

approaching more nearly than any other of the Ganoids to the

modem herring tribe. For this reason the name Halecomorphi

(shad-formed) was given to this order by Professor Cope. The
gular plate found in Amia and other Ganoids reappears in

the herring-like family of Elopida, which includes the tarpon

and the ten-pounder.



CHAPTER XIX

ISOSPONDYLI

f HE Subclass Teleostei, or Bony Fishes.—The fishes which

still remain for discussion constitute the great sub-

class or series of Teleostei (reAeo?, true; oareov, bone),

or bony fishes. They lack wholly or partly the Ganoid traits,

or show them only in the embryo. The tail is slightly, if at all,

heterocercal ; the actinosts of the pectoral fins are few and large,

rarely over five in number, except among the eels; the fulcra

disappear; the air-bladder is no longer cellular, except in very

rare cases, nor does it assist in respiration. The optic nerves

are separate, one running to each eye without crossing: the

skeleton is almost entirely bony, the notochord usually dis-

appearing entirely with age; the valves in the arterial bulb

are reduced in number, and the spiral valve of the intestines

disappears. Traces of each of the Ganoid traits may persist

somewhere in some group, but as a whole we see a distinct

specialization and a distinct movement toward the fish type,

with the loss of characters distinctive of sharks, Dipnoans, and

Ganoids. In a general way the skeleton of all Teleosts corre-

sponds uith that of the striped bass, and the visceral anatomy

is in all cases sufficiently hke that of the sunfish (Fig. i6).

The mesocoracoid or pra^coracoid arch, found in all Ganoids,

persists in the less specialized types of bony fishes, although

no trace of it is fovmd in the perch-like forms. With all this,

there is developed among the bony fishes an infinite variety

in details of structure. For this reason the Teleostei must be

broken into many orders, and these orders are \-ery different

in value and in degrees of distinctness, the various groups being

joined by numerous and puzzling intergradations.

264
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Order Isospondyli.—Of the various subordinate groups of

bony fishes, there can be no question as to which is most primi-

tive in structure, or as to which stands nearest the orders of

Ganoids. Earliest of the bony fishes in geological time is the

order of Isospondyli (I'cros, equal; crTiot'dvXos, vertebra), contain-

the allies, recent or fossil, of the herring and the trout. This

order contains those soft-rayed fishes in which the ventral

fins are abdominal, a mesocoracoid or precoracoid arch is de-

veloped, and the anterior vertebras are unmodified and essen-

tially similar to the others. The orbitosphenoid is present in all

typical forms. In certain forms of doubtful affinity {Iniomi) the

mesocoracoid is wanting or lost in degeneration. Through

the Isospondyli all the families of fishes yet to be considered

are apparently descended, their ancestors being Ganoid fishes

and, still farther back, the Crossopterygians.

Woodward gives this definition of the Isospondyli: " Noto-

chord varying in persistence, the vertebral centra usually com-

plete, but none coalesced ; tail homocercal, but hsemal supports

not much expanded or fused. Symplectic bone present, mandible

simple, each dentary consisting only of two elements (dentary

and articulo-angular) , with rare rudiments of a splenoid on the

inner side. Pectoral arch suspended from the cranium; pre-

coracoid (mesocoracoid) arch present; infraclavicular plates

wanting. Pelvic (ventral) fins abdominal. Scales ganoid only

in the less specialized families. In the living forms air-bladder

connected with the oesophagus in the adult ; optic nerves decus-

sating (without chiasma), and intestine either wanting spiral

valve or with an incomplete representative of it."

The Classification of the Bony Fishes.—The classification of

fishes has been greatly complicated by the variety of names

applied to groups which are substantially but not quite identical

one with another. The difference in these schemes of classi-

fication lies in the point of view. In all cases a single character

must be brought to the front; such characters never stand

qmte alone, and to lay emphasis on another character is to

make an alteration large or small in the name or in the boujjda-

ries of a class or order. Thus the Ostariophysi with the Iso-

spondyli, Haplomi, and a few minor groups make up the great

division of the Abdominalcs. These are fishes in which the



266 Isospondyli

ventral fins are abdominal, that is, inserted backward, so that

the pelvis is free from the clavicle, the two sets of limbs being

attached to different parts of the skeleton. Most of the ab-

dominal fishes are also soft-rayed fishes, that is, without con-

secutive spines in the dorsal and anal fins, and they show a number

of other archaic peculiarities. The Malacopterygians {naXuKo?,

soft; mepvS, fin) of Cuvier therefore correspond very nearly

to the Abdominales. But they are not quite the same, as the

spiny-rayed barracudas and mullets have abdominal ventrals,

and many unquestioned thoracic or jugular fishes, as the sea-

snails and brotuHds, have lost, through degeneration, all of their

fin-spines.

In nearly but not quite all of the Abdominal fishes the

slender tube connecting the air-bladder with the oesophagus

persists through life. This character defines Miiller's order

of Physostomi {<pva-6s, bladder; a-ro^ta, mouth), as opposed to

his Physodysti {^u<t6s, bladder; KXeicrTos, closed), in which this

tube is present in the embryo or larva only. Thus the Tlioraciccs

and Jugularcs, or fishes having the ventrals thoracic or jugular,

together correspond almost exactly to the Acanthopterygians,

(aKavOa, Spine ; TirepvS, fin), or spiny-rayed fishes of Cuvier, or to

the Physodysti of Miiller. The Malacopterygians, the Abdomi-

nales, and the Physostomi are in the same way practically

identical groups. As the spiny-rayed fishes have mostly ctenoid

scales, and the soft-rayed fishes cycloid scales, the Physostomi

correspond roughly to Agassiz's Cydoidei, and the Physodysti

to his Ctenoidei.

But in none of these cases is the correspondence perfectly

exact, and in any system of classification we must choose charac-

ters for primary divisions so ancient and therefore so perma-

nent as to leave no room for exceptions. The extraordinary

difficulty of doing this, with the presence of most puzzling

intergradations, has led Dr. Gill to suggest that the great body

of bony fishes, soft-rayed and spiny-rayed, abdominal, thoracic,

and jugular alike, be placed in a single great order which he

calls Tdcocephali (reAedf, perfect; /ce^aA?/, head). The aberrant

forms with defective skull and membrane-bones he would sepa-

rate as minor offshoots from this great mass wth the name
of separate orders. But while the divisions of Tdeocephali
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are not strongly differentiated, their distinctive characters are

real, ancient, and important, while those of the aberrant groups,

called orders by Gill (as Plectognathi , Pedicnlati, Hemibranchii)

,

are relatively modem and superficial, which is one reason why
they are more easily defined. There seems to us no special

advantage in the retention of a central order Teleocephali,

from which the divergent branches are separated as distinct

orders.

While our knowledge of the osteology and embryology of

most of the families of fishes is very incomplete, it is evident

that the relationships of the groups cannot be shown in any
linear series or by any conceivable arrangement of orders and
suborders. The living teleost fishes have sprung from many
lines of descent, their relationships are extremely diverse, and
their dift'erences are of every possible degree of value. The
ordinary schemes have magnified the value of a few common
characters, at the" same time neglecting other differences of

equal value. No system of arrangement which throws these

fishes into large groups can ever be definite or permanent.

Relationships of Isospondyli.—For our purposes we may divide

the physostomous fishes as imderstood by Miiller into several

orders, the most primitive, the most generahzed, and economically

the most important being the order of Isospondyli. This order

contains those bony fishes which have the anterior vertebrae

unaltered (as distinguished from the Ostariophysi), the skull

relatively complete, or at least not eel-like, the mesocoracoid

typically developed, but atrophied in deep-sea forms and finally

lost, the orbitosphenoid present. In all the species the ventral

fins are abdominal and normally composed of more than six

rays; the air-duct is developed. The scales are chiefly cycloid

and the fins are without true spines. In many ways the order

is more primitive than A'ematognatlii, Plectospondyli, or Apodes.

It is certain that it began earlier in geological time than any
of these. On the other hand, the Isospondyli are closely con-

nected through the Berycoidei with the highly specialized fishes.

The continuity of the natural series is therefore interrupted by
the interposition of the side branches of Ostariophysans and eels

before considering the Haplomi and the other transitional forms.

The forms called Iniomi, which lack the mesocoracoid and the
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orbitosphenoid, have been lately transferred to the Haplomi by

Boulcnger. This arrangement is probably a step in advance.

Ganoid traits are present in certain families of Isospondyli.

Among these are the gular plate (found in Aiiiia and the Elopidcc),

doubtless derived from the similar structure in earlier Ganoids

;

additional valves in the arterial bulb in the cellular air-bladder

of Notopteriis and Osteoglossmn, the spiral intestinal valve

in Cliiroceiitridcc, and the ganoid scales of the extinct Lepto-

lepidcc.

The Clupeoidea.—The Isospondyli are divisible into numerous

families, which may be grouped roughly under three subdivisions,

Clupeoidea, the herring-like forms ; the Salmonoidca, the trout-like

forms ; and the Iniomi, or lantern-fishes, and their allies. The

last-named group should probably be removed from the order of

Isospondyli. In the Clupeoidea, the allies of the great family

of the herring, the shoulder-girdle is normally developed, retain-

ing the mesocoracoid arch on its inner edgfe, and through the

post-temporal is articulated above with the cranium. The fishes

in this group lack the adipose fin which is characteristic of most

of the higher or salmon-like families.

The Leptolepidse.—Most primitive of the Isospondyli is tlie

extinct family of Leptolepidcc, closely allied to the Ganoid families

of Pholidophoridcc and Oligoplcnridcc. It is composed of graceful,

Fio. 199.

—

Lepl lepis dvbiris Blainvillo, Lithograpliic Stone. (After Woodward.)

herring-like fishes, with the bones of the head thin but covered

with enamel, and the scales thin but firm and enameled on their

free portion. There are no fulcra and there is no lateral line.

The vertebraD are well developed, but always pierced by the

notochord. The genera are Lycoptera, Leptolepis, Mthalion,

and Tlirissops. In Lycoptera of the Jurassic of China the
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vertebral centra are feebly developed, and the dorsal fin short

and posterior. In Leptolepis the anal is short and placed

behind the dorsal. There are many species, mostly from the

Triassic and lithographic shales of Europe, one being found

in the Cretaceous. Leptolepis coryphcEitoides and Leptolepis

ditbiits are among the more common species. ALthalion (knorri)

differs in the form of the jaws. In Thrissops the anal fin is

long and opposite the dorsal. Thrissops salmonea is found

in the lithographic stone; Thrissops exigua in the Cretaceous.

In all these early forms there is a hard casque over the brain-

cavity, as in the living types, Amia and Osteoglossmn.

The Elopidae.—The family of Elopidcc contains large fishes

herring-like in form and structure, but having a flat membra,ne-

FlG. 200.—Ten-pounder, Elops saurus L. An ally of the earliest bony fishes.

Virginia.

bone or gular plate between the branches of the lower jaw, as

in the Ganoid genus Amia. The living species are few, abound-

ing in the tropical seas, important for their size and numbers,

Fig. 201.—A ]>rimitive Herring-like fish, Uolcolepis letresiensis , Mantell, restored.

Family Elopidte. English Chalk. (After Woodward.)

though not valued as food-fishes save to those who, like the

Hawaiians and Japanese, eat fishes raw. These people prefer
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for that purpose the white-meated or soft-fleshed forms Hke

Elops or Scams to those which yield a better flavor when cooked.

The ten-pounder (Elops saurns), pike-like in form but with

very weak teeth, is foimd in tropical America. Elops maclniaia,

the jackmariddle, the awaawa of the Hawaiians, abounding in

the Pacific, is scarcely if at all different.

The tarpon, called also grande ccaille, silver-king, and sabalo

(Tarpon atlanticus), is a favorite game-fish along the coasts of

Florida and Carolina. It takes the hook with great spirit, and

Fia. 203.—Tarpon or Grande Ecaille, Tarpon atlanticus Cuv. it W\. Florida.

as it reaches a length of six feet or more it affords much excite-

ment to the successful angler. The very large scales are much

used in ornamental work.

A similar species of smaller size, also with the last ray of

the dorsal very much produced, is Megalops cyprinoides of the

East Indies. Other species occur in the South Seas.

Numerous fossil genera related to Elops are fotmd in the

Cretaceous and Tertiary rocks. Holcolcpis lewesiensis (wrongly

called Osmeroides) is the best-kno\A'n European species. Numer-

ous species are referred to Elopopsis. Megalops prisca and

species of Elops also occur in the London Eocene.

In all these the large parietals meet along the median line

of the skull. In the closely related family of Spaniodoiitidcr

the parietals are small and do not meet. All the species of

this group, united by Woodward with the Elopidcc, are extinct.

These fishes preceded the Elopidce in the Cretaceous period.

Leading genera are Thrissopater and Spaniodon, the latter

armed with large teeth. Spaniodon blondeli is from the Creta-
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ceous of Mount Lebanon. Many other species are foiind in the

European and American Cretaceous rocks, but are kno\\Ti from

imperfect specimens only.

Sardiiiiiis, an American Cretaceous fossil herring, may stand

near Spaniodon. Rhacolepis buccalis and Notelops brama are

found in Brazil, beautifully preserved in concretions of cal-

careous mud supposed to be of Cretaceous age.

The extinct family of PachyrhizodontidcE is perhaps allied

to the ElopidcE. Numerous species of Pachyrhizodus are found

in the Cretaceous of southern England and of Kansas.

The Albulidae.—The Albulidcc, or lady-fishes, characterized by

the blunt and rounded teeth, are found in most warm- seas.

Fig. 203.—The Lady-fish, Albula I'ulpes (Linnseas). Florida.

Albula vidpes is a brilliantly silvery fish, little valued as food.

The metamorphosis which the lava undergoes is very remark-

able. It is probably, however, more or less typical of the

changes which take place with soft-rayed fishes generally, though

more strongly marked in Albula and in certain eels than in

most related forms. Fossils allied to Albula, Albula oiveni,

Chanoides inacropomus are found in the Eocene of Europe

;

Syntegniodus alius in the Cretaceous of Kansas. In Chanoides,

the most primitive genus, the teeth are much fewer than in

Albula. Pleihodus and Thryptodus, with peculiar dental plates

on the roof and floor of the mouth, probably constitute a dis-

tinct family, Thryptodontidce. The species are found in Euro-

pean and American rocks, but are known from imperfect speci-

mens only.

The Chanidae.—The Chanidcr, or milkfishes, constitute another

small archaic type, found in the tropical Pacific. They are
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large, brilliantly silvery, toothless fishes, looking like enormous

dace, swift in the water, and very abundant in the Gulf of

'^^

NJf

Fio. 204 —Milkfish, Chunos clumos (L.). Mazatlan.

California, Polynesia, and India. The single living species is

the Awa, or milkfish, Chanos chanos, largely used as food

in Hawaii. Species of Prochanos and Chanos occur in the

Cretaceous, Eocene, and Miocene. Allied to Chanos is the

Cretaceous genus Ancylostylos {gibbiis), probably the type of

a distinct family, toothless and with many-rayed dorsal.

The Hiodontidae.—The HiodontidcB, or mooneyes, inhabit the

rivers of the central portion of the United States and Canada.

KiQ. 205.—Mooneye, Hiodon tergisus Le Sueur. Ecorse, Mich.

They are shad-like fishes with brilliantly silvery scales and ver\'

strong sharp teeth, those on the tongue especially long. They are

very handsome fishes and take the hook %\-ith spirit, but the

flesh is rather tasteless and full of small bones, much like that



Isospondyli 73

of the milkfish. The commonest species is Hiodon tergisus.

No fossil Hiodoiitidcr are known.

The Pterothrissidae.—The PterothrissidcB are sea-fishes hke
Albtda, but more slender and with a long dorsal fin. They live

Fig. 20Q.—Istieus grandis Agassiz. Family Pterothrissidw. (After Zittel.)

in deep or cold waters along the coasts of Japan, where they are

known as gisu. The single species is Pterothrissus gissu. The
fossil genus Istieus, from the Upper Cretaceous, probably be-

longs near the PterothrissidcE. Istieus grandis is the best-known

Fig. 101.—Chirothrix libanicus Pictet it Humbert. Cretaceous of Mt. Lebanon.
(After Woodward.)

species. Another ancient family, now represented by a single

species, is that of the ChirocentridcB, of which the living type

is Chirocentrus dorab, a long, slender, much compressed herring-

like fish, with a saw-edge on the belly, found in the East Indies,
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in which region Chirocentriis polyodon occurs as a fossil. Numer-

ous fossil genera related to Chirocentrus are enumerated by

Woodward, most of them to be referred to the related family

of Ichthyodectida {Saurodontida:) . Of these, Portheus, Ichthyodec-

tes, Saiirocephalns {Saurodon), and Gillicus are represented by

numerous species, some of them fishes of immense size and great

voracity. Portheus molossiis, found in the Cretaceous of Xebraska,

is remarkable for its very, strong teeth. Species of other genera

are represented by numerous species in the Cretaceous of both

the Rocky ]Mountain region and of Europe.

The Ctenothrissidae.—A related family, CtenothrissidcB, is

represented solely by extinct Cretaceous species. In this group

«v

Fig. 208.—Clenothrissa vexilUjera Pietet, restored. Mt. Lebanon Cretaceous.
(After Woodward.)

the body is robust with large scales, ctenoid in Ctcnothrissa,

cycloid in Atdolepis. The fins are large, the belly not serrated,

and the teeth feeble. Clenothrissa vexilUjera is from Mount
Lebanon. Other species occur in the European chalk. In the

small family of Phractolcemidce the interopercle, according to

Boulenger, is enormously developed.

The Notopteridae.—The Notopteridce is another small family

in the rivers of Africa and the East Indies. The body ends in

a long and tapering fin, and, as usual in fishes which swim by
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body undulations, the ventral fins are lost. The belly is doubly

serrate. The air-bladder is highly complex in structure, being

divided into several compartments and terminating in two
horns anteriorly and posteriorly, the anterior horns being in

direct communication w-ith the auditory organ. A fossil Notop-

terus, N. primccvus, is found in the same region.

The Clupeidse.—The great herring family, or ClupeidcB, com-
prises fishes with oblong or herring-shaped body, cycloid scales,

and feeble dentition. From related families it is separated

by the absence of lateral line and the division of the maxillary

into three pieces. In most of the genera the belly ends in a

serrated edge, though in the true herring this is not very evident,

Fig. 209 —Herring, Clupea harengus L. New York.

and in some the belly has a blunt edge. Some of the species

live in rivers, some ascend from the sea for the purpose of spawn-

ing. The majority are confined to the ocean. Among all

the genera, the one most abundant, in individuals is that of

Clupea, the herring. Throughout the North Atlantic are im-

mense schools of Cliipca harengus. In the North Pacific on

both shores another herring, Clupea pallasi, is equally abundant,

and with the same market it would be equally valuable. As

salted, dried, or smoked fish the herring is found throughout

the civilized world, and its spawning and feeding-grounds have

deterrhined the location of cities.

The genus Clupea, of northern distribution, has the vertebrae

in increased number (56), and there are weak teeth on the vomer.

Several other genera are very closely related, but ranging farther

south they have, with other characters, fewer (46 to 50) vertebrae.

The alewife, or branch-herring (Pomolobus pseudoharengus)

,

ascends the rivers to spawn and has become land-locked in
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the lakes of New York. The skipjack of the Gulf of Mexico,

Pomolobiis chrysochloris, becomes very fat in the sea. The

species becomes land-locked in the Ohio River, where it thrives

as to numbers, but remains lean and almost useless as food. The
glut-herring, Pomolobiis cestivalis, and the sprat, Pomolobus

sprattus, of Europe are related forms.

\'cr\' near also to the herring is the shad {Alosa sapidissima)

of the eastern coasts of America, and its inferior relatives, the

Fig. 210 —Alewife, Pumolohus pseudohareiigus (Wilson). Potomac River.

shad of the Gulf of Mexico {Alosa alabamcr), the Ohio River

shad {Alosa ohiensis), very lately discovered, the Allice shad

{Alosa alosa) of Europe, and the Thwaite shad {Alosa finta).

In the genus Alosa the cheek region is v?ry deep, giving the

head a form different from that seen in the herring.

The American shad is the best food-fish in the family, pecu-

liarly delicate in flavor when broiled, but, to a greater degree

than occurs in any other good food-fish, its flesh is crowded

with small bones. The shad has been successfully introduced

into the waters of California, where it abounds from Puget

Sound to Point Concepcion, ascending the rivers to spawn in

May as in its native region, the Atlantic coast.

The genus Sardinella includes species of rich flesh and feeble

skeleton, excellent when broiled, when they may be eaten bones

and all. This condition favors their preservation in oil as

"sardines." All the species are alike excellent for this pur-

pose. The sardine of Europe is the Sardinella pilchardus, known
in England as the pilchard. The "Sardina de Espana" of
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Cuba is Sardinella pseudohispanica, the sardine of California,

Sardinella ccsrulea. Sardinella sagax abounds in Chile, and Sar-

diitella nielanosticta is the valued sardine of Japan.

In the tropical Pacific occur other valued species, largely

belonging to the genus Kowala. The genus Harengida contains

small species with very large, firm scales which dca not fall when
touched, as is generally the case with the sardines, ilost

common of these is Harengida sardina of the West Indies.

Similar species occur in southern Europe and in Japan.

In Opisthonema, the thread-herring, the last dorsal ray is

much produced, as in the gizzard-shad and the tarpon. The
two species known are abiuidant, but of little commercial im-

portance. Of greater value are the menhaden, or the moss-

bunker, Brevodrtia tyrannus, inhabiting the sandy coasts from

New England southward. It is a coarse and bony fish, rarely

-<5^.

Fig. 311 —Menhaden, Brevoorlia tyrannus (Latrobe). Wood's Hole, Mass.

eaten when adult-, although the young in oil makes acceptable

sardines. It is used chiefly for oil, the annual yield exceeding

in value that of \<'hale-oil. The refuse is used as manure, a

purpose for which the fishes are often taken without prepara-

tion, being carried directly to the cornfields. From its abun-

dance this species of inferior flesh exceeds in commercial value

almost all other American fishes excepting the cod, the herring,

and the quinnat salmon.

One of the most complete of fish biographies is that of Dr. G.

Brown Goode on the "Natural and Economic History of ;\Ien-

haden."

Numerous other herring-like forms, usually with compressed

bodies, dry and bony flesh, and serrated bellies, abound in the
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tropics and are largely salted and dried by the Chinese. Among
these are Ilisha elongata of the Chinese coast. Related forms

occur in Mexico and Brazil.

The round herrings, small herrings which have no serrations

on the belly, are referred by Dr. Gill to the family of Dussn-

mieriidcc. These are mostly small tropical fishes used as food

or bait. One of these, the Kobini-Iwashi of Japan (Stolephortts

japonicns), with a very bright silver band on the side, has con-

siderable commercial importance. Very small herrings of this

type in the West Indies constitute the genus Jcnkinsia, named
for Dr. Oliver P. Jenkins, the first to study seriously the fishes

of Hawaii. Other species constitute the widely distributed

genera Etrumeiis and Dnssitmieria, Etrumeus sardina is the

round herring of the Virginia coast. Etrumeus microptis is

the Etrumei-Iwashi of Japan and Hawaii.

Fossil herring are plentiful and exist in considerable variety,

even among the Clupeidw as at present restricted. Histiothrissa

Fig. 212.—A fossil Herriiip;, Dinlomyslus humilis Leidy. (From a specimen obtained
at Green River. Wyo.) The scutes along the back lost in the specimen.
Family Clupeidw.

of the Cretaceous seems to be allied to Dussiimieria and

Stolephoriis. Another genus, from the Cretaceous of Palestine,

Pseudoberyx {syriacus, etc.), having pectinated scales, should

perhaps constitute a distinct subfamily, but the general struc-

ture is like that of the herring. More evidently herring-like

is Scombrocliipea {macrophtlialma). The genus Diplomystus,

with enlarged scales along the back, is abundantly represented

in the Eocene shales of Green River, Wyoming. Species of

similar appearance, usually but wrongly referred to the same

genus, occur on the coasts of Peru, Chile, and New South Wales.

A specimen of Diplomystus humilis from Green Jiiver is here
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figiired. Numerous herring, referred to Clupea, but belonging

rather to Ponwlobus, or other non-Arctic genera, have been

described from the Eocene and later rocks.

Several American fossil herring-like fishes, of the genus

Leptosomiis, as Leptosomus percrassus, are found in the Cretaceous

of South Dakota

Fossil species doubtfully referred to Dorosoma, but perhaps

allied rather to the thread-herring {Opisthonema), being herrings

with a prolonged dorsal ray, are recorded from the early Ter-

tiary of Europe. Among these is Opisthonema doljeanum from

Austria.

The Dorosomatidae.— The gizzard-shad, Dorosontatidcs, are

closely related to the Clupeidce, differing in the small contracted

toothless mouth and reduced maxillary. The species are deep-

bodied, shad-like fishes of the rivers and estuaries of eastern

America and eastern Asia. They feed on mud, and the stomach

is thickened and muscular like that of a fowl. As the stomach

has the size and form of a hickory-nut, the common American

j^^^

Fig. 213.—Hickor}'-shad, Dorosoma cepedianum (Le Sueur). Potomac River.

Species is often called hickory-shad. The gizzard-shad are all

very poor food-fish, bony and little valued, the flesh full of

small bones. The belly is always serrated. In three of the

four genera of Dorosomatidce the last dorsal ray is much produced

and whip-like. The long and slender gill-rakers serve as strainers

for the mud in which these fishes find their vegetable and ani-

mal food. Dorosoma cepedianum, the common hickory-shad or
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gizzard-shad, is found in brackish river-mouths and ponds from

Long Island to Texas, and throughout the Mississippi Valley

in all the large rivers. Through the canals it has entered Lake

Michigan. The Konoshiro, Clupanodon thrissa, is equally com-

mon in China and Japan.

The Engraulididae.—The anchovies {Engraiilididcc) are dwarf

herrings with the snout projecting beyond the very wide mouth.

They are small in size and weak in muscle, foimd in all warm

seas, and making a large part of the food of the larger fish.

The genus Engraulis includes the anchovy of Europe, Engraulis

encrasichohis, with similar species in CaHfomia, Chile, Japan,

and Australia. In this genus the vertebnc are niimerous, the

bones feeble, and the flesh tender and oily. The species of

Engraulis are preserved in oil, often with spices, or are made
into fish-paste, which is valued as a relish. The genus Anchovia

replaces Engraulis in the tropics. The vertebrae are fewer, the

I

Fio. 214.—A Silver Anchovy, Anchovia perthecala (Goode & Bean). Tampa.

bones firm and stifY, and the flesh generally dry. Except as

food for larger fish, these have little value, although existing

in immense schools. Most of the species have a bright silvery

bantl along the side. The most familiar of the very numerous
species is the silver anchovy, Anchovia browni, which abounds
in sandy bays from Cape Cod to Brazil. Several other genera

occur farther southward, as well as in Asia, but Engraulis only

is found in Europe. Fossil anchovies called Engraulis are

recorded from the Tertiary of Europe.

Gonorhynchidae.—-To the Isospondyli belongs the small primi-

tive family of iionorhyndiida, elongate fishes with small mouth,
feeble teeth, no air-bladder, small scales of peculiar structure

covering the head, weak dentition, the dorsal fin small, and



8

s

CD

O



282 Isospondyli

posterior without spines. The mesocoracoid is present as in

ordinary Isospondyli. Gonorliyncltits abbreviatits occurs in

Japan, and Gonorhynchns go)iorliyiuIiiis is found in AustraHa and

about the Cape of Good Hope. Numerous fossil species occur.

Charitosomns lineolaUts and other species are found in the Cre-

taceous of Blount Lebanon and elsewhere. Species witliout

teeth from the Oligocene of Europe and America are referred

to the genus Notogoiieus. Noiogonens osculits occurs in the

Eocene fresh-water deposits at Green River, Wyoming. It

bears a very strong resemblance in form to an ordinary sucker

{Catostomus), for which reason it was once described by the

name of Protocatostomus . The living Gonorhynchida; are all

strictly marine.

In the small family of Cromeriidcc the head and body are naked.

The Osteoglossidae.—Still less closely related to the herring

is the family of Osteoglossidcs, huge pike-like fishes of the tropical

rivers, armed with hard bony scales formed of pieces like mosaic.

The largest of all fresh-water fishes is Arapaima gigas of the

Amazon region, which reaches a length of fifteen feet and a

weight of 400 pounds. It has naturally considerable commer-

cial importance, as have species of Ostcoglossiim, coarse river-

fishes which occur in Brazil, Eg>'pt, and the East Indies.

Heterotis nilotica is a large fish of the Nile. In some or all

of these the air-bladder is cellular or lung-like, like that of a

Ganoid.

Allied to the Osteoglossidcc is Phareodus (Dapedoglossits),

a group of large shad-like fossil fishes, with large scales of

peculiar mosaic texture and with a bony casque on the head,

found in fresh-water deposits of the Green River Eocene. In

the perfect specimens of Phareodus (or Dapedoglossus) testis the

first ray of the pectoral is much enlarged and serrated on its

inner edge, a character which maj'' separate these fishes as a

family from the true Osteoglossidcc. It does not, however,

appear in Cope's figures, none of his specimens having the

pectorals perfect. In these fishes the teeth are very strong

and sharp, the scales are very large and thin, looking like the

scales of a parrot-fish, the long dorsal is opposite to the anal

and similar to it, and the caudal is truncate. The end of the

vertebral column is turned upward.
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Other species are Phareodus aciitus, known from the jaws;

P. cncaustus is known from a mass of thick scales with retic-

ulate or mosaic-like surface, much as in Osteoglossnm, and
P. aqiiipennis from a small example, perhaps immature.
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As in the Osteoglossidce and in the Siluridce, the subopercle is

wanting in Pantodon.

The Alepacephalidce are deep-sea herring-Uke fishes very

soft in texture and black in color, taken in the oceanic abysses.

Some species may be found in almost all seas below the depth

Fig. 217.

—

Alepocephalus agassizii Goode & Bean. Gulf Stream.

of half a mile. Alepocephalus rostratus of the Mediterranean

has been long known, but most of the other genera, Talis-

mania, ?^Iitchillina, Coiwcara, etc., are of very recent discovery,

having been brought to the surface by the deep-sea dredging

of the Challenger, the Albatross, the Blake, the Travaillenr,

the Talisfttan, the Investigator, the Hirondellc, and the Vio-

lante.

\



CHAPTER XX

SALMONID^
HE Salmon Family.—The series or suborder Salmonoidea,

or allies of the salmon and trout, are characterized as a

whole by the presence of the adipose fin, a struc-

ture also retained in Characins and catfishes, which have no

evident affinity with the trout, and in the lantern-fishes, lizard-

fishes, and trout-perches, in which the affinity is very remote.

Probably these groups all have a common descent from some

primitive fish having an adipose fin, or at least a fleshy fold on

the back.

Of all the families of fishes, the one most interesting from

almost every point of view is that of the Salmoiiidce, the salmon

family. As now restricted, it is not one of the largest families,

as it comprises less than a hundred species; but in beauty,

activity, gaminess, quality as food, and even in size of indi-

viduals, different members of the group stand easily with the

first among fishes. The following are the chief external charac-

teristics which are common to the members of the family

:

Body oblong or moderately elongate, covered with cycloid, in

scales of varying size. Head naked. Mouth terminal or some-

what inferior, varying considerably among the different species,

those having the mouth largest usually having also the strongest

teeth, ilaxillary provided with a supplemental bone, and

forming the lateral margin of the upper jaw. Pseudobranchiee

present. Gill-rakers var\'ing with the species. Opercula com-

plete. No barbels. Dorsal fin of moderate length, placed

near the middle of the length of the body. Adipose fin well

developed. Caudal fin forked. Anal fin moderate or rather

long. Ventral fins nearly median in position. Pectoral fins

inserted low. Lateral line present. Outline of belly rounded.

Vertebrae in large number, usually about sixty.

285
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The stomach in all the SahnonidcB is siphonal, and at the

pylorus are many (15 to 200) comparatively large pyloric coeca.

The air-bladder is large. The eggs are usually much larger

than in fishes generally, and the ovaries are without special

duct, the ova falling into the cavity of the abdomen before

exclusion. The large size of the eggs, their lack of adhesive-

ness, and the readiness with which they may be impregnated,

render the Salmonidcc peculiarly adapted for artificial culture.

The Salmonidcc are peculiar to the north temperate and

Arctic regions, and within this range they are almost equally

abundant wherever suitable waters occur. Some of the species,

especially the larger ones, are marine and anadromous, living

and growing in the sea, and ascending fresh waters to spawn.

Still others live in running brooks, entering lakes or the sea

when occasion serves, but not habitually doing so. Still others

are lake fishes, approaching the shore or entering brooks in

the spawning season, at other times retiring to waters of con-

siderable depth. Some of them are active, voracious, and

gamy, while others are comparatively defenseless and will not

take the hook. They are divisible into ten easily recognized

genera: Coregonus, Argyrosomns, Brachymystax, Stenodus, Oii-

corhyncJiHS, Saltno, Hucho, Cristivomer, Salvclinus, and Pleco-

gloSSHS.

Fragments of fossil trout, very imperfectly known, are re-

corded chiefly from Pleistocene deposits of Idaho, under the

name of Rhabdofario lacustris. We have also received from

Dr. John C. Merriam, from ferruginous sands of the same region,

several fragments of jaws of salmon, in the hook-nosed condition,

with enlarged teeth, showing that the present salmon-runs have

been in operation for many thousands of years. Most other

fragments hitherto referred to SalnionidcE belong to some other

kind of fish.

Coregonus, the Whitefish.—The genus Coregonus, which in-

cludes the various species known in America as lake whitefish,

is distinguishable in general by the small size of its mouth, the

weakness of its teeth, and the large size of its scales. The teeth,

especially, are either reduced to slight asperities, or else are

altogether wanting. The species reach a length of one to three

feet. With scarcely an exception they inhabit clear lakes.

H
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and rarely enter streams except to spawn. In far northern

regions they often descend to the sea ; but in the latitude of the

United States this is never possible for them, as they are unable

to endure warm or impure water. They seldom take the hook,

and rarely feed on other fishes. Numerous local varieties char-

acterize the lakes of Scandinavia, Scotland, and Arctic Asia

and America. Largest and most desirable of all these as a

food-fish is the common whitefish of the Great Lakes {Coregonus

clupeiformis), with its allies or variants in the Mackenzie and

Yukon.

The species of Coregonus differ from each other in the form

and size of the mouth, in the form of the body, and in the de-

velopment of the gill-rakers.

Coregonus oxyrhynclius—the Schndbel of Holland, Germany,

and Scandinavia—has the mouth very small, the sharp snout

projecting far beyond it. No species similar to this is foimd

in America.

The Rocky Motmtain whitefish {Coregonus wilUamsoni) has

also a small mouth and projecting snout, but the latter is blunter

Fig 218 —Rocky Mountain Whitefish, Coregonus iviltiamsoni Girard.

and much shorter than in C. oxyrhynchus. This is a small

species abotmding everywhere in the clear lakes and streams of

the Rocky Mountains and the Sierra Nevada, from Colorado to

Vancouver Island. It is a handsome fish and excellent as food.

Closely allied to Coregonus wilUamsoni is the pilot-fish,

shad-waiter, rotmdfish, or Menomonee whitefish {Coregonus

quadrilateralis). This species is found in the Great Lakes, the

Adirondack region, the lakes of New Hampshire, and thence
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northwestward to the Yukon, abounding in cold deep waters, its

range apparently nowhere coinciding with that of Coregonus

williamsoni.

The common whitefish (Coregonus clnpeiformis) is the largest

in size of the species of Coregonus, and is luiquestionably the

finest as an article of food. It varies considerably in appear-

ance with age and condition, but in general it is proportionately

much deeper than any of the other small-mouthed Coregoni.

The adult fishes develop a considerable fleshy hump at the

Fio. 219 —^Miitefish, Coregonus clupeiformis Mitchill. Ecorse, Mich.

shoulders, wliich causes the head, which is very small, to appear

disproportionately so. The whitefish spa'wns in November

and December, on rocky shoals in the Great Lakes. Its food

was ascertained by Dr. P. R. Hoy to consist chiefly of deep-

water crustaceans, with a few ' mollusks, and larvae of water

insects. "The whitefish," writes Mr. James W. Milner, "has

been known since the time of the earliest explorers as pre-

eminently a fine-flavored fish. In fact there are few table-

fishes its equal. To be appreciated in its fullest excellence it

should be taken fresh from the lake and broiled. Father Mar-

quette, Charlevoix, Sir John Richardson—explorers who for

months at a time had to depend upon the whitefish for their

staple article of food—^bore testimony to the fact that they never

lost their relish for it, and deemed it a special excellence that

the appetite never became cloyed with it." The range of the

whitefish extends from the lakes of New York and New England

northward to the Arctic Circle. The "Otsego bass" of Otsego
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Lake in New York, celebrated by De Witt Clinton, is a local

form of the ordinary whitefish.

Allied to the American whitefish, but smaller in size, is the

Lavaret, Weissfisch, Adelfisch, or Weissfelcheii (Coregonus

lavaretus), of the moiintain lakes of Switzerland, Germany, and

Sweden. Coregonits kennicotti, the muksun, and Coregonus nelsoni,

the humpback whitefish, are found in northern Alaska and in the

Yukon. Several other related species occur in northern Europe

and Siberia.

Another American species is the Sault whitefish. Lake Whiting

or Musquaw River whitefish (Coregonus labradoricus) . Its

teeth are stronger, especially on the tongue, than in any of our

other species, and its body is slenderer than that of the whitefish.

It is found in the upper Great Lakes, in the Adirondack region,

in Lake Winnipeseogee, and in the lakes of Maine and New
Brunswick. It is said to rise to the fly in the Canadian lakes.

This species runs up the St. Mary's River, from Lake Huron to

Lake Superior, in July and August. Great mmibers are snared

or speared by the Indians at this season at the Sault Ste. Marie.

In the breeding season the scales are sometimes thickened

or covered with small warts, as in the male CyprinidcB.

Argyrosomus, the Lake Herring.—In the genus Argyrosonms

the mouth is larger, the premaxillary not set vertical, but ex-

tending forward on its lower edge, and the body is more elongate

and more evenly elliptical. The species are more active and

predaceous than those of Coregonus and are, on the whole, in-

ferior as food.

The smallest and handsomest of the American whitefish

is the cisco of Lake Michigan {Argyrosomus hoyi). It is a

slender fish, rarely exceeding ten inches in length, and its scales

have the brilliant silvery luster of the mooneye and the lady-

fish.

The lake herring, or cisco {Argyrosomus artedi), is, next to

the whitefish, the most important of the American species. It

is more elongate than the others, and has a comparatively large

mouth, with projecting imder-jaw. It is correspondingly more

voracious, and often takes the hook. During the spawning

season of the whitefish the lake herring feeds on the ova of the

latter, thereby doing a great amount of mischief. As food
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this species is fair, but much inferior to the whitefish. Its

geographical distribution is essentially the same, but to a greater

degree it frequents shoal waters. In the small lakes around

Lake Michigan, in Indiana and Wisconsin (Tippecanoe, Geneva,

Oconomowoc, etc.), the cisco has long been established; and

in these waters its habits have imdergone some change, as has

also its external appearance. It has been recorded as a distinct

species, Argyrosomiis sisco, and its excellence as a game-fish has

been long appreciated by the angler. These lake ciscoes remain

for most of the year in the depths of the lake, coming to the

surface only in search of certain insects, and to shallow water

only in the spawning season. This periodical disappearance

of the cisco has led to much foolish discussion as to the proba-

bility of their returning by an underground passage to Lake

Fig. 220 —Bluefin Cisco, Argyrosotnus nigripinnis Gill. Sheboygan.

Michigan during the periods of their absence. One author, con-

founding "cisco" with "siscowet," has assumed that this under-

ground passage leads to Lake Superior, and that the cisco is

identical with the fat lake trout which bears the latter name.

The name "lake herring" alludes to the superficial resemblance

which this species possesses to the marine herring, a fish of quite

a different family.

Closely allied to the lake herring is the bluefin of Lake Michi-

gan and of certain lakes in New York (Argyrosonius nigripinms),

a fine large species inhabiting deep waters, and recognizable

by the blue-black color of its lower fins. In the lakes of central

New York are found two other species, the so-called lake smelt

{Argyrosomiis osmerijormis) and the long-jaw {Argyrosomus



SalmonidcB 291

prognathus) . Argyrosomus lucidus is abiindant in Great Bear

Lake. In Alaska and Siberia are still otiier species of the cisco

type {Argyrosomus lanrettce, A. piisilliis, A. alascamis) ; and in

Europe very similar species are the Scotch vendace {Argyrosomus

vandesiiis) and the Scandinavian Lok-Sild (lake herring), as

well as others less perfectly known.

The Tullibee, or "mongrel whitefish " {Argyrosomus tuUihee),

has a deep body, like the shad, with the large mouth of the

ciscoes. It is found in the Great Lake region and northward,

and very little is known of its habits. A similar species {Argy-

rosomus cyprinoides) is recorded from Siberia—a region which

is peculiarly suited for the growth of the Coregoni, but in which

the species have never received much study.

Brachymystax and Stenodus, the Inconnus.—Another little-

known form, intermediate between the whitefish and the salmon,

Fig. 221.—Inconnu, Stenodus mackenziei (Richardson). Nulato, Alaska.

is Brachymystax lenock, a large fish of the mountain streams of

Siberia. Only the skins brought home by Pallas a century ago

are yet known. According to Pallas, it sometimes reaches a

weight of eighty pounds.

Still another genus, intermediate between the whitefish and

the salmon, is Stenodus, distinguished by its elongate body,

feeble teeth, and projecting lower jaw. The Inconnu, or Mac-

kenzie River salmon, known on the Yukon as "charr " {Stenodus

mackenziei), belongs to this genus. It reaches a weight of twenty

pounds or more, and in the far north is a food-fish of good

quaHty. It runs in the Yukon as far as White Horse Rapids.

Not much is recorded of its habits, and few specimens exist in
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museums. A species of Sienodus called Stenodus leucichthys

inhabits the Volga, Obi, Lena, and other northern rivers; but

as yet little is ilefinitely kn()\vn of the species.

Oncorhynchus, the Quitmat Salmon.—The genus Oncorhyn-

chus contains the salmon of the Pacific. They are in fact,

as well as in name, the king salmon. The genus is closely

related to Salmo, with which it agrees in general as to the

structure of its vomer, and from which it differs in the increased

ntmiber of anal rays, branchiostegals, pyloric coeca, and gill-

rakers. The character most convenient for distinguishing

Oncorhynchus, young or old, from all the species of Salmo, is

the number of developed rays in the anal fin. These in Onco-

rhynchus are thirteen to twenty, in Salmo nine to twelve.

The species of Oncorhynchus have long been known as anad-

romous salmon, confined to the North Pacific. The species were

first made known nearly one hundred and fifty years ago by that

most exact of early obser\'ers, Steller, who, almost simultaneously

with Krascheninnikov, another early investigator, described and

distinguished them with perfect accuracy under their Russian

vernacular names. These Russian names were, in 1792, adopted

by Walbaum as specific names in giving to these animals a

scientific nomenclature. Five species of Oncorhynchus are well

known on both shores of the North Pacific, besides one other

in Japan. These have been greatly misunderstood by early

observers on account of the extraordinary changes due to differ-

ences in surroundings, in sex, and in age, and in conditions con-

nected with the process of reproduction.

There are five species of salmon {Oncorhynchus) in the waters

of the North Pacific, all found on both sides, besides one other

which is known only from the waters of Japan. These species

may be called: (i) the quinnat, or king-salmon, (2) the blue-

back salmon, or redfish, (3) the silver salmon, (4) the dog-

salmon, (5) the humpback salmon, and (6) the masu; or (i)

Oncorhynchus tschawytscha, (2) Oncorhynchus nerka, (3) Onco-

rhynchus milkischitsch, (4) Oncorhynchus keta, (5) Oncorhynchus

gorbuscha, (6) Oncorhynchus masou. All these species save the

last are now known to occur in the waters of Kamchatka, as

well as in those of Alaska and Oregon. These species, in all

their varied conditions, may usually be distinguished by the
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characters given below. Other differences of form, color, and
appearance are absolutely valueless for distinction, unless speci-

mens of the same age, sex, and condition are compared.

The quinnat salmon {Oncorhynchus tschawytscha) * called

quinnat, tyee, chinook, or king-salmon, has an average weight

of 22 pounds, but individuals weighing 70 to 100 pounds are

occasionally taken. It has about 16 anal rays, 15 to 19 branchi-

ostegals, 23 (9 + 14) gill-rakers on the anterior gill-arch, and

140 to 185 pyloric coeca. The scales are comparatively large,

there being from 130 to 155 in a longitudinal series. In the

spring the body is silvery, the back, dorsal fin, and caudal fin

having more or less of roiind black spots, and the sides of the

head having a peculiar tin-colored metallic luster. In the fall

Fig. 222!.—Quinnat Salmon (female), Oncorhynchus tschawytscha (Walbaimi).
Columbia River.

the color is often black or dirty red, and the species can then

be distinguished from the dog-salmon by its larger size and by
its technical characters. The flesh is rich and salmon-red,

becoming suddenly pale as the spawning season draws near.

The blue-back salmon {Oncorhynchus ncrka),'\ also called

red salmon, sukkegh, or sockeye, usually weighs from 5 to 8

pounds. It has about 14 developed anal rays, 14 branchioste-

* For valuable accounts of the habits of this species the reader is referred

to papers by the late Cloudsley Rutter, ichthyologist of the Albatross,

in the publications of the United States Fish Commission, the Popular

Science Monthly, and the Overland Monthly.

t For valuable records of the natural history of this species the reader

is referred to various papers by Dr. Barton Warren Evermann in the Bulletins

of the United States Fish Commission and elsewhere.
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gals, and 75 to 95 pyloric coeca. The gill-rakers are more numer-

ous than in any other salmon, the number being usually about

Fig. 223.—King-salmon urilse, Oncorhynchjts tschawytscha (Walbaum).
(Photograph by Cloudslej' Rutter.)

39 (164-23). The scales are larger, there being 130 to 140 in

the lateral line. In the spring the form is plumply rounded,

and the color is a clear bright blue above, silvery below, and

everywhere immaculate. Young fishes often show a few round

black spots, which disappear when they enter the sea. Fall

specimens in the lakes are bright crimson in color, the head clear

olive-green, and they become in a high degree hook-nosed and

slab-sided, and bear little resemblance to the spring run. Young

spawning male grilse follow the changes which take place in the

adult, although often not more than half a pound in weight.

Fio. 2'?4.—Male Red Salmon in September, Oyirorhi/nchis nfrka (AValbaum).
Payette Lake, Idaho.

These little fishes often appear in mountain lakes, but whether

they are landlocked or have come up from the sea is still un-
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settled. These dwarf forms, called kokos by the Indians and
benimasu in Japan, form the subspecies Oncorhynchus nerka

kennerlyi. The flesh in this species is firmer than that of any-

other and very red, of good flavor, though drier and less rich

than the king-salmon.

The silver salmon, or coho {Oncorhynchus milktschitsch , or

kisiUch), reaches a weight of 5 to 8 pounds. It has 13 devel-

op'ed rays in the anal, 13 branchiostegals, 23 (10 + 13) gill-rakers,

and 45 to 80 pyloric cceca. There are about 127 scales in the

lateral line. The scales are thin and all except those of the

lateral line readily fall off. This feature distinguishes the species

readily from the red salmon. In color it is silvery in spring,

greenish above, and with a few faint black spots on the upper

parts only. In the fall the males are mostly of a dirty red.

The flesh in this species is of excellent flavor, but pale in color,

and hence less valued than that of the quinnat and the red

salmon.

The dog-salmon, calico salmon, or chum, called sake in

Japan {Oncorhynchus keta), reaches an average weight of about

7 to 10 pounds. It has about 14 anal rays, 14 branchiostegals,

24 (9-I-15) gill-rakers, and 140 to 185 pyloric coeca. There are

about 150 scales in the lateral line.- In spring it is dirty

silvery, immaculate, or sprinkled with small black specks, the

fins dusky, the sides with faint traces of gridiron-like bars. In

the fall the male is brick-red or blackish, and its jaws are greatly

distorted. The pale flesh is well flavored when fresh, but pale

and mushy in texture and muddy in taste when canned. It is

said to take salt well, and great numbers of salt dog-salmon are

consumed in Japan.

The htimpback salmon, or pink salmon {Oncorhynchtis gor-

buscha), is the smallest of the American species, weighing from

3 to 5 pounds. It has usua-lly 15 anal rays, 12 branchiostegals,

28 (13 -+15) gill-rakers, and about 180 pyloric coeca. Its scales

are much smaller than in any other salmon, there being 180

to 240 in the lateral line. In color it is bluish above, silvery

below, the posterior and upper parts with many round black

spots, the caudal fin always having a few large black spots

oblong in form. The males in fall are dirty red, and are more

extravagantly distorted than in any other of the Salmonida.
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The flesh is softer than in the other species ; it is pale in color,

and, while of fair flavor when fresh, is distinctly inferior when

canned.

The masu, or yezomasu (Oncorhynchus masoti), is very similar

to the humpback, the scales a little larger, the caudal without

Fio. 225. -Humpback Salmon (female), Oncorhynchus gorhuscha (\\a\hsMm).
Cook's Inlet.

black spots, the back usually immaculate. It is one of the smaller

salmon, and is fairly abundant in the streams of Hokkaido,

the island formerly known as Yezo.

Of these species the blue-back or red salmon predominates

in Frazer River and in most of the small rivers of Alaska, includ-

• Fig. 226 —Masu (female), Oncorhynchus masou (Brevoort). Aomori, Japan.

ing all those which flow from lakes. The greatest salmon rivers

of the world are the Nushegak and Karluk in Alaska, with the

Columbia River, Frazer River, and Sacramento River farther

south. The red and the silver salmon predominate in Puget

Sound, the quinnat in the Columbia and the Sacramento, and
the silver salmon in most of the smaller streams along the coast.

All the species occur, however, from the Columbia northward;
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but the blue-back is not found in the Sacramento. Only the

quinnat and the dog-salmon have been noticed south of San
Francisco. In Japan keta is by far the most abundant species of

salmon. It is known as sake, and largely salted and sold in the

markets. Nerka is known inJapan only as landlocked in LakeAkan
in northern Hokkaido. Milktschitsch is generally common, and
with mason is known as masu, or small salmon, as distinguished

from the large salmon, or sake. TscJiawytscJia and gorbuscha are

tmknown in Japan. Masou has not been foimd elsewhere.

The quinnat and blue-back salmon, the "noble salmon,"

habitually "run" in the spring, the others in the fall. The
usual order of running in the rivers is as follows ; tschawytscha,

nerka, milktschitsch, gorbuscha, keta. Those which run first go
farthest. In the Yukon the quinnat runs as far as Caribou

Crossing and Lake Bennett, 2250 miles. The red salmon runs

to "Forty-Mile," which is nearly 1800 miles. Both ascend to

the head of the Columbia, Fraser, Nass, Skeena, Stikeen, and
Taku rivers. The quinnat runs practically only in the streams

of large size, fed with melting snows; the red salmon only in

streams which pass through lakes. It spawns only in small

streams at the head of a lake. The other species spawn in

almost any fresh water and only close to the sea.

The economic value of the spring-running salmon is far

greater than that of the other species, because they can be cap-

tured in numbers when at their best, while the others are usually

taken only after deterioration.

The habits of the salmon in the ocean are not easily studied.

Quinnat and silver salmon of all sizes are taken with the seine

at almost anj^ season in Puget Sound and among the islands

of Alaska. This would indicate that these species do not go

far from the shore. The silver salmon certainly does not.

The quinnat pursues the schools of herring. It takes the

hook freely in Monterey Bay, both near the shore and at a

distance of six to eight miles out. We have reason to believe

that these two species do not necessarily seek great depths,

but probably remain not very far from the mouth of the rivers

in which they were spawned. The blue-back or red salmon cer-

tainly seeks deeper water, as it is seldom or never taken with the

seine along shore, and it is known to enter the Strait of Fuca in
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July, just before the running season, therefore coming in from

the open sea. The great majority of the quinnat sahnon, and

probaby all the blue-back salmon, enter the rivers in the spring.

The run of the quinnat begins generally at the last of March;

it lasts, with various modifications and interruptions, until

the actual spawTiing season in November, the greatest rtin being

in early June in Alaska, in July in the Columbia, The run

begins earliest in the northernmost rivers, and in the longest

streams, the time of nmning and the proportionate amount

in each of the subordinate runs varying with each different

river. In general the runs are slack in the summer and increase

with the first high water of autumn. By the last of August

only straggling blue-backs can be found in the lower course of

any stream; but both in the Columbia and in the Sacramento

the quinnat runs in considerable numbers at least till October.

In the Sacramento the run is greatest in the fall, and more run

in the summer than in spring. In the Sacramento and the

smaller rivers southward there is a winter run, beginning in

December. The spring quinnat salmon ascends only those

rivers which are fed by the melting snows from the mountains

and which have sufficient volume to send their waters well out

to sea. Those salmon which run in the spring are chiefly adults

(supposed to be at least three years old). Their milt and spawn

are no more developed than at the same time in others of

the same species which have not yet entered the rivers. It

would appear that the contact with cold fresh water, when
in the ocean, in some way causes them to run towards it, and

to nm before there is any special influence to that end exerted

by the development of the organs of generation. High water

on any of these rivers in the spring is always followed by an

increased run of salmon. The salmon-canners think—and this

is probabl}' true—that salmon which would not have run till

later are brought up by the contact with the cold water. The

cause of this effect of cold fresh water is not understood. We
may call it an instinct of the salmon, which is another way of

expressing otir ignorance. In general it seems to be true that

in those rivers and during those years when the spring run is

greatest the fall nm is least to be depended on.

The blue-back salmon nms chiefly in July and early August,
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beginning in late June in Chilcoot River, where some were
found actually spawning July 1 5 ; beginning after the middle

of July in Frazer River.

As the season advances, smaller and younger salmon of these

species (quinnat and blue-back) enter the rivers to spawn, and
in the fall these young specimens are very numerous. We have
thus far failed to notice any gradations in size or appearance

of these young fish by which their ages could be ascertained.

It is, however, probable that some of both sexes reproduce at

the age of one year. In Frazer River, in the fall, quinnat male

grilse of every size, from eight inches upwards, were running,

the milt fully developed, but usually not showing the hooked

jaws and dark colors of the older males. Females less than

eighteen inches in length were not seen. All of either sex, large

and small, then in the river had the ovaries or milt developed.

Little blue-backs of every size, down to six inches, are also

found in the upper Columbia in the fall, with their organs of

generation fully developed. Nineteen-twentieths of these young
fish are males, and some of them have the hooked jaws and red

color of the old males. Apparently all these young fishes, like

the old ones, die after spawning.

The average weight of the adult quinnat in the Columbia,

in the spring, is twenty-two poimds; in the Sacramento, about

sixteen. Individuals weighing from forty to sixty pounds are

frequently found in both rivers, and some as high as eighty or

even one hundred pounds are recorded, especially in Alaska,

where the species tends to run larger. It is questionable whether

these large fishes are those which, of the same age, have grown
more rapidly; those which are older, but have for some reason

failed to spawn ; or those which have survived one or more
spawing seasons. All these origins may be possible in individual

cases. There is, however, no positive evidence that any salmon

of the Pacific survives the spawning season.

Those fish which enter the rivers in the spring continue their

ascent till death or the spawning season overtakes them. Doubt-

less not one of them ever returns to the ocean, and a large pro-

portion fail to spawn. They are known to ascend the Sacra-

mento to its extreme head-waters, about four hundred miles.

In the Columbia they ascend as far as the Bitter Root and Saw-
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tooth mountains of Idaho, and their extreme limit is not known.

This is a distance of nearly a thousand miles. In the Yukon

a few ascend to Caribou Crossing and Lake Bennett, 2250 miles.

At these great distances, when the fish have reached the spawn-

ing grounds, besides the usual changes of the breeding season

their bodies are covered with bruises, on which patches of white

fungus [Saprolcgnia) develop. The fins become mutilated,

their eyes are often injured or destroyed, parasitic worms gather

in their gills, they become extremely emaciated, their flesh

becomes white from the loss of oil ; and as soon as the spawning

act is accomplished, and sometimes before, all of them die.

The ascent of the Cascades and the Dalles of the Columbia

causes the injury or death of a great many salmon.

When the salmon enter the river they refuse to take bait,

and their stomachs are always found empty and contracted.

Fio. 227.—Red Salmon ('mutilated dwarf male, after spawning), Oticorhynchus
nerka (Walbaum). Alturas Lake, Idaho

In the rivers they do not feed ; and when they reach the spa\\'n-

ing grounds their stomachs, pyloric coeca and all, are said to

be no larger tlian one's finger. They will sometimes take the

fly, or a hook baited with salmon-roe, in the clear waters of the

upper tributaries, but this is apparently solely out of annoyance,

snapping at the meddling line. Only the quinnat and blue-back

(there called redfish) have been found at any great distance

from the sea, and these (as adult fishes) only in late summer
and fall.

The spawTiing season is probably about the same for all the

species. It varies for each of the different rivers, and for different

parts of the same river. It doubtless extends from July to
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December, and takes place usually as soon as the temperature

of the water falls to 54°. The manner of spa^-ning is probably

similar for all the species. In the quinnat the fishes pair off;

the male, with tail and snout, excavates a broad, shallow "nest"

in the gravelly bed of the stream, in rapid water, at a depth

of one to four feet and the female deposits her eggs in it.

They then float do\\Ti the stream tail foremost, the only

fashion in which salmon descend to the sea. As already

stated, in the head-waters of the large streams, unquestionably,

all die; it is the belief of the writer that none ever survive.

The young hatch in sixty days, and most of them return to

the ocean during the high water of the spring. They enter the

river as adults at the age of about four years.

The salmon of all kinds in the spring are silvery, spotted

or not according to the species, and with the mouth about equally

symmetrical in both sexes. As the spawning season approaches

the female loses her silvery color, becomes more slimy, the

scales on the back partly sink into the skin, and the flesh changes

from salmon-red and becomes variously paler, from the loss of

oil; the degree of paleness varying much with individuals and

with inhabitants of difl'crent rivers. In the Sacramento the

flesh of the quinnat, in either spring or fall, is rarely pale. In

the Columbia a few with pale flesh are sometimes taken in

spring, and an increasing number from July on. In Frazer

River the fall run of the quinnat is nearly worthless for canning

purposes, because so many are " white-meated." In the spring

very few are "white-meated "
; but the number increases towards

fall, when there is every variation, some having red streaks

running through them, others being red toward the head and

pale toward the tail. The red and pale ones cannot be dis-

tinguished externally, and the color is dependent on neither

age nor sex. There is said to be no difference in the taste, but

there is little market for canned salmon not of the conventional

orange-color.

As the season advances the difference between the males

and females becomes more and more marked, and keeps pace

with the development of the milt, as is shown by dissection.

The males have (i) the premaxillaries and the ti]i of the lower

jaw more and more prolonged, both of the jaws becoming finally
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strongly and often extravagantly hooked, so that either they
shut by the side of each other like shears, or else the mouth
cannot be closed. (2) The front teeth become very long and
canine-like, their growth proceeding very rapidly, until they
are often half an inch long. (3) The teeth on the vomer and
tongue often disappear. (4) The body grows more compressed
and deeper at the shoulders, so that a very distinct hump is

formed; this is more developed in the htimpback salmon, but
is found in all. (5) The scales disappear, especially on the

back, by the growth of spongy skin. (6) The color changes

from silvery to various shades of black and red, or blotchy,

according to the species. The blue-back turns rosy-red, the

head bright olive ; the dog-salmon a dull red with blackish bars,

and the quinnat generally blackish. The distorted males are

I'lG 229.—Quinnat Salmon, Oncorhynchus tschawj/ischa (Walbaum).
Monterey Bay. (Photograph by C. Rutter.)

commonly considered worthless, rejected by the canners and

salmon-salters, but preserved by the Indians. These changes

are due solely to influences connected with the growth of the

reproductive organs. They are not in any way due to the

action of fresh water. They take place at about the same time

in the adult males of all species, whether in the ocean or in the

rivers. At the time of the spring runs all are symmetrical.

In the fall all males, of whatever species, are more or less dis-

torted. Among the dog-salmon, which run only in the fall,

the males are hook-jawed and red-blotched when they first

enter the Strait of Fuca from the outside. The humpback,

taken in salt water about Seattle, have the same peculiarities.

The male is slab-sided, hook-billed, and distorted, and is re-
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jected by the canners. No hook-jawed females of any species

have been seen.

On first entering a stream the salmon swim about as if play-

ing. They always head towards the current, and this appear-

ance of playing may be simply due to facing the moving tide.

Afterwards they enter the deepest parts of the stream and

swim straight up, with few interruptions. Their rate of travel

at Sacramento is estimated by Stone at about two miles per

day; on the Columbia at about three miles per day. Those

which enter the Columbia in the spring and ascend to the moun-

tain rivers of Idaho must go at a more rapid rate than this, as

they must make an average of nearly four miles per day.

As already stated, the economic value of any species depends

in great part on its being a "spring salmon." It is not gen-

erally possible to capture salmon of any species in large num-

bers until they have entered the estuaries or rivers, and the

spring salmon enter the large rivers long before the gro\\'th

of the organs of reproduction has reduced the richness of the

flesh. The fall salmon cannot be taken in quantity tmtil their

flesh has deteriorated; hence the dog-salmon is practically

almost worthless except to the Indians, and the humpback
salmon was regarded as little better until comparatively re-

cently, when it has been placed on the market in cans as " Pink

Salmon." It sells for about half the price of the red salmon

and one-third that of the quinnat. The red salmon is smaller

than the quinnat but, outside the Sacramento and the Columbia,

far more abundant, and at present it exceeds the quinnat in

economic value. The pack of red salmon in Alaska amounted

in 1902 to over two million cases (48 pounds each), worth whole-

sale about S4.00 per case, or about S8,000,000. The other species

in Alaska yield about one million cases, the total wholesale value

of the pack for 1902 being 88,667,673. ' The aggregate value of

the quinnat is considerably less, but either species far exceed in

value all other fishes of the Pacific taken together. The silver

salmon is found in the inland waters of Pugct Sound for a

considerable time before the fall rains cause the fall runs, and
it may be taken in large numbers with seines before the season

for entering the rivers.

The fall salmon of all species, but especially of the dog-
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salmon, ascend streams but a short distance before spawning.

They seem to be in great anxiety to find fresh water, and many
of them work their way up little brooks only a few inches deep,

where they perish miserably, floundering about on the stones.

Every stream of whatever kind, from San Francisco to Bering

Sea, has more or less of these fall salmon.

The absence of the fine spring salmon in the streams of

Japan is the cause of the relative unimportance of the river

fisheries of the northern island of Japan, Hokkaido. It is

not likely that either the quinnat or the red salmon can be
introduced into these rivers, as they have no snow-fed streams,

and few of them pass through lakes which are not shut off by
waterfalls. For the same reason neither of these species is

likely to become naturalized in the waters of oiu" Eastern States,

though it is worth while to bring the red salmon to the St.

Lawrence. The silver salmon, already abundant in Japan,

should thrive in the rivers and bays of New England.

The Parent-stream Theory.— It has been generally accepted

as unquestioned by packers and fishermen that salmon return

to spawn to the very stream in which they were hatched. As
early as 1880 the present writer placed on record his opinion

that this theory was unsound. In a general way most salmon

return to the parent stream, because when in the sea the parent

stream is the one most easily reached. The channels and run-

ways which directed their course to the sea may influence their

return trip in the same fashion. When the salmon is mature

it seeks fresh water. Other things being equal, about the same
number will run each year in the same channel. With all this,

we find some curious facts. Certain streams will have a run

of exceptionally large or exceptionally small red salmon. The
time of the run bears some relation to the length of the stream

:

those who have farthest to go start earliest. The time of running

bears also a relation to the temperature of the spawning grounds

:

where the waters cool off earliest the fish run soonest.

The supposed evidence in favor of the parent-stream theory

may be considered under three heads: * (i) Distinctive runs in

* See an excellent article by H. S. Davis in the Pacific Fisherman for July,

1903.
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various streams. (2) Return of marked salmon. (3) Intro-

duction of salmon into new streams followed by their return.

Under the first head it is often asserted of fishermen that

they can distinguish the salmon of different streams. Thus the

Lynn Canal red salmon are larger than those in most waters,

and it is claimed that those of Chilcoot Inlet are larger than those

of the sister stream at Chilcat. The red salmon of Red Fish Bay

on Baranof Island are said to be much smaller than usual, and

those of the neighboring Necker Bay are not more than one-

third the ordinary size. Those of a small rapid stream near

Nass River are more wiry than those of the neighboring large

stream. The same claim is made for the different streams of

Puget Sound, each one having its characteristic run. In all

this there is some truth and perhaps some exaggeration. I have

noticed that the Chilcoot fish seem deeper in body than those

at Chilcat. The red salmon becomes compressed before spawn-

ing, and the Chilcoot fishes having a short run spawn earUer

than the Chilcat fishes, which have many miles to go, the water

being perhaps warmer at the mouth of the river. Perhaps

some localities may meet the ner\'Ous reactions of small fishes,

while not attracting the large ones. Mr. H. S. Davis well

observes that "until a constant difference has been demon-

strated by a careful examination of large numbers of fish from

each stream taken at the sa)iie time, but little weight can be

attached to arguments of this nature."

It is doubtless true as a general proposition that nearly

all salmon return to the region- in which they were spawned.

Most of them apparently never go far away from the mouth of

the stream or the bay into which it flows. It is true that salmon

are occasionally taken well out at sea, and it is certain that the

red-salmon runs of Puget Sound come from outside the Straits

of Fuca. There is, however, evidence that they rarely go so

far as that. When seeking shore they do not reach the original

channels.

In 1880 the writer, studying the salmon of the Columbia,

used the following words, which he has not had occasion to

change

:

" It is the prevailing impression that the salmon have some

special instinct which leads them to return to spawn in the
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same spawning grounds where they were originally hatched.

We fail to find any evidence of this in the case of the Pacific-

coast salmon, and we do not believe it to be true. It seems

more probable that the young salmon hatched in any river

mostly remain in the ocean within a radius of twenty, thirty,

or forty miles of its mouth. These, in their movements about

in the ocean, may come into contact with the cold waters of

their parent rivers, or perhaps of any other river, at a consider-

able distance from the shore. In the case of the quinnat and
the blue-back their 'instinct' seems to lead them to ascend

these fresh waters, and in a majority of cases these waters will

be those in which the fishes in question were originally spawned.

Later in the season the growth of the reproductive organs leads

them to approach the shore and search for fresh waters, and
still the chances are that they may find the original stream.

But undoubtedly many fall salmon ascend, or try to ascend,

streams in which no salmon was ever hatched. In little brooks

about Puget Soimd, where the water is not three inches deep,

are often found dead or dying salmon which have entered them
for the purpose of spawning. It is said of the Russian River

and other California rivers that their mouths, in the time of

low water in summer, generally become entirely closed by sand-

bars, and that the salmon, in their eagerness to ascend them,

frequently fling themselves entirely out of water on the beach.

But this does not prove that the salmon are guided by a mar-

velous geographical instinct which leads them to their parent

river in spite of the fact that the river cannot be found. The

waters of Russian River soak through these sand-bars, and

the salmon instinct, we think, leads them merely to search for

fresh waters. This matter is much in need of further investi-

gation; at present, however, we find no reason to believe that

the salmon enter the Rogue River simply because they were

spawmed there, or that a salmon hatched in the Clackamas

River is more likely, on that account, to return to the Clacka-

mas than to go up the Cowlitz or the Des Chutes."

Attempts have been made to settle this question by marking

the fry. But this is a very difficult matter indeed. Almost

the only structure which can be safely mutilated is the adipose

fin, and this is often nipped off by sticklebacks and other med-
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dling fish. The following experiments have been tried, accord-

ing to Mr. Davis:

In March, 1896, 5000 king-salmon fry were marked by

cutting off the adipose fin, then set free in the Clackamas River.

Nearly 400 of these marked fish are said to have been taken in

the Columbia in 1898. and a few more in 1899. In addition a

few were taken in 1898, 1899, and 1900 in the Sacramento

River, but in much less numbers than in the Columbia. In the

Columbia most were taken at the mouth of the river, where

nearly all of the fishing was done, but a few were in the original

stream, the Clackamtis. It is stated that the fry tlius set free

in the Clackamas came from eggs obtained in the Sacramento

—

a matter which has, however, no bearing on the present case.

In the Kalama hatchery on the Columbia River, Washing-

ton, 2000 fry of the quinnat or king-salmon were marked in

1899 by a V-shaped notch in the caudal fin. Numerous fishes

thus marked were taken in the lower Colurnbia in 1901 and 1902.

A few were taken at the Kalama hatchery, but some also at the

hatcheries on Wind River and Clackamas River. At the

hatchery on Chelialis River six or seven were taken, the stream

not being a tributary of the Columbia, but flowing into Shoal-

water Bay. None were noticed in the Sacramento. The evi-

dence shows that the most who are hatched in a large stream

tend to return to it, and that in general most salmon return

to the parent region. There is no evidence that a salmon hatched

in one branch of a river tends to return there rather than to

any other. Experiments of Messrs. Rutter and Spaulding in

marking adult fish at Karluk would indicate that they roam
rather widely about the island before spawning. An adult

spawning fish, marked and set free at Karluk, was taken soon

after on the opposite side of the island of Kadiak.

The introduction of salmon into new streams may throw

some light on this question. In 1897 and 1898 3,000,000 yoimg
quinnat-salmon fry were set free in Papermill Creek near Olema,

California. This is a small stream flowing into the head of

Tomales Bay, and it had never previously had a run of salmon.

In 1900, and especially in 1901, large quinnat salmon appeared

in considerable numbers in this stream. One specimen weigh-

ing about sixteen pounds was sent to the present writer for
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identification. These fishes certainly returned to the parent

stream, although this stream was one not at all fitted for their

purpose.

But this may be accounted for by the topography of the

bay. Tomales Bay is a long and narrow channel, about twenty
miles long and from one to five in width, isolated from other

rivers and with but one tributary stream. Probably the

salmon had not wandered far from it ; some may not have left it

at all. In any event, a large number certainly came back to the

same place.

That the salmon rarely go far away is fairly attested. Schools

of king-salmon play in Monterey Bay, and chase the herring

about in the channels of southeastern Alaska. A few years

since Captain J. F. Moser, in charge of the Albatross, set gill-

nets for salmon at various places in the sea off the Oregon and

Washington coast, catching none except in the bays.

Mr. Davis gives an account of the liberation of salmon in

Chinook River, which flows into the Colvimbia at Baker's Bay

:

"It is a small, sluggish stream and has never been fre-

quented by Chinook salmon, although considerable numbers
of silver and dog salmon enter it late in the fall. A few years

ago the State established a hatchery on this stream, and since

1898 between 1,000,000 and 2,000,000 Chinook fry have been

turned out here annually. The fish are taken from the pound-

nets in Baker's Bay, towed into the river in crates and then

liberated above the dike, which prevents their return to the

Columbia. When ripe the salmon ascend to the hatchery,

some two or three miles farther up the river, where they are

spawned.
" The superintendent of the hatchery, Mr. Hansen, informs

me that in 1902, during November and December, quite a

number of Chinook salmon ascended the Chinook River. About

150 salmon of both sexes were taken in a trap located in the river

about four miles from its mouth. At first thought it would

appear that these were probably fish which, when fry, had been

liberated in the river, but unfortunately there is no proof

that this was the case. According to Mr. Hansen, the season

of 1902 was remarkable in that the salmon ran inshore in large

schools, a thing which they had not done before for years. It
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is possible that the fish, being forced in close to the shore, came

in contact with the current from the Chinook River, which,

since the stream is small and sluggish, would not be felt far from

shore. Once brought under the influence of the current from

the river, the salmon would naturally ascend that stream,

whether they had been hatched there or not.

"

The general conclusion, apparently warranted by the facts

at hand, is that salmon, for the most part, do not go to a great

distance from the stream in which they are hatched, that most

of them return to the streams of the same region, a majority to

the parent stream, but that there is no evidence that they choose

the parental spawning grounds in preference to any other, and

none that they will prefer an undesirable stream to a favorable

one for the reason that they happen to have been hatched in

the former.

The Jadgeska Hatchery.—Mr. John C. Callbreath of Wrangel,

Alaska, has long conducted a very interesting but very costly

experiment in this line. About 1890 he established himself

in a small stream called Jadgeska on the west coast of Etolin

Island, tributary to McHenry Inlet, Clarence Straits. This

stream led from a lake, and in it a few thousand red salmon

spawned, besides multitudes of silver salmon, dog-salmon, and

humpback salmon. ^Making a dam across the stream, he helped

the red salmon over it, destroying all of the inferior kinds which

entered the stream. ' He also established a hatchery for the

red salmon, turning loose many fry yearly for ten or twelve

years. This was done in the expectation that all the salmon

hatched would return to Jadgeska in about four years. By
destroying all individuals of other species attempting to run, it

was expected that they would become extinct so far as the

stream is concerned.

The result of this experiment has been disappointment.

After twelve years or more there has been no increase of red

salmon in the stream, and no decrease of humpbacks and other

humbler forms of salmon. Mr. Callbreath draws the con-

clusion that salmon run at a mucli greater age than has been

supposed—at the age of sixteen years, perhaps, instead of four.

A far more probable conclusion is that his salmon have joined

other bands bound for more suitable streams It is indeed
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claimed that since the establishment of Callbreath's hatchery

on Etolin Island there has been a notable increase of the salmon
nm in the various streams of Prince of Wales Island on the

opposite side of Clarence Straits. But this statement, while

largely current among the cannerymen, and not improbable,

needs verification.

We shall await with much interest the return of the thou-

sands of salmon hatched in 1902 in Xaha stream. We may
venture the prophecy that while a large percentage will return

to Loring, many others will enter Yes Bay, Karta Bay, JVIoira

Sotmd, and other red-salmon waters along the line of their

return from Dixon Entrance or the open sea.

Salmon-packing.—The canning of salmon, that is, the packing

of the flesh in tin cases, hermetically sealed after boiling, was
begun on the Columbia River by the Hume Brothers in 1866.

In 1874 canneries were established on the Sacramento River,

in 1876 on Puget Sound and on Frazer River, and in 1878 in

Alaska. At first only the quinnat salmon was packed; after-

wards the red salmon and the silver salmon, and finally the

humpback, known commercially as pink salmon. In most
cases the flesh is packed in one-pound tins, forty-eight of

which constitute a case. The wholesale price in 1903 was for

quinnat salmon $5.60 per case, red salmon $4.00, silver salmon

$2.60, httmpback salmon $2.00, and dog-salmon Si. 50. It costs

in round numbers S2.00 to pack a case of salmon. The very

low price of the inferior brands is due to overproduction.

The output of the salmon fisherj^ of the Pacific coast amounts

to about fifteen millions per year, that of Alaska constituting

seven to nine millions of this amount. Of this amount the red

saknon constitutes somewhat more than half, the quinnat about

four-fifths of the rest.

In almost all salmon streams there is evidence of considerable

diminution in numbers, although the evidence is sometimes

conflicting. In Alaska this has been due to the vicious custom,

now done away with, of barricading the streams so that the

fish could not reach the spawning grounds, but might be all

taken with the net. In the Columbia River the reduction

in numbers is mainly due to stationary traps and salmon-

wheels, which leave the fish relatively little chance to reach the
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spawning grounds. In years of high water doubtless many
salmon run in tlie spring which might otherwise have waited

until fall.

The key to the situation lies in the artificial propagation of

salmon by means of well-ordered hatcheries. By this means the

fisheries of the Sacramento have been fully restored, those of the

Columbia appro.ximately maintained, and a hopeful beginning

has been made in hatching red salmon in Alaska.

The preservation of salmon and trout depends rather on

artificial hatchinj:; than on protection.

Salmo, the Trout and Atlanf.c Salmon.— The genus Salmo

comprises those forms of salmon which have been longest

known. As in related genera, the mouth is large, and the

jaws, palatines, and tongue are armed with strong teeth. The
vomer is flat, its shaft not depressed below the level of the

head or chevron (the anterior end). There are a few teeth on

the chevron ; and behind it, on the shaft, there is either a

double series of teeth or an irregular single series. These teeth

in the true salmon disappear with age, but in the others (the

black-spotted trout) they are persistent. The scales are silvery

and moderate or small in size. There are 9 to 1 1 developed

rays in the anal fin. The caudal fin is truncate, or variously

concave or forked. There are usually 40 to 70 pyloric coeca,

II or 12 branchiostegals, and about 20 (8 + 12) gill-rakers.

The sexual peculiarities are in general less marked than in

Oncorhynchus; they are also greater in the anadromous species

than in those which inhabit fresh waters. In general the

male in the breeding season is redder, its jaws are prolonged,

the front teeth enlarged, the lower jaw turned upwards at the

end, and the upper jaw notched, or sometimes even perforated,

by the tip of the lower. All the species of Sal»io (like those of

Oncorhynchus) are more or less spotted with black. Unlike

the species of Oncorhynchus, the species of Salmo feed more or less

while in fresh water, and the individuals for the most part

do not die after spawning, although many old males do thus

perish.

The Atlantic Salmon.—The large species of Salmo, called

salmon by English-speaking people (Salmo salar, Salmo irutta),

are marine and anadromous, taking the place in the North

Atlantic occupied in the North Pacific by the species of Onco-
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rhynchns. Two others more or less similar in character occur

in Japan and Kamchatka. The others (trout), forming the

subgenus Salar, are non-migratory, or at least irregularly

or imperfectly anadromous. The true or black-spotted trout

aboimd in all streams of northern Europe, northern Asia, and
in that part of North America which lies ivest of the Mississippi

Valley. The black-spotted trout are entirely wanting in eastern

America—a remarkable fact in geographical distribution, perhaps

explained only on the hypothesis of the comparatively recent

and Eurasiatic origin of the group, which, we may suppose, has

not yet had opportunity to extend its range across the plains,

unsuitable for salmon life, which separate the upper Missouri

from the Great Lakes.

The salmon {Salmo salar) is the only black-spotted sal-

monoid found in American waters tributary to the Atlantic.

In Europe, where ' other species similarly colored occur, the

species may be best distinguished by the fapt that the teeth

on the shaft of the vomer mostly disappear with age. ' From
the only other species positively known, the salmon trout (Salmo

trutta), which shares this character, the true salmon may be

distinguished by the presence of but eleven scales between the

adipose fin and the lateral line, while Salmo trutta has about

fourteen. The scales are comparatively large in the salmon,

there being about one hundred and twenty-five in the lateral

line. The caudal fin, which is forked in the young, becomes,

as in other species of salmon, more or less truncate with age.

The pyloric cceca are fifty to sixty in number.

The color in adults, according to Dr. Day, is " superiorly of

a steel-blue, becoming lighter on the sides and beneath. Mostly

a few rounded or X-shaped spots scattered above the lateral

line and upper half of the head, being more numerous in the

female than in the male. Dorsal, caudal, and pectoral fins

dusky; ventrals and anal white, the former grayish internally.

Prior to entering fresh waters these fish are of a brilliant steel-

blue along the back, which becomes changed to a muddy tinge

when they enter rivers. After these fish have passed into the

fresh waters for the purpose of breeding, numerous orange

streaks appear in the cheeks of the male, and also spots or

even marks of the same, and likewise of a red color, on the body.
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It is now termed a 'redfish.' The female, however, is dark

in color and known as 'blackfish.' 'Smolts' (young river fish)

are bluish along the upper half of the body, silvery along the

sides, due to a layer of silvery scales being formed over the

trout-like colors, while they have darker fins than the yearling

'ping,' but similar bands and spots, which can be seen (as

in the parr) if the example be held in certain positions of light.

' Parr ' (fishes of the year) have two or three black spots only

on the opercle, and black spots and also orange ones along the

upper half of the body, and no dark ones below the lateral line,

although there may be orange ones which can be seen in its

course. Along the side of the body are a series (12 to 15) of

transverse bluish bands, wider than the ground color and crossing

the lateral line, while in the upper half of the body the darker

color of the back forms an arch over each of these bands, a

row of spots along the middle of the rayed dorsal fin, and the

adipose orange-tipped."

The dusky cross-shades found in the young salmon or parr

are characteristic of the young of salmon, trout, grayling, and

nearly all the other SahnonidcB.

The salmon of the Atlantic is, as already stated, an anadro-

mous fish, spending most of its life in the sea, and entering the

streams in the fall for the purpose of reproduction. The time

of running varies much in different streams and also in different

countries. As with the Pacific species, these salmon are not

easily discouraged in their progress, leaping cascades and other

obstructions, or, if these prove impassable, dying after repeated

fruitless attempts.

The young salmon, known as the "parr," is hatched in the

spring. It usually remains about two years in the rivers, de-

scending at about the third spring to the sea, when it is known
as " smolt." In the sea it grows much more rapidly, and becomes

more silvery in color, and is known as "grilse." The grilse

rapidly develop into the adult salmon ; and some of them, as in

the case with the grilse of the Pacific salmon, are capable of

reproduction.

After spawning the salmon are very lean and unwholesome
in appearance, as in fact. They are then known as "kelts."

The Atlantic salmon does not ascend rivers to any such dis-
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tances as those traversed by the quinnat and the blue-back.

Its kelts, therefore, for the most part survive the act of spawn-
ing. Dr. Day thinks that they feed upon the j-oung salmon in the

rivers, and that, therefore, the destruction of the kelts might
increase the supply of salmon.

As a food-fish the Atlantic salmon is very similar to the

quinnat salmon, neither better nor worse, so far as I can see,

when equally fresh. In both the flesh is rich and finely flavored

;

but the appetite of man becomes cloyed with salmon-flesh sooner

than with that of whitefish, smelt, or charr. In size the Atlan-

tic salmon does not fall far short of the quinnat. The average

weight of the adult is probably less than fifteen pounds. The
largest one of which I find a record was taken on the coast of

Ireland in 1881, and weighed 84J pounds.

The salmon is found in Europe between the latitude of 45°

and 75°. In the United States it is now rarely seen south of

Cape Cod, although formerly the Hudson and numerous other

rivers were salmon-streams. Overfishing, obstructions in the

rivers, and pollution of the water by manufactories and by
city sewage are agencies against which the salmon cannot cope.

Seven species of salmon (as distinguished from trout) are

recognized by Dr. Giinther in Europe, and three in America.

The landlocked forms, abundant in Norway, Sweden, and
Maine, which cannot, or at least do not, descend to the sea, are

regarded by him as distinct species. "The question," obser\-es

Dr Giinther, "whether any of the migratory species can be

retained by artificial means in fresh water, and finally accom-

modate themselves to a permanent sojourn therein, must be

negatived for the present." On this point I think that the

balance of evidence leads to a different conclusion. These

fresh-water forms (Sebago and Oitananiche) are actually salmon

which have become landlocked. I have compared numerous

specimens of the common landlocked salmon (Salmo salar

sebago) of the lakes of Maine and New Brunswick with land-

locked salmon {Salmo salar hardini) from the lakes of Sweden,

and with numerous migratory salmon, both from America and

Europe. I see no reason for regarding them as specifically

distmct. The differences are very trivial in kind, and not

greater than would be expected on the hypothesis of recent
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adaptation of the salmon to lake life. We have therefore on

our Atlantic coast but one species of salmon, Sahno salar. The

landlocked form of the lakes of Maine is Sahno salar sebago.

The Ouananiche of Lake St. John and the Saguenay, beloved of

anglers, is Salmo salar ouananiche.

The Ouananiche.—Dr. Henry Van Dyke wTites thus of the

Ouananiche: " But the prince of the pool was the fighting

Ouananiche, the little salmon of St. John. Here let me chant

thv praise, thou noblest and most high-minded fish, the cleanest

feeder, the merriest liver, the loftiest leaper, and the bravest

warrior of all creatures that swim! Thy cousin, the trout, in

his purple and gold with crimson spots, wears a more splendid

armor than thy russet and silver mottled with black, but thine

is the kinglier nature.

" The old salmon of the sea who begat thee long ago in these

inland waters became a backslider, descending again to the

ocean, and grew gross and heavy with coarse feeding. But thou,

unsalted salmon of the foaming floods, not landlocked as men call

thee, but choosing of thine own free will to dwell on a loftier

level in the pure, swift current of a living stream, hath grown

in grace and risen to a better life.

"Thou art not to be measured by quantity but by quality,

and thy five pounds of pure vigor will outweigh a score of

pounds of flesh less vitalized by spirit. Thou feedest on the

flies of the air, and thy food is transformed into an aerial passion

for flight, as thou springest across the pool, vaulting toward the

sky. Thine eyes have grown large and keen by piercing through

the foam, and the feathered hook that can deceive thee must

be deftly tied and delicately cast. Thy tail and fins, by cease-

less conflict with the rapids, have broadened and strengthened,

so that they can flash thy slender body like a living arrow up
the fall. As Launcelot among the knights, so art thou among
the fish, the plain-armored hero, the svmbumt champion of all

the water-folk."

Dr. Francis Day, who has very thoroughly studied these

fishes, takes, in his memoir on "The Fishes of Great Britain

and Ireland," and in other papers, a similar view in regard

to the European species. Omitting the species with permanent

teeth on the shaft of the vomer (subgenus Salar), he finds



Salmonidae ^ i J

among the salmon proper only two species, Salmo salar and
Salmo triitta. The latter species, the sea-trout or salmon-trout

of England and the estuaries of northern Europe, is similar to

the salmon in many respects, but has rather smaller scales,

there being fourteen in an oblique series between the adipose

fin and the lateral line. It is not so strong a fish as the salmon,

nor does it reach so large a size. Although naturally anadro-

mous, like the true salmon, landlocked forms of the salmon-

trout are not uncommon. These have been usually regarded

as different species, while aberrant or intermediate individuals

are usually regarded as hybrids. The salmon-trout of Europe

have many analogies with the steelhead of the Pacific.

The present writer has examined many thousands of Ameri-

can Salmonidcr, both of Oncorhynchus and Salmo. While many
variations have come to his attention, and he has been com-

pelled more than once to modify his views as to specific dis-

tinctions, he has never yet seen an individual which he had

the slightest reason to regard as a "hybrid." It is certainly

illogical to conclude that every specimen which does not corre-

spond to our closet-formed definition of its species must therefore

be a "hybrid" with some other. There is no evidence worth

mentioning, known to me, of extensive hybridization in a state

of nature in any group of fishes. This matter is much in need

of further study; for what is true of the species in one region,

in this regard, may not be true of others. Dr. Giinther observ-es

:

"Johnson, a correspondent of Willughby, had already ex-

pressed his belief that the different salmonoids interbreed;

and this view has since been shared by many who have ob-

served these fishes in nature. Hybrids between the sewin

{Salmo triitta camhricus) and the river-trout {Salmo fario) were

niimerous in the Rhymney and other rivers of South Wales

before salmonoids were almost exterminated by the pollutions

allowed to pass into these streams, and so variable in their

characters that the passage from one species to the other could

be demonstrated in an almost unbroken series, which might

induce some naturalists to regard both species as identical.

Abundant evidence of a similar character has accumulated,

showing the frequent occurrence of hybrids between Salmo

fario and 5. triitta. ... In some rivers the conditions appear
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to be more favorable to hybridism than in others in which

hybrids are of comparatively rare occurrence. Hybrids be-

tween the salmon and other species are very scarce everywhere."

Very similar to the European Salmo trntta is the trout of Japan

(Salmo pcrryi), the young called yamabe, the adult kawamasu,

or river-salmon. This species abounds everywhere in Japan,

the young being the common trout of the brooks, black-spotted

and crossed by parr-marks, the adult reaching a weight of ten

or twelve pounds in the larger rivers and descending to the sea.

In Kamchatka is another large, black-spotted, salmon-like

species properly to be called a salmon-trout. This is Salmo

mykiss, a name very wrongly applied to the cutthroat trout of

the Columbia.

The black-spotted trout, forming the subgenus Salar, difler

from Salmo salar and Salmo trntta in the greater develop-

ment of the vomerine teeth, which are persistent throughout

life, in a long double series on the shaft of the vomer. About

seven species are laboriously distinguished by Dr. Gunther

in the waters of western Europe. Host of these are regarded

by Dr. Day as varieties of Salmo fario. The latter species,

the common river-trout or lake-trout of Europe, is found through-

out northern and central Europe, wherever suitable waters

occur. It is abundant, gamy, takes the hook readily, and is

excellent as food. It is more hardy than the different species

of charr, although from an aesthetic point of view it must be

regarded as inferior to all of the Salvelini. The largest river-

trout recorded by Dr. Day weighed twenty-one pounds. Such

large individuals are usually found in lakes in the north, well

stocked with smaller fishes on which trout may feed. Far-

ther south, where the surroundings are less favorable to trout-

life, they become mature at a length of less than a foot, and a

weight of a few ounces. These excessive variations in the size

of individuals have received too little notice from students of

Salmonidcc. Similar variations occur in all the non-migratory

species of Salmo and of Salvelinns. Numerous river-trout have

been recorded from northern Asia, but as yet nothing can be

definitely stated as to the number of species actually existing.

The Black-spotted Trout.—In North America only the re-

gion west of the Mississippi Valley, the streams of southeastern
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Alaska, and the valley of Mackenzie River have species of

black-spotted trout. There are few of these north of Sitka in

Alaska, although black-spotted trout are occasionally taken on
Kadiak and about Bristol Bay, and none east of the Rocky
Mountain region. If we are to follow the usage of the names
"salmon" and "trout" which prevails in England, we should

say that, in America, it is only these western regions which

have any trout at all. Of the number of species (about twenty-

five in all) which have been indicated by authors, certainly not

more than about 8 to lo can possibly be regarded as distinct

species. The other names are either useless synonyms, or else

they have been applied to local varieties which pass by degrees

into the ordinary types.

The Trout of Western America.—In the western part of America

are found more than a score of forms of trout of the genus Salmo,

all closely related and difficult to distinguish. There are represen-

tatives in the headwaters of the Rio Grande, Arkansas, South

Platte, Missouri, and Colorado rivers ; also in the Great Salt Lake

basin, throughout the Columbia basin, in all suitable waters from

southern California and Chihuahua to Sitka, and even to Bristol

Bay, similar forms again appearing in Kamchatka and Japan.

Among the various more or less tangible species that may
be recognized, three distinct series appear. These have been

termed the cutthroat-trout series (allies of Salmo clarkii), the

rainbow-trout series (allies of Salmo irideus), and the steel-

head series (allies of Salmo rividaris, a species more usually but

wrongly called Salmo gairdneri)

.

The steelhead, or rivularis series, is found in the coastwise

streams of California and in the streams of Oregon and Washing-

ton, below the great Shoshone Falls of Snake River, and north-

ward in Alaska along the mainland as far as Skaguay. The

steelhead-trout reach a large size (lo to 20 pounds). They

spend a large part of their life in the sea. In all the true steel-

heads the head is relatively very short, its length being contained

about five times in the distance from tip of snout to base of

caudal fin. The scales in the steelhead are always rather small,

about 150 in a linear series, and there is no red under the throat.

The spots on the dorsal fin are fewer in the steelhead (4 to 6

rows) than in the other American trout.
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The rainbow forms are chiefly confined to the streams of

California and Oregon. In these the scales are large (about 135

in a lengthwise series) and the head is relatively large, forming

nearly one fourth of the length to base of caudal. These enter

the sea only when in the small coastwise streams. Usually

they have no red under the throat. The cutthroat forms are

found from Humboldt Ba}'^ northward as far as Sitka, in

the coastwise streams of northern California, Oregon, Wash-
ington, and Alaska, and all the clear streams on both sides

of the Rocky Mountains, and in the Great Basin and the

headwaters of the Colorado. The cutthroat-trout have the

scales small, about 180, and there is always a bright dash of

orange-red on each side concealed beneath the branches of the

lower jaw. Along the western slope of the Sierra Xevada there

are also forms of trout with the general appearance of rainbow-

trout and evidently belonging to that species, but with scales

intermediate in number (in McCloud River), var. shasta, or with

scales as small as in the tj^pical cutthroat (Kern River), var.

gilberti. In these small-scaled forms more or less red appears

below the lower jaw, and they are doubtless what they appear to

be, really intermediate between clarkii and irideus, although

certainly nearest the latter. A similar series of forms occurs in

the Columbia basin, the upper Snake being inhabited by clarkii

and the lower Snake by clarkii and rwiilaris, together with a

medley of forms apparently intermediate.

It seems probable that the .Vmerican trout originated in

Asia, extended its range to southeast Alaska, thence southward

to the Eraser and Columbia, thence to the Yellowstone and

the Missouri via Two-Ocean Pass ; from the Snake River to the

Great Basins of Utah and Xevada ; from the Missouri south-

ward to the Platte and the Arkansas, thence from the Platte

to the Rio Grande and the Colorado, and then from Oregon

southward coastwise and along the Sierras to northern Mexico,

thence northward and coastwise, the sea-running forms passing

from stream to stream.

Of the American species the rainbow trout of California

{Salmo irideus) most nearly approaches the European Salnio

fario. It has the scales comparatively large, although rather

smaller than in Salmo fario, the usual number in a longitudinal
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series being about 135. The mouth is smaller than in other

American trout; the maxillary, except in old males, rarely-

extending beyond the eye. The caudal fin is well forked,

becoming in very old fishes more nearly truncate. The head

is relatively large, about four times in the total length. The
size of the head forms the be:t distinctive character. The
color, as in all the other species, is bluish, the sides silvery in

the males, with a red lateral band, and reddish and dusky

blotches. The head, back, and upper fins are sprinkled with

round black spots, which are very variable in number, those

on the dorsal usually in about nine rows. In specimens taken
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ernmost locality from which I have obtained trout, they seldom

exceed a length of six inches. Although not usually an ana-

dromous species, the rainbow trout frequently moves about in

the rivers, and it often enters the sea, large sea-run specimens

being often taken for steelheads. Several attempts have been

made to introduce it in Eastern streams, but it appears to seek

the sea when it is lost. It is apparently more hardy and

less greedv than the American charr, or brook-trout (Salvclinus
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sprightliness when in the water, reckless dash with which it

springs from the water to meet the descending fly ere it strikes

the surface, and the mad and repeated leaps from the water

when hooked, the rainbow trout must ever hold a very high rank.

"Thegamest fish we have ever seen," writes Dr. Evcnnann, "was
a 16-inch rainbow taken on a fly in a small spring branch tribu-

tary of Williamson River in southern Oregon. It was in a

broad and deep pool of exceedingly clear water. As the angler

from behind a clump of willows made the cast the trout bounded
from the water and met the fly in the air a foot or more above

the surface; missing it, he dropped upon the water, only to

turn about and strike viciously a second time at the fly just as

it touched the surface; though he again missed the fly, the

hook caught him in the lower jaw from the outside, and then

began a fight which would delight the heart of any angler. His

first effort was to reach the bottom of the pool, then, doubling

upon the line, he made three jumps from the water in quick

succession, clearing the surface in each instance from one to

four feet, and every time doing his utmost to free himself from

the hook by shaking his head as vigorously as a dog shakes a

rat. Then he would rush wildly about in the large pool, now
attempting to go down over the riffle below the pool, now
trying the opposite direction, and often striving to hide under

one or the other of the banks. It was easy to handle the fish

when the dash was made up or down stream or for the opposite

side, but when he turned about and made a rush for the protec-

tion of the overhanging bank upon which the angler stood it

was not easy to keep the line taut. Movements such as these

were frequently repeated, and two more leaps were made. But

finally he was worn out after as honest a fight as trout ever

made."

"The rainbow takes the fly so readily that there is no reason

for resorting to grasshoppers, salmon-eggs, or other bait. It is

a fish whose gaminess will satisfy the most exacting of expert

anglers and whose readiness to take any proper line will please

the most impatient of inexperienced amateurs."

The steelhead (Salmo rivularis) is a large trout, reaching

twelve to twenty poimds in weight, found abundantly in river

estuaries and sometimes in lakes from Lynn Canal to Santa
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Barbara. The spent fish abound in the rivers in spring at the

time of the salmon-run. The species is rarely canned, but is

valued for shipment in cold storage. Its bones are much more

firm than those of the salmon—a trait unfavorable for canning

purposes. The flesh when n?,t spent after spawning is excellent.

The stcelhead does not die after spawning, as all the Pacific

salmon do.

It is thought by some anglers that the young fish hatched

in the brooks from eggs of the steelhead remain in mountain

streams from sLx to thirty-six months, going down to the sea

with the high waters of spring, after which they return to spawn

as typical steelhead trout. I now regard this \-iew as un-

founded. In mv ex])ericncc the rainbow and the steelhead are

always distinguishable: the steelhead abounds where the rain-

FiG. 232.—Steelhead Trout, Salmo rivularis Ayres. Columbia River.

bow trout is unknown ; the scales in the steelhead are always

smaller (about 155) than in typical rainbow trout; finally,

the small size of the head in the steelhead is always distinctive.

The Kamloops trout, described by the writer from the upper

Columbia, seems to be a typical steelhead as found well up the

rivers away from the sea. Derived from the steelhead, but

apparently quite distinct from it, are three ver^' noble trout,

all confined so far as yet known to Lake Crescent in northwestern

Washington. These are the crescent trout, Salmo crescentis,

the Beardslee trout, Salmo beardsleei, and the long-headed trout,

Salmo bathacetor . The first two, discovered by Admiral L. A.

Beardslee, are trout of peculiar attractiveness and excellence.

The third is a deep-water form, never rising to the surface,

and caught only on set lines. Its origin is still uncertain, and

it may be derived from some type other than the steelhead.
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Cutthroat or Red-throated Trout.— This species has much
smaller scales than the rainbow trout or steelhead, the usual

number in a longitudinal series being 160 to 170. Its head is

longer (about four times in length to base of caudal). Its

mouth is proportionately larger, and there is always a narrow

band of small teeth on the hyoid bone at the base of the tongue.

These teeth are always wanting in Salmo irideiis and rivttlaris

in which species the rim of the tongue only has teeth. The
color in Salmo clarkii is, as in other species, exceedingly variable.

In life there is always a deep-red blotch on the throat, between

the branches of the lower jaw and the membrane connecting

them. This is not found in other species, or is reduced to a

narrow strip or pinkish shade. It seems to be constant in

all varieties of Salmo clarkii, at all ages, thus furnishing a good

distinctive character. It is the sign manual of the Sioiix Indians,

and the anglers have already accepted from this mark the name
of cutthroat-trout. The cutthroat-trout of some species is

found in every suitable river and lake in the great basin of

Utah, in the streams of Colorado, Wyoming, and llontana, on

both sides of the Rocky Moimtains. It is also found throughout

Oregon, Washington, Idaho, British Columbia, the coastwise

islands of southeastern Alaska (Baranof, etc.), to Kadiak and
Bristol Bay, probably no stream or lake suitable for trout-life

being without it. In California the species seems to be com-
paratively rare, and its range rarely extending south of Cape
]\Iendocino. Large sea-run individuals analogous to the steelheads

are sometimes found in the mouth of the Sacramento. In Wash-
ington and Alaska this species regularly enters the sea. In Puget

Sound it is a common fish. These sea-run individuals are more
silvery and less spotted than those found in the mountain streams

and lakes. The size of Salmo clarkii is subject to much variation.

Ordinarily four to six pounds is a large size; but in certain

favored waters, as Lake Tahoe, and the fjords of southeastern

Alaska, specimens from twenty to thirty pounds are occasionally

taken.

Those species or individuals dwelling in lakes of considerable

size, where the water is of such temperature and depth as in-

sures an ample food-suppl3^ will reach a large size, while those

in a restricted environment, where both the water and food are
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limited, will be small directly in proportion to these environing

restrictions. The trout of the Klamath Lakes, for example, reach

a weight of at least 1 7 pounds, while in Fish Lake in Idaho mature

trout do not exceed 8 to 9} inches in total length or one-fourth

pound in weight. In small creeks in the Sawtooth Mountains

and elsewhere they reach maturity at a length of 5 or 6 inches,

and are often spoken of as brook-trout and with the impression

that they are a species different from the larger ones found in

the lakes and larger streams. But as all sorts and gradations

between these extreme forms may be found in the intervening

and connecting waters, the differences are not even of sub-

specific significance.

Dr. Evermann observes: "The various forms of cutthroat-

trout vary greatly in game qualities; even the same subspecies

in different waters, in different parts of its habitat, or at different

Fio. 233 Fio 234

Fio. 231.—Head of ndult Tiout-worm. Dih Ihrium c rdicc^s Lcidy, a parasite of
Salm-> clarkii. From intestine of white pelican, Yellowstone Lake (After
Linton.")

Fig. 284.—Median segments of Dib thrium c rdkeps.

seasons, will vary greatly in this regard. In general, however,

it is perhaps a fair statement to say that the cutthroat-trout

are regarded by anglers as being inferior in gaminess to the

Eastern brook-trout. But while this is true, it must not by any

means be inferred that it is without game qualities, for it is

really a fish which possesses those qualities in a very high degree.

Its vigor and voraciousness are determined largely, of covu-se,

by the character of the stream or lake in which it lives. The
individuals which dwell in cold streams about cascades and

seething rapids will show mar\'elous strength and will make a

fight which is rarely equaled by its Eastern cousin; while in

warmer and larger streams and lakes they may be very sluggish

and show but little fight. Yet this is by no means alwaj's true.

In the Klamath Lakes, where the trout grow very large and





I



Salmonids 327

where they are often very logy, one is occasionally hooked

which tries to the utmost the skill of the angler to prevent his

tackle from being smashed and at the same time save the fish."

Of the various forms derived from Salmo clarkii some mere

varieties, some distinct species, the following are among the

most marked:

Salmo henshazvi, the trout of Lake Tahoe and its tributaries

and outlet, Truckee River, found in fact also in the Humboldt

Fig. 235.—Tahoe Trout, Salmo henshawi Gill & Jordan. Lake Tahoe, California.

and the Carson and throughout the basin of the former glacial

lake called Lake Lahontan. This is a distinct species from

Salmo clarkii and must be regarded as the finest of all the cut-

throat-trout. It is readily known by its spotted belly, the

black spots being evenly scattered over the whole surface of

the body, above and below. This is an excellent game-fish, and
from Lake Tahoe and Pyramid Lake it is brought in large num-
bers to the markets of San Francisco. In the depths of Lake

Tahoe, which is the finest mountain lake of the Sierra Nevada,

occurs a very large variety which spawns in the lake, Salmo

henshawi tahoensis. This reaches a weight of twenty-eight

pounds.

In the Great Basin of Utah is found a fine trout, very close

to the ordinary cutthroat of the Columbia, from which it is

derived. This is known as Salmo clarkii virginalis. In Utah

Lake it reaches a large size.

In Waha Lake in Washington, a lake without outlet, is found

a small trout with peculiar markings called Salmo clarkii boii-

vieri.

In the head-waters of the Platte and Arkansas rivers is the

small green-back trout, green or brown, with red throat-patch
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and large black spots. This is Salino clarkii stomias, and it is

especially fine in St. Vrain's River and the streams of Estes Park.

Fig. 236 —Green-back Trout, So/oto stomias Cope. Arkansas River, Leadville, Colo.

In Twin Lakes, a pair of glacial lakes tributary of the Arkansas

near LeadN-ille, is found Salmo clarkii macdonaldi, the yellow-

finned trout, a large and very handsome species living in deep

water, and with the fins golden yellow. This approaches the

Colorado trout, Salmo clarkii pleuriiicus, and it may be derived

1

Fk!.237.—Yellow-fin Trout of Twin Lakes, Salmo macdonaldi Jordan & Evermann.
Twin Lakes, Colo.

from the latter, although it occurs in the same waters as the

very different green-back trout, or Salmo clarkii stomias.

Two fine trout derived from Salmo clarkii have been lately

discovered by Dr. Daniel G. Elliot in Lake Southerland, a moun-

tain lake near Lake Crescent, but not connected with it, the

two separated from the sea by high waterfalls. These have

been described by Dr. Seth E. Meek as Salmo jordani, the

"spotted trout" of Lake Southerland, and Salmo declivifrons,

the "salmon-trout." These seem to be distinct forms or sub-

species produced through isolation.
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The Rio Grande trout {Salino clarkii spilurus) is a large and

profusely spotted trout, found in the head-waters of the Rio

Fig. 238.— Rio Grande Trout, Sahno clarkii spilurus Cope. Del Norte, Colo.

Grande, the mountain streams of the Great Basin of Utah, and

as far south as the northern part of Chihuahua. Its scales are

still smaller than those of the ordinary cutthroat-trout, and the

black spots are chiefly confined to the tail. Closely related to

Fig. 239.—Colorado River Trout, Snlmo clarkii pleuriticus Cope.
Trapper's Lake, Colo.

it is the trout of the Colorado Basin, Salino clarkii pleuriticus,

a large and handsome trout with very small scales, much sought

by anglers in western Colorado, and abounding in all suitable

streams throughout the Colorado Basin.

Hucho, the Huchen.— The genus Hucho has been framed

for the Huchen or Rothfisch {Hucho hucho) of the Danube, a

very large trout, differing from the genus Salmo in having no

teeth on the shaft of the vomer, and from the Salvelini at least

in form and coloration. The huchen is a long and slender,

somewhat pike-like fish, with depressed snout and strong teeth.
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The color is silvery, sprinkled wth small black dots. It reaches

a size little inferior to that of the salmon, and it is said to be

an excellent food-fish. In northern Japan is a similar species,

Fio. 240.—Ito, Ihicho blackisloni (Hilgendorf). Hokkaido, Japan

Hucho blackistoni, locally known as Ito, a large and handsome
trout with very slender body, reaching a length of 2J feet. It

is well worthy of introduction into American and European

waters.

Salvelinus, the Chart.—The genus Salvelinus comprises the

finest of the Salmonidce, from the point of view of the angler or

the artist. In England the species are known as charr or char,

in contradistinction to the black-spotted species of Salmo, which

are called trout. The former name has unfortunately been

lost in America, where the name "trout" is given indiscrimi-

nately to both groups, and, still worse, to numerous other

fishes {Micropterus, Hexagrammos, Cynoscion, Agonostonms)

wholly unlike the Sal»ioiiidcc in all respects. It is sometimes

said that " the American brook-trout is no trout, nothing but

a charr," almost as though "charr" were a word of reproach.

Nothing higher, however, can be said of a salmonoid than that

it is a "charr." The technical character of the genus Salve-

linus lies in the form of its vomer. This is deeper than in Salmo;

and when the flesh is removed the bone is found to be somewhat

boat-shaped above, and with the shaft depressed and out of the

line of the head of the vomer. Only the head or chevron is

armed with teeth, and the shaft is covered by skin.

In color all the charrs differ from the salmon and trout.

The body in all is covered with round spots which are paler

than the ground color, and crimson or gray.. The lower fins are



Salmonidae 331

usually edged with bright colors. The sexual differences are

not great. The scales, in general, are smaller than in other

Salmonidw, and they are imbedded in the skin to such a degree

as to escape the notice of casual observers and even of most
anglers.

" One trout scale in the scales I 'd lay

(If trout had scales), and 'twill outweigh

The wrong side of the balances."

—

Lowell.

The charrs inhabit, in general, only the clearest and coldest

of mountain streams and lakes, or bays of similar temperature.

They are not migratory, or only to a limited extent. In northern

regions they descend to the sea, where they grow much more
rapidly and assume a nearly uniform silvery-gray color. The
different species are found in all suitable waters throughout the

northern parts of both continents, except in the Rocky Moun-
tains and Great Basin, where only the black-spotted trout

occur. The number of species of charr is very uncertain, as,

both in America and Europe, trivial variations and individual

peculiarities have been raised to the rank of species. More

types, however, seem to be represented in i\.merica than in

Europe.

The only really well-authenticated species of charr in Euro-

pean waters is the red charr, salbling, or ombre chevalier {Salve-

FiG. 241.—Rangeley Trout, Salvelinus oquassa (Girard). Lake Oquassa, Maine.

Itniis alpinns). This species is found in cold, clear streams in

Switzerland, Germany, and throughout Scandinavia and the

British Islands. Compared with the American charr or brook-

trout, it is a slenderer fish, with smaller mouth, longer fins,

and smaller red spots, which are confined to the sides of the
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body. It is a "gregarious and deep-swimming fish, shy of

taking the bait and feeding largely at night-time. It appears

to require very pure and mostly deep water for its residence."

It is less tenacious of life than the trout. It reaches a weight of

from one to five pounds, probably rarely exceeding the latter

in size. The various charr described from Siberia are far too

little known to be enumerated here.

Of the American charr the one most resembling the European

species is the Rangeley Lake trout (Salveli)iiis oquassa). The

exquisite little fish is known in the United States only from

the Rangeley chain of lakes in western Maine. This is very

close to the Greenland charr, Salvcltnus stagnalis, a beautiful

species of the far north. The Rangeley trout is much slenderer

than the common brook-trout, with much smaller head and

smaller mouth. In life it is dark blue above, and the deep-red

spots are confined to the sides of the body. The species rarely

exceeds the length of a foot in the Rangeley Lakes, but in some

other waters it reaches a much larger size. So far as is known

it keeps itself in the depths of the lake until its spawning season

approaches, in October, when it ascends the stream to spawn.

Still other species of this type are the Sunapee trout,

Salvelinus aureolus, a beautiful charr almost identical with the

Fio. 243.—Sunapee Trout, Salvelimis aureolus Bean, bunapee Lake, X. H.

European species, found in numerous ponds and lakes of eastern

New Hampshire and neighboring parts of Maine. Mr. Garman
regards this trout as the offspring of an importation of the ombre

chevalier and not as a native species, and in this view he may
be correct. Salvelinus alipes of the far north may be the same

species. Another remarkable form is the Lac de Marbre trout

of Canada, Salvelinus marsioni of Garman.
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In Arctic regions another species, called Salvelimis naresi, is

very close to Salvelinus oquassa and may be the same.

Another beautiful little charr, allied to Salvelinus stagnalis,

is the Floeberg charr (Salvelinus arctnnis). This species has

been brought from Victoria Lake and Floeberg Beach, in the

Fig. 243.—Speckled Trout (male), Salvelimis jonlinalis (Mitchill). New York.

extreme northern part of Arctic America, the northernmost

point whence any salmonoid has been obtained.

The American charr, or, as it is usually called, the brook-

trout {Salveliints fontinalis), although one of the most beautiful

of fishes, is perhaps the least graceful of all the genuine charrs.

It is technically distinguished by the somewhat heavy head and

large mouth, the maxillary bone reaching more or less beyond

the eye. There are no teeth on the hyoid bone, traces at least

of such teeth being found in nearly all other species. Its color

is somewhat different from that of the others, the red spots

being large and the black more or less mottled and barred with

darker olive. The dorsal and caudal fins are likewise barred

or mottled, while in the other species they are generally uniform

in color. The brook-trout is found only in streams east of the

]\Iississippi and Saskatchewan. It occurs in all suitable streams

of the Alleghany region and the Great Lake system, from the

Chattahoochee River in northern Georgia northward at least

to Labrador and Hudson Bay, the northern limits of its range

being as yet not well ascertained. It varies greatly in size,

according to its surroundings, those found in lakes being

larger than those resident in small brooks. Those found
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farthest south, in the head-waters of the Chattahoochee,

Savannah, Catawba, and French Broad, rarely pass the dimen-

sions of fingerlings. The largest specimens are recorded from

the sea along the Canadian coast. These frequently reach a

weight of ten pounds; and from their marine and migratory

habits, they have been regarded as forming a distinct variety

(Salveliniis fontinalis immaculatus) , but this form is merely

a sea-run brook-trout. The largest fresh-water specimens rarely

exceed seven pounds in weight. Some unusually large brook-

trout have been taken in the Rangeley Lakes, the largest known
to me having a reputed weight of eleven pounds. The brook-

trout is the favorite game-fish of American waters, preeminent

in wariness, in beauty, and in delicacy of flesh. It inhabits all

clear and cold waters within its range, the large lakes and the

smallest ponds, the tiniest brooks and the largest rivers; and

when it can do so without soiling its aristocratic gills on the way,

it descends to the sea and grows large and fat on the animals of

the ocean. Although a bold biter it is a wary fish, and it often

requires much skill to capture it. It can be caught, too, with

artificial or natural flies, minnows, crickets, worms, grasshoppers,

grubs, the spawn of other fish, or even the eyes or cut pieces of

other trout. It spawns in the fall, from September to late in

November. It begins to reproduce at the age of two years,

then having a length of about six inches. In spring-time the

trout delight in rapids and swiftly running water; and in the

hot months of midsummer they resort to deep, cool, and shaded

pools. Later, at the approach of the spawning season, they

gather around the mouths of cool, gravelly brooks, whither they

resort to make their beds.*

The trout are rapidly disappearing from our streams through

the agency of the manufacturer and the summer boarder. In

the words of an excellent angler, the late Myron W. Reed of

Denver: "This is the last generation of trout-fishers. The
children will not be able to find any. Already there are well-

trodden paths by every stream in Maine, in New York, and in

Michigan. I know of but one river in North America by the

side of which you will find no paper collar or other evidence of

civilization. It is the Nameless River. Not that trout will

* Hallock.
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cease to be. They •vWll be hatched by machinery and raised

in ponds, and fattened on chopped liver, and grow flabby and

lose their spots. The trout of the restaurant will not cease to

be. He is no more like the trout of the wild river than the

fat and songless reedbird is like the bobolink. Gross feeding

and easy pond-life ener\-ate and deprave him. The trout that

the children will know only by legend is the gold-sprinkled,

living arrow of the white water; able to zigzag up the cataract;

able to loiter in the rapids; whose dainty meat is the glancing

butterfly."

The brook-trout adapts itself readily to cultivation in arti-

ficial ponds. It has been successfully transported to Europe,

and it is already abundant in certain streams in England, in Cali-

fornia, and elsewhere.

In Dublin Pond, New Hampshire, is a gray variety without

red spots, called Salvelintis agassizi.

The "Dolly Varden" trout, or malma (Salvcliiius malma), is

very similar to the brook-trout, closely resembling it in size, form,

color, and habits. It is found always to the westward of the

Rocky Mountains, in the streams of northern California, Oregon,

<^

Fig. 345 —Malma Trout, or " Dolly Varden," Salvelinus malma (W"albaum).
Cook Inlet, Alaska.

Washington, and British Columbia, Alaska, and Kamtchatka, as

far as the Kurile Islands. It abounds in the sea in the north-

ward, and specimens of ten to twelve pounds weight are not

uncommon in Puget Sound and especially in Alaska. The Dolly

Varden trout is, in general, slenderer and less compressed than

the Eastern brook-trout. The red spots are found on the back
of the fish as well as on the sides, and the back and upper
fins are without the blackish marblings and blotches seen in
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Salvelinus fontinalis. In value as food, in beauty, and in gami-
ness Salvelinus malma is very similar to its Eastern cousin.

In Alaska the Dolly Varden, locally known as salmon-trout,

is very destructive to the eggs of the salmon, and countless

numbers are taken in the salmon-nets of Alaska and thrown away
as useless by the canners. In every coastwise stream of Alaska

Fig. 246.—The Dolly Varden Trout, Salvelinus malma OValbaum). Lake Pend
d'Oreille, Idaho. (After Evermann.)

the water fairly "boils" with these trout. They are, however,

not found in the Yukon. In northern Japan occurs Salvelinus

pluvius, the iwana, a species very similar to the Dolly Varden,

but not so large or so brightly colored. In the Kurile region

and Kamtchatka is another large charr, Salveliyius kiindscha,

with the spots large and cream-color instead of crimson.

Cristivomer, the Great Lake Trout.—Allied to the true charrs,

but now placed by us in a different genus, Cristivomer, is the

Fig. 247—Great Lake Tvout, Cristivomer namaycush 0\'albaum). Lake Michigan.

Great Lake trout, otherwise known as Mackinaw trout, longe,

or togue {Cristivomer namaycush) . Technically this fish differs

from the true charrs in having- on its vomer a raised crest behind
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the chevron and free from the shaft. This crest is armed with

strong teeth. There are also large hooked teeth on the hyoid

bone, and the teeth generally are proportionately stronger than

in most of the other species. The Great Lake trout is grayish in

color, light or dark according to its surroundings; and the body

is covered with round paler spots, which are gray instead of red.

The dorsal and caudal fins are marked with darker reticula-

tions, somewhat as in the brook-trout. This noble species is

found in all the larger lakes from New England and Xew York to

Wisconsin, Montana, the Mackenzie River, and in all the lakes

tributary to the Yukon in Alaska. We have taken examples

from Lake Bennett, Lake Tagish, Summit Lake (White Pass),

and have seen specimens from Lake La Hache in British

Columbia. It reaches a much larger size than any Salvelimis,

specimens of from fifteen to twenty pounds weight being not

uncommon, while it occasionally attains a weight of fifty to

eighty pounds. As a food-fish it ranks high, although it may be

regarded as somewhat inferior to the brook-trout or the whitcfish.

Compared with other salmonoids, the Great Lake trout is a slug-

gish, heavy, and ravenous fish. It has been known to eat raw po-

tato, liver, and corn-cobs,—refuse thrown from passing steamers.

According to Herbert, "a coarse, heavy, stiff rod, and a powerful

oiled hempen or flaxen line, on a winch, with a heavy sinker; a

cod-hook, baited with any kind of flesh, fish, or fowl,—is the most

successful, if not the most orthodox or scientific, mode of cap-

turing him. His great size and immense strength alone give him

value as a fish of game; but when hooked he pulls strongly and

fights hard, though he is a boring, deep fighter, and seldom if

ever leaps out of the water, like the true salmon or brook-trout."

In the depths of Lake Superior is a variety of the Great Lake

trout known as the Siscowet {Cristivomer namaycush siskau'itz),

remarkable for its extraordinary fatness of flesh. The cause of

this difference lies probably in some peculiarity of food as yet

unascertained.

The Ayu, or Sweetfish. The ayu, or sweetfish, of Japan,

Plecoglossus altivelis, resembles a small trout in form, habits,

and scaling. Its teeth are, however, totally different, being

arranged on serrated plates on the sides of the jaws, and the

tongue marked with similar folds. The ayu abounds in all
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clear streams of Japan and Formosa. It runs up from the sea

like a salmon. It reaches the length of about a foot. The

Fig '~4b A311. ur Jaijunese baiulet, l-'lccuylnssiis altircUx bclilogel. Tamagawa,
Tokyo, Japan.

flesh is very fine and delicate, scarcely surpassed by that of

any other fish whatsoever. It should be introduced into clear

short streams throughout the temperate zones.

In the river at Gifu in Japan and in some other streams

the ayu is fished for on a large scale by means of tamed cor-

morants. This is usually done from boats in the night by the

light of torches.

Cormorant-fishing.—The following account of cormorant-

fishing is taken, by the kind permission of Mr. Caspar W. Whit-

ney, from an article contributed by the writer to Outing, April,

1902

:

Tamagawa means Jewel River, and no water could be clearer.

It rises somewhere up in the delectable mountains to the eastward

of ]\Iusashi, among the mysterious pines and green-brown fir-trees,

and it flows across the plains bordered by rice-fields and mul-

berry orchards to the misty bay of Tokyo. It is, therefore, a

river of Japan, and along its shores are quaint old temples, each

guarding its section of primitive forest, picturesque bridges,

huddling villages, and torii, or gates through which the gods

may pass.

The stream itself is none too large—a boy may wade it—but

it runs on a wide bed, which it will need in flood-time, when the

snow melts in the mountains. And this broad flood-bed is
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filled with gravel, with straggling willows, showy day-lilies,

orange amaryllis, and the little sky-blue spider-flower, which

the Japanese call chocho, or butterfly-weed.

In the Tamagawa are many fishes: shining minnows in the

white ripples, dark catfishes in the pools and eddies, and little

sculpins and gobies lurking under the stones. Trout dart

through its upper waters, and at times salmon run up from the

sea.

But the one fish of all its fishes is the ayu. This is a sort

of dwarf salmon, running in the spring and spawning in the

rivers just as a salmon does. But it is smaller than any salmon,

not larger than a smelt, and its flesh is white and tender, and

so very delicate in its taste and odor that one who tastes it

crisply fried or broiled feels that he has never tasted real fish

before. In all its anatomy the ayu is a salmon, a dwarf of its

kind, one which our ancestors in England would have called

a "samlet." Its scientific name is Plecoglossiis altivelis. Ple-

coglossiis means plaited tongue, and altivelis, having a high sail;

for the skin of the tongue is plaited or folded in a curious way,

and the dorsal fin is higher than that of the salmon, and one poeti-

cally inclined might, if he likes, call it a sail. The teeth of the

ayu are very peculiar, for they constitute a series of saw-edged

folds or plaits along the sides of the jaws, quite different from

those of any other fish whatsoever.

In size the ayu is not more than a foot to fifteen inches

long. It is like a trout in build, and its scales are just as small.

It is light yellowish or olive in color, growing silvery' below.

Behind its gills is a bar of bright shining yellow, and its adipose

fin is edged with scarlet. The fins are yellow, and the dorsal

fin shaded with black, while the anal fin is dashed with pale

red.

So much for the river and the ayu. It is time for us to go

afishing. It is easy enough to find the place, for it is not more

than ten miles out of Tokyo, on a fine old farm just by the ancient

Temple of Tachikawa, with its famous inscribed stone, given by

the emperor of China.

At the farmhouse, commodious and hospitable, likewise clean

and charming after the fashion of Japan, we send for the boy

who brings our fishing-tackle.
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They come waddling into the yard, the three birds with which
we are to do our fishing. Black cormorants they are, each with

a white spot behind its eye, and a hoarse voice, come of standing

in the water, with which it says y-eiigh whenever a stranger

makes a friendly overture. The cormorants answer to the

name of Ou, which in Japanese is something like the only word
the cormorants can say. The boy puts them in a box together

and we set off across the drifted gravel to the Tamagawa. Ar-

rived at the stream, the boy takes the three cormorants out of

the box and adjusts their fishing-harness. This consists of a

tight ring about the bottom of the neck, of a loop under each

wing, and a directing line.

Two other boys take a low net. They drag it down the

stream, driving the little fishes—ayu, zakko, hae, and all the

rest—before it. The boy with the cormorants goes in advance.

The three birds are eager as pointer dogs, and apparently full

of perfect enjoyment. To the right and left they plunge with

lightning strokes, each dip bringing up a shining fish. When
the bird's neck is full of fishes down to the level of the shoulders,

the boy draws him in, grabs him by the leg, and shakes him
unceremoniously over a basket until all the fishes have flopped

out.

The cormorants watch the sorting of the fish with eager

eyes and much repeating of y-eiigh, the only word they know.

The ayu are not for them, and some of the kajikas and hazes

were prizes of science. But zakko (the dace) and hae (the

minnow) were made for the cormorant. The boy picks out

the chubs and minnows and throws them to one bird and then

another. Each catches his share on the fly, swallows it at one

gulp, for the ring is off his neck by this time, and then says

y-eitgh, which means that he likes the fun, and when we are

ready will be glad to try again. And no doubt they have tried

it many times since,, for there are plenty of fishes in the Jewel

River, zakko and hae as well as ayu.

Fossil Salmonidae.—Fossil salmonidae are rare and known
chiefly from detached scales, the bones in this family being

very brittle and easily destroyed. Nothing is added to oxn

knowledge of the origin of these fishes from such fossils.

A large fossil trout or salmon, called Rhabdcfan'o lacustris.



342 Salmonidu.'

has been brought from the PHocene at Catherine's Creek, Idaho.

It is known from the skull only. Thaumaturus luxatus, from the

Miocene of Bohemia, shows the print of the adipose fin. As
already stated, some fragments of the hooked jaws of salmon,

from pleistocene deposits in Idaho, are in the museum of the

University of California.



CHAPTER XXI

THE GRAYLING AND THE SMELT

[HE Grayling, or Thymallidae.— The small family of

TJiyinallidcr, or grayling, is composed of finely organized

fishes allied to the trout, but differing in having the

frontal bones meeting on the middle line of the skull, thus

excluding the frontals from contact with the supraoccipital.

The anterior half of the very high dorsal is made up of un-

branched simple rays. There is but one genus, Thymalhts,

comprising very noble game-fishes characteristic of sub-arctic

streams.

The grayling, TJiymallns, of Europe, is termed by Saint

Ambrose "the flower of fishes." The teeth on the tongue.

Fig. 249 —Alaska Grayling, Thymallus signifcr Richardson. Nulato, Alaska.

found in all the trout and salmon, are obsolete in the grayling.

The chief distinctive peculiarity of the genus Thymallus is the

great development of the dorsal fin, which has more rays (20

to 24) than are found in any of the Salmonidcc, and the

fin is also higher. All the species are gaily colored, the dorsal

fin especially being marked with purplish or greenish bands
343
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and bright rose-colored spots ; while the body is mostly purplish

gray, often with spots of black. Most of the species rarely

exceed a foot in length, but northward they grow larger. Gray-

ling weighing five pounds have been taken in England; and

according to Dr. Day they are said in Lapland to reach a weight

of eight or nine pounds. The grayling in all countries frequent

clear, cold brooks, and rarely, if ever, enter the sea, or even the

larger lakes. They congregate in small shoals in the streams,

and prefer those which have a succession of pools and shal-

lows, with a sandy or gravelly rather than rocky bottom. The

grayling spawns on the shallows in April or May (in England).

It is non-migrator)' in its habits, depositing its ova in the

neighborhood of its usual haunts. The ova are far more delicate

and easily killed than those of the trout or charr. The grayling

and the trout often inhabit the same waters, but not alto-

gether in harmony. It is said that the grayling devours the

eggs of the trout. It is certain that the trout feed on the

young grayling. As a food-fish, the grayling of course ranks

high ; and it is beloved by the sportsman. They are considered

gamy fishes, although less strong than the brook-trout, and

perhaps less wary. The five or six known species of graj-ling

are very closely related, and are doubtless comparatively recent

offshoots from a common stock, which has now spread itself

widely through the northern regions.

The common grayling of Europe (Tltymallus thymallus)

is found throughout northern Europe, and as far south as the

mountains of Hungary and northern Italy. The name Thymallus

was given by the ancients, because the fish, when fresh, was

said to have the odor of water-thyme. Grayling belonging to

this or other species are found in the waters of Russia and Siberia.

The American grayling {Thymallus sigiiijcr) is widely dis-

tril)utcd in British America and Alaska. In the Yukon it is

very abundant, rising readily to the fly. In several streams

in northern Michigan, Au Sable River, and Jordan River in

the southern peninsula, and Otter Creek near Keweenaw in

the northern peninsula, occurs a dwarfish variety or species with

shorter and lower dorsal fins, kno\\'n to anglers as the Michigan

grayhng (Thymallus tricolor). This form has a longer head,

rather smaller scales, and the dorsal fin rather lower than in
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the northern form (siguijcr)
; but the constancy of these charac-

ters in specimens from intermediate localities is yet to be proved.
Another very similar form, called Thymallus montanns, occurs
in the Gallatin, Jladison, and other rivers of Western Montana
tributary to the Missouri. It is locally still abtmdant and one
of the finest of game-fishes. It is probable that the grayling

once had a wider range to the southward than now, and that

so far as the waters of the United States are concerned it is

tending toward extinction. This tendency is, of course, being

Fig. 250 - Michigan Grayling, rhym<ill;s tricolor Cope Au Sable River, Mich.

accelerated in Michigan by lumbermen and anglers. The
colonies of grayling in Michigan and Montana are probably

remains of a post-glacial fauna.

The Argentinidae.—The family of Argeuiinidcc, or smelt, is

very closely related to the Salmoiiidcc, representing a dwarf

series of similar type. The chief essential difference lies in the

form of the stomach, wliich is a blind sac, the two openings

near together, and about the second or pyloric opening there

are few if any pyloric Cccca. In all the Salmonida: the stomach
has the form of a siphon, and about the pylorus there are very

many pyloric cseca. The smelt have the adipose fin and the gen-

eral structure of the salmon. All the species are small in size,

and most of them are strictly marine, though some of them
ascend the rivers to spawn, just as salmon do, but not going

ver}' far. A few kinds become land-locked in ponds. Most of

the species are confined to the north temperate zone, and a

few sink into the deep seas. All that are sufficiently abimdant

furnish excellent food, the flesh being extremely delicate and

often charged with a fragrant oil easy of digestion.
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The best-knowTi genus, Osmcriis, includes the smelt, or

spirHng (eperlan), of Europe, and its relatives, all excellent food-

fishes, although quickly spoiling in warm weather. Osmcrits

eperlanus is the European species ; Osiiierns mordax of our eastern

coast is very much like it, as is also the rainbow-smelt, Osmcriis

dcntcx of Japan and .(\laska. A larger smelt, Osmcriis alba-

irossis, occurs on the coast of Alaska, and a small and feeble

one, Osmcriis thalcichthys, mixed with other small or delicate

fishes, is the whitebait of the San Francisco restaurants. The
whitebait of the London epicure is made up of the young of

herrings and sprats of different species. The still more delicate

whitebait of the Hong Kong hotels is the icefish, Salanx chincnsis.

Fig. 251.—Smelt, Osmerus mordax (.Mitchill). Wood's Hole, Mass.

Retropinna reiropinna, so called from the backward insertion

of its dorsal, is the excellent smelt of the rivers of Xew Zealand.

All the other species belong to northern waters. Mesopns,

the surf-smelt, has a smaller mouth than Osmerus and inhabits

the North Pacific. The California species, Mesopns prctiosiis,

of Neah Bay has, according to James G. Swan, "the belly

covered with a coating of yellow fat which imparts an oily

appearance to the water where the fish has been cleansed or

washed and makes them the very perfection of pan-fish." This

species spawns in late summer along the surf-line. According

to Mr. Swan the water seems to be filled with them. " They
come in with the flood-tide, and when a wave breaks upon the

beach they crowd up into the very foam, and as the surf re-

cedes many will be seen flapping on the sand and shingle, but

invariably returning with the undertow to deeper water."

The Quilliute Indians of Washington believe that "the first
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surf-smelts that appear mixst not be sold or given away to be

taken to another place, nor must they be cut transversely, but

split open with a mussel-shell."

The surf-smelt is marine, as is also a similar species, Mesopus
japoniciis, in Japan. Mcsopns olidus, the pond-smelt of Alaska,

Kamchatka, and Northern Japan, spawns in fresh-water ponds.

Still more excellent as a food-fish than even these exquisite

species is the famous eulachon, or candle-fish {Thakichthys

pacificus). The Chinook name, usually written eulachon, is

perhaps more accurately represented as ulchen. This little

fish has the form of a smelt and reaches the length of nearly a

foot. In the spring it ascends in enormous numbers all the

^s^
^^^

Fig. 252 —Eulachon, or Ulchen. Thaleichtht/s pretiosus Girard. Columbia River.
Family Argcntinida:

rivers north of the Columbia, as far as Skaguay, for a short

distance for the purpose of spawning. These runs take place

usually in advance of the salmon-runs. Various predatory

fishes and sea-birds persecute the eulachon during its runs,

and even the stomachs of the sturgeons are often found full

of the little fishes, which they have taken in by their sucker-

like mouths. At the time of the runs the eulachon are ex-

tremely fat, so much so that it is said that when dried and a

wick draw^n through the body they may be used as candles.

On Nass River, in British Columbia, a stream in which their

run is greatest, there is a factory for the manufacture of eula-

chon-oil from them. This delicate oil is proposed as a substitute

for cod-liver oil in medicine. Whatever may be its merits in

this regard, it has the disadvantage in respect to salability

of being semi-solid or lard-like at ordinary temperatures, re-

quiring melting to make it flow as oil. The eulachon is a favorite
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pan-fish in British Columbia. The writer has had considerable

experience with it, broiled and fried, in its native region, and

has no hesitation in declaring it to be the best-flavored food-

fish in American waters. It is fat, tender, juicy, and richly

flavored, with comparatively few troublesome bones. It does

not, however, bear transportation well. The Indians in Alaska

bury the eulachon in the ground in great masses. After the

fish are well decayed they are taken out and the oil pressed

from them. The odor of the fish and the oil is then very offensive,

less so, however, than that of some forms of cheese eaten by
civilized people.

The capelin (Mallotns villosns) closely resembles the eula-

chon, differing mainly in its broader pectorals and in the peculiar

scales of the males. In the male fish a band of scales above

m-.

V--,:-

Fig. 254 —Capelin, Mallotus villosus L. Crosswater Bay.

the lateral line and along each side of the belly become elongate,

closely imbricated, with the free points projecting, giving the

body a villous appearance. It is very abundant on the coasts

of Arctic America, both in the Atlantic and the Pacific, and is

an important source of food for the natives of those regions.

This species spawns in the surf, and the writer has seen

them in August cast on the shores of the Alaskan islands (as at

Metlakahtla in 1897), living and dead, in numbers which seem

incredible. The males are then distorted, and it seems likely

that all of them perish after spawning. The young are

abundant in all the northern fiords. Even more inordinate

numbers are reported from the shores of Greenland.

The capelin seems to be inferior to the eulachon as a food-

fish, but to the natives of arctic regions in both hemispheres it

is a very important article of food. Fossil capelin are found
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in abundance in recent shales in Greenland enveloped in nodules

of clay. In the open waters about the Aleutian Islands a small

smelt, Therobromiis callorhini, occurs in very great abundance

and forms the chief part of the summer food of the fur-seal.

Strangely enough, no complete specimen of this fish has yet

been seen by man, although thousands of fragments have been

taken from seals' stomachs. From these fragments Mr. Frederick

A. Lucas has reconstructed the fish, which must be an ally of

the surf-smelt, probably spa\\Tiing in the open ocean of the north.

The silvery species called Argentina live in deeper water

and have no commercial importance. Argentina silns, with

prickly scales, occurs in the North Sea. Several fossils have

been doubtfully referred to Osmeriis.

The Microstomidae.—The small family of Microstoniidcc con-

sists of a few degraded smelt, slender in form, with feeble mouth
and but three or four branchiostegals, rarely taken in the deep

seas. Nanscnia granlandica was found by Reinhardt off the

coast of Greenland, and six or eight other species of Microstoma

and Bathylagus have been brought in by the deep-sea explora-

tions.

The Salangidae, or Icefishes.—Still more feeble and insignifi-

cant are the species of Salangidw, icefishes, or Chinese whitebait,

which may be described as SalmonidcE reduced to the lowest

terms. The body is long and slender, perfectly translucent,

almost naked, and with the skeleton scarcely ossified. The
fins are like those of the salmon, the head is depressed, the jaws

long and broad, somewhat like the bill of a duck, and within

there are a few disproportionately strong canine teeth, those

of the lower jaw somewhat piercing the upper. The alimentary

canal is straight for its whole length, without pyloric caeca.

These little fishes, two to five inches long, live in the sea in

enormous numbers and ascend the rivers of eastern Asia for

the purpose of spawning. It is thought by some that they are

annual fishes, all dying in the fall after reproduction, the species

living through the winter only within its eggs. But this is

only suspected, not proved, and the species will repay the care-

ful study which some of the excellent naturalists of Japan are

svu"e before long to give to it. The species of Salanx are known
as whitebait, in Japan as Shiro-uwo, which means exactly the
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same thing. They are also sometimes called icefish (Hingio),

which, being used for no other fish, may be adopted as a group
name for Salanx.

The species are Salanx chinensis from Canton, Salanx hyalo

cranius from Korea and northern China, Salanx microdon from

northern Japan, and Salanx ariakensis from the southern island

of Kiusiu. The Japanese fishes are species still smaller and
feebler than their relatives from the mainland.

The Haplochitonidae.— The Haplochitonidce are trout - like

fishes of the south temperate zone, differing from the Salmonidcs

mainly in the extension of the premaxillary until, as in the

perch-like fishes, it forms the outer border of the upper jaw.

The adipose fin is present as in all the salmon and smelt. Hap-
lochiton of Tierra del Fuego and the Falkland Islands is naked,

while in Prototroctes of Australia and New Zealand the body,

as in all salmon, trout, and smelt, is covered with scales. Proto-

troctes marcsna is the yarra herring of Australia. The closely

related family of Galaxiida:, also Australian, but lacking the

adipose fin, is mentioned in a later chapter.

Fig. 255 —Icefish, Salanx hynlocranius Abbott. Family Salangidcs.

Tientsin, China.

Stomiatidae. — The Stomiatida, with elongate bodies, have

the mouth enormous, with fang-like teeth, usually barbed. Of

Fig. 256 —Stomias fcrox Reinhardt. Banquereau.

the several species Stomias ferox is best kno^^^l. According to

Dr. Boulenger, these fishes are true Isospondyli.

Astronesthida is another small group of small fishes naked

and black, with long canines, found in the deep sea.

The Malacosteida is a related group with extremely dis-
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tensible mouth, the species capable of swallowing fishes much
larger than themselves.

The viper-fishes {Chaidiodontidcc) are very feeble and very

voracious little fishes occasionally brought up from the depths.

Chanliodns sloanei is notable for the length of the fangs.

Much smaller and feebler are the species of the closely

related family of Goiwstomidcc. Gonostoma and Cyclothonc

dwell in oceanic abysses. One species, Cyclothone elongata,

occiu"s at the depth of from half a mile to nearly four miles

Fio 257.

—

Chauliodus slounei Schneider. Grand Banks.

almost ever^-Avhere throughout the oceans. It is probably

the most widely distributed, as well as one of the feeblest and

most fragile, of all bassalian or deep-sea fishes.

Suborder Iniomi, the Lantern-fishes.—-The suborder Iniomi

(Ivioy, nape; oj/<o.", shoulder) comprises soft-rayed fishes, in

which the shoulder-girdle has more or less lost its com-

pleteness of structure as part of the degradation consequent

on life in the abysses of the sea. These features distinguish

these forms from the true Isospondyli, but only in a very few

of the species have these characters been verified by actual

examination of the skeleton. The mesocoracoid arch is wanting

or atrophied in all of the species examined, and the orbito-

sphenoid is lacking, so far as known. The group thus agrees in

most technical characters with the Haplomi, in which group they

are placed by Dr. Boulenger. On the other hand the relation-

ships to the Isospondyli are very close, and the Iniomi have many
traits suggesting degenerate Isospondyli. The post-temporal

has lost its usual hold on the skull and may touch the occiput

on the sides of the cranium. Xearly all the species are soft

in body, black or silverj'^ over black in color, and all that live
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in the deep sea are provided with luminous spots or glands

giving light in the abysmal depths. These spots are wanting in

the few shore species, as also in those which approach most nearly

to the SalmonidcE, these being presumably the most primitive

of the group. In these also the post-temporal touches the back
of the cranium near the side. In the majority of the Iniomi

the adipose fin of the Salmonidcz is retained. From the phos-

phorescent spots is derived the general name of lantern-fishes

applied of late years to manj'^ of the species. Most of these are

of recent discovery, results of the remarkable work in deep-

sea dredging begun by the Albatross and the Challenger. All

of the species are carnivorous, and some, in spite of their feeble

muscles, are exceedingly voracious, the mouth being armed
with veritable daggers and spears.

Aulopidae.—Most primitive of the Iniomi is the family of

Aulopidce, having an adipose fin, a normal maxillary, and no

luminous spots. The rough firm scales suggest those of the

berycoid fishes. The few species of Aidopus and Chlorophthabnus

are found in moderate depths. Aidopus piirpiirissatus is the

"Sergeant Baker" of the Australian fishermen.

The Lizard-fishes.—The Synodontidce, or lizard-fishes, have

lizard-like heads with very large mouth. The head is scaly, a

character rare among the soft-rayed fishes. The slender maxil-

Fio 2^8 —I.izard-fish, St/nodus fcetcns L. Charleston, S. C.

lary is grown fast to the premaxillary, and the color is not black.

Most of the species are shore-fishes and some are brightly colored.

Synodus fcctens is the common lizard-fish, or galliwasp, of our

Atlantic coast. Synodus varins of the Pacific is brightly

colored, olive-green and orange-red types of coloration exist-

ing at different depths. Most of the species lie close to the

bottom and are mottled gra}' like coral sand. A few occur in
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oceanic depths. The " Bombay duck " of the fishermen of

India is a species of Harpodon, H. neliereus, with large mouth

and arrow-shaped teeth. The dried fish is used as a rehsh.

The Beiitliosaiin'Jcc are deep-sea fishes of similar type, but

with distinct maxillaries. The BatJiypteroidas, of the deep seas,

resemble Anlopus, but have the upper and lower pectoral rays

filiform, developed as organs of touch in the depths in which

the small eyes become practically useless.

Ipnopidae.—In the Ipnopida: the head is depressed above

and the two eyes are flattened and widened so as to occupy

most of its upper surface. These structures were at first sup-

posed to be luminous organs, but Professor Moseley has thought

them to be eyes. "They show a flattened cornea extending

along the median line of the snout, with a large retina com-

posed of peculiar rods which form a complicated apparatus

KiG. 209.

—

Ipnops murrayi Giinther.

destined undoubtedly to produce an image and to receive

especial limiinous rays." The single species, Ipnops murrayi,

is black in color and found at the depth of 2\ miles in various

seas.

The existence of well-developed eyes among fishes des-

tined to live in the dark abysses of the ocean seems at first con-

tradictory, but we must remember that these singular forms

are descendants of immigrants from the shore and from the

surface. " In some cases the eyes have not been specially

modified, but in others there have been modifications of a lumi-

nous mucous membrane leading on the one hand to phosphor-

escent organs more or less specialized, or on the other to such

remarkable structures as the eyes of Ipnops, intermediate

between true eyes and phosphorescent plates. In fishes which

cannot see, and which retain for their guidance only the general

sensibility of the integuments and the lateral line, these parts

soon acquire a very great delicacy. The same is the case with
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tactile organs (as in Bathypterois and Benthosaiiriis) , and experi-

ments show that barbels may become organs of touch adapted
to aquatic life, sensitive to the faintest movements or the

slightest displacement, with power to give the blinded fishes

hAl cognizance of the medixom in which they live.

"

Rondeletiidae.—The Rondeletiidcs are naked black fishes with

small eyes, without adipose fin and without luminous spots,

Fig. 260 —Cetomimns gillii Goode & Bean. Gulf Stream.

taken at great depths in the Atlantic. The relationship of these

fishes is wholly uncertain.

The Ceto)niiindcc are near allies of the RondeletiidcB, having

the mouth excessively large, with the peculiar form seen in the

right whales, which these little fishes curiously resemble.

Myctophidae.— The large family of Myctophidcc, or lantern-

fishes, is made up of small fishes allied to the Aidopidcs, but

Fig. 361—Headlight Fish, DiajJius lucidus Goode and Bean. Gulf Stream.

with the body covered with luminous dots, highly specialized

and symmetrically arranged. Most of them belong to the

deep sea, but others come to the surface in the night or during

storms when the sunlight is absent. Through this habit they

are often thrown bv the waves on the decks of small vessels.
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Largely from Danish merchant-vessels, Dr. Liitken has obtained

the unrivaled collection of these sea-waifs preserved in the

Museum of the University of Copenhagen. The species are

all small in size and feeble in structure, the prey of the larger

r^{WM

Flo. '2tj2 —Lantern-fish, Mijctophum ointinum Goode it liean. tiulf tStrcara.

fishes of the depths, from which their lantern-like spots and

large eyes help them to escape. The numerous species arc now
ranged in about fifteen genera, although earlier writers placed

them all in a single genus Myctophum (Scopelns).

In the genus DiapJiiis (.-Ethoprora) there is a large luminous

gland on the end of the short snout, like the headlight of an

ik^:-_

^5^

riG 203 —Lantern-fish, Ceratoscnpelus n^adeirensis (LoweV Gulf Stream.

engine. In Dasyscopclus the scales are spinescent, but in most of

the genera, as in Myctopluim, the scales are cycloid and caducous,

falling at the touch. In Diaphus the luminous spots are crossed

by a septvun giving them the form of the Greek letter 6 (theta).

One of the commonest species is Myctophum hiimboldti.

Chirothricidae.—The remarkable extinct family of Chiro-

thricidcE may be related to the Synodontidcc , or Myctophidce.

In this group the teeth are feeble, the paired fins much
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enlarged, and the ventrals are well forward. The dorsal fin,

inserted well forward, has stout basal bones. Chirothrix libani-

CHs of the Cretaceous of Mt. Lebanon is remarkable for its exces-

sively large ventral fins. Tclepholis is a related genus. Exo-

ccBtoides with rounded caudal fin is probably the type of a

distinct family, Exoccctoididar, the caudal fin being strongly

forked in Chirothrix. The small extinct group of Rhinellidcc is

usually placed near the MyctophidcB. They are distinguished

by the very long gar-like jaws ; whether they possessed adipose

fins or luminous spots cannot be determined. Rhindlus fiir-

catiis and other species occur in the Cretaceous of Europe and
Asia. Fossil forms more or less distinctlv related to the Mvcto-

Fig 2G4 —Rhinellus jurcalus Agassiz. Upper Cretaceous of Mt. Leb^iua.
(Alter Woodward.)

phidcc are numerous. Osmeroides nionasterii (wrongly called

Sardinioides), from the German Cretaceous, seems allied to

Myctophnm, although, of course, limiinous spots leave- no trace

among fossils. Acrognathiis boops is remarkable for the large

size of the eyes.

Maurolicidae.— The Maurolicida are similar in form and

habit, but scaleless, and with luminous spots more highly

specialized. Maurolicus pennanti, the "Sleppy Argentine," is

occasionally taken on either side of the Atlantic. Other genera

are Zalargcs, Vincigiierria, and Valenciennellus.

The Lancet-fishes.—The PlagyodontidcE {Alepisauridcs) con-

tains the lancet-fishes, large, swift, scaleless fishes of the ocean

depths with very high dorsal fin, and the mouth filled with

knife-like teeth. These large fish are occasionally cast up by

storms or are driven to the shores by the torments of a parasite,

Tetrarhynchus, found imbedded in the flesh.

It is probable that they are sometimes killed by being forced

above their level by fishes which they have swallowed. In

such cases they are destroyed through the reduction of pressure.

Every part of the body is so fragile that perfect specimens

are rare. The dorsal fin is readily torn, the bones are ver\'
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feebly ossified, and the ligaments connecting the vertebrae are

very loose and extensible, so that the body can be considerably

stretched. "This loose connection of the parts of the body

is found in numerous deep-sea fishes, and is merely the conse-

quence of their withdrawal from the pressure of the water to

which they are exposed in the depths inhabited by them. When
within the limits of their natural haunts, the osseous, muscular,

.

and fibrous parts of the body will have that solidity which is

required for the rapid and powerful movements of a predatory

fish. That the fishes of this genus (Plagyodus) belong to the

most ferocious of the class is proved by their dentition and the

contents of their stomach." (Gunther.) Dr. Gunther else-

Fio. 265 —Lancet-fish, Plagyodus jerox (Lowe). New York.

where obser\'es: "From the stomach of one example have been

taken several octopods, crustaceans, ascidians, a young Brama,

twelve young boarfishes (Capros), a horse-mackerel, and one

young of its own species."

The lancet-fish, Plagyodus ferox, is occasionally taken on

either side of the Atlantic and in Japan. The handsaw-fish,

called Plagyodus cesculapius, has been taken at Unalaska, off

San Luis Obispo, and in Humboldt Bay. It does not seem to

differ at all from Plagyodus ferox. The original type from Una-

laska had in its stomach twenty-one lumpfishes (Eumicrotretnus

spinosus). This is the species described from Steller's manu-
scripts by Pallas under the name of Plagyodus. Another

species, Plagyodus horcalis, is occasionally taken in the North

Pacific.

The Evermannellidcc is a small family of small deep-sea fishes
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with large teeth, distensible muscles, and an extraordinary-

power of swallowing other fishes, scarcely surpassed by Chias-

modon or Saccopharynx. Evennannella {Odontostomtis, the latter

name preoccupied) and Omostidis are the principal genera.

The ParalepidcB are reduced allies of Plagyodus, slender,

silvery, with small fins and fang-like jaws. As in Plagyodus,

the adipose fin is developed and there are small luminous dots.

The species are few and mostly northern; one of them, Sudis

ringens, is known only from a single specimen taken by the

present writer from the stomach of a hake {Merluccins produc-

tus), the hake in turn swallowed whole by an albacore in the

Santa Barbara Channel. TJie Sudis_ had been devoured by the

hake, the hake by the albacore, and the albacore taken on
the hook before the feeble Sudis had been digested.

Perhaps allied to the PlagyodontidcB is also the large family

of EnchodontidcB, widely represented in the Cretaceous rocks of

Fig. 366.— Eurypliolis sulcidens Pictet, restored. Family Enchodonlidm. Upper
Cretaceous of Mt. Lebanon. (After Woodward, as E. boissieri.)

Syria, Europe, and Kansas. The body in this group is elongate,

the teeth very strong, and the dorsal fin short. Enchodus

lewesiensis is found in Mount Lebanon, Halec sternbergi in the

German Cretaceous, and many species of Enchodus in Kansas;

Cimolichthys dims in North Dakota.

Remotely allied to these groups is the extinct family of

DercetidcE from the Cretaceous of Germany and Syria. These

are elongate fishes, the scales small or wanting, but with two

or more series of bony scutes along the flanks. In Dercetis

scutatiis the scutes are large and the dorsal fin is very long. Other

genera are Lepfoiraclieltts and Pclargorhynchus. Dr. Boulenger

places the Dercetida; in the order Heteromi. This is an expression

of the fact that their relations are still unknown. Probably
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related to the Dercetidcc is the American family of Stratodontidw

with its two genera, Stradodus and Empo from the Cretaceous

^^

F.fj. 207 —Euri/pholis jreyeri Heekel. Family Enchodnnlida. Cretaceous.

(After Heekel; the restoration of the jaws incorrect.)

(Niobrara) deposits of Kansas. Empo nepaholica is one of the

best-known species.

The Stemoptychidae.— The Skrnoptychidcc differ materi-

ally from all these forms in the short, compressed, deep body

and distorted form. The teeth are small, the body bright

silvery, with luminous spots. The species live in the deep

seas, rising in dark or stormy weather. Sternoptyx diaphana is

found in almost all seas, and species of Argyropelecus are almost

Fig. 268. —Monstrous Goldfish (bred in .lapaii), Carassius uuruius (.Liuiia-us).

(After Giinther.)

as widely distributed. After the earthquakes in 1896, which

engulfed the fishing villages of Rikuzen, in northern Japan,
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floatingnumerous specimens of this species were found dead,

on the water, by the steamer Albatross.

The IdiacanthidcB are small deep-sea fishes, eel-shaped and
without pectorals, related to the Iniomi.

Order Lyopomi.—Other deep-sea fishes constitute the order

or suborder Lyopomi (Afds, loose; n^fxa, opercle). These are

elongate fishes having no mesocoracoid, and the preopercle

rudimentary and connected only with the lower jaw, the large

Fio. 269.

—

Aldrovandia gracilis (Goode & Bean). Guadaloupe Island, West
Indies. Family HalosauridcE.

subopercle usurping its place. The group, which is perhaps to

be regarded as a degenerate type of Isospondyli, contains the

single family of Halosaiiridcc, with several species, black in

color, soft in substance, with small teeth and long tapering

tail, found in all seas. The principal genera are Halosannis

and Aldrovandia (Halosauropsis). Aldrovandia niacrochira is

the commonest species on our Atlantic coast.

Several fossil Halosaiiridcc are described from the Creta-

ceous of Europe and Syria, referred to the genera Echidnocephalus

and Enchelurus. Boulenger refers the Lyopomi to the suborder

Heteromi.



CHAPTER XXII

THE APODES, OR EEL-LIKE FISHES

(HE Eels.—We may here break the sequence from the

Isospondyli to the other soft-rayed fishes, to inter-

polate a large group of uncertain origin, the series

or subclass of eels.

The mass of apodal or eel-like fishes has been usually regarded

as constituting a single order, the Apodes {a, without; novs,

foot). The group as a whole is characterized by the almost

universal separation of the shoulder-girdle from the skull, by

the absence of the mesocoracoid arch on the shoulder-girdle,

by the presence of more than five pectoral actinosts, as in the

Ganoid fishes, by the presence of great numbers of undifferen-

tiated vertebrae, giving the body a snake-like form, by the

absence in all living forms of the ventral fins, and, in all living

forms, by the absence of a separate caudal fin. These structures

indicate a low organization. Some of them are certainly results

of degeneration, and others are perhaps indications of primitive

simplicity. Within the limits of the group are seen other

features of degeneration, notably shown in the progressive loss

of the bones of the upper jaw and the membrane-bones of the

head and the degradation of the various fins. The symplectic

bone is wanting, the notochord is more or less persistent, the

vertebral centra always complete constricted cylinders, none

coalesced. But, notwithstanding great differences in these

regards, the forms have been usually left in a single order, the

more degraded forms being regarded as descended from the

types which approach nearest to the ordinary fishes. From
this view Professor Cope dissents. He recognizes several orders

of eels, claiming that we should not unite all these various fishes

into a single order on account of the ccl-likc form. If we do so,

we should place in another order those with the fish-like form.
362
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It is probable, though not absolutely certain, that the Apodes

are related to each other. The loss among them, first, of the con-

nection of the post-temporal with the skull ; second, of the

separate caudal fin and its hypural support ; third, of the distinct

maxillary and premaxillary ; and fourth, of the pectoral fins, must

be regarded as successive phases of a general line of degradation.

The large number of actinosts, the persistence of the notochord,

the absence of spines, and the large numbers of vertebrae seem

to be traits of primitive simplicity. Special lines of degenera-

tion are further shown by deep-sea forms. What the origin

of the Apodes may have been is not known with any certainty.

They are soft-rayed fishes, with the air-bladder connected by

a tube with the oesophagus, and with the anterior vertebrae not

modified. In so far they agree with the Isospondyli. In some

other respects they resemble the lower Ostariophysi, especially

the electric eel and the eel-like catfishes. But these resem-

blances, mainly superficial, may be wholly deceptive; we have

no links which certainly connect the most fish-like Apodes

with any of the other orders. Probably Woodward's sugges-

tion that they may form a series parallel with the Iso-

pondyli and independently descended from Tertiary Ganoids

deserves serious consideration. Perhaps the most satisfactory

arrangement of these fishes will be to regard them as constitut-

ing four distinct orders for which we may use the names Sym-

branchia (including Ichthyocephali and Holostomi), Apodes (in-

cluding Enchelycephali and Colocephali), Carencheli, and Lyo-

meri.

Order Symbranchia.—The Symbranchia are distinguished by

the development of the ordinary fish mouth, the maxillary and

premaxillary being well developed. The gill-openings are very

small, and usually confluent below. These fresh-water forms

of the tropics, however eel-like in form, may have no real

affinity with the true eels. In any event, they should not be

placed in the same order with the latter.

The eels of the suborder Ichthyocephali {ix6vi, fish ; Kecf>aXr'/,

head) have the head distinctl}' fish-like. The maxillary, pre-

maxillary, and palatines are well developed, and the shoulder-

girdle is joined by a post-temporal to the skull. The body is

distinctly eel-like, the tail being very short and the fins incon-
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spicuous. The number of vertebrae is unusually large. The

order contains the single family Monopterida, the rice-field eels,

one species, Momplerus albus, being excessively common in

pools and ditches from China and southern Japan to India.

The eels of the suborder Holostomi {6x65, complete; a-ro^a,

mouth) differ from these mainly in the separation of the shoulder-

girdle from the skull, a step in the direction of the true eels.

The Symbranchida- are very close to the Monoptcridw in external

appearance, small, dusky, eel-like inhabitants of sluggish ponds

and rivers of tropical America and the East Indies. The gill-

openings are confluent under the throat. Symbranchus mar-

moratns ranges northward as far as Vera Cruz, having much the

habit of the rice-field eel of Japan and China The Amphip-

noidce, with peculiar respiratory structures, abound in India.

Amphipnons cnchia, according to Giinther, has but three gill-

arches, with rudimentary lamina and very narrow slits. To

supplement this insufficient branchial apparatus, a lung-like

sac is developed on each side of the body behind the head, open-

ing between the hyoid and the first branchial arch. The inte-

rior of the sac is abundantly provided with blood-vessels, the

arterial coming from the branchial arch, whilst those issuing

from it unite to form the aorta. Amphipnons has rudimentan.'

scales. The other Holostomi and Ichthyocephali are naked and

all lack the pectoral fin.

The Chilobranchida are small sea-fishes from Australia, with

the tail longer than the rest of the body, instead of much shorter

as in the others.

No forms allied to Symbranchus or Monopterus are recorded

as fossils.

Order Apodes, or True Eels. — In this group the shoulder-

girdle is free from the skull, and the bones of the jaws are reduced

in number, through coalescence of the parts.

Three well-marked suborders may be recognized, groups per-

haps worthy of still higher rank: Archencheli, Enchelycephali,

and Colocephali.

Suborder Archencheli.—The Archencheli, now entirely extinct,

are apparently the parents of the eels, having, however, certain

traits characteristic of the Isospotidyli. They retain the sepa-

rate caudal fin, with the ordinary hypural plate, and Professor
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Hay has recently found, in an example from the Cretaceous

of Mount Lebanon, remains of distinct ventral fins. These

traits seem to indicate an almost perfect transition from the

Isospondyli to the Archencheli.

One family may be recognized at present, Urenchelyidw.

The earliest known eel, Urenchdys aviis, occurs in the upper

Cretaceous at ilount Lebanon. It represents the family Uren-

chelyidce, apparently allied to the Anguillida, but having a

separate caudal fin. Its teeth are small, conical, blunt, in

many series. There are more than 100 vertebras, the last

expanded in a hypural. Pectorals present. Scales rudiment-

ary; dorsal arising at the occiput. Branchiostegals slender,

not curved around the opercle. Urenchelys anglicus is another

species, found in the chalk of England.

Suborder Enchelycephali. — The suborder Enchelycephali [ey-

XeXv5, eel; Ke4>a\tj, head) contains the typical eels, in which

the shoulder-girdle is free from the skull, the palatopter\'goid

arch relatively complete, the premaxillaries wanting or rudi-

mentary, the ethmoid and vomer coalesced, forming the front

of the upper jaw, the maxillaries lateral, and the cranium with

a single condyle. In most of the species pectoral fins are present,

and the cranium lacks the combined degradation and speciali-

zation shown by the morays (Colocephalt).

Family Anguillidae.—The most primitive existing family is that

of the typical eels, Angmllidcr, which have rudimentary scales

oblong in form, and set separately in groups at right angles with

one another. These fishes are found in the fresh and brackish

waters of all parts of the world, excepting the Pacific coast of

North America and the islands of the Pacific. In the upper Great

Lakes and the upper Mississippi they are also absent unless intro-

duced. The species usually spawn in the sea and ascend the

rivers to feed. But some individuals certainly spawn in fresh

water, and none go far into the sea, or where the water is entirely

salt. The young eels sometimes ascend the brooks near the sea

in incredible numbers, constituting what is known in England

as "eel-fairs." They will pass through wet grass to surmount

ordinary obstacles. Niagara Falls they cannot pass, and

according to Professor Baird "in the spring and summer the

visitor who enters under the sheet of water at the foot of the
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falls will be astonished at the enormous numbers of young

eels crawling over the slippery rocks and squirming in the

seething whirlpools. An estimate of hundreds of wagon-loads,

as seen in the course of the perilous journey referred to, would

hardly be considered excessive by those who have visited the

spot at a suitable season of the year." "At other times large

eels may be seen on their way down-stream, although natu-

rally they 'are not as conspicuous then as are the hosts of the

young on their way up-stream. Nevertheless it is now a well-

assured fact that the eels are catadromous, that is, that the

In;. 270. —Coraiiion Eel, Anguilla chriKi/j)a l;;iliiic><iui_-. ilolyuki-, .Mass.

old descend the watercourses to the salt water to spawn, and

the young, at least of the female sex, ascend them to enjoy life

in the fresh water."

The Food of the Eel.—Eels are among the most voracious

of all fishes. They devour dead flesh and they will attack any

fish small enough for them to bite. They are among the swiftest

of fishes. They work largely at night, and devour spawn as well

as grown fishes.

"On their hunting excursions they overturn huge and small

stones alike, working for liMurs if necessary, beneath which they

find species of shrimp and crayfish, of which they are exceed-

ingly fond. Of shrimps they devour vast numbc:s. Their noses

are poked into every imaginable hole in their search for food, to

the terror of innumerable small fishes.

Larva of the Eel. — The translucent band-shaped larva of

the common eel has been very recently identified and described

by Dr. Eigenmann. It is probable that all true eels, Enchely-
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cephali, pass through a band-shaped or leptocephalous stage,

as is the case with Albula and other Isospondyli. In the con-

tinued growth the body becomes firmer, and at the same time

Fig. 271.—Larva of Common Eel, Anguilta chrusi/pa (Rafinesque), called Lepio-
cephalus grassii. ;After Eigenmann.)

much shorter and thicker, gradually assuming the normal form

of the species in question.

In a recent paper Dr. Carl H. Eigenmann has very fully

reviewed the life-history of the eel. The common species live

in fresh waters, migrating to the sea in the winter. They
deposit in deep water minute eggs that float at the surface.

The next year they develop into the band-shaped larva. The
young eels enter the streams two years after their parents drop

down to the sea. It is doubtful whether eels breed in fresh

water. The male eel is much smaller than the female.

The eel is an excellent food-fish, the flesh being tender and

oily, of agreeable flavor, better than that of any of its rela-

tives. Eels often reach a large size, old individuals of five or

six feet in length being sometimes taken.

Species of Eels.—The diff'erent species are very closely related.

Not more than four or five of them are sharply defined, and

these mostly in the South Seas and in the East Indies. The
three abundant species of the north temperate zone, Angnilla

anguilla of Europe, Anguilla chrisypa of the eastern United States,

and Anguilla japonica of Japan, are scarcely distinguishable. In

color, size, form, and value as food they are all alike.

Fossil species referred to the Anguillidcc are known from

the early Tertiary. Anguilla leptoptera occurs in the Eocene

of Monte Bolea, and Anguilla elegans in the Miocene of CEningen

in Baden. Other fossil eels seem to belong to the Nettasto-

midcE and MyridcB.

Pug-nosed Eels.—Allied to the true eel is the pug-nosed eel,

Simenchelys parasiticus, constituting the family of Simen-

chelyidcB. This species is scaled like a true eel, has a short,
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blunt nose, and burrows its way into the bodies of halibut and

other large fishes. It has been found in Newfoundland and

Fin. 272.—Pug-nosed Eel, Simenchelys parasiticus Gill. Sable island Hank.

Madeira. Another family possessing rudimentary scales is that

of the SynaphobranchidcE, slender eels of the ocean depths, widely

distributed. In these forms the gill-openings are confluent.

Synapliobranchus pinnatiis is the best-known species.

Fig. 273.

—

Synaphobranchus pinnalus (Gronow). Le Have Bank.

Conger-eels.— The Leptocephalidcc, or conger-eels, are very

similar to the fresh-water eels, but are without scales and with

a somewhat different mouth, the dorsal beginning nearer to the

head.

The principal genus is Lcptocephalns, including the common
conger-eel {Leptocephalus conger) of eastern America and Europe

and numerous very similar species in the troi:)ics of both con-

tinents. These fishes are strictly marine and, reaching the

length of five or six feet, are much valued as food. The eggs

are much larger than those of the eel and are produced in great

numbers, so that the female almost bursts with their numbers.

Dr. Hermes calculated that 3,300,000 were laid by one female

in an aquarium.

These eggs hatch out into transparent band -like larva, with

very small heads formerly known as Leptocephalus, an ancient

name which is now taken for the genus of congers, having
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been first used for the larva of the common conger-eel. The
loose watery tissues of these "ghost-fishes" grow more and more
compact and they are finally transformed into young congers.

Conger-eel, Leptocephalus conger (L.). Noank, Conn.

The Mitrcenesocidw are large eels remarkable for their strong

knife-like teeth. Mitrccnesox savanna occurs in the West
Indies and in the Mediterranean, Mitrceiiesox cinereiis in Japan,

and Miircsnesox coniceps on the west coast of Mexico, all large

Fig. 275.—Larva of Conger-eel (Leptocephalus conger), called Leptocephalus morrissi.

(After Eigenmann.)

and fierce, with teeth like shears. The Myridce are small and

worm-like eels closely allied to the congers, having the tail

surrotmded by a fin, but the nostrils labial. Myrus myrus is

found in the Mediterranean. Species of Eomyrus, Rhyncho-

rhinus, and Paranguilla apparently allied to Myrus occur in the

Eocene. Other related families, mostly rare or living in the

deep seas, are the IlyopJiidcc, Heterocongridcc, and Dysommidce.

The Snake-eels.—Most varied of the families of eels is the

Ophichthyidcs , snake-like eels recognizable by the form of the

tail, which protrudes beyond the fins. Of the many genera found

in tropical waters several are remarkable for the sharply defined

coloration, suggesting that of the snake. Characteristic species

are Chlevastes colnhrinns and Leiiiraniis semicinctus, two beauti-

fully banded species of Polynesia, living in the same holes in

the reefs and colored in the same fashion. Another is Calle-
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chelys melanctcrnia. The commonest species on the Atlantic

coast is the plainly colored Ophichthiis gomesi.

{p^^>-:^-^ -:--:/;^.:>vA-:^}'-y^^^:rF:

::^r^mp^^.^:,K.~^,

Fig. 276 —Xj/rias rerukux Jordan & Snyder. Family Ophichthtjidce. Misaki, Japan.

In the genus Sphagcbranchiis, very slender eels of the reefs,

the fins are almost wanting.

.---L.-V«r3

Fio. 377.

—

Myrichthys pantostigmhts Jordan & McGregor. Clarion Island.

Allied to the Congers is the small family of duck-billed eels

(Netiastoimdcc) inhabiting moderate depths of the sea. Nct-

tastoma bolcense occurs in the Eocene of Monte Bolca. The pro-

duced snout forms a transition to the really extraordinary type

of thread-eels or snipe-eels (Nemichtliyi'dcc), of which numerous

genera and species live in the oceanic depths. In Xcmichthys

Fia. 378.

—

Ophichlhus ocellatus (Le Sueur). Pensacola.

the long, very slender, needle-like jaws are each curved back-

ward so that the mouth cannot by any possibility be shut.

The body is excessively slender and the fish swims with swift

imdulations, often near the surface, and when seen is usually
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taken for a snake. The best-known species is Nemichthys scolo-

W paceus of the Atlantic and Pacific. Nemichthys

avocetta, very much Hke it, has been twice taken

in Puget Sound.

Suborder Colocephali, or Morays. — In the

suborder Colocephali (koXos, deficient; Ke(pa\ri,

head) the palatopterygoid arch and the mem-
brane-bones generally are very rudimentary.

The skull is thus very narrow, the gill-struc-

tures are not well developed, and in the chief

family there are no pectoral fins. This group

is very closely related to the Enchelycephali,

from which it is probably derived.

In the great family of morays (AlurcEmdce)

the teeth are often very highly developed. The
muscles are always very strong and the spines

bite savagely, a live moray, four to six feet long,

being often able to drive men out of a boat.

Tlie skin is thick and leathery, and the colora-

tion is highly specialized, the pattern of color

Fig. 279 Fig. 280

Fig. 279 —Thread-eel, Nemichthys avocetta Jordan & Gilbert.

Fig. 280 —Jaws of Nemichthys avocetta Jordan & Gilbert.

Vancouver Island.

being often elaborate and brilliant. In Echidna zebra for ex-

ample the body is wine-brown, with cross-stripes of golden

yellow. In ."l/nrffina each' nostril has a barbel. Miircsna helena,

the oldest moray known, is found in Europe. In Gymnothorax,

the largest genus, only the anterior nostrils are thus provided.

Gymnothorax mordax of California is a large food-fish, as are

also the brown Gymnothorax funebris and the spotted Gymno-

thorax moringa in the West Indies. These and many other species

may coil themselves in crevices in the reefs, whence they strike

out at their prey like snakes, taking perhaps the head of a duck

or the finger of a man.
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In many of the morays the jaws are so curved and the

mouth so filled with knife-like teeth that the jaws cannot be

closed. This fact, however, renders no assistance to their prey,

as the teeth are adapted for holding as well as for cutting.

In Enchelynassa bleckeri, a huge wine-colored eel of the South

Seas, the teeth are larger than in any other species. Evenchclys

FlO. 281.

—

Miiru-na rclifera Garinan. Charleston, S. C.

{macrurus) is remarkable for its extraordinary' length of tail.

Echidna for its blunt teeth, and Scuticaria, Uropterygius, and
Channomiirana for the almost complete absence of fins. In

Anarchias {allardicei ; knighti), the anal fin is absent. The flesh

of the morays is rather agreeable in taste, but usually oily and

not readily digestible, less wholesome than that of the true eels.

The Myrocongrida are small morays with developed pectoral

fins. The species are few and little known.

Family Moringuidae.—Structurally one of the most peculiar

of the groups of eels is the small family of Moringnidcr of the

East and West Indies. In these very slender, almost worm-
like fishes the heart is placed very far behind the gills and

the tail is very short. The fins are very little developed, and

some forms, as Gordiichthys irrctittis of the Gulf of Mexico, the

body as slender as a whiplash, possess a very great niomber of

vertebrre. Moringiia hawaiiensis occurs in Hawaii, M. cdwardsi

in the Bahamas. This family probably belongs with the morays

to the group of Colocephali, although its real relationships are

not wholly certain.

Order Carencheli, the Long-necked Eels.—Certain offshoots from

the Apodes so widely diverging in structure that they must
apparently be considered as distinct orders occur sparingly

in the deep seas. One of these, DcricMiys scrpcniinus, the
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long-necked eel, constitutes the sole known species of the sub-

order Carciichcli (Kopd, head; 'eyxeXv?, eel). In this group

the premaxillaries and maxillaries arc present as in ordinary

I

Fig. 283.

—

0;/mnolhorax jnrdani fKvpiiiiaiin iV .M:ir.-hj. laiiiily }furitiiida'.

Puerto Hico.

fishes, but united by suture and soldered to the cranium. As

in true eels, the shoulder-girdle is remote from the skull. The

Fig. 884.—Moray, Oi/mnollinrnx moringii Hlo( li. Family ^Iiinvniihv. Tortugas.

head is set on a snake-like neck. Tlie single species representing

the family DerichthyiJcc was found in the abysmal depths of

the Gulf Stream.

Order Lyomeri, or Gulpers.—Still more aVierrcnt and in many
respects extraordinary are the eels of the order or suborder

Lyomeri {Xv6i, loose; ^lepos, part), known as "Gulpers."

These are degenerate forms, possibly degraded from some con-

ger-like type, but characterized by an extreme looseness of

structure unique among fishes. The gill-arches arc reduced

to five small bars of bone, not attached to the skull, the pala-

topterygoid arch is wholl)' wanting, the premaxillaries are
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wanting, as in all true eels, and the maxillaries loosely joined

to the skull. The symplectic bone is wanting, and the lower jaw
is so hinged to the skull that it swings freely in various direc-

tions. In place of the lateral line are singular appendages.

Fig, 285.

—

Iicricht'nijs serpentinus Gill. Gulf Stream.

Dr. Gill says of these fishes: "The entire organization is peculiar

to the extent of anomaly, and our old conceptions of the char-

acteristics of a fish require to be modified in the light of our

knowledge of such strange beings." Special features are the

extraordinary size of the mouth, which has a cavity larger than

that of the rest of the body, the insertion of the very small

eye at the tip of the snout, and the relative length of the tail.

The whole substance is excessively fragile as usual with animals

living in great depths and the color is jet black. Three species

Fig. i!88.—Gulper-eel, Gastrostomus bairdi Gill A Kyder. (Julf .Stre:im.

have been described, and these have been placed in two families,

SaccopharyngidcB, with the trunk (gill-opening to the vent) much
longer than the head, and Eurypharyngidce, with the trunk very

short, much shorter than the head. The best-known species

is the pelican eel {Eurypharynx pelacanoides), of the coast of

Morocco, described by Vaillant in 1882. Gastrostomus bairdi,

very much like it, occurs in the great depths under the Gulf

Stream. So fragile and so easily distorted are these fishes that
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it is possible that all three are really the same species, for which

the oldest name would be Saccopharynx ampiillaceiis. Of this

form four specimens have been taken in the Atlantic, one of

them six feet long, carried to the surface through having

swallowed fishes too large to be controlled. To be carried above

its depth in a struggle with its prey is one of the greatest dangers

to which the abysmal fishes are subject.

Order Heteromi.—The order of Heteromi (erepo?, different;

oj/uos, shoulder), or spiny eels, may be here noticed for want of

a better place, as its affinities are very uncertain. Some writers

have regarded it as allied to the eels ; some have placed it among
the Ganoids. Others have found affinities with the stickle-

backs, and still others with the singular fresh-water fishes called

Mastacembelits. The Heteromi agree \\-ith the eels, as well as

with Mastacembelus, in having the scapular arch separate from

the cranium. Unlike all the true eels, most of the species have

true dc.rsal and anal spines, as in the Percesoces and Hemi-

hranchii. The ventral fins, when present, are abdominal and

each with several spines in front, a character not found among
the Acanthopteri. There is no mesocoracoid.

The air-bladder has a duct, and the coracoids, much as in

the Xenomi, are reduced to a single lamellar imperforate plate.

The two groups have little else in common, however, and this

trait is possibly primitive in both cases, more likely to have

arisen through independent degeneration. The separation of

the shoulder-girdle doubtless indicates no affinity with the eels,

as the bones of the jaws are quite normal. Two families are

known, both from the deep sea, besides an extinct family in

which spines are not developed.

The Notacanthidce are elongate, compressed, ending in a band-

shaped, tapering tail; the back has numerous free spines and

few or no soft rays, and the mouth is normal, provided with

teeth. The species of Notacanthus are few and scantily pre-

served. Those of Macdonaldia are more abundant. Mac-
donaldia challengeri is from the North Pacific, being once taken

off Tokio. The extinct family of Protonotacanthidcc differs in

the total absence of dorsal spines and fin-rays ; the single species,

Pronotocanthiis sahel-almce, originally described as a primitive

eel, occurs in the Cretaceous of Mount Lebanon.
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The LipogenyidcB have a round, sucker-like mouth, with

imperfect lower jaw, but are otherwise similar. Lipogenys

gilli was dredged in the Gulf Stream.

'--—">S^-

FlQ. 287.

—

Notacnntfnis phnsganorti s Goode & Bean Grand Banks.

Dr. Boulenger has recently extended the group of Heteromi

by the addition of the Dercetidcc, Halosaitrida (Lyopomi), and

the Fierasferidce. We can hardly suppose that all these forms

are really allied to Notacanthus.



CHAPTER XXIII

SERIES OSTARIOPHYSI

STARIOPHYSI.—A large group of orders, certainly of

c(immon descent, may be brought together under the

general name of Ostariophysi {oarapioy, a small bone

;

6vao?, inflated). These are in many ways allied to the Iso-

spondyli, but they have undergone great changes of structure,

some of the species being highly specialized, others variously

degenerate. A chief character is shared by all the species. The

anterior vertebrae are enlarged, interlocked, considerably modi-

fied, and through them a series of small bones connect the air-

bladder with the ear. The air-bladder thus becomes apparently

an organ of hearing through a form of connection which is

lost in all the higher fishes.

In all the members of this group excepting perhaps the degraded

eel-like forms called Gymnonoti, the mesocoracoid arch persists,

a trait found in all the living types of Ganoids, as well as in the

Teleost order of Isospondyli. Other traits of the Ostariophysan

fishes are shared by the Isospondyli (herring, salmon) and other

soft-rayed fishes. The air-bladder is large, but not cellular. It

leads through life by an open duct to the oesophagus. The ven-

tral fins are abdominal in position. The pectorals are inserted

low. A mesocoracoid arch is developed on the inner side of

the shoulder-girdle. (See Fig. 288. j There are no spines on

the fins, except in many cases a single one, a modified soft ray

at front of dorsal or pectoral. The scales, if present, are cycloid

or replaced by bony plates.

Many of the species have an armature much like that of

the sturgeon, but here the resemblance ends, the bony plates

in the two cases being without doubt independently evolved.

According to Cope, the affinities of the catfishes to the sturgeon

are " seen in the absence of symplectic, the rudimentary maxillary

378
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bone, and, as observed by Parker, in the interclavicles. There is

dlso a superficial resemblance in the dermal bones." But it is

not likely that any real affinity exists.

The sturgeons lack the characteristic

auditory ossicles, or "Weberian ap-

paratus," which the catfishes possess in

common with the carp family, the Cha-

racins, and the Gymnonoti. These orders

must at least have a common origin,

although this origin is obscure, and fossil

remains give little help to the solution of

the problem. Probably the ancestors of

the Ostariophysi are to be found among
the allies of the Osteoglossidcc. Gill has

called attention to the resemblance of

Erythrinus to Amia. In any event, all the

Ostariophysi must be considered together,

as it is not conceivable that so complex

a structure as the Weberian apparatus

more than once independently evolved,

numerous among the Isospondyli, are

Fig. 388. — Inner view of

shoulder-girdle of the
Buffalo-fish. Ictiobus bu-
balus Rafinesque, show-
ing the mesocoraeoid
(59). (.\fter Starks.)

should have been

The branchiostegals,

mostly few among the Ostariophysi.

To the Ostariophysi belong the vast majority of the fresh-

water fishes of the world. Their primitive structure is shown in

Fig. 289 —Weberian apparatus and air-hladder of Carp. (From Gunther,
after Weber.)

many ways; among others by the large number of vertebrje

instead of the usual twenty-four among the more highly special-

ized families of fishes. We may group the Ostariophysi under
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four orders: Heterognathi, Eventognathi {Plectospondyli), I\'ema-

togtiatlii, and Gymnonoii.

The Heterognathi.-^Of these the order of Heterognathi seems

to be the most primitive, but in some ways the most highly de-

veloped, showing fewer traits of degeneration than any of the

others. The presence of the adipose fin in this group and in

the catfishes seems to indicate some sort of real affinity with

the salmon-like forms, although there has been great change in

other regards.

The order Heterognathi, or Characini (erepoi, different; yvd-

0OS, jaw), contains those Ostariophysi which retain the meso-

coracoid and are not eel-like, and which have the lower pharyn-

geals developed as in ordinary fishes. In most cases an adipose

fin is present and there are strong teeth in the jaws. There are

no pseudobranchiae, and, as in the Cyprinidce, usually but three

branchiostegals. The Characidw constitute the majority of the

fresh-water fishes in those regions which have neither CyprinidcB

nor Salmonidce. Nearly four hundred species are known from

the rivers of South America and Africa. A single species,

Tetragouopterus argentattis, extends its range northward to the

Rio Grande in Texas. None are found in Asia, Europe, or, with

this single exception, in the United States. Most of them are

small fishes with deep bodies and very sharp, serrated, incisor-

like teeth. Some are as innocuous as minnows, which they very

much resemble, Vnit others are extremely voracious and destruc-

tive in the highest degree. Of the caribe, belonging to the

genus Serrasalmo, known by its serrated belly, Dr. Giinther

observes

:

"Their voracity, fearlessness and number render them a

perfect pest in many rivers of tropical America. In all the

teeth are strong, short, sharp, sometimes lobed incisors, arranged

in one or more series; by means of them they cut off a mouth-

ful of flesh as with a pair of scissors; and any animal falling

into the water where these fish abound is immediately attacked

and cut to pieces in an incredibly short time. They assail

persons entering the water, inflicting dangerous wounds before

the victims are able to make their escape. In some localities

it is scarcely possible to catch fishes with the hook and line, as

the fish hooked is immediately attacked by the 'caribe' (as
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these fish are called), and torn to pieces before it can be with-

drawn from the water. The caribes themselves are rarely

hooked, as they snap the hook or cut the line. The smell of

blood is said to attract at once thousands of these fishes to the

spot."

Two families of Heterognathi are recognized: the Erythri-

nidcE, which lack the adipose fin, and the Characidce, in which

this fin is developed. The ErytJirinidcc are large pike-like

fishes of the South American rivers, robust and tenacious of

life, with large mouths armed with strong unequal teeth. The
best-known species is the Trahira {Hoplias malabaricus).

Among the Characidcs, Serrasalmo has been already noticed.

Citharinns in Africa has very few teeth, and Curimatiis in South

America none at all. Nannocharax in Africa is composed of

Fig. 290.

—

Brycon dentrx Gimther. Family Characidic. Nicaragua.

very diminutive fishes, Hydrocyon exceedingly voracious ones,

reaching a length of four feet, with savage teeth. Many of the

species are allies of Tetragonoptcriis, small, silvery, bream-like

fishes with flat bodies and serrated incisor teeth. Most of these

are American. A related genus is Brycon, found in the streams

about the Isthmus of Panama.
Extinct Characins are very rare. Two species from the Ter-

tiary lignite of Sao Paulo, Brazil, have been referred to Tetra-

gonopterus—T. avits and T. ligniticns.

The Eventognathi.—The Eventognathi (ev, well; eV, within;

yvddos, jaw) are characterized by the absence of teeth in the

jaws and by the high degree of specialization of the lower phar-
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yngeals, which are scythe-shaped and in typical forms are armed
with a relatively small number of highly specialized teeth of

peculiar shape and arranged in one, two, or three rows. In

all the species the gill-openings are restricted to the sides; there is

no adipose fin, and the broad, flat branchiostegals are but three

in number. In all the species the scales, if present, are cycloid,

and the ventral fins, of course, abdominal. The modification

of the four anterior vertebrae and their connection with the

air bladder are essentially as seen in the catfishes.

The name PlectospondyU is often used for this group {nXeKTo?,

interwoven ; anovSvXos, vertebra), but that term originally in-

cluded the Characins as well.

The Cyprinidae.—The chief family of the Evcntognathi and the

largest of all ihe families of fishes is that of Cyprinidcc, comprising

Fig. 291.—Pharyngeal bones and teeth of European Chub, Leuciscus cephalus

(Linnaius). (After Seelye.)

200 genera and over 2000 species, found throughout the north tem-

perate zone but not extending to the Arctic Circle on the north,

nor much beyond the Tropic of Cancer on the south. In this

family belong all the fishes known as carp, dace, chub, roach,

bleak, minnow, bream, and shiner. The essential character of the

family lies in the presence of one, two, or three rows of highly

specialized teeth on the lower pharyngeals, the main row con-

taining 4, 5, 6, or 7 teeth, the others i to 3. The teeth of the

main row differ in form according to the food of the fish. They
may be coarse and blunt, molar-like in those which feed on shells

;
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they may be hooked at tip in those which eat smaller fishes;

they may be serrated or not; they may have an excavated

"grinding surface," v/hich is most developed in the species which

feed on mud and have long intestines. In the Cyprinidce, or

carp family, the barbels are small or wanting, the head is naked,

the caudal fin forked, the mouth is toothless and without suck-

ing lips, and the premaxillaries form its entire margin. With
a few exceptions the CyprinidcB are small and feeble fishes.

They form most of the food of the predatory river fishes, and
their great abtmdance in competition with these is due to their

fecundity and their insignificance. They spawn profusely and
find everjrwhere an abundance of food. Often they check the

increase of predatory fish by the destruction of their eggs.

In many of the genera the breeding color of the males is

very brilliant, rendering these little creatures for a time the

most beautifully colored of fishes. In spring and early svunmer

the fins, sides, and head in the males are often charged with pig-

ment, the prevailing color of which is rosy, though often satin-

white, orange, crimson, yellow, greenish, or jet black. Among
American genera Chrosomtts, Notropis, and RhinicMiys are most
highly colored. Rliodens, Rittilus, and Zacco in the Old World
are also often very brilliant.

In very many species, especially in America, the male in

the breeding season is often more or less covered with small.

Fig. 292.—Black-nosed Dace, Rhinichlhys dukis Giruid. "Yellowstone River.

grayish tubercles or pearly bodies, outgrowths of the epidermis.

These are most numerous on the head and fall off after the

breeding season. They are most developed in Campostoma.

The CyprinidcB are little valued as food-fishes. The carp,

largely domesticated in small ponds for food, is coarse and
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tasteless. Most of the others are flavorless and full of small

bones. One species, Opsariichihys nncirostris, of Japan is an

exception in this regard, being a fish of very delicate flavor.

In America 225 species of Cyprinidce are kno\vn. One hun-

dred of these are now usually held to form the single genus

' .' .'''V^^^'
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FlQ. 293 —White Chub, Notropis hudsonius (Clinton). Kilpatrick Lake, Minn.

Notropis. This includes the smaller and weaker species, from

two to seven inches in length, characterized by the loss, mostly

through degeneration, of special peculiarities of mouth, fins, and
teeth. These have no barbels and never more than four teeth

.,' //7

Fig. 294.—Silver-jaw Minnow, Eriajmba buccala Cope. Defiance, Ohio.

in the main row. Few, if any, Asiatic species have so small

a nunaber, and in most of these the maxillary still retains its

rudimentary barbel. But one American genus (Orlhodcn) has

more than five teeth in the main row and none have more than

two rows or more than two teeth in the lower row. By these

and other peculiarities it would seem that the American species

are at once less primitive and less complex than the Old World
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forms. There is some evidence that the group is derived from
Asia through western America, the Pacific Coast forms being

much nearer the Old World types than the foims inhabiting the

Mississippi Valley. Not many Cyprinida; are found in Mexico,

none in Cuba, South America, Australia, Africa, or the islands

to the eastward of Borneo. Many species are very widely

distributed, many others extremely local. In the genus Notro-

pis, each river basin in the Southern States has its series of different

and mostly highly colored species. The presence of Notropis

niveus in the Neuse, Notropis pyrrhomelas in the Santee, Notro-

pis zonistiiis in the Chattahoochee, Notropis callistitts, tri-

chroistiiis, and stigmatitrns in the i\labama, Notropis whipplei in

Fig. 295 —Silverfm, Notropis whipplei (Girard). White liiver, Indiana.

Family Cyprinida:.

the Mississippi, Notropis galacturns in the Tennessee, and Notro-

pis cercostigma in the Sabine forms an instructive series in this

regard. These fishes and the darters (Etheostomiiue) are, among
American fishes, the groups best suited for the study of local

problems in distribution.

Species of Dace and Shiner.—Noteworthy species in other

genera are the following:

Largest and best known of the species of Notropis is the

familiar shiner or redfin, Notropis cornutus, found in almost

every brook throughout the region east of the Missouri River.

Campostoma anomalum, the stone-roller, has the very long

intestines six times the length of its body, arranged in fifteen

coils around the air-bladder. This species feeds on mud and

spawns in little brooks, swarming in early spring throughout
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the Mississippi Valley, and is notable for its nuptial tubercles

and the black and orange fins.

In the negro-chub, Exoglossnm maxillingua of the Pennsyl-

FlG. 296 -pStone-roller, Camppstoma annmalum (Rarinesque). Family Cyprinidce.
Showing nuptial tubercles and intestines coiled about the air-bladder.

vanian district, the rami of the lower jaw are united for their

whole length, looking like a projecting tongue.

The fallfish, Souotilns corporalis, is the largest chub of the

Eastern rivers, i8 inches long, living in swift, clear rivers. It

is a soft fish, and according to

Thoreau "it tastes like brown
paper salted" when it is cooked.

Close to this is the homed dace,

Semotiliis atromaailatus, and the

horny head, Hybopsis kentiicki-

ensis, both among the most widely

distributed of our river fishes.

These are all allied to the gudgeon

{Gobio gobio) , a common boys' fish

of the rivers of Europe, and much Fio- 297 —Head of Day-chub, Exo-
, , , , gtosxum mniillinnua (Le Sueur),

sought by anglers who can get Shenandoah River.

nothing better. The bream,

Abramis, represented by numerous species in Europe, has a deep

compressed body and a very long anal fin. It is also well repre-

sented in America, the golden shiner, common in Eastern and

Southern streams, being Abramis chrysoleucus. The bleak of

Europe (Albnrnus alburnus) is a "shiner" close to some of our

species of Notropis, while the minnow of Europe, Phoxinus

phoxiniis, resembles our gorgeously colored Chrosomus erythro-
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gaster. Other European forms are the roach (Rutilus rutilus),

the chub {Leuciscus cephalus), the dace {Leuciscus leuciscus),

Fig. 298.—Horned Dace, Se?nolilus atrnmaculatus (Mitchill). Aux Plaines River,

Ills. Family CyprinidcE.

the ide (Idus idus), the red-eye {Scardinius erythropthalmus)

,

and the tench {Tinea tinea). The tench is the largest of the

European species, and its virtues with those of its more or less

^
\5*/<:j-

Fig. 399 —Shiner, Abramis chrysoleucus (Mitchill). Hackensack River, N. J.

insignificant allies are set forth in the pages of Izaak Walton.

All of these receive more attention from anglers in England

than their relatives receive in America. All the American

Cyprinidce are ranked as "boys' fish," and those who seek the

trout or black bass or even the perch or crappie will not notice

them. Thoreau speaks of the boy who treasures the yellow
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perch as a real fish: "So many unquestionable fish he counts,

then so many chubs which he counts, then throws away."

Chubs of the Pacific Slope.—In the Western waters are numer-

ous genera, some of the species reaching a large size. The species

1

Fig. 300

—

The Squawfish, Ph/rhochcilus qrnndix Agassiz.

Cloudslev Ruttcr.)

(Photograph by

of squawfish (Ptychocheilns luciiis in the Colorado. Ptychocheilus

grandis in the Sacramento, and Ptychocheilus oregonensis in the

Columbia) reach a length of 4 or 5 feet or even more. These

fishes are long and slender, with large toothless mouths and

the aspect of a pike.

Allied to these are the "hard tails" {Gila clegans and Gila

robtista) of the Colorado Basin, strange-looking fishes scarcely

eatable, with lean bodies, flat heads, and expanded tails. The
split-tail, Pogonichthys niacrolepidotus, is found in the Sacramento.

In the chisel-mouth, Acrocheihis alntaceus, of the Columbia

the lips have a hard cutting edge. In Meda, very small fishes

Fio 301 Chub of the Great H.T-sin, Ldictxciis lincalu.i (Girard).

Vellowstone Park. Famil}' Ci/prinida:.

Heart Lake,

of the Colorado Easin, the dorsal has a compound spine of

peculiar structure. Many of the species of Western waters

belong to the genus Leiiciscus, which includes also many species
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of Asia and Europe. The common Japanese dace {Leuciscus

hakuensis) is often found out in the sea, but, in general,

Cyprinidce are only found in fresh waters. The genus of

barbels (Barbus) contains many large species in Europe and
Asia. In these the barbel is better developed than in most
other genera, a character which seems to indicate a primitive

organization. Barbus mosal of the mountains of India is said

to reach a length of more than six feet and to have "scales

as large as the palm of the hand."

The Carp and Goldfish.—In the American and European Cy-

prinidce the dorsal fin is few-rayed, but in many Asiatic species

it is longer, having 15 to 20 rays and is often preceded by a ser-

rated spine like that of a catfish. Of the species with long

dorsal the one most celebrated is the carp (Cyprinus carpio).

This fish is a native of the rivers of China, where it has been

domesticated for centuries. Nearly three hundred years ago it

was brought to northern Europe, where it has multiplied in

domestication and become naturalized in many streams and
ponds. Of late years the cultivation of the carp has attracted

much attention in America. It has been generally satisfactory

where the nature of the fish is understood and where expecta-

tions have not been too high.

The carp is a dull and sluggish fish, preferring shaded, traji-

quil, and weedy waters with muddy bottoms. Its food con-

sists of water insects and other small animals, and vegetable

matter, such as the leaves of aquatic plants. They can be

fed on much the same things as pigs and chickens, and they

bear much the same relation to trout and bass that pigs and

chickens do to wild game and game-birds. The carp is a very

hardy fish, grows rapidly, and has immense fecundity, 700,000

eggs having been found in the ovaries of a single individual.

It reaches sometimes a weight of 30 to 40 pounds. As a food-

fish the carp cannot be said to hold a high place. It is tolerated

in the absence of better fish.

The carp, either native or in domestication, has many ene-

mies. In America, catfish, stmfish, and pike prey upon its eggs

or its young, as well as water-snakes, tiirtles, kingfishes, cray-

fishes, and many other creatures which live about our ponds

and in sluggish streams. In domestication numerous varieties
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of carp have been formed, the "leather-carp" (Lederkarpfen)

being scaleless, others, "mirror-carp" (Spiegelkarpfen), having

rows of large scales only along the lateral line or the bases of

the fins.

Closely allied to the carp is the goldfish (Carassius auratus).

This is also a common Chinese fish introduced in domestication

into Europe and America. The golden-yellow color is found

only in domesticated specimens, and is retained by artificial

selection. The native goldfish is olivaceous in color, and where

the species has become naturalized (as in the Potomac River,

where it has escaped from fountains in Washington) it reverts

to its natural greenish hue. The same change occurs in the

rivers of Japan. The goldfish is valued solely for its bright

colors as an ornamental fish. It has no beauty of form nor

any interesting habits, and many of our native fishes {Percidcs,

Cyprinida;) far excel it in attractiveness as aquarium fishes.

Unfortunately they are less hardy. Many varieties and mon-
strosities of the goldfish have been produced by domestication.

The Catostomidae.—The suckers, or Catostomid(B, are an off-

shoot from the Cyprinida; , differing chiefly in the structure of the

mouth and of the lower pharj'ngeal bones.

The border of the mouth above is formed

mesially by the small premaxillaries and

laterally by the maxillaries. The teeth of

the lower pharyngeals are small and very

numerous, arranged in one series like the

teeth of a comb. The lips are usually thick

and fleshy, and the dorsal fin is more or less

elongate (its rays eleven to fifty in number),

characters which distinguish the suckers from

the American Cyprinidcc generally, but not

from those of the Old World.

About sixty species of suckers are known,

all of them found in the rivers of North

America except two, which have been re-

corded on rather uncertain authority from

Siberia and China. Only two or three of

the species extend their range south of the

Tropic of Cancer into Mexico or Central America, and none

Fig. 302 —Lower pha-
rj'ngeal of Placopha-
ri/tix duquesniv (Le
Sueur).
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occurs in Cuba nor in any of the neighboring islands. The
majority of the genera are restricted to the region east of the

Rocky Mountains, although species of Catostomns, Chasmistes,

Deltistes, Xyranchen, and Pantosteus are found in abundance
in the Great Basin and the Pacific slope.

In size the suckers range from six inches in length to about

three feet. As food-fishes they are held in low esteem, the flesh

of all being flavorless and excessively full of small bones. Most
of them are sluggish fishes; they inhabit all sorts of streams,

lakes, and ponds, but even when in mountain brooks they

gather in the eddies and places of greatest depth and least

current. They feed on insects and small aquatic animals,

and also on mud, taking in their food by suction. They are not

very tenacious of life. Most of the species swarm in the spring

in shallow waters. In the spawning season they migrate up
smaller streams than those otherwise inhabited by them. The

Fig. 303 —Creekfish or Chub-sucker, Erimi/zon sucetta (Lac6p4de). Nipisiiik

Lake, Illinois. Family Catoslo»iid(E.

large species move from the large rivers into smaller ones; the

small brook species go into smaller brooks. In some cases

the males in spring develop black or red pigment on the body

or fins, and in many cases tubercles similar to those found in

the CyprinidcE appear on the head, body, and anal and caudal

fins.

The buffalo-fishes and carp-suckers, constituting the genera

Ictiohiis and Carpiodes, are the largest of the Catostomidcc, and
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bear a considerable resemblance to the carp. They have the

dorsal fin many-rayed and the scales large and coarse. They

•"lURI^
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Fi<i. 304 -HufTalo-fish, Ictiobu^ cyprinella (Cuv. & Val.l. Normal, 111.

abound in the large rivers and lakes between the Rocky Mountains

and the Alleghanies, one species being found in Central America

and a species of a closely related genus {Myxocyprinus asiaticus)

Fig. 305.—Carp-sucker, Carpiodes cyprimis (Le Sueur). Havre de Grace.

being reported from eastern Asia. They rarely ascend the

smaller rivers except for the purpose of spawning. Although

so abundant in the Mississippi Valley as to be of importance

commerically, they are very inferior as food-fishes, being coarse

and bony. The genus Cycleptns contains the black-horse, or

Missouri sucker, a peculiar species with a small head, elongate
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body, and jet-black coloration, which comes up the smaller

rivers tributary to the Mississippi and Ohio in large numbers
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Fig. 306 —Common Sucker, Catostomus commersoni (Le Sueur). Ecorse, Mich.

in the spring. Most of the other suckers belong to the genera

Catostomus and Moxostoma, the latter with the large-toothed

Placopharynx being known, from the red color of the fins, as

Fig. 307.—California Sucker, Cafostomus occldenlalis Agassiz. (Photograph bv
CloucLsley Rutter.)

red-horse, the former as sucker. Some of the species are very

widely distributed, two of them {Catostomus commersoni, Eri-

myzon sucetta) being found in almost every stream east of the

Rocky Mountains and Catostomus catostomus throughout Canada

to tha Arctic Sea. The most peculiar of the suckers in appear-

ance is the harelip sucker (Quassilabia lacera) of the Western

rivers. Very singular in form is the hump-back or razor-back

sucker of the Colorado, Xyrauchen cypho.

Fossil Cyprinidae.—Fossil Cyprinidcc, closely related to exist-

ing forms, are found in abundance in fresh-water deposits of the

Tertiary, but rarely if ever earlier than the Miocene. Cyprinus
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priscus occtirs in the Miocene of Germany, perhaps showing that

Germany was the original home of the so-called "German carp,"

afterwards actually imported to Germany
from China. Some specimens referred to

Barbiis, Tinea, Rhodeiis, Aspius, and

Gohio are found in regions now inhabited

by these genera, and many species are

referred to the great genus Leuciscus, Leu-

cisctis ceningensis from the Miocene of

Germany being perhaps the best known.

Several species of Lcncisciis or related

genera are found in the Rocky Mountain

region. Among these is the recently de-

scribed Leuciscus turneri.

Fossil Catostomida: are very few and

chiefly referred to the genus Amyzon,

supposed to be allied to Erimyzon, but

with a longer dorsal. Amyzon commune

and other species are found in the Rocky
Mountains, especially in the Miocene of the South Park in Colo-

rado and the Eocene of Wyoming. Two or three species of

ilG. 308. — Pharyngeal
teeth ot' Oregon Suck-
er, Catostomus macro-
cheilus.

Fig. 809 —Razor-back Sucker, Xyrtiuchen cypho (Lockington). Green River,

Utah.

Catostomus, known by their skulls, are found in the Pliocene

of Idaho.

The Loaches.—The Cobitidcc, or loaches, are small fishes, all

less than a foot in length, inhabiting streams and ponds of

Europe and Asia. In structure they are not very different from

minnows, but they are rather eel-like in form, and the numerous
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long barbels about the mouth strongly suggest affinity with

the catfishes. The scales are small, the pharyngeal teeth few,

and the air-bladder, as in most small catfishes, enclosed in a

capsule. The loaches are all bottom fishes of dark colors,

tenacious of life, feeding on insects and worms. The species

often bury themselves in mud and sand. They lie quiet on

the bottom and move very quickly when disturbed much after

the manner of darters and gobies. Species of Cobitis and Mis-

giirnus are widely distributed from England to Japan. Nema-
chilus barbatulus is the commonest European species. Cobitis

tcsnia is found, almost unchanged, from England to the streams

of Japan.

Remains of fossil loaches, mostly indistinguishable from

Cobitis, occur in the Miocene and more recent rocks.

From ancestors of loaches or other degraded CyprinidcB we
may trace the descent of the catfishes.

The Homalopteridce are small loaches in the mountain streams

of the East Indies. They have no air-bladder and the number
of pharyngeal teeth (10 to 16) is greater than in the loaches,

carp, or minnows.



CHAPTER XXrV

THE NEMATOGNATHI. OR CATFISHES

'HE Nematognathi.—The Nematognathi {rt/jja, thread;

yvdOo?, jaw), known collectively as catfishes, are

recognized at once by the fact that the rudimentary

and usually toothless maxillary is developed as the bony base

of a long barbel or feeler. Usually other feelers are found around

the head, suggesting the "smellers" of a cat. The body is

never scaly, being either naked and smooth or else more or less

completely mailed with bony plates which often resemble

superficially those of a sturgeon. Other distinctive characters

are found in the skeleton, notably the absence of the subopercle,

but the peculiar development of the maxillary and its barbel

with the absence of scales is always distinctive. The symplectic

is usually absent, and in some the air-bladder is reduced to a

rudiment inclosed in a bony capsule. In almost all cases a

stout spine exists in the front of the dorsal fin and in the front

of each pectoral fin. This spine, made of modified or coalescent

soft rays, is often a strong- weapon with serrated edges and

capable of inflicting a severe wound. When the fish is alarmed,

it sets this spine by a rotary motion in its socket joint. It can

then be depressed only by breaking it. By a rotary motion

upward and toward the body the spine is again lowered. The
wounds made by this spine are often painful, but this fact is

due not to a specific poison but to the irregular cut and to the

slime of the spine.

In two genera, Noturns and Schilbeodes, a poison-gland exists

at the base of the pectoral spine, and the wound gives a sharp

pain like the sting of a hornet and almost exactly like the' sting

of a scorpion-fish. Most of the Nematognathi possess a fleshy

or adipose fin behind the dorsal, exactly as in the salmon. In
11—12 396
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a few cases the adipose fin develops an anterior spine and

occasionally supporting rays.

All the Nematognathi are carnivorous bottom feeders, de-

vouring any prey they can swallow. Only a few enter the

sea, and they occur in the greatest abundance in the Amazon
region. Upward of 1200 species, arranged in 150 genera, are

recorded. They vary greatly in size, from two inches to six feet

in length. All are regarded as food-fishes, but the species in

the sea have very tough and flavorless, flesh. Some of the

others are extremely delicate, with finely flavored flesh and a

grateful absence of small bones.

Families of Nematognathi.—According to Dr. Eigenmann's

scheme of classification,* the most primitive family of Nema-
tognathi is that of Diplomystidcc, characterized by the pres-

ence of a well-developed maxillary, as in other soft-rayed fishes.

The single species, Diplomystes papillosus, is found in the waters

of Chile.

Similar to the Diplomystidcc in all other respects is the great

central family of Siliinda:-, by far the most numerous and im-

portant of all the divisions of Nematognathi.

The Siluridje.—This group has the skin naked or imperfectly

mailed, the barbels on the head well developed, the dorsal short,

inserted forward, the adipose fin without spine, and the lower

pharyngeals separate. All the marine catfishes and most of

the fresh-water species belong to this group, and its members,

some 700 species, abound in all parts of the world where cat-

fishes are known—"a bloodthirsty and bullying race of rangers

inhabiting the river bottoms with ever a lance at rest and ready

to do battle with their nearest neighbor."

The Sea Catfish.—In the tropical seas are numerous species of

catfishes belonging to Tachysuriis, Aritts, Galeichthys, Felich-

thys, and other related genera. These are sleek, silvery fishes

covered with smooth skin, the head usually with a coat of mail,

pierced by a central fontanelle. Some of them reach a con-

siderable size, swarming in sandy bays. None are valued as food,

being always tough and coarsel}^ flavored. Sea birds, as the

pelican, which devour these catfishes are often destroyed by

* A Revision of the South American Nematognathi, 1890, p. 7.



398 The Nematognathi, or Catfishes

the sudden erection of the pectoral spines. None of these are

found in Europe or in Japan. Of the very many American

species the gaff-topsail catfish {Felichthys felis), noted for its

Fig. 310 —Gaff-topsail Cat, Felichthys felis CL.). Woods Hole.

very high spines, extends farthest north and is one of the

very largest species. This genus has two barbels at the chin.

Most others have four. The commonest sea catfish of the

Carolina coast is GaleichtJiys milherti. In Tachysunis the teeth

Fig. 311

—

'^ea. Catfish, Galeichthys milherti (Cuv. it Val.). Pcnsacola.

on the palate are rounded, in most of the others they arc in

villiform bands.

In most or all of the sea catfish the eggs, as large as small

peas, are taken into the mouth of the male and there cared

for until hatched.

The Channel Cats.— In all tlie rivers of North America east

of the Rocky Mountains are found catfishes in great variety.

The channel cats, Ictalnrns, known most readily by the forked

tails, are the largest in size and most valued as food. The tech-
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nical character of the genus is the backward continuation of the

supraoccipital, forming a bony bridge to the base of the dorsal.

The great blue cat, Ictalurns jiircatus, abounds throughout the

large rivers of the Southern States and reaches a weight of 150

pounds or more. It is an excellent food and its firm flesh is read-

ily cut into steaks. In the Great Lakes and northward is a very

similar species, also of large size, which has been called Ictalunts

Fig. 312 —Channel Catfish, Ictalurus punctahis (Rafinesque). Illinois River.

Family Siluridte.

lacusirts. Another similar species is the willow cat, Ictalurus

angiiilla. The white channel-cat, Ictalurus punctatus, reaches a

much smaller size and abounds on the ripples in clear swift

streams of the Southwest, such as the Cumberland, the Alabama,

and the Gasconade. It is a very delicate food-fish, with tender

white flesh of excellent flavor.

Homed Pout.—The genus Ameiurus includes the smaller brown
catfish, horned pout, or bullhead. The body is more plump and
the caudal fin is usually but not always rounded. The many
species are widely diffused, abounding in brooks, lakes, and
ponds. Ameiurus nebulosus is the best-known species, ranging

from New England to Texas, known in the East as horned pout.

It has been successfully introduced into the Sacramento, where

it abounds, as well as its congener, Ameiurus catus, the white

bullhead, brought with it from the Potomac. The latter species

has a broader head and concave or notched tail. All the species

are good food-fishes. All are extremely tenacious of life, and

all are alike valued by the urchin, for they will bite vigorously

at any sort of bait. All must be handled with care, for the

sharp pectoral spines make an ugly cut, a species of wound
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from which few boys' hands in the catfish region are often

free.

In the caves about Conestoga River in Lancaster County,

Pennsylvania, is a partly blind catfish, evidently derived from

local species outside the cave. It has been named Gronias

nigrilabris.

A few species are found in .Mexico, one of them, Ictalurus
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meridionalis , as far south as Rio Usamacinta on the boxindary of

Guatemala.

Besides these, a large channel-cat of peculiar dentition,

known as Istlariiis balsanus, abounds in the basin of Rio Balsas.

In Mexico all catfishes are known as Bagre, this species as

Bagre de Rio.

The genus Leptops includes the great yellow catfish, or

goujon, known at once by the projecting lower jaw. It is a

mottled olive and yellow fish of repulsive exterior, and it reaches

a very great size. It is, however, a good food-fish.

The Mad-toms.— The genera Noturus and Schilbeodes are'

composed of diminutive catfishes, having the pectoral spine

armed at base, with a poison sac which renders its sting e>f--

")

Fig. 314 —Mad-torn, Schilbeodes furiosu.s Jordan & Week. Showing the poisoned
pectoral spine. Family Siiurida'. Neuse River.

tremely painful though not dangerous. The numerous species

of this genus, known as "mad-toms" and "stone cats," live

among weeds in brooks and sluggish streams. Most of them
rarely exceed three inches in length, and their varied colors

make them attractive in the aquarium.

The Old World Catfishes.—In the catfishes of the Old World
and their relatives, the adipose fin is rudimentary or wanting.

The chief species found in Europe is the huge sheatfish, or wels,

Siliirns glanis. This, next to the sturgeon, is the largest river fish

in Europe, weighing 300 to 400 pounds. It is not found in Eng-

land, France, or Italy, but abounds in the Danube. It is a lazy

fish, hiding in the mud and thus escaping from nets. It is very

voracious, and many stories are told of the contents of its

stomach. A small child swallowed whole is recorded from

Thorn, and there are still more remarkable stories, but not
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properly vouched for. The sheatfish is brown in color, naked,

sleek, and much like an American Ameiurus save that its tail_

is much longer and more eel-like. Another large catfish, known
to the ancients, but only recently rediscovered by Agassiz and

Garman, is Parasiliiriis aristotelis of the rivers of Greece. In

China and Japan is the very similar Namazu, or Japanese catfish,

Parasiliirus asotus, often found in ponds and used as food.

Numerous smaller related catfishes, Porcus (Bagrus), Pseudo-

bagrus, and related genera swarm in the brooks and ponds of the

Orient.

In the genus Torpedo (Malapterurus) the dorsal fin is wanting.

Torpedo electricus, the electric catfish of the Nile, is a species

of much interest to anatomists. The shock is like that of a

Leyden jar. The structures concerned are noticed on p. 58.

Fig. 315 —Electric Catfish, Torpedo eleclricus (Gmelin). Congo River.

(After Boulenger.)

The generic name Torpedo was applied to the electric catfish

before its use for the electric ray.

In South America a multitude of genera and species cluster

around the genus Pimelodus. Some of them have the snout

very long and spatulate. Most of them possess a very long

adipose fin. The species are generally small in size and with

smooth skin like the North American catfishes. Still other

species in great numbers are grouped around the genus Doras.

In this group the snout projects, bearing the small mouth at

its end, and the lateral line is armed behind with spinous shields.

All but one of the genera belong to the Amazon district, Syno-

dontis being found in Africa.

Concerning Doras, Dr. Gimther observes: "These fishes

have e.xcited attention by their habit of traveling during the

dry season from a piece of water about to dry up in quest of a

pond of greater capacity. These journeys are occasionally

of such a length that the fish spends whole nights on the way,
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and the bands of scaly travelers are sometimes so large that

the Indians who happen to meet them fill many baskets of the

prey thus placed in their hands. The Indians suppose that

the fish carry a supply of water with them, but they have no
special organs and can only do so by closing the gill-openings

or by retaining a little water between the plates of their bodies,

as Hancock supposes. The same naturahst adds that they
make regular nests, in which they cover up their eggs with

care and defend them, male and female uniting in this parental

duty until the eggs are hatched. The nest is constructed, at

the beginning of the rainy season, of leaves and is sometimes

placed in a hole scooped out of the beach."

The Sisoridffi.—The Sisoridcc are small catfishes found in

swift mountain streams of northern India. In some of the

genera (Pseitdecheneis) in swift streams a sucking-disk formed

of longitudinal plates of skin is formed on the breast. This

enables these fishes to resist the force of the water. In one

genus, Exostoma, plates of skin about the mouth sen,'e the same

purpose.

The Bunocephalida: are South American catfishes with the

dorsal fin undeveloped and the top of the head rough. In

Platystaciis {Aspredo), the eggs are carried on the belly of the

female, which is provided with spongy tentacles to which the

eggs are attached. After the breeding season the ventral sur-

face becomes again smooth.

The Plotosidae.— The Plotosida are naked catfishes, largely

marine, found along the coasts of Asia. In these fishes the

second dorsal is very long. Plotosus angiiillaris, the sea catfish

of Japan, is a small species striped with yellow and armed with

sharp pectoral spines which render it a very disagreeable object

to the fishermen. In sandy bays like that of Nagasaki it is

very abundant. Allied to this is the small Asiatic family of

Chacida.

The Chlariidae.—The Chlariidcc are eel-like, with a soft skele-

ton and a peculiar accessorv' gill. These aboimd in the swamps

and muddy streams of India, where some species reach a length

of six feet. One species, Chlarias niagnr, has been brought

by the Chinese to Hawaii, where it flourishes in the same
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waters as Ameiiinis tiebulosus, brought from the Potomac and
by Chinese carried from San Francisco.

The Hypophthalmidae and Pygidiidae.— The Hypophthalmida;

have the minute air-bladder inclosed in a long bony capsule.

The eyes are placed very low and the skin is smooth. The
statement that this family lacks the auditory apparatus is not

correct. The few species belong to northern South America.

Allied to this group is the family Pygidiidcc with a differ-

ently formed bony capsule and no adipose fin. The numerous
species are all South American, mostly of mountain streams

of high altitude. Some are very small. Certain species are

said to fiee for protection into the gill-cavity of larger cat-

FlG. 316 —An Al'rican Catfish, CIdarias brericeps 15oulenger. Congo River.

Family Chlariid<e. (After coulenger.)

fishes. Some are reported to enter the urethra of bathers,

causing severe injuries. The resemblance of certain species

to the loaches, or Cobitida, is very striking. This similarity

is due to the results of similar environment and necessarily

parallel habits. The Argidce have the capsule of the air-bladder

formed in a still different fashion. The few species are very

small, inhabitants of the streams of the high Andes.

The Loricariidae.—In the family of Loricariidcc the sides and

back are armed with rough bony plates. The small air-bladder

is still in a bony capsule, and the mouth is small with thick

fringed lips. The numerous species are all small fishes of the

South American waters, bearing a strong external resemblance

to Agonidic, but wholly difYerent in anatomy.

The Callichthyidae.— The Callichthyidcc are also small fishes

armed with a bony interlocking coat of mail. They are closely

allied to the PygidiidcE. The body is more robust than in the

Callichthyidcc and the coat of mail is differently formed. The
species swarm in the rivers of northern South America, where
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the mailed Loricariidcv they

conspicuous part of the

with

form a

fish fauna.

Fossil Catfishes.—Fossil catfishes

are very few in number. Silundcc,

allied to Chlarias, Bagarius, Hetero-

branchus, and other fresh-water

forms of India, are fotmd in the late

Tertiary rocks of Sumatra, and

catfish spines exist in the Tertiary

rocks of the United States. Verte-

brce in the Canadian Oligocene have

been referred by Cope to species of

Ameiiirus {A. cancellatiis and .4,

maconnelli) . Rhineastes peltatus

and six other species, perhaps allied

to Pimelodiis, have been described

by Cope from Eocene of Wyoming
and Colorado. Bucklandium diluvii

is found in the Eocene London
clays, and several species apparently

marine, referred to the neighbor-

hood of Tachysurus or Arius, are

found in Eocene rocks of England.

There is no evidence that the

group of catfishes has any great

antiquity, or that its members were

ever so numerous and varied as at

the present time. The group is

evidently derived from scaly ances-

tors, and its peculiarities are due

to specialization of certain parts

and degeneration of others.

There is not the slightest reason

for regarding the catfishes as direct

descendants of the sturgeon or

other Ganoid type. They should

rather be looked upon as a degener-

ate and highly modified oft'shoot f,^. ZU-Uricaria aurca .Steindach-

from the primitive Characins. ner, a mailed Catfish from Rio Meta,
Venezuela. I'"amily Loncanidcc.
(.\fter Steindachner j
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Order Gymnonoti.—At the end of the series of Ostariophysans

we may place the Gymuouott {yvfxvoi, bare; >'c3ros, back). This

group contains about thirty species of fishes from the rivers

of South America and Central America. All are eel-like in

form, though the skeleton with the shoulder-girdle suspended

from the cranium is quite unlike that of a true eel. There is

no dorsal fin. The vent is at the throat and the anal is ex-

cessively long. The gill-opening is small as in the eel, and as

in most elongate fishes, the ventral fins are undeveloped. The

body is naked or covered with small scales.

Two families are recognized, differing w-idely in appearance.

The Electrophoridce constitutes by itself Cope's order of Glanen-

cheli (yXavts, catfish; eyxeXv?, eel). This group he regards

as intermediate between the eel-like catfishes {Chlarias) and

the true eels. It is naked and eel-shaped, with a short

head and projecting lower jaw like that of the true eel. The

single species, Electrophoriis cleciricus, inhabits the rivers of

Brazil, reaching a length of six feet, and is the most powerful of

all electric fishes. Its electric organs on the tail are derived

from modified muscular tissue.

The Gymnotida are much smaller in size, with compressed

scaly bodies and the mouth at the end of a long snout. The

numerous species are all fishes without electric organs. Eigen-

mannia humboldii of the Panama region is a characteristic

species. No fossil Gyinnoiioti are recorded.



CHAPTER XXV

THE SCYPHOPHORI, HAPLOMI, AND XENOMI

iJRDER Scyphophori.— The Scyphophori (aKvcpos, cup;

cpopeoo, to bear) constitutes a small order which lies

apparently between the Gymnonoti and the Isospondyli.

!3oulenger unites it with the Isospondyli. The species, about
seventy-five in number, inhabit the rivers of Africa, where

they are important as food-fishes. In all there is a deep

cavity on each side of the cranium covered by a thin bony
plate, the supertemporal bone. There is no symplectic bone,

and the subopercle is very small or concealed. The gill-openings

are narrow and there are no pharyngeal teeth. The air-bladder

connects with the ear, but not apparently in the same wav as

with the Ostariopliysan fishes, to which, however, the Scypho-

phori are most nearly related. In all the Scyphophori the body
is oblong, covered with cycloid scales, the head is naked, there

are no barbels, and the small mouth is at the end of a long

snout. All the species possess a peculiar organ on the tail,

which with reference to a similar structure in Torpedo and
Electrophoriis is held to be a degenerate electric organ. Accord-

ing to Giinther, "it is without electric functions, but evidently

representing a transitional condition from muscular substance

to an electric organ. It is an oblong capsule divided into

numerous compartments by vertical transverse septa and con-

taining a gelatinous substance."

The Mormyridse.— There are two families of Scyphophori.

The Mormyridcc have the ordinary fins and tail of fishes and the

GymnarchidcB are eel-like, with ventrals, anal and caudal wanting.

Gymnarchus miloHcus of the Nile reaches a length of six feet,

and it is remarkable as retaining the cellular structure of the

air-bladder as seen in the garpike and bowfin. It doubtless

serves as an imperfect lung.
407
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The best-known genus of Scyphophori is Mormyrus. Species

of this genus found in the Nile were worshiped as sacred by

the ancient Egyptians and pictures of Mormyrus are often

seen among the emblematic inscriptions. The Egyptians did not

eat the Mormyrus because with two other fishes it was accused

of having devoured a limb from the body of Osiris, so that Isis

was unable to recover it when she gathered the scattered re-

mains of her husband.

In Mormyrus the bones of the head are covered by skin,

the snout is more or less elongated, and the tail is generally

short and insignificant. One of the most characteristically

eccentric species is Gnathonemus curvirostris, lately discovered

by Dr. Boulenger from the Congo. Fossil Mormyridcc are un-

known.

The Haplomi.— In the groups called Iniomi and Lyopomi,

the mesocoracoid arch is imperfect or wanting, a condition

Fiu. 318 —Gnathonemus curvirostris Boulenger. Family Momtyridw. Congo
River. (After Roulenger.)

which in some cases may be due to the degeneration produced by
deep-sea life. In the eels a similar condition obtains. In the group

called Haplomi (ajrXoos, simple; a^^o?, shoulder), as in all the

groups of fishes yet to be discussed, this arch is wholly wanting at

all stages of development. In common with the Isospondyli and

with soft-rayed fishes in general the air-bladder has a persistent

air-duct, all the fins are witliout true spines, the ventral fins

are abdominal, and the scales are cycloid. The group is a

transitional one, lying almost equidistant between the Isospondyli

and the Acanthoptcrygii. Gill unites it with the latter and

Woodward with the former. We may regard it for the present
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as a distinct order, although no character of high importance

separates it from either. Hay unites the Haplomi with the

Synentognatbi to form the order of Mesichthyes, or transitional

fishes, but the affinities of either with other groups are quite

as well marked as their relation to each other. Boulenger unites

the Inwrni with the Haplomi, an arrangement which apparently

has merit, for the most primitive and non-degenerate Inioiiii, as

Anloptis and Syiwdns, lack both mesocoracoid and orbitosphe-

noid. These bones are characteristic of the Isospondyli, but are

wanting in Haplomi.

There is no adipose dorsal in the typical Haplomi, the dorsal

is inserted far back, and the head is generally scaly. Most but

not all of the species are of small size, living in fresh or brackish

water, and they are found in almost all warm regions, though

scantily represented in California, Japan, and Polynesia. The
four families of typical Haplomi differ considerably from one

another and are easily distinguished, although obviously re-

lated. Several other families are provisionally added to this

group on account of agreement in technical characters, but

their actual relationships are uncertain.

The Pikes.—The Esocidcc have the body long and slender

and the mouth large, its bones armed with very strong, sharp

teeth of different sizes, some of them being movable. The
upper jaw is not projectile, and its margin, as in the Salmouidcr,

is formed by the maxillary. The scales are small, and the

dorsal fin far back and opposite the anal, and the stomach

is without pyloric ca;ca. There is but a single genus, Esox

{Lucius of Rafinesque), wdth about five or six living species.

Four of these are North American, the other one being found

in Europe, Asia, and North America.

All the pikes are greedy and voracious fishes, very destruc-

tive to other species which may happen to be their neighbors;

"mere machines for the assimilation of other organisms."

Thoreau describes the pike as "the swiftest, wariest, and most

ravenous of fishes, which Josselyn calls the river-wolf. It is

a solemn, stately, ruminant fish, lurking under the shadow of

a lily-pad at noon, wath still, circumspect, voracious eye ; motion-

less as a jewel set in water, or moving slowly along to take up

its position; darting from time to time at such unlucky fish
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or frog or insect as comes within its range, and swallowing it

at one gulp. Sometimes a striped snake, bound for greener

meadows across the stream, ends its undulatory progress in

the same receptacle."

As food-fishes, all the Esocida rank high. Their flesh is

white, fine-grained, disposed in flakes, and of excellent flavor.

The finest of the Esocidcc, a species to be compared, as a
grand game fish, with the salmon, is the muskallunge {Esox
masquinongy) . Technically this species may be known by
the fact that its cheeks and opercles are both naked on the

lower half. It may be known also by its great size and by its

Fig, 320 —Muskallunge, Esox masquinongy Mitohill. Ecorse, Mich.

color, young and old being spotted with black on a golden-

olive ground.

The rnuskallunge is found only in the Great Lake region,

where it inhabits the deeper waters, except for a short time

in the spring, when it enters the streams to spawn. It often

reaches a length of six feet and a weight of sixty to eighty

pounds. It is necessarily somewhat rare, for no small locality

would furnish food for more than one such giant. It is, says

Hallock, "a long, slim, strong, and swift fish, in every way
formed for the life it leads, that of a dauntless marauder."

A second species of muskallunge, Esox oliiensis, unspotted

but vaguely cross-barred, occurs sparingly in the Ohio River

and the upper Mississippi Valley. It is especially abundant

in Chautauqua Lake.

The pike [Esox Indus) is smaller than the muskallunge, and

is technically best distinguished by the fact that the opercles

are naked below, while the cheeks are entirely scaly. The

spots and cross-bars in the pike are whitish or yellowish, and

always paler than the olive-gray grotmd color. It is the most
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widely distributed of all fresh-water fishes, being found from

the upper Mississippi \'alley, the Great Lakes, and New England

to Alaska and throughout northern Asia and Europe. It

reaches a weight of ten to twenty pounds or more, being a

large strong fish in its way, inferior only to the muskallunge.

In England Esox liiciits is known as the pike, while its young

are called by the diminutive tcmi pickerel. In America the name
pickerel is usually given to the smaller species, and sometimes

even to Esox Indus itself, the wc rd being with us a synonym

for pike, not a diminutive.

Of the small pike or pickerel we have three species in the

eastern United States. They are greenish in color and banded

or reticulated, rather than spotted, and, in all, the opercles

as well as the cheeks are fully covered with scales. One of

these (Esox reticulaius) is the common pickerel of the Eastern

States, which reaches a respectable size and is excellent as

food. The others, Esox americaniis along the Atlantic seaboard

and Esox vermicidatus in the middle West, seldom exceed a foot

in length and are of no economic importance.

Numerous fossil species are found in the Tertiary of Europe,

Esox lepidotus from the j\liocene of Baden being one of the

Fio. 321.—Mud-minnow, Umbra pygmcca (De Kay). New Jersey.

earliest and the best known ; in this species the scales are much
larger than in the recent species. The fossil remains would seem

to indicate that the origin of the family was in southern Europe,

although most of the living species are American.

The Mud-minnow3.—Close to the pike is the family of Um-
bridcc, or mud-minnows, which technically differ from the pikes

only in the short snout, small mouth, and weak dentition. The

1
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mud-minnows are small, sluggish, carnivorous fishes living in

the mud at the bottom of cold, clear streams and ponds. They
are extremely tenacious of life, though soon suffocated in warm
waters. The barred mud-minnow of the prairies of the middle

West {Umbra limi) often remains in dried sloughs and bog-

holes, and has been sometimes plowed up alive. Umbra pygnicca,

a striped species, is found in the Eastern States and Umbra
crameri in bogs and brooks along the Danube. This wide break

in distribution seems to indicate a former wide extension of

the range of Umbridce, perhaps coextensive with Esox. Fossil

Umbrida are, however, not yet recognized.

The Killifishes.—Most of the recent Haplomi belong to the

family of PmciliidcB (killifishes, or Cyprinodonts) . In this

group the small mouth is extremely protractile, its margin

formed by the premaxillaries alone much as in the spiny-

rayed fishes. The teeth are small and of various forms accord-

ing to the food. In most of the herbivorous forms they are

incisor-like, serrate, and loosely inserted in the lips. In the

species that eat insects or worms they are more firmly fixed.

The head is scaly, the stomach without caeca, and the intes-

tines are long in the plant-eating species and short in the

others. There are nearly 200 species, very abundant from

New England and California southward to Argentina, and

in Asia and Africa also. In regions where rice is produced,

they swarm in the rice swamps and ditches. Some of them
enter the sea, but none of them go far from shore. Some
are brilliantly colored, and in many species the males are quite

unlike the females, being smaller and more showy. The largest

species (Fnndulus, Anableps) rarely reach the length of a foot,

while Heterandria formosa, a diminutive inhabitant of the

Florida rivers, scarcely reaches an inch. Some species are

oviparous, but in most of the herbivorous forms, and some of

the others, the eggs are hatched within the body, and the anal

in the male is modified into a long sword-shaped intromittent

organ, placed farther forward than the anal in the female.

The young when bom closely resemble the parent. Most of

the insectivorous species swim at the surface, moving slowly

with the eyes partly out of water. This habit in the genus

Anableps (four-eyed fish, or Cuatro ojos) is associated with an
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extraordinary structure of the eye. This organ is prominent

and is divided by a horizontal partition into two parts, the

upper, less convex, adopted for sight in the air, the lower in the

water. The few species of Aiiablcps are found in tropical

jVmerica. The species of some genera swim near the bottom,

but always in very shallow waters. All are very tenacious of life,

and none have any commercial value although the flesh is good.

Fig 322 —Four-eyed Fish, Anableps dovii Gill. Tehuantepec, Me.xico.

The unique structure of tlie eye of this curious fish has been

carefully studied by Mr. M. C. Marsh, pathologist of the U. S.

Fish Commission, who furnishes the following notes published

by Evermann & Goldsborough

:

"The eye is crossed by a bar, like the diameter of a circle,

and parallel with the length of the body. This bar is darker

than the other external portions of the eyeball and has its edges

darker still. Dividing the external aspect of the eye equally,

it has its lower edge on the same level as the back of the fish,

which is fiat and straight from snout to dorsal, or nearly the

whole length of the fish ; so that when the body of the fish is just

submerged the level of the water reaches to this bar, and the

lower half of the eye is in water, the upper half in the air. Upon
dissecting the eyeball from the orbit, it appears nearly round.

A membranous sheath covers the external part and invests most

of the ball. It may be peeled off, when the dark bar on the

external portion of the eye is seen to be upon this membrane,

which may correspond to the conjunctiva. The back portion

of the eyeball being cut off, one lens is found. The lining of the

ball consists, in front, of one black layer, evidently choroid.

Behind there is a retinal layer. The choroid layer turns up
anteriorly, making a free edge comparable to an iris. The

free edge is chiefly evident in the lower part of the eye. A large

pupil is left, but is divided by two flaps, continuations of the

choroid coat, projecting from either side and overlapping.
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There are properly then two pupils, an upper and lower, sepa-

rated by a band consisting of the two flaps, which may probably,

by moving upward and downward, increase or diminish the

size of either pupil; an upward motion of the flaps increasing

the lower pupil at the expense of the other, and vice versa."

This division of the pupil into two parts permits the fish,

when swimming at the surface of the water, as is its usual cus-

tom, to see in the air with the upper portion and in the water

with the lower. It is thus able to see not only such insects as

are upon the surface of the water or flying in the air above,

but also any that may be swimming beneath the surface.

According to Mr. E. W. Nelson, " the individuals of this species

swim always at the surface and in little schools arranged in

platoons or abreast. They always swim headed upstream

against the current, and feed upon floating matter which the

current brings them. A platoon may be seen in regular for-

'm

I

J

Fig. 333.—Round Minnow, Cijprinodon variegotus Lacepede.
Marjland.

St. George Island,

mation breasting the current, either making slight headway

upstream or merely maintaining their station, and on the qui

vive for any suitable food the current may bring. Now and

then one may be seen to dart forward, seize a floating food

particle, and then resume its place in the platoon. And thus
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they may be observ'^ed feeding for long periods. They are

almost invariably found in running water well out in the stream,

or at least where the current is strongest and where floating

matter is most abundant, for it is upon floating matter that

they seem chiefly to depend. They are not known to jump out

of the water to catch insects flying in the air or resting upon

vegetation above the water surface, nor do they seem to feed

to any extent upon all small crustaceans or other portions of

the plankton beneath the surface.

" When alarmed—and they are wary and very easily fright-

ened—they escape by skipping or jumping over the water,

m "m^^-^'
Fig. 834—Everglade Minnow, JordnnrUn floridir Goode & Bean. Everglades

of Florida.

2 or 3 feet at a skip. They rise entirely out of the water, and at

a considerable angle, the head pointing upward. In descending

the tail strikes the water first and apparently by a sculling

motion new impetus is acquired for another leap. This skipping

may continue until the school is widely scattered. When a

school has become scattered, and after the cause of their fright

has disappeared, the individuals soon rejoin each other. First

two will join each other and one by one the others will join them

until the whole school is together again. Rarely do they at-

tempt to dive or get beneath the surface; when they do they

liave great difficulty in keeping under and soon come to the

surface again."
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Of the many genera of Pceciliidce, top-minnows, and killi-

fishes we may mention the following: Cyprinodon is made

SESS^^^^^

Fig. 325.—Mayfish, Fundulus majalis (L./ Woods Hole.

Up of chubby little fishes of eastern America with tricuspid,

incisor teeth, oviparous and omnivorous. Very similar to

Fig. 326 —Mayfish, Fundulus Jtiajalis (female). Woods Hole.

these but smaller are the species of Lebias in southern Europe.

Jcrdandla floridcc of the Florida everglades is similar, but with

^^^^^5Pj^^Hi:j,w|y^^
^..^^
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Fig 327.—Top-minnow, Zijgonectes notatus (Rafinesque). Eureka Springs, Ark.

the dorsal fin long and its first ray enlarged and spine-like.

It strongly resembles a young sunfish. Most of the larger forms
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belong to Fioidulus, a genus widely distributed from Maine

to Guatemala and north to Kansas and southern California.

Fiinditlns Diajalis, the Mayfish of the Atlantic Coast, is the

largest of the genus. FuiiJiilns Jieteroclitus, the killifish, the

most abundant. Fiutduius diaphamCs inhabits sea and lake

Fig. 338.—Death Valley Fish, Emptlrichihys merriami Gilbert. Aiiiargosa Desert,

Cal. Family Paciliida. (After Gilbert.)

indiscriminately. Fundulus stellifer of the Alabama is beauti-

fully colored, as is Fiiiiditlus zebrinns of the Rio Grande. The

genus Zygonectes includes dwarf species similar to Fundulus,

and Adinta includes those with short, deep body. Goodca

atripinnis with tricuspid teeth lives in warm springs in Mexico,

"^^ 'A-

Fic. 329. —Sword-tail Minnow, male, Xiphophorus hcUeri Ileckel. The anal fin

modified as an intromittent organ. Vera Cruz.

and several species of Goodea, Gambnsia, Pcccilia, and other

genera inhabit hot springs of IMexico, Central America, and

Africa. The genus Gambusia, the top-minnows, includes nu-

merous species with dwarf males having the anal modified.

Gambusia affinis abounds in all kinds of sluggish water in
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the southern lowlands, gutters and even sewers included. It

brings forth its brood in early spring. Viviparous and her-

bivorous with modified anal are the species of Pcecilia, abundant

throughout Mexico and southward to Brazil; Mollienesia very

similar, with a banner-like dorsal fin, showily marked, occurs

from Louisiana southward, and Xiphoplioriis, with a sword-

shaped lobe on the caudal, abounds in Mexico ; Characodon and
Goodea in Mexico have notched teeth, and finally, Heterandria

contains some of the least of fishes, the handsomely colored

males barely half an inch long.

In Lake Titicaca in the high Andes is a peculiar genus {Ores-

Has) without ventral fins. Still more peculiar is Empetrichthys

merriami of the desert springs of the hot and rainless Death

Valley in California, similar to Orestias, but with enormously

enlarged pharyngeals and pharyngeal teeth, an adaptation to some

unknown purpose. Fossil Cyprinodonts are not rare from the

Miocene in southern Europe. The numerous species are allied

to Lebias and Cyprinodon, and are referred to Prolebias and

Pachylehias. None are American, although two American extinct

genera, Gephyrnra and Proballostomiis, are probably allied to this

group.

Amblyopsidae.—The cave-fishes, Amblyopsidce, are the most

remarkable of the haplomous fishes. In this family the vent is

Fig. 330.—Dismal Swamp Fish, Chologaster comutus Agassiz. Supposed ancestor

of Typhlichthys. Virginia.

placed at the throat. The form is that of the Pceciliidcc, but

the mouth is larger and not protractile. The species are vivip-

arous, the young being born at about the length of a quarter of

an inch.

In the primitive genus Chologaster, the fish of the Dismal

Swamp, the eyes are small but normally developed. Cholo-

gaster cornutus abounds in the black waters of the Dismal Swamp
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of Virginia, thence southward through swamps and rice-fields

to Okefinokee Swamp in northern Florida. It is a small fish,

less than two inches long, striped with black, and with the habit

of a top-minnow. Other species of Cliologaster, possessing

eyes and color, but provided also with tactile papillae, are found

in cave springs in Tennessee and southern Illinois.

From Cliologaster is directly descended the small blindfish

Typhlichthys subterranens of the caves of the Subcarboniferous

limestone rocks of southern Indiana and southward to northern

Alabama. As in Cliologaster, the ventral fins are wanting.

The eyes, present in the young, become defective and useless

in the adult, when they are almost hidden by other tissues.

The different parts of the eye are all more or less incomplete,

being without function. The structure of the eye has been

described in much detail in several papers by Dr. Carl H. Eigen-

FiG. 331.—Blind Cave-fish, Typklichthyn subterranens Girard. Mammoth Cave,
Kentucky.

mann. As to the cause of the loss of eyesight two chief

theories exist—the Lamarckian theory of the inheritance in the

species of the results of disuse in the individual and the

Weissmannian doctrine that the loss of sight is a result of

panmixia or cessation of selection. This may be extended

to cover reversal of selection, as in the depths of the great

caves the fish without eyes would be at some slight advantage.

Dr. Eigenmann inclines to the Lamarckian doctrine, but the

evidence brought forward fails to convince the present \\Titer

that results of individual use or disuse ever become hered-

itary or that they are ever incorporated in the characters

of a species. In the caves of southern Missouri is an inde-

pendent case of similar degradation. Trogliclithys rosw, the

blindfish of this region, has the eye in a different phase of

degeneration. It is thought to be separately descended from
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some other species of Chologaster. Of this species Mr. Garman
and Mr. Eigenmann have given detailed accounts from some-
what different points of view.

Concerning the habits of the bhndfish {Troglichthys roscr),

Mr. Garman quotes the following from notes of Miss Ruth
Hoppin, of Jasper County, Missouri: "For about two weeks
I have been watching a fish taken from a well. I gave him
considerable water, changed once a day, and kept him in an
tminhabitated place subject to as few changes of temperature

as possible. He seems perfectly healthy and as lively as when
first taken from the well. If not capable of long fasts, he must
live on small organisms my eye cannot discern. He is hardly

ever still, but moves about the sides of the vessel constantly,

down and up, as if needing the air. He never swims through

Fig. 833 —Blindfish of the Mammoth Cave, Amhlyopsis spelceus (De Kay).
Mammoth CsLxe, Kentucky.

the body of the water away from the sides unless disturbed.

Passing the finger over the sides of the vessel imder water I

find it slippery. I am careful not to disturb this slimy coating

when the water is changed. . . . Numerous tests convince

me that it is through the sense of touch, and not through hear-

ing, that the fish is disturbed; I may scream or strike metal

bodies together over him as near as possible, yet he seems to

take no notice whatever. If I strike the vessel so that the

water is set in motion, he darts away from that side through

the mass of water, instead of around in his usual way. If I

stir the water or touch the fish, no matter how lightly, his

actions are the same."

The more famous blindfish of the Mammoth Cave, Amhly-

opsis spelceus, reaches a length of five inches. It possesses

ventral fins. From this fact we may infer its descent from
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some extinct genus which, unlike Chologaster, retains these

fins. The translucent body, as in the other blindfishes, is

covered with very delicate tactile papilte, which form a very

delicate organ of touch.

The anomalous position of the vent in AmblyopsidcB occurs

again in an equally singular fish, AphreJodcnis sayanus, which

is found in the same waters throughout the same region in

which Chologaster occurs. It would seem as if these lowland

fishes of the southern swamps were remains of a once much
more extensive fauna.

No fossil allies of Chologaster are known.

Kneriidae, etc.—The members of the order of Haplomi, recorded

abo\e, differ widely among themselves in various details of

osteology. There are other families, probably belonging here,

which are still more aberrant. Among these are the Kneriidm,

and perhaps the entire series of forms called Iniomi, most of

which possess the osteological traits of the Haplomi.

The family of Kneriidce includes a few very small fishes of

the rivers of Africa.

The Galaxiidae.—The Galaxiida: are trout-like fishes of the

southern rivers, where they take the place of the trout of the

northern zones. The species lack the adipose fins and have

the dorsal inserted well backward. According to Boulenger

these fishes, having no mesocoraoid, should be placed among

the Haplomi. Yet their relation to the Haplochiioiiida is vcr}-

close and both families may really belong to the Isospoiidyli.

Galaxias truttaceus is the kokopu, or "trout," of New Zealand.

Galaxias ocellatiis is the yarra trout of Australia. Several other

species are found in southern Australia, Tasmania, Patagonia,

and the Falkland Islands, and even in South Africa. This xery

wide distribution in the rivers remote from each other has given

rise to the suggestion of a former land connection between

Australia and Patagonia. Other similar facts have led some

geologists to believe in the existence of a former great con-

tinent called Antarctica, now submerged except that part which

constitutes the present unknown land of the Antarctic.

Order Xenomi.— We must place near the Haplomi the

singular group of Xemmi {Sevoz, strange; oojao;, shoulder),

regarded by Dr. Gill as a distinct order. Externally these fish
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much resemble the mud-minnows, differing mainly in the very

broad pectorals. But the skeleton is thin and papery, the two

coracoids forming a single cartilaginous plate imperfectly divided.

The pectorals are attached directly to this without the inter-

vention of actinosts, but in the distal third, according to

Dr. Charles H. Gilbert, the coracoid plate begins to break up

Fio. 333.—Alaska Blackfish, Daliia pcctoralis (Bean). St Michaels, Alaska.

into a fringe of narrow cartilaginous strips.

" In the deep-sea eels of the order Heteromi there is a some-

what similar condition of the coracoid elements inasmuch as

the hypercoracoid and hypocoracoid though present are merely

membranous elements surrounded by cartilage and the acti-

nosts are greatly reduced. It seems probable that we are

dealing in the two cases with independent degeneration of the

shoulder-girdle and that the two groups {Xenomi and Heteromi)

are not really related." (Gilbert.)

Of the single family Dalliidcr, one species is known, the

Alaska blackfish, Daliia pectoralis.

This animal, formed like a mud-minnow, reaches a length

of eight inches and swarms in the bogs and sphagnum swamps of

northwestern x\laska and westward through Siberia. It is found

in cotmtless numbers according to its discoverer, Mr. L. M.

Turner, "wherever there is water enough to wet the skin of

a fish," and wherever it occurs it forms the chief food of the

natives. Its vitality is most extraordinary. Blackfishes will

remain frozen in baskets for weeks and when thawed out are

as lively as ever. Turner gives an account of a frozen individual

swallowed by a dog which escaped in safety after being thawed

out by the heat of the dog's stomach.



CHAPTER XXVI

ACANTHOPTERYGII ; SYNENTOGNATHI

RDER Acanthopterygii, the Spiny-rayed Fishes.— The
most of the remaining bony fishes constitute a natural

group for which the name Acanthopterygii (aKavHa,

spine; nrkpvB,, mepov, fin or wing) may be used. This name
is often written Actinopteri, a form equally correct and more

euphonious and convenient. These fishes are characterized,

with numerous exceptions, by the presence of fin spines, by

the connection of the ventral fins with the shoulder-girdle,

by the presence in general of more than one spine in the an-

terior part of dorsal and anal fins, and as a rule of one spine and

five rays in the ventral fins, and by the absence in the adult

of a duct to the air-bladder. Minor characters are these:

the pectoral fins are inserted high on the shoulder-girdle, the

scales are often ctenoid, and the edge of the upper jaw is formed

by the premaxillary alone, the maxillary being always toothless.

But it is impossible to define or limit the group by any

single character or group of characters. It is connected with

the Malacopterygii through the Haplomi on the one hand by

transitional groups of genera which may lack any one of these

characters. On the other hand, in the extreme forms, each

of these distinctive characters may be lost through degenera-

tion. Thus fin spines, ctenoid scales, and the homocercal tail

are lost in the codfishes, the connection of ventrals with shoulder-

girdle fails in the Percesoces, etc., and the development of the

air-duct is subject to all sorts of variations. In one family

even the adipose fin remains through all the changes and

modifications the species have undergone.

The various transitional forms between the Haplomi and

the perch-like fishes have been from time to time regarded as
424
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separate orders. Some of them are more related to the perch,

others rather to ancestors of salmon or pike, while still others

are degenerate offshoots, far enough from either.

On the whole, all these forms, medium, extreme and tran-

sitional, may well be placed in one order, which would include

the primitive flying-fishes and mullets, the degraded globefishes,

and the specialized flounders. As for the most part these are

spiny-rayed fishes, Cuvier's name Acanthopterygii, or Acanthopteri,

will serve us as well as any. The Physoclysti of Miiller, the

Thoracices of older authors, and the Ctenoidei of Agassiz in-

clude substantially the same series of forms. The order Teleo-

cephali of Gill (reAeo's, perfect ; Ke(pa\ij, head) has been lately

so restricted as to cover nearly the same ground. In Gill's

most recent catalogue of families, the order Teleocephali in-

cludes the Haplomi and rejects the Hemibranchii, Lophobranchii,

Plectognathi, and Pediculati, all of these being groups charac-

terized by sharply defined but comparatively recent characters

not of the highest importance. As originally arranged, the order

Teleocephali included the soft-rayed fishes as well. From it the

Ostariophysi were first detached, and still later the Isospondyli

were regarded by Dr. Gill as a separate order.

We may first take up serially as suborders the principal

groups which serve to effect the transition from soft-rayed to

spiny-rayed fishes.

Suborder Synentognathi.— Among the transitional forms be-

tween the soft-rayed and the spiny-rayed fishes, one of the most

important groups is that known as Synentognathi (avv, to-

gether; ev, within; yvddos, jaw). These have, in brief, the fins

and shoulder-girdle of Haplomi, the ventral fins abdominal, the

dorsal and anal without spines. At the same time, as in the

spiny-rayed fishes, the air-bladder is without duct and the

pectoral fins are inserted high on the side of the body. With

these traits are two others which characterize the group as a

suborder. The lower pharyngeal bones are solidly iinited into

one bone and the lateral line forms a raised ridge along the

lower side of the body. These forms are structurally allied

to the pikes (Haplomi), on the one hand, and to the mullets

(Percesoces) , on the other, and this relationship accords with

their general appearance. In this group as in all the remain-
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ing families of fishes, there is no mesocoracoid, and in very

nearly all of these families the duct to the air-bladder disappears

at an early stage of development.

The Garfishes : Belonidae.— There are two principal groups

or families among the Synentognathi, the Belonidcc, with strong

jaws and teeth, and the Exoca'tidce, in which these structures

are feeble. Much more important characters appear in the

anatomy. In the Belonidcc the third upper pharyngeal is

small, with few teeth, and the maxillary is firmly soldered to

the premaxillary. The vertebrae are provided with zygapophyses.

The species of Belonidcc are known as garfishes, or needle-

fishes. They resemble the garpike in form, but have nothing

else in common. The body is long and slender, covered with

small scales. Sharp, unequal teeth fill the long jaws and the

Fio, 334 —Xeedle-fish, Tylosurus acus (Lac^pdde). .\"e\v York.

dorsal is opposite the anal, on the hinder part of the body. These

fishes are green in color, even the bones being often bright

green, while the scales on the sides have a silvery luster. The
species are excellent as food, the green color being associated

with nothing deleterious. All are very voracious and some of

the larger species, 5 or 6 feet long, may be dangerous even to

man. Fishermen have been wounded or killed by the thrust

of the sharp snout of a fish springing into the air. The garfishes

swim near the surface of the water and often move with great

swiftness, frequently leaping from the water. The genus

Belone is characterized by the presence of gill-rakers. Belone

helotte is a small garfish common in southern Europe. Belone

platura occurs in Polynesia. The American species (Tylosurus)

lack gill-rakers. Tylosurus marinus, the common garfish of
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the eastern United States, often ascends the rivers. Tylosurus

rapliidoma, Tylosurus fodiator, Tylosurus acus, and other species

are very robust, with short strong jaws. Athlennes hians is a

very large fish with the body strongly compressed, almost

ribbon-like. It is found in the West Indies and across the

Isthmus as far as Hawaii. Many other species, mostly belong-

ing to Tylosurus, abound in the warm seas of all regions.

Tylosurus ferox is the long tom of the Australian markets.

Potamorrhaphis with the dorsal fin low is found in Brazilian

rivers. A few fossil species are referred to Belone, Belone fiava

from the lower Eocene being the earliest.

The Flying-fishes: Exocoetidae.—The family of Exoccetida in-

cludes the flying-fishes and several related forms more or less

intermediate between these and the garfishes. In these fishes

the teeth are small and nearly equal and the maxillary is sepa-

rate from the premaxillary. The third upper pharyngeal is

much enlarged and there are no zygapophyses to the vertebras.

The skippers {Scombresox) have slender bodies, pointed jaws,

and, like the mackerel, a number of detached finlets behind

dorsal and anal, although in other respects they show no affinity

to the mackerel. The common skipper, or saury {Scombresox

saurus) , is fovmd on both shores of the North Atlantic swimming
in large schools at the surface of the water, frequently leaping

for a little distance like the flying-fish. They are pursued by
the mackerel-like fishes, as the tunny or bonito, and sometimes

by porpoises. According to Mr. Couch, the skippers, when
pursued, "mount to the surface in multitudes and crowd on
each other as they press forward. When still more closely

pursued, they spring to the height of several feet, leap over

each other in singular confusion, and again sink beneath. Still

further urged, they mount again and rush along the surface,

by repeated starts, for more than one hundred feet, without

once dipping beneath or scarcely seeming to touch the water.

At last the pursuer springs after them, usually across their course,

and again they all disappear together. Amidst such multi-

tudes—for more than twenty thousand have been judged to

be out of the water together—some must fall a prey to the enemy

;

but so many hunting in company, it must be long before the

pursuers abandon. From inspection we could scarcely judge
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the fish to be capable of such flights, for the fins, though numerous,

are small, and the pectoral far from large, though the angle

of their articulation is well adapted to raise the fish by the

direction of their motions to the surface."

A similar species, Cololabis saira, with the snout very much

shorter than in the Atlantic skipper, is the SaiiDtia of the fisher-

men of Japan.

The hard-head {Chriodorus atherinoides) has no beak at all

and its tricuspid incisor teeth are fitted to feed on plants. In

this genus, as in the flying-fishes, there are no finlets. The hard-

head is an excellent food-fish abundant about the Florida Keys

but not yet seen elsewhere.

Another group between the gars and the flying-fishes is that

of the halfbeaks, or balaos, Hemirhamphus, etc. These are also

Fig. 335.—Saun-, Scomhresox saurus (L.). Woods Hole.

vegetable feeders, but with much smaller teeth, and the lower

jaw with a spear-like prolongation to which a bright-red mem-
brane is usually attached. Of the halfbeaks there are several

genera, all of the species swimming near the surface in schools

and sometimes very swiftly. Some of them leap into the air

and sail for a short distance like flying-fishes, with which group

the halfl)eaks are connected by easy gradations. The com-

Zr^^i^^.. V n''^''^"'
" — - -

Fig. 336 —Halfbcak, lli/porlmnipltus unifasciatus (Ranzaiii). Chesapeake Hay.

monest species along our Atlantic coast is Hyporhamphus uni-

fasciatus; a larger species, HcmirJiampJiiis brasilieiisis, abounds

about the Florida Keys. Euleptorlianiphns longirostris, a ribbon-

shaped elongate fish, with long jaw and long pectorals, is taken

in the open sea, both in the Altantic and Pacific, being common
in Hawaii. The Asiatic genus Zoiarcliopterus is viviparous,
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having the anal fin much modified in the male, forming an

intromittent organ, as in the Piiciliidcp. One species occurs in

the river mouths in Samoa.

The flying-fishes have both jaws short, and at least the

Fig. 338 —Sharp-nosed Flying-fish, Fodialor acutus (A'al.). Panama.

pectoral fins much enlarged, so that the fish may sail in the air

for a longer or shorter distance.

The smaller species have usually shorter fins and approach

more nearly to the halfbeaks. Fodialor acutus, with sharp

jaws, and Hemiexocakis, with a short beak on the lower jaw,

are especially intermediate. The flight of the flying-fishes is

described in detail on p. 44.

The Catalina flying-fish, Cypselurus californictis, of the shore

of southern California is perhaps the largest of the known species,

reaching a length of 18 inches. To this genus, Cypselurus,

having a long dorsal and short anal, and with ventrals en-

larged as well as pectorals, belong all the species strongest in

flight, Cypselurus heterurus and furcaius of the Atlantic. Cypse-

lurus simiis of Hawaii and Cypselurus agoo in Japan. The very

young of most of these species have a long barbel at the chin

which is lost with age.

In the genus Exonautes the base of anal fin is long, as long

as that of the dorsal. The species of this group, also strong

in flight, are widely distributed. Most of the European flying-

fishes, as Exonautes rondeleti, Exonautes rubescens, and Exo-

nautes vinciguerrcc, belong to this group, while those of Cypse-

lurus mostly inhabit the Pacific. The large Australian species

Exonautes unicolor belongs to this group. In the restricted

genus Exocatus the ventral fins are short and not used in flight. __

Exoccetus volitans {evolans) is a small flying-fish, with short
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ventral fins not used for flight. It is perhaps the most widely
distributed of all, ranging through almost all warm seas.

Parexocatus brachyptcrus, still smaller, and with shorter, grass-

hopper-like wings, is also very widely distributed. An ex-

cellent account of the flying-fishes of the world has been given

by Dr. C. F. Liitken (1876), the University of Copenhagen,

Fig. 339.—Cataliiia Flying-fish, Cypsdurus caUjumicus (.Cooper). Saiila Barbara.

which institution has received a remarkably fine series from

trading-ships returning to that port. Later accounts have

been given by Jordan and Meek, and by Jordan and Ever-

mann.

Very few fossil Exoccctida are found. Species of Scombresox

and Hemirliamplms are found in the Tertiary, the earliest being

Hemirhamphus edwardsi from the Eocene of Monte Bolca. No
fossil flying-fishes are known, and the genera, Exocatus, Exo-

nantcs, and Cypselunis are doubtless all of very recent origin.



CHAPTER XXVII

PERCESOCES AND RHEGNOPTERI

UBORDER Percesoces.—In the line of direct ascending

transition from the Haplonii and Syncntognathi, the
|g^i.,-^l

pj}^g ^j^(j flying-fish, towards the typical perch-like

forms, we find a number of families, perch-like in essential

regards but having the ventral fins abdominal.

These types, represented by the mullet, the silverside, and

the barracuda, have been segregated by Cope as an order called

Pcrcescce: (Perca, perch; Esox, pike), a name which correctly

describes their real affinities. In these typical forms, mullet,

silverside, and barracuda, the affinities are plain, but in other

transitional forms, as the threadfin and the stickleback, the

relationships are less clear. Cope adds to the series of Percesoces

the Opiiiocepltalidcc, which Gill leaves with the Anabantidcc

among the spiny-rayed forms. Boulenger adds also the sand-

lances (Ammodytidcc) and the threadfins (Polynemida-), while

^Voodward places here the Crossognaihidcc. In the .present

work we define the Percesoces so as to include all spiny-rayed

fishes in which the ventral fins are naturally abdominal, except-

ing those having a reduced number of gill-bones, or of actinosts,

or other peculiarities of the shoulder-girdle. The Ammodytidcc

have no real affinities with the Percesoces. The Crossognaihidcc

and other families with abdominal ventrals and the dorsal spines

\ "loUy obsolete may belong with the Haplomi. Boulenger places

the Chiasmodontidcc, the Stromateidcc, and the Tetragonurida

among the Percesoces, an arrangement of very doubtful validity.

In most of the Percesoces the scales are cycloid, the spinous

dorsal forms a short separate fin, and in all the air-duct is

wanting.

The Silversides : Atherinidae.—The most primitive of living

Percesoces constitute the large family of silversides {Atherinidcr),

43a
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known as "fishes of the King," Pescados del Rey, Pesce Rey, or

Peixe Re, wherever the Spanish or Portuguese languages are

spoken. The species are, in general, small and slender fishes

of dry and delicate flesh, feeding on small animals. The mouth
is small, with feeble teeth. There is no lateral Hne, the color

is translucent green, with usually a broad lateral band of silver.

Sometimes this is wanting, and sometimes it is replaced by
burnished black. Some of the species live in lakes or rivers,

others in bays or arms of the sea, but never at a distance from
the shore or in water of more than a few feet in depth. The
larger species are much valued as food, the smaller ones, equally

delicate, are fried in numbers as "whitebait," but the bones are

firmer and more troublesome than in the smelts and young
herring. The species of the genus Atherina, known as "friars,"

or "brit," are chiefly European, although some occur in almost

all warm or temperate seas. These are small fishes, with the

mouth relatively large and oblique and the scales rather large

and firm. Atherina hepsetus and A. presbyter are common in

Europe, Atherina stipes in the West Indies, Atherina bleekeri

in Japan, and Atherina insulanun and ^4. lacunosa in Polynesia.

The genus Chirostoma contains larger species, with project-

ing lower jaw, abounding in the lakes of Mexico. Chiro-

stoma htimboldtianiim is very abundant about Mexico City.

Like all the other species of this genus it is remarkably excellent

as food, the different species constituting the famous "Pescados

Blancos" of the great lakes of Chapala and Patzcuaro of the

western slope of Mexico. A very unusual circumstance is this:

that numerous very closely related species occupy the same

waters and are taken in the same nets. In zoology, generally,

it is an almost universal rule that very closely related species

occupy different geographical areas, their separation being

due to barriers which prevent interbreeding. But in the l^ke

of Chapala, near Guadalajara, Prof. John O. Snyder and me
present writer, and subsequently Dr. S. E. Meek, found ten

distinct species of Chirostoma, all living together, taken in the

same nets and scarcely distinguishable except on careful

examination. Most of these species are very abundant through-

out the lake, and all reach a length of twelve to fifteen inches.

These species are Chirostoma estor, Ch. Lucius, Ch. sphyrccna.
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Ch. ocotlane, Ch. lerma, Ch. chapakc, Ch. grandocule, Ch. labarccc,

Ch. promclas, and Ch. bartoui. A similar assemblage of species

/^

Fig. 340.—Pescado bianco, Chirosloma humhnltilinnum (Vsil.). Lake Chalco, City
of Mexico.

nearly all different from these was obtained by Dr. Scth E.

]\Ieek in the lake of Patzcuaro, farther south. In this lake

were found Ch. attcmiatum, Ch. patzcuaro, Ch. hiimboldtiannm,

Ch. gra]tdocule, and Ch. estor. The lake of Zirahuen, near

Chapala, contains Ch. estor and Ch. zirahuen.

Still another species, Ch. jordani, is found about the city of

Mexico, where it is sold baked in corn-husks. Along the coasts

of Peru, Chile, and Argentina is found still another assemblage

of fishes of the king, with very small scales, constituting the

genera Basilichthys and Gastropterus (Pisciregia). Basilichthys

microlepidotus is the common Pesca del Rey of Chile. The

small silversides, or "brit," of our Atlantic coast belong to

numerous species of Menidia, Menidia notata to the northward

and Menidia menidia to the southward beine: most abundant.

Fig. 341 —Silverside or Hrit, Kirllandia vagrans (Goode & Bean). Pensacola.

Kirtlandia laciniata, with ragged scales, is common along the

Virginia coast, and K. vagrans farther south. Another small

species, very slender and very graceful, is the brook silver-
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side Labidesthcs sicculus, which swarms in clear streams from
Lake Ontario to Texas. This species, three to four inches

long, has the snout produced and a very bright silvery stripe

along the side. Large and small species of silversides occur

Fig. 343 —Blue Smelt or Fez del Rey, Atherinopsis californiensis Girard.
San Diego.

in the sea along the California coast, where they are known
familiarly as "blue smelt" or " Peixe Re." The most impor-

tant of these and the largest member of the family, reaching

a length of eighteen inches, is Atherinopsis californiensis, an

important food-fish throughout California, everywhere wrongly

known as smelt. Atherinops affinis is much like it, but has

Fig. 343.—Flower of the surf. Iso flos-maris. Jordau & Starks. Enoshima,

Y-shaped teeth. Iso flos-maris, called Nami-no-hana, or

flower of the surf, is a shining little fish with belly sharp like

that of a herring. It lives in the surf on the coast of Japan.

Melanotcenia nigrans of Australia (family Melanotccniida;) has

the lateral band jet-black, as has also Melaniris balsanns of the

rivers of southern Mexico. Atherinosoma vorax of Australia has

strong teeth like those of a barracuda.

Fossil species of Atherina occur in the Italian Eocene, the

best known being Atherina macroccpliala. Another species,

Rhamphognathits paralepoides, allied to Menidia, occurs in the

Eocene of Monte Bolca.
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The Mullets: Mugilidae.—The mullets {Mugilida) are more

clumsy in form than the silversides, robust, with broad heads

and stouter fin-spines. The ventral fins are abdominal but

well forward, the pelvis barely touching the clavicle, a con-

dition to be defined as "subabdominal." The small mouth

is armed with very feeble teeth, often reduced to mere fringes.

The stomach is muscular like the gizzard of a fowl and

the species feed largely on the vegetation contained in mud.

There are numerous species, mostly living in shallow bays

and estuaries, but some of them are confined to fresh waters.

All are valued as food and some of them under favorable con-

ditions are especially excellent.

Most of the species belong to the genera Miigil, the mullet of

all English-speaking people, although not at all related to the

red mullet or surmullet of the ancient Romans, Mulliis barbatus.

The mullets are stoutish fish from one to two feet long,

with blunt heads, small mouths almost toothless, large scales,

and a general bluish-silvery color often varied by faint blue

stripes. The most important species is Mugil cephalus, the

common striped mullet This is found throughout southern

Europe and from Cape Cod to Brazil, from Monterey, California,

to Chile, and across the Pacific to Hawaii, Japan, and the Red

Sea.

Mr. Silas Steams compares a school of mullets to barnyard

fowls feeding together, ^^hen a fish finds a rich s]X)t the others

flock about it as chickens do. The pharyngeals form a sort of

filter, stopping the sand and mud; the coarse parts being ejected

through the mouth.

The young mullet feed in schools and often swim with the

head at the stirface of the water.

The white or unstriped mullets are generally smaller, but

otherwise differ little. Mugil cnrema is the white mullet of

tropical America, ranging occasionally northward, and several

other species occur in the West Indies and the Mediterranean.

The genus Mugil has the eye covered by thick transparent

tissue called the adipose eyelid. In Liza the adipose eyelid is

wanting. Liza capita, the big-headed mullet of the Mediterra-

nean, is a well-known species. Most of the mullets of the south

seas belong to the genus Liza. Liza melinoptera and Liza
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cceruleomaculata are common in Samoa. The genus Querimana
includes dwarf-mullets, two or three inches long, known as

whirligig-mullets. These little fishes gather in small schools

and swim round and round on the surface like the whirligig-

beetles, or GyrinidcB, their habits being like those of the young
mullets; some young mullets having been, in fact, described

as species of Querimana. The genus Agonostotnus includes fresh-

water mullets of the mountain rivers of the East and West Indies

and Mexico, locally known as trucha, or trout. Agonostomus

nasutus of Mexico is the best-known species.

The Joturo, or Bobo, Jotiirus pichardi, is a very large robust

and vigorous mvillet which abounds at the foot of waterfalls

Fig. Z^ —Joturo or Bobo, Joturus pichardi Poey. Rio Bayano, Panama.

in the mountain torrents of Cuba, eastern Mexico, and Central

America. It is a good food-fish, frequently taken about Jalapa,

Havana, and on the Isthmus of Panama. Its lips are very

thick and its teeth are broad, serrated, loosely inserted incisors.

Fossil mullets are few. Mugil radobojanus is the earliest

from the Miocene of Croatia.

The Barracudas: Sphyraenidae.—The Sphyrccnidcs, or barracu-

das, differ from the mullets in the presence of very strong

teeth in the bones of the large mouth. The lateral line is also

developed, there is no gizzard, and there are numerous minor

modifications connected with the food and habits. The species

are long, slender swift fishes, powerful in swimming and vora-

cious to the last degree. Some of the species reach a length of

six feet or more, and these are almost as dangerous to bathers
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as sharks would be. The long, knife-like teeth render them

very destructive to nets. The numerous species are placed

in the single genus Sphyrccna, and some of them are found in

all warm seas, where they feed freely on all smaller fishes, their

habits in the sea being much Uke those of the pike in the lakes.

The flesh is firm, delicate, and excellent in flavor. In the larger

species, especially in the West Indies, it may be difficult of

digestion and sometimes causes serious illness, or "ichthyosism."

^-^
Fig. 345.—Barracuda, Sphyrwna barracuda Walhaum. FloriJa.

Sphyrajia sphyrwna is the spet, or sennet, a rather small

barracuda common in southern Europe. Sphyrcena horealis of

our eastern coast is a similar but still feebler species rarely

exceeding a foot in length. These and other small species are

feeble folk as compared with the great barracuda {Sphyrccna

barracuda) of the West Indies, a robust savage fish, also known
as picuda or becuna. Sphyrana commersoni of Polynesia is a

similar large species, while numerous lesser ones occur through

the tropical seas. On the California coast Sphyrccna argentea

is an excellent food-fish, slenderer than the great barracuda

but reaching a length of five feet.

Several species of fossil barracuda occur in the Italian

Eocene, Sphyrccna bolcensis being the earliest.

Stephanoberycidae.—We may append to the Percesoces, for

want of a better place, a small family of the deep sea, its

affinities at present unknown. The Stephanoberycidcc have the

ventrals i, 5, subabdominal, a single dorsal without spine, and

the scales cycloid, scarcely imbricated, each with one or two

central spines. The mouth is large, with small teeth, the skull

cavernous, as in the berycoids, from which group the normally

formed ventrals abdominal in position would seem to exclude it.

Stephanoberyx moncc and 5. gilli are found at the depth of a

mile and a half below the Gulf Stream. Boulenger first placed

«
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them with the Percesoces, but more recently suggests their re-

lationship with the Haplomi. Perhaps, as supposed by Gill,

they may prove to be degenerate berycoids in which the ven-

tral fins have lost their normal connection.

Crossognathidae.— A peculiar primitive group referred by
Woodward to the Percesoces is the family of Crossognathidcs

of the Cretaceous period. As in these fishes there are no fin-

spines, they may be perhaps better placed with the Haplomi.

The dorsal fin is long, without distinct spines, and the abdom-
inal ventrals have six to eight rays. The mouth is small,

with feeble teeth, and the body is elongate and compressed.

Crossognathus sabaJidianum occurs in the Cretaceous of Switzer-

land and Germany, Syllcsmns latijrons and other species in

the Colorado Cretaceous, and SyUcemus anglicus in England.

The CrossognathidcB have probably the lower pharyngeals sep-

arate, else they would be placed among the Synentognathi, a

group attached by Woodward, not without reason, to the

Percesoces.

Cobitopsidae.—Near the Crossognathidcs may be placed the

extinct Cobitopsidce, Cobitopsis acuta being recorded from the

"=^^

Fig. 346.

—

Cobitopsis acuta Ger\-ais, restored. Oligocene of Puy-de-D6me.
(.\iter Woodward.)

Oligocene of Puy-de-D6me in France. In this species there

is a short dorsal fin of about seventeen rays, no teeth, and

the well-developed ventral fins are not far in front of the anal.

This little fish bears a strong resemblance to Ammodytes, but

the affinities of the latter genus are certainly with the

ophidioid fishes, whUe the real relationship of Cobitopsis is

uncertain.

Suborder Rhegnopteri.—The threadfins (Polynemidw) are al-

lied to the mullets, but differ from them and from all other

fishes in the structure of the pectoral fin and its basal bones,

or actinosts.

The pectoral fin is divided into two parts, the lower com-

posed of free or separate rays verv'' slender and thread-like.
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sometimes longer than the body. Two of the actinosts of the
pectoral support the fin, one is slender and has no rays, while
the fourth is plate-like and attached to the coracoids, support-
ing the pectoral filaments. The body is rather robust, covered
with large scales, formed much as in the mullet. The lateral

Via. 347.—Shoulder-girdle of a Threadfin, Polydactylus approximans
(Lay & Bennett).

line extends on the caudal fin as in the Scianida:, which group

these fishes resemble in many ways. The mouth is large,

inferior, with small teeth. The species are carnivorous fishes

of excellent flesh, aboimding on sandy shores in the warm
seas. They are not very active and not at all voracious. The

.
. . V

Fifj. 34a.—Threadfin, Polydactylus octonemus (Girard). Pensacola.

coloration is bluish and silver}'', sometimes striped with black.

Most of the species belong to the genus Polydactylus. Poly-

-li
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dactylus vtrginicus, the barbudo, with seven filaments, is common
in the West Indies and Florida. Polydactylus octonemus with

eight filaments is more rare, but ranges further north. Poly-

dactylus approximans, the raton of western Mexico, with six

filaments, reaches San Diego. Polydactylus plebejus is common
in Japan and other species range through Polynesia. In India

isinglass is made from the large air-bladder of species of Poly-

dactylus. The rare Polynemus quinquarius of the West Indies

have five pectoral filaments, these being greatly elongate, much
longer than the body.

No extinct Polynemidce are recorded.

Fig. 348a.—Striped MuUet, Mugit cephalus (L.). Woods Hole, Mass.



CHAPTER XXVIII

PHTHINOBRANCHII: HEMIBRANCHII, LOPHO-
BRANCHII, AND HYPOSTOMIDES

UBORDER Hemibranchii.— Still another transitional

group, the Hemibranchii, is composed of spiny-

rayed fishes with abdominal ventrals. In this sub-

order there are other points of divergence, though none of

high importance. In these fishes the bones of the shoulder-girdle

are somewhat distorted, the supraclavicle reduced or wanting,

and the gill structures somewhat degenerate. The presence

of bones called interclavicles or infraclavicles, below and behind

the clavicle, has been supposed to characterize the order of

Hemibranchii. But this character has very slight importance.

In two families, Macrorhamphosidcc and Centriscidcc, the inter-

clavicles are absent altogether. In the FistulariidcE they are

very large. According to the studies of Mr. Edwin C. Starks,

Fig. 349. Fio- 5*50.

Fio. 349.—Shoulder-girdle of a Stickleback, Gastcrostcus aculcalus Linna-us.

(After Parker.)
Fig. 350.—Shoulcier-Kirdle of Fistularia pilimba LaeC-pMe, showing greatly ex-

tended inlerelaviele, the surface ossihed.

the bone in question is not a true infraclavicle. It is not identical

with the infraclavicle of the Ganoids, but it is only a baclcward

extension of the hypocoracokl, there being no suture between
442
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the two bones. In those species which have bony plates in-

stead of scales, this bone has a deposit of bony substance or

ganoid enamel at the stirface. This gives it an apparent

prominence as compared with other bones of the skeleton,

but it has no great taxonomic importance. Dr. Hay
lonites the suborders Hemibranchii, Lophobranchii, and Hypo-
stomides to form the order PJithinobranchii {cpBivai, waning;

^payxoz, gill), characterized by the reduction of the gill-arches.

These forms are really nearly related, but their affinities with

the Percesoces are so close that it may not be necessary to form
a distinct order of the combined group. Boulenger unites

the Hemibranchii with Lanipris to form a group, Catosteomi,

characterized by the development of infraclavicles ; but we
cannot see that Lampris bears any affinity to the stickle-

backs, or that the presence of infraclavicle has any high

significance, nor is it the supposed infraclavicle of Lanipris

homologous with that of the Hemibranchii. The dorsal fin

in the Hemibranchii has more or less developed spines; spines

are also present in the ventral fins. The lower pharyngeals

are separated; there is no air-duct. The mouth is small and
the bones of the snout are often much produced. The preopercle

and symplectic are distinct. The group is doubtless derived

from some transitional spiny-rayed type allied to the Percesoces.

The Lophobranchs, another supposed order, represent simply

a still further phase of degradation of gills and ventral fins.

Dr. Gill separates these two groups as distinct orders and
places them, as aberrant offshoots, near the end of his series

of bony fishes. We prefer to leave them with the other transi-

tional forms, not regarding their traits of divergence as of any

great importance in the systematic arrangement of families.

The Sticklebacks : Gasterosteidae. — The sticklebacks {Gaster-

osteidce) are small, scaleless fishes, closely related to the

Fistulariida; so far as anatomy is concerned, but with very

different appearance and habits. The body often mailed, the

dorsal is preceded by free spines and the ventrals are each

reduced to a sharp spine with a rudimentary ray. The jaws

are short, bristling with sharp teeth, and these little creatvires

are among the m.ost active, voracious, and persistent of aU

fishes. They attack the fins of larger fishes, biting off pieces,



444 Phthinobranchii

and at the same time they devour the eggs of all species acces-

sible to them. In almost all fresh and brackish waters of the

north temperate zone these little fishes abound. " It is scarcely

to be conceived," Dr. Giinther observes, "what damage these

little fishes do, and how greatly detrimental they are to the

increase of all the fishes among which they live, for it is with

the utmost industry, sagacity, and greediness that they seek

out and destroy all the young fry that come their way."

The sticklebacks inhabit brackish and fresh waters of the

northern hemisphere, species essentially alike being found

throughout northern Europe, Asia, and America. The same

species is subject to great variation. The degree of develop-

ment of spines and bony plates is greatest in individuals living

in the sea and least in clear streams of the interior. Each of

the mailed species has its series of half-mailed or even naked

varieties foimd in the fresh waters. This is true in Europe,

New England, California, and Japan. The farther the indi-

viduals are from the sea, the less perfect is their armature.

Thus, Gasterosteus cataphractus, whicli in the sea has a full

armature of bony plates on the side, about 30 in number, will

have in river mouths from 6 to 20 plates and in strictly fresh

water only 2 or 3 or even none at all.

The sticklebacks have been noted for their nest-building

habits. The male performs this operation, and he is provided

with a special gland for secretion of the necessary cement.

Dr. Gill quotes from Dr. John A. Ryder an account of this

process. The secretory gland is a "large vesicle filled with a

clear secretion which coagulates into threads upon contact

with water. It appears to open directly in front of the vent.

As soon as it is ruptured, it loses its transparency, and what-

ever secretion escapes becomes whitish after being in contact

with water for a short time. This has the same tough, elastic

qualities as when spun by the animal itself, and is also composed

of numerous fibers, as when a portion is taken that has been

recently spun upon the nest. Thus provided, when the nuptial

season has arrived the male stickleback prepares to build

his nest, wherein his mate may deposit her eggs. How this

nest is built, and the subsequent proceedings of the stickle-

backs, have been told us in a graphic manner by Mr. John K.
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Lord, from observations on Gasterosteus cataphractus on Van-
couver Island, although the source of his secretion was mis-
understood :

"The site is generally amongst the stems of aquatic plants,

where the water always flows but not too swiftly. He first

begins by carrying small bits of green material which he nips

off the stalks and tugs from out the bottom and sides of the
bank; these he attaches by some glutinous material, that he
clearly has the power of secreting, to the different stems destined

as pillars for his building. During this operation he swims
against the work already done, splashes about, and seems
to test its durability and strength; rubs himself against the

tiny kind of platform, scrapes the slimy mucus from his sides

to mix with and act as mortar for his vegetable bricks. Then
he thrusts his nose into the sand at the bottom, and, bringing

a mouthful, scatters it over the foundation; this is repeated

until enough has been thrown on to weight the slender fabric

down and give it substance and stability. Then more twists,

turns, and splashings to test the firm adherence of all the

materials that are intended to constitute the foundation of

the house that has yet to be erected on it. The nest, or nursery,

when completed is a hollow, somewhat rounded, barrel-shaped

structure worked together much in the same way as the plat-

form fastened to the water-plants; the whole firmly glued

together by the viscous secretion scraped from off the body.

The inside is made as smooth as possible by a kind of plastering

system ; the little architect continually goes in, then, turning

round and round, works the mucus from his body on to the

inner sides of the nest, where it hardens like tough varnish.

There are two apertures, smooth and symmetrical as the hole

leading into a wren's nest, and not unlike it.

"All this laborious work is done entirely by the male fish,

and when completed he goes a-wooing. Watch him as he

swims towards a group of the fair sex enjoying themselves

amidst the water-plants arrayed in his best and brightest

liver>', all smiles and amiability; steadily and in the most

approved style of stickleback love-making this young and

wealthy bachelor approaches the object of his affections, most

Hkelv tells her all about his house and its comforts, hints
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delicately at his readiness and ability to defend her children

against every enemy, vows unfailing fidelity, and in lover fashion

promises as much in a few minutes as would take a lifetime to

fulfill. Of course she listens to his suit; personal beauty,

indomitable courage, backed by the substantial recommendations

of a house ready built and fitted for immediate occupation,

are gifts not to be lightly regarded.

"Throwing herself on her side the captive lady shows her

appreciation, and by sundry queer contortions declares herself

his true and devoted spouse. Then the twain return to the

nest, into which the female at once betakes herself and therein

deposits her eggs, emerging, when the operation is completed,

by the opposite hole. During the time she is in the nest (about

six minutes) the male swims round and round, butts and rubs

his nose against it, and altogether appears to be in a state of

defiant excitement. On the female leaving, he immediately

enters, deposits the milt on the eggs, taking his departure through

the back door. So far his conduct is strictly pure; but I

am afraid morality in stickleback society is of rather a lax

order. No sooner has this lady, his first love, taken her depart-

ure, than he at once seeks another, introduces her as he did

the first, and so on, wife after wife, until the nest is filled with

eggs, layer upon layer, milt being carefully deposited betwixt

each stratum of ova. As it is necessary there should be two

holes, by which ingress and egress can be readily accomplished,

so it is equally essential in another point of view. To fertilize

fish-eggs, running water is the first necessity; and, as the holes

are invariably placed in the direction of the current, a steady

stream of water is thus directed over them."

To the genus Gasterostens the largest species belong, those

having three dorsal spines, and the body typically fully covered

with bony plates. Gasterosteus aculeaius inhabits both shores of

the Atlantic and the scarcely different Gasterosteus cataphractns

swarms in the inlets from southern California to Alaska, Siberia,

and northern Japan. Half-naked forms have been called by
various names and one entirely naked in streams of southern

California is named Gasterosteus williamsoni. Its traits are,

however, clearly related to its life in fresh waters.

In Pygosteus pungitius, a type of almost equally wide range.
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there are nine or ten dorsal spines and the body is more slender.

All kinds of waters of the north on both continents may yield

Fig. 351.—Three-spined Stickleback, Gasterosicus ac!t?ea/«s L. Wouds Hole, Mass.

this species or its allies and variations, mailed or naked. The
naked, Apeltes quadracus, is found in the sea only, along the

New England coast.

Encalia inconstans is the stickleback of the clear brook

from New York to Indiana and Minnesota. The male is jet

Fig. 353.—Four-spined Stickleback, Apeltes quadracus Mitchill. Woods Hole, Mass

black in spring with the sheen of burnished copper and he is

intensely active in his work of protecting the eggs of his own
species and destroying the eggs and fry of others. Spinachia

spiiiacliia is a large sea stickleback of Europe with many dorsal

spines.

No fossil GasterosteidcB are recorded, and the family, while

the least specialized in most regards, is certainly not the most

primitive of the suborder.

The Aulorhynchidae.— Closely related to the sticklebacks is

the small family of Aidorhynchidce, with four soft rays in the
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ventral fins. Aulorhynchns, like Spinachia, has many dorsal

spines and an elongate snout approaching that of a trumpet-

fish. Aulorhynchns flavidns lives on the coast of California

and Aidichthys japonicus in Japan. The extinct family of Pro-

tosyngnathida: is near Aulorhynchns, with the snout tubular, the

ribs free, not anchylosed as in Aulorhynchns, and with the first

vertebrae fused, forming one large one as in Aulostomus. Proto-

syngnathns snmatrensis occurs in Sumatra. Protaulopsis bolcensis

of the Eocene of Italy has the ventral fins farther back, and is

probably more primitive than the sticklebacks.

Cornet-fishes : Fistulariidae.— Closely related to the stickle-

backs so far as structure is concerned is a family of very dif-

ferent habit, the cornet-fishes, or cornetas {Fistnlariidce). In

these fishes the body is very long and slender, like that of a

garfish. The snout is produced into a very long tube, which

bears the short jaws at the end. The teeth are very small.

There are no scales, but bony plates are sunk in the skin. The
ventrals are abdominal, each with a spine and four rays. The
four anterior vertebrae are very much elongate. There are

no spines in the dorsal and the backbone extends through the

forked caudal, ending in a long filament. The cornet-fishes

are dull red or dull green in color. They reach a length of

two or three feet, and the four or five known species are widely

distributed through the warm seas, where they swim in shallow

water near the surface. Fistularia tabaccaria, the tobacco-

pipe fish, is common m the West Indies, Fistularia pctiniba,

F. serrata, and others in the Pacific. A fossil cornet-fish of very

small size, Fistularia longirostris, is known from the Eocene

of Monte Bolca, near Verona. Fistularia kanigi is recorded

from the Oligoccne of Glarus.

The Trumpet-fishes: Aulostomidae.—The Aulostomidcc , or trum-

pet-fishes are in structure entirely similar to the Fistn-

lariidcB, but the body is band-shaped, compressed, and scaly,

the long snout bearing the feeble jaws at the end. There

are numerous dorsal spines and no filament on the tail.

Aulostomus chinensis (maculatus) is common in the West Indies,

Atilostomus valentini abounds in Polynesia and Asia, where

it is a food-fish of moderate importance. A species of Aulosto-

mus (bolcensis) is found in the Italian Eocene. Allied to it is
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the extinct family Urosphenidce, scaleless, but otherwise similar.

Urosphen dubia occurs in the Eocene at Monte Bolca. Urosphen

Fig. 3.53.—Trumpet-fish, Auloslomtis chinensis (L.) Virginia.

is perhaps the most primitive genus of the whole suborder of

Hemibranchii.

The Snipefishes: Macrorhamphosidae.—Very remarkable fishes

are the snipefishes, or Macrorhamphosidce. In these forms

^

n;
Fig. 354.—Japanese Snipefisli, Macrorhamphosus sagifue Jordan & Starks.

Misaki, Japan.

the snout is still tubular, with the short jaws at the end. The
body is short and deep, partly covered with bony plates. The
dorsal has a very long serrated spine, besides several shorter

ones, and the ventral fins have one spine and five rays.

The snipefish, or woodcock-fish, Macrorhamphosus scolopax,

is rather common on the coasts of Europe, and a very similar

species (M. sagifue) occurs in Japan. The RJiamphosidcB, re-

presented by Rhamphosus, an extinct genus with the ventrals

further forward, are found in the Eocene rocks of Monte
Bolca. Rhamphosus vastrum has minute scales, short dorsal,

and the snout greatly attenuate.

The Shrimp-fishes: Centriscidae.—One of the most extraor-

dinary types of fishes is the small family of CentriscidcB, found

in the East Indies. The back is covered by a transparent

bony cuirass which extends far beyond the short tail, on which

the two dorsal fins are crowded. Anteriorly this cuirass is
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composed of plates which are soldered to the ribs. The small

toothless mouth is at the end of a long snout.

Fio. 355.—Shrimp-fisli, .EoHscus strigatus (Giinthcr). Riu Kiu Islands, Japan.

These little fishes with the transparent carapace look very

much like shrimps. Centriscus sciiiatus (Ampliisile) with the

terminal spine fixed is found in the East Indies, and yEoliscus

strigatus with the terminal spine movable is found in southern

Japan and southwards.

A fossil species, ^-EoHscus hcinrichi, is found in the Oligocene

.-,*'""

Fro. 356.

—

jEoliscus heinrichiHeckfA. Eocene of Carpathia. VarsAXy Centriscida.

(After Heckel.)

of various parts of Europe, and Centriscus longirostris occurs

in the Eocene of Monte Bolca.

In the CentriscidcB and Macrorhamphosida the expansions

of tlie hypocoracoid called infraclavicles are not developed.

The Lophobranchs.— The suborder Lophobranchii {Xo(p6?,

tuft; ^payx'k, gill) is certainly an offshoot from the Hcini-

branchii and belongs likewise among the forms transitional

from soft to spiny-rayed fishes. At the same time it is a

degenerate group, and in its modifications it turns directly

away from the general line of specialization.

The chief characters are fovmd in the reduction of the gills

to small lobate tufts attached to rudimentary gill-arches. The

so-called infraclavicles are present, as in most of the Hcmi-

branchii. Bony plates tmited to form rings take the place of

scales. The long tubular snout bears the short toothless jaws at

the end. The preopercle is absent, and the ventrals are seven-

rayed or wanting. The species knowTi as pipefishes and sea-horses

are all very small and none have any economic value. They are
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numerous in all warm seas, mostly living in shallow bays among
seaweed and eel-grass. The muscular system is little developed

and all the species have the curious habit of carrying the eggs

until hatched in a pouch of skin under the belly or tail ; this

structure is usually found in the male.

The Solenostomidae.— The SolenostomidcE of the East Indies

are the most primitive of these fishes. They have the body
rather short and provided with spinous dorsal, and ventral

fins. The pretty species are occasionally swept northward to

Japan in the Black Current. Solenostomus cyanopterus is a

characteristic species. Solenorhynchiis elegans, now extinct

(with the trunk more elongate), preceded Solenostotmis in the

Eocene of Monte Bolca.

The Pipefishes: Syngnathidse.—The Syngnathidce are very long

and slender fishes, with neither spinous dorsal, nor ventral

fins, the body covered by bony rings. Of the pipefish,

Syngnathus, there are very many species on all northern coasts.

Syiignatluts actis is common in Europe, Syngnathiis fuscum

along the New England coast, Syngnathus californiense in

California, and Syngnathus schlegeli in Japan. Numerous
other species of Syngnathus and other genera are found further

south in the same regions. Corythroichthys is characteristic

of coral reefs and Microphis of the streams of the islands of

Polynesia. In general, the more northerly species have the

greater number of vertebrse and of bony rings. Tiphle tiphle

is a large pipefish of the Mediterranean. This species was

preceded by Tiphle albyi {Siphonostoma) in the Miocene of

Sicily. Other pipefishes, referred to as Syngnathus and Cala-

inostoma, are found as fossils in Tertiary rocks.

The Sea-horses: Hippocampus.—Both fossil and recent forms

constitute a direct line of connection from the pipe-fishes to the

sea-horses. In the latter the head has the form of the head

of a horse. It is bent at right angles to the body like the head

of a knight at chess. There is no caudal fin, and the tail in

typical species is coiled and can hardly be straightened out.

Calamostoma of the Eocene, Gasterotokeus of Polynesia, and

Acentronura of Japan are forms which connect the true sea-

horses with the pipefish. Gasterotokeus has the long head

and slender body of the pipefish, with the prehensile finless
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tail of a sea-horse. Most of the living species of the sea-horse

belong to the genus Hippocampus. These little creatures

have the egg-sac of the male under

the abdomen. They range from
two inches to a foot in length and
some of the many species may be
found in abundance in every warm
sea. Some cling by the tails to

floating seaweed and are swept to

great distances ; others cling to eel-

grass and live very near the shore.

The commonest European species

is Hippocampus hippocampus. Most

abundant on our Atlantic coast is

Hippocampus hudsoniiis. Hippo-

campus coronatus is most common,
in Japan. The largest species, ten

inches long, are Hippocampus i)i-

gens of Lower California and kel-

loggi in Japan. Many species, es-

pecially of the smaller ones, have

the spines of the bony plates of the

body ending in fleshy flaps. These

are sometimes so enlarged as to

simulate leaves of seaweed, thus

serving for the etlicient protection

of the species. These flaps are

developed to an extreme degree in

Phyllopteryx eques, a pipehsh of the East Indies.

No fossil sea-horses are known.

The following account of the breeding-habits of our smallest

sea-horse {Hippocampus zostercc) was prepared by the writer

for a book of children's stories:

"He was a little bit of a sea-horse and his name was Hippo-

campus. He was not more than an inch long, and he had a

red stripe on the fin on his back, and his head was made of bone

and it had a shape just like a horse's head, but he ran out to a

point at his tail, and his head and his tail were all covered with

bone. He lived in the Grand Lagoon at Pensacola in Florida,

Fig. 308.—Sea-liorse, Hippocampus
huasonius Dekay. Virginia.
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where the water is shallow and warm and there are lots of

seaweeds. So he wound his tail around a stem of seaweed

and hung with his head down, waiting to see what would happen

next, and then he saw another little sea-horse hanging on

another seaweed. And the other sea-horse put out a lot of

little eggs, and the little eggs all lay on the bottom of the sea

at the foot of the seaweed. So Hippocampus crawled down

from the seaweed where he was and gathered up all those little

eggs, and down on the under side of his tail where the skin is

soft he made a long slit for a pocket, and then he stuffed all

the eggs into this pocket and fastened it together and stuck it

with some slime. So he had all the other sea-horse's eggs in

his own pocket.

" Then he went up on the seawrack again and twisted his

tail around it, and hung there with his head down to see what

would happen next. The sun shone down on him, and by and

by all the little eggs began to hatch out, and each one of the

eggs was a little sea-pony, shaped just like a sea-horse. And
when he hung there with his head down he could feel all the

little sea-ponies squirming inside his pocket, and by and by

they squirmed so much that they pushed the pocket open,

and then every one crawled away from him, and he couldn't get

them back, and so he went along with them and watched to

see that nothing should hurt them. And by and by they hung

themselves all up on the seaweeds, and they are hanging there

yet. And so he crawled back to his own piece of seaweed and

twisted his tail around it, and waited to see what would happen

next. And what happened next was just the same thing over

again."

Suborder Hypostomides, the Sea-moths: Pegasidae.—The small

suborder of Hypostomides {vno, below; a-rofun, mouth) con-

sists of the family of Pegasidcc. These "sea-moths" are

fantastic little fishes, probably allied to the sticklebacks, but

wholly unique in form. Tlie slender body is covered with

bony plates, the gill-covers are reduced to a single plate. The
small mouth underneath a long snout has no teeth. The pre-

opercle and the symplectic are both wanting. The ventrals

are abdominal, formed of two rays, and the very large pec-

toral fin is placed horizontally like a great wing.
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The species, few in number, known as sea-moths and sea-

dragons, rarely exceed four inches in length. They are found

Fig 359 —Sea-moth, Zahses umitengu Jordan & Snyder. Misaki, Japan.
(View from below.)

in the East Indies and drift with the ctirrents northward to

Japan. The genera are Pegasus, Parapegasiis^ and Zalises.

The best-known species are Zalises draconis and Pegasus voli-

tans.

No fossil species of Pegasidce are known.



CHAPTER XXIX

SALMOPERC^ AND OTHER TRANSITIONAL
GROUPS

UBORDER Salmopercae, the Trout-perches: Percopsidae.

—More ancient than the Hemibranchii, and still more

distinctly in the line of transition from soft-rayed to

spiny-rayed fishes, is the small suborder of Salmopercce. This

is characterized by the presence of the adipose fin of the salmon,

Fig. 860.—Sand-roller, Pecropsis gultatus Agassiz. Okoboji Lake, la.

in connection with the mouth, scales, and fin-spines of a perch.

The premaxillary forms the entire edge of the upper jaw, the

maxillary being without teeth. The air-bladder retains a

rudimentary duct. The bones of the head are full of mucous
cavities, as in the European perch called Gymnocephalus and

Acerina. There are two spines in the dorsal and one or two

in the anal, while the abdominal ventrals have each a spine and

eight rays. Two species only are known among living fishes,

these emphasizing more perfectly than any other known forms

the close relation really existing between spinous and soft-

rayed forms. The single family of Percopsidce would seem to

find its place in Cretaceous rocks rather than in the waters of

to-day.
456



Salmopercs and Other Transitional Groups 457

Percopsts guttata, the trout-perch or sand-roller of the Great
Lakes, is a pale translucent fish with dark spots, reaching a
length of six inches. It abounds in the Great Lakes and their

tributaries and is occasionally found in the Delaware, Ohio,

Fig. 361 —Oregon Trout-perch, Columbia transmontana Eigenmann. Umatilla
River, Oregon.

Kansas, and other rivers and northwestward as far as Medi-

cine Hat on the Saskatchewan. It is easily taken with a hook
from the piers at Chicago.

Columbia transmontana is another little fish of similar type,

but rougher and more distinctly perch-like. It is found in

sandy or weedy lagoons throughout the lower basin of the

Columbia, where it was first noticed by Dr. Eigenmann in 1892.

Fig. -Erismatopterus endlicheri Cope. Green River Eocene. (After Cope.)

From the point of view of structure and classification, this

lett-over form is one of the most remarkable of American fishes.

Erismatopteridae.—Here should perhaps be placed the family of

Erismatopteridw, represented by Erismatopterus levatus and other

species of the Green River Eocene shales. In Erismatopterus the
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short dorsal has two or three spines, there are two or three
spines in the anal, and the abdominal ventrals are opposite
the dorsal. Allied to Eris-

matopterus is Amphiplaga of

the same deposits.

We cannot, however, feel

sure that these extinct frag-

ments, however well preserved,

belonged to fishes having an

adipose fin. Among spiny-

rayed fishes the Percopsidw

alone retain this character, and

the real affinities of Erisma-

topteriis may be with Aphredo-

deridm and other percoid

forms.

The relations of the extinct

family of Astneopidce are also

still uncertain. This group

comprises fresh-water fishes

said to be allied to the Aphre-

doderidcB, but with the pelvic

bones not forked. Asineops

pauciradiata, squamijrons and

viridensis are described from

the Green River shales. With
Erismatopterus all these fishes

may belong to the suborder

of Salmoperccr, but, as above

stated, the possession of the adipose fin, the most characteristic

trait of the Salmoperccr, cannot be verified in the fossil remains.

Suborder Selenichthyes, the Opahs : Lamprididae.—We may bring

together as constituting another suborder certain forms of uncer-

tain relationship, but which seem to be transitional between

deep-bodied extinct Ganoids and the forms allied to Platax,

Zeus, and Antigonia. The name oi Selenichthyes {crtjXt'/vti, moon;

ixOvi, fish) is suggested by Boulenger for the group of opahs,

or moonfishes. These are characterized by the highly com-

pressed body, the great development of a large hypocora-

'/

Fio ~- ulder-girdle of the Opah,
Lampns guttatus (Hriinnicli), showing
the enlarged infraclavicle. (.\fter

Boulenger.)
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coid, and especially by the structure of the ventral fins,

which are composed of about fifteen rays instead of the one

spine and five rays characteristic of the specialized perch-

like fishes. The living forms of this type are further char-

acterized by the partial or total absence of the spinous

dorsal, by the small oblique mouth, and the prominence of

the ventral curv^e of the body. A thorough study of the

osteology of these forms living and fossil will be necessary

before the group can be properly defined. The large bone

above mentioned was at first considered by Boulenger as

the interclavicle or infraclavicle, the hypocoracoid being re-

garded by him as displaced, lying with the actinosts. But it

is certain, from the studies of Mr. Starks, that this bone is the

real hypocoracoid, which in this case is simply exaggerated in

size, but placed as in ordinary fishes.

The single living family, Lamprididcs, contains but one species,

Lampris giUtatus, known as opah, moonfish, mariposa, cravo,

Jerusalem haddock, or San Pedro fish. This species reaches a

length of six feet and a weight cf 500 to 600 pounds. Fig. 84

is taken from a photograph of an example weighing 3 1 7 j pounds

taken near Honolulu by Mr. E. L. Bemdt. The body is almost

as deep as long, plump and smooth, without scales or bony
plates. The vertebras are forty-five in number, and the large

ventrals contain about fifteen rays. The dorsal is without

spines, the small mouth without teeth. The color is a "rich

brocade of silver and lilac, rosy on the belly, everyrvhere with

round silvery spots." The head and back have ultramarine

tints, the jaws and fins are vermilion. On a drawing of this

fish made at Sable Island in 1856, Mr. James Farquhar wrote

(to Dr. J. Bernard Gilpin): "Just imagine the body, a beau-

tiful silver interspersed with spots of a lighter color about the

size of sixpence, the eyes very large and brilliant, with a golden

ring around them. You will then have some idea of the splen-

did appearance of the fish when fresh. If Caligvda had seen

them I might have realized a fortune."

The skeleton of the opah is very firm and hea\y. The
flesh is of varying shades of saknon-red, tender, oily, and of

a rich, exquisite flavor scarcely surpassed by any other fish

whatsoever.
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The opah is a rare fish, swimming slowly near the surface and
ranging very widely in all the warm seas. It was first noticed

in Norway by Gunner, the good bishop of Throndhjem, about

1780. It was soon after recorded from Elsinore, Torbay, and

Madeira, and is occasionally taken in various places in Europe.

It is also recorded from Newfoundland, Sable Island, Cuba,

Monterey, San Pedro Point (near San Francisco), Santa Cata-

lina, Honolulu, and Japan.

The specimen studied by the writer came ashore at Mon-
terey in an injured condition, having been worsted in a struggle

with some better-armed fish.

Allied to Lampris is the imposing extinct species knoT;\Ti as

Semiophonts velifer from the Eocene of Monte Bolca near \'e-

rona, the type of the extinct family of Semiophorida. This is

a deep compressed fish, with very high spinous dorsal and

very long, many-rayed ventrals. Other related species are

known also from the Eocene. There is no evidence of any

close relation between these fishes with Caranx or Platax, with

which Woodward associates Semiophortis.

The Semiophorida; differ from the Lamprididcc chiefly in the

development of the spinous dorsal fin, which is composed of

many slender rays.

Suborder Zeoidea.— Not far from the Selenichthyes and

the Berycoidei we may place the singular group of John

Dories, or zeoid fishes. These have the ventral fins thoracic

and many-rayed, the dorsal fin provided with spines, and the

post-temporal, as in the Chwtodontidce, fused with the skull.

Dr. Boulenger calls attention to the close relation of these

fishes to the flounders, and suggests the possible derivation of

both from a synthetic tj^^e, the Amphistiidce, found in the

European Eocene. The Amphistiidce, Zeidce, and flounders

are united by him to form the group or suborder Zeorhoiubi,

characterized by the thoracic ventrals, which have the rays

not I, 5 in number, by the progressive degeneration of the fin-

spines and the progressive twisting of the cranium, bringing

the two eyes to the same side of the head. It is not certain

that the flotmders are really derived from Zeus-like fishes, but

no other guess as to their origin has more elements of proba-

biUty.



Fig. 364.

—

Semiophorus velifer Volta. Eocene. (After Agassiz, per Zittel.)
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We may, however, regard the Zeoidea on the one hand and
the Heterosoinata on the other as distinct suborders. This is

'Z.^'

Fig. 365 —Amphistium jmradosum Aga&siz. Upper Eocene, (Supposed ancestor
of the flounders). (After lioulenger.)

certain, that the flounders are descended from spiny-rayed

forms and that they have no affinities with the codfishes.

Amphistiidae.—The Amphistiidce, now extinct, are deep-bodied,

compressed fishes, with long, continuous dorsal and anal in which

a few of the anterior rays are simple, slender spines scarcely

differentiated from the soft rays. The form of body and the

structure of the fins are essentially as in the flounders, from which

they differ chiefly by the symmetry of the head, the eyes being

normally placed. Amphistium paradoxum is described by Agas-

siz from the upper Eoceiie. It occurs in Italy and France.

In its dorsal and anal fins there are about twenty-two rays,

the first three or four undivided. The teeth are minute or

absent and there is a high supraoccipital crest.

The John Dories : Zeidse.— The singular family of ZcidcE,

or John Dories, agrees with Cha^todonts in the single char-

acter of the fusion of the post-temporal with the skull. The

species, however, diverge widely in other regards, and their

ventral fins are essentially those of the Berycoids. In all the

species there are seven to nine soft rays in the ventral fins, as

in the Berycoid fishes. Probably the character of the fused
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post temporal has been independently derived. The anterior

vertebrae in Zeus, as in Chcctodon, are closely crowded together.

In the Zeida the spinous dorsal is well developed, the body

naked or with very thin scales, and provided with bony warts

at least around the bases of dorsal and anal fins. The species

are mostly of small size, silvery in color, living in moderate

depths in warm seas. The best-known genus is Zeus, which is

a group of shore-fishes of the waters of Asia and Europe. The

common John Dory (called in Germany Harings-Konig, or

king of the herrings), Zeus fabcr, aboxonds in shallow bays on

the coasts of Europe. It reaches a length of nearly a foot,

and is a striking feature of the markets of southern Europe.

The dorsal spines are high, the mouth large, and on the sides

is a black ring, said by some to be the mark of the thumb of

St. Peter, who is reported to have taken a coin from the mouth
of this species. A black spot on several other species is asso-

ciated with the same legend.

On the coasts of Japan abounds the Matao, or target-fish

{Zeus japonicus), very similar to the European species and

like it in form and color. Zenopsis nebulosa and Zen ilea also

occur on the coasts of Japan. The remaining Zeidce (Cyttns,

Zenopsis, Zenion, etc.) are all rare species occasionally dredged

especially in the Australian region. Zens prisons is recorded

from the Tertiary, and Cyttoides glaronensis from the upper

Eocene of Glavus.

Grammicolepidae.—The Grammicolepidce, represented by a

single species, Grammicolepis brachiusculns, rarely taken off the

coast of Cuba, is related to the Zeidce. It has rough, ridged,

parcliment-like scales deeper than long. The ventrals are

thoracic, with the rays in increased number, as in Zens and

Beryx, witli each of which it suggests affinity.



CHAPTER XXX

BERYCOIDEI

I

HE Berycoid Fishes.— We may place in a separate

order a group of fishes, mostly spiny-rayed, which
appeared earlier in geological time than any other

of the spinous forms, and which in several ways represent the
transition from the isospondylous fishes to those of the type of

the mackerel and perch. In

>^>
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Fig. 367.—Skull of a Berycoid fish, Beryx
splenflens Cuv. & Val., sho\\'ing the or-

bitosphenoid (OS), characteristic of all

Berj'coid fishes.

the berycoid fishes the ventral

fins are always thoracic, the

number of rays almost always

greater than I, 5, and in all

cases an orbitosphenoid bone
is developed in connection

with the septum between the

orbits above. This bone is

found in the Isospondyli and
other primitive fishes, but ac-

cording to the investigations

of Mr. E. C. Starks it is wanting in all percoid and scombroid

forms, as well as in the Haplomi and in all the higher fishes.

This trait may therefore, among thoracic fishes, be held to define

the section or suborder of Berycoidei.

These fishes, most primitive of the thoracic types, were more
abundant in Cretaceous and Eocene times than now. The
possession of an increased number of soft rays in the ventral

fins is archaic, although in one family, the MonocentridcB, the

number is reduced to three. Most of the living Berycoidei

retain through life the archaic duct to the air-bladder char-

acteristic of most abdominal or soft-rayed fishes. In some

however, the duct is lost. For the first time in the fish series

the nimiber of twenty-four vertebrae appears. In most spiny-
465
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rayed fishes of the tropics, of whatever family, this number is

retained.

In every case spines are present in the dorsal fin, and in

certain cases the development of the spinous dorsal surpasses

that of the most extreme perch-like forms. In geological

times the Berycoids preceded all other perch-like fishes. They
are probably ancestral to all the latter. All the recent species,

in spite of high specialization, retain some archaic characters.

The Alfonsinos: Berycidae.—The typical family, Bcrycidcc, is

composed of fishes of rather deep water, bright scarlet or

black in color, with the body short and compressed, the scales

varying in the different genera. The single dorsal fin has a

few spines in front, and there are no barbels. The suborbi-

tals are not greatly developed.

The species of Beryx, called in Spanish Alfonsino, Beryx

clegans and Beryx decadactyliis, are widely distributed at mod-

FiG. 36S.

—

Beryx splendens Ldwc. Gulf Stream.

erate depths, the same species being recorded from Portugal,

Madeira, Cuba, the Gulf Stream, and Japan. The colors are

very handsome, being scarlet with streaks of white or golden.

These fishes reach the length of a foot or more and are valued

as food where sufficiently common.
Numerous species of Beryx and closely allied genera are

found in all rocks since Cretaceous times; Beryx dalmatictis,

from the Cretaceous of Dalmatia, is perhaps the earliest. Beryx

insculptus is found in New Jersey, but no other Berycoids



Berycoidei ^6j

are yet known as fossils from North America. Sphenocephalus,

with four anal spines, is found in the chalk, as are also species

of Acrogastcr and Pyciiosterinx, these being the earliest of fishes

with distinctly spiny fins.

The Trachichthyidce are deep-sea fishes with short bodies,

cavernous skulls, and rough scales. The dorsal is short, with

a few spines in front. The suborbitals are very broad, often

covering the cheeks, and the anal fin is shorter than the dorsal,

a character which separates these fishes from the BerycidcB, in

-<sA

Fig. 369.

—

Hoplopieryx kioesiensis (Mantell), restored. English Cretaceous
Family Berycidce. (After Woodward.)

which group the anal fin is very long. The belly has often

a serrated edge, and the coloration is red or black, the black

species being softer in body and living in deeper water. Species

of Hoplostethus, notably Hoplosfethiis niediterraneiis, are found

in most seas at a considerable depth. Trachichthys , a genus

scarcely distinguishable from Hoplostethus, is found in various

seas. The genus Paratrachichthys is remarkable for the anterior

position of the vent, much as in Aphrcdoderus . Species occur

in Japan and Australia. Gephyroberyx, with the dorsal fin

notched, is known from Japan {G. japonicus) and Madeira {G.

darwini).

We- may also refer to the Trachichthyidcc certain species

of still deeper waters, black in color and still softer in texture,

with smaller scales which are often peculiar in form. These

constitute the genera Caulolepis, Anoplogaster, Melamphaes,
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and Plectromus. In Caulolepis the jaws are armed with very

strong canines.

AlHed to the TrachichthyidcE are also the fossil genera Hop-

lopteryx and Homonotns. Hoplopteryx lewesiensis, from the

English chalk, is one of the eariiest of the spiny-rayed fishes.

The Soldier-fishes: Holocentridae.— The soldier-fishes {Holo-

centridcs) , also known as squirrel-fishes, Welshmen, soldados,

matajuelos, malau, alehi, etc., are shore fishes very characteristic

Fio. 370 .

—

Paratrachickthys prosthemivs Jordan & Fowler, Misaki, Japan.
Trachichthyidce.

Family

of rocky banks in the tropical seas. In this family the flesh

is firm and the large scales very hard and with very rough

edges. There are eleven spines in the dorsal and four in the

anal, the third being usually very long. The \'entral fins have

one spine and seven soft rays. The whole head and body are

rough with prickles. The coloration is always brilliant, the

ground hue being scarlet or crimson, often with lines or stripes

of white, black, or golden. The fishes are valued as food, and

they furnish a large part of the beauty of coloration so charac-

teristic of the fishes of the coral reefs. The species are active,

pugnacious, carnivorous, but not especially voracious, the

mouth being usually small.

The genus Holocentrus is characterized by the presence of

a large spine on the angle of the preopercle. Its species are
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especially ntunerous, Holocentrus ascenscionis, abundant in

Cuba, ranges northward in the Gulf Stream. Holocentrus

Fig. 371.—Soldier-lish, Holocentrus ascenscio7iis (Osbeck).

suborbtiahs, the mojarra cardenal, is a small, relatively dull

species swarming about the rdcks of western IMexico. Holo-

FiG. 373.—Soldier-fish, Holocentrus ittodai Jordan & Fowler. Riu Kiu Islands,

Japan.

centrus spinosissimus is a characteristic fish of Japan. Many
other species abound throughout Polynesia and the East Indies,

as well as in tropical America. Holocentnis ruber and Holo-
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centrus diadema are common species of Polynesia and the East

Indies. Other abundant species are H. spinifer, H. niicrostomus,

and H. violascens.

Holocentriis marianiis is the marian of the French West

Indies Holocentrus sammara, and related large-mouthed species

occur in Polynesia.

In Myripristis the preopercular spine is wanting and the

air-bladder is divided into two parts, the anterior extending

to the ear. Myripristis jacobus is the brilliantly colored candil,

A - -

Fig. 373.

—

Ostichthys japonxcus (Cuv. & Val.). Giran, Fonnosa.

or "Fr^re Jacques," of the West Indies. Species of Myripris-

tis are kno\\Tn in Hawaii as u-ii. A curious method of catching

Myripristis miirdjan is pursued on the Island of Hawaii.

A living fish is suspended by a cord in front of a reef inhabited

by this species. It remains with scarlet fins spread and glisten-

ing red scales. Its presence is a challenge to other individuals,

who rush out to attack it. These are then drawTi out by a

concealed scoop-net, and a fresh specimen is taken as a decoy.

Myripristis pralinius, M. miiltiradiatus, and other species

occur in Polynesia. Ostichthys is allied to Myripristis but

wath very large rough scales. Ostichthys japonicns is a large

and showy fish of the waters of Japan. Ostichthys pillwaxi



Berycoidei 471

occurs at Honolulu. Holotrachys lima is a small, brick-red fish

with small very rough scales fotmd throughout Polynesia.

Fossil species of Holocentrus, Myripristis, and related extinct

genera occur in the Eocene and Miocene. Holocentrus macro-
cephaliis, from Monte Bolca Eocene, is one of the best known.
Myricanthus leptacanthus from the same region, has very slender

spines in the fins.

The Poljrmixiidae.—The family of Polymixiidw, or barbudos,
is one of the most interesting in Ichthyology from its bewilder-

ing combination of characters belonging to different groups.

With the general aspect of a Berycoid, the ventral rays I, 7,

y-pr"-^:

Fig. 374.—Pine-cone Fish, Monocentris japonicus (Houttuyn). Waka, Japan.

and the single dorsal fin with a few spines, Polymixia has the

scales rather smooth and at the chin are two long barbels which

look remarkably like those of the family of Mullidce or Sur-

mullets. As in the Miillida, there are but four branchiostegals.

In other regards the two groups seem to have little in common.
According to Starks, the specialized feelers at the chin are

different in structure and must have been independently

developed in the two groups. In Polymixia, each barbel is

suspended from the hypohyal ; three rudimentary branchioste-

gals forming its thickened base. In Mullus, each barbel is sus-

pended from the trip of a slender projection of the ceratohyal,

having no connection with the branchiostegals. Polymixia pos-
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sesses the orbitosphenoid bone and is a true berycoid, while

the Miillid<c are genuine percoid fishes.

Four species of Polymixia are recorded from rather deep

water: Polymixia nobilis from Madeira, Polymixia lov-'ci from

the West Indies, Polymixia bentdti from Hawaii, and Poly-

mixia japonica from Japan. -Ml are plainly colored, without

red.

The Pine-cone Fishes: Monocentridae.—Among the most ex-

traordinary of all fishes is the little family of MonocentriJa:,

or pine-cone fishes. Monocentris japotticus, the best-known

species, is common on the coasts of Japan. It reaches the

length of five inches. The body is covered with a coat of mail,

made of rough plates which look as though carelessly put

together. The dorsal spines are ver}'' strong, and each ventral

fin is replaced by a very strong rough spine. The animal fully

justifies the remark of its discoverer, Houttuyn (1782), that

it is " the most remarkable fish which exists." It is dull golden

brown in color, and in movement as sluggish as a trunkfish.

A similar species, called knightfish, Monocentris glorice-maris,

is found in Australia. Xo fossils allied to Monocentris are

known.



CHAPTER XXXI

PERCOMORPHI

UBORDER Percomorphl, the Mackerels axid Perches.

—

We may place in a single suborder the various groups

^ of fishes which cluster about the perches, and the

mackerels. The group is not easily definable and may con-

tain heterogeneous elements. We may, however, arrange

in it, for our present purposes, those spiny-rayed fishes

having the ventral fins thoracic, of one spine and five rays

(the ventral fin occasionally wanting or defective, having a

reduced number of rays), the lower pharyngeal bones separate,

the suborbital chain without backward extension or bony
stay, the post-temporal normally developed and separate from

the cranium, the premaxillarv' and maxillary distinct, the

craniiim itself without orbitosphenoid bone, having a structure

not greatly unlike that of perch or mackerel, and the back-

bone primitively of twenty-four vertebras, the number increased

in arctic, pelagic, or fresh-water offshoots.

The species, comprising the great body of the spiny-rayed

forms, group themselves chiefly about two central families,

the Scombrida;, or mackerels, and the Serranida:, the sea-bass,

with their fresh-water allies, the Percidw, or perch.

The Mackerel Tribe: Scombroidea.—The two groups of Per-

comorphi, the mackerel-like and the perch-like, admit of no

exact definition, as the one fully grades into the other. The
mackerel-like forms, or Scombroidea. as a whole are defined by
their adaptation for swift movement. The profile is sharp an-

teriorly, the tail slender, with widely forked caudal; the scales

are usually small, thin, and smooth, of such a character as not

to produce friction in the water.

In general the external surface is smooth, the skeleton

light and strong, the muscles firm, and the species are camiv-
473
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orous and predaceous. But among the multitude of forms are

many variations, and some of these will seem to be exceptions

to any definition of mackerel-like fishes which could possibly

be framed.

The mackerels, or Sconibroidea, have usually the tail very

slender, composed of ver>' strong bones, with widely forked

fin. In the perch and bass the tail is stout, composed largely

of flesh, the supporting vertebras relatively small and spread out

fan-fashion behind. Neither mackerels nor perch nor any of

their near allies ever have more than five soft rays in the ventral

fins, and the persistence of this number throughout the Per-

comorphi, Sqiiamipinnes, Pharyngognathi, and spiny fishes

generally must be attributed to inheritance from the primitive

perch-like or mackerel-like forms. In almost all the groups

to be considered in this work, after the Berycoidea the ventral

rays are I, 5, or else fewer through degeneration, never more.

In the central or primitive members of most of these groups

there are twenty-four vertebrae, the number increased in cer-

tain forms, probably through repetitive degeneration.

The True Mackerels: Scombridae.— We may first consider

the great central family of ScombridcB, or true mackerels,

distinguished among related families by their swift forms,

smooth scales, metallic coloration, and technically by the

presence of a number of detached finlets behind the dorsal

and anal fins. The cut of the mouth is peculiar, the spines

in the fins are feeble, the muscular system is extremely strong,

the flesh oily, and the air-bladder reduced in size or altogether

wanting. As in most swift-swimming fishes and fishes of

pelagic habit, the vertebrae are numerous and relatively small,

an arrangement which promotes flexibility of body. It is

not likely that this group is the most primitive of the scombroid

fishes. In some respects the Stromateida: stand nearer the

primitive stock. The true mackerels, however, furnish the

most convenient point of departure in reviewing the great

group.

In the genus of true mackerels. Scomber, the dorsal fins

are well separated, the first being rather short, and the scales

of the shoulders are not modified to form a corselet. There

are numerous species, two of them of general interest. The
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common mackerel, Scomber scombrus, is one of the best known
of food-fishes. It is probably confined to the Atlantic, where

on both shores it runs in vast schools, the movements varying

greatly from season to season, the preference being for cool

waters. The female mackerel produces about 500,000 eggs

each year, according to Professor Goode. These are very

minute and each is provided with an oil-globule, which causes

it to float on the surface. About 400,000 barrels of mackerel

are salted yearly by the mackerel fleet of Massachusetts. Single

schools of mackerel, estimated to contain a million barrels,

have been recorded. Captain Harding describes such a school

Fig. 375.—Mackerel, Scomber scombrus L. New York.

as "a windrow of fish half a mile wide and twenty miles

long."

Professor Goode writes:

" Upon the abundance of mackerel depends the welfare of

many thousands of the citizens of Massachusetts and Maine.

The success of the mackerel-fishery is much more uncertain

than that of the cod-fishery, for instance, for the supply of

cod is quite uniform from year to year. The prospects of

each season are eagerly discussed from week to week in

thousands of little circles along the coast, and are chronicled

by the local press. The story of each successful trip is passed

from mouth to mouth, and is a matter of general congratulation

in each fishing community. A review of the results of the

American mackerel-fishery, and of the movements of the fish

in each part of the season, would be an important contribution

to the literature of the American fisheries.

"The mackerel-fishery is peculiarly American, and its history

is full of romance. There are no finer vessels afloat than the
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American mackerel-schooners—yachts of great speed and

unsurpassed for seaworthiness. The modem instruments of

capture are marvels of inventive skill, and require the highest

degree of energy and intelligence on the part of the fisher-

men. The crews of the mackerel-schooners are still for the

most part Americans of the old colonial stock, although the

cod and halibut fisheries are to a great extent given up to

foreigners.

" When the mackerel is caught, trout, bass, and sheeps-

head cannot vanquish him in a gastronomic tournament. In

Holland, to be sure, the mackerel is not prized, and is accused

of tasting like rancid fish-oil, and in England, even, they are

usually lean and dry, like the wretched skeletons which are

brought to market in April and May by the southern fleet,

which goes forth in the early spring from Massachusetts to

intercept the schools as they approach the coasts of Carolina

and Virginia. They are not worthy of the name of mackerel.

Scomber Scombrus is not properly in season until the spawning

time is over, when the schools begin to feed at the surface in

the Gulf of Maine and the 'North Bay.'

"Just from the water, fat enough to broil in its own drip-

pings, or slightly corned in strong brine, caught at night and

eaten in the morning, a mackerel or a bluefish is unsurpass-

able. A well-cured autumn mackerel is perhaps the finest of

all salted fish, but in these days of wholesale capture by the

purse-seine, hasty dressing and careless handling, it is very dif-

ficult to obtain a sweet and sound salt mackerel. Salt mack-

erel may be boiled as well as broiled, and a fresh mackerel

may be cooked in the same manner. Americans will usually

prefer to do without the sauce of fennel and gooseberry which

transatlantic cooks recommend. Fresh and salt, fat and lean,

new or stale, mackerel are consumed by Americans in immense

quantities, as the statistics show, and whatever their state,

always find ready sale."

Smaller, less important, less useful, but far more widely

distributed is the chub-mackerel, or thimble-eyed mackerel.

Scomber japoniciis (Houttuyn, 178.^), usually known by the

later name of Scomber colias (Gmelin, 1788). In this species

the air-bladder (absent in the common mackerel) is moder-

11
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ately developed. It very much resembles the true mackerel,
but is of smaller size, less excellence as a food-fish, and keeps
nearer to the shore. It may be usually distinguished by the
presence of vague, dull-gray spots on the sides, where the true

mackerel is lustrous silvery.

This fish is common in the Mediterranean, along our Atlantic

coast, on the coast of California, and everywhere in Japan.
Scomber antarcticiis is the familiar mackerel of Australia.

Scomber loo, silvery, with round black spots, is the common
mackerel of the South Seas, locally known as Ga.

Scomber priscus is a fossil mackerel from the Eocene.

Aitxis thazard, the frigate mackerel, has the scales of the

shoulders enlarged and somewhat coalescent, forming what is

called a corselet. The species ranges widely through the seas

of the world in great numbers, but very erratic, sometimes

myriads reaching our Eastern coast, then none seen for years.

It is more constant in its visits to Japan and Hawaii. Fossil

species of Auxis are found in the Miocene.

The genus Gymnosarda has the corselet as in Auxis, but the

first dorsal fin is long, extending backward to the base of the

second. Its two species, Gymnosarda pelamis, the Oceanic

bonito, and Gymnosarda alleterata, the little tunny, are found
in all warm seas, being especially abundant in the Mediterra-

nean, about Hawaii and Japan. These are plump fish of mod-
erate size, with very red and very oily flesh.

Closely related to these is the great tunny, or Tuna {Thunnus

thynniis) found in all warm seas and reaching at times a weight

of 1500 pounds. These enormous fishes are much valued by
anglers, a popular "Tuna Club" devoted to the sport of catch-

ing them with a hook having its headquarters at Avalon, on

Santa Catalina Island in California. They are good food,

although the flesh of the large ones is very oily. The name
horse-mackerel is often given to these monsters on the New-

England coast. In California, the Spanish name of tuna has

become current among fisherman.

Very similar to the tuna, but much smaller, is the Albacore

(Gerino alaloiiga). This reaches a weight of fifteen to thirty

pounds, and is known by its very long, almost ribbon-like pec-

toral fins. This species is common in the Mediterranean, and
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about the Santa Barbara Islands, where it runs in great schools

in March. The flesh of the albacore is of little value, unless,

as in Japan, it is eaten raw. The Japanese {Germo macropteriis)

is another large albacore, having the finlets bright yellow. It is

found also at Hawaii and in Southern California.

The bonito (Sarda sarda) wanders far throughout the Atlan-

tic, abounding on our Atlantic coast as in the Mediterranean,

coming inshore in summer to spawn or feed. Its flesh is red

and not very delicate, though it may be reckoned as a fair food-

FlQ. 3Tfl.—The Long-fin Albacore, Germo alahinga (Gmclin). Gulf Stream.

fish. It is often served under the name of " Spanish mackerel

"

to the injury of the reputation of the better fish.

Professor Goode writes:

"One of these fishes is a marvel of beauty and strength.

Every line in its contour is suggestive of swift motion. The

head is shaped like a minie bullet, the jaws fit together so

tightly that a knife-edge could scarcely pass between, the eyes

are hard, smooth, their surfaces on a perfect level with the

adjoining surfaces. The shoulders are heavy and strong, the

contours of the powerful masses of muscle gently and evenly

merging into the straighter lines in which the contour of the

body slopes back to the tail. The dorsal fin is placed in a

groove into which it is received, like the blade of a clasp-knife

in its handle. The pectoral and ventral fins also fit into depres-

sions in the sides of the fish. Above and below, on the pos-

terior third of the body, are placed the little finlets, each a little

rudder with independent motions of its own, by which the

course of the fish may be readily steered. The tail itself is a
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crescent-shaped oar, without flesh, almost without scales, com-
posed of bundles of rays flexible, yet almost as hard as ivory.

A single sweep of this powerful oar doubtless suffices to propel

the bonito a hundred yards, for the polished surfaces of its

body can oft"er little resistance to the water. I have seen a

common dolphin swimming roiond and round a steamship,

advancing at the rate of twelve knots an hour, the effort being

hardly perceptible. The wild duck is said to fly seventy miles

in an hour. Who can calculate the speed of the bonito? It

might be done by the aid of the electrical contrivances by which

is calculated the initial velocity of a projectile. The bonitoes

in our sounds to-day may have been passing Cape Colony or

the Land of Fire day before yesterday."

Another bonito, Sarda chilensis, is common in California

;

in Chile, and in Japan. This species has fewer dorsal spines

than the bonito of the Atlantic, but the same size, coloration,

and flesh. Both are blue, with undulating black stripes along

the side of the back.

The genus Scomberomorus includes mackerels slenderer in

form, with larger teeth, no corselet, and the flesh comparatively

pale and free from oil.

Scomberomorus maciilatus, the Spanish mackerel of the West
Indies, is one of the noblest of food-fishes. Its biography

Fig. 377.—^The Spanish Mackerel, Scomberomorus maculatus (Mitchill). New York.

was written by Mitchill almost a century ago in these

words

:

"A fine and beautiful fish; comes in July."

Goode thus writes of it:

"The Spanish mackerel is surely one of the most graceful
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of fishes. It appeals as scarcely any other can to our love of

beauty, when we look upon it, as shown in Kilboum's well-

known painting, darting like an arrow just shot from the bow,

its burnished sides, silver flecked with gold, thrown into bold

relief by the cool green background of the rippled sea; the

transparent grays, opalescent whites, and glossy blacks of its

trembling fins enhance the metallic splendor of its body, until

it seems to rival the most brilliant of tropical birds. Kilboum
made copies of his large painting on the pearly linings of sea-

shells and produced some wonderful effects by allowing the

natural luster of the mother-of-pearl to show through his trans-

parent pigments and simulate the brilliancy of the life-inspired

hues of the quivering, darting sea-sprite, whose charms even

his potent brush could not properly depict.

" It is a lover of the sun, a fish of tropical nature, which

comes to us only in midsummer, and which disappears with

the approach of cold, to some region not yet explored by ich-

thyologists. It is doubtless very familiar in winter to the

inhabitants of some region adjacent to the waters of the Carib-

bean or the tropical Atlantic, but until this place shall have

been discovered it is more satisfactory to suppose that with

the bluefish and the mackerel it inhabits that hypothetical

winter resort to which we send the migratory fishes whose

habits we do not understand—the middle strata of the ocean,

the floating beds of Sargassum, which drift hither and thither

under the alternate promptings of the Gulf-stream currents

and the winter winds."

The Spanish mackerel swims at the surface in moderate

schools and is caught in abundance from Cape May south-

ward. Its white flesh is most delicious, when properly grilled,

and Spanish mackerel, like pampano, should be cooked in

no other way.

A very similar species, Scomberomonis sierra, occurs on the

west coast of Mexico. For some reason it is little valued as

food by the Mexicans. In California, the Monterey Spanish

mackerel (Scomberomonis concolor) is equally excellent as a

food-fish. This fish lacks the spots characteristic of most

of its relatives. It was first found in the Bay of Monterey,

especially at Santa Cruz and Soquel, in abundance in the autumn
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of 1879 and 1880. It has not, so far as is knowTi, been seen

since, nor is the species recorded from any other coast.

The true Spanish mackerel has round, bronze-black spots

upon its sides. Almost exactly like it in appearance is the

pintado, or sierra (Scouibcroinonis rcgalis), but in this species

the spots are oblong in form. The pintado abounds in the

West Indies. Its flesh is less delicate than that of the more
true Spanish mackerel. The name sierra, saw, commonly
applied to these fishes by Spanish-speaking people, has been

corrupted into cero in some books on angling.

Still other Spanish mackerel of several species occur on

the coasts of India, Chile, and Japan.

The great kingfish, or cavalla (Scomberomorus cavalla), is

a huge Spanish mackerel of Cuba and the "West Indies, reaching

a weight of 100 pounds. It is dark iron-gray in color, one

of the best of food-fishes, and is unspotted, and its firm, rich

flesh resembles that of the barracuda.

Still larger is the great guahu, or peto, an immense sharp-

nosed, swift-swimming mackerel found in the East and West

Indies, as well as in Polynesia, reaching a length of six feet

and a weight of more than a hundred pounds. Its large

knife-like teeth are serrated on the edge and the color is

almost black. Acanthocybium soLvidri is the species found in

Hawaii and Japan. The American Acanthocybium petus,

occasionally also taken in the Mediterranean, may be the

same species.

Fossil Spanish mackerels, tunnies, and albacores, as well

as representatives of related genera now extinct, abound in

the Eocene and Miocene, especially in northern Italy. Among
them are Scomber antiquiis from the Miocene, Scombrinus

macropomiis from the Eocene London clays, much like Scomber,

but with stronger teeth, SphyrcBnodiis priscns from the same

deposits, the teeth still larger, Scombramphodon crossidens,

from the same deposits, also with strong teeth, like those of

Scomberomorus. Scomberomorus is the best represented of

all the genera as fossil, Scomberomorus speciosus and numerous

other species occurring in the Eocene. A fossil species of

Germo, G. lanceolatus, occurs at Monte Bolca in Eocene rocks.

Another tunny, with very small teeth is Eothynnus salmonens.
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from the lower Eocene near London. Several other tunny-

like fishes occur in the lower Tertiary.

The Escolars: Gempylidae.—More predaceous than the mack-

erels and tunnies are the pelagic mackerels, Gempylida:, known

as escolars ("scholars"), ^vith the body almost band-shaped

and the teeth very large and sharp. Some of these, from

the ocean depths, are violet-black in color, those near the

surface being silvery. Escolar violaceus lives in the abysses

of the Gulf Stream. Ruvettns prctiosiis, the black escolar,

lives in more moderate depths and is often taken in Cuba,

Madeira, Hawaii, and Japan. It is a very large fish, black,

with very rough scales. The flesh is white, soft, and full of

oil; sometimes rated very high, and at other times too rank

to be edible. The name escolar means scholar in Spanish, but

its root meaning, as applied to this fish, comes from a word

meaning to scour, in allusion to the very rough scales.

Promethichthys promcthcns, the rabbit-fish, or conejo, so-

called from its wariness, is caught in the same regions, being

especially common about I\Iadeira and Hawaii. Gempyltis

serpens, the snake-mackerel, is a still slenderer and more voracious

fish of the open seas. Thyrsitcs atnn is the Australian "barra-

cuda," a valued food-fish, voracious and predaceous.

Scabbard- and Cutlass-fishes: Lepidopidae and Trichiuridae.

—

The family of Lcpidopidcc, or scabbard-fishes, includes degen-

erate mackerels, band-shaped, with continuous dorsal, fin,

and the long jaws armed with very small teeth. These are

found in the open sea, Lepidopus candatiis being the most

common. This species reaches a length of five or six feet

and comes to different coasts occasionally to deposit its spa^vn.

It lives in warm water and is at once chilled by the least cold;

hence the name of frostfish occasionally applied to it. Several

species of Lepidopus are fossil in the later Tertiary. Lepido-

pus glarisianus occurs in the Swiss Oligocene, and with it

Thyrsitocephalus alpinus, which approaches more nearly to the

Gempylida.

Still more degenerate are the Trichiuridce, or cutlass-fishes,

in which the caudal fin is wanting, the tail ending in a hair-like

filament. The species are bright silvery in color, very slender,

and very voracious, reaching a length of three to five feet.
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Trichinnis leptiiriis is rather common on our Atlantic coast.

The names hairfish and silver-eel, among others, are often given

to it. Tricliiurus japoniciis, a very similar species, is common

Fig. 378.—Cutlass-fish, Trichiurus kpturus Linna>us. St. .\usustine, Fla.

in Japan, and other species inhabit the tropical seas. Tri-

chiurichtliys, a fossil genus with well-developed scales, precedes

Trichiurus in the Miocene.

The Palaeorhynchidae.—The extinct family of Palaorhynchidcs

is found from the Eocene to the Oligocene. It contains very

<
Fig. 379.

—

Palceorhynchus glarisianus Blainville. Oligocene. (After Woodward.)

long and slender fishes, with long jaws and small teeth, the

dorsal fin long and continuous. The species resembles the

Escolar on the one hand and the sailfishes on the other, and

they may prove to be ancestral to the Istiophoridcs. Hemi-

rhynchiis deshayesi with the upper jaw twice as long as the

lower, sword-like, occurs in the Eocene at Paris ; Palaorhynchum

glarisianum, with the jaws both elongate, the lower longest, is

in the Oligocene of Glarus. Several other species of both genera

are recorded.

The Sailfishes: Istiophoridae.—Remotely allied to the cutlass-

fishes and still nearer to the PalcEorhynchidcs is the family of

sailfishes, Istiophoridcc, having the upper jaw prolonged into
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a sword made of consolidated bones. The teeth are very feeble

and the ventral fins reduced to two or three rays. The species

are few in number, of large size, and very bnlhant metallic

coloration, inhabiting the warm seas, moving northward in

summer They are excellent as food, similar to the swordhsh

in this as in many other respects. The species are not well

known, being too large for museum purposes, and no one having

criticallv studied them in the field. Istiophorus has the dorsal

fin very high, like a great sail, and undivided; Istiophorus m-

PTicans is rather common about the Florida Keys, where it

reaches a length of six feet. Its great sail, blue with black

spots is a very striking object. Closely related to this is

Istiophoru* orientalis of Japan and other less known species

of the East Indies.
, ,• -j j

Tetrapturus, the spearfish, has the dorsal fin low and divided

into two parts. Its species are taken in most warm seas,

Tetrapturus imperator throughout the Atlantic, Tetrapturus am-

plus in Cuba, Tetrapturus milsuknrii in Japan and in Southern

California These much resemble swordfish in form and habits,

and thev have been known to strike boats in the same way.

Fossil IstiophoridcB are known only from fragments of the

snout, in Europe and America, referred provisionally to 7.^^,-

phorus. The genus Xiphiorhynchus, fossil swordfishes from the

Eocene, kno^vn from the skull only, may be referred to this

family, as minute teeth are present in the jaws. Xrphrorhyn-

chns priscus is found in the London Eocene.

The Swordfishes: Xiphiid^.- The family of swordfishes,

Xiphiidcc, consists of a single species. Xiphias gladius, of worid-

1

Fig. S80. -Young Swordfish, Xiphias gladius (Linnaeus). CAfter Lutken.)

Wide distribution in the warm seas. The snout in the sword-

fish is still longer, more perfectly consolidated, and a still more

effective weapon of attack. The teeth are wholly wanting,

and there are no ventral fins, while the second of the two fins

on the back is reduced to a slight finlet.
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The swordfish follows the schools of mackerel to the Ke^^
England coasts. "Where you see swordfish, you may know
that mackerel are about," Goode quotes from an old fisherman.
The swordfish swims near the surface, allowing its dorsal fin

to appear, as also the upper lobe of the caudal. It often leaps
out of the water, and none of all the fishes of the sea can swim
more swiftly.

"The pointed head," says Goode, "the fins of the back and
abdomen snugly fitting into grooves, the absence of ventrais,

the long, Hthe, muscular body, sloping slowly to the tail, fit

Fig. 381.—Swordfish, Xiphias gladius (Linnseus). (After Day.)

it for the most rapid and forcible movement through the water.

Prof. Richard Owen, testifying in an England court in regard

to its power, said:

"'It strikes with the accumulated "force of fifteen double-

handed hammers. Its velocity is equal to that of a swivel-shot,

and is as dangerous in its eft'ects as a hea\^ artillery projectile.'

"Many very curious instances are on record of the encotm-

ters of this fish with other fishes, or of their attacks upon ships.

What can be the inducement for it to attack objects so much
larger than itself it is hard to surmise.

" It surely seems as if a temporary insanity sometimes takes

possession of the fish. It is not strange that, when harpooned,

it should retaliate by attacking its assailant. An old sword-

fish fisherman told Mr. Blackford that his vessel had been

struck twenty times. There are, however, many instances of

entirely unprovoked assault on vessels at sea. Many of these

are recounted in a later portion of this memoir. Their move-

ments when feeding are discussed below, as well as their alleged

peculiarities of movement during the breeding season.
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"It is the universal testimony of our fishermen that two

are never seen swimming close together. Capt. Ashby says

that they are always distant from each other at least thirty

or forty feet.

"The pugnacity of the swordfish has become a b\^vord.

Without any special effort on my part numerous instances of

their attacks upon vessels have in the last ten years found their

way into the pigeon-hole labeled 'Swordfish.'"

Swordfishes are common on both shores of the Atlantic

wherever mackerel run. They do not breed on our shores,

but probably do so in the Mediterranean and other warm seas.

They are rare off the California coast, but five records existing

(Anacapa, Santa Barbara, Santa Catalina, San Diego, off Cerros

Island). The WTiter has seen two large individuals in the

market of Yokohama, but it is scarcely known in Japan. As

a food-fish, the swordfish is one of the best, its dark-colored

oily flesh, though a little coarse, making most excellent steaks.

Its average weight on our coast is about 300 pounds, the

maximum 625.

The swordfish undergoes great change in the process of de-

velopment, the very young having the head armed with rough

spines and in nowise resembling the adult.

Fossil swordfishes are unknown, or perhaps cannot be dis-

tinguished from remains of IstiophoridcB.



CHAPTER XXXII

CAVALLAS AND PAMPANOS

( HE Pampanos : Carangidae.—We next take up the great

family of Pampanos, Carangida:, distinguished from

the ScotnhridfS as a whole by the shorter, deeper

body, the fewer and larger vertebrae, and by the loss of the pro-

vision for swift movement in the open sea characteristic of the

mackerels and their immediate allies. A simple mark of the

CarangidcB is the presence of two separate spines in front of

the anal fin. These spines are joined to the fin in the young.

All of the species undergo considerable changes with age, and
almost all are silvery in color with metallic blue on the back.

j\Iost like the true mackerel are the "leather-jackets," or

"runners," forming the genera Scomberoides and Oligoplites.

Scomberoides of the Old World has the body scaly, long, slender,

and fitted for swift motion ; Scomberoides sancti-petri is a widely

diffused species, and others are found in Polynesia. In the

New World genus Oligoplites the scales are reduced to linear

ridges imbedded in the skin at different angles. Oligoplites

smirus is a common dry and bony fish aboimding in the West

Indies and ranging north in summer to Cape Cod.

Naucrates diictor, the pilotfish, or romero, inhabits the

open sea, being taken—everywhere rarely—in Eiorope, the

West Indies, Hawaii, and Japan. It is marked by six black

cross-bands. Its tail has a keel, and it reaches a length of about

two feet. In its development it londergoes considerable change,

its first dorsal fin being finally reduced to disconnected spines.

The amber-fishes, forming the genus Seriola, are rather

robust fishes, with the anal fin much shorter than the soft dor-

sal. The sides of the tail have a low, smooth keel. From a

yellow streak obliquely across the head in some species they

receive their Spanish name of coronado. The species are
487
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numerous, found m all warm seas, of fair quality as food, and

range in length from two to six feet.

Fig. 383.-Pilot-fish. Naucrales duclor (Linna-us). New Bedford. Mass.

Scriola dorsalis is the noted yellow-tail of California valued

by anglers for its game qualities. It comes to the Santa Bar-

FlG. 383.-Amber-fish. ^e.ola Inland. (Cuv . & Val.). Fanuly Carang.d. Wood's

bara Islands in early summer. Senola zouaia is the rudder-

fish or shark's pilot, common on our New England coast. The

banded young, abundant off Cape Cod. lose thexr marks with

^sLla hippos is the "samson-fish" of Australia. Scn-

TlaLi is the great amber-fish of the We^^ Indies occa

sionally venturing farther northward and ^crwla dnn^nU

the atnber-jack. or coronado, of the Mediterranean. The deep

bodied medregal (Scriola fasciata) is also taken m the ^^

Indies, as is also the high-finned Scrrola ;"-^-'-;
ff^^^^

verv similar to these occur in Hawaii and Japan, where they
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are known as Ao, or bluefishes. Seriola lata is fossil in the
mountains of Tuscany.

The runner, Elegatis bipinnulatus, differs from Seriola in

having a finlet behind dorsal and anal. It is found in almost
all warm seas, ranging north once in a while to Long Island.

The mackerel scads (Decapterus) have also a finlet, and on
the posterior part of the body the lateral line is shielded with

bony plates. In size and form these little fishes much resemble

small mackerel, and they are much valued as food wherever
abundant. Decapterus piinclatus, known also as cigar-fish and
round-robin, frequently visits our Atlantic coasts from the West
Indies, where it is abundant. Decapterus russelli is the Marn-
aji, highly valued in Japan for its abundance, while Decapterus

niuroadsi is the Japanese muroaji.

Megalaspis cordyla abounds in the East Indies and Polv-

FiG. 384.—The Saurel, Trachurus trachurus (Linnaeus). Newport, R. I.

nesia. It has many finlets, and the bony plates on the lateral

line are developed to an extraordinary degree.

In Trachurus the finlets are lost and the bony plates extend

the whole length of the lateral line. The species known as

saurel and wrongly called horse-mackerel are closely related

and some of them very widely distributed.

Trachurus trachurus common in Europe, extends to Japan

where it is the abundant maaji. Trachurus mediterraneiis is

common in southern Europe and Trachurus symmetricus in

California. Trachurus picturatus of Madeira is much the same
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as the last named, and there is much question as to the right

names and proper limits of all these species.

In Trachurops the bony plates are lacking on the anterior

half of the body, and there is a peculiar nick and projection

on the lower part of the anterior edge of the shoulder-girdle.

Trachurops crumenophthalma, the goggler, or big-eyed scad,

ranges widely in the open sea and at Hawaii, as the Akiile, is

the most highly valued because most abundant of the migra-

tory fishes. At Samoa it is equally abundant, the name being

here Atiile. Trachurops iorva is the meaji, or big-eyed scad, of

the Japanese, always abundant.

To Caranx, Carangus, and a number of related genera, charac-

terized by the bony armature on the jiarrow caudal peduncle, a

host of species may be referred. These fishes, known as cavallas.

Fio. 385.—Yellow Mackerel, Carangus chrysos (Mitchill). Wood's Hole.

hard-tails, jacks, etc., are broad-bodied, silver}^ or metallic black

in color, and are found in all warm seas. They usually move from

the tropics northward in the fall in search of food and are espe-

cially abundant on our Atlantic coast, in Polynesia, and in Japan.

About the Oceanic Islands they are resident, these being their

chosen spawning-grounds. In Hawaii and Samoa they form a

large part of the food-supply, the ulua {Carangus forsteri) and the

malauli {Carangus melampygus) being among the most valuable

food-fishes, large in size and excellent in flesh, unsurpassed in

fish chowders. Of the American species Carangus chrysos,

called yellow mackerel, is the most abundant, ranging from Cape



Cavallas and Pampanos 401

Cod southward. This is an elongate species of moderate size.

The cavalla, or jiguagua, Carangiis hippos, known by the black

spot on the opercle, with another on the pectoral fin, is a widely

distributed species and one of the largest of the tribe. Another
important food-fish is the horse-eye-jack, or jurel, Carans^us

latus, which is very similar to the species called ulua in the Pacific.

The black jack, or tiiiosa, of Cuba, Carangiis fimebris, is said to be
often poisonous. This is a very large species, black in color,

the sale of which has been long forbidden in the markets of

Havana. The young of different species of Carangiis are often

found taking refuge under the disk of jelly-fishes protected by the

stinging feelers. The species of the genus Carangiis have well-

developed teeth. In the restricted genus of Caranx proper, the

jaws are toothless. Caranx speciosus, golden with dark cross-

bands, is a large food-fish of the Pacific. Citiila armata is another

widely distributed species, with some of the dorsal rays produced

in long filaments.

In Alectis ciliaris, the cobbler-fish, or threadfish, the arma-

ture of the tail is very slight and each fin has some of its rays

drawn out into long threads. In the young these are very

much longer than the body, but with age they wear off and

grow shorter, while the body becomes more elongate. In

Vomer, Selene, and Chloroscomhrus the bony armature of the

tail, feeble in Alectis, by degrees entirely disappears.

Vomer setipinnis, the so-called moonfish, or jorobado, has

the body greatly elevated, compressed, and distorted, while the

fins, growing shorter with age, become finally very low. Selene

vomer, the horse-head-fish, or look-down, is similarly but even

more distorted. The fins, filamentous in the young, grow

shorter with age, as in Vomer and Alectis. The skeleton in these

fishes is essentially like that of Carangiis, the only difference

lying in the compression and distortion of the bones. Cliloro-

sconibrus contains the casabes, or bumpers, thin, dry, com-

pressed fish, of little value as food, the bony armature of the

tail being wholly lost.

To the genus Trachinotns belong the pampanos, broad-

bodied, silvery fishes, toothless when adult, the bodies covered

with small scales and with no bony plates.

The true pampano, Trachinotns carolinus, h one of the
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finest ji all food-fishes, ranking with the Spanish mackerel and

to be cooked in the same way, only by broiling. The flesh is

white, firm, and flaky, with a moderate amount of delicate oil.

It has no especial interest to the angler and it is not abundant

enough to be of great commercial importance, yet few fish

bring or deserve to bring higher prices in the markets of the

Fig. 386.—The Pampano, Trachinotus carolinus (Linnaeus). Wood's Hole.

epicures. The species is most common along our Gulf coast,

ranging northward along the Carolinas as far as Cape Cod.

Pampano in Spanish means the leaf of the grape, from the

broad body of the fish. The spelling "pompano" should there-

fore be discouraged.

The other pampanos, of which there are several in tropical

America and Asia, are little esteemed, the flesh being dry and

relatively flavorless. Trachinotus palometa, the gafftopsail pam-
pano, has very high fins and its sides have four black bands

like the marks of a grill. The rotmd pampano, Trachinotus

falcatus, is common southward, as is also the great pampano,

Trachinotus goodei, which reaches a length of three feet. Trach-

inotus ovatus, a large deep-bodied pampano, is common in

Polynesia and the East Indies. No pampanos are found in

Europe, but a related genus, Lichia, contains species which much
resemble them, but in which the body is more elongate and
the mouth larger.

Numerous fossils are referred to the Caranndcr with more
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or less certainty. Aipichthys pretiosus and other species occur

in the Cretaceous. These are deep-bodied fishes resembhng
Seriola, having the falcate dorsal twice as long as the anal and
the ventral ridge with thickened scales. Vomeropsis {longispina

elongata, etc.), also from the Eocene, with rounded caudal,

the anterior dorsal rays greatly elongate, and the supraoccipital

crest highly developed, probably constitutes with it a distinct

family, VomeropsidcE. Several species referable to Carangus

are found in the Miocene. Archcciis glarisianiis, resembling

Carangus, but without scales so far as known, is found in the

Oligocene of Glarus; Seriola prisca and other species of Seriola

occur in the Eocene; Carangopsis brevis, etc., allied to Caranx,

but with the lateral line unarmed, is recorded from the Eocene

of France and Italy.

Diictor leptosoinus froni the Eocene of Monte Bolca

resembles Naucrates; Trachinotiis tenuiceps is recorded from

Monte Bolca, and a species of uncertain relationship, called

Pseitdovomer minutus, with sixteen caudal vertebras is taken

from the Miocene of Licata.

The Papagallos: Nematistiidae.—\'ery close to the Carangidce,

and especially to the genus Seriola, is the small family of

Nematistiida, containing the papagallo, Nematistiits pectoralis

of the west coast of ]\Iexico. This large and beautiful fish has

the general appearance of an amber-fish, but the dorsal spines

are produced in long filaments. The chief character of the

family is found in the excessive division of the rays of the

pectoral fins.

The Bluefishes: Cheilodipteridae.—Allied to the Carangidce is

the family of bluefishes {Cheilodipteridcc, or PomatomidcB). The

single species Cheilodipterus saltatrix, or Pomatomus saltatrix,

known as the bluefish, is a large, swift, extremely voracious fish,

common throughout most of the warmer parts of the Atlantic,

but very irregularly distributed on the various coasts. Its

distribution is doubtless related to its food. It is more abun-

dant on our Eastern coast than anywhere else, and its chief

food here is the menhaden. The bluefish differs from the

CarangtdcB mainly in its larger scales, and in a slight serration

of the bones of the head. Its flesh is tender and easily torn.

As a food-fish, rich, juicy, and delicate, it has few superiors.
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Its maximum weight is from twelve to twenty pounds, but

most of those taken are much smaller. It is one of the most

voracious of all fish. Concerning this, Professor Baird observes:

"There is no parallel in point of destructiveness to the

bluefish among the marine species on our coast, whatever may
be the case among some of the carnivorous fish of the South

American waters. The bluefish has been well likened to an

animated chopping-machine the business of which is to cut

to pieces and otherwise destroy as many fish as possible in a

Fig. 387.—Bluefish, Cheilodipterus saltatrix (L.). New York.

given space of time. All writers are unanimous in regard to

the destructiveness of the bluefish. Going in large schools

in pursuit of fish not much inferior to themselves in size, they

move along like a pack of himgry wolves, destroying every-

thing before them. Their trail is marked by fragments of fish

and by the stain of blood in the sea, as, where the fish is too

large to be swallowed entire, the hinder portion will be bitten

off and the anterior part allowed to float away or sink. It is

even maintained with great earnestness that such is the glut-

tony of the fish, that when the stomach becomes full the con-

tents are disgorged and then again filled. It is certain that

it kills many more fish than it requires for its own support.

"The youngest fish, equally with the older, perform this

fimction of destruction, and although they occasionally devour

crabs, worms, etc., the bulk of their sustenance throughout

the greater part of the year is deriveil from other fish. Noth-

ing is more common than to find a small bluefish of six or eight

inches in length under a school of minnows making continual

dashes and captures among them. The stomachs of the blue-
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fish of all sizes, with rare exceptions, are found loaded with
the other fish, sometimes to the number of thirty or forty,

either entire or in fragments.

"As already referred to, it must also be borne in mind that

it is not merely the small fry that are thus devoured, and which
it is expected will fall a prey to other animals, but that the food

of the bluefish consists very largely of individuals which have
already passed a large percentage of the chances against their

reaching maturity, many of them, indeed, having arrived at

the period of spawning. To make the case more clear, let us

realize for a moment the number of bluefish that exist on our

coast in the summer season. As far as I can ascertain by the

statistics obtained at the fishing-stations on the New England
coast, as also from the records of the New York markets, kindly

furnished by Middleton & Carman, of the Fulton JMarket, the

capture of bluefish from New Jersey to Monomoy during the

season amounts to no less than one million individuals, aver-

aging five or six pounds each. Those, however, who have

seen the bluefish in his native waters and realized the immense
numbers there existing will be quite willing to admit that

probably not one fish in a thousand is ever taken by man. If,

therefore, we have an actual capture of one million, we may
allow one thousand millions as occurring in the extent of our

coasts referred to, even neglecting the smaller ones, which,

perhaps, should also be taken into account.

"An allowance of ten fish per day to each bluefish is not

excessive, according to the testimony elicited from the fisher-

men and substantiated by the stomachs of those examined;

this gives ten thousand millions of fish destroyed per day. And
as the period of the stay of the bluefish on the New England

coast is at least one hundred and twenty days, we have in

round numbers twelve hundred million millions of fish devoured

in the coixrse of a season. Again, if each bluefish, averaging

five pounds, devours or destroys even half its own weight of

other fish per day (and I am not sure that the estimate of some

witnesses of twice this weight is not more nearly correct), we
will have, during the same period, a daily loss of twenty-five

hundred million pounds, equal to three hundred thousand

millions for the season.
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"This estimate applies to three or four year old fish of at

least three to five pounds in weight. We must, however, allow

for those of smaller size, and a hundred-fold or more in number,

all engaged simultaneously in the butchery referred to.

"We can scarcely conceive of a number so vast; and how-

ever much we may diminish, within reason, the estimate of the

number of bluefish and the average of their capture, there

still remains an appalling aggregate of destruction. While the

smallest bluefish feed upon the diminutive fry, those of which

we have taken account capture fish of large size, many of them,

if not capable of reproduction, being within at least one or

two years of that period.

"It is estimated by very good authority that of the spawn

deposited by any fish at a given time not more than 30 per

cent, are hatched, and that less than 10 per cent, attain an age

when they are able to take care of themselves. As their age

increases the chances of reaching maturity become greater and

greater. It is among the small residuum of this class that the

agency of the bluefish is exercised and whatever reasonable

reduction may be made in our estimate, we cannot doubt that

they exert a material influence.

" The rate of growth of the bluefish is also an evidence of

the immense amount of food they must consume. The young

fish which first appear along the shores of \'ineyard Sound,

about the middle of August, are about five inches in length.

By the beginning of September, however, they have reached

six or seven inches, and on their reappearance in the second

year they measure about twelve or fifteen inches. After this

they increase in a still more rapid ratio. A fish which passes

eastward from \'ineyard Sound in the spring weighing five

pounds is represented, according to the general impression,

by the ten- to fifteen-pound fish of the autumn. If this be the

fact, the fish of three or four pounds which pass along the

coast of North Carolina in March return to it in October weigh-

ing ten to fifteen pounds.
" As already explained, the relationship of these fish to the

other inhabitants of the sea is that of an immitigated butcher;

and it is able to contend successfully with any other species

not superior to itself in size. It is not kno\vn whether an



Cavallas and Pampanos 497

entire school ever unite in an attack upon a particular object of

prey, as is said to be the case with the ferocious fishes of the

South American rivers; should they do so, no animal, however
large, could withstand their onslaught.

" They appear to eat anything that swims of suitable size

—

fish of all kinds, but perhaps more especially the menhaden,

which they seem to follow along the coast, and which they

atack with such ferocity as to drive them on the shore, where

Fig. 388.—Sergeant-fish, Rachyccntron canaJum (Linnseus). Virginia.

they are sometimes piled up in windrows to the depth of a

foot or more."

The Sergeant-fishes: Rachycentridas.— The Rachycentridcs , or

sergeant-fishes, are large, strong, swift, voracious shore fishes,

with large mouths and small teeth, ranging northward from the

warm seas. The dorsal spines are short and stout, separate

from the fin, and the body is almost cylindrical, somewhat like

that of the pike.

Rachycentron canadum, called cobia, crab-eater, snooks, or

sergeant-fish, reaches a length of about five feet. The last

name is supposed to allude to the black stripe along its side,

like the stripe on a sergeant's trousers. It is rather common
in summer along our Atlantic coast as far as Cape Cod, espe-

cially in Chesapeake Bay. RacJiycentron pondicerrianmn, equally

voracious, extends its summer depredations as far as Japan.

The more familiar name for these fishes, Elacate, is of later date

than Rachycentron.

Mr. Prime thus speaks of the crab-eater as a game-fish:

" In shape he may be roughly likened to the great northern

pike, with a similar head, flattened on the forehead. He is

dark green on the back, growing lighter on the sides, but the
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distinguishing characteristic is a broad, dark collar over the

neck, Irom which two black stripes or straps, parting on the

shoulders, extend, one on each side, to the tail. He looks as

if harnessed with a pair of traces, and his behavior on a fly-rod

is that of a wild horse. The first one that I struck, in the

brackish water of Hillsborough River at Tampa, gave me a

hitherto unknown sensation. The tremendous rush was not

unfamiliar, but when the fierce fellow took the top of the water

and went along lashing it with his tail, swift as a bullet, then

descended, and with a short, sharp, electric shock left the line

to come home free, I was for an instant confounded. It was

all over in ten seconds. Nearly every fish that I struck after

this behaved in the same way, and after I had got 'the hang

of them ' I took a great many.''

The Butter-fishes: Stromateidae.— The butter-fishes {Stroma-

teidw) form a large group of small fishes with short, compressed

bodies, smooth scales, feeble spines, the vertebra in increased

number and especially characterized by the presence of a series

of tooth-like processes in the oesophagus behind the pharyn-

geals. The ventral fins present in the yovmg are often lost in

the process of development.

According to Mr. Regan, the pelvic bones are very loosely

attached to the shoulder-girdle as in the extinct genera Platy-

cormiis and Homosoma. This is perhaps a primitive feature,

indicating the line of descent of these fishes from berycoid

forms.

We unite with the Stromataida; the groups or families of

CentrolophidcB and Nomeida, knowing no characters by which

to separate them.

Stromateus fiatola, the fiatola of the Italian fishermen, is an

excellent food-fish of the Mediterranean. Poronoius triacan.

thus, the har\-est-fish, or dollar-fish, of our Atlantic coast, is a

common little silvery fish sLx to ten inches, as bright and almost

as round as a dollar. Its tender oily flesh has an excellent

flavor. Very similar to it is the poppy-fish {Palomeia simillima)

of the sandy shores of California, miscalled the "California

pampano," valued by the San Francisco epicure, who pays

large prices for it supposing it to be pampano, although admit-

ting that the pampano in Xew Orleans has firmer flesh and
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better flavor. The harvest-fish, Peprilus parti, frequently
taken on our Atlantic coast, is known by its very high fins.

Fig. 389 —Harvest-fish, Peprilus paru (Liiinaeus). Virginia.

Stromateoides argenteiis, a much larger fish than any of these,

is a very important species on the coasts of China.

Psenopsis anomala takes the place of our butter-fishes in

Japan, and much resembles them in appearance as in flavor.

To the StromateidcB we also refer the black ruff of Europe,

Centrolophus niger, an interesting deep-sea fish rarely straying

to our coast. Allied to it is the black rudder-fish, Palinnrich-

thys perciformis, common on the Massachusetts coast, where

it is of some value as a food-fish. A specimen in a live-box

once drifted to the coast of Cornwall, where it was taken unin-

jured, though doubtless hungry. Other species of niflf- and
rudder-fish are recorded from various coasts.

Allied to the Stromateidcc are nximerous fossil forms. Omo-

sonia sachelalmcc and other species occur in the Cretaceous at

Mount Lebanon. Platycormus germanus, with ctenoid scales
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resembling a berycoid, but with the ventral rays I. 5, occurs

in the Upper Cretaceous. Closely related to this is Berycopsis

elcgcins, with smoother scales, from the EngHsh Chalk.

Gobiomorns gronovii (usually called Nomeiis gronovii), the

Portuguese man-of-war-fish, is a neat little fish about three

inches long, common in the Gulf

of Mexico and the Gulf Stream,

where it hides from its enemies

among the poisoned tentacles of

the Portuguese man-of-war.

Under the Portuguese man-of-

war and also in or under large

jelly-fishes several other species

are found, notably Carangiis

medusicola and Pepriliis pani.

Many small species of Psenes,

a related genus, also abound in

the warm currents from tropical

seas.

The Rag-fishes : Icosteidae.—
Allied to the butter-fishes are

the deep-water Icosteidce, fishes

of soft, limp bodies as unre-

sistent as a wet rag, Icosteus

ocnigvtaticus of the California

coast being known as ragfish.

Schedophiliis medusophagus feeds

on medusai and salpa, living on

the surface in the deep seas.

Mr. Ogilby thus speaks of a

specimen taken in Ireland:

" It was the most delicate adult fish I ever handled; within

twenty-four hours after its capture the skin of the belly and

the intestines fell off when it was Hfted, and it felt in the hand

quite soft and boneless." A related species (5. heathi) has been

lately taken by Dr. Charles H. Gilbert at Monterey in California.

The family of Acrotida; contains a single species of large size.

Acrotiis willoHghbyi, allied to Icosteus, but without ventral fins

and with the vertebrae very niimerous. The type, five and one-

FlG. 390.— Portupuese Man-of-wiir

Fish, (iobiomorus yronviii. rainily

Slromateidce.
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quarter feet long, was thrown by a storm on the coast of Wash-
ington, near the Qtiinnault agency.

The family of ZaproridcB contains also a single large species,

Zaprora sileniis, without ventrals, but scaly and firm in sub-

stance. One specimen 2\ feet long was taken at Nanaimo on
Vancouver Island and a smaller one at Victoria.

The Pomfrets: Bramidae.— The Bramidce are broad-bodied

fishes of the open seas, covered with firm adherent scales. The
flesh is firm and the skeleton heavy, the hypercoracoid espe-

cially much dilated. Of the various species the pomfret, or

black bream (Brama rati), is the best known and most widely

diffused. It reaches a length of two to four feet and is sooty black

in color. It is not rare in Europe and has been occasionally

taken at Grand Bank off Newfoundland, at the Bermudas, off

the coast of Washington, on Santa Catalina Island, and in Japan.

It is an excellent food-fish, but is seldom seen unless driven

ashore by storms.

Steinegeria rubescens of the Gulf of Mexico is a little-known

deep-sea fish allied to Brama, but placed by Jordan and Ever-

mann in a distinct family, Steinegenidce.

Closely related to the BramidcB is the small family of Ptera-

clidce, silvery fishes with large firm scales, living near the sur-

face in the ocean currents. In these fishes the ventral fins

are placed well forward, fairly to be called jugular, and the

rays of the dorsal and anal, all inarticulate or spine-like, are

excessively prolonged. The species, none of them well known,

are referred to four genera

—

Pteraclis, Bentenia, Centropholis,

and Velifer. They are occasionally taken in ocean currents,

chiefly about Japan and Madeira.

Fossil forms more or less remotely allied to the BrainidcB are

recorded from the Eocene and Miocene. Among these are Acan-

thonemus, and perhaps Pscudovomer.

The Dolphins: Coryphaenidae.— The dolphins, or dorados

{CoryphmnidcE) , are large, swift sea-fishes, with elongate, com-

pressed bodies, elevated heads, sharp like the cut-water of a

boat, and with the caudal fin very strong. The long dorsal

fin, elevated like a crest on the head, is without spines. The

high forehead characteristic of the dolphin is developed only in

the adult male. The flesh of the dolphin is valued as food.
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Its colors, golden-blue with deep-blue spots, fade rapidly at

death, though the extent of this change has been much exag-

gerated. Similar changes of color occur at death in most bright-

colored fishes, especially in those with thin scales. The common
dolphin, or dorado {Coryphasna hippuriis), is found in all warm

-^••,**Tj,
'^^^'"'''^iiai:^-^''

Fig. 391 —Dolpliin or Dorado, Coryphccna hippurus Linnspus. New York.

seas swimming near the surface, as usual in predator}^ fishes,

and reaches a length of about six feet. The small dolphin,

Coryphccna equisetis, rarely exceeds 2\ feet, and is much more
rare than the preceding, from which the smaller number of

dorsal rays (53 instead of 60) best distinguishes it. Young
dolphins of both species are elongate in form, the crest of the

head not elevated, the physiognomy thus appearing very differ-

ent from that of the adult. Goniognathus coryphcenoides is an

extinct dolphin of the Eocene.

The name dolphin, belonging properly to a group of small

whales or porpoises, the genus Delphinus, has been unfortu-

nately used in connection with this very different animal, which

bears no resemblance to the mammal of the same name.

Other mackerel-like families not closely related to these

occur in the warm seas. The Leiognathida are small, silvery

fishes of the East Indies. Leiognathits argentatus (Eqiiula) is

verj'^ common in the bays of Japan, a small silvery fish of mod-
erate value as food. Gazza minuta, similar, with strong teeth,

abounds farther south. Leiognathiis fasciatnm is common in

Polynesia. A fossil species called Pareqnula albyi occurs in the

Miocene of Licata.

The Kurtidcc are small, short-bodied fishes of the Indian

seas, with some of the ribs immovably fixed between rings
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formed by the ossified cover of the air-bladder and with the
hypocoracoid obsolete. Kurtiis indicus is the principal species.

The Menidse.—Near the Kitrtidce we may perhaps place the
family of Menidce, of one species, Mene maculata, the moon-fish
of the open seas of the East Indies and Japan. This is a small
fish, about a foot long, with the body very closely compressed,

the fins low and the belly, through the extension of the pelvic

bone, a good deal more prominent than the back. The ventral

Fig. 392

—

Mene maculata (Bloch & Scluieider). Family Menidfe. Japan.

fins have the usual number of one spine and five soft rays, a

character which separates Mene widely from Lampris, which

in some ways seems allied to it.

Another species of Menidce is the extinct Gasteronemiis

rhombeiis of the Eocene of Monte Bolca. It has much the same

form, with long pubic bones. The very long ventral fins are,

however, made of one spine and one or two lays. A second

species, Gasteronemiis oblongiis, is recorded from the same rocks.

The Pempheridae.—The Pempheridee, "deep-water catalufas,"

or "magifi, " are rather small deep-bodied fishes, reddish in

color, with very short dorsal, containing a few graduated spines.
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and with a very long anal fin. These inhabit tropical seas at

moderate depths. Pemphcris bears a superficial resemblance to

Fig. 893 —Gasleronemus rhombeus .Vgassiz. (.\licr Woodw.ird.) Menid^.

Bcryx, but, according to Starks, this resemblance is not borne

out by the anatomy. Pempheris mulleri and P. poeyi are found

Fig. 394.—Catalufa de lo Alto, Pempheris mutleri Poey. Havana.

in the West Indies. Pempheris otaitensis and P. mangula range

through Polynesia.
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Very close to the Pempheridce is tlie small family of Batliy-

clupeidcB. These are herring-like fishes, much compressed and

Fig. 395 —Pempheris nyclereutes Jordan & Evermann. Giran, Formosa.

with a duct to the air-bladder. There are but one or two dorsal

spines. The ventrals are of one spine and five rays as in perch,

like fashes, but placed behmd the pectoral fins. This feature-

due to the shortening of the belly, is regarded by Alcock, the

discoverer, as a result of degeneration, and the family was

Fig. 396.—The Louvar, Luvarus imperialis Rafinesque. Family Luvaridse.

(After Day.)

placed by him among the herrings. The persistent air-duct

excludes it from the Percesoces, the normally formed ventrals

from the Berycoidei. If we trust the indications of the skeleton,
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we must place the family with Pemphcris, near the scombroid

fishes.

Luvaridae.—Another singular family is the group of Lonvars,

Lnvaridcc. Luvaris impcrialis. The single known species is a large,

plump, voracious fish, with the dorsal and anal rays all un-

branched, and the scales scurf-life over the smooth skin. It is

frequently taken in the Mediterranean, and was found on the

island of Santa Catalina, California, by Mr. C. F. Holden.

The Square-tails: Tetragonuridae.—The Tetragontiridce are \ong-

bodied fishes of a plump or almost squarish form, covered

with hard, firm, very adherent scales. Tetragonnrns ciivieri, the

single species, called square-tail, or escolar de natura, is a

curious fish,' looking as if whittled out of wood, covered witli

a compact armor of bony scales, and swimming very slowly in

deep water. It is known from the open Atlantic and Medi-

terranean and has been once taken at Woods Hole in Massa-

chusetts. According to Mr. C. T. Regan the relations of this

eccentric fish are with the Stromatcidcc and Bramidcc, the skele-

ton being essentially that of Stromateiis, and Boulenger places

both Teiragonurus and Stromateus among the Percesoces.

The Crested Band-fishes: Lophotidae.—The family of Lopho-

tidcE consists of a few species df deep-sea fishes, band-shaped,

naked, with the dorsal of flexible spines beginning as a high

crest on the elevated occiput. The first spine is very strong.

The ventrals are thoracic with the normal number, I, 5, of fin-

rays. Lophotes cepcdianus, the crested bandfish, is occasionally

taken in the Mediterranean in rather deep water. Lophotes

capellei is rarely taken in the deep waters of Japan.

It is thought that the Lophotidce may be related to the

ribbon-fishes, TcBitiosomi, but on the whole they seem nearer

to the highly modified Scombroidei, the Pteraclida; for

example.

In a natural arrangement, we should txom from the Brami-

dce to the AntigoniidcE and the Ilarchidce, then passing over

the series which leads through Chcetodontidcc and Tcnthidw

to the Plcctognaths . It is, however, necessary to include here,

alongside the mackerels, though not closely related to them, the

parallel series of perch-like fishes, which at the end become

also hopelessly entangled, through aberrant forms, with other



Cavallas and Pampanos !;o7

series of which the origin and relations are imperfectly under-

stood . As the relations of forms cannot be expressed in a linear

series, many pages must intervene before we can take up the

supposed line of development from the Scombroid fishes to

those called Squamipinnes,



CHAPTER XXXIII

PERCOIDEA, OR PERCH-LIKE FISHES

'eRCOID Fishes.—We may now take up the long

series of the Percoidea, the fishes built on the type

of the perch or bass. This is a group of fishes of

diverse habits and forms, but on the whole representing better

than any other the typical Acanthopterygian fish. The group

is incapable of foncise definition, or, in general, of any defini-

tion at all; still, most of its members are definitely related

to each other and bear in one way or another a resemblance

to the typical form, the perch, or more strictly to its marine

relatives, the sea-bass, or SerranidcE. The following analysis

gives most of the common characters of the group:

Body usually oblong, covered with scales, which are

typically ctenoid, not smooth nor spinous, and of moderate

size. Lateral line typically present and concurrent with

the back. Head usually compressed laterally and with the

cheeks and opercles scaly. Mouth various, usually terminal

and with lateral cleft; the teeth various, but typically pointed,

arranged in bands on the jaws, and in several families on the

vomer and palatine bones also, as well as on the pharyngeals;

gill-rakers usually sharp, stoutish, armed with teeth, but some-

times short or feeble ; lower pharyngeals almost always separate,

usually armed with cardiform teeth; third upper pharyngeal

moderately enlarged, elongate, not articulated to the cranium,

the fourth typically present
;
gills four, a slit behind the fourth

;

gill membranes free from the isthmus, and usually not con-

nected with each other; pseudobranchise typically well

developed. Branchiostegals few, usually six or seven. No
bony stay connecting the suborbital chain to the preopercle.

Opercular bones all well developed, normal in position; the

preopercle typicallv serrate. No cranial spines. Dorsal fin
50S
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variously developed, but always with some spines in front,

these typically stiff and pungent; anal fin typically short,

usually with three spines, sometimes with a larger number,

rarely with none; caudal fin various, usually lunate; pectoral

fins well developed, inserted high; ventral fins always present,

thoracic, separate, almost always with one spine and five rays,

the Aphrcdoderida; having more, a few Serranidw having fewer.

Air-bladder usually present, wdthout air-duct in adult; simple

and generally adherent to the walls of the abdomen. Stomach
cascal, with pyloric appendages, the intestines short in most

species, long in the herbivorous forms. Vertebral column well

developed, none of the vertebras especially modified, the number
10-1-14 = 24, except in certain extratropical and fresh-water

forms, which retain primitive higher numbers. Shoulder-girdle

normally developed, the post-temporal bifurcate attached to the

skull, but not coossified with it; none of the epipleural bones

attached to the center of the vertebrse; coracoids normal, the

hypercoracoid always with a median foramen, the basal bones of

the pectoral (actinosts or pterygials) normally developed, three or

four in number, hour-glass-shaped, longer than broad; premaxil-

lary fonning the border of the mouth usually protractile ; bones

of the mandible distinct. Orbitosphenoid wanting.

The most archaic of the perch-like types are apparently

some of those of the fresh waters. Among these the process

of evolution has been less rapid. In some groups, as the

Percidcc, the great variability of species is doubtless due to

the recent origin, the characters not being well fixed.

The Pirate-perches : Aphredoderidae.— Among the most re-

markable of the living percoid fishes and probably the most

primitive of all, showing affinities with the SalmoperccB, is the

pirate-perch, Aphredoderus sayanus, a little fish of the low-

land streams of the Mississippi Valley. The family of Aphre-

doderida agrees with the berycoid fishes in scales and structure

of the fins, and Boulenger places it with the Berycidse. Starks

has shown, however, that it lacks the orbitosphenoid, and the

general osteology is that of the perch-like fishes. The dorsal

and anal have a few spines. The thoracic ventrals have one

spine and eight rays. There is no adipose fin and probably no

duct to the air-bladder. A singular trait is found in the posi-
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tion of the vent. In the adult this is in front of the ventral

fins, at the throat. In the young it is behind the ventral fins

Fig. 897.—Pirate Perch, Apliredoderus sayanus (Gilliams). Illinois River.

as in ordinary fishes. With age it moves forward by the pro-

longation of the horizontal part of the intestine or rectum"

The same peculiar position of the vent is found in the berycoid

genus Paratrachichthys.

In the family AphredoderidcB but one species is kijo\\'n,

Aphredoderus sayanus, the pirate-perch. It reaches a length

.^

-m

FiQ 398.—Everglade Pigmy Perch, Elassoma everghdei Jordan. Everglades of

Florida

of five inches and lives in sluggish lowland streams with muddy
bottom from New Jersey and Minnesota to Louisiana. It is
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dull green in color and feeds on insects and worms. It has no
economic value, although extremely interesting in its anatomy
and relationship.

Whether the Asiiieopidcv, fresh-water fishes of the American
Eocene, and the Erismatopteridce, of the same deposits (see page

450) are related to Aphredoderus or to Percopsis is still xincertain.

The Pigmy Sunfishes : Elassomidse.—One of the most primitive

groups is that of Elassoinidcc, or pigmy sunfi-hes. These are

cp-

.

*^ pep'- lirl^"^ chr so
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Fig. 399—Skull of the Rock Bass, Ambloplites rupestris.

very small fishes, less than two inches long, living in the swamps

of the South, resembling the sunfishes, but with the ntmiber of

dorsal spines reduced to from three to five. Elassoina zonatmn

occurs from southern Illinois to Lx)uisiana. Elassoma ever-

gladei abounds in the Everglades of Florida. In both the body
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is oblong and compressed, the color is dull green crossed by
black bars or blotches.

The Sunfishes: Centrarchidae.—The large family of Centrar-

chidce, or snnlishes, is especially characteristic of the rivers of

the eastern United States, where the various species are

inordinately abundant. The body is relatively short and
deep, and the axis passes through the middle so that the back

has much the same outline as the belly. The pseudobranchias

are imperfect, as in many fresh-water fishes, and the head is

feebly armed, the bones being usually without spines or serra-

tures. The colors are often brilliant, the sexes alike, and all

are carnivorous, voracious, and gamy, being excellent as food.

The origin of the group is probably Asiatic, the fresh-water

serranoid of Japan, Bryttosns, resembling in many ways an

American sunfish, and the genus Kulilia cf the Pacific showing

many homologies with the black bass, Micropterus.

Fio. 400 —Crappie, Pomoris annularis Rafinesque. Ohio River.

Crappies and Rock Bass. — Pomoxis annularis, the crappie,

and Pomoxis sparoides, the calico-bass, are handsome fishes,

valued by the angler. These are perhaps the most prim-

itive of the family, and in these species the anal fin is

larger than the dorsal. The flier, or round bass, Cenirarclms

macropterus, with eight anal spines, is abundant in swamps
and lowland ponds of the Southern States. It is a pretty fish,

attractive in the aquarium. Acantharchus pomoiis is the

mud-bass of the Delaware, and Archoplites inierruptus, the
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"perch" of the Sacramento. The latter is a large and gamy
fish, valued as food and interesting as being the only fresh-

FiG. 403. —Rock Bass, Amhloptilcs ri(/;fs/r/s (Rafinesque.) Ecorse, Mich.

water fish of the nature of perch or bass native to the west of

the Rocky Mountains. The niimbers of this species, according

Fig. 408.—Banded Sunfish, Mesogonistius chatodon (Baird). Delaware River.

to Mr. Will S. Green of Colusa, California, have been greatly

reduced by the introduction of the catfish {Amciurns nebnlosus)
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into the Sacramento. The perch eats the young catfish, and
its stomach is torn by their sharp pectoral spines. Another

Fig. 404—Blue-Gill, Lepomis pallidus (Mitchill). Potomac River.

Species of this type is the warmouth {Chcsnobryttus gidosus)

of the ponds of the South, and still more familiar rock-bass

Fig. 405. —Long-eared Sunfish, Lepomis >?iegnlotis (Rafinesque). From Clear
Creek, Bloomington, Indiana. Family Cenlrarchidce.

or redeye (Ambloplites rnpestris) of the more northern lakes

and rivers valued as a game- and food-fish. A very pretty



5i6 Percoidea, or Perch-like Fishes

aquarium fish is the black-banded sunfish, Mesogonistius chccto-

don, of the Delaware, as also the nine-spined sunfish, Enneacan-

thiis gloriosHS, of the coast streams southward. Apomotis cyanel-

Ins, the blue-green sunfish or little redeye, is very widely dis-

tributed from Ohio westward, living in every brook. The dis-

section of this species is given on page 26. To Lepoviis belong

numerous species having the opercle prolonged in a long flap

which is always black in color, often with a border of scarlet or

blue. The yellowbelly of the South (Lepomis auritus), car-like

the showily colored long-eared sunfish {Lepomis megalotis) of the

y/iv-;^

Fig. 406.—Common Sunfish, Kiipomotis gibbosvs (I,inna-us). Root River, Wis.

southwest, figured on page 2, the bluegill (Lepomis pallidus),

abundant everywhere south and west of Xew York, are mem-
bers of this genus. The genus F.ttpomotis difi'ers in its larger

pharjmgeals, which are armed with blunt teeth. The common
sunfish, or punipkinsecd, Enpomotis gihbosits, is the most familiar

representative of the family, abounding everywhere from Min-

nesota to New England, then south to Carolina on the east slope

of the Alleghanies, breeding every^vhere in ponds and in the

eddies of the clear brooks.

The Black Bass.—The black bass (Micropterus) belong to the

same family as the sionfish, differing in the larger size, more

elongate form, and more voracious habit. The two species are
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among the most important of American game-fishes, abounding
in all clear waters east of the Alleghanies and resisting the evils

of civilization far better than the trout.

The small-mouthed black bass, Micropteriis dolomieu, is the

most valuable of the species. Its mouth, although large, is

relatively small, the cleft not extending beyond the eye. The
green coloration is broken in the young by bronze cross-bands.

The species frequents only running streams, preferring clear

and cold waters, and it extends its range from Canada as far

to the southward as such streams can be found. Dr. James A.

Henshall, an accomplished angler, author of the " Book of the

Black Bass," says: "The black bass is eminently an American

fish; he has the faculty of asserting himself and of making
himself completely at home wherever placed. He is pluck}',

game, brave, unyielding to the last when hooked. He has the

arrowy rush and vigor of a trout, the untiring strength and
bold leap of a salmon, while he has a system of fighting tactics

peculiarly his own. I consider him inch for inch and povmd
for pound the gamest fish that swims."

In the same vein Charles Hallock writes: "No doubt the

bass is the appointed successor of the trout; not through heri-

tage, nor selection, nor by interloping, but by foreordination.

Truly, it is sad to contemplate, in the not distant future, the

extinction of a beautiful race of creatures, whose attributes

have been sung by all the poets; but we regard the inevitable

with the same calm philosophy with which the astronomer watches

the burning out of a world, knowing that it will be succeeded

by a new creation. As we mark the soft varitinted flush of

the trout disappear in the eventide, behold the sparkle of the

coming bass, as he leaps in the morning of his glory ! We hardly

know which to admire the most—the velvet livery and the

charming graces of the departing courtier, or the flash of the

armor-plates of the advancing warrior. The bass will unques-

tionably prove himself a worthy substitute for his predecessor

and a candidate for a full legacy of honors.

" No doubt, when every one of the older states shall become

as densely settled as Great Britain itself, and all the rural aspects

of the crowded domain resemble the suburban surroimdings

of our Boston; when ever}^ feature of the pastoral landscape



5 I 8 Percoidea, or Perch-like Fishes

shall wear the finished appearance of European lands, and every

\'erdant field be closely cropped by lawn-mowers and guarded

by hedges, and every purling stream which meanders through

it has its water-bailiff, we shall still have speckled trout from

which the radiant spots have faded, and tasteless fish, to catch

at a dollar a pound (as we already have on Long Island), and

all the appurtenances and appointments of a genuine English

trouting privilege and a genuine English 'outing.'

" In those future days, not long hence to come, some ven-

erable piscator, in whose memory still lingers the joy of fishing,

the brawling stream which tumbled over the rocks in the tangled

wildwood, and moistened the arbutus and the bunchberries

Fig. 407.—Small Mouth Black Bass M>cropleru.< do/omieu Lac^pMe.

which garnished its banks, will totter forth to the velvet edge

of some peacefully flowing stream, and having seated himself

on a convenient point in a revolving easy-chair, placed there

by his careful attendant, cast right and left for the semblance

of sport long dead.
" Hosts of liver-fed fish rush to the signal for their early

morning meal, and from the center of the boil which follows

the fall of the handfuls thrown in my piscator of the ancient

days will hook a two-potmd trout, and play him hither and yon,

from surface to bottom, without disturbing the pampered gour-

mands which are gorging themselves upon the disgusting viands

;

and when he has leisurely brought him to land at last, and the

gillie has scooped him with his landing-net, he will feel in his

capacious pocket for his last trade dollar, and giving his friend

the tip, shuffle back to his house, and lay aside his rod forever."
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The black bass is now introduced into the streams of Europe
and CaHfomia. There is little danger that it will work injury

to the trout, for the black bass prefers limestone streams, and
the trout rarely does well in waters which do not flow over

granite rock or else glacial gravel.

The large-mouth black bass {Microptcriis salmoides) is very

much like the other in appearance. The mouth is larger, in

the adult cleft beyond the eye; the scales are larger, and in

the young there is always a broad black stripe along the sides

and no cross-bands. The two are found in the same region, but

almost never in the same waters, for the large-mouth bass is a

fish of the lakes, ponds, and bayous, always avoiding the swift

currents. The yotuig like to hide among weeds or beneath

lily-pads. From its preference for sluggish waters, its range

extends farther to the southward, as far as the ]\Iexican State

of Tamaulipas.

Plioplarchns is a genus of fossil sunfishes from the Eocene

of South Dakota and Oregon. Plioplarchns sexspinosiis, scp-

tciiispinosiis, and whitci are imperfectly known species.

The Saleles: Kuhliidae.—Much like the sunfishes in anatomy,

though more like the white perch in appearance and habit,

are the members of the little family of Kuhliidcc. These are

active silvery perches of the tropical seas, ponds, and river-

mouths, especially abundant in Polynesia. Kiihlia malo is

the aholehole of the Hawaiians, a silvery fish living in great

numbers in brackish waters. KitJilia riipestris, the salele of the

Samoan rivers, is a large swift fish of the rock pools, in form, color,

and habits remarkably like the black bass. It is silvery bronze

in hue, ever^'where mottled with olive-green. The sesele, Kiililia

marginata, lives with it in the rivers, but is less abundant. The

saboti, Kiihlia tirniura, a large silvery fish with cross-bands on

the caudal fin, lives about lava-rocks in Polynesia from the

Galapagos to Samoa and the East Indies, never entering rivers.

Still other species are found in the rock j)ools and streams of

Japan and southward.

The skeleton in Knhlia is essentially like that of the black

bass, and Dr. Boulenger places the genus with the Ccntrarchidcc.

The True Perches: Percidae.—The great family of PercidcB

includes fresh-water fishes of the northern hemisphere, elon-
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gate in body with the vertebra in increased number and withonly two spmes in the anal fin. About ninety speciesTrerecorded, the vast majority being American. The Iwarf perches
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^^" ^^^^^ °^ «- br?nch"ste:gak IS SLv The anal papilla is likewise developed, as in theGob^.d., to which group the darters bear a considerable superficial resemblance, which, however, indicates no real aSvRelations of Darters to Perches. -The colors of the S/iosonun., or darters, are usually very brilliant, specief ofEtJ^ostoma especially being among the most brilliantly colored

being, as a rule, dull m color and more speckled or barred thanthe males. Most of them prefer clear running water, wherehey lie on the bottom concealed under stones? darting, whenfnghtened or hungry, with great velocity for a short d1;tance.by a_ powerful movement of the fan-shaped pectorals thenstopping as suddenly. They rarely use the caudal f^n in s.S^rnmg. and they are seldom seen floating or moving freely inthe water like most fishes. When at rest they support them-
selves on their expanded ventrals and anal fin. All of them

wither
h'''.'"' '™" ^^'^ ^° ^^^^' ^"^ '"^^y ^-q--t'v Hewith the head ma cur^^ed position or partly on one side of thebody. The species of Ammocrypta, and perhaps some of the

others, prefer a_ sandy bottom, where, by a sudden plungethe fish bunes itself in the sand, and remains quiescent Lhours at a time with only its eyes and snout visible. The
others lurk m stony places, under rocks and weeds. Althoughmore than usually tenacious of vitality, the darters, from theirbottom life, are the first to be disturbed bv impurities in the
water. All the darters are carnivorous, feeding chiefly on the
Jarvas of Diptera, and in their way voracious. All are of small
size; the largest (Percina rex) reaches a length of sLx inches
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while the smallest {Microperca punctulata) is one of the small-

est spiny-rayed fishes known, barely attaining the length of

an inch and a half. In Europe no Ethcostominm are found,

their place being filled by the genera Zingel and Aspro, which

bear a strong resemblance to the American forms, a resemblance

which may be a clew to the origin of the latter.

The Perches.— The European perch, Pcrca fluviatilis, is

placed by Cuvier at the head of the fish series, as representing

in a high degree the traits of a fish without sign of incomplete

development on the one hand or of degradation on the other.

Doubtless the increased number of the vertebrae is the chief

character which would lead us to call in question this time-

honored arrangement. Because, however, the perch has a

relatively degenerate vertebral column, we l^ave used an allied

form, the striped bass, as a fairer type of the perfected spiny-

rayed fish. Certainly the bass represents this type better than

the perch.

But though we may regard the perch as nearest the typically

perfect fish, it is far from being one of the most highly specialized,

for, as we have seen in several cases, a high degree of speciali-

zation of a particular structure is a first step toward its degra-

dation.

The perch of Europe is a common game-fish of the rivers.

The yellow perch of America {Perca flavescois) is very much
Uke it, a little brighter in color, olive and golden with dusky

cross-bands. It frequents quiet streams and ponds from Min-

nesota eastward, then southward east of the Alleghanies. "As
a still-pond fish," says Dr. Charles Conrad Abbott, "if there is

a fair supply of spring-water, they thrive excellently; but the

largest specimens come either from the river or from the inflow-

ing creeks. Deep water of the temperature of ordinary spring-

water, with some cvurent and the bed of the stream at least

partly covered with vegetation, best suits this fish." The
perch is a food-fish of moderate quality. In spite of its beauty

and gaminess, it is little sought for by our anglers, and is much
less valued with us than is the European perch in England.

But Dr. Goode ventures to prophesy that "before many years

the perch will have as many followers as the black bass among
those who fish for pleasure" in the region it inhabits. "A
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fish for the people it is, we will grant, and it is the anglers from
among the people who have neither time nor patience for long

trips nor complicated tackle who will prove its steadfast friends."

The boy values it, according to Thoreau. When he returns

from the mill-pond, he numbers his perch as "real fishes."

" So many unquestionable fish he counts, and so many chubs,

which he counts, then throws away."

In the perch, the oral valves, characteristic of all bony fishes,

are well developed. These structures recently investigated by

Fig. 409.—Yellow Perch, Perca flavescens Mitchill. Potomac River.

Evehm G. Mitchill, form a fold of connective tissue just behind

the premaxillary and before the vomer. They are used in respi-

ration, preventing the forward flow of water as the mouth closes.

Several perch-like fishes are recorded as fossils from the

Miocene.

Allied to the perch, but long, slender, big-mouthed, and

voracious, is the group of pike perches, found in eastern America

and Europe. The wall-eye, or glass-eye {Stizostedion vitrenm), is

the largest of this tribe, reaching a weight of ten to twenty

pounds. It is found throughout the region east of the Mis-

souri in the large streams and ponds, an excellent food-fish,

with white, flaky flesh and in the north a game fish of high

rank. The common names refer to the large glassy eye, con-

cerning which Dr. Goode quotes from some "ardent admirer"

these words: "Look at this beautiful fish, as symmetrical in

form as the salmon. Not a fault in his make-up, not a scale
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disturbed, every fin perfect, tail clean-cut, and his great, big

wall-eyes stand out with that life-like glare so characteristic of

the fish."

Similar to the wall-eye, but much smaller and more trans-

lucent in color, is the sauger, or sand-pike, of the Great Lakes and

Fio. 410.—Sauger, SHzostedion canadense (Smith). Ecorse, Mich

Northern rivers, Stizosiedion canadense. This fish rarely exceeds

fifteen inches in length, and as a food-fish it is of correspond-

ingly less importance.

The pike-perch, or zander, of central Europe, Centroponms

(or Sandrus) lucioperca, is an excellent game-fish, similar to

Fia. 411.—The Asproii, Aspro aspcr (Liniui-u.s). Rhone River. Family Percida.
(.\ftcr Seelye.)

the sauger, but larger, characterized technically by having the

ventral fins gloser together. Another species, Centroponms vol-

gensis, in Russia, looks more like a perch than the other species

do. Sandroscrrns, a fossil pike-perch, occurs in the Pliocene.

Another European fish related to the perch is the river ruff,

or pope, Acerina cernua, which is a small fish with the

form of a perch and with conspicuous mucous cavities in

the skull. It is common throughout the north of Europe
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and especially abtmdant at the confluence of rivers. Gymno-
cephaliis schrcetzer of the Danube has the head still more cav-

ernous. Percarina demidoffi of southern Russia is another

dainty little fish of the general type of the perch. A fossil

genus of this type called Smerdis is numerously represented in

the Miocene and later rocks. The aspron, Aspro asper, is

a species like a darter found lying on the bottoms of swift rivers,

especially the Rhone. The body is elongate, with the paired

fins highly developed. Zingel zingel is found in the Danube
as is also a third species called Aspro streber. In form and
coloration these species greatly resemble the American darters,

and the genus Zingel is, perhaps, the ancestor of the entire

group. Zingel differs from Percina mainly in having seven

instead of six branchiostegals and the pseudobranchice better

Fig. 412.—The Zingel, Zingel zingel (Linnaeus). Danube River. (After Seelye.)

developed. The differences in these and other regards which

distinguish the darters are features of degradation, and they

are also no doubt of relatively recent acquisition. To this

fact we may ascribe the difficulty in finding good generic char-

acters within the group. Sharply defined genera occur where

the intervening types are lost. The darter is one of the very

latest products in the evolution of fishes.

The Darters: Etheostominae.— Of the darters, or etheosto-

mine perches, over fifty species are known, all confined to the

streams of the region bounded by Quebec, Assiniboia, Colo-

rado, and Nuevo Leon. All are small fishes and some of them

minute, and some are the most brilliantly colored of all fresh-

water fishes of any region, the most ornate belonging to the

large genus called Etheostoma. The largest species, the most

primitive because most like the perch, belong to the genus Percina.
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First among the darters because largest in size, most perch-

like in structure, and least degenerate, we place the king darter,

Pcrcina rex of the Roanoke River in Virginia. This species

reaches a length of six inches, is handsomely colored, and looks

like a young wall-eye.

The log-perch, Pcrcina caprodes, is near to this, but a little

smaller, with the body surroimded by black rings alternately

Fig. 413.—Log-perch, Percina caprodes (Rafinesque). Licking Co., Ohio.

large and small. In this widely distributed species, large

enough to take the hook, the air-bladder is present although

small. In the smaller species it vanishes by degrees, and in

proportion as in their habits they cling to the bottom of the

stream.

The genus Hadropteriis includes many handsome species,

most of them with a black lateral band widened at intervals.

Fig. 414.—^Black-sided Darter, Hadropteriis aspro (Cope & Jordan).
Chickaiiiaiiga River.

The black-sided darter, Hadropteriis aspro, is the best-known

species and one of the most elegant of all fishes, abounding in

the clear gravelly streams of the Ohio basin and northwestward.

Hadropteriis evides of the Ohio region is still more brilliant,
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with alternate bands of dark blue-green and orange-red, most
exquisite in their arrangement. In the South, Hadropterus

mgrofasciatits, the cra\vl-a-bottom of the Georgia rivers, is

a heavily built darter, which Vaillant has considered the ances-

tral species of the group. Still more swift in movement and
bright in color are the species of Hypobomus, which flash their

showy hues in the sparkling brooks of the Ozark and the Great

Smoky Moimtains. Hypohonms auraniiacus is the best-known

species.

Diplcsion blcnnioides, the green-sided darter, is the type

of numerous species with short heads, large fins, and coloration

Fig. 41.5 —Green-sided Darter Diplesion blennioides Rafinesque Clinch River.
Family Percidce.

of speckled green and golden. It abounds in the streams of

the Ohio Valley.

The tessellated darters, Boleosoma, are the most plainly

colored of the group and among the smallest; yet in the

Fig. 416.—Tessellated Darter, Boleosoma olmstedi (Storer). Potomac River.

delicacy, wariness, and quaintness of motion they are among
the most interesting, especially in the aquariiun. Boleosoma
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nigrum, the Johnny darter in the West, and Boleosoma olmstedi

in the East are among the commonest species, fotind half hid-

den in the weeds of small brooks, and showing no bright colors,

although the male in the spring has the head, and often the

whole body, jet black.

Crystallaria asprclla, a large species almost transparent,

is occasionally taken in swift currents along the limestone

Fio. 417.—Crystal Darter, Crystallaria aspreUa (Jordan). Wabash River.

banks of the Mississippi. Still more transparent is the small

sand-darter, Ammocrypta pellucida, which lives in the clearest

of waters, concealing itself by plunging into the sand. Its

scales are scantily developed, as befits a fish that chooses this

Fia. 418 —Sand-darter, Ammocrypta clara (Jordan & Meek). Des Moines River.

method of protection, and in the related Ammocrypta bcani of

the streams of the Louisiana pine-woods, the body is almost

naked, as also in loa vitrea, the glassy darter of the pine-woods

of North Carolina.

In the other darters the body is more compressed, the move-
ments less activ^e, the coloration even more brilliant in the

males, which are far more showy than their dull olivaceous

mates.

To Etheostoma nearly half of the species belong, and they
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lorm indeed a royal series of little fishes. Only a few can be
noticed here, but all of them are described in detail and many

Fig. 419.

—

Etheostoma jordani Gilbert. Chestnut Creek, Verbena, Ala.

are figured by Jordan and Evermann (" Fishes of North and
Middle America," Vol. I).

Most beautiful of all fresh-water fishes is the blue-breasted

darter, Etheostoma camurum, red-blue and olive, with red spots,

Fig. 420.—Blue-breasted Darter, Etheostoma camurum (Cope),the most brilliantly

colored of American river fishes. Cumberland Gap, Term.

like a trout. This species lives in clear streams of the Ohio

valle}^ a region perhaps to be regarded as the center of abun-

dance of these fishes.

Very similar is the trout-spotted darter, Etheostoma macu-

latiiin, dusky and red, with round crimson spots. Etheostoma

rufilineatiun of the French Broad is one of the most gaudy of

fishes. Etheostoma australe of Chihuahua ranges farthest south

of all the darters, and Etheostoma borcale of Quebec perhaps

farthest north, though Etheostoma iowa, found from Iowa to the

Saskatchewan, may dispute this honor. Etheostoma cartdeiim.
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the rainbow darter or soldier-fish, with alternate oblique bands

of blue and scarlet, is doubtless the most familiar of the bril-

liantly colored species, as it' is the most abimdant throughout

the Ohio valley.

Etiieostoma fiahcllare, the fan-tailed darter, discovered by

Rafinesque in Kentucky in 181 7, was the first species of the series

made known to science. It has no bright colors, but its move-

ments in water are more active than any of the others, and it

is the most hardy in the aquarium.

Psychromaster tuscumbia abounds in the great limestone

springs of northern Alabama, while Copelandellus quiescens

swarms in the black-water brooks which flow into the Dismal

Swamp and thence southward to the Suwanee. It is a little fish

not very active, its range going farther into the southern lowlands

than any other. Finally, Microperca pnnctidata, the least darter,

is the smallest of all, with fewest spines and dullest colurs, must

specialized in the sense of being least primitive, but at the same

time the most degraded of all the darters.

Xo fossil forms nearly allied to the darters are on record.

The nearest is perhaps Mi'oplosiis labracoides from the Eocene at

Green River, Wyoming. This elongate fish, a foot long, has

the dorsal rays IX-i, 13, and the anal rays II, 13, its scales

finely serrated, and the preopercle coarsely serrated on the

lower limb only. This species, with its numerous congeners

from the Rocky ^lotmtain Eocene, is nearer the true perch

than the darters. Several species related to Perca are also

recorded from the Eocene of England and Germany. A species

called Liicioperca skorpili, allied to Centropomus, is described from

the Oligocene of Bulgaria, besides several other forms imper-

fectly presei-ved, of still more doubtful affinities.



CHAPTER XXXIV

THE BASS AND THEIR RELATIVES

iHE Cardinal-fishes. Apogonidae.—The Apogonida or car-

dinal-fishes are percli-Hke fishes, mostly of small size,

with two distinct short dorsal fins. They are found in

the warm seas, and many of them enter rivers, some even in-

habiting hot springs, ilany of the shore species are bright red

in color, usually with black stripes, bands, or spots. Still others,

however, are olive or silvery, and a few in deeper water are

violet-black.

The species of Apogon are especially numerous, and in

regions where they are abundant, as in Japan, they are much

Fig. 421.—Cardinal-fish, Apogon retroselta Gill. Mazatlan.

valued as food. Apogon miberbis, the "king of the mullet," is

a common red species of southern Europe. Apogon maculatiis

is fotmd in the West Indies. Apogon retrosella is the pretty

"cardenal" of the west coast of Mexico. Apogon lineatus,
531
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semilineatus and other species abound in Japan, and many-

species occur about the islands of Polynesia. Epigontts tele-

scopium is a deep-sea fish of the Mediterranean and Telescopias

and Synagrops are genera of the depths of the Pacific. Pa-

ramia with strong canines is allied to Apogon, and similar in color

and habit.

Allied to Apogon are several small groups often taken as

distinct families. The species of Ambassis {Ambassida) are

little fishes of the rivers and bays of India and Polynesia,

resembling small silvery perch or bass. All these have three

anal spines instead of two as in Apogon. Some of these enter

rivers and several are recorded from hot springs. Scombrops

hoops, the mutsu of Japan, is a valued food-fish found in rather

deep water. It is remarkable for its very strong teeth, although

its flesh is feeble and easily torn. A still larger species in Cuba,

Scombrops oculata, knowTi as Escolar chino, resembles a barra-

cuda. These fishes with fragile bodies and very strong teeth

are placed by Gill in a separate family (Sconibropidw) . Acro-

poma japonicum is a neat little fish of the Japanese coast, with

the vent placed farther forward than in Apogon. It is the

type of the AcropomiJcs, a small family of the Pacific. Eno-

plosus armatus is an Australian fish with high back and fins,

with a rather stately appearance, type of the Enoplosidce. In

his last catalogue of families of fishes Dr. Gill recognizes Scom-

bropidcB and Acropomida as distinct families, but their relation-

ships with Apogon are certainly very close. Many genera

allied to Apogon and Ambaisis occur in Australian rivers.

Se%-eral fossils referred to Apogon {Apogon spinosus, etc.) occur

in the Eocene of Italy and Germany.

The Anomalopidae.—The family of Anomalopida: is a small

group of deep-sea fishes of uncertain relationship, but per-

haps remotely related to Apogon. Auomalops palpebrata is

found in Polynesia and has beneath the eye a large luminous

organ unlike an\i;hing seen elsewhere among fishes.

The Asineopidae. — Another family of doubtful relationship

is tliat (ft Asincopidcs, elsewhere noticed. It is composed of

extinct fresh-water fishes found in the Green River shales. In

Asineops squamifrons the opercles are unarmed, the teeth

villiform, and the dorsal fin undivided, composed of eight or
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nine spines and twelve to fourteen soft rays. The anal spines,

as in Apogon, are two only, and the scales are cycloid.

Fig. 422.

—

Apogon scmilincatus Sfhlcgel. JVIisaki, Japan.

The Robalos : * Oxylabracidae.— The family of Robalos (Oxy-

labracidcB or Centropoimdce) is closely related to the Serranidce,

differing among other things in having the conspicuous lateral

line extended on the caudal fin. These are silvery fishes with

Fig. 423—Hobiilo, Uxylabrax uyidccimalis (Bloch). Florida.

elongate bodies, large scales, a pike-like appearance, the first

dorsal composed of strong spines and the second spine of the

* The European zander is the type of Lacepede's genus Centropomus.

The name Centropomus has been wrongly transferred to the robalo by most

authors.
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anal especially large. They are found in tropical America

only, where they are highly valued as food, the flesh being

like that of the striped bass, white, flaky, and of fine flavor.

The common robalo, or snook, Oxylabrax (or Centropomiis) un-

dccimalis, reaches a weight of fifteen to twenty pounds. It

ranges north as far as Texas. In this species the lateral line

is black. The smaller species, of which several are described,

are known as Robalito or ConstantUio.

The Sea-bass: Serranidae.—The central family of the percoid

fishes is that of the Scrranida, or sea-bass. Of^these about

400 species are recorded, carnivorous fishes found iti all warm
seas, a few ascending the fresh waters. In general, tiie species

are characterized by the presence of twenty-four verjfeebroe and

three anal spines, never more than three. The ffesh-water

species are all more or less archaic and show traits suggesting

the Oxylabracida, Percida, or Centrarchidw, all of which are

doubtless derived from ancestors of Serranidcs. Among the

connecting forms are the perch-like genera Percichthys and

Percilia of the rivers of Chile. These species look much like

perch, but have three anal spines, the number of vertebrae

being thirty-five. Percichthys trucha is the common, trucha, or

trout, of Chilean waters.

Lateolabrax japoniciis, the susuki, or bass, of Japan, is one

of the most valued food-fishes of the Orient, similar in quality to

the robalo, which it much resembles. This genus and the

East Indian Ccnirogenys vjaigiensis approach Oxylabrax in

appearance and structure. Niphon spinosiis, the ara of Japan,

is a very large sea-bass, also of this type. Close to these bass,

marine and fresh water, are the Chinese genus Siniperca and

the Korean genus Coreoperca, several species of which abound

in Oriental rivers. In southern Japan is the rare Bryttosus

kawamebari, a bass in structure, but very closely resembling

the American sunfish, even to the presence of the bright-edged

black ear-spot. There is reason to believe that from some

such form the Ccntrarchida were derived.

Other bass-like fishes occur in Egypt (Lates), Australia

{Percolates, etc.), and southern Africa. Oligortis macquaricnsis

is the great cod of the Australian rivers and Ctenolates ambiguiis

is the yellow belly, while Percolates colonorum is everywhere
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the "perch" in AustraUan rivers. The most important mem-
ber of these transitional types between perch and sea-bass is

the striped bass, or rockfish (Rocciis lineatiis), of the Atlantic

coast of the United States. This large fish, reaching in extreme
cases a weight of 1 1 2 pounds, lives in shallow waters in the sea

and ascends the rivers in spring to spawn. It is olivaceous in

color, the sides golden silvery, with narrow black stripes. About
1880 it was introduced by the United States Fish Commission
into the Sacramento, where it is now very abundant and a

fish of large commercial importance. To the angler the

striped bass is always "a gallant fish and a bold biter," and
Genio Scott places it first among the game-fishes of America.

The white bass (Roccns chrysops) is very similar to it, but

shorter and more compressed, reaching a smaller size. This

fish is abundant in the Great Lakes and the upper Mississippi

as far south as Arkansas.

The yellow bass {Morone interrapta), a coarser and more
brassy fish, replaces it farther south. It is seldom seen above

Cincinnati and St. Louis. The white perch {Morone aiiieri-

cana) is a little fish of the Atlantic seaboard, entering the sea,

but running up all the rivers, remaining contentedly land-

locked in ponds. It is one of the most characteristic fishes

of the coast from Nova Scotia to \''irginia. It is a good pan

fish, takes the hook vigorously, and in a modest way deser\-es

the good-will of the angler who cannot stray far into the moun-
tains. Very close to these American bass is the bass, bars, or

robalo, of southern Europe, Dicentrarchus labrax, a large olive-

colored fish, excellent as food, living in the sea about the mouths

of rivers.

The Jewfishes.—In the warm seas are certain bass of immense

size, reaching a length of six feet or more, and being robust

in form, a weight of 500 or 600 pounds. These are dusky

green in color, thick-headed, rough-scaled, with low fins, vora-

cious disposition, and sluggish movements. In almost all

parts of the world these great bass are called jewfish, but

no reason for this name has ever been suggested. In

habit and value the species are much alike, and the jewfish

of California, Stereolepis gigas, the prize of the Santa Catalina

anglers, may be taken as the type of them all. Closely related
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to this is the Japanese ishinagi, Megaperca ischinagi, the jew-

fish, or stone-bass, of Japan. Another Japanese jewfish is the

Abura bodzu, or "fat priest," Ehisns sagamius. In the \Vest

Indies, as also on the west coast of Mexico, the jewiish, or guasa,

is Promicrops itaiara. The black grouper, Garnipa nigrita,

is the jewfish of Florida. The European jewfish, more often

called wreckfish, or stone-bass, is Polyprion americaniis, and
the equally large Polyprion oxygeneios is found in Australia,

as is also another jewfish, Glaitcosoma Jiebraicimi, the last

belonging to the LntiauiJcv. Largest of all these jewfishes is

Promicrops lanceolata of the South Pacific. This huge bass,

FiL.. 425.—Florida Jewfish, Promicrops itaiara (Liclitcnstciri).

St. John's River, Fla.

according to Dr. Boulenger, sometimes reaches a length of

twelve feet.

Related to the jewfishes are ntunerous smaller fishes. One
of these, the Spanish-flag of Cuba, Goiiioplcctrns hispaniis, is

rose-colored, with golden band? like the flag of Spain itself.

Other species referred to Acanthistius and Plectropoma have,

like this, hooked spines on the lower border of the preopercle.

The Groupers.—In all warm seas abound species of Epinephelus

and related genera, known as sea-bass, groupers, or merous.

They are mostly large voracious fishes with small scales, pale

flesh of fair quality, and from their abundance they are of large

commercial importance. To English-speaking people these fishes

are usually known as grouper, a corruption of the Portuguese

name garrupa. In the West Indies and about Panama there

are very many species, and still others abound in the Mediter-
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rancan, in southern Japan, and throughout Polynesia and

the West Indies. They have very much in common, but differ

in size and color, some being bright red, some gaudily spotted

with red or blue, but most of them are merely mottled green

or brown. In many cases individuals living near shore are

olivaceous, and those of the same species in the depths are

bright crimson or scarlet. We name below a few of the most
pnmiinent species. Even a bare list of all of them would take

Fig. 426.

—

Epinep)u;lus xtrialux (Hloch), Nassau Groupi-r: Cherna criolla.

Family Serranidtt.

many pages. Cephalopholis crneniatiis, the red hind of the

Florida Keys, is one of the smallest and brightest of all of them.

Cephalopholis fiilvits, the blue-spotted guativere of the Cubans,

is called negro-fish, butter-fish, yellow-fish, or redfish, accord-

ing to its color, which varies with the depth. It is red, yellow,

or olive, with many round blue spots. Epinephelus adscen-

scionis, the rock-liind, is spotted everywhere with orange.

Epinephelus guaza is the merou, or giant-bass, of Europe, a

large food-fish of value, rather dull in color. Epinephelus striatus

is the Nassau grouper, or Cherna criolla, common in the West

Indies. Epinephelus macidosus is the cabrilla of Cuba. Epi-

nephelus drummond-hayi, the speckled hind, umber brown, spotted

with lavender, is one of the handsomest of all the groupers.

Epinephelus morio, the red grou]ier, is the commonest of all

these fishes in the American markets. In Asia the species

arc equally numerous, Epinephelus qiiernus of Hawaii and the

red Epinephelus fasciatus of Japan and southward being food-
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fishes of importance. Epinephelus tnerra, Epinephelus gilberti,

and Epinephelus tanvina are among the more common spe-

cies of Polynesia. Epinephelus corallicola, a species profusely

Fig. 427.—John Paw or Speckled Hind, Epinephelus drummond-hayi Goode
Pensacola.

spotted, abounds in the crevices of coral reefs, while Ceph-

olopholis argils and C. leopardus are showy fishes of the deeper

channels. Mycteroperca venenosa, the yellow-finned grouper,

is a large and handsome fish of the coast of Cuba, the flesh

sometimes poisonous; when red in deep water it is known as

Fig. mS—Epinephelus mori,, ( u\itr & Valenciennes), Red Grouper, or Mero.

Family Serranidce

the bonaci cardenal. Mycteroperca bonaci; the bonaci arara

sells in our markets as black grouper. Mycteroperca microlepis
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is commonest along our South Atlantic coast, not reaching
the West Indies, and Mycteroperca rubra, which is never red,
enters the Mediterranean. Mycteroperca falcata is known in
the markets as scamp, and Mycteroperca venadonim is a giant
species from the Venados Islands, near Mazatlan. Diploprion
bifasciatus is a handsome grouper-like fish with two black
cross-bands, found in Japan and India. Variola lonti, red,

with crimson spots and a forked caudal fin, is one of the most
shouy fishes of the equatorial Pacific.

-;;»

iW^'

Fig. 430 —Yellow-fin Grnuppr, Mycteroperca venenosa (Linna'us). Havana.

The small fishes called Vaca in Cuba belong to the genus

Hypoplectriis. Their extraordinary and unexplained variations

in color have been noticed on page 88. The common species

—

blue, orange, green, plain, striated, checkered, or striped

—

bears the name of Hypoplectriis unicolor (Fig. 431).

The Serranos.— In all the species known as jewfish and

grouper, as also in the Oxylabracidce and most Ccntrarchidcr,

the maxillary bone is divided by a lengthwise suture which

sets off a distinct supplemental maxillary. This bone is want-

ing in the remaining species of Serranidce, as it is also in those

forms already noticed which are famiHarly known as bass.

The species without the supplemental maxillary are in general

smaller in size, the canines are on the sides of the jaws instead

of in front, and there is none of the hinged depressible teeth

which are conspicuous in the groupers. The species are abundant

in the Atlantic, but scarcely any are found in Polynesia, and

few in Japan or India.
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Serranus cabrilla is the Cabrilla of the Mediterranean, a

well-known and excellent food-fish, the original type of the

family of Serranida. Scrranellas scriba is the serran, a very

pretty shore-fish of southern Europe, longer kno\\Ti than any

other of the tribe. On the coast of southern California are

also species called Cabrillas, fine, large, food-fish, bass-like in

form, Paralabrax clathratus, and other less common species.

The Cabrillas and their relatives are almost all American, a

few straying across to Europe. One of the most important

in the number is the black sea-bass, or black will, of ottr Atlantic

Fio. 431 —Hypopledrus unicolor nigricans (Poey). Tortugas, Fla.

coast, Ceyitropristcs striatits. This is a common food- and

game-fish, dusky in coloi, gamy, and of fine flesh. The squirrel-

fishes {Diplectrum) and the many serranos (Prionodes) of the

tropics, small bright-colored fishes of the rocks and reefs, must

be passed with a word, as also the small ParaceniroprisHs of

the Mediterranean and the fine red creole-fish of the West

Indies, Paranthias furcifer. In one species, Anyperodon leuco-

grantmicus of Polynesia, there are no teeth on the palatines.

The barber-fish (Anthias anthias) of southern Europe, bright

red and with the lateral line running very high, is the type of

a numerous group found at the lowest fishing level in all warm
seas. All the species of this group are bright red, very hand-
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some, and excellent as food. Hcmianthias vivaniis, known
only from the spewings of the red snapper (Lutianus aya) at

Pensacola, is one of the most brilliant species, red, with golden

streaks. The genus Plesiops consists of small fishes almost

black in color, witli blue spots and other markings, abounding

about the coral reefs. In this genus the lateral line is inter-

rupted and there is some indication of affinity with the Opis-

thognathidic

.

In the soapfishes (Rypticns) the supplemental maxillary

appears again, but in these forms the dorsal fin is rcducetl to

two or three spines and there is none in the anal. Rypticus

saponaceus, so called from the smooth or soapy scales, is the

Fi(5. 433.—^Soapiisli, Ryplicus bislrispinus (Mitchill). Virginia.

best known of the numerous species, which all belong to trop-

ical America. Graministcs, with eight dorsal spines, is a related

form in Polynesia, bright yellow, with numerous black stripes.

Numerous species referred to the Scrramdce occur in the Eocene

and Miocene rocks. Some are related to Epineplielns, others to

RoccHS and Lates. In the Tertiary lignite of Brazil is a species

of Pcrcicliiliys, Pcrcichthys antiqiiiis, with Propcrca beaiiuionti,

which seem to be a primitive form of the bass, allied to

Diccntrarchus. Prolaies heberti of the Cretaceous, one of the

earliest of the series, has the caudal rotmded and is apparently

allied to Lates, as is also the heavily armed Acamts ret^ley-

siaints of the Oligocene. Smerdis minuttis, a small fish from the

Oligoccne, is also related to Lates, which genus with Rocciis and

Diccntrarchus must represent the most primitive of existing

members of this family. Of both Smerdis and Dicentrarchus

(Labrax) numerous species arc recorded, mostly from the Mio-

cene of Europe.
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1 ARCHAMIA I.INEOLATA (EHRENBERG)
2 GRAMMISTES SEXLINEATUS (THUNBERG)
3 PHAROPTERYX MELAS (BLEEKER)

PERCH-LIKE FISHES OF THE CORAL REEFS, SAMOA
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The Flashers: Lobotidae.—The small family of LobotidcB, flash-

ers, or triple-tails, closely resembles the Serranidce, but there

Fig. 434 —Flasher, Lobotes surinamensis (Bloch). Virginia.

are no teeth on vomer or palatines. The three species are

robust fishes, of a large size, of a dark-green color, the front

oart of the head very short. They reach a length of about

Fig. 485 —Cat.ilufa, Priacanthtis arenatiis Cm: & Viil Woofls Hole, Mass.

three feet and are good food-fishes. Lobotes surinamensis

comes northward from the West Indies as far as Cape Cod.
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Lobotes pacifims is found about Panama. Lobotes eraie, com-
mon in India, was taken by the writer at Misaki, Japan.

The Bigeyes: Priacanthidae.—The Cataliifas or bigeyes {Pria-
canthida) are handsome fishes of the tropics, with short,

flattened bodies, rough scales, large eyes, and bright-red color-

ation. The mouth is very oblique, and the anal fin about as
large as the dorsal. The commonest species is Priacanthus
criientatus, widely diffused through the Pacific and also in the
West Indies. This is the noted Aweoweo of the Hawaiians,
which used to come into the bays in myriads at the period of

death of royalty. It is still abtmdant, even after Hawaiian
royalty has passed away.

Pseiidopriacanthus alius is a short, very deep-bodied, and
very rough fish, scarlet in color, occasionally taken along our

coast, driven northward by the Gulf Stream. The yotong fishes

are quite imlike the adult in appearance. Numerous other

species of Priacanthus occur in the Indies and Polynesia.

The H stlopterldae.—Another family with strong spines and
rough scales is the group of Histiopteridcc. Histiopterus typus,

the llatodai, is found in Japan, and is remarkable for its very

deep body and very high spines. Equally remarkable is the

Tengudai, Histiopterus acu tirostris, also Japanese, remarkable

for the long snout and high fins. Both are rare in Japanese

markets. All these are eccentric variations from the perch-

like type.

The Snappers: Lutianidas.—Scarcely less mmierous and varied

than the sea-bass is the great family of Luttamda, known
in America as snappers or pargos. In these fishes the maxillary

slips along its edge into a sheath formed by the broad preor-

bital. In the Serrantda there is no such sheath. In the Luti-

anidw there is no supplemental maxillary, teeth are present

on the vomer and palatines, and in the jaws there are distinct

canines. These fishes of the warm seas are all carnivorous,

voracious, gamy, excellent as food though seldom of fine grain,

the flesh being white and not flaky. About 250 species are

knowTi, and in all warm seas they are abundant.

To the great genus Lutianus most of the species belong. These

are the snappers of our markets and the pargos of the Spanish-

speaking fishermen. The shore species are green in color, mostly
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banded, spotted, or streaked. In deeper water bright-red spe-

cies are found. One of these, Liitiaiius aya, the red snapper or
pargo guachinango of the Gulf of ]\Iexico, is, economically
speaking, the most important of all these fishes in the United
States. It is a large, rather coarse fish, bright red in color,

and it is taken on long lines on rocky reefs chiefly about Pen-
sacola and Tampa in Florida, although similar fisheries exist

on the shores of Yucatan and Brazil.

A related species is the Lutianns analis, the mutton snapper
or pargo criollo of the West Indies. This is one of the staple

\

Fig. 4H8.

—

Lutianus apodus (Walbaum), Schoolmaster or Caji. Family Lutianidm.

fishes of the Havana market, always in demand for banquets

and festivals, because its flesh is never unwholesome. The

mangrove snapper, or gray-snapper, Lutianns griseus, called

in Cuba, Caballerote, is the commonest species on our coasts.

The common name arises from the fact that the young hide

in the mangrove bushes of Florida and Cuba, whence they sally

out in pursuit of sardines and other small fishes. It is a very

wary fish, to be sought with care, hence the name "lawyer,"

sometimes heard in Florida. The cubero {Lutianns cyanop-

terits) is a very large snapper, often rejected as unwholesome,

being said to cause the disease known as ciguatera. Certain

snappers in Polynesia have a similar reputation. The large red

mumea, Lutianns boltar, is regarded as always poisonous in

Samoa—the most dangerous fish of the islands. L. leioglossus is
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also held under suspicion on Tutuila, though other fishes of

this type are regarded as always safe. Other common snappers

Fig. 439.

—

Hoplopagrtis gwUheri Gill. Mazatlan.

of Florida and Cuba are the dog snapper or jocii {Liitianus jocii),

the schoolmaster or caji {Lutianiis apodiis), the black-fin snapper

or sese de lo alto (Lntianns buccanella), the silk snapper or

Fio. 440.—Lane Snapper or Biajaiba, Lutiama synagrCs (Linnjeus). Key West.

pargo de lo alto (Ltiiianus vivanus), the abundant lane snapper

or biajaiba {Lntianns synagris), and the mahogany snapper

*1
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or ojanco {Lutianus niahogani). Numerous other species occur

on both coasts of tropical America, and a vastly larger assem-

blage is found in the East Indies, some of them ranging north-

ward to Japan.

Hoplopagrus giintheri is a large snapper of the west coast

of Mexico, having very large molar teeth in its jaws besides slit-

Fig. 441.—Yellow-tail Snapper, Ocyurus chrysurus (Linnseus). Key West.

like nostrils and other notable peculiarities. From the stand-

point of structure this species, with its eccentric characters

—

is especially interesting. The yellow-tail snapper or rabirubia

{Ocyurus chrysurus) is a handsome and common fish of the

Fig. 442.—Cachucho, Etelis ocvlatiis (I,innaeus). Havana.

West Indies, with long, deeply forked tail, which makes it a

swifter fish than the others. Another red species is the dia-

mond snapper or cagon de lo alto, Rhoinboplites auroruhens.

All these true snappers have the soft fins more or less scaly.
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In certain species that swim more freely in deep waters, these

fins are naked. Among them is the Amillo, Apsilus dentatits,

a pretty brown fish of the West Indies, and its analogue in

Hawaii, Apsilus brighami, red, with golden cross-bands. Aprion

virescens, the Uku of Hawaii, is a large fish of a greenish color

and elongate body, widely diffused throughout Polynesia and

one of the best of food-fishes. A related species is the red

voraz {Aprion macrophthalmus) of the West Indies.

Most beautiful of all the group are the species of Etelis,

with the dorsal fin deeply divided and the head flattened above.

These live in rather deep water about rocky reefs and are fiery

red in color. Best known is the Cuban species, Etelis oculatus,

the cachucho of the markets. Equally abundant and equally

Fig. 443—Xcnon/s jcssiVr Jordan & RoUinan. Family Lviianida.
Galapapos I.xlands.

beautiful are Etelis carbunculus of Polynesia, Etelis evurus of

Hawaii, and other species of the Pacific islands.

Verilus sordidus, the black escolar of Cuba, has the form

of Etelis, but the flesh is very soft and the color violet-black,

indicating its life in very deep water. Numerous small silvery

snappers living near the shore along the coast of western Mexico

belong to the genera called Xenichtliys, Xcnisiius, and Xenocys.

Xenistius californiensis is the commonest of these species,

Xenocys jessicc, the largest in size, with black lines like a striped

bass. To the genus Dentex belongs a large snapper-like fish of
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the Mediterranean, Dentcx dentex. Very many related species

occur in the old world, the prettily colored Nemipterus virgaiiis,

the Itoyori of Japan being one of the best known. Another

interesting fish is Apharciis jurcatiis, a handsome, swift fish of

the open seas occasionally taken in Japan and the East Indies.

Claiicosoma biirgeri is a large snapper of Japan, and a related

species, Glaiicosoma hebraicmn, is one of the " jewfishes " of

Australia. Numerous fossil forms referred to Dentex occur in

the Eocene of Monte Bolca, as also a fish called Ctenodentex

lackenicnsis from the Eocene of Belgium.

The Grunts: Haemulidae.— The large family of Hamulidw,

known in America as grtmters or roncos, is represented with the

Fig. 445 —Grunt, Ha-mtilon plumieri (BIocli). Charleston, S. C.

snappers in all tropical seas. The common names (Spanish,

roncar, to grunt or snore) refer to the noise made either with

their large pharyngeal teeth or with the complex air-bladder.

TheFe fishes differ from the Liitianince mainly in the feebler

detention, there being no canines and no teeth on the vomer.

Most of the American species belong to the genus Hmnulon
or red-mouth grunts, so called from the dash of scarlet at the

corner of the mouth. Hccmnlon plumieri, the common grunt, or

ronco arar^, is the most abundant species, known by the

narrow IjIuc stripes across the head. In the yellow grunt,

ronco amarillo {Hccmnlon sciurus), these stripes cross the whole
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body. In the margate-fish, or Jallao {Hccmidon album), the larg-

est of the grunts, there are no stripes at all. Another common
grunt is the black spotted sailor's choice, Ronco prieto {Hcemulon
parra), very abundant from Florida southward. Numerous other

grunts and "Tom Tates " are found on both shores of Mexico,

all the species of Hccmnlon being confined to America. Aniso-

tremiis includes numerous deep-bodied species with smaller

mouth, also all American. Anisotremtis surinamensis , the

pompon, abundant from Louisiana southward is the commonest
species. Anisotremiis virginicus, the porldish or Catalineta,

Fig. 446.—Porkfish, Anisofremus virginicus (Linnsus). Key West.

beautifully striped with black and golden, is very common
in the West Indies. Plectorhynchus of Polynesia and the coasts

of Asia contains numerous large species closely resembling

Anisotremiis, but lacking the groove at the chin character-

istic of Anisotremiis and Hccmidon. Some of these are striped

or spotted with black in very gaudy fashion. Pomadasis, a

genus equally abundant in Asia and America, contains silvery

species of the sandy shores, with the body more elongate and

the spines generally stronger. Pomadasis crocro is the com-

monest West Indian species, Pomadasis hasta the best known

of the Asiatic forms. Gnathodentex aurolineatiis with golden

stripes is common in Polynesia.
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The pigfishes, Orthopristis, have the spines feebler and the

anal fin more elongate. Of the many species, American and

Mediterranean, Orthopristis chrysopterus is most familiar, ranging

northward to Long Island, and excellent as a pan fish. Para-

pristipoma trilineatum, the Isaki of Japan, is equally abundant

and very similar to it. Many related species belong to the

Asiatic genera, Terapon, Scolopsis, CcEsio, etc., sometimes

placed in a distinct family as Teraponidce. Terapon servus

enters the streams of Polynesia, and is a very common fish

of the river mouths, taken in Samoa by the boys. Terapon

theraps is found throughout the East Indies. Terapon richard-

soni is the Australian silver perch. Ccesio contains nvunerous

small species, elongate and brightly colored, largely blue and

golden. Scolopsis, having a spine on the preorbital, contains

numerous species in the East Indies and Polynesia. These are

often handsomely colored. Among them is the taiva, Scolopsis

trilhieatiis of Samoa, gray with white streaks and markings of

delicate pattern. A fossil species in the Italian Eocene related

to Pomadasis is Pomadasis furcatus. Another, perhaps alHed

to Terapon, is called Pelates qiiiiidecimalis.

^- \
\

X

Fig. 447—The lied Tai ol J.q ii., Pw/rus major Schlegel. Family Sparidw.

(After Kisiiinouye.)

The Porgies: Sparidae.— The great family of Sparidcc or

porgies is also closely related to the Hccmnlidcc. The most

tangible difference rests in the teeth, which are stronger, and
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some of those along the side of the jaw are transformed into
large blunt molars, fitted for grinding small crabs and shells.

The name porgy, in Spanish pargo, comes from the Latin
Pagrus and Greek naypoz, the name from time immemorial
of the red porgy of the Mediterranean, Pagrus pagrus. In this

Fig. 448.—Ebisu. the Fish-god of Japan, bearing a Red Tai
(Sketch by Kalco Morita.)

species the front teeth are canine-like, the side teeth molar. It

is a fine food-fish, very handsome, being crimson with blue

spots, and in the Mediterranean it is much esteemed. It also

breeds sparingly on our south Atlantic and Gulf coasts.
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Very similar to the porgy is the famous red tai or akadai

of Japan {Pagrtis major), a fish so highly esteemed as to be,

with the rising sun and the chrysanthemum, a sort of national

emblem. In all prints and images the fish-god Ebisu (Fig. 448),

beloved of the Japanese people, appears with a red tai under his

arm. This species, everywhere abundant, is crimson in color, and
the flesh is always tender and excellent. A similar species is

/

/^

^^

Fig. 449.—Scup, Stenotomits chrysops (Linnseus). Woods Hole, Mass.

the well-known and abundant "schnapper " of Australia, Pagriis

unicolor. Another but smaller tai or porgy, crimson, sprinkled

with blue spots, Pagrtis cardinalis, occurs in Japan in great

abundance, as also two species similar in character but without

red, known as Kurodai or black tai. These are Spams latiis

and Sparus berda. The gilt-head of the Mediterranean, Spartts

aurata, is very similar to these Japanese species. Sparus sarba

in Australia is the tarwhine, and Spams anstralis the black

bream. The numerous species of PagcUus abound in the Medi-

terranean. These are smaller in size than the species of Pagrtis,

red in color and with feebler teeth. Monotaxis grattdoailis,

known as the "mu," is a widely diffused and valuable food-fish

of the Pacific islands, greenish in color, with pale cross-bands.

Very closely related is also the American scup or fair maid

{Stenotomiis chrysops), one of our commonest pan fishes. In

(I
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this genus and in Calamus the second interhaemal spine is very
greatly enlarged, its concave end formed like a quill-pen and

Fig. 450.

—

Calamus bajonado (Bloch & Schneider), Jolt-head Porgy. Fez de Pluma.
Family Sparidce.

including the posterior end of the large air-bladder. This

arrangement presumably assists in hearing. Of the penfishes.

Fig. -in.—Little-head Porgy, Calamus proridens Jordan it Gilbert. Key West.

or pez de pluma, numerous species abound in tropical America,

where they are valued as food. Of these the bajonado or

jolt-head porgy {Calamus bajonado) is largest, most common
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and dullest in color. Calamus calamus is the saucer-eye porgy,

and Calamus proridens, the little-head porgy. Calamus leucosieus

is called white-bone porgy, and the small Calamus arctijrons

the grass-porgy.

The Chopa spina, or pinfish, Lagodon rhomboides, is a little

porgy with notched incisors, exceedingly common on our South

Atlantic coast.

In some of the porgies the front teeth instead of being canine-

like are compressed and truncate, almost exactly like human
incisors. These species are known as sheepshead, or sargos.

Diplodiis sargus and Diplodus annularis are common sargos of

the Mediterranean, silvery, with a black blotch on the back of

Fio. 453.

—

Diplodiis holbrooH Bean. Pensacola.

the tail. Diplodus argenteus of the West Indies and Diplodus

holbrooki of the Carolina coast are very close to these.

The sheepshead, Archosargus probatocephalus, is much the

most valuable fish of this group. The broad body is crossed

by about seven black cross-bands. It is common from Cape

Cod to Texas in sandy bays, reaching rarely a weight of fifteen

pounds. Its flesh is most excellent, rich and tender. The
sheepshead is a quiet bottom-fish, but takes the hook readily

and with some spirit. Close to the sheepshead is a smaller

species known as Salema (Archosargus unitnaculatus) , with blue

I
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and golden stripes and a black spot at the shoulder. It abounds
in the West Indies.

On the coast of Japan and throughout Polynesia are nu-
merous species of Lethrinus and related genera, formed and

•it y ,

<1

Fig. 453.

—

Archosarg-as unimacvlatus (Bloch), Salema, Striped Sheepshead.
Family Sparidce.

colored like snappers, but with molar teeth and the cheek with-

out scales. A common species in Japan is Letlirinus richardsoni.

Fossil species of Diplodiis, Spams, Pagrus, and Pagellus

occur in the Italian Eocene, as also certain extinct genera,

Sparnodns and Trigonodon, of similar type. Sparnodus macro-

phthatmus is abundant in the Eocene of Monte Bolca.

The Picarels: Maenidas.

—

The ]\ Ia:nida, or Picarels, are elongate,

gracefull}' formed fishes, remarkable for the extreme protrac-

tility of the upper jaw. Spicara smarts and several other

small species are found in the Mediterranean. Emmelichthys

contains species of larger size occurring in the West Indies and

various parts of the Pacific, chiefl}^ red and very graceful in

form and color. Emmelichthys vittatiis, the boga, is occasionally

taken in Cuba, Erythrichthys schlegeli is found in Japan and

Hawaii.

The Mojarras: Gerridse.— The Gernda, or Mojarras, have

the mouth equally protractile, but the form of the body is

different, being broad, compressed, and covered with large
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silvery scales. In some species the dorsal spines and the third

anal spine are very strong, and in some the second interhaemal

is quill-shaped, including the end of the air-bladder, as in Calamus.

Most of the species, including all the peculiar ones, are American.

The smallest, Eucinostomiis, have the quill-shaped interhaemal

^^^JM_,^^^^

Fig. 454.—Mojarra, Xystcema cinereum (Walbaum). Key West.

and the dorsal and anal spines are very weak. The commonest

species is the silver jenny, or mojarra de Ley, Eucinostomiis

gula, which ranges from Cape Cod to Rio Janeiro, in the surf

along sandy shores. Equally common is Eucinostomus cali-

forniensis of the Pacific Coast of Mexico, while Eucinostomus

harengulus of the West Indies is also very abvmdant. Ulccma

lefroyi has but two anal spines and the interhaemal very small.

It is common through the West Indies. Xystwma, with the

interhaemal spear-shaped and normally formed, is found in

Asia and Polynesia more abtmdantly than in America, although

one species, Xystama cinereum, the broad shad, or Mojarra

blanca, is common on both shores of tropical America.

Xystama gigas is found in Polynesia, X. oyena in Japan, and

A', filamentosmn in Formosa and India. Xystcema massalongoi

is also fossil in the Miocene of Austria. The species of Gerres

have very strong dorsal and anal spines and the back much
elevated. Gerres plumieri, the striped mojarra, Gerres bra-

siliensis, the patao, Gerres olisthostomus, the Irish pampano,

and Gerres rhombeus are some of the numerous species found
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on the Florida coast and in the West Indies. The family of

LeiognathidcE, already noticed (page 502), should stand next to

the Gerridcs.

m.

Fig. 455—Irish Pampano, Genres oKsthostomus Goode & Bean. Indian River, Fla.

The Rudder-fishes: Kyphosidae.—The Kyphosidce, called rud-

der-fishes, have no molars, the front of the jaws being oc-

cupied by incisors, which are often serrated, loosely attached,

Fig. 456.—Chopa or Rudder-fish, Kyphosus sectatrix (Linnaeus).

Woods Hole, Mass.

and movable. The numerous species arc found in the warm

seas and are chiefly herbivorous.

Boops boops and Boops salpa, known as boga and salpa,
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are elongate fishes common in the Mediterranean. Other Med-
iterranean forms are Spoiidyliosoma cantharus, Oblata nielanura,

etc. Girella nigricans is the greenfish of California, every-

where abimdant about rocks to the south of San Francisco,

and of considerable value as food. Almost exactly like it

is the Mejinadai {GircUa punctata) of Japan. The best-known

members of this group belong to the genus Kyphosus. Kyphosus

sectatrix is the rudder-fish, or Chopa blanca, common in the

West Indies and following ships to the northward even as far

as Cape Cod, once even taken at Palermo. It is supposed

that it is enticed by the waste thrown overboard. Kyphosus

elegans is found on the west coast of Mexico, Kyphosus tahmel

in the East Indies and Polynesia, and niomerous other species

occur in tropical ^Vmerica and along the coasts of southern

Asia. Sectator ocyurus is a more elongate form of rudder-fish,

striped with bright blue and yellow, found in the Pacific.

Medialitna calijorniensis is the half-moon fish, or medialuna,

of southern California, an excellent food-fish frequently taken

on rocky shores. Nimierous related species occur in the Indian

seas.

Fossil fragments in Europe have been referred to Boops,

Spondyliosoma, and other genera.

Flu. 437.—Blue-grccu Suutisli. Apomotit cyaurUan 1 liufiacsque;. Kansas liiver.

(After Kellogg.)



CHAPTER XXXV

THE SURMULLETS, THE CROAKERS AND THEIR
RELATIVES

I
HE Surmullets, or Goatfishes: Mullidae.—The MullidcB

(Surmullets) are shore-fishes of the warm seas, of mod-
erate size, with small mouth, large scales, and possess-

ing the notable character of two long, tmbranched barbels

of firm substance at the chin. The dorsal fins are short,

well separated, the first of six to eight firm spines. There

are two anal spines and the ventral fins, thoracic, are formed

of one spine and five rays. The flesh is white and tender,

often of very superior flavor. The species are carnivorous,

Fig. 458.—Red Goatfish, or Salmonete. Pseudupeneus maculatus Bloch.

Family Mullidae (Surmullets.)

feeding chiefl}'' on small animals. They are not voracious,

and predaceous fishes feed freely on them. The coloration is

generally bright, largely red or golden, in nearly all cases with

an under layer, below the scales, of red, which appears when

the fish is scaled or placed in alcohol. The barbels are often

bright yellow, and when the fish swims along the bottom these

are carried in advance, feeling the way. Testing the bottom
565
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with their feelers, these fishes creep over the floor of shallow

waters, seeking their food.

The numerous species are all very much alike in form, and

the current genera are separated by details of the arrangement

of the teeth. But few are found outside the tropics.

The surmullet or red mullet of Europe, Mullus barbatits,

is the most famous species, placed by the Romans above all

other fishes unless it be the scarus, Sparisoma cretense. From
the satirical poets we learn that "enormous prices were paid

for a fine fish, and it was the fashion to bring the fish into the

dining-room and exhibit it alive before the assembled guests,

so that they might gloat over the brilliant and changing colors

during the death-agonies." It is red in life, and when the

scales are removed, the color is much brighter.

It is an excellent fish, tender and rich, but nowhere so extrav-

agantly valued to-day as was formerly the case in Rome.

Via. 459.—Golden Surmullet, Mullus auratus Jordan it Gilbert.

Wood's Hole, Mass.

Mullus snrmtUetus is a second European species, scarcely differ-

ent from Mullus barbatus.

Equally excellent as food and larger in size are two Polyne-

sian species known as kumu and munu {Pseudupeneus porphyrcns

and Pseudupeneus bijasciatus). Midlus auratus is a small sur-

mullet occasionally taken off our Atlantic coast, but in deeper

water than that frequented by the European species. Pseu-

dupeneus maculatus is the red goatfish or salmonete, common
from Florida to Brazil, as is also the yellow goatfish, Pseudu-
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peneus martinicus, equally valued. Many other species are

found in tropical America, Polynesia, and the Indies and Japan.
Perhaps the most notable are Upeneus vitiatns, striped with
yellow and with the caudal fin cross-barred and the belly sul-

phur-yellow, and Upeneus arge, similar, the belly white. The
common red and black-banded "moana" or goatfish of Hawaii
is Pseadupeneus multijasciatus.

No fossil MulUdcB are recorded, so far as known to us.

The Croakers: Sciaenidae.— The family of SctcBnidce (croak-

ers, roncadors) is another of the great groups of food-fishes.

The species are found on every sandy shore in warm regions

and all of them are large enough to have value as food, while

many have flesh of superior quality. None is brightly colored,

most of the species being nearly plain silvery.

Special characters are the cavernous structure of the bones

of the head, which are full of mucous tracts, the specialization

Fig. 460.—Spotted Weakfish, CynosHon nehulmtus. Virginia.

(and occasional absence) of the air-bladder, and the presence

of never more than two anal spines, one of these being some-

times very large. Most of the species are marine, all are car-

nivorous ; none inhabits rocky places and none descends to depths

in the sea. At the least specialized extreme of the family,

the mouth is large with strong canines and the species are

slender, swift, and predaceous.

The weakfish or squeteague {Cynoscion regalis) is a type

of a multitude of species, large, swift, voracious, but with ten-

der flesh, which is easily torn. The common weakfish, abun-

dant on our Atlantic coast, suffers much at the hands of its
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enemy and associate, the bluefish. It is one of the best of all

our food-fishes. Farther south the spotted weakfish {Cyyio-

scion iiebtUosus), very incorrectly known as sea-trout, takes its

place, and about New Orleans is especially and justly prized.

The California "bluefish," Cynoscion parvipinnis, is very

similar to these Atlantic species, and there are many other

species of Cynoscion on both coasts of tropical America, form-

ing a large part of the best fish-supply of the various markets

of the mainland. On the rocky islands, as Cuba, and about

coral reefs, Scicsnida are practically unknown. In the Gulf

of California, the totuava, Cynoscion tnacdonaldi, reaches a

weight of 172 pounds, and the stateliest of all, the great

"white sea-bass" of California, Cynoscion nobilis, reaches 100

pounds. In these large species the flesh is much more firm

than in the weakfish and thus bears shipment better. Cynoscion

has canines in the upper jaw only and its species are all Amen-
can. In the East Indies the genus Otoltthes has strong canines

in both jaws. Its numerous species are very similar in form,

habits, and value to those of Cynoscion. The queenfisn, Seri-

phiis politiis, of the California coast, is much like the others of

this series, but smaller and with no canines at all. It is a very

choice fish, as are also the species of Macrodon (Ancylodon)

known as pescadillo del red, voracious fishes of both shores

of South America.

Plagioscion squamosissimiis and numerous species of Pla-

gioscion and other genera live in the rivers of South America.

A single species, the river-drum, gaspergou, river sheepshead, or

thunder-pumper {Aplodinotus gnmniens), is found in streams

in North America. This is a large fish reaching a length of

nearly three feet. It is very widely distributed, from the Great

Lakes to Rio Usumacinta in Guatemala, whence it has been

lately received by Dr. Evermann. This species abounds in

lakes and sluggish rivers. The flesh is coarse, and in the Great

Lakes it is rarely eaten, having a rank odor. In Louisiana and

Texas it is, however, regarded as a good food-fish. In this

species the lower pharyngeals are very large and firmly united,

while, as in all other Scicenides, except the genus Pogomas, these

bones are separated. In all members of the family the ear-

bones or otoliths are largely developed, often finely sculptured.
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The otoliths of the river-drum are known to Wisconsin boys
as "lucky-stones," each having a rude impress of the letter L.

The names roncador, drum, thunder-pumper, croaker, and the
like refer to the grunting noise made by most Scisnida in the
water, a noise at least connected with the large and divided

air-bladder.

Numerous silvery species belong to Larimus, Corvula, Odon-
toscion, and especially to Bairdiella, a genus in which the second
anal spine is unusually strong. The mademoiselle, Bairdiella

Fig. 461.—Mademoiselle, Bairdiella chrysura (Linnipus). Virginia.

chrysura is a pretty fish of our Atlantic coast, excellent as a

pan fish. In Bairdiella ensifera of Panama the second anal

spine is enormously large, much as in a robalo (Oxylabrax).

In Stellifer and Nebris, the head is soft and spongy. Stelli-

fer lanceolatiis is occasionally taken off South Carolina, and

numerous other species of this and related genera are found

farther South.

Scicsnops ocellata is the red-drum or channel bass of our

South Atlantic coast, a most important food-fish reaching a

weight of seventy-five pounds. It is well marked by a black

ocellus on the base of the tail. On the coast of Texas, this

species, locally called redfish, exceeds in economic value all other

species found in that State.

Psendosciceua aqiiila, the maigre of southern Europe, is
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another large fish, similar in value to the red drum. Pseiido-

scicBna antardica is the kingfish of Australia. To Sciccita belong

many species, largelv Asiatic, with the mouth inferior, \\*ithout

barbels, the teeth small, and the convex snout marked with

mucous pores. Scicena umbra, the ombre, is the common
European species, Sciccna satiirita, the black roncador of Cah-

fornia, is much like it. Sciccna ddiciosa is one of the most valued

Fig. 463.—Red Drum, Scicenops ocellata Liniia>us. Texas.

food-fishes of Peru, and Sciccna argcntata is valued in Japan.

Species of Sciccna are especially numerous on the coasts of India.

Roncador stearnsi, the California roncador, is a large fish with a

black ocellus at the base of the pectoral. It has some importance

in the Los Angeles market. The goody, spot, or lafayette (Leio-

stomiis xanthurus) is a small, finely flavored species abundant

from Cape Cod to Texas. Similar to it but inferior is the little

roncador {Genyonemus lineatiis} of California. The common
croaker, Micropogon undiilatus, is very abundant on our Eastern

coast, and other species known as verrugatos or white-mouthed

drummers replace it farther South.

In Umbrina the chin has a short thick barbel. The species

abound in the tropics, Umbrina cir'rosa in the ]\Iediterranean;

Umbrina coroides in California, and the handsome Umbrina

roncador, the yellow-tailed roncador, in southern California.

The kingfish, Menticirrhns, differs in lacking the air-bladder,

and lying on the bottom in shallow water the lower fins are

enlarged much as in the darters or gobies. All the species are

American. All are dull-colored and all excellent as food. Men-
ticirrhus saxatilis is the common kingfish or sea-mink, abundant
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from Cape Ann southward, Menticirrhus americanus is the
equally common sand-whiting of Carolina, and Menticirrhus

Fig. 463 —Yellow-fin Roncador, Umbrina sinaloce Scofield. Mazatlan.

littoralis the surf-whiting. The California whiting or sand-

sucker is Menticirrhus nndidatiis.

Pogonias chromis, the sea-drum, has barbels on the chin and
the lower pharyngeals are enlarged and united as in the river-

FiG. 464 —Kingfish, Menticirrhus americanus (Linna-us). Pensaoola.

drum, Aploduiotits. It is a coarse fish common on our Atlantic

coasts, a large specimen taken at St. Augustine weighing 146

poimds. Other species of this family, belonging to the genus

Eqiics, are marked with ribbon-like stripes of black. Eques

lanceolatus, known in Cuba as scrrana, is the most ornate of these

species, looking like a butterfly-fish or Ch^etodon.

Several fossil fragments have been doubtfully referred to

ScicBna, Umbrina, Pogonias, and other genera. Otoliths or
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ear-bones not clearly identifiable are found from the Miocene

on. These structures are more highly specialized in this group

than in any other.

Fig. 465 —Drum, Pugonias chromis (LinniPUs). Matanzas, Fla.

The Sillaginidae, etc,—Allied to the Scicemdce is the small family

of Kisugos, Sillai;i)iiJcc, of the coasts of Asia. These are slender,

cylindrical fishes, silvery in color, with a general resemblance

to small Scianas.

Sillago japonicus, the kisugo of Japan, is a very abimdant

species, valued as food. Sillago sihauia ranges from Japan to

Abyssinia.

A number of small families, mostly Asiatic, may be appended

to the percoid series, with which they agree in general characters,

especially in the normal structure of the shoulder-girdle and

in the insertion of the pectoral and ventral fins.

The Lactariidcs constitute a small family of the East Indies,

allied to the SciccniJcc, but with three anal spines. The mouth

is armed with strong teeth. Ladarins kictnriits is a food-fish of

India.

The NandidcB are small spiny-rayed fishes of the East Indian

streams, without pseudobranchiae.

Jhe Polyccntrida: are small fresh-water perch-like fishes of

the streams of South America, without lateral line and with

many anal spines.

f
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The Jawfishes: Opisthognathidse, etc.— The Pseudochromi-
pidce are marine-fishes of the tropics with the lateral line inter-

rupted, and with a single dorsal. They bear some resemblance

to Plesiops and other aberrant Serrauuicv.

Fig. 486.

—

Gnathypops evermanni Jordan & Snyder. Misaki, Japan.

Very close to these are the Opistogfiathidcs or jawfishes with

a single lateral line and the mouth very large. In certain

species of OpisthognaiJius, the maxillary, long and cur\-ed, extends

far behind the head. The few species are found in warm

Fig. 487.—Jawfish, Opisthognathns macrogtiathus Poey. Tortugas, I'la.

seas, but always very sparingly. Some of them are handsomely

colored.

The Stone-wall Perch: Oplegnathidae.—A singular group evi-

dently allied to the Hamulidcv is tlie family of Oplegnathida:.

In these fishes the teeth are grown together to form a bony beak

like the jaw of a turtle. Except for this character, the species

are very similar to ordinary' grunts. While the mcuth resembles
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that of the parrot-fish, it is structurally different and must have

been independently developed. Oplegnathus punctatus, the

"stonewall perch" (ishigakidai), is common in Japan, as is also

Fig. 408.

—

Opisthognathus nigromarginatus. India. (.Alter Day.)

the banded Oplegnathus fasciaiiis. Other species are found in

Australia and Chile.

The Swallowers: Chiasmodontidae.—The family of swallowers

Chiasmodontidcs, is made up of a few deep-sea fishes of soft

flesh and feeble spines, the opercular apparatus much reduced.

Fio. 469.—Black Swallower, Chiasmodon nigcr Johnson, containing a fish larger

than itself. Le Have Bank.

The ventrals are post-thoracic, the rays 1,5, facts which point

to some affinity with the Opislliognailndcc, although Boulenger

places these fishes among the Pcrcesoces. Chiasmodon ntger, the

black swallower of the mid-Atlantic, has exceedingly long teeth

and the whole body so distensible that it can swallow fishes of

many times its own size. According to Gill

;

" It espies a fish many times larger than itself, but which,

nevertheless, may be managed ; it darts upon it, seizes it by
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the tail and gradually climbs over it with its jaws, first using
one and then the other; as the captive is taken in the stomach
and integimients stretch out, and at last the entire fish is passed
through the mouth and into the stomach, and the distended

belly appears as a great bag, projecting out far backwards and
forwards, over which is the swallower with the ventrals dislo-

cated and far away from their normal place. The walls of the

stomach and belly have been so stretched that they are trans-

parent, and the species of the fish can be discerned within. But
such rapacity is more than the captor itself can stand. At
length decomposition sets in, the swallower is forced belly up.

wards, and the imprisoned gas, as in a balloon, takes it upwards
from the depths to the sixrface of the ocean, and there, perchance,

it may be found and picked up, to be taken home for a wonder,

as it is really. Thus have at least three specimens fotmd their

way into museums—one being in the United States National

Museum—and in each the fish in the stomach has been about

twice as long, and stouter in proportion, than the swallower

—

six to twelve times bulkier! Its true habitat seems to be at a

depth of about 1,500 fathoms."

Allied to this family is the little group of ChampsodonlidcB of

Japan and the East Indies. Champsodon vorax looks like a

young Uranoscopns. The body is covered with numerous

lateral lines and cross-lines.

The Malacanthidae.— The MalacanihidcB are elongate fishes,

rather handsomely colored, with a strong canine on the premaxil-

lary behind. Malacaiitliits pliiiincri, the matajuelo bianco, a

slender fish of a creamy-brown color, is common in the West

Indies. Other species are found in Polynesia, the most notable

being Malacanthus (or Oceanops) lativittatus, a large fish of a

brilliant sky-blue, with a jet-black lateral band. In Samoa this

species is called gatasami, the " eye of the sea."

The Blanquillos : Latilidse.—The Latilidce, or blanquillos, have

also an enlarged posterior canine, but the body is deeper and the

flesh more firm. The species reach a considerable size and are

valued as food. Lopholoiilns chamcBleonticeps is the famous

tilefish dredged in the depths under the Gulf Stream. It is a

fish of remarkable beauty, red and golden. This species. Pro-

fessor Gill writes, "was unknown until 1879, when specimens
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were brought by fishermen to Boston from a previously iinex-

plored bank about eighty miles southeast of Xo Man's Land,

Mass. In the fall of 1880 it was found to be extremely abun-

dant everywhere off the coast of southern New England at a

depth of from seventy-five to two hundred and fifty fathoms.

The form of the species is more compressed, and higlicr, than

in most of the family, and what especially distinguishes it is

the development of a compressed, ' fleshy, fin-like appendage

over the back part of the head and nape, reminding one of the

adipose fin of the salmonids and catfishes.' It is especially

notable, too, for the brilliancy of its colors, as well as for its size,

being by far larger than any other member of its family. A
weight of fifty pounds or more is, or rather, (jne might say, was

frequently attained by it, although such was very far above

the average, that being little over ten poimds. In the reach of

water referred to, it could once be fotmd abundantly at any

time, and caught by hook and line. After a severe gale in March,

1882, millions of tilefish could be seen, or calculated for, on the

surface of the water for a distance of about three htmdred miles

from north to south, and fifty miles from east to west. It

has been calculated by Capt. Collins that as many as one thou-

sand four himdred and thirty-eight millions were scattered

over the surface. This would have allowed about two hundred

and twenty-eight pounds to every man, woman and child of

the fifty milHon inhabitants of the United States! On trying

at their former habitat the next fall, as well as all successive

years to the present time, not a single specimen could be found

where formerly it was so numerous. We have thus a case of a

catastrophe which, as far as has been observed, caused com-

plete annihilation of an abundant animal in a very limited

period. Whether the grounds it formerly held will be reoccupied

subsequentlv by the progeny of a protected colony remains to

be seen, but it is scarcely probable that the entire species

has been exterminated." It is now certain that the species

is not extinct.

Caidolatilns princeps is the blanquillo or "whitefish" of

southern California, a large handsome fish formed like a dol-

phin, of purplish, olivaceous color and excellent flesh. Other

species of Caulolotilus are found in the West Indies. Laiilus
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japoniciis is the amadai or sweet perch of Japan, an excellent

food-fish of a bright crimson color.

The Pingitipcdidcc of Chile resemble the Latilidcc, having

also the enlarged premaxillary tooth. The ventrals are, how-
ever, thickened and placed farther forward.

The Bandfishes: Cepolidae.—The small family of Cepoltdce, or

bandfishes, resemble the Laiilida; somewhat and are probably

related to them. The head is normally formed, the ventral fins

are thoracic, with a spine and five rays, but the body is drawn
out into a long eel-like form, the many-rayed dorsal and anal

fins meeting around the tail. The few species are crimson in

color with small scales. They are used as food, but the flesh

is dry and the bones are stiff and numerous. Cepola tcsnia is

common in the Mediterranean, and Acanthocepola krusensterni

abounds in the bays of southern Japan.

The Cirrhitidae.—The species of the family CirrhitidcB strongly

resemble the smaller Serranidce and even Serranus itself, but

the lower rays of the pectoral fins are enlarged and are undi-

vided, as in the sea-scorpions and some sculpins. In these

fishes, however, the bony stay, which characterizes Scorpceiiida:

and CottidcB, is wholly absent. It is, however, considered possible

that this interesting family represents the point of separation

at which the mail-cheeked fishes become differentiated from the

typical perch-like forms. Goniistius zonatus, the takanohadai,

is a valuable food-fish of Japan, marked by black cross-bands.

Paracirrhites forsteri and other species of Cirrhitus and Paracir-

rhiies are very pretty fishes of the coral reefs, abundant in the

markets of Honolulu, the spotted Cirrhitus marmoratus being

the most widel}' diffused of these. Only one species of this

family, Cirrhitus rivulatiis, a large fish, green, with blue mark-

ings, is found in American waters. It frequents the rocky

shores of the west coast of Mexico.

Allied to the Cirrhitida is the small family of LatrididcB,

with a long dorsal fin deeply divided, and the lower rays of

the pectoral similarly modified. Latris hecateia is called the

"trumpeter " in Australian waters. It is one of the best food-

fishes of Australia, reaching a weight of sixty to eighty pounds.

Another small family showing the same peculiar structure

of the pectoral fin is that of the Aplodactylidcs. The species
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of Aplodactylus live on the coasts of Chile and Australia. They

are ' herbivorous fishes, with flat, tricuspid teeth, and except

for their pectoral fins are ver\- similar to the Kyphosida.

Fig. 470

—

Cirrhilus rivulalus Valenciennes. Mazatlan.

The Sandfishes: Trichodontidae.—In the neighborhood of the

Latrididcr, Dr. Boulenger places the Trichodontida: or sandfishes,

small, scaleless, silvery fishes of the northern Pacific. These

Fig. 471.—Sandfish, Trichodon trichodon (Tilesius). Shumagin Islands, Alaska.

are much compressed in body, with very oblique mouths, A\4th

fringed lips and, as befits their northern habitat, with a much
increased number of vertebrae. They bury themselves in sand

tmder the surf, and the two species, Trichodon trichodon and

Arctoscoptis japonicus, range very widely in the regions washed

by the Japan current. These species bear a strong resemblance

to the star-gazers (Uranoscopus), but this likeness seems to be

superficial only.



CHAPTER XXXVI

LABYRINTHICI AND HOLCONOTI.

i HE Labyrinthine Fishes.—An offshoot of the Percomorphi
is the group of Labyrinthici, composed of perch-like

fishes which have a very pectdiar structure to the

phar\-ngeal bones and respirator}^ apparatus. This feature is

thus described by Dr. Gill:

"The upper elements of one of the pairs of gill-bearing

arches are peculiarly modified. The elements in question

(called branchihyal) of each side, instead of being straight

and solid, as in most fishes, are excessively developed and pro-

vided with several thin plates or folds, erect from the surface

of the bones and the roof of the skull, to which the bones are

attached. These plates, by their intersection, form chambers,

and are lined with a vascvilar membrane, which is supplied

with large blood-vessels. It was formerly supposed that the

chambers referred to had the office of receiving and retaining

supplies of water which should trickle down and keep the gills

moist; such was supposed to be an adaptation for the sus-

tentation of life out of the water. The experiments of Surgeon

Day, however, throw doubt upon this alleged function, and

tend to show: (i) that these fishes died when deprived of access

to atmospheric air, not from any deleterious properties either

in the water or in the apparatus used, but from being unable

to subsist on air obtained solely from the water, aerial respira-

tion being indispensable; (2) that they can live in moisture

out of the water for lengthened periods, and for a short, but

variable period in water only ; and (3) that the cavity or recep-

tacle does not contain water, but has a moist secreting surface,

in which air is retained for the purpose of respiration. It

seems probable that the air, after having been supplied for aerial

respiration, is ejected by the mouth, and not swallowed to be
579
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discharged per anum. In fine, the two respiratory factors

of the branchial apparatus have independent functions: (i)

the labyrinthiform, or branchihyal portion, being a special modi-

fication for the respiration of atmospheric air, and (2) the gill

filaments discharging their normal function. If, however,

the fish is kept in water and prevented from coming to the

surface to swallow the atmospheric air, the labyrinthiform

apparatus becomes filled with water which cannot be dis-

charged, owing to its almost non-contractile powers. There

is thus no means of emptying it, and the water probably

becomes carbonized and unfit for oxygenizing the blood, so

that the whole of the respiration is thus thrown on the branchiae.

This will account for the fact that when the fish is in a state

of quiescence, it lives much longer than when excited, whilst

the sluggishness sometimes evinced may be due to poisoned

or carbonized blood."

Four families of labyrinth-gilled fishes are recognized by

Professor Gill ; and to these we may append a fifth, which, how-

ever, lacks the elaborate structures mentioned above and

which shows other evidences of degeneration.

The Climbing-perches: Anabantidae.—The family of Auaban-

tidce, according to Gill, "includes those species which have the

T|

Fig. 472 —The Climbing Perch, Annhas scandens Linnxus. Opercle cut away to

show the gill-labyrinth.

mouth of moderate size and teeth on the palate (either on the

vomer alone, or on both the vomer and palatine bones). To

the family belongs the celebrated climbing-fish.

"The climbing-fish (Anabas scandens) is especially note-

worthy for the movability of the sub-operculum. The oper-
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culum is serrated. The color is reddish olive, with a blackish

spot at the base of the caudal fin; the head, below the level

of the eye, grayish, but relieved by an olive band running from

the angle of the mouth to the angle of the pre-operculum, and
with a black spot on the membrane behind the hindermost

spines of the operculum.

"The climbing-fish was first made known in a memoir,

printed in 1797, by Daldorf, a lieutenant in the service of the

Danish East India Company at Tranquebar. Daldorf called

it Pcrca scandens, and affirmed that he himself had taken one

of these fishes, clinging by the spine of its operculum in a slit

in the bark of a palm (Borassus flabelUformis) which grew near

a pond. He also described its mode of progression; and his

obsers'ations were substantially repeated by the Rev. Mr. John,

a missionary resident in the same country. His positive evi-

dence was, however, called into question by those who doubted

on account of hypothetical considerations. Even in popular

works not generally prone to even a judicious skepticism,

the accounts were stigmatized as unworthy of belief. We
have, however, in answer to such doubts, too specific informa-

tion to longer distrust the reliability of the previous reports.

" Mr. Rungasawmy Moodeliar, a native assistant of Capt.

Jesse Mitchell of the Madras Government Central Museum,
communicated to his superior the statement that 'this fish

inhabits tanks or pools of water, and is called Panai feri, i.e
,

the fish that climbs palmyra-trees. When there are palmyra-

trees growing by the side of a tank or pool, when hea\y rain

falls and the water runs profusely down their trunks, this fish,

by means of its opercula, which move unlike those of other

fishes, crawls up the tree sideways (i.e., inclining to the sides

considerably from the vertical) to a height of from five to seven

feet, and then drops down. Should this fish be thrown upon
the ground, it nms or proceeds rapidly along in the same manner
(sideways) as long as the mucus on it remains.'

"These movements are effected by the opercula, which, it

will be remembered, are unusually mobile in this species ; thev

can, according to Captain Mitchell (and I have verified the

statement), be raised or turned outwards to nearly a right

angle with the body, and when in that position, the suboper-
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culum distends a little, and it appears that it is chiefly by the

spines of this latter piece that the fish takes a purchase on

the tree or ground. 'I have,' says Captain Mitchell, 'ascer-

tained by experiment that the mere closing of the operculum,

when the spines are in contact with any surface, even common
glass, pulls an ordinary-sized fish forwards about half an inch,'

but it is probable that additional force is supplied by the cau-

dal and anal fins, both of which, it is said, are put in use when
climbing or advancing on the ground; the motion, in fact, is

described as a wriggling one.

"The climbing-fish seems to manifest an inclination to

ascend streams against the current, and we can now understand

how, during rain, the water will flow down the tnmk of a tree,

and the climbing-fish, taking advantage of this, will ascend

against the down-flow by means of the mechanism already

described, and by which it is enabled to reach a considerable

distance up the trunk." (Gill.)

The Gouramis: Osphromenidse.
—"The Osphromcmda; are fishes

witli a mouth of small size, and destitute of teeth on the

palate. To this family belongs the gourami, whose praises have

been so often sung, and which has been the subject of many
efforts for acclimatization in France and elsewhere by the French.

"The gourami {Osphromeniis goramy) has an oblong, oval

form, and, when mature, the color is nearly imiform, but in the

young there are black bands across the body, and also a blackish

spot at the base of the pectoral fin. The gourami, if we can

credit reports, occasionally reaches a gigantic size, for it is

claimed that it sometimes attains a length of 6 feet, and weighs

150 pounds, but if this is true, the size is at least exceptional,

and one of 20 pounds is a very large fish; indeed, they are

considered very large if they weigh as much as 12 or 14 pounds,

in which case they measure about 2 feet in length.

"The countries in which the gourami is most at home lie

in the intertropical belt. The fish is assiduous in the care of

its young, and prepares a nest for the reception of eggs. The
bottom selected is muddy, the depth variable within a narrow

area, that is, in one place about a yard, and near by several

yards deep.

" They prefer to use, for the nests, tufts of a peculiar grass
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(Panicitin jiimentornm) which grows on the surface of the water,

and whose floating roots, rising and falHng with the movements
of the water, form natural galleries, under which the fish can

conceal themselves. In one of the comers of the pond, among
the plants which grow there, the gouramis attach their nest,

which is of a nearly spherical form, and composed of plants

and mud, and considerably resembles in form those of some
birds.

"The gourami is omnivorous, taking at times flesh, fish, frogs,

insects, w'orms, and many kinds of vegetables; and on account

of its omnivorous habit, it has been called by the French colo-

nists of Mauritius pore des rivieres, or 'river-pig.' It is, how-

ever, essentially a vegetarian, and its adaptation for this diet

is indicated by the extremely elongated intestinal canal, which

is many times folded upon itself. It is said to be especially

fond of the leaves of several araceous plants. Its flesh is,

according to several authors, of a light-yellow straw-color, firm

and easy of digestion. They vary in quality with the nature

of the waters inhabited, those taken from a rocky river being

much superior to those from muddy ponds; but those dwelling

at the mouth of rivers, where the water is to some extent brack-

ish, are the best of all. Again, they vary with age; and the

large, overgrown fishes are much less esteemed than the small

ones. They are in their prime when three years old. Dr. Vin-

son says the flavor is somewhat like that of carp; and, if this

is so, we may entertain some skepticism as to its superiority;

but the unanimous testimony in favor of its excellence natu-

rally leads to the belief that the comparison is imfair to the

gourami.

"Numerous attempts have been made by the French to

introduce the gourami into their country, as well as into several

of their provinces; and for a number of years consignments of

the eggs, or the young, or adult fish, were made. Although

at least partially successful, the fish has never been domiciliated

in the Republic, and, indeed, it could not be reasonably expected

that it would be, knowing, as w^e do, its sensitiveness to cold and

the climates under which it thrives.

"The fish of paradise (Macropodus viridi-atiratus) is a species

remarkable for its beauty and the extension of its fins, and
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especially of the ventrals, which has obtained for it the generic

name Macropodus. To some extent this species has also been

made the subject of fish-culture, but with reference to its beauty

and exhibition in aquaria and ponds, like the goldfish, rather

than for its food qualities.

"The only other fish of the family that needs mention is the

fighting-fish (Betta piignax). It is cultivated by the natives of

Siam, and a special race seems to have been the result of such

cultivation. The fishes are kept in glasses of water and fed,

among other things, with the lars'a; of mosquitoes or other

aquatic insects. ' The Siamese are as infatuated with the com-

bats of these fishes as the Malays are with their cock-fights, and

stake on the issue considerable sums, and sometimes their owti

persons and families. The license to exhibit fish-fights is farmed,

and brings a considerable annual revenue to the king of Siam.

The species abounds in the rivulets at the foot of the hills of

Pcnang. The inhabitants name it 'pla-kat,' or the 'fighting-

fish.'
"

The HelostomidcB are herbivorous, with movable teeth on the

lips and with long intestines. Helostoma temmincki lives in

the rivers of Java, Borneo, and Sumatra.

The Lticiocephalidce of East Indian rivers have the supra-

branchial organ small, formed of two gill-arches dilated by a

membrane. In these species there are no spines in the dorsal

and anal, while in the Anabantidcs and Osphromenidce numerous

spines are developed both in the dorsal and anal. Lticiocephaliis

pulcher indicates a transition toward the Opiiicephalidce.

The Snake-head Mullets: Ophicephalidae.—The family of Oplii-

cephalidcc, snake-head mullets, or China-fishes, placed among
the Percesoces by Cope and Boulenger, seems to us nearer

the Labyrinthine fishes, of which it is perhaps a degenerate

descendant. The body is long, cylindrical, covered with firm

scales which on the head are often larger and shield-like. The

mouth is large, the head pike-like, and the habit carnivorous and

voracious. There are no spines in any of the fins, but the tho-

racic position of the ventrals indicates affinity with perch-like

forms and the absence of ventral spines seems rather a feature of

degradation, the more so as in one genus {Channa) the ventrals

are wanting altogether. The numerous species are found in
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the rivers of southern China and India, crossing to Formosa and
to Africa. They are extremely tenacious of life, and are carried

alive by the Chinese to San Francisco and to Hawaii, where
they are now naturalized, being known as "China-fishes."

Fig. 473 —Channa formosana Jordan & Evermann. Streams of Formosa.

These fishes have no special organ for holding water on the

gills, but the gill space may be partly closed by a membrane.
According to Dr. Giinther, these fishes are "able to siu-vive

drought living in semi-fluid mud or lying in a torpid state

below the hard-baked crusts of the bottom of a tank from
which every drop of water has disappeared. Respiration is

Fig. 474.—Snake-headed China-fish, Ojo/u'rep/w/us barca. India. (After Day.)

probably entirely suspended during the state of torpidity, but

whilst the mud is still soft enough to allow them to come to the

surface, they rise at intervals to take in a quantity of air, by
means of which their blood is oxygenized. This habit has been

observ'ed in some species to continue also to the period of the

year in which the fish lives in normal water, and individuals

which are kept in a basin and prevented from coming to the

surface and renewing the air for respiratory purposes are suffo-

cated. The particular manner in which the accessor}^ branchial

cavity participates in respiratory functions is not known. It

is a simple cavity, without an accessory branchial organ, the
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opening of which is partly closed by a fold of the mucous mem-
brane.

"

Ophiccphaliis stnatiis is the most widely diffused species in

China, India, and the Philippines, living in grassy swamps and
biting at any bait from a live frog to an artificial salmon-fly.

It has been introduced into Hawaii. Ophicephalus marnliiis

is another very common species, as is also Channa orientalis,

kno\\Ti by the absence of ventral fins.

Suborder Holconoti, the Surf-fishes.—Another offshoot from the

perch-like forms is the small suborder of Holconoti (oXkos. furrow

;

vcoTos, back). It contains fishes percoid in appearance, with much
in common with the GerridcB and Sparidcs, but with certain

Fig. 475.—White Surf-fish, \-i\nparous, with young, Cymatogaster aggregaius Gibbons.
San Francisco.

striking characteristics not possessed by any perch or bass. All the

species are viviparous, bringing forth their young alive, these being

in small number and bom at an advanced stage of development.

The lower phar\'ngeals are solidly united, as in the LabridcE,

a group which these fishes resemble in scarcely any other respects.

The soft dorsal and anal are formed of many fine rays, the

anal being peculiarly modified in the male sex. The nostrils,

ventral fins, and shoulder-girdle have the structure normal

among perch-like fishes, and the dorsal furrow, which sug-

gested to Agassiz the name of Holconoti, is also found among
various perch-like forms.
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The Embiotocidse.—The group contains a single family, the

Embiotocidcs, or surf-fishes. All but two of the species are confined

Fig. 476.—Fresh-water Viviparous Perch, Hysterocarpus traski Gibbons.
Sacramento River.

to California, these two living in Japan. The species are rela-

tively small fishes, from five inches to eighteen inches in length,

with rather large, usually silvery scales, small mouths and

small teeth. They feed mainly on crustaceans, two or three

species being herbivorous. With two exceptions, they inhabit

Fig. 477.

—

Hypsurus caryi (.\gassiz). Monterey.

the shallow waters on sandy beaches, where they bring forth

their young. They can be readily taken in nets in the surf.
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As food-fishes they are rather inferior, the flesh being some-

what watery and with httle flavor. Many are dried by the

Fig. 478.—White Surf-fish, Damalichthys argyrosomus (Girard). British Columbia

Chinese. The two exceptions in distribution are Hysterocar-

piis traski, which Hves exclusively in fresh waters, being con-

fined to the lowlands of the Sacramento Basin, and Zalembiiis

rosaceiis, which descends to considerable depths in the sea. In

Hysterocarptis the spinous dorsal is very greatly developed,

Fia. 479.—Thick-lipped Surf-fish, Rhacochilus toxotes Agnssiz. Monterey, Cal.

seventeen stout spines being present, the others having but

eight to eleven and these very slender.

The details of structure vary greatly among the different

1
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species, for which reason ahiiost every species has been prop-

erly made the type of a distinct genus. The two species

found in Japan are Ditrema temmincki and Neoditrema ran-

sonneti. In the latter species the female is always toothless.

Close to Ditrema is the blue surf-fish of California, Embiotoca

jacksoni, the first discovered and perhaps the commonest
species. TcEniotoca lateralis is remarkable for its bright colora-

tion, greenish, with orange stripes. Hypsurus caryi, still brighter

in color, orange, green and black, has the abdominal region

very long. Phanerodon furcatus and P. atripes are dull silvery

in color, as in Damalichthys argyrosomus, the white surf-fish,

which ranges northward to Alaska, and is remarkable for the

extraordinary size of its lower pharyngeals. Holconotus rhodo-

teriis is a large, rosy species, and AuipJiistichus argenteus a large

Fig. 480.—Silver Surf-fish (viviparous), Hypocritichthiis analis (Agassiz).

Monterey.

species with dull yellowish cross-bands. RhachocJiilus toxotes

is the largest species in the family and the one most valued

as food. It is notable for its thick, drooping, ragged lips.

HyperprosopoH arcuatus, the wall-eye surf-fish, is brilliantly

silvery, with very large eyes. H. agassizi closely resembles

it, as does also the dwarf species, Hypocritichthys analis, to

which the Japanese Neoditrema rausouucti is very nearly re-

lated. The other species are all small. Abeona minima and

A. aurora feed on seaweed. Braehyistiits frenatits is the smallest

of all, orange-red in color, wliile its relative, Zalembins rosaceus,
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is handsomest of all, rose-red with a black lateral spot. Cynta-

togaster aggregatns, the surf-shiner, is a little fish, excessively

common along the California coast, and from its abundance

it has been selected by Dr. Eigenmann as the basis of his studies

Fig. 481. —Viviparous Perch (male), llynleTorarpus Iraski Gibbons. Battle Creek,
Sacramento River. (Photograpli by Clouilsley Itutter.)

of these fishes. In this species the male shows golden and

black markings, which are wanting in the silvery female, and

the anterior rays of the anal are thickened or otherwise modified.

No fossil embiotocoids are recorded.
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CHROMIDES AND PHARYNGOGNATHI

lUBORDER Chromides.—The suborder Chromides con-

tlj tains spiny-rayed fishes similar to the perch-Hke

forms in most regards, but strikingly distinguished

by the complete tmion of the lower pharyngeal bones, as in the

Holcoiioti and Pharyngognathi, and still more remarkably by
the presence of but one nasal opening on each side. In all the

perch-like fishes and in nearly all others there are two nasal

openings or nostrils on each side, these two entering into the

same nasal sac. In all the Chromides the lateral line is incom-

plete or interrupted, and the scales are usually large and ctenoid.

The Cichlidae.—The suborder Chromides includes two fami-

lies, CichlidcB, and Pomaccntridcc. The CichlidcE are fresh-water

fishes of the tropics, characterized by the presence of three to

ten spines in the anal fin. In size, color, appearance, habits,

and food value they bear a striking resemblance to the fresh-

water sunfishes, or CentrarchidcB, of the eastern United States.

This resemblance is one of analog}^ only, for in structure the

Cichlidce have no more in common with the CcntrarcliidcB than

with other families of perch or bass. The mmierous species

of CicJilidce are confined to tropical America and to correspond-

ing districts in Africa and western Asia. Tilapia nilotica

abounds in the Nile. Tilapia galilwa is foimd in the river

Jordan and the Lake of Galilee. This species is supposed to

form part of the great draught of fishes recorded in the Gospels,

and a black spot on the side is held to commemorate the touch

of Simon Peter. Numerous other species of Cichlidcc, large and
small, abound in central Africa, even in the salt ditches of the

Sahara.

The species of Cichla, especially Cichla ocellaris, of the rivers

of South America, elongate and large-mouthed, bear a strong

591
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analogy to the black bass of farther north. A vast niiniber

of species belonging to Heros, Acara, Cichlasoiui, Geopliai^us,

ChcEtobranchus, and related genera swarm in the .Amazon region.

Each of the large rivers of Mexico has one or more species ; one

of these, Hcros cyaitot^iittatiis, occurs in the Rio (irande and the

rivers of southern Texas, its range corresponding with that of

Tetragonopterits argentatits, just as the range of the whole family

of CichlidcB corresponds with that of the Cliaraciiiidce. Xo other

species of either family enters the United States. A similar

species, Heros tctracaiitliiis, abounds in the rivers of Cuba, and

another, Heros beani, called the mojarra verde, in the streams

of Sinaloa. In the lakes and swamps of Central America Cich-

lidcB and Characiiiidw are very abundant. CJne fossil genus is

known, called Priscacara by Cope. Priscacara clivosa and

other species occur in the Eocene of Green River and the Great

Basin of Utah. In this genus vomerine teeth are said to be

present, and there are three anal spines. None of the living

Cichlidcs lias vomerine teeth.

The Damsel-fishes: Pomacentridae. —The Pomacentrida, called

rock-pilots ur damscl-tishcs, arc exclusively marine and have in

all cases but two anal spines. The species are often very bril-

liantly colored, lustrous metallic lilue and orange or scarlet

being the prevailing shades among the bright-colored species.

Their habits in the reef pools coiTcspond very closely with tliose

of the ChcBtodontidcB . With the rock-pilots, as with the butterfly-

fishes, the exceeding alertness and quickness of movement make
up for lack of protective colors. With both groups the choice

of rocky basins, crevices in the coral, and holes in coral reefs

preserves them froni attacks of enemies large enough to destroy

them. In Samoa the interstices in masses of living coral are

often filled with these gorgeous little fishes. The PoniacciitridcB

are chiefly confined to the coral reefs, few ranging to the iiMrth-

ward of the Tropic of Cancer. Sometimes the young are colored

differently from the adult, having sky-blue spots and often

ocelli on the fins, which disappear with age. But one species

Chromis chromis, is found in tlie Mediterranean. Chromis

pimctipinuis, the blacksmith, is found in southern California,

and Chromis iiotatus is the common dogoro of Japan. One of

the largest species, reaching the length of a foot, is the Gari-
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baldi, Hypsypops rubicundus, of the rocky shores of southern

California. This fish, when full grown, is of a pure bright

<<&}^s

Fig. 488.—Garibaldi (scarlet in color), Hypsypops rubicunda (Girard).

La Jolla, San Diego, Cal.

^
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Fig. 483. —Pomacenirus leucostictus (Miiller & Troschel), Damsel-fish.
Family Pomacentridce.

scarlet. The young are greenish, marked with blue spots.

Species of Pomacentrus, locally known as pescado azul, abovmd
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in the West Indies and on the west coast of Mexico. Pomacen-

triis fitsciis is the commonest West Indian species, and Pomacen-

triis rectijrcnum the most abundant on the west coast of Mexico,

the young, of an exquisite sky-blue, crowding the rock pools.

Pomacentrus of many species, blue, scarlet, black, and golden,

abound in Polynesia, and no rock pool in the East Indies is

without several forms of this type. The type reaches its greatest

development in the south seas. About forty different species of

Pomacentrus and Glyphisodon occur in the corals of the harbor

of Apia in Samoa.

Almost equally abundant are the species of Glyphisodon. The

"cockeye pilot," or jaqueta, Glyphisodon marginatus, green with

FlO. 484.—Cockeye Pilot, Glyphisodon marginatus (Blocli). Cuba.

black bands, swarms in the West Indies, occasionally ranging

northward, and is equally common on the west coast of Mexico.

Glyphisodon abdominalis replaces it in Hawaii, and the Asiatic

Glyphisodon saxatilis is perhaps the parent of both. Glyphisodon

sordidns banded with pale and with a black ocellus below the

soft dorsal is very common from Hawaii to the Red Sea, and is

a food-fish of some importance. Glyphisodon calcstinns blue,

with black bands, abounds in the south seas.
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The many species of Amphiprion are always brilliant, red

or orange, usually marked by one or two cross-bands of creamy

blue. Amplnprion melanoptis abounds in the south seas.

Azurina Mrundo is a slender species of lower California of a

brilliant metallic blue. All these species are carnivorous, feed-

ing on shrimps, worms, and the like.

Microspathodon is herbivorous, the serrated incisors being

loosely implanted in the jaws. Microspathodon dorsalis, of the

west coast of Mexico, is of a deep indigo-blue color, with streamer-

like fins. Microspathodon chrysurns, of the West Indian coral

reefs, black with round blue spots and the tail yellow. This

Fig. 485.—Indigo Damsel fish, Microspathodon dorsalis (Gill). Mazatlan, Mex.

family is probably of recent origin, as few fossils are referred

to it. Odontciis pygmaiis of the Eocene perhaps belongs to it.

Suborder Pharyngognathi.—The wrasses and parrot-fishes, con-

stituting the group called Pharyngognathi {cpapvyS, gullet
;
yvados,

jaw), by Johannes Miiller, have the lower pharyngeal bones

much enlarged and solidly united, their teeth being either

rounded or else flat and paved. The nostrils, ventral fins,

pectoral fins and shoulder-girdle are of the ordinary perch-

like type. The teeth are, however, highly specialized, usually

large and canine-like, developed in the jaws only, and the gills

are reduced in number, 3^ instead of 4, with no slit behind the

last half gill. The scales are always cycloid and are usually large.

In the tropical forms the vertebras are always twenty-four in
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THimber (10+14), but in northern forms the number is largely

increased with a proportionate increase in the number and

strength of the dorsal spines. All the species are strictly marine,

and the coloration is often the most highly specialized and

brilliant known among fishes, the predominant shade being

blue.

All are carnivorous, feeding mainly on crustaceans and

snails, which they crush witli their strong teeth, there being

often a strong canine at the posterior end of the premaxillan,',

which holds the snail while the lower jaw acts upon it. The

species are very numerous and form the most conspicuous

feature in the fish markets of every tropical port. They aboimd

f
I ^^-/-M^/^^,

Fig. 4S6 —Tautog, Taiiioga onilis (L.). Wood's Hole, Mass.

especially in the pools and openings in the coral reefs. All are

good for food, though all are relatively flavorless, the flesh

being rather soft and not oily.

The Wrasse Fishes: Labridse.—The principal family is that of

the Lahridcc, characterized by the presence of separate teeth

in the front of the jaws. Numerous fossil species are known
from the Eocene and Miocene. Most of these are kno\\'Ti only

from the lower pharyngeal bones. Labrodon is the most widely

diffused genus, probably allied to Labriis, but with a pile of

successional teeth beneath each functional tooth. The species

are mostly from the Miocene.

The northern forms of Labridce are known as wrasse on the
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coasts of England. Among these are Labnis bcrgylta, the ballan

wrasse; Lcibnts viridis, the green wrasse; Labnis ossipliagus,

the red wrasse; and Labnis menda, the black wrasse. Acan-

tholabnis palloni and Centrolabnis exoletus have more than

three anal spines. The latter species, known as rock cook, is

abundant in western Norway, as far north as Throndhjem, its

range extending to the northward beyond that of any other

Labroid. Allied to these, on the American coast, is the tautog

or blackfish, Tantoga oiiitis, a common food-fish, dusky in

color with excellent white flesh, especially abundant on the

coast of New England. With this, and still more abundant, is

the cunner or chogset, Tantogolabnis adspersiis, greenish-blue

^^

Fig. 483.—Capitaim- or Hofjfisli, Lachnolaimvs jalcahts. Florida.

in color, the flesh being also more or less blue. This fish is

too small to have much value as food, but it readily takes the

hook set for better fishes.

In the Mediterranean are found many species of Crcnilabnis,

gaily colored, each species having its own peculiar pattern and

its own arrangement of inky spots. Among these are Crenila-

brns vicditcrranciis, Crenilabriis pavo, and Crcuilabriis griseiis.

With these are the small species called Ctenolabnis rupestris,

the goldsinny, much like the American cunner, and the long-

nosed Sympliodiis scuta.

Of the many West Indian species we may notice the Capi-
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taine or hogfish, Lachnolaimus maximus, a great fish, crimson

in color, with its fin spines ending in long streamers; Bodianus

rufns, the Spanish lady-fish or pudiano, half crimson, half

golden. HalichcBres radiatiis, the pudding-wife (a mysterious

word derived from "oldwife" and the Portuguese name, pudi-

ano), a blue fish handsomely mottled and streaked. Of the

smaller species, Clepticns parra, the janissary, with very small

teeth, Halichccres bivittatiis, the slippery-dick, ranging north-

ward to Cape Hatteras, and Doratonotus megalepis, of an intense

grass-green color, are among the most notable. The razor-

fish, Xyrichthys psitiacus, red, with the forehead compressed

to a sharp edge, is found in the Mediterranean as well as through-

out the West Indies, where several other species of razor-fish

also occur.

Scarcely less numerous are the species of the Pacific Coast

of America. Pimelometopon pulcher, the redfish or fathead of

Fig. 489.—Razor-fish, Xyrichthys psittacus (Linnseus). Tortugas, Fla.

southern California, reaches a length of two feet or more. It

abounds in the broad band of giant kelp which lines the Cali-

fornia coast and is a food-fish of much importance The
female is dull crimson. In the male the head and tail are black

and on the top of the head is developed with age a great adipose

hump. A similar hump is fovmd on the adult of several other

large labroids. Similar species on the coast of South America,

differing in color and size of scales, are Pimelometopon darwini,

Trochocopus opercularis, and Bodianus diplotcsnia. The seno-

rita, Oxyjulis californica, is a dainty cream-colored little fish
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of the California coast, Halichares semicinctiis, the kelpfish,

light olive, the male with a blue shoulder bar, is found in south-

em California. On the west coast of Mexico are numerous

species of Tlialassoiiia, Halichccrcs, Pseudojulis, Xyrichthys

and Iniistius, all different from the corresponding species in

the West Indies, and equally different from the much greater

1

Kio. -iUO —Redfish (male), Piinelomclopon pidcher (Aj-res). San Diego.

variety found in Hawaii and in Samoa. About the Polynesian

and West Indian islands abound a marvelous wealth of forms of

Flo. 491.—Lcpidaplois pcrditio (Qiuiy it Gaiiiuinl). Wakaiioura, Japan.

every shade and pattern of liright colors—blue, green, golden,

scarlet, crimson, purple—as if painted on with lavish hand and
often in the most gaudy pattern, although at times laid on

with the greatest delicacy. The most brilliant species belong

to Thalassoma and Jidis, the most delicately colored to Stetho-
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jtdis and Cirrhilabrus. In Gomphosus the snout is prolonged

on a long slender tube. In Qicilio the whole body is elongate.

In Iniistius the first two dorsal spines form a separate fin,

the forehead being sharp as in Xyrichthys. Other widely

distributed genera are Anampses, Lepidaplots, Semicossyphus,

Duymcsria, Platyglossiis, Pseudolahriis, Hologymnosus, Macro-

pharyngodon, Coris, Jiilis, Hcmipteronoius, Novaculicliihys,

Cheilinus, Hemigymnus, and Cymolutes. Halichceres is as abund-

ant in the East Indies as in the West, one of its species

Halichceres pcEcilopterns being common as far north as Hako-

date in Japan. In this species as in a few others the sexes

are very different in color, although in most species no external

sexual differences of any sort appear. In the East Indian

genus, Pseiidoclieiliniis, the eye is very greatly modified. The
cornea is thickened, forming two additional lens-like structures.

The small family of Odacidce differs from the Labridcs in

having in each jaw a sharp cutting edge without distinct teeth

anteriorly, the pharyngeal teeth being pavement-like. The
scales are small, very much smaller than in the Scaridtr, the

body more elongate, and the structure of the teeth different.

The species are mostly Australian, Odax balteatus being the

most abundant. It is locally known as kelpfish.

In the SiphonognathidcB the teeth are much as in the OdacidcE,

but the body is very elongate, the snout produced as in the

comet-fishes (Fistnlaria), and the upper jaw ends in a long skinny

appendage. Siphonognathus argyrophanes, from Australia, reaches

a length of sixteen inches.

The Parrot-fishes: Scaridae.—The parrot-fishes, or ScaridcB, are

very similar to the Labrida in form, color, and scales, but

differ in the more or less complete fusion of the teeth, a char-

acter which varies in the different genera.

Of these the most primitive is Calotomiis, confined to the

East Indies and Polynesia. In this genus the teeth are united

at base, their tips free and imbricated over the surface of the

jaw.

The species are dull in color, reddish or greenish. Caloto-

miis japonicHs is the Budai or Igami of Japan. Calotomus

sandwichensis and Calotomus -irradians are found in Hawaii,

and Calotomus xenodon on the offshore islands of Mexico.
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In Calotomus the dorsal spines are slender. In Scaridea (balia)

of the Hawaiian Islands the first dorsal is formed of pungent

spines as in Sparisoma.

Fig. 493. ria.493.

Fig. 492.—Pliarynseals of Italian Parrot-fish, Sparisoma cretense (L.).

a, upper; b, lower.

Fig. 493.—Jaws of a Parrot-fish, Calotomus xcnodon Gilbert.

Cryptotomus ot the Atlantic is also a transitional group

having the general characters of Sparisoma, but the anterior

Fig. 494. —Cryplolomus beryllintis Jordan & Swain. Key West, Florida.

teeth more separate. The several species are all small and

characteristic of the West Indian fauna, one species, Crypto-

tomus beryllinus, ranging northward to Long Island.
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In the large genus Sparisonia the teeth are more com-

pletely joined. In this group, which is found only in the trop-

ical Atlantic, the lower phar>'ngeals are broader than long and

Fig. 495.

—

Sparisoma hoplomystax (Cope). Key West.

hexagonal. The teeth of the jaws are not completely united,

the dorsal spines are pungent, the lateral line not interrupted,

and the gill membranes broadly united to the isthmus.

Of the numerous species the dull-colored Sparisoma flaves-

FiG. 496—Sparisowio abildgaardi (Bloch), Red Parrot-fish. Loro Colorado.

Family Scarida:.

cens is most abundant in the West Indies and ranges farther

north than any other. Sparisoma cretense, the Scdrus of the
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ancients, is found in the Mediterranean, being the only member
of the family known in Europe and the only Sparisoma known
from outside the West Indian fauna.

Other West Indian species are the red parrot-fish, Sparisoma

abildgaardi, Sparisoma xystrodon, Sparisoma hoplomystax, the

last two being small species about the Florida Keys, and the

handsome Sparisoma viride from the West Indies.

Scanis is the great central genus of parrot-fishes. Its mem-
bers are especially abundant in Polynesia and the East Indies,

the center of distribution of the group,

although some extend their range to

western Mexico, Japan, the Red Sea, and

Australia, and a large number are found

in the West Indies. Most of them are

fishes of large size, but a few, as the West

Indian Scams croicensis, reach the length

of less than a foot, and other still smaller

species {Scams evermanni, Scams boll-

mani) are found only in water of consider-

able depth (200 fathoms).

The genus Scams is characterized by

not only the almost complete fusion of its

teeth, but by numerous other characters.

Its lower pharj'ngeals are oblong and spoon-shaped, the teeth

appearing as a mosaic on the concave surface. The gill-mem-

FiG. 497 —Jaws of Blue
Parrot-fish, Scarus cwru-

leus (Bloeh).

Fui 498 liii. 499.

Fig. 498.—ITpper pharyngeals of an Indian Parrot-fish, Scarus slrongylorephalus.

Fig. 499—Lower pharyngeals of a ParroUhsh, Scarus slrongylocephalus (Bleeker).

branes are. scarcely united to the narrow isthmus, the lateral

line is interrupted, the dorsal spines are flexible, and there
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are but few scales on the head. These, as well as the scales

of the body, are always large. The most highly specialized

500.

—

Scarus emhlematictis Jordan & Rutter. Jamaica.

of its species have the teeth deep blue in color, a character

which marks the genus or subgenus Pseiidoscarus. Of the species

of this type, the loro, Pseudoscarus ccelestimis, and the more
abundant guacamaia, Pseudoscarus gnacaniaia (Fig. 100) of

the West Indies, are characteristic forms. The perrico, Pseudo-

FiG. 501 -Scarus cwruleus (Bloch). Blue Parrot-fi.sh. Loro, Azul.
Family Scaridce.

scarus perrico of the west coast of Mexico, and the great blue

parrot-fish, or galo, of Hawaii and Samoa, Pseudoscarus jordani,

belong to this type. Pseudoscarus jordani was formerly tabu

to the king in Hawaii, and its brilliant colors and toothsome
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flesh (when eaten raw) made it the most highly valued fish

at the royal banquets of old Hawaii. It still sells readily at a

dollar or more per pound. To this type belong also the blue

parrot-fish, Psendoscarus ovifrons, of Japan. In the restricted

genus Scarus proper the teeth are pale. The great blue parrot-

fish, of the West Indies, Scants ccrritlcus, belongs to this

group. This species, deep blue in color, reaches a large size,

and the adult has a large fleshy hump on the forehead.

Lesser parrot-fish with pale teeth and with showy coloration

are the West Indian species Scants taniopterus, Scams vetula,

Scants croicensis, etc.

Very many species of both Scams and Pseudoscams, green,

blue, red-brown, or variegated, abound about the coral reefs

of Polynesia. About twenty-five species occur in Samoa.

x:w>t.

Fig. 503 —Slippery-dick or Doncella, Halichceren bivittatiiis (Bloch), a fisli of the

coral reefs, Key West. Family Lahrldce.

Psetidoscams laiax and P. idtramarivms being large and

showy species, chiefly blue. Pseudoscams prasiognathus is

deep red with the jaws bright blue.

Fossil species referred to Scants but belonging rather to Spari-

soma are found in the later Tertiary. The genera Phyllodiis,

Egertonia, and Paraphyllodus of the Eocene perhaps form a

transition from Labridcc to Scaridcc. In Paraphyllodus medhis

the three median teeth of the lower pharyngeals are greatly

widened, extending across the surface of the bone.



CHAPTER XXXVIII

THE SOUAMIPINNES

HE Squamipinnes.— \'er}^ closely allied to the Per-

comorphi is the great group called Squamipinnes

{squama, scale; pinna, ^n) by Cuvier and Epelasmia

ay Cope. With a general agreement with the Percomorphi, it

is distinguished by the more or less complete soldering of the

post-temporal with the cranium. In the more specialized

forms we find also a soldering of the elements of the upper

Fig. 504.

—

Monodactylus nryinUux (LiiMui'us). From Apia, Samoa.
Family Scorjndidir.

jaw, and a progressive reduction in the size of the gill-opening.

The ventral fm retains its thoracic insertion, and, as in the

perch mackerel like forms, it has one spine and five rays, never

any more. The ventral fins are occasionally lost in the adult,

608
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as in the StromateidcE, or they may lose part of their rays. The
name Squamipinnes refers to the scaly fins, the typical species

having the soft rays of dorsal, anal, and caudal, and sometimes
of other fins densely covered with small scales. In various

aberrant forms these scales are absent. The name Epelasmia

{em, above; eXda-fAos, plate) refers to the thin upper pharyn-

geals characteristic of certain forms. The transition from
this group to the Sclerodcrmi is very clear and very gradual.

The Squamipinnes, Sclerodcrmi, Ostracodermi, and Gymnodontes

form a continuous degenerating series. On the other hand the

less specialized Squamipinnes approach very closely to forms

already considered. The AntigoniidcB are of uncertain affinities,

possibly derived from such forms as Histiopteridcc, while Platax

show considerable resemblance to scaly-finned fishes like the

Kyphosida and Stromateidce . The Scorpididcc seem intermediate

between Stromateidce and PlatacidcB. In such offshoots from
Scombroidei or Percoidei the group doubtless had its origin.

We may begin the series with some forms which are of

doubtful affinity and more or less intermediate between the

Squamipi)incs and the more primitive Percomorphi.

The Scorpididae.—This family has the general appearance of

Platax and Ilarches, but the teeth are not brush-like, and the

post-temporal is free from the skull as in perch-like fishes. The
species inhabit the Pacific. Scorpis georgianus is a food-fish of

Australia, with the body oblong. Monodactylus argenteus, the

toto of Samoa, is almost orbicular in form, while Psettias seba is

twice as deep as long, the deepest-bodied of all fishes in propor-

tion to its length.

The Boarfishes: Antigoniidae.—The boarfishes (AntigoniidcB) are

characterized by a very deep body covered with rough scales,

the post-temporal, as in the Chcctodontidce and the ZeidcB, being

adnate to the skull.

These fishes bear some resemblance to Zeus, but there is no

evidence of close affinity nor is it clear that they are related to

the CIicBtodontidcB. Capros aper, the boarfish, is common in

southern Europe, reaching a length of less than a foot, the

protractile mouth suggesting that of a pig. The diamond-

fishes, Antigonia, are deeper than long and strongly compressed,

the body being covered with roughish scales.. The color is



Fig. 505.

—

Ptettia sebte Cuv. & Viil. East Indies.

6io
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salmon-red and the species live just below the depths ordinarily-

explored by fishermen. Antigtvda capros is found at Madeira
and in the West Indies, Autigouia stcindachucri about Hawaii
and in Japan, while the smaller Antigonia mbcsccns is abundant
in the Japanese bays at a depth reached by the dredge. An
extinct genus, Proantigonia from the Miocene is said to connect
Antigonia with Capros.

The Arches : Toxotidae.—The archers, ToxotidcB, have the body-

compressed, the snout produced, and the dorsal fin with but five

spines. The skeleton differs widely from that of ChcBtcdon and
the family should perhaps rather find its place among the per-

coids. Toxotes jacidatrix is found in the East Indies. The
name alludes to its supposed habit of catching insects by shoot-

ing drops of water at them through its long mouth.
The Ephippidae.—With the typical Squamipinnes, the teeth

become very slender, crowded in brush-Hke bands. The least

specialized family is that of Epliippidce, characterized by the

presence of four anal spines and a recumbent spine before the

dorsal. The principal genus, EpJiippus {Scatophagiis), is repre-

sented by Ephippiis argiis, a small, bass-like fish, spotted with

black, found in the Indian seas, and ranging northward to For-

mosa. Species referred to Ephippiis {Scatophagiis) are recorded

from the Italian Eocene of Monte Bolca, where a species of

Toxotes has been also found.

The Spadefishes: Ilarchidae.— In the Ilarchidce the dorsal is

divided into two fins, the spinous part being free from scales.

In various regards the species are intermediate between ordinary

perch-like forms and the chtetodonts. In these fishes the body
is very deep and, with the soft fins, closely covered with roughish

scales. In Ilarches (Ephippiis), represented by Ilarches orbis

of the Indian seas, these scales are relatively large. This

species is a common food-fish from India to Formosa.

In the American genus, Chcetodiptertis, the scales are quite

small. The spadefish (Chcstodipterns faber), sometimes called also

moonfish or angel-fish, is a large, deep-bodied fish, reaching a

length of two feet. It is rather common from Cape Cod to Cuba,

and is an excellent pan fish, with finely flavored white flesh.

The young are marked by black cross-bands which disappear

with age, and in the adult the supraoccipital crest is greatly
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thickened and the skull otherwise modified. A very similar

species, Chastodipterus zonatns, occurs on the west coast of

Mexico. Species allied to Choctodipterns are fossil in the Italian

Eocene. The Drepanidcs of the East Indies are close to the

.'larchidce. Drcpanc punctata is a large, deep-bodied fish resem-

bling the spadcfish but with larger scales.

\
Fig. 506.—Spadefish, C/i<rtodipterMS /aicr (L.). Virginia.

The Platacidae.—Closely related to the IlarchidoB is also the

East Indian family of Platacidcv, remarkable for the very great

depth and compression of the body, which is much deeper than

long, and the highly elevated dorsal and anal still further empha-

size this peculiarity of form. In this group the few dorsal

spines are closely attached to the soft rays and the general

color is dusky. In the young the body is deeper than in the

adult and the ventral fins much more produced. The best-

known species is the tsuzume or batfish {Platax orbicularis),

which ranges from India through the warm current to northern

Japan. Platax leira, farther south, is very similar. Platax
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alUssimiis, with a very high dorsal, is fossil in the Eocene of
Monte Bolca.

The Butterfly-fishes: Chaetodontidae.—The central family of

Squamipinnes is that of the butterfly-fishes or ChcEtodontidcB.

In this group the teeth are distinctly brush-like, the mouth
small, the dorsal fin continuous and closely scaly, and the ven-
tral fins with one spine and five rays. The species are mostly
of small size and brilliant and varxd coloration, yellow and
black being the leading colors. They vary considerably with
age, the young ha\-ing the posterior free edges of the bones of
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Fig. 507.—Butterfly-fish, Chcetodon capistratiis Linnseus. Jamaica.

the head produced, forming a sort of collar. These forms have
received the name of Tholichthys, but that supposed genus

is merely the yovmg of Chcetodoii. The species of ChwtodontidcB

abound in rock pools and about coral reefs in clear water. They
are among the most characteristic forms of these waters and

their excessive quickness of movement compensates for their

conspicuous coloration. In these confined localities they have,

however, few enemies. The broad bodies and spinous fins make
them rather difficult for a large fish to swallow. They feed
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on small crustaceans, worms, and the like. The analogy to the

butterfly is a striking one, giving rise to the English name,

butterfly-fish, the Spanish mariposa, and the Japanese chocho-

uwo, all having the same meaning. Fossil chaetodonts are

rather few, Chastodon pseiidorhombns of the Pliocene of France,

Holocanthus microcephalus and Pomacanthns subarcnatus of the

Eocene, being the only species recorded by Zittel.

In the principal genus, CItcBtodon, the colors are especially

1

Fig. 508.—Black .Vngel-fish, Ponn-anlhiis arcualus (Linnaeus). Barnegat,
New Jersey.

bright. There is almost always a black bar across the eye,

and often black ocelli adorn the fins. This genus is wanting

in Europe. Chatodon capistratns, striatiis, and numerous other

species are found in the ^\'est Indies; Chmtodon hmneralis and
nigrirostris are common on the coast of Mexico. The center

of their distribution is in Polynesia and the East Indian Archi-

pelago. ChcBtodon reticulatus, lineolatus, idietensis, ornatis-

simus, ephippion, setifer, and auriga are among the most showy
species. Numerous closely related genera are described. In

some of these the snout is prolonged into a long tube, bearing
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the jaws at its end. Of this type are Chelino in India, Forcipiger

in Polynesia, and Prognathodes in the West Indies. Heniochiis

{macrolepidotiis). has one dorsal spine greatly elongated. Micro-

canthus strigaUis, one of the most widely distributed species, is

known by its small scales. Megaprotodon (irifascialis) has four

anal spines instead of three as in the others.

The species of Holacanthns, known as angel-fishes, are larger

in size, and their colors are still more showy, being often scarlet

or blue. In this genus the preopercle is armed with a strong

Fig. 509- -Angel-fish or Isabclita. Holacanthus ciliaris (Liiiiiapus). Jamaica.
Family Chwtodontidce.

spine, and there are fourteen or more strong spines in the dorsal.

This genus has also its center of distribution in the East Indies,

whence two species {septentrionalis and ronin) with concentric

stripes of blue range northward to Japan. Holacanthus tibicen,

jet-black with one yellow cross-band, is found from the Riu Kiu

Islands southward. The angel-fish or isabelita {Holacanthus

ciliaris), orange-red, sky-blue, and golden, as though gaudily

painted, is the best-known species. The vaqueta de dos colores

or rock beauty [Holacanthus bicolor), half jet-black, half golden,

is scarcely less remarkable. Both are excellent food-fishes of the

West Indies. Holacanthus passer is a show^^ inhabitant of the

west coast of Mexico. Holacanthus diacanthus, orange, barred
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with blue, is one of the gaudiest inhabitants of the coral

reefs of Polynesia. Holacanthiis flavissinms, golden with some
deep-blue markings, and Holacanthiis nicobariensis, blackish with

white circles, are found with other species in the same waters.

The genus Pomacanthns (Pomacanthodes) includes American

species only, still larger in size and differing from Holacanthiis in

having nine to eleven spines only in the dorsal fin. The young
of Pomacanthns are blackish, crossed by many curved yellow

cross-bands, which disappear entirely with age. Three species

V\

Fig. 510.—Rock Beauty, Holacanthus tricolor (L.). Puerto Rico.

are known, Pomacanthns arcuatus, the black angel, chirivita

or portugais, Pomacanthns parii, the Indian-fish or paru of the

West Indies, and Pomacanthns zonipectus, " Mojarra de las

Piedras," of the west coast of Mexico. All are good food-fishes,

but lacking the brilliant colors of Holacanthiis and the fine

pattern usual in Chcetodon.

The Pygaeidae.—Between the CJiatodontidcs and the AcanthiiridcB

we would place the extinct family of Pygccidcc, of the Eocene. In

PygcEiis gigas and other species the dorsal spines are strong and
numerous; there are 5 to 8 species in the anal fin, the scales

are shagreen-like, and the teeth seem coarser than in the Chceto-

dontidcs. The tail is apparently unarmed, and the soft dorsal, as

in Chcetodon, is much shorter than the spinous. To this family
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the Eocene genera, Aulorhamphus (bolceiisis), with produced

snout, and Apostasis {croaticus) , with long spinous dorsal, prob-

ably belong.

The Moorish Idols : Zanclidae.— The family of Zanclidw in-

cludes a single species, the Moorish idol or kihi kihi, Zanclus

canescens. In this family the scales are reduced to a fine sha-

FiG. 511.—The Moorish Idol, Zanchts canescens (Linnijeus). From Hawaii.
Family Zanclidit. (Painting by Mrs. E. G. Norris.)

green, and in the adult two bony horns grow out over the eye.

The dorsal spines are prolonged in filaments and the color is

yellow crossed by bars of black. Zanclus canescens is a very

handsome fish with the general appearance and habit of a

ChcEtodon, but the form is more exaggerated. It is found

throughout Polynesia, from Japan to the oft"-shore islands of
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Mexico, and is generally common, though rarely entering rock

pools.

Zanclus eocmnus is recorded from the Italian Eocene.

The Tangs: Acanthuridae.— In the next family, AcanthuridcB,

the surgeon-fishes or tangs, the scales remain small and shagreen-

like, the body is more elongate, the gill-openings still more
restricted, and the teeth are flattened and incisor-like. The pubic

bone is more elongate, and in all the species some sort of arma-

ture is developed on the side of the tail. The spinous dorsal

\
Fig. 512.

—

Teuthis cceruleus (Bloch & Schneider), Blue Tang; Medico.
Family Teiilhididce.

in all is less developed than the soft dorsal. The species abound

in the warm seas, especially about the tide pools, and are used

as food. They undergo considerable changes with age, the

caudal armature being developed by degrees. Nearly all are

dull brown in color, but in some a vivid ornamentation is added.

Fossil forms are found from the Eocene and later. Most of

these are referable to Teuthis and Acantlturus.

The principal genus is Teuthis, characterized by the presence

on each side of the tail of a sharp, knife-like, movable spine

•with the point turned forwards and dropping into a sheath.

This spine gives these fishes their name of surgeon-fish, doctor-
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fish, lancet-fish, tang, barbero, etc., and it forms a very effective

weapon against fish or man who would seize one of these

creatures by the tail. The species have the center of distribution

in the East Indies and have not reached Europe. Three species

are found in the West Indies. The blue tang (Teutliis ccvruletis)

is chiefly bright blue. The common tang, Teutliis chirurgus, is

brown with bluish streaks, while a third species, Teutliis bahi-

anus, has a forked caudal fin. Very close to this species is

Teutliis cresionis, of the west coast of Mexico, and both are

closely related to Teutliis matoides, found from India to Hawaii.

Teutliis trtostegus, of Japan and Polynesia and the East

Indies, is covered with cross-bands alternately black and pale.

--c^^.^^^gl^

Fig. 513.—Brown Tang, Teuthis hahianus (Ranzani). Tortugas, Fla.

In Hawaii this is replaced by the very similar Teutliis saiid-

wicliensis. Many species are found about Hawaii and the other

Polynesian Islands. Teutliis achilles has a large blotch of bril-

liant scarlet on the tail, and Teuthis olivaceus a bright-colored

mark on the shoulder. Teuthis lineatus, yellow with blue

stripes, a showily colored fish of the coral reefs, is often poison-

ous, its flesh producing ciguatera.

Zebrasoma differs from Teuthis in having but 4 or 5 dorsal

spines instead of 10 or 1 1 . In this genus the soft dorsal fin is very

high. Zebrasoma fiavescens, sometimes brown, sometimes bright
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yellow, is common in Polynesia; Zebrasoma veliferiim, cross-

barred with black, is also common.
CtenochcEtus (strigosus), unlike the others, is herbivorous and

has its teeth loosely implanted in the gums. This species, black

with dull orange streaks, was once tabu to the king of Hawaii,

who ate it raw, and common people who appropriated it were

put to death.

In Xesiinis the caudal lancelet is replaced by three or four

bony tubercles which have no sharp edge. Xesnnis scalpriim

is common in Japan, and there are three species or more on

the west coast of Mexico, Xesuriis pimctatus and Xestirus

laticlaviHS being most abundant.

In Prioiinrns {microlcpiJotus) of the tropical Pacific the

armature is still more degraded, about six small plates being

developed.

In Acantltnrus {Monoceros, Nasens), the unicorn-fish and its

relatives, the ventral fins are reduced, having but three soft rays,

the caudal spines are very large, blunt, immovable, one placed

in front of the other. In most of the species of Acanthunis

a long, bony horn grows forward from the cranium above the

eye. This is wanting in the young and has various degrees of

development in the different species, in some of which it is

wholly wanting. The species of Acanthunis reach a large size,

and in some the caudal spines are bright scarlet, in others blue.

Acanthunis unicoryiis, the unicorn-fish, is the commonest species

and the one with the longest honi. It is abimdant in Japan,

in Hawaii, and in the East Indies.

Axinunis thynnoides of the East Indies has a long, slim body,

with slender tail like a mackerel.

Suborder Amphacanthi, the Siganidae.— The Amphacantlii

{an(pi, everywhere ; ocKavOa, spine) arc spiny-rayed fishes cer-

tainly related to the Tciithididcc, but differing from all other

fishes in having the last ray of the ventrals spinous as well as

the first, the formula being I. 4, I. The anal fin has also six

or seven spines; and the maxillary is soldered to the premax-

illary The skeleton is essentially like that of the Acaiiihn-

ridcc.

The single family, Siganida, contains fishes of moderate

size, valued as food, and abounding about rucks in shallow
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water from the Red Sea to Tahiti. The coloration is rather

plain olive or brown, sometimes w^th white spots, sometimes

with bluish lines. The species are very much alike and all

belong to the single genus Siganits. One species, Siganits

fiiscescens, dusky with small, pale dots, is a common food-

fish of Japan. Others, as Stganiis oramin and Siganus ver-

miciilatus, occur in India, and Siganus piinctatiis, known as lo,

abounds about the coral reefs of Samoa. Siganus vulpinus

differs from the others in the elongate snout.

A fossil genus, Archoteuthis (glaronensis), is fovmd in the

Tertiary of Glarus. It differs from Siganus in the deeper body

and in the presence of six instead of seven spines in the anal

fin.



CHAPTER XXXIX

SERIES PLECTOGNATHI

I HE Plectognaths.—Derived directly from the Acanthii-

rida, from which they differ by progressive steps of

degeneration, are the three suborders of Sderodermi,

Ostracodcrini, and Gyninodontes, forming together the series or

suborder of Plectognathi. As the members of this group differ

from one another more widely than the highest or most

generalized forms differ from the Acantlmridcc, we do not regard

it as a distinct order. The forms included in it differ from

the Acanthuridcc much as the swordfishes differ from ordinary

mackerel. The Plectognathi {nXeKToi, woven |;ogether; yvdOos,

jaw) agree in the union of the maxillary and premaxillary,

in the union of the post-temporal with the skuU, in the great

reduction of the gill-opening, and in the elongation of the pel-

vic bones. All these characters in less degree are shown in

the Sqnamipinnes. We have also the reduction and final entire

loss of ventral fins, the reduction and loss of the spinous dor-

sal, the compression and final partial or total fusion of the

teeth of the upper jaw, the specialization of the scales, which

change from bony scutes into a solid coat of mail on the one

hand, and on the other are reduced to thorns or prickles and

are finally altogether lost. The number of vertebrae is also

progressively reduced imtil in the extreme forms the caudal

fin seems attached to the head, the body being apparently

wanting. Throughout the grou]) poisonous alkaloids are

developed in the flesh. These may produce the violent disease

known as ciguatera, directly attacking the nervous system.

The three suborders of plectognathous are easily recognized

by external characters. In the Sderodermi (a-KXepos, hard;

dipfia, skin) the spinous dorsal is present and the body is
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more or less distinctly scaly. The teeth are separate and
incisor-like and the form is compressed. In the Ostracodermi

{offrpuKoi, a box ; Sip/.ia, skin) there is no spinous dorsal, the teeth

are slender, and the body is inclosed in an immovable, bony
box. In the Gymnodontes {yv/xv6?, naked; oSovs, tooth) the

teeth are fused into a beak like that of a turtle, either con-

tinuous or divided by a median suture m each jaw, the spinous

dorsal is lost, and the body is covered with thorns or prickles

or else is naked.

The Scleroderms.—The Sclerodermi include three recent and

one extinct families. Of the recent forms, Triacanthidcs is

the most primitive, having the ventral fins each represented

by a stout spine and the skin covered with small, rough scales.

The dorsal has from four to six stiff spines.

Triacanthodcs anomaliis is found in Japan, Hollardia hol-

lardi in Cuba. Triacanthus brevirostris , with the first spine very

large, is the common hornfish of the East Indies ranging north-

ward to Japan.

The Trigger-fishes: Balistidae.—The BaUstidaz, or trigger-fishes,

have the body covered with large rough scales regularly arranged.

Fig. 514.^The Trigger-fish, Balistes caroUnensis Gmelin. Xew York.

The first dorsal fin is composed of a short stout rough spine,

with a smaller one behind it and usually a third so plaqed that

by touching it the first spine may be set or released. This
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peculiarity gives the name of trigger-fish as well as the older

name of Batistes, or cross-bow shooter. There are no ventral

fins, the long pelvis ending in a single blvmt spine. The numer-

ous species of trigger-fishes are large coarse fishes of the trop-

ical seas occasionally ranging northward. The center of dis-

tribution is in the East Indies, where many of the species are

most fantastically marked. Batistes carolinensis, the leather-

jacket, or cucuyo, is found in the Mediterranean as also on the

American coast. Batistes vetnla, the oldwife, oldwench, or

cochino, marked with blue, is common in the West Indies,

as are several other species, as Cantliidermis siifflamen, the

sobaco, and the jet-black Meticlttliys piceits, the black oldwife,

or galafata. Several species occur on the Pacific Coast of

Mexico, the Pez Puerco, Batistes verves, being commonest.

Still others are abundant about the Hawaiian Islands and

Japan. The genus Batistapiis, having spinous plates on the

tail, contains the largest number of species, these being at the

same time the smallest in size and the most oddly colored.

Batistapiis acideatus and Batistapiis u>tdittatus are common
through Polynesia to Japan. Most of the tropical species

of Balistidcc are more or less poisonous, causing ciguatera, the

offensive alkaloids becoming weaker in the northern species.

Meliclitliys radiila abounds in Polynesia. In this species great

changes take place. at death, the colors changing from blue and

mottled golden green to jet black. Other abundant Polynesian

species are Xaiitliiclitliys tineopmictatiis, Batistes vidua. Batistes

bursa, and Batistes ftavoinars^inatus.

The File-fishes: Monacanthidae.—Closely related to the Batis-

tida are the Monacantliidce, known as filefishes, or foolfishes. In

these the body is very lean and meager, the scales being

reduced to shagreen-like prickles. The ventral fins are

replaced by a single movable or immovable spine, which is

often absent, and the first dorsal fin is reduced to a single spine

with sometimes a rudiment behind it. The species are in

general smaller than the Balistidcc and usually but not always

dull in color. They have no economic value and are rarely

used as food, the dry flesh being bitter and offensive. The
species are numerous in tropical and temperate seas, although

none is found in Europe. On our Atlantic coast, Stephano-
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lepis hispidus and Ceratacanthiis scluvpfi are common species.

In the West Indies are niimerous others, Osbeckia Icsvis and

,<«v*^^

'S,

y"'

Fig. 515 —File-fish, Osbeckia laevis {scripta). Woods Hole, Mass.

Alutera gtintheriaiia, largest in size, among the commonest. Both

of these are large fishes without ventral spine. Monacanthns

chinensis, with a great, drooping dewlap of skin behind the

Fig. 516 —The Needle-bearing File-fish, .-1 manses scopas of Samoa.

ventral spine, is found on the coast of China. Of the numerous

lapanese species, the most abundant and largest is Psendomon-
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acantlms modcstiis, with deep-blue fins and the ventral spine

immovable. Another is Stcphanolepis cirrhifer, known as Kaiva-

nmki, or skin-peeler. Alntera monoceros, and Osbeckia scripta,

the unicorn fish, abound in the East Indies, with numerous

others of less size and note. In the male of the Polynesian

Amanses scopas (Fig. 516) the tail is armed with a brush of

extraordinarily long needle-like spines.

In Stephanolepis spilosomiis the caudal fin is of a brilliant

scarlet color, contrasting with the usual dull colors of these

fishes. In Oxynnviacanthiis longirostris the body is blue with

orange checker-like spots and the snout is produced in a long

tube. About the islands of Polynesia, filefishes are relatively

few, but some of them are very curious in form or color.

The Spinacanthidae.—In the extinct family SpUmcanthidce

the body is elongate, high in front and tapering behind. The

Fig. 517 —Common File fish, Stephanolepis hispidus (Linnseus). Virginia.

first dcrsal has six or seven spines, and there are rough spines

in the pectoral. The teeth are bluntly conical. Spinacantlms

blennioides and 5. impcralis are found in the Eocene of Monte

Bolca. These are probably the nearest to the original ances-

tor among known scleroderms.

The Trunkfishes: Ostraciidx.—The group Ostracodermi con-

tains the single family of Ostraciidce, the trunkfishes or cuck-
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olds. In this group, the body is enveloped in a bony box,
made of six-sided scutes connected by sutures, leaving only

Fig. 518.—llorued Trunkfi.sh, Cowfish, or Cuckold, Ladophnjs tricornis (Limiirus).
Charlestoti, S. C.

the jaws, fins and tail free. The spinous dorsal fin is wholly
wanting. There are no ventral fins, and the outer fins are

Fig. 519.—Homed Trunkfish, Ostracion cornutum (Liunscus). East Indies.
(After Bleeker.)

short and small. The trunkfishes live in shallow water in

the tropical seas. They are slow of motion, though often

brightly colored.

Fig. 520,—Spotted Trunkfish, Lactophri/s bicaudalis (Liniurusj. Cozumel Island,

Yucatan.

Against most of their enemies they are protected by the

bony case. The species range from four inches to a foot in
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length, so far as known. They are not poisonous, and are

often baked in the shell. Tliree genera are recognized: Lac-

tophrys with the carapace, three-angled; Os-

tracion with four angles, and Aracana, resem-

bling Ostracion, but with the carapace not

closed behind the anal fin. In each of these

genera there is considerable minor variation

due to the presence or absence of spines on

the bony shell. In some species, called cuck-

olds, or co\\'fishes, long horns are developed

over the eye. Others have spines on some

other part of the shield and some have no Fig. 53i

spines at all. No species are found in
^^ru^n

^ Laciophrys

EuroDe, and none on the Pacific coast of bicaudalis (Lin-

America. The three-angled species, called

Lactophrys, are native chiefly to the West Indies, sometimes

carried by currents to Guinea, and one is described from

Australia. Lactophrys tricornis of the West Indies has long

Spotted
Trunk fish (face

Fin. 522.—Spineless Trunkfisli, Lactophrys triqueler (Linnspus). Tortug.is.

horns over the eye; Lactophrys tri'joints has spines on the lower

parts only. Lactophrys triqiieter is without spines, and the

fourth American species, Lactophrys bicaiidalis, is marked by

large black spots. The species of Ostracion radiate from the

East Indies. One of them, Ostracion gibbosum, has a turret-

like spine on the middle of the back, causing the carapace to

appear five-angled; Ostracion diaphaniim has short horns over

the eye, and Ostracion cormitum very long ones; Ostracion
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immaculatus, the common species of Japan, is without spines;

Ostracion sebcs of Hawaii and Samoa is deep, rich blue with

spots of golden. Aracaiia is also of East Indian origin; Ara-

cana acitleata, with numerous species, is common in Japan.

Fig. 523.—HoriJess Truiikfish, Ladophrys trigonus (Liniupus). Tortugas, Fla.

A fossil Species of Ostracion (0. micriirmn) is known from the

Eocene of Monte Bolca.

The Gymnodontes.— The group of Gymnodontes, having the

teeth united in a turtle-like beak, carry still further the degen-

FiG. 524.—Skeleton of the Cowfisli, Ladophrys tricornis (Linnseus).

eration of scales and fiins. There is no trace of spinous dorsal,

or ventral. The scales are reduced to thorns or prickles, or

are lost altogether. All the species have the habit of inflating

themselves with air when disturbed, thus floating, belly up-

ward, on the surface of the water. Very few, and these only

northern species, are used as food, the flesh of the tropical

forms being generally poisonous, and that often in a higher

degree than any other fishes whatever.

The Triodontidae.— The most generalized family is that of

the TriodoiitiJcc. These fishes approach the Balistidcc in several
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regards, having the body compressed and covered with rough

scales The teeth form a single plate in the lower jaw, but

are divided on the median line above. The compressed, fan-

like, ventral flap is greatly distensible. Triodon biirsarins,

of the East Indies and northward to Japan, is the sole species of

the family.

The Globefishes: Tetraodontidse.— In the Tetraodontida (globe-

fishes, or puffers), each jaw is divided by a median suture.

The dorsal and anal are short, and the ventrals are reduced

Fig. 525 —Silvery Puffer, Lagocephahts Iwrigalus (Linnaeus). Virginia.

in number, usually fifteen to twenty (7 + 13 to 7 + 9). The

walls of the belly are capable of extraordinary distension, so

that when inflated, the fish appears like a globe with a beak

and a short tail attached. The principal genus Spheroides

contains a great variety of forms, forming a closely intergrad-

ing scries. In some of these the body is smooth, in others more

or less covered with prickles, usually three-rooted. In some

the form is elongate, the color silvery, and the side of the belly

with a conspicuous fold of skin. In these species, the caudal

is lunate and the other fins falcate, and with numerous rays.

But these forms (called Lagocephalns) pass by degrees into

the short-bodied forms with small rounded fins, and no clear

line has yet been drawn of the genera of this group. In these

species each nostril has a douVjle opening. Lagocephalns lago-

ceplialns, large and silvery, is found in Europe. Lagoceplialus

Iccz'igattis replaces it on the Atlantic Coast of North America.

In Japan are numerous forms of this type, the venomous

Lagocephalns sceleratus being one of the best known. Numerous
other Japanese species, Spheroides xanthopterus, rubripes,

pardalis, ocellatus, vermiculatiis, chrysops, etc., mark the
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transition to typical Spheroides. Spheroides maculatus is com-

mon on our Atlantic coast, the puffer, or swell-toad of the

Fig. 526.—Puffer, inflated, Spheroides spenglen (Bloch). Woods Hole, Mass.

coastwise boys who tease it to cause it to swell. Spheroides

spengleri and 5. testudineus abound in the West Indies.

Spheroides politiis on the west coast of Mexico.

Fig. 527.—Puffer, Spheroides maculatus (Schneider). Noank, Conn.

In Tetraodon the nasal tentacle is without distinct opening,

its tip being merely spongy. The species of this genus are

even more inflatable and are often strikingly colored, the young

sometimes having the belly marked by concentric stripes of

black which disappear with age. Tetraodon hispidus abounds

in estuaries and shallow bays from Hawaii to India. In

Hawaii, it is regarded as the most poisonous of all fishes

(muki-muki) and it is said that its gall was once used to
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poison arrows. Tetraodon faliaka is a related species, the

first known of the family. It is found in the Nile. Tetraodon

lacrymatHS, black with white spots, is common in Polyne;ia.

Tetraodon aerostaticus, with black spots, is frequently taken in

Japan, and Tetraodon setosus is frequent on the west coast

of Mexico. This species is subject to peculiar changes of color.

Normally dark brown, with paler spots, it is sometimes deep

blue, sometimes lemon-yellow and sometimes of mixed shades.

:Si:^^M:£ff

Fig. r>28.—Tetraodon nicUuijns (LacepSde). Riu Kiu Islands.

Specimens showing these traits were obtained about Clarion

Island of the Revillagigedos. No Tetraodon occurs in the West

Indies. Colomesns psittacus, a river fish of the northern part

of South America, resembles Spheroides, but shows consider-

able difference in the skull.

But few fossil Tetraodontida have been recognized. These

are referred to Tetraodon. The earliest is Tetraodon pygmatis

from Monte Bolca.

The Cho)icrliinidcc of the East Indies are globefishcs hav-

ing the dorsal and anal fins very long, the vertebrae more

numerous (12 + 17), twenty-nine in number. Chonerhinus

naritiis inhabits the rivers of Sumatra and Java.

The little family of TropidichtJiyidcc is composed of small

globefishes, with a sharply-keeled back, and the nostrils almost,

or quite, wanting. The teeth are as in the Tetraodontidce.

The skeleton differs considerably from that of Spheroides,

apparently justifying their separation as a family. The species
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are all very small, three to six inches in length, and prettily

colored. In the West Indies Tropidichthys rostratus is found.

TropidichtJiys solaiidri abounds in the South Seas, dull orange

with blue spots. Tropidichthys rivulatiis is common in Japan
and several other species are found in Hawaii.

Fig. 529 —Eristl_v Globefish, Tctraodon selosus Rosa Smith. Clarion Island, Hex.

Other species occur on the west coast of llexico, in Poly-

nesia, and in the East Indies.

The Porcupine-fishes : Diodontidse.— In the remaining fami-

lies of Gymnodontes, there is no suture in either iaw, the teeth

Fig. 530.—Porcupine-fish, Diadon hystrix (Linn^us). Tortugas Islands.

forming an undivided beak. The Diodontidar, or porcupine-fishes,

have the body spherical or squarish, and armed with sharj)

thorns, the bases of which are so broad as to form a continuous

coat of mail. In some of them, part of the spines are movable,

these being usually two-rooted; in others, all are immovable
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and three-rooted. All are reputed poisonous, especially in the

equatorial seas.

In Diodon the spines are very long, the anterior ones, at

least, movable. The common porcupine-fish, Diodon hystrix, is

found in all seas, and often in abundance. It is a sluggish fish,

olive and spotted with black. It reaches a length of two feet

or more, and by its long spines it is thoroughly protected from

all enemies. A second species, equally common, is the lesser

porcupine-fish, Diodon holacanthus. In this species, the frontal

spines are longer than those behind the pectoral, instead of the

reverse, as in Diodon hystrix. Many species of Diodon are

recorded from the Eocene, besides niunerous species from later

deposits. One of these, as Heptadiodon heptadiodon from the

Eocene of Italy, with the teeth subdivided, possibly represents

a distinct family. Diodon erinacens is found in the Eocene of

Monte Bolca and Progymnodon hilgendorfi in the Eocene of

Egypt.

In the rabbit-fishes {Chilomyctcrus) the body is box-shaped,

Fig. .531.—Rabbit-fish, Chilomycterus schcepfi (Walbaum). Noank, Conn.

covered with triangular spines, much shorter and broader at

base than those of Diodon. Numerous species are known.

Chilomycterus scha-pfi is the common rabbit-fish, or swell-

toad of our Atlantic coast, light green, prettily varied with black

lines. The larger Chilomycterus affinis, with the pectoral fin

spotted with black, is widely diffused through the Pacific. It

is rather common in Japan, where it is the torabuku, or tiger

puffer. It is found also in Hawaii, and it is once recorded by
Dr. Eigenmann from San Pedro, California, and once by Snod-

grass and Heller, from the Galapagos.



Series Plectognathi 635

The Head-fishes: Molidae.—The head-fishes, or Molidce, also

called sunfishes, have the body abbreviated behind so that the

dorsal, anal, and caudal seem to be attached to the posterior

outline of the head. This feature, constituting the so-called

gephyrocercal tail is a trait of specialized degradation.

Mola mola, the common head-fish or sunfish, is foimd occa-

sionally in all tropical and temperate seas. Its form is almost

Fig. 532—Headfish (adult), Mola mola (Linna'us). Virginia.

circular, having been compared by Linnaeus to a mill-wheel

(mola), and its surface is covered with a rough, leathery skin.

It swims very lazily at the siirface of the water, its high dorsal

often rising above the surface. It is rarely used as food, though

not known to be poisonous. The largest example known to the

writer was taken at Redondo Beach, California, by Mr. Thomas
Shooter, of Los Angeles. This specimen was 8 feet 2 inches in
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length, and weighed 1200 pounds. Another, almost as large,

was taken at San Diego, in April, 1904. No difference has been

noticed among specimens from California, Cape Cod, Japan,

and the Mediterranean. The young, however, differ con-

siderably from the adult, as might be expected in a fish of such

great size and extraordinary form.

Fragments named Cliclonopsis, and doubtfully

referred to Mola, are foimd in the Pliocene of

Belgium. Certain jaws of cretaceous age, attrib-

uted to Mola, probably belong, according to

Woodward, to a turtle.

v\

Fig. 533.—The King of the M;nkiii-1, hniuinun mijA:i«i Jenkins,
from Honolulu. (After Jenkins.)

In the genus Ranzania, the body is more
elongate, twice as long as deep, but as in Mola,

the body appears as if bitten oft" and then pro-

vided with a fringe of tail. The species are
rarely taken. Ranzania trnncata is found in the Mediterranean

and once at Madeira. Ranzania niakiia, known as the king of

the mackerels about Hawaii, is beautifully colored brown and

silvery. This species has been taken once in Jajian.

In Hawaii it is believed that all the Scombroid fishes arc sub-

ject to the rule of the makua and that they will disappear it

this fish be killed. By a similar superstition, Regalecus glcsue

is "king of the herrings" in Norway and about Cape Flattery,

Trachypteriis rex saUnonorum is "king of the salmon."



CHAPTER XL

pareioplittE, or mailed-cheek fishes

[HE Mailed-cheek Fishes.— The vast group of Parei-

oplitcc {Loricati) or mailed-cheek fishes is charac-

terized by the presence of a "bony stay" or back-

ward-directed process from the third suborbital. This

extends backward across the cheek toward the preopercle. In

the most generalized forms this bony stay is small and hidden

under the skin. In more specialized forms it grows larger,

articulates with the preopercle, and becomes rough or spinous

at its surface. Finally, it joins the other bone's to form a coat

of mail which covers the whole head. In degenerate forms it

is again reduced in size, finally becoming insignificant.

The more primitive Pareioplitcc {napeia, cheek; onXiti);,

armed) closely resemble the Percomorphi, having the same

fins, the same type of shoulder-girdle, and the same insertion

of the ventral fins. In the more specialized forms the ventral

fins remain thoracic, but almost all other parts of the anatomy

are greatly distorted. In all cases, so far as known to the

writer, the hypercoracoid is perforate as in the Percomorphi.

There are nimierous points of resemblance between the Cir-

rhitida: and the Scorpmtidce , and it is probable that the Scor-

pccnida with all the other Pareioplitcs sprang from some per-

ciform stock allied to Cirrhitida: and Latrididcc.

Fossil mailed-cheek fishes are extremely few and throw little

light on the origin of the group. Those belong chiefly to the

Cottidce. Lepidocottns, recorded from the Miocene and Oligo-

cene, seems to be the earliest genus.

The Scorpion-fishes : Scorpaenidae.— The vast family of Scor-

pcsnidce, or scorpion-fishes, comprises such a variety of forms

as almost to defy diagnosis. The more primitive types are
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percoid in almost all respects, save in the presence of the sub-

ocular stay. Their scales are ctenoid and well developed.

The dorsal spines are nvunerous and strong. The ventral fins

are complete and normally attached ; the anal has three strong

v<c^

Fk;. 534.—Rosefish, Sebastes marinus Linnxas. Cape Cod.

Spines. The cranium shows only a trace of spiny ridges, and

the five spines on the preoperculum are not very different from

those seen in some species of bass. The gill-arches are, however,

different, there being but 3^ gills and no slit behind the last.

Fig. 535.—Skull of Scorpcenichthys marmoraius Girard,showing tlie suborbital stay (o).

Otherwise the mouth and pharanx show no unusual characters.

In the extremes of the group, however, great changes take

place, the head becomes greatly distorted with ridges and

grooves, the anal spines are lost, and the dorsal spines variously

modified. The scales may be lost or replaced by warts or
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prickles and the ventral fins may be greatly reduced. Still

the changes are very gradual, and it is not easy to divide the

group into smaller families.

The most primitive existing genus is doubtless Sebastes.

The familiar rosefish, Sebastes marimis, is found on both shores

of the north Atlantic. It is bright red in color and is valued

as food. As befits a northern fish, it has an increased number
of vertebrae (31) and the dorsal spines number 15. From its

large haddock-like eye it has been called the Norway haddock.

It is an important food-fish in New England as well as in north-

ern Europe.

In the north Pacific Sebastes gives place to Sebastolobus,

with three species {macrochir, altivelis, and alascanns) , all bright-

FiG. 536.

—

Sebastolobus altivelis Gilbert. Alaska.

red fishes of soft substance and living in rather deep water.

Sebastolobus is characterized by its two-lobed pectoral fin, the

lower rays being enlarged.

The genus Sebastodes, with its rougher-headed ally Sebas-

tichthys, with 13 dorsal spines and the vertebrae 27, ranges far-

ther south than Sebastes and forms one of the most character-

istic features of the fauna of California and Japan, 50 species

occurring about California and 25 being already known from

Japan. One species (Sebasiichihys capciisis) is recorded from

the Cape of Good Hope, and two, Sebastichthys oculatus and

S. darwini, from the coast of Chile.
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Within the limits of Scbastodes and Sebastichthys is a very large

range of form and color, far more than should exist within the

range of a natural genus. On the other hand, all attempts at

generic subdivision have failed because the species form a number
of almost perfectly continuous series. At one extreme are species

with large mouths, small scales, relatively smooth cranium,

and long gill-rakers. At the other extreme are robust species,

with the head very rough, the mouth moderate, the scales

larger, and the gill-rakers short and thick. Still other species

have slender cranial spines and spots of bright pink in certain

specialized localities. These approach the genus Helicolenus

as other species approach Scorpana.

The various species are known in California as rockfish, or

rock-cod, in Japan as Soi and Mebaru. In both regions they

form a large part of the bulk of food-fishes, the flesh being

rather coarse and of moderate flavor. All the species so far

as known are ovoviviparous, the young being brought forth

in summer in very great ntunber, bom at the length of about

\ of an inch. The species living close to shore are brown, black,

or green. Those living in deeper waters are bright red, and
in still deeper waters often creamy or gray, with the lining of

the mouth and the peritoneum black. The largest species

reach a length of two or three feet, the smallest eight or ten

inches. None is found between Lower California and Peru

and none south of Nagasaki in Japan. Of the California species

the following are of most note: Sebastodes paiicispinis, the

Bocaccio of the fishermen, from its large mouth, is an elongate

fish, dull red in color, and reaching a very large size. In deeper

waters are Sebastodes jordani and Sebastodes ^oodei, the former

elongate and red, the latter more robust and of a ver\' bright

crimson color. Sebastodes oi'alis, the viuva, and Sebastodes

entomelas are grayish in hue, and the related Sebastodes

proriger is red. The green rockfish Sebastodes flavidiis is

common along the shore, as also the black rockfish, known
as p^che pretre or priestfish, Sebastodes mystiniis. Less com-

mon is Sebastodes melanops. Similar to this but more orange

in color is the large Sebastodes miniatiis. Somewhat rougher-

headed is the small grass rockfish, Sebastodes atrovircns. On
the large red rockfish, Sebastichthys ruberrvnus, the spinous
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ridges are all large and rough serrate. On the equally large

Sebastichthys levis these ridges are smooth. Both these species

are bright red in color. Sebastichthys rubrovinctus, called the

Spanish-flag, is covered with broad alternating bands of deep
crimson and creamy pink. It is the most handsomely colored

of our marine fishes and is often taken in southern CaKfornia.

Sebastichthys elongatiis is a red species with very large mouth.
Several other species small in size are red, with three or four

spots of bright pink. The commonest of these is the corsair,

Fig. 537 —Priest-fish, Sebastodes myslinus Jordan & Gilbert. Monterey, Cal.

Sebastichthys rosacens, plain red and golden. Another species

is the green and red flyfish, Sebastichthys rhodochloris. Sebas-

tichthys constellatus is spotted with pink and Sebastichthys clilo-

rostictiis with green. To this group with pink spots the South

American and African species belong, but none of the Japa-

nese. Sebastodes aleutianus is a large red species common in

Alaska and Sebastodes ciliatus a green one. About the wharv^es

in California and northward the brown species called Sebas-

tichthys atiriciilatus is abundant. In the remaining species

the spinous ridges are progressively higher, though not so sharp

as in some of those already named. Sebastichthys ^ maliger has

very high dorsal spines and a golden blotch on the back. In

Sebastichthys caiirinus and especially Sebastichthys vexillaris

the spines are very high, but the coloration is dift'erent, being

reddish brown. Sebastichthys nebulosus is blue-black with golden
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spots. Sebastichihys chrysomelas is mottled black and yellow.

Sebastichthys caniatns is flesh-color and green. Sebasticlttliys

rastrelliger is a small, blackish-green species looking like Scbas-

todes atrovirens, but with short gill-rakers. Sebasticlttliys hop-

kinsi and Sebastichthys gilberti are small species allied to it.

The treefish, Sebastichthys serriceps, has very high spines on the

head, and the olive body is crowned by broad black bands.

Still more striking is the black-banded rockfish, Sebastichthys

/: A^^

Fio. 538.

—

Sebastichihys serriceps Jordan & Gilbert. Monterey, Cal.

nigrofasciatns, with ver>^ rough head and bright red body with

broad cross-bands of black.

Of the Japanese species the commonest, Sebasiodes inermis,

the Mebaru, much resembles Sebasiodes flavidus. Sebasiodes

ftiscescens looks like Sebasiodes melanops, as does also Sebasiodes

taczanowskii. Sebasiodes maisubarce and S. flamuieus and S.

iraciindus, bright-red off-shore species, nm close to Sebasiodes

aleiitianus. Sebastichihys pachycephaliis suggests Sebastichthys

chrysomelas. Sebasiodes sieindachneri and 5. iiiniis are brighter-

colored allies of Sebasiodes ovalis and Sebasiodes scyihropiis and

Sebasiodes joyneri represent Sebasiodes proriger. Sebastichthys

trivitiatus, green, striped with bright golden, bears some resem-

blance to Sebastichthys maliger. Sebastichihys elegants, Sebastich-

thys oblongus, and Sebastichihys mitsHkitrii, dwarf species, pro-

fusely spotted, have no analogues among the American forms.

Sebasiodes glaucus of the Kurile Islands has 14 dorsal spines

«

4



Pareioplite, or Mailed-cheek Fishes 64:

and is not closely related to any other. Fourteen dorsal

spines are occasionally present in Sebastichthys elegans. All

the other species show constantly 13.

The genus Sehastiscus has the general appearance of Sebas-

iodes, and like the latter possesses a large air-bladder. It how-
ever agrees with Scorpana in the possession of but 12 dorsal

spines and 24 vertebrae. The two known species are common
in Japan. Sebastiscus mannorattis, mottled browTi, is everywhere

Fig. 539.—Banded Rockfish, Sebastichthys nigrocinctus (Ayre.s). Straits of Fuca.

abundant along the coast, and the pretty Sebastiscus albofasciatns,

pink, violet, and golden, represents it in equal abundance in

deeper water.

The genus Sebastopsis differs from Sebastodes only in having

no teeth on the palatines. The species, all of small size and

red or varied coloration, are confined to the Pacific. Sebastop-

sis xyris occurs in Lower California and Sebastopsis guaniensis

and 5. scaber in Polynesia. Species of this genus are often

found dried in Chinese insect boxes.

Helicolenus differs from Sebastiscus only in the total absence

of air-bladder. The species are all bright crimson in color, very

handsome, and live in deep water. Helicolenus dactylopterus is

rather common in the Mediterranean, and is sometimes taken

in the Gulf Stream, and also in Japan, where two or three other

species occur.
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Neosehastes is much like Sebastodes, but the suborbital stay

bears strong spines and the dorsal is very high. Neosebastcs

panda is found in Australia, and .V. entaxis in Japan. Setarches is

distinguished by the cavernous bones of its head. Species are

found in both the Atlantic and Pacific in deep water. Several

other peculiar or transitional genera are found in difTerent parts

of the Pacific.

In Scorpcena the head is more uneven in outline than in

Sebastodes and Sebastichihys , skinny flaps are often present on

head and body, the air-bladder is wanting, there are 1 2 dorsal

Fro. 540.—Florida Linn fish, 6i-urpana grandicomis C\iv. it Val. Key West.

spines and 24 vertebra;, and on each dorsal spine is a small

venom-secreting gland. The species are very numerous, higlily

varied in color, and found in all warm seas, being known as scor-

pion-fishes or Rascacios. Two species, Scorpcena scrofa and

Scorpcena parens, are common in the Mediterranean, being re-

garded as good food-fishes, though disliked by the fishermen.

Of the numerous West Indian species, Scorpcena pliimieri,

Scorpcena grandicomis, and Scorpcena brasiliensis are best known.

Scorpcena guttata is common in southern California and is an

excellent food-fish. Scorpcena mystcs is found on the west coast

of Mexico. Scorpcena onaria and S. izensis are found in Japan.

Fossil remains referred to Scorpcena are recorded from the Terti-

ary rocks.
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In the islands of the Pacific are niomerous dwarf species

less than three inches long, which have been set apart as a
separate genus, Sebastapistcs. The longest known of these is

Sebastapistes strongensis, named from Strong Island, abundant
in crevices in the corals throughout Polynesia, and much dis-

liked by fishermen.

The genus Scorpcvnopsis differs from Scorpana in the absence

of palatine teeth. It is still more fantastic in form and color.

A l^ Ai

Fig. 541.—Sea-scorpiou, Scorpmna mijslcs Jordan. Mazatlan.

Scorpccnopsis cirrhosa, Scorpcrnopsis fiiiibriaia, and other species

are widely distributed through the East Indies and Polynesia.

The lion-fishes (Pterois) of the tropical Pacific are remarkable

for their long pectoral fins, elongate dorsal spines, and zebra-like

coloration. The numerous species are fantastic and hand-

somely colored, but their poisoned, needle-like spines are dreaded

by fishermen. They lurk in crevices in the coral reefs, some

of them reaching a foot in length.

Iniinicns japoniciis, common in Japan, has a depressed and

monstrous head and a generally bizarre appearance. It is usually

black in color but is largely bright red when foimd among red

algas. A related species, Inimiciis aurantiacus, is blackish when
near shore, but lemon-yellow in deep water (see plate). A
related species in the East Indies is Pelor filamentosum, called

Nohii or Gofii in Polynesia.

Still more monstrous are the species of Synanceia, short,

thick-set, irregularly formed fishes, in which the poisoned spines
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reach a high degree of venom. The flesh in all these species

is wholesome, and when the dorsal spines are cut off the fishes

sell readily in the markets. These fishes lie hidden in cavities

of the reefs, being scarcely distinguishable from the rock itself.

(See Fig. 64.)

The black Emniydrichthys vnlcanus of Tahiti lies in crevices

of lava, and could scarcely be distinguished from an irregular

lump of lava-rock.

r/9i f'^-/^ >-a

^

?

Fig. 543. —Black Nohu, or Poisdii-tisli, Emniydrichthys imkamis Jordan. A species

•nith stinging spines, showing reseml^lance to lumps of lava among which it

lives. Family Scorpomidas. From Tahiti.

A related form, Erosa erosa, the daruma-okose of Japan, is

monstrous in form but often beautifully colored with crimson

and gray.
'

In Congiopus the very strong dorsal spines begin in the

head, and the mouth is very small. Dr. Gill makes this genus

the type of a distinct family, CongiopodidcB.

Besides these, very many genera and species of small poison-

fishes, called okose in Japan, abound in the sandy bays from

Tokio to Hindostan and the Red Sea. Some of these are hand-

somely colored, others are fantastically formed. Paracentro-

pogon ruhripinnis and Miiwiis adamsi are the commonest species

in Japan. Trachicephalus tiranoscopus abotmds in the bays of

hina. Snyderina yamanokami occurs in Southern Japan.

But few fossil Scorpanidce are recorded. Scorpanopterus

siliiridens, a mailed fish from the Vienna Miocene, with a warty

head, seems to belong to this group, and Ampheristus toliapicus,
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with a broad, depressed head, is found in the London Eocene,
and various ^Miocene species have been referred to Scorpcsna.
Scbastodcs rosa; is based on a fragment, probably Pleistocene,
from Port Harford, California.

The small family of the Caracanthidcs consists of Uttle fishes

Fig. 54.5 —Trachicephalus tiranoscopiis. Family Scorpcenida:. From
Swatow, China.

of the coral reefs of the Pacific. These are compressed in form,

and the skin is rough with small prickles, the head being feebly

armed. The species are rare and little known, brown in color

with pale spots.

The Skilfishes: Anoplopomidae.— The small family of skil-

fishes or Anoploponiida consists of two species found on the

Fig. 546.—Skilfisli, Anoplopo?na fimbria (Pallas). California.

coast of California and northward. These resemble the Scor-

pcenidcs, having the usual form of nostrils, and the suborbital

stay well developed. The skull is, however, free from spines,

the scales are small and close-set, -and the sleek, dark-

colored body has suggested resemblance to the mackerel or

hake. Anoploponia fimbria, known as skilfish, beshow, or coal-

fish, is rather common from Unalaska to Monterey, reaching

a length of two feet or more. In the north it becomes very
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fat and is much valued as food. About San Francisco it is

dry and tasteless.

The Greenlings: Hexagrammidae.— The curious family of

greenlings, Hexagnvnmidic, is confined to the two shores of the

North Pacific. The species vary much in form, but agree in

the unarmed cranium and in the presence of but a single nostril

on each side, the posterior opening being reduced to a minute

pore. The vertebrae are numerous, the scales small, and the

coloration often brilliant. The species are carnivorous and

usually valued as food. They live in the kelp and about rocks

in California and Japan and along the shores of Siberia and

Fig. 547.—Atka^fish, Pleurogrammus monopterygius (Pallas). Atka Island.

Alaska. The atka-fish {Pleurogrammus monopterygius) is one

of the finest of food-fishes. This species reaches a length of

eighteen inches. It is yellow in color, banded with black, and

the flesh is white and tender, somewhat like that of the Lake

whitefish {Coregonus clupeiformis), and is especially fine when

salted. This fish is found about the Aleutian Islands, espe-

cially the island of Atka, from which it takes its name. It is

commercially known as Atka mackerel.

In this genus there are numerous lateral lines, and the dorsal

fin is continuous. In Hexagrammos, the principal genus of the

family, the dorsal is divided into two fins, and there are about

five lateral lines on each side.

Hexagrammos decagrammus is common on the coast of Cali-

fornia, where it is known by the incorrect name of rock-trout.

It is a well-known food- fish, reaching a length of eighteen inches.
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The sexes are quite unlike in color, the males anteriorly with
blue spots, the females speckled with red or brown.

Hexagrammos octogrammus , the common greenfish of Alaska,

and the greenling Hexagrammos stelleri, are also well-known

species. Close to the latter species is the Abura ainame, or

Fig. 548.—Greenling, Hexagrammos decagrammus (Pallas). Sitka.

fat cod, Hexagrammos otakii, common throughout Japan. The
red rock-trout, Hexagrammos superciliosus, is beautifully varie-

gated with red, the color being extremely variable. Other

species are found in Japan and Kamchatka. Agrammus agram-

FiG. 549.—Cultus Cod, Ophiodon elongatus (Girard). Sitka, .\laska.

'mils of Japan differs in the possession of but one lateral line.

Ophiodon elongatus, the blue cod, cultus cod, or Buffalo cod of

California, is a large fish of moderate value as food, much resem-

bling a codfish, but with larger mouth and longer teeth. The

flesh and bones are deeply tinged with bluish green. Cultus

is the Chinook name for worthless. Zaniolepis latipinnis is

a singular-looking fish. Very rough, dry, and bony, occasionally

taken on the California coast. Oxylehius pictus is a small, hand-

some, and very active little fish, whitish with black bands, com-
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mon among rocks and algae on the California coast. It is,

however, rarely brought into the markets, as it shows great

skill in escaping the nets.

No fossil Hexagrammtdw are known.

The Flatheads or Kochi: Platycephalidae.—The family of Pla-

iyccphalidxc consists of spindle-shaped fishes, with flattened,

rough heads and the body covered with small, rough scales.

About fifty species occvu" in the East Indian r.egion, where the

larger ones are much valued as food. The most abundant

species and usually the largest in size is Platycephalus insidiator,

the kochi of the Japanese. The genus Insidiator contains smaller

species with larger scales. In all these the head is very much
depressed, a feature which separates them from all the Scor-

panida. Hoplichtliys langsdorfi, the nezupo or rat-tail of Japan,

is the type of a separate family, Hoplichthyidcs, characterized by

a bony armature of rough plates. Bembras japonicns, another

little Japanese fish, with the ventrals advanced in position and

the skin wdth rough plates, is the type of the family of

Bembradidcs

.

The Sculpins: Cottidae.—The great family of Cottida or scul-

pins is one especially cliaracteristic of the northern seas, where

a great variety of species is found. These differ in general

from the Scorpwnidce, from which they are perhaps derived,

in the greater number of vertebras and in the relative feeble-

ness or degeneration of the spinous dorsal, the ventrals, and

the scales. In all these regards great variation exists. In

the most primitive genus, Jordania, the body is well scaled,

the spinous dorsal well developed, and the ventral rays 1,5. In

Hemitripterus a large number of dorsal spines remains, but the

structure in other regards is highly modified. In the most

degraded types, Cottunculns, PsychroliUes, Gilbertidia, which

are also among the most specialized, there is little trace of

spinous dorsal, the scales are wholly lost, and the ventral fin

is incomplete. !Most of the species of Cottidcc live on the bot-

tom in shallow seas. Some are found in deep water and a few

swarm in the rivers. All are arctic or subarctic, none being

found to the south of Italy, Virginia* California, and Japan.

None are valued as food, being coarse and tough. Scarcely

any is found fossd. .
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Of the multitude of genera of Cottidcc we notice a few of

the most prominent. Jordania zonope, a pretty httle fish of

Puget Sound, is the most primitive in its characters, being closely

allied to the Hexagranimida;.

Scorpmiichthys marmoratus, the great sculpin, or cabezon, of

California reaches a length of 2^ feet. It has the ventral rays

Fig. 550.

—

-Jordania zonope Starks. Puget Sound.

I, 5, although almost in all the other sculpins the rays are,

reduced to i, 3 or 1,4. The flesh has the livid blue color seen

in the cultus cod, Ophiodon elongatus.

To Icelinns, Artediiis, Hemilepidotus, Astrolytes, and related

genera belong many species with the body partly scaled. These

Fig. 551.

—

Astrolytes notospilotus (Girard). Puget Sound.

are characteristic of the North Pacific, in which they drop to

a considerable depth. Iceliis, Triglops, and Artedielliis are

found also in the North Atlantic, the Arctic fauna of which is

derived almost entirely from Pacific sources. The genus Hemi-

lepidotus contains coarse species, with bands of scales. The
"Irish lord," Hemilepidotus jordani, a familiar and fantastic
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inhabitant of Bering Sea, is much valued by the Aleuts as a

food-fish, although the flesh is rather tough and without much

Fig. 552.—Irish Lord, Hemilepidotus jordani Bean. Unalaska.

flavor. Almost equally common in Bering Sea is the red scul-

pin, Hemilepidotus hemilepidotus, and the still rougher Cera-

=^

Fig. .5.53.

—

Triglops Tpingeli KrOyer. Chebucto, Canada.

tocottus diceraus. The stone-sculpin, or buflfalo-sculpin, Enophrys
bison, with bony plates on the side and rough horns on the preo-

Fig. 554.—Buffalo Sculpiu, Enophrys bison (Girard). Puget Sound,

percle, is found about Puget Sound and southward. In all

these large rough species from the North Pacific the preopercle

I
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is armed with long spines which are erected when the fish is

disturbed. This makes it aknost impossible for any larger

fish to swallow them.

...sss?!

Fig. 555.—Ceratocottus diceraus (Cuv. & Val.). Tolstoi Bay, Alaska.

The genera Cottiis and Uranidea include the miller's thumbs,

also called in America, blob and muffle-jaws, of the Northern

Fig. 556.

—

Elanura forficata Gilbert. Bering Sea.

rivers. These little fishes are fovmd in Europe, Asia, and America
wherever trout are found. They lurk tmder weeds and stones.

Fig. 557.—Yellowstone Miller's Thumb, Cottus punclulatus (Gill).

Yellowstone River.

moving with the greatest swiftness when disturbed. They are

fotind in every cold stream of the region north of Virginia, and

they vie with the sticklebacks in their destruction of the eggs
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and fry of salmon and trout. Cottus gobio is the commonest

species of Europe. Cottus ictalops is the most abundant of the

several species of the eastern United States, and Cottus asper in

streams of the Pacific Coast, though very many other species

Miller's Thumli, Uranidea tenuis Evermann & Meek. Klamath Falls.

exist in each of these regions. The genus Uranidea is found

in America. It is composed of smaller species with fewer

teeth and fin-rays, the ventrals i, 3. Uranidea gracilis is the

commonest of these, the miller's thumb of New England.

Rheopresbe jujiyamcB is a large river sculpin in Japan.

m^^^c^?^

Fig. 559.

—

Cottus evcrmanm Gilbert. I^ost River, Oregon.

Trachidcrmus ansaius is another river species, the " mountain-

witch" (yama-no-kami) of Japan, remarkable for a scarlet

brand on its cheek, conspicuous in life.

The chief genus of Atlantic sculpins is Myoxoceplialus, con-

taining large marine species, in structure much like the species

of Cottus. Myoxoceplialus bubalis is the European fatherlasher,

or proach; the European sculpin is Myoxoceplialus scorpius.

The very similar daddy sculpin of New England is Myoxoceplia-

lus granlandicus . This species swarms everywhere from Cape

Cod northward.
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According to Fabricius, Myoxocephalns grcenlandicus is

"abundant in all the bays and inlets of Greenland, but prefers a
stony coast clothed with seaweed. It approaches the shore in

Fig. 660.—California Miller's Thumb, Cullus gulosus Girard. McCloud River.Cal.
(Photograph by Cloudsloy Kuttcr.)

Spring and departs in winter. It is very voracious, preying on

everything that comes in its way and pursuing incessantly the

smaller fish, not sparing the young of its own species, and devour-

ing Crustacea and worms. It is very active and bold, but does

not come to the surface unless it be led thither in pursuit of

Fig. 561.—Pribilof Sculpiu, Myoxocephalus niger (Bean). St. Paul Island,

Bering Sea.

Other fish. It spawns in December and January and deposits

its red-colored roe on the seaweed. It is easily taken with a

bait, and constitutes the daily food of the Greenlanders, who

are very fond of it. They eat the roe raw."

The little sculpin, or grubby, of the New England coast is

Myoxocephalus aneus, and the larger cighteen-spined sculpin is

Myoxocephalus octodecimspinosus. Still more numerous, and

'a
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varied are the sculpins of the North Pacific, Myoxocephaliis

polyacanthocephalHS being the best knowTi and most widely

diffused. Oncocottus quadricornis is the long-homed sculpin of

Arctic Europe, entering the lakes of Russia and British

Fig. 562.—18-spined Sculpin, Myoxoccphalus oclodecimspinosus (Mitcliill).

Beasley Point, N. J.

America. Triglopsis thompsoni of the depths in our own Great

Lakes seems to be a dwarfed and degenerate descendant of

Oncocottus.

The genus Zesticelus contains small soft-bodied sculpins from

the depths of the North Pacific. Zesticelus profundorum was

Fig. 563 —Oncocottus quadricornis (L.). St. Micli.ael, Alaska.

taken in 664 fathoms off Bogoslof Island and Zesticelus bathyhius

off Japan. In this genus the body is very soft and the skeleton

feeble, the result of deep-sea Hfe. Another deep-water genus less

degraded is Cottunculus, from which by gradual loss of fins the

still more degraded Psychrolutes {paradoxus) and Gilbcrtidia

(sigolutes) are perhaps descended. In sculpins of this type the

liparids, or sea-snails, may have had their origin. Among the
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remaining genera Gymnocanthus {tricuspis, etc.) has no vomer-

ine teeth. Leptocottns (arinatus) and Clinocottus (aitalis) abound
on the coast of California, and Psendohlenniiis {percoides) is

Fig. 6W —Blepsias cirrhosus Pallas. Straits of Fuca.

fotond everywhere along the shores of Japan. VeUiior centro-

pomus of Japan is remarkable among sculpins for its compressed

body and long snout. Dialarchus snyderi of the California rock-

:*,
.>>
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tinct family. But the dorsal spines are equally numerous in

Jordania, which stands at the opposite extreme of the cottoid

seires.

In Ascelichthys {rhodoriis), a pretty sculpin of the rock-pools

of the Oregon region, the ventral fins are wholly lost. Eretinias

grallator, a deep-water sculpin from Japan, without ventrals and

Fig. 566.

—

Oligocnttus maculosus Girard. Sitka.

with free rays below its pectorals, should perhaps represent a

distinct family, Ereuniidcc.

The degeneration of the spinous dorsal in Psychrolutes and Gil-

bcrtidia of the North Pacific has been already noticed. These

genera seem to lead directly from Cottunculiis to Liparis.

Fossil Cottidw are few. Eocottns veronensis, from the Eocene

of Monte Bolca, is completely scaled, with the ventral rays i, 5.

It is apparently related to Jordania, but is still more primitive.

Lepidocottits (aries and mmierous other species, mostly from the

Miocene) is covered with scales, but apparently has fewer than

five soft rays in the ventrals. Remains of Oncocottiis, Iccliis,

and Cottiis are found in Arctic Pleistocene rocks. The family

as a whole is evidently of recent date.

The Rhamphocotiidcc consist of a single little sculpin with a

large bony and singularly formed head, found on the Pacific

Coast from Sitka to Monterey. The species is called Rhampho-

cottus richardsoni.

The Sea-poachers: Agonidae.—The sea-poachers or alligator-

fishes, Agonidcc, are sculpins inclosed in a coat of mail made by

a series of overlying plates, much like those of the sea-horses or

the catfishes of the family Loricariidcr. So far as structure

goes, these singular fishes are essentially like the Cottidcc, but
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FiQ. 668 —Sleek Sculpin, Psychroluies paradoxus (Giinther). Puget Sound.

Fig. r)69.

—

Gilhertidia sigoluies (.Jordan). Puget Sound.
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Fio. 570.—Richardson'.s Sculpin. lihnmpliornltus richardsoni (Ciinther).

Puget Sound.

Fia. 571.—Stelgis mdms (Jordan & Gilbert). Point Reyes, Cal.
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with a different and more perfect armature. The many species

belong chiefly to the North Pacific, a few in the Atlantic and on

the coast of Patagonia. Some are foimd in considerable depth of

water. All are too small to have value as food and some have

Agonoid-fish, Pallasina barbala (Stfiiuiacliiier). Port Mulgra\e, .\laska

most fantastic forms. Only a few of the most prominent need

be noticed. The largest and most peculiar species is Percis

japoniciis of the Kurile Islands. Still more fantastic is the

Japanese Draciscus sachi with sail-like dorsal and anal. Agoiiits

cataphractiis, the sea-poacher, is the only European species.

Podotheciis acipenscriniis, the alligator-fish, is the commonest

species of the North Pacific. Pallasina barbata is as slender as

Fig. 574

—

Aspidophoroides monoplerygixis (Bloch). Halifax.

a pipefish, with a short beard at the chin. Aspidophoroides

monopterygius of the Atlantic and other similar species of the

Pacific lack the spinous dorsal fin.

No fossil Agonidcc are known.

The Lump-suckers : Cyclopteridae.— The lump-suckers, Cyciop-

teridcc, are structurally very similar to the Cottidce, but of very

different habit, the body being clumsy and the movements

very slow. The ventral fins are united to form a sucking disk

by which these sluggish fishes hold fast to rocks. The skeleton

is feebly ossified, the spinous dorsal fin wholly or partly lost,

the skin smooth or covered with bony warts. The slender

subortal stay indicates the relation of these fishes with the

Cottidcc. The species are chiefly Arctic, the common lump-

fish or " cock and hen paddle," Cyclopterns Inmpus, abounding

on both shores of the North Atlantic. It reaches a length of

twenty inches, spawning in eel-grass where the male is left to
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watch the eggs. Cyclopterichthys ventricosus is a large species

with smooth skin from the North Pacific.

The Sea-snails: Liparididae.— The sea-snails, LiparididcB are

closely related to the lumpfishes, but the body is more elongate,

Fig. 575,—Lumpfish, Cyclopterus lumpus (Linnaeus). Eastport, Me.

tadpole shaped, covered with very lax skin, like the "wrinkled

skin on scalded milk." In structure the liparids are still more
degenerate than the lumpfishes. Even the characteristic ven-

FiG. 576.—Liparid, CrystalHas matsushimcr (Jordan and Snyder).
Family Liparididce. Matsushima Bay, Japan.

tral disk is lost in some species {Paraliparis; Amitra) and in

numerous others the tail is drawn out into a point (leptocercal),

a character almost always a result of degradation. The dorsal

spines are wanting or imbedded in the loose skin, and all trace

of spines on the head is lost, but the characteristic suborbital

stay is well developed. The numerous species are all small,

three to twelve inches in length. They live in Arctic waters.



666 Pareioplite, or Mailed-cheek Fishes

often descending to great depths, in which case the body is very

soft. One genus, Enantioliparis, is found in the Antarctic. In

the principal genus, Liparis, the ventral disk is well developed,

and the spinous dorsal obsolete. Liparis liparis is found on

both shores of the North Atlantic, and is subject to large varia-

tions in color. Liparis agassizi is abundant in Japan and north-

ward, and Liparis piilchellus in California. In the most primi-

tive genus, Neoliparis, a notch in the fin indicates the separation

of the spinous dorsal. Neoliparis montagui is common in Europe,

replaced in New England by Neoliparis atlanticus. Careproctus,

with nimierous elongate species, inhabits depths of the North

Pacific. In Paraliparis (or Hilgendorfia) ulochir, the ventral

Fig. 577.—Snailfisli, Neoliparis mucosus (Ayres). San Francisco.

disk is gone and the lowest stage of degradation of the

Loricate or Scorpcena-Cottus type of fishes is reached. No fossil

lump-suckers or liparids are recorded, although remains of

Cyclopteriis liimpus are found in nodules of glacial clay in

Canada.

The Baikal Cods: Comephoridae.—The family of Comephoridcs

includes Comcphorits baikalctisis, a large fresh-water fish of

Lake Baikal in Siberia, having no near affinities with any other

existing fish, but now known to be a mail-cheek fish related to

the Cottidcs. The body is elongate, naked, with soft flesh and

feeble skeleton. The mouth is large, with small teeth, and

the skull has a cavernous structure. There are no ventral

fins. The spinous dorsal is short and low, the second dorsal

and anal many-rayed, and the pectoral fins are excessively long,

almost wing-like; the vertebrae number 8-^35=43, and unlike

most fresh-water fishes, the species has no air-bladder. Little

is known of the habits of this singular fish. Another genus is

recently described under the name of Cottocomephorus,
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Suborder Craniomi : the Gurnards, Triglidae.—A remarkable off-

shoot from the Pareiopliia; is the suborder of gurnards, known
as Craniomi {Kpaviov, skull; oa)xoi, shoulder). In these fishes

the suborbital stay is highly developed, much as in the Agoiiidcs,

bony externally and covering the cheeks. The shoulder-girdle

is distorted, the post-temporal being solidly united to the cra-

nium, while the postero-temporal is crowded out of place by
the side of the proscapula. In other regards these fashes resemble

the other mail-cheek forms, their affinities being perhaps closest

with the AgonidcB or certain aberrant CottidcB as Ereunias.

In the true gurnards or Triglidcc the head is rough and
bony, the body covered with rough scales and below the pectoral

fin are three free rays used as feelers by the fish as it creeps

along the bottom. These free rays are used in turning over

stones, exploring shells and otherwise searching for food. The
ntunerous species are found in the warm seas. In Europe,

Fig. 578 —Sea-robin, Prionotus evolans (L.). Wood's Hole, Mass.

the genus Trigla, without palatine teeth and with the lateral

line armed, is represented by numerous well-known species.

Trigla cuculus is a common form of the Mediterranean. Cheli-

donichthys, similar to Trigla but larger and less fully armed, is

found in Asia as well as in Europe. Several species occur in the

Mediterranean. Chelidonichthys kiimu is a common species in

Japan, a large fish with pectorals of a very brilliant variegated

blue, like the -wings of certain butterflies.

Lepidotrigla, with larger scales, has many species on the

coasts of Europe as well as in China and Japan. Lepidotrigla
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alata, a red fish with a peculiar bony, forked snout, is common
in Japan. The American species of gurnards, having teeth

on the palatine, belong to the genus Prionotus. Northward

these fishes, known as sea-robins, live along the shores in

Fig. 579 —Flying Gurnard, Cephalacanthus volitans (L.). Virginia.

shallow water. In the tropics they descend to deeper water,

assuming a red color. Prionotus caroliniis is the commonest

species in New England. Prionotus strigattis, the striped sea-

robin, and Prionotus tribulus, the rough-headed sea-robin, are

common species along the Carolina coast. None has much
value as food, being dry and bony. Numerous fossil species

^^^
^^

-^

Fig. 580.—Peristfdion miniatum Goode & Bean. Depths of the Gulf Stream.

referred to Trigla are found in the Miocene. Podopteryx, from

the Italian Miocene, with small pectorals and very large ven-

trals, perhaps belongs also to this family, but its real affinities

are unknown.

The Peristediidae.— The Peristediida: are deep-water sea-

robins, much depressed, with flat heads, a bony coat of mail,
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and two free feelers on the pectoral fin instead of three. The
species of Peristedion are occasionally taken with the dredge.

Peristedion cataphractiim is rather common in Europe. The
extinct Peristedion urcianensc is described from the Pliocene

of Orciano, Tuscany.

The Flying Gurnards : Cephalacanthidae. — The flying gur-

nards, Cephalacmithida, differ in numerous respects and are

among the most fantastic inhabitants of the sea. The head
is short and bony, the body covered with firm scales, and the

very long, wing-like pectoral fin is divided into two parts,

the posterior and larger almost as long as the rest of the body.

This fin is beautifully colored with blue and brownish red. The
first spine of the dorsal fin is free from the others and more
or less prolonged. The few species of flying gurnard are much
alike, ranging widely in the tropical seas, and having a slight

power of flight. The flying robin, or batfish, called in Spanish

volador or murcielago, Cephalacanthus volitaiis, is common on

both coasts of the Atlantic, reaching a length of eighteen

inches. Cephalacanthus pcterseni is found in Japan and Cepha-

lacanthus orientalis in the East Indies, Japan, and Hawaii. The

immature flshes have the pectoral fins much shorter than in

the adult, and dift'er in other regards. Cephalacanthus pliocenicus

occurs in the Lower Pliocene of Orciano, Tuscany.

Petalopteryx syriacus, an extinct flying gurnard found in

the Cretaceous of Mount Lebanon, is an ally of Cephalacanthus.

The body is covered with four-angled bony plates, and the

first (free) spine of the dorsal is enlarged.



CHAPTER XLI

GOBIOIDEI, DISCOCEPHALI, AND TyENIOSOMI

[UBORDER Gobioidei, the Gobies: Gobiidae.—The great

family of Gobiidae, having no near relations among
the spiny-rayed fishes, may be here treated as form-

ing a distinct suborder.

The chief characteristics of the family are the following:

The ventral fins are thoracic in position, each having one spine

and five soft rays, in some cases reduced to four, but never

wanting. The ventral fins are inserted very close together,

the inner rays the longest, and in most cases the two fins are

completely joined, forming a single roundish fin, which may be

used as a sucking-disk in clinging to rocks. The shoulder-girdle

is essentially perch-like in form, the cranium is usually depressed,

the bones being without serrature. There is no lateral line,

the gill-openings are restricted to the sides, and the spinous

dorsal is always small, of feeble spines, and is sometimes

altogether wanting. There is no bony stay to the preopercle.

The small pharyngeals are separate, and the vertebras usually

in normal number, 104-14 = 24.

The species are excessively numerous in the tropics and
temperate zones, being found in lakes, brooks, swamps, and

bays, never far out in the sea, and usually in shallow water.

Many of them burrow in the mud between or below tide-marks.

Others live in swift waters like the darters, which they much
resemble. A few reach a length of a foot or two, but most of

the species rarely exceed three inches, and some of them are

mature at half an inch.

The largest species, Philypnus dormitor, the guavina de

rio, is found in the rivers of Mexico and the West Indies.

It reaches a length of nearly two feet and is valued as

food. Unlike most of the others, in this species there are

670
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teeth on the vomer. Other related forms of the subfamily

of EleotrincB, having the ventral fins separate, are Eleotris

pisonis, a common river-fish everywhere in tropical America;
Eleotris jusca, a river-fish aboionding from Tahiti and Samoa

Fig. 581.—Gua\ina de Kio, Fhihjpnus dormitor (Bloeh & Schneider). Puerto Rico.

to Hindostan; Dormitator maciilatns, the stout-bodied guavina-

mapo of the West Indian regions, with th3 form of a small

carp. Guavina guavina of Cuba is another species of this type,

and numerous other species having separate ventrals are foimd

in the East Indies, the West Indies, and in the islands of Poly-

nesia. Some species, as Valenciemiesia strigata of the East

'*>.W:

^/

Fig. 582 —Dormeur, Eleotris pisonis Gmelin. Tortugas, Fla.

Indies and Vireosa hance of Japan, are very gracefully colored.

One genus, Eviota, is composed of numerous species, all minute,

less than an inch in length. These abound in the crevices in

coral-heads. Eviota epiphanes is fotmd in Hawaii, the others

farther south. Hypseleotris guntheri, of the rivers and springs

of Polynesia, swims freely in the water, like a minnow, never

hugging the bottom as usual among gobies.
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Of the typical gobies having the ventrals united we can

mention but a few of the myriad forms, different species being

Fio. 583.—Guavina mapo, Dormitator maculatus (Schneider). Puerto Rico,

abundant alike in fresh and salt waters in all warm regions.

In Europe Gobiiis jozo, Gobiiis ophiocephalus, and many others

Fig. 584 —Vireosa hanw Jordan & Snyder. Misaki, Japan.

are common species. The typical genus Gobiiis is known by
its united ventrals. and by the presence of silken free rays on

Fig. 585 —Esmeralda de Mar, Golnnnelhix ocennicus (Palla.s"). Puerto Rioo.

the Upper part of the pectoral fin. Mapo soporator swarms

about coral reefs in both Indies. Gobionelliis oceanicus, the

4
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esmeralda or emerald-fish, is notable for its slender body
and the green spot over its tongue. Gohiosoma alepidotiim

and other species are scaleless. Barbulijer ceuthaicus lives in

the cavities of sponges. Coryphopterus similis, a small goby,

swarms in almost every brook of Japan. The species of Ptero-

FiG. 586 —Pterogobius daimio Jordan it Snyder. Misaki, Japan.

gobius are beautifully colored, banded with white or black, or

striped with red or blue. Pterogobius virgo and Pterogobius

daimio of Japan are the most attractive species. Species of

Cryptocentrus are also very prettily colored.

Of the species burrowing in mud the most interesting is

the long-jawed goby, Gillichthys mirabilis. In this species

Fig. 587.—Darter Goby, Aboma etheostoma Jordan. Mazatlan, Mex.

the upper jaw is greatly prolonged, longer than the head, as in

Opisthognathus and Neoclinus. In the "American Naturalist"

for August, 1877, Mr. W. N. Lockington says of the long-

jawed goby:
" I call it the long-jawed goby, as its chief peculiarity con-

sists in its tremendous length of jaw. A garpike has a long jaw,

and so has an alligator, and it is not unlikely that the title will

call up in the minds of some who read this the idea of a terrible
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mouth, armed with a bristling row of teeth. This would be

a great mistake, for our little fish has no teeth worth bragging

about, and does not open his mouth any wider than a well-

behaved fish should do. The great difference between his

long jaws and those of a garpike is that the latter's project

forward, while those of our goby are prolonged backward

immensely.

"The long-jawed goby was discovered by Dr. J. G. Cooper

in the Bay of San Diego, among seaweed growing on small

stones at the wharf, and in such position that it must have

been out of the water from three to six hours daily, though

kept moist by the seaweed.

"On a recent occasion a single Gillichthys, much larger than

any of the original types, was presented by a gentleman who
said that the fish, which was new to him, was abundant upon

his ranch in Richardson's Bay, in the northern part of the

Bay of San Francisco ; that the Chinamen dug them up and

ate them, and that he had had about eleven specimens cooked.

Fig. 588—Long-j i". .1 d.iby. Gillichthys mirahilia Cooper. Santa Barbara.

and found them good, tasting, he thought, something like eels.

The twelfth specimen he had preserved in alcohol, in the interest

of natural science. This gentleman had the opportunity of

observing something of the mode of life of these fishes, and

informed us that their holes, excavated in the muddy banks of

tidal creeks, increase in size as they go downward, so that the

lower portion is below the water-level, or at least sufficiently low

to be kept wet by the percolation from the surrounding mud.
'

' \\'hen the various specimens now acquired were placed side

by side, the difference in the relative length of their jaws was

very conspicuous, for while in the smallest it was about one-

fifth of the total length, in the largest it exceeded one-third.

"As the fish had now been found in two places in the bay,
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I thought I would try to find it also, and to this end sallied

out one morning, armed with a spade, and commenced pros-

pecting in a marsh at Berkeley, not far from the State Univer-

sity. For a long time I was unsuccessful, as I did not know by
what outward signs their habitations could be distinguished,

and the extent of mud-bank left bare by the retreating tide

was, as compared with my powers of delving, practically limit-

less.

" At last, toward evening, while digging in the bend of a

small creek, in a stratum of soft, bluish mud, and at a depth of

about a foot below a small puddle, I found five small fishes,

which at first I believed to belong to an undescribed species,

so little did they resemble the typical G. mirabilis, but which

proved, upon a closer examination, to be the young of that

species. There was the depressed, broad head, the funnel-

shaped ventral ' disk ' formed by the union of the two ventral

fins, and the compressed tail of the long-jawed goby, but where

were the long jaws? The jaws were, of course, in their usual

place, but their prolongations had only just begun to grow along

the sides of the head, and were not noticeable unless looked for.

A comparison of the various specimens proved conclusively

that the strange-looking appendage is developed during the

growth of the fish, as will be seen by the following measure-

ments of four individuals:

"In the smallest specimen the maxillary expansion extends

beyond the orbit for a distance about equal to that which inter-

venes between the anterior margin of the orbit and the tip of

the snout; in No. 2 it reaches to the posterior margin of the

preoperculum ; in No. 3 it ends level with the gill-opening;

while in the largest individual it passes the origin of the pectoral

and ventral fins.

" What can be the use of this long fold of skin and cartilage,

which is not attached to the head except where it joins the

mouth, and which, from its gradual development and ultimate

large dimensions, must certainly serve some useful purpose?
" Do not understand that I mean that every part of a crea-

ture is of use to it in its present mode of life, for, as all natural-

ists know, there are in structural anatomy, just as in social

life, cases of survival; remains of organs which were at some
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former time more developed, parallel in their nature to such

survivals in costume as the two buttons on the back of a man's

coat, once useful for the attachment of a sword-belt. But in

this fish we have no case of survix^al, but one of unusual develop-

ment; the family (Gobitdce) to which it belongs presents no

similar case, although its members have somewhat similar

habits, and the conviction grows upon us, as we consider the

subject, that the long jaws serve some useful purpose in the

economy of the creature. In view of the half-terrestrial life

led by this fish, I am inclined to suspect that the expansion of

the upper jaw may ser\-e for the retention of a small quantity of

water, which, slowly trickling downward into the mouth and gills,

keeps the latter moist when, from an unusually low tide or a

dry season, the waters of its native creek fail, perhaps for several

hours, to reach the holes in which the fishes dwell. It may be

objected to this view that, were such an appendage necessary or

even useful, other species of Gobiidw, whose habits are similar,

would show traces of a similar adaptation. This, however, by

no means follows. Nature has many \yays of working out the

same end ; and it must be remembered that every real species,

when thoroughly known, differs somewhat in habits from its

congeners, or at least from its family friends. To take an

illustration from the mammalia. The chimpanzee and the

spider-monkey are both quadrumanous and both arboreal, yet

the end which is attained in the former by its more perfect

hands is reached in the latter by its prehensile tail.

"Why may not the extrc'mely long channel formed by the

jaw of this rather abnormal member of the goby family be

another mode of provision for the requirements of respiration?
"

Of the Asiatic genera, Pen'ophthalinus and Boleophthalmus

are especially notable. In these mud-skippers the eyes are

raised on a short stalk, the fins are strong, and the animal has

the power of skipping along over the wet sands and mud, even

skimming w^th great speed over the surface of the water. It

chases its insect prey among rocks, leaves, and weeds, and out

of the water is as agile as a lizard. Several species of these

mud-skippers are known on the coasts of Asia and Polynesia,

Periophthahnus barbarus and Boleophthalmus chinensis being

the best known. AicaoJis cnissilabris is the common oopu, or
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river goby, of the Hawaiian streams, and Leniipes stimpsoni is

the mountain oopu, capable of clinging to the rocks in the

Fig. 589—Pond-skipper, BofeopWteimjiscWncnsfs (< •-'
i i Tokyo, Japan.

(Eye-stalks sunken in preservation.)

rush of torrents. Paragohiodon echinocephahis is a short thick-

set goby with very large head, found in crevices of coral reefs

of Polynesia.

'^'^V^^ -^

EPJ

Fig. 590.—Mud-skippy, Periophthalmus oarbanis (L.). Mouth of Vaisigono River,

Apia, Samoa.

In numerous interesting species the first dorsal fin is wanting

or much reduced. The cr^^stal goby, Crystallogobuis nilssoni,

of Europe is one of this type, with the body translucent. Equally
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translucent is the little Japanese shiro-mvo, or whitefish. Lcuco-

psarion petersi. Mistkhihys liizonius of the Philippine Islands,

another diaphanous goby, is said to be the smallest of all verte-

brates, being mature at half an inch in length. This minute

fish is so very abundant as to become an important article of

food in Luzon. The rank of "smallest-known vertebrate " has

been claimed in turn for the lancelet {Asymmctron liicayaitmu),

the top minnow, Hcteraiidria formosa, and the dwarf sunfish

(Elassoma zonatum). Mistichthys luzoniiis is smaller than any

of these, but the diminutive gobies, called Eviota, found in

interstices of coral rocks arc equally small, and there are several

brilliant but minute forms in the reefs of Samoa. The snake-like

Eutmniichthys gilli of Japanese rivers is scarcely larger, though

over an inch long. Typhlogobius calijorniensis, " the blindfish

of Point Loma, " is a small goby, colorless and blind, found

clinging in dark crevices of rock about Point Loma and Dead
Man's Island in southern California.

Its eyes are represented by mere rudiments, their loss being

evidently associated with the peculiar habit of the species,

Fig. 591.

—

Euiceniichthys gillii Jordan & Snyder. Tokyo, Japan.

which clings to the under side of stones in relative darkness,

though in very shallow water. The flesh is also colorless, the

animal appearing pink in life.

In the Japanese species Luciogohiis giittatus, common under

stones and along the coast, the spinous dorsal, weak in numer-

ous other species, finally vanishes altogether. Other gobies

are band-shaped or eel-shaped, the dorsal spines being continu-

ous with the soft rays. Among these are the barreto of Cuba,

Gohioides broiissoneti, and in Japan Tccnioides lacepedci and

Trypauchen ivakcc, the latter species remarkable for its strong

canines. Fossil gobies are practically unknown. A few frag-

ments, otoliths, and partial skeletons in southern Europe have

been referred to Gobiiis, but no other genus is represented.
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The family of OxudercidcB contains one species, Oxuderces
dentatus, a small goby-like fish from China. It is an elongate

fish, without ventral fins, and with very short dorsal and anal.

Suborder Discocephali, the Shark-suckers: Echeneididae.—Next
to the gobies, for want of a better place, we may mention the
singular group of Discocephali {SiaKo?, disk; Ke(priXri, head).

In this group the first dorsal fin is transformed into a peculiar

laminated sucking-disk, which covers the whole top of the head
and the nape. In other respects the structure does not diverge

very widely from the percoid type, there being a remarkable re-

semblance in external characters to the Scombroid genus Rachy-
centroii. But the skeleton shows no special affinity to Rachy-
ccntron or to any perciform fish. The basis of the craniimi is

Fig. 593.—Sucking-fish, or Pegador, Leptecheneis naucrales (Linnaeus). Virginia.

simple, and in the depression of the head with associated modi-

fications the Discocephali approach the gobies and blennies

rather than the mackerel-like forms.

The Discocephali comprise the single family of shark-suckers

or remoras, the Echeneidida. All the species of this group

are pelagic fishes, widely diffused in the warm seas. All cling

by their cephalic disks to sharks, barracudas, and other free-

swimming fishes, and are carried about the seas by these. They

do not harm the shark except by slightly impeding its move-

ment. They are carnivorous fishes, feeding on sardines, young

herring, and the like^. A^'hen a shark, taken on the hook, is

drawn out of the water the^sucking-fish leaves it instantly,

and is capable of much speed in swimming on its own account.

These fishes are all dusky in color, the belly as dark as the back,

so as to form little contrast to the color of the shark.

The commonest species, Leptecheneis naucraies, called pega-

pega or pegador in Cuba, reaches a length of about two feet

and is almost cosmopolitan in its range, being found exclusively

on the larger sharks, notably on Carcharias lamia. It has
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20 to 2 2 plates in its disk, and the sides are marked by a dusky

lateral band.

Almost equally widely distributed is the smaller remora,

or shark-sucker {Eclioieis remora), with a stouter body and

about 18 plates in the cephalic disk. This species is found

in Europe, on the coast of New York, in the West Indies,

in California, and in Japan, but is nowhere abundant. Another

widely distributed species is Remorina albescens with 13 plates

in its disk. Remoropsis brachyptera, with 15 plates and a long

soft dorsal, is also occasionally taken. Rhombochirus osteochir

is a rare species of the Atlantic with 18 plates, having the pec-

FiG. 593.

—

Rhontbochirus osteochir (Cuv. & Val.). Wood's Hole, Mass.

toral rays all enlarged and stiff. The louse-fish {Phtheinchthys

liiieatus) is a small and slender remora having but 10 plates

in its disk. It is found attached, not to sharks, but to barra-

cudas and spearfishes.

A fossil remora is described from the Oligocene shales in

Glarus, Switzerland, under the name of Opisihomyzon glaronen-

sis. It is characterized by the small disk posteriorly inserted.

Its vertebrae are 10 + 13 = 24 only. Dr. Storms gives the follow-

ing account of this species:

"A careful comparison of the proportion of all the parts

of the skeleton of the fossil Echeneis with those of the li\-ing

forms, such as Echeneis nancraies or Eche)ieis remora, shows
that the fossil differs nearly equally from both, and that it was
a more normally shaped fish than either of these fonns. The
head was narrower and less flattened, the preoperculum wider,

but its two jaws had nearly the same length. The ribs, as

also the neural and hasmal spines, were longer, the tail more
forked, and the soft dorsal fin much longer. In fact it was
a more compressed type, probably a far better swimmer than
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its living congeners, as might be expected if the smallness of

the adhesive disk is taken into account."

Concerning the relations of the Discocephali Dr. Gill has

the following pertinent remarks:

"The family of Scomberoides was constituted by Cuvier for

certain forms of known organization, among which were fashes

evidently related to Caranx, but which had free dorsal spines.

Dr. Glinther conceived the idea of disintegrating this family

because, inter alias, the typical Scomberoides (family Scombridce)

have more than 24 vertebrae and others (family Carangidm)

had just 24. The assumption of Cuvier as to the relationship of

Elacate (Rachyceniron) was repeated, but inasmuch as it had ' more
than 24 vertebrae' (it had 25 = 12 + 13) it was severed from

the free-spined Carangidcc and associated with the Scombridce.

Elacate has an elongated body, flattened head, and a longi-

tudinal lateral band; therefore Echeneis w^as considered to be

next allied to Elacate and to belong to the same family. The
very numerous differences in structure between the two were

entirely ignored, and the reference of the Echeneis to the Scom-

bridce is simply due to assumption piled on assumption. The
collocation need not, therefore, longer detain us. The posses-

sion by Echeneis of the anterior oval cephalic disk in place of a

spinous dorsal fin would alone necessitate the isolation of the

genus as a peculiar family. But that difference is associated

with almost innumerable other peculiarities of the skeleton

and other parts, and in a logical system it must be removed

far from the Scombridce, and probably be endowed with sub-

ordinal distinction. In all essential respects it departs greatly

from the type of structure manifested in the Scombridce and

rather approximates—^but verj^ distantly—the Gobioidea and

Blennioidea. In those types we have in some a tendency to

flattening of the head, of anterior development of the dorsal

fin, a simple basis cranii, etc. Nevertheless there is no close

affinity, nor even tendency to the extreme modification of the

spinous dorsal exhibited by Echeneis. In view of all these facts

Echeneis, with its subdivisions, may be regarded as constitu-

ting not only a family but a suborder. . . . Who can consistently

object to the proposition to segregate the Echeneididcs as a sub-

order of teleocephalous fishes? Not those who consider that
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the development of three or four inarticulate rays (or even less)

in the front of the dorsal fin is sufficient to ordinarily differen-

tiate a given form from another with only one or two such. Cer-

tamly the difference between the constituents of a disk and
any rays or spines is much greater than the mere development

or atrophy of articulations. Not those who consider that the

manner of depression of spines, whether directly over the follow-

ing, or to the right or left alternately, are of cardinal importance

;

for such differences, again, are manifestly of less morphological

significance than the factors of a suctorial disk. Nevertheless

there are doubtless many who will passively resist the propo-

sition because of a consers'ative spirit, and who will vaguely

refer to the development of the disk as being a ' teleological modi-

fication,' and as if it were not an actual fact and a develop-

ment correlated with radical modifications of all parts of the

skeleton at least. But whatever may be the closest relations

of Echeneis, or the systematic value of its peculiarities, it is

certain that it is not allied to Elacate any more than to hosts

of scombroid, percoid, and kindred fishes, and that it differs /)/

toto from it notwithstanding the claims that have been made
otherwise. It is true that there is a striking resemblance, espe-

cially between the young—almost as great, for example, as

that between the placental mouse and the marsupial Antecln-

nomys—but the likeness is entirely superficial, and the scientific

ichthyologist should be no more misled than would be the scien-

tific therologist by the likeness of the marsupial and placental

mammals."

Suborder Taeniosomi, the Ribbon-fishes.—The suborder Tani-

osomi {raivia, ribbon; (ydjfia, body), or ribbon-fishes, is made

up of strange inhabitants of the open seas, perhaps aberrant

derivatives of the mackerel stock. The body is greatly elongate,

much compressed, extremely fragile, covered with shining

silvery skin. The ribbon-fishes live in the open sea, probably

at no very great depth, but are almost never taken by collectors

except when thro\\Ti on shore in storms or when attacked

by other fishes and dragged above or below their depth. When
fotmd they are usually reported as sea-seipents, and although

perfectly harmless, they are usually at once destroyed by their

ignorant captors. The whole body is exceedingly fragile;
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the bones are porous, thin, and liglit, containing scarcely any
calcareous matter. In the Tmniosomi the ventral fins are

thoracic, formed of one or a few soft rays. More remarkable

is the character of the caudal fin, which is always distorted

and usually not in line with the rest of the body. The teeth

are small. The general structure is not very different from
that of the cutlass-fishes, Trichiuridcs, and other degraded off-

shoots from the scombroid group. The species are few and,

from the nattu-e of things, very imperfectly known. Scarcely

any specimens are perfectly preserved. When dried the body
almost disappears, both flesh and bones being composed chiefly

of water.

The Garfishes : Regalecidae.— The RegalecidcB, or oarfishes,

have the caudal fin obsolete and the ventrals reduced to long

filaments, thickened at the tip. The species reach a length

of twenty or thirty feet, and from their great size, slender forms,

and sinuous motion have been almost ever\'Avhere regarded

as sea-serpents. The very long anterior spines of the dorsal

fin are tipped with red, and the fish is often and not untruth-

fully described as a sea-serpent "having a horse's head with

a flaming red mane."

The great oarfish, Regalecus glesne (see Fig. 113), was long

known to the common people of Norway as king of the herrings,

it being thought that to harm it would be to drive the herring

to some other coast. The name "king of the herrings" went

into science as Regalecus, from rex, king, and halec, herring.

The Japanese fancy, which runs in a different line, calls the

creature " Dugtmonuatatori, " which means the "cock of the

palace under the sea."

The Atlantic oarfish is named Regalecus glesne, from the

Norwegian farm of Glesnaes, where the first recorded specimen,

described by Ascanius, was taken 130 years ago. Since then

the species has been many times found on the shores of Great

Britain and Norway, and once at Bermuda, and also twice in

Florida.

In this species the body is half-transparent, almost jelly-like,

light blue in color, with some darker cross-stripes, and the

head has a long jaw and a high forehead, suggesting the head

of a horse. The dorsal fin begins on the head, and the first
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few spines are very long, each having a red tuft on the end.

When the animal is alive these spines stand up like a red

mane.

The creature is harmless, weak in muscle as well as feeblo

in mind. It lives in the deep seas, all over the world. After

great storms it sometimes comes ashore. Perhaps this is

because for some reason it has risen above its depth and so

lost control of itself. When a deep-water fish rises to the surface

the change of pressure greatly affects it. Reduction of pressure

bursts its blood-vessels, its swim-bladder swells, if it has one,

and turns its stomach inside out. If a deep-water fish gets

above its depth it is lost, just as surely as a surface fish is when

it gets sunk to the depth of half a mile.

Sometimes, again, these deep-sea fishes rush to the shore

to escape from parasites, crustaceans that torture their soft

flesh, or sharks that would tear it.

Numerous specimens have been found in the Pacific, and

to these several names have been given, but the species are

not at all clearly made out. The oldest name is that of Rcgalccits

riisselli, for the naturalist Patrick Russell, who took a specimen

at Vizagapatam in 1788. I have seen two large examples of

RegalecHS in the museum at Tokio, and several young ones

have recently been stranded on the Island of Santa Catalina

in southern California. A specimen twenty-two feet long lately

came ashore at Newport in Orange County, California. The

story of its capture is thus told by Mr. Horatio J. Forg)', of

Santa Ana, California:

"On the 2 2d of February, 1901, a Mexican Indian reported

at Newport Beach that about one mile up the coast he had

landed a sea-serpent, and as proof showed four tentacles and

a strip of flesh about six feet long. A crowd went up to see

it, and they said it was about twenty feet long and like a fish

in some respects and like a snake in others. Mr. Remsberg

and I, on the following day, went up to see it, and in a short

time we gathered a crowd and with the assistance of Mr. Pea-

body prepared the fish and took the picture you have received.

"It measured twenty-one feet and some inches in length,

and weighed about 500 or 600 povmds.

"The Indian, when he reported his discovery, said it was
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alive and in the shallow water, and that he had landed it himself.

"This I very much doubt, but when it was first landed it

was in a fine state of preservation and could have easily been
shipped to you, but he had cut it to such an extent that ship-

ment or preservation seemed out of the question when we first

saw it.

"At the time it came ashore an unusual number of peculiar

fishes and sharks were foimd. Among others, I found a small

oarfish about three feet long in a bad state of preservation in

a piece of kelp. One side of it was nearly torn off and the

other side was decayed."

Mr. C. F. Holder gives this account of the capture of oar-

fishes in southern California:

"From a zoological point of view the island of Santa Cata-

lina, which lies eighteen miles off the coast of Los Angeles

County, southern California, is very interesting, many rare

animals being found there. Every winter the dwellers of

the island find numbers of argonaut-shells, and several living

specimens hav been secured, one for a time living in the aqua-

rium which is maintained here for the benefit of students and
the entertamment of visitors. A number of rare and interest-

ing fishes wander inshore from time to time. Several years

ago I fovmd various Scopeloid fishes, which up to that time

had been considered rare, and during the past few years I have

seen one oarfish {Regaleciis russelli) alive, while another was

brought to me dead. From reports I judge that a ntimber of

these very rare fishes have been observed here. The first was

of small size, not over two feet in length, and was discovered

swimming in shallow water along the beach of Avalon Bay.

I had an opportunity to observe the radiant creature before

it died. Its 'topknot'—it can be compared to nothing else

—

was a vivid red or scarlet mass of seeming plumes—the dorsal

fins, which merged into a long dorsal fin, extending to the tail.

The color of the body was a brilliant silver sheen splashed with

equally vivid black zebra-like stripes, which gave the fish a

most striking appearance.

"The fish was a fragile and delicate creature, a very ghost

of a fish, which swam along where the water gently lapped

the sands with an undulatory motion, looking like one of its
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names—the ribbon-fish. The fortunate finder of this specimen

could not be persuaded to give it up or sell it, and it was its

fate to be pasted upon a piece of board, dried in the sun as a

'curio,' where, as if in retaliation at the desecration of so rare

a specimen, it soon disappeared.

"This apparently was the first oarfish ever seen in the United

States, so at least Dr. G. Brown Goode wrote me at the time

that it had not been reported. In 1899 another oarfish was

brought to me, evidently having been washed in after a storm

and found within a few yards of the former at Avalon. The
discoverer of this specimen also refused to allow it to be properly

preserved, or to donate or sell it to any one who would have

sent it to some museum, but, believing it valuable as a 'curio,'

also impaled it, the delicate creature evaporating under the

strong heat of the semitropic sun.

"This, as stated, was the second fish discovered, and during

the past winter (1900) a fine large specimen came in at New-
port Beach, being reported by H. J. Forg}% of Santa Ana. The
newspapers announced that a Mexican had foimd a yoimg sea-

serpent at Newport, and investigation showed that, as in hun-

dreds of similar instances, the man had found a valuable prize

without being aware of it. According to the account, the

discoverer first saw the fish alive in the surf and hauled it

ashore. Being ignorant of its value, he cut it up, bringing in

a part of the scarlet fins and a slice of the flesh. This he showed

to some men, and led the way to where lay the mutilated remains

of one of the finest oar- or ribbon-fishes ever seen. The speci-

men was twenty-one feet in length, and its weight estimated

at five hvmdred poimds. The finder had so mutilated it that

the fish was ruined for almost any purpose. If he had packed

it in salt, the specimen would have returned him the equivalent

of several months' labor. Apparently the man had cux it up
in wanton amusement.

" This recalls a similar incident. I was on one occasion

excavating at San Clemente Island, and had remarked that

it was a singular fact that all the fine stone ollas were broken.

'Nothing strange about that,' said a half-breed, one of the

party. ' I used to herd sheep here, and we smashed mortars

and ollas to pass away time.'"
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The Dealfishes: Trachypteridae.— The family of TrachypteridcB

comprises the dealfishes, creatures of fantastic form and silvery

coloration, smaller than the oarfishes and more common, but of

similar habit.

Just as in NorAvay the fantastic oarfish was believed to be
the king of the herrings and cherished as such, so among the

Indians of Puget Sound another freak fish is held sacred as the

king of the salmon. The people about Cape Flattery believe

that if one does any harm to this fish the salmon will at once

leave the shores. This fable led the naturalists who first discov-

ered this fish to give it its name of Trachypterus rex-salmonorum.

In Europe a similar species {Tracliypiern.' atlanticus) has

long been known by the name of dealfish, or vogmar, neither

of these names having any evident propriety.

The dealfish is one of the most singular of all the strange

creatures of the sea. It reaches a length of three or four feet.

Its body is thin as a knife and would be transparent were it

not covered over with a shining white pigment which gives to

the animal the luster of burnished silver. On this white surface

is a large black blotch or two, but no other colors. The head
is something like that of the oarfish, to which animal the deal-

fish bears a close relationship. Both have small teeth and
neither could bite if it would, and neither wants to, for they

are creatures of the most inoft'ensive sort. On the head of the

dealfish, where the oarfish has its mane, is a long, streamer-like

fin. At the end of the tail, instead of the ordinary caudal fin,

is a long, slim fin which projects directly upwards at right

angles to the direction of the back-bone. No o|her fish shows

this strange peculiarity.

The dealfish swims in the open sea close to the surface of

the water. It does not often come near shore, but it is occa-

sionally blown on the beach by storms. Trachypterus rex-

salmonormn has been recorded two or three times from Puget

Sound and twice from California. The finest specimen known,

the one from which our figure is taken, was secured off the Faral-

lones in 1895 by a fisherman named W. C. Knox, and by him

sent to Stanford University. The specimen is perfect in all its

parts, a condition rare with these fragile creatures, and its

picture gives a good idea of the mysterious king of the salmon.
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Four of these fishes have been obtained on the coast of Japan,
and have been described and figured by the present writer in

the annals of the Imperial University of Tokyo. These are

different from the California species and are named Trachyptcnts

ishikawx, but they show the same bright silver color and the same
streamers on the head and tail. Probably they, too, in Japan
are kings of something or other, or perhaps silver swans from
the submarine palace, for along such lines the Japanese fancy

is more likely to run.

The young of the dealfish has the caudal symmetrical, and
the dorsal spines and ventral rays produced in very long

streamers.

According to Goode and Bean, the dealfishes are "true deep-

sea fishes, which live at very great depths, and are only found

when floating dead on the surface or washed ashore by the

waves. Almost nothing is known of their habits except through

Nilsson's observations in the far north. This naturalist, as well

as Olafson, appears to have had the opportunity of observing

them in life. They say that they approach the shore at flood-

tide on sandy, shelving bottoms, and are often left by the

retreating waves. Nilsson's opinion is that its habits resemble

those of the flatfishes, and that they move with one side turned

obliquely upward, the other toward the ground; and he says

that they have been seen on the bottom in two or three fathoms

of water, where the fishermen hook them up with the imple-

ments employed to raise dead seals, and that they are slow'

swimmers. This is not necessarily the case, however, for the

removal of pressure and the rough treatment by which they

were probably washed ashore would be demoralizing, to say the

least. Trichinrns, a fish similar in form, is a very strong, swift

swimmer, and so is Regalerns. Whether or not the habits of

Trachypterus arcticus, on which these observations were made,

are a safe guide in regard to the other forms is a matter of

some doubt, but it is certain that they live far from the surface,

except near the arctic circle, and that they only come ashore

accidentally. They have never been taken by the deep-sea

dredge or trawl-net, and indeed perfect specimens are very

rare, the bodies being very soft and brittle, the bones and fin-

rays exceedingly fragile. A considerable number of species have
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been described, but in most instances each was based on one

or two specimens. It is probable that future studies may be

as fruitful as that of Emer}', who, by means of a series of twenty-

three specimens, succeeded in uniting at least three of the

Mediterranean species which for half a century or more had
been regarded as distinct. The common species of the eastern

Atlantic, Trachyptcrns atlaniicus, is not rare, one or more speci-

mens, according to Giinther, being secured along the coast of

northern Europe after almost every severe gale. We desire to

quote the recommendation of Dr. Gimther, and to strongly

urge upon any one who may be so fortunate as to secure one

of these fishes that no attempt should be made to keep it entire,

but that it should be cut into short lengths and preserved in

the strongest spirits, each piece wrapped separately in muslin."

The family of Stylephoridcc is known from a single specimen

of the species, Siylephorus cliordatns, taken oflf Cuba in 1790.

In this form the tail ends in a long, whip-like appendage, twice

as long as the head.

No fossil dealfishes or oarfishes are known.



CHAPTER XLII

SUBORDER HETEROSOMATA

I

HE Flatfishes.—Perhaps the most remarkable offshoot

from the order of spiny-rayed fishes is the great group
of flounders and soles, called by Bonaparte Hcierosomata

(erepos, differing; (7c2/ja, body). The essential character of this

group is found in the twisting of the anterior part of the cra-

nium, an arrangement which brings both eyes on the same side

of the head. This is accompanied by a great compression of the

body, as a result of which the flounders swim horizontally or

lie flat on the sand. On the side which is uppermost both eyes

are placed, this side being colored, brown or gray or mottled.

The lower side is usually plain white. In certain genera the right

side is uppermost, in others the left. In a very few, confined

to the coast of California, the eyes are on the right or left side

indifferently.

The process of the twisting of the head has been already

described (see p. 75). The very young have the body trans-

lucent and symmetrical, standing upright in the water. Soon

the tendency to rest on the bottom sets in, the body leans to

left or right, and the lower eye gradually traverses the front

of the head to the other side. This movement is best seen in

the species of PlatopJirys, in which the final arrangement of the

eyes is a highly specialized one.

In some or all of the soles it is perhaps true that the eye

turns over and pierces the cranium instead of passing across

it. This opinion needs verification, and the process should be

studied in detail in as many species as possible. The present

writer has seen it in species of Platophrys only, the same genus

in which it was carefully studied by Dr. Carlo F. Emery of

Bologna. In the halibut, and in the more primitive flounders
691
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generally, the process takes place at an earlier stage than in

Platopltrys.

Optic Nerves of Flounders.—In the Bulletin of the Museum of

Comparative Zoology (Vol. XL, Xo. 5) Professor George H.

Parker discusses the relations of the optic nerves in the group

of flounders or flatfishes.

In the bony fishes the optic nerves pass to the optic lobes

of the brain, the one passing to the lobes of the opposite side

simply lying over the other, without intermingling of fibers,

such as takes place in the higher vertebrates and in the more

primitive fishes.

According to Parker's observations, in ordinary bony fishes

the right nerve may be indilTerently above or below the other.

In 1000 specimens of ten common species, 486 have the left

nerve uppermost and 514 the right nerve. In most individual

species the numbers are practically equal. Thus, in the had-

dock, 48 have the left nerve uppermost and 52 the right ner\'e.

In the imsymmetrical teleosts or flounders, and soles, this

condition no longer obtains. In those species of flounder with

the eyes on the right side 236 individuals, representing si.xteen

species, had the left nerve uppermost in all cases.

Of flounders with the eyes on the left side, 131 individuals,

representing nine species, all have the right nerve uppermost.

There are a few species of flounders in which reversed

examples are so common that the species may be described

as having the eyes on the right

1

^^ or left side indifferently. In all

2::>^--f these species, however, whether

I'iG. r.9.T — Young Flounder, just dextral or sinistral, the relation
hatched with symmetrical eyes,

f ^^ nerves Conforms to the
(After S. R. \\ illiams.)

type and is not influenced by

the individual deviation. Thus the starry flounder {Platich-

thys) !)elongs to the dextral group. In 50 normal specimens,

the eyes on the right have the left nerve dorsal, while the

left nerve is also uppermost in 50 reversed examples with eyes

on the left. In 15 examples of the California bastard halibut

{ParalichtJiys californicits), normally sinistral, the right eye is

always uppermost. It is uppcnnost in 1 1 reversed examples.

Among the soles this uniformity or monomorphism no
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longer obtains. In 49 individuals of four species of dextral

soles, the left nerve is uppermost in 24, the right nerve in 25.

Among sinistral soles, or tonguefishes, in 18 individuals of two
species, the left nerve is uppermost in 13, the right nerve in 5.

Professor Parker concludes from this evidence that soles

are not degenerate flounders, but rather descended from primi-

tive flounders which still retain the dimorphic condition as

to the position of the optic nerves, a condition prevalent in

all bony fishes except the flounders.

The lack of symmetry among the flounders lies, therefore,

deeper than the matter of the migration of the eye. The asym-

metry of the mouth is an independent trait, but, like the migra-

tion of the eye, is an adaptation to swimming on the side. Each

of the various traits of asymmetry may appear independently of

the others.

The development of the raonomorphic arrangement in

flotmders Professor Parker thinks can be accovuited for by the

Fig. n96.—Larval Flounder, Psettdopleuronectes atnericanus.

(After S. R. Williams.)

principle of natural selection. In a side-swimming fish the

fixity of this trait has a mechanical advantage. The unmeta-

morphosed young of the flounder are not strictly symmetrical,

for they possess the monomorphic position of the optic nerve.

The reversed examples of various species of flounders (these,

by the way, chiefly confined to the California fauna) afford

"striking examples of discontinuous variation."

A very curious feature among the flounders is the possession

in nine of the California-Alaskan species of an accessory half-

lateral line. This is found in two different groups, while near

relatives in other waters lack the character. One species in

Japan has this trait, which is not found in any Atlantic species,
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or in any other flounders outside the fauna of northern Cali-

fornia, Oregon, and Alaska.

Ancestry of Flounders.— The ancestry of the flounders is

wholly uncertain. Because, hke the codfishes, the flounders

lack all fin-spines, they have been placed by some authors after

the Anacanthini, or codfishes, and a common descent has been
assumed. Some writers declare that the flounder is only a
codfish with distorted cranium.

A little study of the osteolog>^ of the flounder shows that

this supposition is without foundation. The flounders have

<«-;

^-^

Fig. 597.

Fig. 598.

Figs. 597 and 598.—Larval stages of Platophrys podas, a flounder of the Mediterra-
nean, showing the migration of the eye. (After Emery.)

thoracic ventrals, not jugular as in the cod. The tail is homo-
cereal, ending in a large hypural plate, never isocercal, e.xcept

in degraded soles, in which it is rather leptocercal. The shoulder-

girdle, with its perforate hypercoracoid, has the normal perch-

like form. The ventral fins have about six rays, as in the perch,

although the first ray is never spinous. Pseudobranchias are

developed, these structures being obsolete in the codfishes. The
gills and pharyngeals are essentially as in the perch.

It is fairly certain that the Heterosomata have diverged from

the early spiny-rayed forms, Zcoidci, Berycoidei, or Scombroidei
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of the Jurassic or Cretaceous, and that their origin is prior to

the development of the great perch stock.

If one were to guess at the nearest relationships of the group,

it would be to regard them as allies of the deep-bodied mackerel-

like forms, as the StromateidcB , or perhaps with extinct Berycoid

forms, as Platycormiis, having the ventral fins wider than in the

mackerel. Still more plausible is the recent suggestion of Dr.

Boulenger that the extinct genus Amphistium resembles the primi-

tive flounder. But there is little direct proof of such relation,

and the resemblance of larval flounders to the ribbon-fishes may
have equal significance. But the ribbon-fishes themselves may
be degenerate Scombroids. In any case both ribbon-fishes and

Fig. 5Q9.—Platophrys lunatus (Linnteus), the Peacock Flounder.

Family PleuTonectidce. Cuba. (From nature by Mrs. H. C. Xasli.)

flounders find their nearest living relatives among the Bery-

coidei or Zeoidei, and have no affinity whatever with the

isocercal codfish or with other members of the group called

Anacanthini.

The Heterosomata are found in all seas, always close to the

bottom and swimming with a swift, undulaton,- motion. They

are usually placed in a single family, but the degraded types

known as soles may be regarded as formmg a second family.

The Flounders : Pleuronectidae.—In the flounders, or Pleiironec-

tidcz, the membrane-bones of the head are distinct, the eyes large

and well separated, the mouth not greatly contracted, and the jaws



696 Suborder Heterosomata

always provided with teeth. Among the 500 species of flounders

is found the greatest variation in size, ranging in weight from

an ounce to 500 pounds. The species fovind in arctic regions

are most degenerate and these have the largest number of ver-

tebrse and of fin-rays. The halibut has 50 vertebrae (16 +34),

the craig-flounder 58, while in Etropits and other tropical forms

the number is but 34 (10+24). The common flounders of

intermediate geographical range (Paralichthys dentatus, etc.) show

intermediate numbers as 40 (lo +30).

Fio. 600. Fir;. 601.

Fro. fiOU.—Hcterocercal tail of young Trout, Salmo jario Liiiiui>u.s. (.\fter Parker
A- Haswell.)

Fig. tOl —Homoceroal t.iil of a Flounder, Paralichthys cali/ornicus.

It is, perhaps, related to the greater pressure of natural selection

in the tropics, showing itself in the better differentiation of the

bones and consequently smaller number of the vertebrae.

Fossil flounders are very few and give no clue as to the origin

of the group. In the Eocene and Miocene are remains which

have been referred to Bothiis (Rhombus). Bothus minimus is

the oldest species known, described by Agassiz from the Eocene

of Monte Bolca. In the Miocene are numerous other species of

Bothus, as also tubercles referable to Scophthalmus.

On the testimony of fossils alone the genus Bothus, or one
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of its allies, would be the most primitive of the group. If it be
so, the simpler structure of the halibut and its relatives is due
to degeneration, which is probable, although their structure has
the suggestion of primitive simplicity, especially in the greater
approach to symmetry in the head and the symmetry in the
insertion of t'he ventral fins.

Soles have been foimd in the later Tertiary rocks. Solea
kirchbergiana of the Miocene is not very different from species

w
\\> ^;l

Fig. 602'—Window-pane, Lophopfulta maculata. Virginia.

now extant in southern Europe. No remains referable to

allies of the halibut or plaice are found in Tertiary rocks, and

these relatively simple types must be regarded as of recent origin.

The Turbot Tribe : Bothinae.—The turbot tribe have the mouth
large, the eyes and color on the left side, and the ventral

fins unlike, that of the left side being extended along the ridge

of the abdomen. The species are found in the warm seas only.

They are deeper in body than the halibut and plaice, and some

of them are the smallest of all flounders. It is probable that

these approach most nearly of existing flounders to the original

ancestors of the group.

Perhaps the most primitive genus is Botlius, species of

which genus are found in Italian Miocene. The European
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brill, Bothus rhombus, is a common fish of southern Europe,

deep-bodied and covered with smooth scales.

Very similar but much smaller in size is the half translu-

cent speckled fioimder of our Atlantic coast {Lophopsetta niacu-

lata), popularly known as window-pane. This species is too

small to have much value as food. Another species, similar

to the brill in technical characters but very different in appear-

ance, is the turbot, Scophthalmus maximiis, of Europe. This

large flounder has a ver>' broad body, scaleless but covered

with warty tubercles. It reaches a weight of seventy pounds and

has a high value as a food-fish. There is but one species of tur-

bot and it is found in Europe only, on sandy bottoms from

Fig. 003.—Wide-eyed Flounder, Syaciuin papillosum Linaseus. Pensacola, Fla.

Norway to Italy. In a turbot of twenty-three pounds weight

Buckland found a roe of five pounds nine ounces, with 14,31 1,260

eggs. The young retains its symmetrical condition for a relatively

long period. No true turbot is found in America and none in

the Pacific. Other European flounders allied to the turbot and

brill are Zengopterus punctatiis; the European whiff, Lepido-

rhombtis vhifj-jagonis ; the topknot, Phrynorkombits rcgiiis; the

lantern-flounder, Arnoglossus laterna, and the tongue-fish, Eiict-

tharus bnguatula, the last two of small size and feeble flesh.

In the wide-eyed or peacock flounders, Platophrys podas in

Europe, Platophrys Innatns, etc., in America, Platophrys manciis

in Polynesia, the eyes in the old males are very far apart,

and the changes due to age and sex are greater than in any

other genera. The species of this group are highly variegated

and lie on the sand m the tropical seas. Numerous small
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species allied to these abound in the West Indies, known in a

general way as whiffs. The most widely distributed of these

are Citharichthys spiloptenis of the West Indies, Citharichthys

gilberti and Azevia panamensis of Panama, Orthopsetta sordida

of California, and especially the common small-mouthed Etropus

crossotiis found throughout tropical America. Numerous other

genera and species of the turbot tribe are found on the coasts

of tropical Asia and Africa, most of them of small size and weak
structtire.

Samaris cristatus of Asia is the type of another tribe of

flounders and the peculiar hook-jawed Oncoptenis darwini of

Patagonia represents still another tribe.

The Halibut Tribe : Hippoglossmae.—In the great halibut tribe

the mouth is large and the ventral fins symmetrical. The
arctic and subarctic species have the eyes and color on the

,X
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Fig. 604

—

Etropus crossotus Jordan & Gilbert. Cedar Keys, Fla.

right. Those of the warmer regions (bastard halibut) have the

eyes and color on the left. These grow progressively smaller

in size to the southward, the mouth being smaller and more

feebly armed in southern species.

The largest of the family, and the one commercially of far

greatest importance, is the halibut {Hippoglossus hippogLossns).

This species is found on both shores of both oceans, north of

about the latitude of Paris, Boston, Cape Mendocino, and Mat-

sushima Bay in Japan. Its preference is for offshore banks
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of no great depth, and in very many localities it exists in great

abundance, reaching a length of 6 to 8 feet and a weight of 600

pounds. It sometimes ranges well out to sea and enters deeper

waters than the cod. The flesh is firm, white, and of good

quality, although none of the flatfishes have much flavor, the

muscles being mostly destitute of oil. Small halibut, called

"chicken halibut," are highly esteemed.

Dr. Goode states that the "history of the halibut fishery has

been a peculiar one. At the beginning of the present century

these fishes were exceedingly abundant on George's Banks; since

1850 they have partially disappeared from this region, and the

fishermen have since been following them to other banks, and

since 1874 out into deeper and deeper water, and the fisheries

are now carried on almost exclusively in the gullies between

the offshore banks and on the outer edges of the banks, in

water 100 to 350 fathoms in depth.

"The halibut with its large mouth is naturally a voracious

fish, and probably would disdain few objects in the way of fresh

meat it would come across. It is said, however, to feed more

especially upon crabs and mollusks in addition to fish. These

fish ' they waylay lying upon the bottom, invisible by reason

of their flat bodies, colored to correspond to the general color

of the sand or mud upon which they rest. When in pursuit of

their prey they are active and often come quite to the surface,

especially when in summer they follow the capelin to the shoal

water near the land. They feed upon skates, cod, haddock,

menhaden, mackerel, herring, lobsters, flounders, sculpins.

grenadiers, turbot, Norway haddock, bank-clams, and anything

else that is eatable and can be fovmd in the same waters.' Fre-

quently halibut may be seen chasing flatfish over the bottom of

the water. About Cape Sable their favorite food seems to be

haddock and cusk. A very singular mode of attacking a cod

has been recorded by Captain Collins, an experienced fisherman

and good observer. They often kill their prey by blows of the

tail, a fact which is quite novel and interesting. He has described

an instance which occurred on a voyage home from Sable Island

in 1877: 'The man at the wheel sang out that he saw a hali-

but flapping its tail about a quarter of a mile off our starboard

quarter. I looked through the spy-glass and his statement was
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soon verified by the second appearance of the tail. We hove
out a dory, and two men went with her, taking with them a
pair of gaff-hooks. They soon returned, bringing not only the
halibut, which was a fine one of about seventy pounds weight,

but a small codfish which it had been trying to kill by striking

it with its tail. The codfish was quite exhausted by the repeated
blows and did not attempt to escape after its enemy had been cap-

tured. The halibut was so completely engaged in the pursuit

of the codfish that it paid no attention to the dory and was
easily captured.'

" The females become heavy with roe near the middle of the

year, and about July and August are ready to spawn, although

'some fishermen say that they spawn at Christmas' or 'in the

month of January, when they are on the shoals.' The roe of

a large halibut which weighed 356 pounds weighed 44 pounds,

and indeed the ' ovaries of a large fish are too heavy to be lifted

by a man without considerable exertion, being often 2 feet or

more in length.' A portion of the roe 'representing a fair

average of the eggs, was weighed and found to contain 2185

eggs,' and the entire number would be 2,182,773."

Closely allied to the halibut are numerous smaller forms

with more elongate body. The Greenland halibut, Reinhardtius

hippoglossoides, and the closely related species in Japan,

Reinhardtius matsunra', differ from the halibut most obviously

in the straight lateral line. The arrow-toothed halibut,

Atheresthes stomias, lives in deeper waters in the North Pacific.

Its flesh is soft, the mouth very large, armed with arrow-shaped

teeth. The head in this species is less distorted than in any

of the others, the upper eye being on the edge of the disk in

front of the dorsal fin. For this reason it has been supposed

to be the most primitive of the living species, but these traits

are doubtless elusive and a result of degeneration.

Eopsetta jordani is a smaller halibut-like fish, common on

the coast of California, an excellent food-fish, with firm white

flesh, sold in San Francisco restaurants under the very erroneous

name of "English sole." Large numbers are dried by the

Chinese for export to China. A similar species, Hippoglossoides

platessoides, known as the "sand-dab," is common on both

shores of the North Atlantic, and several related species are
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found in the North Pacific. Verasper variegatus of Japan is

notable for its bright coloration, the lower side being largely

orange-red.

In the bastard halibuts, Paralichthys, the eyes and color

are on the left side. These much resemble the true halibut,

but are smaller and inferior as food, besides differing in details

of structure. The Monterey halibut {Paralichthys calijornicns)

is the largest of these, reaching a weight of sixty pounds. This

species and one other from California {Xystreurys Holepis),

normally left-sided, differ from all the other flounders in having

Fig. 1)05.—Halibut, Hippoglossux /uyy
;/

Linnaeus. Marmot I., .-Vlaska.

the eyes almost as often on the right side as on the left side,

as usual or normal in their type. The summer flounder (Para-

lichthys dentattis) replaces the Monterey halibut on the Atlantic

Coast, where it is a common food-fish. Farther south it gives

way to the Southern flounder [Paralichthys lethostigma) and
the Gulf flounder, Paralichthys albigutta. In Japan Para-

lichthys olivacetis is equally common, and in western Mexico

Paralichthys sinalocB. The four-spotted flounder of New Eng-

land, Paralichthys oblongus, belongs to this group. Similar

species constituting the genus Pseiidorhombus abound in India

and Japan.

The Plaice Tribe : Pleuronectinae.—The plaice tribe pass grad-

ually into the halibut tribe, from which they difler in the

small mouth, in which the blunt teeth are mostly on the blind

side. The e^^es are on the right side, the vertebras are numerous,

and the species live only in the cold seas, none being found in

the tropics. In most of the Pacific species the lateral line



Suborder Heterosomata 7°3

has an accessory branch along the dorsal fin. The genus
Pleuronichthys, or frog-flounders, has the teeth in bands. Pleu-

ronichthys cornutiis is common in Japan and three species,

Pleuronichthys coenosus being the most abundant, are found
on the coast of California. Closely related to these is the

diamond-flounder, Hypsopsetta guttulata of California. Paro-

phrys vetuliis is a small flounder of California, so abundant
as to have considerable economic value. Lepidopsetta hilineata,

larger and rougher, is almost equally common. It is similar

to the mud-dab {Limanda limanda) of northern Europe and
the rusty-dab {Limanda jerniginea) of New England.

The plaice, Pleuronectes platessa, is the best known of the

European species of this type, being common in most parts

of Europe and valued as food. Closely related to the plaice

is a second species of southern Europe also of small size, Flesus

>K

Fig. 606.—Wide mouthed Flounder, Paralichthys dentatus (L.). St. George I., Md.

ficsus, to which the name flounder is in England especially

applied. The common winter flounder of New England,

Pseiidopleuronectes americanus, is also very much like the plaice,

but with more uniform scales. It is an important food-fish,

the most abundant of the family about Cape Cod. The eel-

back flounder, Liopsctta pntuami, also of New England, is

frequently seen in the markets. The males of this species

have scattered rough scales, while the females are smooth.

The great starry flounder of Alaska, Platichthys stellatus, is the

largest of the small-mouthed flounders and in its region the most
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abundant. On the Pacific coast from Monterey to Alaska and

across to northern Jap-m it constitutes half the catch of

flounders. The body -is covered with rough scattered scales,

the fins are barred with black. It reaches a weight of twenty

pounds. Living in shallow waters, it ascends all the larger

rivers.

An allied species in Japan is Kareius bicoloralus, with scat-

tered scales. Clidoderma asperrimnm, also of northern Japan,

has the body covered with series of warts.

In deeper water are found the elongate forms known as

smear-dab and flukes. The smear-dab of Europe (Micro-

ima^

-m^

Fig. 607.—Eel-back Flounder, Liopselta putnami (Gill). Salem, Mass.

stomus kill) is rather common in deep water. Its skin is very

slimy, but the flesh is excellent. The same is true of the

slippery sole, Microstomns pacificus, of California and Alaska,

and of other species found in Japan. Glyptoceplialus cyno-

glossHs, the craig-fluke, or pole-flounder, of the North Atlantic,

is taken in great numbers in rather deep water on both coasts.

Its flesh is much like that of the sole. A similar species

(Glyptoceplialus zachirus) with a very long pectoral on the

right scale is found in California, and Microstomus kitahara; in

Japan.
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The Soles : Soleidae.—The soles (Soleidce) are degraded flounders,

the typical forms bearing a close relation to the plaice tribe,

from which they may be derived. There are three very differ-

ent groups or tribes of soles, and some writers have thought

that these are independently derived from different groups of

flounders. This fact has been urged as an argument against

the recognition of the Soleidce as a family separate from the

flounders. If clearly proved, the soles should either be joined

with the flounders in one family or else they should be divided

into two or three, according to their supposed origin.

The soles as a whole differ from the flounders in having the

bones of the head obscurely outlined, their edges covered by
scales. The gill-openings are much reduced, the eyes small

and close together, the ventral fins often much reduced, and

sometimes the pectoral or caudal also. The mouth is very

small, much twisted, and with few teeth.

The species of sole, about 150 in number, abound on sandy

Fig. 608.—Starry FloundLr, I'laticlilhijs stellatus (Pallas). Alaska.

bottoms in the warm seas along the continents, very few being

found about the Oceanic Islands. The three subfamilies, or

tribes, may be designated as broad soles, true soles, and tongue-

fishes.

The Broad Soles: Achirinae.—The American soles (Achirince),

or broad soles, resemble the smaller members of the turbot tribe



706 Suborder Heterosomata

of flounders, having the ventral fin of the eyed side extended

along the ridge of the abdomen. The eyes and color are, how-

ever, on the right side. The eyes are separated by a narrow

interorbital ridge. In most of these forms the body is broad

and covered with rough scales. The species are mostly less

than six inches long, and nearly all are confined to the warmer
parts of America, many of them ascending the rivers. A very

few {Aseraggodes, Pardachirus) are found in Japan and China.

Some are scaleless and some have but a single small gill-open-

ing on the blind side. The principal genus is Achirus. Achirus

fasciatus, the common American sole, or hog-choker, is abun-

dant from Boston to Galveston. Achirus lineatus and other

species are found in the West Indies and on the west coast of

Mexico. Almost all the species of Achirus are banded with

black and the pectorals are very small or wanting altogether.

All these species are practically useless as food from their very

small size.

0-
' NXXs

Fio. 609.—Hog-choker Sole, Achirus lineatus (L.). Potomac River.

The European Soles fSoIeinae).—The European soles are more
elongate in form, with the ventral fins narrow and not extended

along the ridge of the abdomen. The eyes are on the right side

with no bony ridge between them. No species of this type is

I
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certainly known from American waters, although numerous in

Europe and Asia. The species have much in common with

the plaice tribe of flounders and may be derived from the same
stock. One species, as above noted, is found in the Miocene.

The common sole of Europe, Solea solea, is one of the best

of food-fishes, reaching a length, according to Dr. Gill, of twenty-

six inches and a weight of nine pounds. As usually seen in

the markets it rarely exceeds a pound. It is found from Nor-

way to Italy, and when properly cooked is very tender and
delicate, superior to any of the flounders. According to Dr.

Francis Day, it appears to prefer sandy or gravelly shores,

but is rather uncertain in its migrations, for, although mostly

appearing at certain spots almost at a given time, and usually

decreasing in numbers by degrees, in other seasons they dis-

appear at once, as suddenly as they arrive. Along the British

seacoast they retire to the deep as frosts set in, revisiting the

shallows about May if the weather is warm, their migrations

being influenced by temperature. The food of the sole is to a

considerable extent molluscous, but it is also said to eat the

eggs and fry of other fishes and sea-urchins

The spawning season is late in the year and during the

spring months. The ova are in moderate number; a sole of

one pound weight has, according to Buckland, about 134,000

eggs. The newly hatched, according to Dr. Day, da not appear

to be commonly found so far out at sea as some other species.

They enter into shallow water at the edge of the tide and are

very numerous in favorable localities.

As is well known, the sole is one of the most esteemed

of European fishes. In the words of Dr. Day, " the flesh of this

fish is white, firm, and of excellent flavor, those from the deepest

waters being generally preferred. Those on the west coast

and to the south are larger, as a rule, than those towards the

north of the British islands. In addition to its use as food,

it is available for another purpose. The skin is used for fining

coffee, being a good substitute for isinglass, and also as a

material for artificial baits.

"The markets are generally supplied by the trawl. The

principal English trawling-ground lies from Dover to Devonshire.

They may be taken by spillers, but are not commonly captured
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with hooks; it is suggested that one reason may be that spillers

are mostly used by day, whereas the sole is a night feeder.

They are sometimes angled for with the hook, baited with

crabs, worms, or moUusks ; the most favorable time for fishing

is at night, after a blow, when the water is thick, while a land

breeze answers better than a sea breeze.

"

Several smaller species of sole are fovmd in Europe. In

Japan Zebrias zebra, black-banded, and Usinosita japonica,

known as Usinosliita, or cow's tongue, are common. Farther

south are numerous species of Syuaptiira and other genera peculiar

to the Indian and Australian regions.

The Tongue-fishes: Cynoglossinae.—The tongue-fishes are soles

having the eyes on the left side not separated by a bony ridge,

the two being very small and apparently in the same socket.

The body is lanceolate, covered usually with rough scales,

and as often with two or three lateral lines as with one. The

species are mostly Asiatic. Cynoglossus robtistus and other spe-

cies are found in Japan, and in India are many others belong-

ing to Cynoglossus and related genera. The larger species are

valued as food. The single European species Symphnrns nigres-

ceiis, common in the Mediterranean, is too small to have any

value. Symphnrns plagiiisa, the tongue-fish of our coast, is

Fig. 610.

—

Symphunis plagiusa (L.). Beaufort, N. C.

common on our sandy shores from Cape Hatteras southward.

Symphnrns plagusia, scarcely different, replaces it in the West

Indies. Symphnrns airicaiidns is found in San Diego Bay, and

numerous other species of no economic importance find their

place farther south.



CHAPTER XLIII

SUBORDER JUGULARES

iHE Jugular-fishes.—In all the families of spiny-rayed

fishes, as ranged in order in the present work, from
the BcrycidcE to the Soleidce, the ventrals are

thoracic in position, the pelvis, if present, being joined to the

shoulder-girdle behind the symphysis of the clavicles so that

the ventral fin falls below or behind the pectoral fin. To this

arrangement the families of Bcmbradida and Pingiiipedida; offer

perhaps the only exceptions.

In all the families which precede the Berycidce in the linear

series adopted in this work, the ventral fins when present are

abdominal, the pelvis lying behind the clavicles and free from
them as in the sharks, the reptiles, and all higher vertebrates.

In all the families remaining for discussion, the ventrals

are brought still farther forward to a point distinctly before

the pectorals. This position is called jugular (Lat. jugulum,

throat)

.

The fishes with jugular ventrals we here divide into six

groups, orders, and suborders : Jugidares, Haplodoci, Xenopterygii,

Anacanthini, Opisthomi, and Pedictilati. The last two groups, and
perhaps the Anacanthini also, may well be considered as dis-

tinct orders, being more aberrant than the others.

For the most primitive and at the same time most obscurely

defined of these groups we may retain the term applied by
Linnaeus to all of them, the name Jugidares. This grt^up in-

cludes those jugular-fishes in which the position of the gills, the

structiore of the skull, and the form of the tail are essentially

as in ordinan,^ fishes. It is an extremely diversified and perhaps

tmnatural group, some of its members resembling Opisthogna-

thidce and Malacanthidw, others suggesting the mailed-cheek
709
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fishes, and still others more degenerate. The fishes having

the fins thus placed were long ago set apart by Linna?us,

under the name of "Jugulares," Callionymus being the genus

first placed by him in this group. Besides their anterior inser-

tion, the ventrals in the Jugulares are more or less reduced in

size, the rays being usually but not always less than I, 5 in

number and more often reduced to one or two, or even wholly

lost.

In general, the jugular fishes are degenerate as compared

\\'ith the perch-like forms, but in certain regards they are often

highly specialized. The groups showing this character are

probably related one to another, but in some cases this fact is

not clearly shown. In most of the jugular-fishes the shoulder-

girdle shows some change or distortion. The usual foramen

in the hypercoracoid is often wanting or relegated to the inter-

space between the coracoids, and the arrangement of the

actinosts often de\'iates imm that seen in the perciform fishes.

The Weavers : Trachinidae.— Of the various families the

group of weevers, Trachinida: , most approaches the type of

ordinary fishes. In the words of Dr. Gill, these fishes are

known by "an elongated body attenuated backward from

the head, compressed, oblong head, with the snout very short,

a deeply cleft, oblique mouth, and a long spine projecting

backward from each operculum and strengthened by exten-

sion on the surface of the operculum, as a keel. The dorsal

fins are distinct, the first composed of strong, pimgent spines

radiating from a short base and about six or seven in number.

The second dorsal and anal are very long. The pectorals

have the lower rays unbranched, and the ventrals are in

advance of the pectorals, and have each a spine and five rays.

The species of this family are mostly found along the European

and w-estem African coast; but singularly enough a species

closely related to the Old World form is foimd on the coast of

Chile. None have been obtained from the intermediate regions

or from the American coast. Two species are found in England,

and are knowTi under the name of the greater weever {Trachiniis

draco), about twelve inches long, and the lesser weever

{Trachiniis vipcra), about six inches long. They are perhaps

the most dreaded of the smaller English fishes. The formid-
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able opercular spines are weapons of defense, and when seized

by the fisherman the fish is apt to throw its head in the direc-

tion of the hand and lance a spine into it. The pungent dorsal

spines are also defensive. Although without a poison gland,

such as some fishes distantly related have at the base of the

spines, they cause very severe wounds, and death may occur
from tetanus. They are therefore divested of both opercular

and dorsal spines before being exposed for sale. The various

popular names which the weevers enjoy, in addition to their

general designation, mostly refer to the armature of the spines,

or are the result of the armature; such are adder-fish, sting-

fish, and sting-bull."

No species of Trachinidce is known from North America or

from Asia. In these fishes, as Dr. Boulenger has lately shown,

the hypercoracoid is without foramen, the usual perforation

lying between this bone and the hypercoracoid. A similar con-

dition exists in the Anacanthini, or codfishes, but it seems to

have been developed independently in the two groups. In the

relatives of the Trachinidm the position of this foramen changes

gradually, moving by degrees from its usual place to the lower

margin of the hypercoracoid. Species referred to Trachiniis are

recorded from the Miocene as well as Trachiniis.

The extinct group of Callipterygidce found in the Eocene of

Monte Bolca seems allied to the Trachinida. It has the dorsal

fin continuous, the spines small, the soft rays high; the scales

are very small or wanting. Callipteryx speciosus and C. recti-

candiis are the known species.

The Nototheniidae.—In the family of Nototheniida; the for-

amen is also wanting or confluent with the suture between the

coracoids. To this family belong many species of the Antarctic

region. These are elongate fishes with ctenoid scales and a

general resemblance to small Hexagram midcB. In most of the

genera there is more than one lateral line. These species are

the antipodes of the CottidcB and Hexagrammidcc; although lack-

ing the bony stay of the latter, they show several analogical

resemblances and have very similar habits.

The Harpagiferidcc, naked, with the opercle armed with spines,

and resemble sculpins even more closely than do the Notothenidcz.

Harpagifer is foimd in Antarctic seas, and the three species of
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Draconeiia in the deeper waters of the North Atlantic and Pacific.

These httle fishes resemble Callionymiis, but the opercle, in-

stead of the preopercle, bears spines. The Bovichlhyidce of New
Zealand are also sculpin-like and perhaps belong to the same

family. Dr. Boulenger places all these Antarctic forms with the

foramen outside the hypercoracoid in one family, Xototlienitdcc.

Several deep-sea fishes of this type have been lately described

by Dr. Louis DoUo and others from the Patagonian region.

One of these forms, Macrtas amissus, lately named by Gill and

Townsend, is five feet long, perhaps the largest deep-sea fish

known. The family of Percophidce, from Chile, is also closely

Fig. 611.

—

Pteropsaron evolans Jordan & Snyder. Sagami Bay, Japan.

allied to these forms, the single species differing in slight respects

of osteology.

Closely related to the family of Xototlienitdcc and perhaps

scarcely distinct from it is the small family of Pteropsarida,

which differs in having but one lateral line and the foramen

just above the lower edge of the hypercoracoid. The numer-

ous species inhabit the middle Pacific, and are prettily colored

fishes, looking like gobies. Pteropsaron is a Japanese genus,

with high dorsal and anal fins ; Parapercis is more widely diffused.

Osiinis schaiiinslandi is one of the neatest of the small fishes of

Hawaii. Several species of Parapercis and Neopercis occur in

H
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Japan and numerous others in the waters of Polynesia. Pseu-
delegiims majori of the Italian Miocene must belong near Para-
percis.

The Bathymasterides, or ronquils, are perhaps allied to the

Nototheniida; they resemble the OpistJiognathidcB, but the jaws

are shorter and they have a large number of vertebra; as befits

their northern distribution. Ronqiiilus jordani is found in Puget

Sound and Bathymaster signatiis in Alaska. The ventral rays

are I, 5, and the many-rayed dorsal has a few slender spines in

front.

The Leptoscopidae.—The Leptoscopida of New Zealand re-

semble the weevers and star-gazers, but the head is unarmed,

covered by thin skin.

The Star-gazers : Uranoscopidae.— The UranoscopidcB, or star-

FiG. 613.

—

Bathymaster signatus Cope. Shumagin Is., .\laska.

gazers, have the head cuboid, mostly bony above, the mouth

almost vertical, the lips usually fringed, and the eyes on the

flat upper surface of the head. The spinous dorsal is short and

may be wanting. The hypercoracoid has a foramen, and the

body is naked or covered with small scales. The appearance is

eccentric, like that of some of the ScorpcBnida, but the anatomy

differs in several ways from that of the mailed-cheek fishes.

The species inhabit warm seas, and the larger ones are food-

fishes of some importance. One species, Uranoscopus scaber,

abounds in the Mediterranean. Uranoscopus japonicus and

other species are found in Japan. Astroscopiis y-gmciim is the

commonest species on our Atlantic coast. The bare spaces on

the top of the head in this species yield vigorous electric

shocks. Another American species is Astroscopiis guttatiis. In

Japan and the East Indies the forms are more numerous and

varied. Ichthyscopus lebeck, with a single dorsal, is a fantastic
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inhabitant of the seas of Japan, and Anema monopterygiiim in

New Zealand. .

Uranoscoptis peruzzii, an extinct star-gazer, has been de-

scribed from the Pliocene of Tuscany.

Fig. 613 —A Star-Razer -In'sropi/s ibwn'us Jordan & Snyder. Iburi, Japan.

The Dragonets: Callionymidae.—Remotely allied to the Ura-

noscopidce is the interesting family of dragonets, or CallionymidcB.

These are small scaleless fishes with flat heads, the preopercle

armed with a strong spine, the body bearing a general resem-

blance to the smaller and smoother Cottidcc. The gill-openings

are very small, the ventral fins wide apart.' The colors are

highly variegated, the fins are high, often filamentous, and the

sexes dilTer much in coloration and in the development of the

fins. The species are especially numerous on the shores of

Japan, where Callionymiis valeiiciennesi, Callionymns bcnitegnri,

and Calliiirichthys japoniciis are food-fishes of some slight impor-

tance. Others are found in the East Indies, and several large

and handsome forms are taken in the Mediterranean. Calliony-

vnis draco, the dragonet, or "sculpin," reaches the coast of Eng-

land. In America but three species have been taken. These

are dredged in deep water in the East Indies. In other parts

of the world these fantastic little creatures are shore-fishes,

creeping about in the shallow bays. Species of Synchiropiis,

colored like the coral sands, abound in the Polynesian coral

reefs.

A fossil species of Callionymtis (C. macrocephalus) are found

in the Miocene of Croatia.

The family of Rhyacichthyidce is a small group of Asiatic

fishes allied to the Callionymids, but less elongate and differing

in minor details. They are found not in the sea, but in mountain

streams. Rhyacichthys (formerly called by the preoccupied

name Platyptera) is the principal genus.
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The Trichonotidcc, with wide gill-openings and cycloid scales,

are also related to the Callionymidcc. The species are few, small,

and confined to the Indian and Australian seas. Another small

family closely related to this is the group of Hemeroccetidm of

the same region.

The Dactyloscopidae. —In this and the preceding families of

jugular fishes the ventral rays remain i, 5, as in the typical

thoracic forms. In most of the families yet to be described

the nimiber is I, 3, a character which separates the little fishes of

the family of Dactyloscopidm from the Uranoscoptdce and Lepto-

scopida. DactyloscopHs tridigitatns is a small fish of the coral

sands of Cuba. The other species of this family are found

mostly in the West Indies and on the west coast of Mexico.

Several genera, Myxodagniis, Gillellus, Dactylagnus, etc., are

recognized. In the structure of the shoulder-girdle these

species diverge from the star-gazers, approaching the blennies,

and their position is intermediate between Trachinidas and
BlenniidcB.



CHAPTER XLIV

THE BLENNIES: BLENNIIDtE

i
HE great family of blennies, Blenniidcs, contains a vast

ntimber of species with elongate body, niunerous dor-

sal spines, without suborbital stay or sucking-disk,

and the ventrals jugular, where present, and of one spine and

less than five soft rays. Most of them are of small size, living

about rocks on the sea-shores of all regions. In general they

are active fishes, of handsome but dark coloration, and in the

different parts of the group is found great variety of structure.

The tropical forms differ from those of arctic regions in the

much shorter bodies and fewer vertebras. These forms are most

like ordinary fishes in appearance and structure and are doubt-

less the most primitive. Of the five hundred known species of

Fig. 615 —Sarcastic Blenny, Neodinus satiricus Girard. Monterey.

blennies, we can note only a few of the most prominent. To

Clinus and related genera belong many species of the warm

seas, scaly and ovoviviparous, at least for the most part. The

largest of these is the great kelpfish of the coast of California,

HeterosticliHS rostratiis, a food-fish of importance, reaching the

length of two feet. Others of this type scarcely exceed two

inches. Neodinus satiricus, also of California, is remarkable
717
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for the great length of the upper jaw, which is formed as in

Opisthognaihus. Its membranes are brightly colored, being

edged with bright yellow. Gibbonsia elegans is the pretty

"senorita" of the coralline-lined rock-pools of California. Lepi-

sonia nuckipinne, with a fringe of filaments at the nape, is very

^VvWvv^-W^i^

Fig. 616.—Kelp Blenny, Gibbonsia evides Jordan & Gilbert. San Diego.

abundant in rock-pools of the West Indies. The species of

Auchenopterus abound in the rock-pools of tropical America.

These are very small neatly colored fishes with but one soft ray

in the long dorsal fin. Species of Triptcrygion, Myxodes, Cris-

ticeps, and other genera abovmd in the South Pacific.

In Blenniiis and its relatives the body is scaleless and the

slender teeth are arranged like the teeth of a comb. In most

Fig. 617.

—

Blennius cristatus L. Florida.

species long, fang-like posterior canines are developed m the

jaws. Blennius is represented in Europe by many species, Blen-

nius galerita, ocellaris, and basiliscus being among the most com-

mon. Certain species inhabit Italian lakes, having assumed a

fresh-water habit. The nximerous American species mostly
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belong to other related genera, Chasmodes bosqiiianus being
most common. Blennius yatabci abotinds in Japan. In Petro-
sciries and its allies the gill-openings are much restricted. The

Fig. 618.—Rock-skipper, AUicus oUanticus. San CMstobal, Lower Cal.

Fig. 619 —Lizard-skipper, AUicus aaiiens (Forstcr). A Ijlenny which lies out of

water on lava roclis, leaping from one to another with great agility. From
nature; specimen from Point Distress, Tutuila Island, Samoa, (.\bout one-
half size.)

species are mainly Asiatic and Polynesian and are very prettily

colored. Petroscirtes elegans and P. irossulus adorn the Japanese
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rock-pools and others, often deep blue in color, abound in the

coral reefs of Polynesia.

The rock - skippers {Sularias, AlticttSf etc.) are herbiv-

orous, with serrated teeth set loosely in the jaws. These live

in the rock-pools of the tropics and leap from rock to rock when
disturbed with the agility of lizards. They are dusky or gray

in color with handsome markings. One of them, Erpichthys or

Alticus saliens in Samoa, lives about lava rocks between tide-

FlG. 630 —Emblemaria atlanlica Jordan. Pensacola, Fla.

marks, and at low tide remains on the rocks, over which it runs

with the greatest ease and with much speed, its movements
being precisely like those of Periophthalmus. As in the species

of the latter genus, otherwise wholly diflferent, this Alticus

has short ventral fins padded with muscle.

Fig. 621.—Scartichthyx enosimfr Jordan & Snyder, a fish of the rock-pools of the
sacred island of Enoshinia, Japan. Family Bknniida:.

Erpichthys atlanticus is found in abundance on both coasts

of tropical America. Many species abound in Polynesia and
in both Indies. Salarias enosimcc lives in the clefts of lava
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rocks on the shores of Japan. Ophioblennius (webbi) is remark-
able for its strong teeth, Emblemaria {nivipes, Atlaniica) for its

very high dorsal. Many other genera allied to Blennius, Clinus,

and Salarias abound in the wann seas.

Fig. 633.

—

Zacalles bryope Jordan & Snyder. Misaki, Japan.

The Northern Blennies: Xiphidiinse, Stichaeinise, etc.—The blen-

nies of the north temperate and arctic zones have the dorsal

,-/^?^
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Fig. 633

—

Bnjostimma larsudcs .Jordan & Snyder. Unalaska.

fin more elongate, the dorsal fin usually but not always com-
posed entirely of spines. The scales are small and the ventral

Fig. 634.

—

Exerpes asper Jenkins & Evermann, Guaymas, Mexico.

Family Blenniidce.

fins generally reduced in size. These are divided by Dr. Gill

into several distinct families, but the groups recognized by him

are subject to intergradations.
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Chirolophis (ascanii) of north Europe is remarkable for the

tufted filaments on the head. These are still more developed in

Bryostemma of the North Pacific, Bryostemvia polyactocepha-

liim and several other species being common from Puget Sound

to Japan. Apodichthys (flavidns) of California is remarkable

for a large quill-shaped anal spine and for the great variation

in color, the hue being yellow, grass-green, or crimson, according

to the color of the alga; about it. There is no evidence, how-

ever, that the individual fish can change its color, and these color

forms seem to be distinct races within the species. Xcrerpcs

fiicortim of California lies quiescent in the sea-weed (Fnciis) after

the tide recedes, its form, color, and substance seeming to corre-

spond exactly with those of the stems of algae. Pholis giinnellus

Fig. 625.—Gunnel, Pholis gunnctlus (L.). Gloucester, Mass.

is the common gunnel (gunwale), or butter-fish, of both shores

of the North Atlantic, with numerous allies in the North Pacific.

Of these, Enedrias nebidosns, the ginpo, or silver-tail, is especially

common in Japan. Xiphidion and XipJiistes of the California

coast, and Dictyosoma of Japan, among others, are remarkable

for the great number of lateral lines, these extending crosswise

Flo. 626.

—

Xiph stes chirua Jordan & Gilbert. Amchii

as well as lengthwise. Cebedichthys violaceiis, a large blenny of

California, has the posterior half of the dorsal made of soft rays.

Opisthocentrns of Siberia and north Japan has the dorsal spines
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flexible, only the posterior ones being short and stiff. The
snake-blennies {Liimpenns), numerous in the far North, are

extremely slender, with well-developed pectorals and ventrals.

Lumpenus lampetrccjormis is found on both shores of the Atlantic.

In StichsHS a lateral line is present. There is none in Lumpe-
nus, and in Ernogramnms and Ozorthe there are three. All

these are elongate fishes, of some value as food and especially

characteristic of the Northern seas. Fossil blennies are almost

unknown. Pterygocephalus paradoxus of the Eocene resembles

^^
»,^'iW-

'i>

FiQ. 627.

—

Ozorihe (Itctijogrditunn (Hertzenstein), a Japanese blenny from Hakodate:
sliowing increased number of lateral lines, a trait characteristic of many fishes-

of the north Pacific.

the living Cristiceps, a genus which differs from Cliniis in having

the first few dorsal spines detached, inserted on the head. The

first spine alone in Pterygocephalus is detached and is very

strong. A species called Clinits gracilis is described from the

Miocene near Vienna, Blenniiis fossilis from the Miocene of Cro-

Fig. 638.

—

Sticlueus punclalns 1 al'iuius St. Michael, Alaska.

atia, and an lancertain Oncolepis isseli from Monte Bolca. The

family is certainly one of the most recent in geologic times.

The family of Blenniidce, as here recognized, includes a very

great variety of forms and should perhaps be subdivided into

several families, as Dr. Gill has suggested. At present there

is, however, no satisfactory basis of division known.

The Quillfishes: Ptilichthyidae.— The PtilichthyidcB, or quill-

fishes, are small and slender blennies of the North Pacific, with
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very numerous fin-rays. Ptilichihys goodei has 90 dorsal spines

and 145 soft rays. Another group of very slender naked blen-

nies is the small family of Xiphasiidcs from the South Pacific.

\.^>^v<'
Fig. 62'j —iiryoshmma uluhimr ,)onlan it Snyder. Hakodate, Japan.

Family Btcnniidce.

The jaws have excessively long canines ; there are no ventral

fins. The dorsal fin is very high and the caudal ends in a long

thread.

Fig. C30 —Quillfi.sli, PHlichlhys goodei Bean. I ii;ii.i>Ka.

The Blochiidae.— Of doubtful relationship is the extinct

family of Blochiida;. In this group the body is elongate,

covered with keeled plates imbricated like shingles. The

Fio. 631.

—

Blochiua ton^VosWs Volta, restored,

tapper Eocene of Monte Bolca. (.\fter

Woodward.)

dorsal is composed of many slender spines, and the vertebrae

much elongate. In Blochius longirosiris (Monte Bolca Eocene)
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has very long jaws, lined with small teeth. Zittel regards the

family as allied to the Belonorhynchidcc , but the prolongation

of the jaws may be a character of analogy merely. Woodward
places it next to the Blenniida, supposing it to have small and
jugular ventral fins. But as the presence of ventral fins is

uncertain, the position of the family cannot be ascertained

and it may really belong in the neighborhood of Ammodytes.

The dorsal rays are figured by Woodward as simple.

The Pataecidae, etc.—The Patacida are blenny-like fishes of

Australia, having the form of Congriopits, the spinous dorsal being

very high and inserted before the eyes, forming a crest. Paiccciis

pronto is not rare in South Australia. The (JnathanacantJiida;

is another small group of peculiar blennies from the Pacific.

The Acanthoclinida: are small blennies of New Zealand with

numerous spines in the anal fin. Acanthocliuus littorciis is the

only known species.

The Gadopsidae, etc.—The family of GadopsidcE of the rivers

of New Zealand and southern Australia consists of a single

species, Gadopsis marmoratns, resembling the scaly blennies

called Climis, but with long ventrals of a single ray, and three

spines in the anal fin besides other peculiarities. The species

is locally verj' common and with various other fishes in regions

where true trout are unknown, it is called "trout."

The CerdalidcE are small band-shaped blennies of the Pacific

Fig. 633.—Wrymouth, Cryptacanthodes maculatus. New York.

coast of Panama. The slender dorsal spines pass gradually

into soft rays. Three species are known.

The wrymouths, or Cryptacanthodidce, are large blennies

of the northern seas, with the mouth almost vertical ami the
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head cuboid. The wrymouth or ghostfish, Cryptacanthodes

maculatus, is frequently taken from Long Island northward.

It is usually dusky in color, but sometimes pure white. Other
genera are found in the north Pacific.

The Wolf-fishes: Anarhichadidas.—The wolf-fishes (Anarlii-

chadida:) are large blennies of the northern seas, remarkable for

their strong teeth. Those in front are conical canines. Those
behind are coarse molars. The dorsal is high, of flexible spines.

^^^^^^ss^:^
Fig 634^^Wolf-fish, Anarhiclias lupus (L.). Georges Bank.

The species are large, powerful, voracious fishes, known as

wolf-fishes. Anarhichas lupus is the common wolf-fish of the

north Atlantic, reaching a length of four to six feet, the body

Fig. 635 —Skull of Anarrhichihys ocellatus Ayres.

marked by dark cross-bands. Other similar species are found

both in the north Pacific and north Atlantic. Anarhichas

lepturus, plain brown in color, is common about the Aleutian

Islands.
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In the wolf-eel {Anarrhichthys ocellatus) of the coast of Cali-

fornia, the head is formed as in Anarhichas but the body is

band-shaped, being drawn out into a very long and tapering

tail. This species, which is often supposed to be a " sea-serpent,"

sometimes reaches a length of eight feet. It is used for food.

It feeds on sea-urchins and sand-dollars {Echinarachinius)

which it readily crushes with its tremendous teeth.

The skull of a fossil genus, Lapanis {alticeps), with a resem-:

blance to Anarhichas, is recorded from the Eocene of England.

The Eel-pouts: Zoarcidae.—The remaining blenny-like forms

lack fin spines, agreeing in this respect with the codfishes and

their allies. In all of the latter, however, the hypercoracoid

is imperforate, the pseudobranchia: are obsolete, and the tail

isocercal. The forms allied to Zoarces and Ophidion, and which

we may regard as degraded blennies, have homocercal (rarely

leptocercal) tails, generally but not always well-developed pseu-

dobranchise and the usual foramen in the hypercoracoid.

The Zoarcidcc, or eel-pouts, have the body elongate, naked,

or covered with small scales, the dorsal and anal of many soft

rays and the gill-openings confined to the side. Most of the

species live in rather deep water in the Arctic and Antarctic

regions. Zoarces viviparns, the "mother of eels," is a common
fish of the coasts of northern Europe. In the genus Zoarces,

\

I'lG. 03C.^Eel-pout, Zoarces anguillaris Peck. Eastport, Me.

the last rays of the dorsal are short and stifY, like spines. The
species are viviparous; the young being eel-like in form, the

name " mother of eels " has naturally arisen in popular language.

The American eel-pout, sometimes called mutton-fish, Zoarces

angiiillaris, is rather common north of Cape Cod, and a similar

species, Zoarces elongatiis, is found in northern Japan.

Lycodopsis pacifica, without spines in the dorsal, replaces

Zoarces in California. The species of Lycodes, without spines
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in the dorsal, and with teeth on the vomer and palatines, are

very abundant in the northern seas, extending into deep waters
farther south. Lycodes reticulatus is the most abundant of

these fishes, which are valued chiefly by the Esquimaux and

Fig. 637.—Eel-pout, Lycodes reticulatus Reinhardt. Banquereau.

other Arctic races of people. Numerous related genera are

recorded from deep-sea explorations, and several others occur

about Tierra del Fuego. Gymnelis, small, naked species brightly

colored, is represented by Gymnelis viridis in the Arctic and
by Gymnelis pictiis about Cape Horn.

/^^s'SR>.>iV

Fig. 638 —Lycenchelys verrilli (Goode & Bean). Chebuclo, Nova Scotia.

The family of Scytalinidce contains a single species, Scytalina

cerdale, a small snake-shaped fish which lives in wet gravel

between tide-marks, on Waada Island near Cape Flattery in

Washington, not having yet been found elsewhere. It dives

Fig. 639 —Scytalina cerdale Jordan & Gilbert. Straits of Fuca.

among the wet stones with great celerity, and can only be taken

by active digging.

To the family of Congrogadidm belong several species of
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eel-shaped blennies with soft rays only, found on the coasts of Asia.

Another small family, Derepodichthyidcc, is represented by one

species, a scaleless little fish from the shores of British Columbia.

The Xenocephalida: consist of a single peculiar species, Xeno-

cephalus armatus, from the island of New Ireland. The head

is very large, helmeted with bony plates and armed with spines.

The body is short and slender, the ventrals with five rays, the

dorsal and anal short.

The Cusk-eels: Ophidiidae.— The more important family of

Ophidiidcc, or cusk-ecls, is characterized by the extremely ante-

rior position of the ventral fins, which are inserted at the throat,

each one appearing as a long forknl li.irbcl. The tail is lepto-

^y

Fio. 640 —Cusk-eel, i?isso/a marginata (T>e K&y). Virginia.

cereal, attenuate, the dorsal and anal confluent around it. Ophi-

dian barbatum and Rissola rochet are common in southern

Europe. Rissola marginata is the commonest species on oxir

Atlantic coast, and Chilara taylori in California. Other species

are found farther south, and still others in deep water. Genyp-

terus contains numerous species of the south Pacific, some

of which reach the length of five feet, forming a commercial

substitute for cod. Genyplerus capensis is the klipvisch of the

Cape of Good Hope, and Geitypterus australis the "Cloudy Bay

cod" or "rock ling" of New England. Another large species.

Fio. 641

—

Lycodapus dermaiinits Gilbert. Lower Califonii.i.

Genypterus maculatus, occurs in Chile. A few fragments doubt-

fully referred to Ophidion and Fierasfer occur in the Eocene and

later rocks. The Lycodapodida contain a few small, scaleless

fishes {Lycodapus) dredged in the north Pacific.

\
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Sand-lances : Ammodytidae. — Xear the Ophidiidcs are placed

the small family of sand-lances {Ammodytida) . This family com-
prises small, slender, silvery fishes, of both Arctic and tropical

seas, living along shore and having the habit of burying them-
selves in the sand imder the surf in shallow water. The jaws
are toothless, the bod}^ -scarcely scaly and crossed by many cross-

folds of skin, the many-rayed dorsal fin is without spines, and
the ventral fins when present are jugidar. The species of the

family are very much alike. From their great abundance they

have sometimes much value as food, more perhaps as bait, still

more as food for salmon and other fishes, from which they

escape by plunging into the sand. Sometimes a falling tide

Fig. 643.—Sand-lance, Ammodytes americanus De Kay. Nantucket.

leaves a sandy beach fairly covered with living "lants" looking

like a moving foam of silver. Ammodytes tobiamis is the sand-

lance or lant of northern Europe. Ammodytes americanus,

scarcely distinguishable, replaces it in America ; and Ammodytes

personatus in California, Alaska, and Japan. This is a most

excellent pan fish, and the Japanese, who regard little things,

value it highly.

In the genus Hyperoplus there is a large tooth on the

vomer. In the tropical genera there is a much smaller ntmiber of

vertebras and the body is covered with ordinary scales instead

Fig. diZ. ^Einbolichthys mitsukurii (Jordan & Evermann). Formosa.

of delicate, oblique cross-folds of skin. These tropical species

must probably be detached from the Ammodytidce to form a

distinct family, Bleekeriidcs. Bleekeria kallolepis is found in

India, Bleekeria gilli is from an unknown locality, and the

most primitive species of sand-lance, Embolichthys mitsukurii.
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occurs in Formosa. In this species, alone of the sand-lances,

the ventral fins are retained. These are jugular in position,

as in the Zoarcida, and the rays are I, 3. The discovery of

this species makes it necessary to separate the AmmodytidcB

and Bleekeriida; widely from the Percesoces, and especially from

the extinct families of Crossog}mthidcc and Cobiiopsidcc with which

its structure in other regards has led Woodward, Boulenger, and

the present writer to associate it.

Although an alleged sand-lance, Rhynchias septipinnis, with

ventral fins abdominal, was described a century ago by Pallas,

no one has since seen it, and it may not exist, or, if it exists, it

may belong among the Percesoces. The relation of Ammodytcs

to Embolichthys is too close to doubt their close relationship.

According to Dr. Gill the Ammodytidce belong near the Hcme-

rocoetidcB.

The Pearlfishes: Fierasferidae.—In the little group of pearl-

fishes, called FicrasfcridiC or Carapidcr, the body is eel-shaped

Fig. 044 —Pearlfi.sli, Fierasjer dubius Putnam. I'lnhoiidcd in a. layer of motlier-of-

pearl. La Paz, Lower California. (Photograph by Capt. M. Castro.)

with a rather large head, and the vent is at the throat. Numer-

ous species of Fierasfer (Carapus) are found in the warm seas.

These little fishes enter the cavities of sea-cucumbers (Holo-

thurians) and other animals which offer shelter, being frequently

taken from the pearl-oyster. In the Museum of Comparative
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Zoology, according to Professor Putnam, is "one valve of a
pearl-oyster in which a specimen of Fierasfer dubius is beauti-
fully inclosed in a pearly covering deposited on it by the
oyster." A photograph of a similar specimen is given above.
The species found in Holothurians are transparent in texture,

with a bright pearly luster. Species living among lava rocks,

as Jordamcus umbratilis of the south seas, are mottled black.

Since this was written a specimen of this black species has been
obtained from a Holothurian in Hilo, Hawaii, by Mr. H. W.
Henshaw.

Fig. 645 —Pearlfish, Fierasfer acvs (Linnieus), issuing from a Holothurian.
Coast of Italy. (After Emery.)

The Brotulidae.—The Brotulidce constitute a large family of

fishes, resembling codfishes, but differing in the character of

the hypercoracoid, as well as in the form of the tail. The

resemblance between the two groups is largely superficial. We
may look upon the Brotulidce as degraded blennies, but the

Gadidcr have an earlier and different origin which has not yet

been clearly made out. Most of the BroUilidcc live in deep

water and are without common name or economic relations.

Two species have been landlocked in cave streams in Cuba,

where they have, like other caveflshes, lost their sight, a phenom-

enon which richly deserves careful study, and which has been

recently investigated by Dr. C. H. Eigenmann. These blind
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Brotulids, called Pez Ciego in Cuba, are found in different caves

in the county of San Antonio, where they reach a length of

about five inches. As in other blindfishes, the body is translu-

FiG. 646.

—

Brotula barbala Schneider. Cuba.

cent and colorless. These species are known as Liicifuga sub-

terranea and Stygicola dentata. They are descended from allies

of the genera called Brotula and Dinematichthys. Brotula bar-

bata is a cusk-like fish, occasionally found in the markets of

Fig. 647. —Blind Brotula. Lvxrijuga subterranea (Poey), showing ^^^^parous habit.
Joignan Cave, Pinar del Rio, Cuba. (Photograph by Dr. Eigenmann.)

Havana. Similar species, Brotula multibarbata and Sirembo

tnermis, are common in Japan, and Brosmophycis marginatiis,

beautifully red in color, is occasionally seen on the coast of

California. Many other genera and species abound in the

depths of the sea and in crevices of coral reefs, showing much
variety in form and structure.

The BregmacerotidcB are small fishes, closely related to the

Brotulids, having the hypercoracoid perforate, but with sev-

eral minor peculiarities, the first ray of the dorsal being free

and much elongate. They live near the surface in the open

sea. Bregmaceros macclellandi is widely diffused in the Pacific.
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Ateleopodidae.—The small family of A teleopodida; includes long-

bodied, deep-water fishes of the Pacific, resembling Aiacrourus,

but with smooth scales. The group has the coracoids as in

BrotuUdcB, and the actinosts are iinited in an undivided plate.

Ateleopiis japonicus is the species taken in Japan.

Suborder Haplodoci.—We may here place the peculiar family

of Batrachoidida, or toadfishes. It constitutes the suborder

of Haplodoci (anXoos, simple; Sokos, shaft) from the sim-

ple form of the post-temporal. This order is characterized

by the undivided post-temporal bone and by the reduction

of the gill-arches to three. A second bone behind the post-

temporal connects the shoulder-girdle above to the vertebral

column. The coracoid bones are more or less elongate, suggest-

ing the arm seen in pediculate fishes.

The single family has the general form of the Cottidcr, the

body robust, with large head, large mouth, strong teeth, and

short spinous dorsal fin. The shoulder-girdle and its structures

differ little from the blennioid type. There are no pseudo-

branchiae and the tail is homocercal. The species are relatively

few, chiefly confined to the warm seas and mostly American,

none being foimd in Europe or Asia. Some of them ascend

rivers, and all are carnivorous and voracious. None are valued

Fig. 648 —Leopard Toadfish, Opsanus pardus (Goode & Bean). Pensacola.

as food, being coarse-grained in flesh. The group is probably

nearest allied to the Trachinidcc or Uranoscopidcc.

Opsanus tan, the common toadfish, or oyster-fish, of our

Atlantic coast, is very common in rocky places, the young

clinging to stones by a sucking-disk on the belly, a structure
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which is early lost. It reaches a length of about fifteen inches.

Opsamis pardus, the leopard toadfish, or sapo, of the Gulf coast,

lives in deeper water and is prettily marked with dark-bro\Mi

spots on a light yellowish ground.

In Opsanus the body is naked and there is a large foramen,

or mucous pore, in the axil of the pectoral. In the Marcgravia

cryptocentra, a large Brazilian toadfish, this foramen is absent.

In Batrachoides , a South American genus, the body is covered

with cycloid scales. Batrachoides siirinamensis is a common
species of the West Indies. Batrachoides pacifici occurs at

Panama. The genus Porichthys is remarkable for the develop-

ment of series of mucous pores and luminous spots in several

different lateral, lines which cover the body. These limiinous

spots are quite unlike those foimd in the lantern-fishes

(Myctophidce) and other Iniomi. Their structure has been

worked out in detail by Dr. Charles Wilson Greene.

The common midshipman, or singing fish, of the coast of

California is Porichthys notatiis. This species, named mid-

shipman from its rows of shining spots like brass buttons, is

found among rocks and kelp and makes a peculiar quivering

or humming noise with its large air-bladder.

Porichthys porosissimus, the bagre sapo, is common on

all coasts of the Gulf of Mexico and the Caribbean Sea. Po-

Fia. 649—Singing Fish or Bagre Sapo, Porichthys porosissimus (Cuv. & Val.).

Galveston.

richthys margaritatiis is found about Panama and Poriclithys

porosus in Chile.

The species of Thalassophryne and Thalassothia, the poison

toadfishes, are found along the coasts of South America, where

they sometimes ascend the rivers. In these species there is
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an elaborate series of venom glands connected with the hollow
spines of the opercle and the dorsal spines. Dr. Giinther gives
the following account of this structure as shown in Thalasso-
'phryne reticulata, a species from Panama:

"In this species I first observed and closely examined the
poison organ with which the fishes of this genus are provided.
Its structure is as follows: (i) The opercular part: The oper-
culum is very narrow, vertically styliform and very mobile ; it is

armed behind with a spine, eight lines long in a specimen of 10^
inches, and of the same form as the venom fang of a snake; it

is, however, somewhat less cur\'ed, being only slightly bent
upward. It has a longish slit at the outer side of its extremity

which leads into a canal perfectly closed and running along

the whole length of its interior; a bristle introduced into the

canal reappears through another opening at the base of the

spine, entering into a sac situated on the opercle and along the

basal half of the spine ; the sac is of an oblong-ovate shape and
about double the size of an oat grain. Though the specimen

had been preser\^ed in spirits for about nine months it still con-

tained a whitish substance of the consistency of thick cream,

which on the slightest pressure freely flowed from the opening

in the extremity of the spine. On the other hand, the sac could

be easily filled with air or fluid from the foramen of the spine.

No gland could be discovered in the immediate neighborhood

of the sac. (2) The dorsal part is composed of the two dorsal

spines, each of which is ten lines long. The whole arrange-

ment is the same as in the opercular spines; their slit is at the

front side of the point ; each has a separate sac, which occupies

the front of the basal portion.

Suborder Xenopterygii.— The clingfishes, forming the sub-

order Xenopterygii {Sevog, strange; nrepvS, fin), are, perhaps,

allied to the toadfishes. The ventral fins are jugular, the rays

I, 4 or I, 5, and between them is developed an elaborate suck-

ing-disk, not derived from modified fins, but from folds of the

skin and underlying muscles.

The body is formed much as in the toadfishes. The skin

is naked and there is no spinous dorsal fin . The skeleton shows

several peculiarities; there is no suborbital ring, the palatine

arcade is reduced, as are the gill-arches, the opercle is reduced
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to a spine-like projection, and the vertebra; are numerous. The
species are found in tide-pools in the warm seas, where they

cling tightly to the rocks with their large ventral disks.

Fig. 650.

—

Aspasma ciconice Jordan & Suyder. Wakanoura, Japan.

Several species of Lepadogaster and Mirbelia are found in

the Mediterranean. Lepadogaster gonani is the best-known

European species. Aspasma ciconice and minima occur about

the rocks in the bays of Japan.

Most of the West Indian species belong to Gobiesox, with

entire teeth, and to Arbaciosa, with serrated teeth. Some of these

P^Q. 651 —Clingfish, Caularchus mceandricus (Girard). Monterey, Cal.

species are deep crimson in color, but most of them are dull

olive. Gobiesox virgatnlits is common on the Gulf Coast. Cau-

larchus mceandricus, a very large species, reaching a length of

six inches, abounds along the coast of California. Other genera

are found at the Cape of Good Hope, especially about New
Zealand. Chorisochismns dentex, from the Cape of Good Hope,

reaches the length of a foot.



CHAPTER XLV

OPISTHOMI AND ANACANTHINI

I

RDER Opisthomi.—The order Opisthomi {oniadrf, behind

;

cS/io?, shoulder) is characterized by the general traits

of the blennies and other elongate, spiny-rayed
fishes, but the shoulder-girdle, as in the Apodes and the
Heteromi, is inserted on the vertebral column well behind the
skull.

The single family, Masiacembelidcc, is composed of eel-shaped
fishes with a large mouth and projecting lower jaw, inhabiting
the waters of India, Africa, and the East Indies. They are
small in size and of no economic importance. The dorsal is

long, with free spines in front and there are no ventral fins.

Were these fins developed, they should in theory be jugular in

position. There is no air-duct in Mastacemhelus and it seems
to be a true spiny-rayed fish, having no special relation to

Fig. 653.

—

Mastacembelus ellipsijer Bouleiiger. Congo River. (After Boulenger.)

either Notacanthns or to the eels. Except for the separation

of the shoulder-girdle from the skull, there seems to be no

reason for separating them far from the Blennioid forms, and

the resemblance to Notacanthns seems wholly fallacious.

Alastacentbeliis arniatns is a common species of India and

China. In Rliynchobdella the nasal appendage or proboscis, con-

spicuous in Mastacemhelus, is still more developed. Rliynchob-

della acnlcata is common in India.

Order Anacanthini.—We may separate from the other

jugular fishes the great group of codfishes and their allies,

739
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retaining the name Anacanthini (araKavOos, without spine)

suggested by Johannes Miiller. In this group the hyper-

coracoid is without foramen, the fenestra lying between this

bone and the hypocoracoid below it. The tail is isocercal, the

vertebrae in a right line and progressively smaller backward,

sometimes degenerate or whip-like (leptocercal) at tip. Other

characters are shown in the structure of the skull. There are

no spines in any of the fins; the ventrals are jugular, the scales

generally small, and the coloration dull or brownish. The
ntimerous species live chiefly in the northern seas, some of

them descending to great depths. The resemblance of these

fishes to some of the Blennioid group is very strongly marked, but

these likenesses seem analogical only and not indicative of true

affinity. The codfishes probably represent an early oflfshoot from

the ancestors of the spiny-rayed fishes, and their line of evolution

is imknown, possibly from Ganoid types. Among recent fishes

there is nothing structurally nearer than the Nototheniidcc and

BrotulidcE, but the line of descent must branch off much farther

back than either of these. For the present, therefore, we may re-

gard the codfishes and their allies {A uacanthini) as a distinct order.

The Codfishes : Gadidae.—The chief family is that of the Gadidce,

or codfishes. These are characterized by a general resemblance

to the common codfish. d'aJns callarias. This is one of the best

Fig. 653.—Codfish, Gadus callarias L. Eastport, Me.

known of fishes, found "everywhere on the shores of the North

Atlantic, and the subject of economic fisheries of the greatest

importance. Its flesh is white, flaky, rather tasteless, but takes

salt readily, and is peculiarly well adapted for drying. The

average size of the codfish is about ten pounds, but Captain
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Nathaniel Atwood of Provincetown records one with the weight
of 160 pounds.

"The cod ranks among the most voracious of ordinary
fishes, and almost everything that is eatable, and some that

is not, may find its way into its capacious maw."
"The codfish in its mode of reproduction exhibits some

interesting peculiarities. It does not come on the coast to

spawn, as was once supposed, but its eggs are deposited in mid-
sea and float to the surface, although it does really, in many
cases, approach the land to do so. Prof. C. O. Sars, who has
discovered its peculiarities, 'found cod at a distance of twenty
to thirty Norwegian miles from the shore and at a depth of

from one hundred to one hundred and fifty fathoms.' The
eggs thus confided to the mercy of the waves are very numerous

;

as many as 9,100,000 have been calculated in a seventy-five-

poimd fish. 'When the eggs are first seen in the fish they are

so small as to be hardly distinguishable ; but they continue

to increase in size until maturity, and after impregnation have

a diameter depending upon the size of the parent, varying

from one-nineteenth to one-seventeenth of an inch. A five-

to eight-pound fish has eggs of the smaller size, while a twenty-

five-pound one has them between an eighteenth and a seven-

teenth.' There are about 190,000 eggs of the smaller size to

a pound avoirdupois. They are matured and ejected from Sep-

tember to November."

Unlike most fishes, the cod spawns in cooling water, a trait

also found in the salmon family.

The liver of the cod yields an easily digested oil of great

value in the medical treatment of diseases causing emaciation.

The Alaska cod, Gadiis macrocephaliis, is equally abundant

w-ith the Atlantic species, from which it differs very slightly,

the air-bladder or sounds being smaller, according to the fisher-

men, and the head being somewhat larger. This species is found

from Cape Flattery to Hakodate in Japan, and is very abundant

about the Aleutian Islands and especially in the Okhotsk Sea.

With equal markets it would be as important commercially

as the Atlantic cod. In the codfish {Gadiis) and related genera

there are three dorsal and two anal fins. In the codfish the

lateral line is pale and the lower jaw shorter than the upper.
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The haddock (Meianogrammus ccglifintis) closely resembles

the cod and is of similar quality as food. It is known at sight

by the black lateral line. It is found on both shores of the

Atlantic and when smoked is the " finnan haddie " of commerce.

Fig. 6.54.—Haddock, Meianogrammus (eglifinus (L.). Eastport, Me.

The pollack, coalfish, or green cod {Pollachiiis carbottariits)

is also common on both shores of the north Atlantic. It is darker

than the cod and more lustrous, and the lower jaw is longer,

with a smaller barbel at tip. It is especially excellent when
fresh.

The whiting (Merlangus merlangus) is a pollack-like fish com-
mon on the British coasts, but not reaching the American shores.

Fio. 655.—Pollock, Theragra chakogramma (Pallas). Shumagin I., Alaska.

It is found in large schools in sandy bays. The Alaska pollack

{Theragra chakogramma) is a large fish with projecting lower jaw,

widely diffused in the north Pacific and useful as a food-fish to

the Aleutian peoples. It furnishes a large part of the food of

the fur-seal (Callorhiuns alascaiins and C. iirsiniis) during its

migrations. The fur-seal rarely catches the true codfish, which

I
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swims near the bottom. The wall-eyed pollack {Theragra
fiicensis) is found about Puget Sound. Smaller codfishes of
this type are the wachna cod (Eleginus navaga) of Siberia and
the Arctic codling (Boreogadus saida), both common about Kam-
chatka, the latter crossing to Greenland.

Several dwarf codfishes having, like the true cod, three dor-
sal fins and a barbel at the chin are also recorded. Among
these are the tomcod, or frostfish, of the Atlantic {Microgadtis
tomcod), the California tomcod (Microgadus proximiis), and
Micromesistius poutassou of the Mediterranean. These little

cods are valued as pan fishes, but the flesh is soft and without
much flavor.

Other cod-like fishes have but two dorsals and one anal fin.

Many of these occur in deep water. Among those living near

shore, and therefore having economic value, we may mention a
few of the more prominent. The codlings (Urophycis) are repre-

sented by ntmierous species on both shores of the Atlantic.

Fig. 656.—Tomcod, Microgadus tomcod (Walbaum). Woods Hole, Mass.

Urophycis blennoides is common in the Mediterranean. Uro-

phycis regius, on our South Atlantic coast, is said to exhibit

electric powers in life, a statement that needs verification.

In the Gulf of Mexico Urophycis floridanus is common. Far-

ther north are the more important species Urophycis tenuis,

called the white hake, and Urophycis chiiss, the squirrel-hake.

The ling {Molva molva) is found in deep water about the North

Sea.

A related genus, Lota, the burbot, called also ling and, in

America, the lawyer, is found in fresh waters This genus con-
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tains the only fresh-water members of the group of Anacanthini.

The European burbot, Lota lota, is common in the streams

and lakes of northern Eiarope and Siberia. It is a bottom fish,

coarse in flesh and rather tasteless, eaten sometimes when boiled

and soaked in vinegar or made into salad. It is dark olive in

color, thickly marbled with blackish.

The American burbot, or la\vyer (Lota maculosa), is very

much like the European species. It is found from New Eng-

land throughout the Great Lakes to the Yukon. It reaches a

length of usually two or three feet and is little valued as food

in the United States, but rises much in esteem farther north.

The liver and roe are said to be delicious. In Siberia its skin

is used instead of glass for windows. In Alaska, according to

Dr. Dall, it reaches a length of sis. feet and a weight of sixty

pounds.

Fig. 657.—Burbot, Lota maculosa (Le Sueur). New York.

The rocklings {Gaidropsarus and Enchclyopiis) have the

first dorsal composed of a band of fringes preceded by a single

ray. The species are small and slender, abounding chiefly in the

Mediterranean and the North Atlantic. The young have been

Fig. 658 —Four-bearded Reckling, Enchelyopus cimbrixis (Linnseus).

Naliaiit, Mass.

called "mackerel-midges." Our commonest species is Enchely-

opus cimbrius, found also in Great Britain.

The cusk, or torsk, Brosme brosme, has a single dorsal fin
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only. It is a large fish found on both shores of the North Atlan-
tic, but rather rare on our coasts.

Fossil codfishes are not numerous. Fragments thought to

belong to this family are fotmd in EngUsh Eocene rocks.

Nemopteryx iroscheli, from the Oligocene of Glarus, has three

dorsal fins and a lunate caudal fin. Other forms have been
referred with more or less doubt to Gadus, Brosmiiis, Strinsia,

and Melanogramnms.

Gill separates the "three-forked hake" {Rantceps trifur-

cus) of northern Europe as a distinct family, Ramcipitidcs. In

this species the head is very large, broad and depressed, differ-

ing in this regard from the codlings and hakes, which have also

two dorsal fins. The deep-water genus, Bathyonus, is also

regarded as a distinct family, Bathyonida.

The Hakes; Merluciidae.—Better defined than these families

Fig. 659.—California Halie, Merlucciiis productus (Ayres). Seattle.

is the family of hakes, Merluciidce. These pike-like codfishes

have the skull peculiarly formed, the frontal bones being paired,

excavated above, with diverging crests continuous forward

from the forked occipital crest. The species are large fishes,

very voracious, without barbels, with the skeleton papery and

the flesh generally soft. The various species are all very much
alike, large, ill-favored fishes with strong teeth and a ragged

appearance, the flesh of fair quality. Merluccius merliiccius,

the hake or stock-fish, is common in Etirope ; Merluccius bilinearis,

the silver hake, is common in New England, Merluccius pro-

ductus in California, and Merluccius gayi in Chile.

The Grenadiers: Macrouridae.— The large family of grena-

diers, or rat-tails, MacrouridcB. is confined entirely to the oceanic
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depths, especially of the north Atlantic and Pacific. The head is

formed much as in the codfishes, with usually a barbel at the chin.

There are two dorsals, the second like the anal being low, but
ihe leptocercal tail is very long and tapering, ending in a fila-

4f
aim*

Fig. 660.

—

Coryphtrnoides carapinus (Goode & Bean), showing leptoceral tail.

Gulf Stream.

ment without caudal fin. The scales are usually rough and

spinous. The species are usually large in size, and dull gray or

black in color.

The best-knowTi genus is Macrourus. Macroiirns berglax

is found on both shores of the north Atlantic. Macrourus

Fio. 661 .—Grenadier, Caelorhynchus carminatus Goode & Bean. Martha's Vineyard.

bairdi is abundant in oflf-shore dredgings from Cape Cod to Cuba.

Macrourus cinereus, the pop-eye grenadier, outnumbers all other

fishes in the depths of Bering Sea. Calorhynchus japonicus is

often taken by fishermen in Japan. Coryphanoides rupestris

is common in the north Atlantic. Bogoslovius clarki and
Albatrossia pectoralis were dredged by the Albatross about the

volcanic island of Bogoslof. Trachyrhynchus trachyrhynchtis

is characteristic of the Mediterranean. Ncmatonurus goodei is

common in the Gulf Stream, and Dolloa longifilis is found off
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Japan. Other prominent genera are Bathygadus, Gadontus, Re-

gania, and Steindachnerella.

, Fig. 663.

—

Steindachnerella argentea (Goode & Bean). Gulf Stream,

The MurcBuolepidcB are deep-sea fishes, with minute eel-like

scales, and no caudal fin. The ventrals are five-rayed and there

are lo pterygials.



CHAPTER XLVI

ORDER PEDICULATI: THE ANGLERS

[HE Angler-fishes.—The few remaining fishes possess also

jugular ventral fins, but in other regards they show so

many peculiarities of structure that we may well con-

sider them as forming a distinct order, Pediculati (pcdiciila,

a foot-stalk), although the relation of these forms to the

BatrachoididcB seems a very close one.

The most salient character of the group is the reduction and

backward insertion of the gill-opening, whicli is behind the

pectoral fins, not in front of them as in all other fishes. The

hypocoracoid and hypercoracoid are much elongate and greatly

changed in form, so that the pectoral fin is borne on the end of a

sort of arm. The large ventrals are similarly more or less ex-

serted. The spinous dorsal is much reduced, the first spine

being modified to form a so-called fishing-rod, projecting over^

the mouth with a fleshy pad, lure, or bait at its tip. The form

of the body varies much in the different families. The scales

are lost or changed to prickles and the whole aspect is very

singular, and in many cases distinctly frog-like. The species are

mostly tropical, some living in tide-pools and about coral reefs,

some «n sandy shores, others in the oceanic abysses.

The nearest allies of the Pediculates among normal fishes

are probably the Batrachoididcr. One species of Lophitdcc is

recorded among the fossils, Lophiits bracliysomus, from the

Eocene of Monte Bolca. No fossil Antennariidw are known.

Fossil teeth from the Cretaceous of Patagonia are doubtfully

named " LopJn'ns patas^onicits."

The Fishing-frogs: Lophiidae.—In the most generalized family,

that of the fishing-frogs (Lophiidce), the body is very much
depressed, the head the largest part of it. The mouth is exces-

sively wide, with strong jaw-muscles, and strong sharp teeth.
748
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The skin is smooth, with dermal flaps about the head. Over the
mouth, Uke a fishing-rod, hangs the first dorsal spine with a lure
at the tip. The fishes lie flat on the bottom with sluggish move-
ments except for the convulsive snap of the jaws. It has.;(been

denied that the bait serves fo attract small fishes to their destruc-
tion, but the current belief that it does so is certainly plausible.

Mr. Saville Kent recently expressed doubt as to whether the
fishing-frogs really use the first spine for purposes of angling.

In no other group, however, is the coloring more distinctly

that of the rocks and algse among which the fishes lurk.

The great fishing-frog of the North Atlantic, Lophius piscato-

riiis, is also known as angler, monkfish, goosefish, albnouth,

ij!&i^^ • r

Fig. 663.—.\nko or Fishing-frog, Lophius litulon (Jordan). Matsusliima Bay, Japan.

wide-gape, kettleman, and bellows-fish. It is common in shal-

low water both in America and Europe, ranging southward to

Cape Hatteras and to the Mediterranean. It reaches a length

of three feet or more. A fisherman told Mr. Goode that "he

once saw a struggle in the water, and found that a goosefish had

swallowed the head and neck of a large loon, which had pulled

it to the surface and was tr\dng to escape. There is authentic

record of seven wild ducks having been taken from the stomach

of one of them. Slyly approaching from below, they seize

birds as they float upon the surface."
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The genus Lophius of northern range has a vertebral col-

timn of about thirty vertebrae. Lophius litiilon occurs in Japan.

In the North Pacific is found Lophiomus, similar in appearance

but smaller in size, ranging southward to the equator, a

southern fish having but eighteen vertebrae. Lophiomus setigerus

is the common anko of Japan, and other species ^re recorded

from Hawaii and the Galapagos.

The Sea-devils: Ceratiidae.—The sea-devils, or Ceratiidce, are

degenerate anglers of various forms, found in the depths of the

arctic seas. The body is compressed, the mouth vertical; the

substance is very soft, and the color tmiform black. Dr. Giinther

thus speaks of them:

"The bathybial sea-devils are degraded forms of Lophius;

they descend to the greatest depths of the ocean. Their bones

Cryptopsaras coue.ii Gill. Gulf Strrani.

are of an extremely light and thin texture, and frequently other

parts of their organization, their integuments, muscles, and )

intestines, are equally loose in texture when the specimens are i

brought to the surface. In their habits they probably do not \

differ in any degree from their surface representative, Lophius.

The number of the dorsal spines is always reduced, and at the

end of the series of these species only one spine remains, with a
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simple, very small lamella at the extremity {Melanocetus John-
sonii, Melanocetus murrayi). In other forms sometimes a

FiQ. 665—Deep-sea Angler, Ceralias holbolli Kroyer. Greenland.

Fig. 666

—

Cauhphryne jordani Goode & Bean. Gulf Stream. Family Ceratiidce.

second cephalic spine, sometimes a spine on the back of the

trunk, is preserved. The first cephalic spine always retains

the original fionction of a lure for other marine creatures, but

to render it more effective a special luminous organ is sometimes
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developed in connection with the filaments with which its ex-

tremity is provided {Ceratias bis^inosHS, Oneirodes eschrichtii).

So far as known at present these complicated tentacles attain

to the highest degree of development in Himantolophus and
ALgcBonichthys. In other species very peculiar dermal appen-

dages are developed, either accompanying the spine on the back

or replacing it. They may be paired or form a group of three,

are pear-shaped, covered with common skin, and perforated at

the top, a delicate tentacle sometimes issuing from the foramen."

Of the fifteen or twenty species of Ceratiidce described, none

Fig. 667 —Sargassum-fish, Pterophryne tumida (Osbeck), Florida.

Family A ntcnnariida;.

are common and all are rare catches of the deep-sea dredge.

Caiilophryne jordani is remarkable for its large fins and the

luminous filaments, LinopJiryne lucifer for its large head, and

Corynolophiis reinhardti for its luminous fishing-bulb.

The Frogfishes: Antennariidae.—The frogfishes, Antennariida:,

belong to the tropical seas and rarely descend far below the sur-

face. Most of them abound about sand-baiiks or coral reefs,

especially along the shores of the East and West Indies, where

they creep along the rocks like toads. Some are pelagic, drifting
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about in floating masses of seaweed. All are fantastic in form
and color, usually closely imitating the objects about them.
The body is compressed, the mouth nearly vertical, and the skin

either prickly or provided with fleshy slips.

The species of Pterophryne live in the open sea, drifting with
the currents in masses of sargassum. Two species, Pterophryne

tumida and Pterophryne gibba, are found in the West Indies and
Gulf Stream. Two others very similar, Pterophryne hisirio and
Pterophryne ranina, live in the East Indies and drift in the Kuro

Fig. 6G8 —Fishing-frog, Antennarius nox Jordan. Wakanoura, Japan.

Shiwo of Japan. All these are light olive-brown with fantastic

black markings.

The genus Antennarms contains species of the shoals and

reefs, with markings which correspond to the colors of the rocks.

These fishes are firm in texture with a velvety skin, and the pre-

vailing color is brown and red. There are many species wher-

ever reefs are found. Antennarius ocellatiis, the pescador, is

the commonest West Indian species. Antennarius muUiocel-

latus, with many ocellated spots, is the Martin Pescador of Cuba,

also common.
On the Pacific coast of Mexico the commonest species is

Antennarius strigatus. In Japan, Antennarius tridens abounds

everywhere on the muddy bottoms of the bays. Antennarius
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nox is a jet-black species of the Japanese reefs, and Antennarius

sanguiflims is spotted with blood-red in imitation of coralline

patches. Many other species abound in the East Indies and in

[Fig. 669.—Shoulder-girdle of a Batfish, Ogcocephalus radiairis (Slitchill).

Polynesia. The genus Channax is represented by several deep-

water species of the West Indies, Japan, etc.

The Gtgactinidce of the deep seas differ from the Ogcoce-

phalidcB, according to Boulenger, in the absence of ventrals.

/

^^^
€^
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Fio. 670.—Fnif^li-ih, Anlennnrus scaher (Cuvier). Puerto Rico.

The Batfishes: Ogcocephalidae.—The batfishes, Ogcocephalidce,

are anglers with the body depressed and covered with hard

bony warts. The mouth is small and the bony bases of the
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pectoral and ventral fins are longer than in any other of the
anglers. The species live in the warm seas, some in very shallow
water, others descending to great depths, the deep-sea forms
being small and more or less degenerate. These walk along like
toads on the sea-bottoms

; the ventrals, being jugular, act as fore
legs and the pectorals extend behind them as hind legs.

The common sea-bat, or diablo, of the West Indies, Ogcocepha-
lus vespertilio, is dusky in color with the belly coppery red.
It reaches the length of a foot. The angling spine is very short,
hidden under the long stiff process of the snout. Farther north

Fig. 671.

—

Ogcocephalris vespertilio (L.). Florida.

occurs the short-nosed batfish, Ogcocephalus radiatus, very simi-

lar, but with the nostril process, or snout, blunt and short. Zali-

eutes elater, with a large black eye-like spot on each side of the

back, is found on the west coast of Mexico. In deeper water

are species of Halieutichthys in the West Indies and of HalieutcBa

in Japan. Dihranchus atlanticiis has the gills reduced to two

pairs. Malthopsis consists of small species, with the rostrum

prominent, like a bishop's miter. Two species are found in the

Pacific, Malthopsis niitrata in Hawaii and Malthopsis tiarella in

Japan.

And with these dainty freaks of the sea, the results of cen-

turies on centuries of specialization, degeneration, and adapta-

tion, we close the long roll-call of the fishes, living and dead.
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And in their long genealogy is enfolded the genealogy of men
and beasts and birds and reptiles and of all other back-boned

animals of whom the fish-like forms are at once the ancestors,

the cousins, and the younger br6thers. When the fishes of the

Devonian age came out upon the land, the potentiality of the

Fig. 672.—Batfish, Ogcocephalus vespertilio (L). Florida.

higher methods of life first became manifest. With the new
conditions, more varied and more exacting, higher and more

varied specialization was demanded, and, in response to these

new conditions, from a fish-like stock have arisen all the birds

and beasts and men that have dwelt upon the earth.

Fig. 673. —Batfish, Uycocephatus vespertilio (Linna'us). Carolina Coast.

THE END.



RESUME OF THE CLASSIFICATION OF FISHES AND
FISH-LIKE VERTEBRATES

We here present a rdsum^ of the classification of the families and higher

groups of fishes and of the other aquatic Chordata, as adopted in this volume,

a few slight changes being made in certain groups. The names of extinct

families are printed in italics.

Branch or Phylum CHORDATA
Division PROTOCHORDATA

Class ENTEROPNEUSTA
Order ADELOCHORDATA

Harrimaniida;

Glandicepitidce

Balanoglossidae

Class TUNICATA
Order LARVACEA

AppendiculariidEG

Order ASCIDIACEA
Ascidiidas

Cynthiidffi

Clavellinids

Molgulidae

Botryllidae

Polystyelidae ^
Didemnidae

DistomidEe

Polyclinidas

Pyrosomidffi

Order THALIACEA
Salpidae

Division VERTEBRATA
Class LEPTOCARDII

BranchiostomidJE (Lancelets)

Class CYCLOSTOMI
Order HYPEROTRETA

Eptatretidae (Borers)

Myxinidie (Hagfishes)

757
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Order HVPEROARTIA
Petromyzonidae (Lamprej-s)

Mordaciidic

Class ELASMOBRANCIIII
Subclass SELACHII

Order PLEUROPTERYGII
Clddoselachida:

Order ACANTIIODEI
Acantho€ssid(B

Diplacanlhida

Ischfiacanthida

Order ICHTHYOTOMI
Pleuracanthida:

Order NOTIDANI
Hexanchida.' (Cow-sharks)

Chlamydoselachidae (Frill-sharks)

Order CESTR-^CIONTES
CochliodontidcB

Hybodontida:

Orodontidce

Heterodontida; (Bull-head Sharks)

PsammodonlidcB

Tatmobalid(C

Order ASTEROSPONDYLI (GALEOIDEI)
Scylliorhinida; (Cat-sharks)

Hemiscylliida;

Orectolobidae

Ginglymostomida; (Nurse-sharks)

Odontaspididas (Sand-sharks)

Mitsukurinida; (Goblin-sharks)

Alopiids (Threshers)

Pseudotriakidae

Lamnidff (Man-eater Sharks)

Cetorhinida? (Basking-sharks) •<

Rhineodontida; '

Carchariicla' (Common Sharks)

Sphyrnidir (Hammer-head Sharks)

Order TECTOSPONDYLI (SQUALQIDEI)
Squalida.^ (Dog-fishes)

Dalatiida;

Echinorhinidae (Bramble-sharks)
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Order TECTOSPONDYLI {SQVAhOlDEl)-Continued
Squatinida; (Angel-sharks)

Pristiophoridae (Saw-sharks)

Order BATOIDEI (HYPOTREMA)
PristidK (Sawfishes)

Rhinobatida; (Guitar-fishes) •;

Rajidte (Skates)

Narcobatida; (Torpedoes)

Pelalodontidw

Pristodontida

Dasyatidffi (Sting-rays)

Aetobatidse (Eagle-rays)

Psammodonlida

MobulidK (Devil-rays)

Subclass HOLOCEPHALI
Order CHIM/EROIDEI

Chimaeridae (Chimasras)

Rhinochimseridffi

Callorh)'nchid« (Bottle-nose Chimaeras)

Plydodonlidce

SqualorajidcB

Myriacanlhida

Class OSTRACOPHORI
Order HETEROSTRACI

ThelodontidcE

PsammosteidcB

Drepanaspida

Pteraspidcc

Order OSTEOSTRACI
CephalaspidcB

ThyestidcB

Odontodontida

Order ANTIARCHA
A sterolepidcB

Order ANASPIDA
BirkeniidcB

Class TELEOSTOMI
Subclass CROSSOPTERYGII

Order HAPLISTI

A

TarrassiidcB
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Order RIIiriDISTIA
HoloplycUiidce

Megaliclithyidce

Osteolepidm

Onychodontida

Order ACTIXISTIA
Ccelacanthida

Order CLADISTIA
Polypleridie (Bichirs)

Subclass DIPNEUSTI
Series SIRENOIDEA

Order CTENODIPTERINI
Uronemidm

Dipterid<E

Cl€nodontid(r

Order SIRENOIDEI
Ceratodontidae (Barramundas)

Lepidosirenida; (Loalaches)

Series ARTHRODIRA
Order STEGOPHTHALAMI

Macropetalichthyidm

Asterosteidce

Order TEMNOTHORACI
Cheloiiiclilliyidcc

Order ARTHROTHOR-iCI
Coccosleidce

Dinichtliyida-

Tilanichlliyida

Mylostomida

Sclciwsteida

Order CYCLIM
Palaospondylida

Subclass ACTINOPTERI
Series GANOIDEI

Order LYSOPTERI
PalfToniscidcB

PlalysomidcB

DorypicridcB

DiclyopygidcB

Order CHONDROSTEI
Cliondrosleidce
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1

Order CHONDROSTEl—Continued
BelonorhynchidcB

Acipenserida; (Sturgeons)

Order SELACHOSTOMI
Polyondontidas (Paddle-fishes)

Order PYCNODONTI
PycnodonlidcE

Order HOLOSTEI (RHOMBOG.WOIDEA)
SemiotiolidcB

Lepidotida

Isopholidce

MacrosemiidcB

Aspidorhynch idcE

Order GINGLYMODI
Lepisosteida; (Garpikes)

Order HALECOMORPHI (CYCLOGANOIDEI)
Pachycormida:

Protoiphyrmnidce

Liodesmidce

Amiatida; (Bowfins)

Series TELEOSTEI
Order ISOSPONDYLI

Pholidophoridm

A rchceomcenidw

Oligopleurida

Leplolepidce

Elopida; (Ten-pounders)

Megalopida; (Tarpons)

SpaniodontidcE
Pachyrh izodontidce

Aibulida? (Lady-fishes)

Thryptodontid<B

Chanidae (Milk-fishes)

Pterothrissidas

HiodontidEe (Moon-eyes)

Chirocentridae (Dorabs)

Ichthyodcctidx

CtenothrissidcB

Phractolamida

Notopterid;r

Clupeidae (Herrings)
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Order ISOSPO'SDYLl—Conlinued
Engraulida; (Anchovies)

Dorosomidx (Gizzard-shads)

OsteoglossidjB

PhareodontidiB
\

Pantodontidae
,

Alepoccphalida;

Gonorhynchida

Cromeriidx

Salmonida; (Salmon and Trout)

Thymallida; (Graylings)

Argentinida: (Smelts)

Microstomida;

Salangidae (Ice-fishes)

Stomiatidas

Astronesthidae

Malacosteidae

Chauliodontidae

GonostomatidcP

Aulopidse

Synodontida; (Lizard-fishes) 11

Benthosaurida;

Bathypteroida;

Ipnopidae

Rondeletiida;

Cetomimidae

Myctophida; (Lantern-fishes)

CliirothricidcB

Rhinellid(c

Exocoetoidida

Mauroliciida;

PlagA'odont idas (Lancet-fishes)

Evermannellidae

Paralepidas

Sternoptychidae

Idiacanthidae

Enchodonlida

Dercetidcr

Stratodontida

Order LYOPOMI
Halosauridae
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Order SYMBRANCHIA
Suborder ICHTHYOCEPHALI

Monopteridiu (Rice-eels)

Suborder HOLOSTOMI
S3'mbranchid;e

Amphipnoida:

ChilobranchidEB

Order APODES
Suborder ARCHENCHELI

Urenchelyidas

Suborder ENCHELYCEPHALI
AnguillidEe (Eels)

Simenchelyidas (Pug-nosed Eels)

Synaphobranchidffi

Leptocephalida; (Conger-eels)

Murrenesocidfe

Ilyophidfe

Heterocongridae

Myridas

Dysommida"

Ophichthyidffi (Snake-eels)

Nettastomida: (Duck-billed Eels)

Nemichthyida; (Snake-eels)

Suborder COLOCEPHALI
Murc-enid* (Morays)

Myrocongridae

Moringuidffi

Order CARENCHELI
Derichthyidas

Order LYOMERI
Euryphar3-ngida? (Gulpers)

Saccopharyngidas

Order HETEROMI
Pronotacaidhida

Notacanthida; (Spring-eels)

Lipogenyidas

Order OSTARIOPHYSI
Suborder HETEROGNATHI

Characidae (Characins)

Erythrinidae

763
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Suborder E\E.\TOGXATHI
Cyprinida; (Carp and Minnows)

Catostomidae (Suckers)

Cobitidie (Loaches)

Homalopteriida;

Kneriidae

Suborder NEMATOGXATHI
Diplomystida; ,

Siluridae (Catfishes)

Sisoridic

Bunocephalidae

PlotosidEB

Chacidae

ClariidK

HypophthalmidEC

Pygidiida;

Argida*

Loricariidae

Callichthyicte

Suborder GY.MNONOTI
Electrophoridas (Electric Eels)

Gymnotida- (Carapos)

Order SCYPHOPHORI
Mormyrida;

Gymnarchidas

Ha|)lochitonid;e

Galaxiidas (New Zealand Trout)

Order HAPLOMI
Esocida; (Pikes)

Umbrida; (Mud-minnows)

Pocciliida- (Killifishes)

Amblyopsida; (Cave Blindfishes)

Crossognathidm

Cobitopsida:

Order XENOMI
Dalliida; (Blackfishes)

Order ACANTHOPTERI
Suborder SYNENTOGNATHI

Belonida; (Garfishes)

Exoca'tida; (Flying-fishes)
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Suborder PERCESOCES
Atherinidae (Silversides)

Mugilida (Mullets)

Sphyrsenidae (Barracudas)

Suborder RHEGNOPTERI
Polynemidae (Thread-fins)

Suborder HEMIBRANCHII
Gasterosteida? (Sticklebacks)

Aulorhj-nchidc-e

ProtosyngnathidcE

Fistulariida; (Cornet-fishes)

Aulostomidas (Trumpet-fishes)

Macrorhamphosida- (Snipe-fishes)

Urosphenidm

RhamphosidcB

Centriscidffi (Shrimp-fishes)

Suborder LOPHOBRANCHII
Solenostomidce

Syngnathida; (Pipefishes and Sea-horses)
Suborder HYPOSTOMIDES

Pegasida; (Sea-moths)

Suborder SALMOPERC^
Percopsida? (Trout-perch)

Erismatoplerida

Suborder SELENICHTHYES
LampridK (Opahs)

Semiophorida

Suborder ZEOIDEA
Amphistiida

Zeidie (John-dories)

GrammicolepidK

Suborder BERYCOIDEA
Berycidas (Alfonsinos)

Trachichthyida;

Holocentrida; (Sold ier-fishes)

Polymixiida?

Monocentrida? (Pine-cone Fishes)

Stephanobcrycida?

Suborder PERCOMORPHI
Group SCOMBROIDEA

Scombridx" (Mackerels)
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Group SCOMBROIDEA—Con/t«Merf
Gcmpylid;e (Escolars)

Lepidopidae (Frost-fishes)

Trichiuridie (Cutlass-fishes)

Pal(£orliyiicliidtB

Istiophoridas (Sailfishes)

Xiphiida; (Swordfishes)

Carangidae (Cavallas)

Nematistiidse (Papagallos)

Voweropsidrc

Cheilodipteridie (Pomaiomidce) (Bluefishes)

Rachycentrids (Sergeant-fishes)

Stromateidx' (Harvest-fishes)

Icosteidte (Ragfishes)

Acrotidae

Zaprorida?

Bramida; (Pomfrets)

Steinegeriidae

Pteraclidff

CoryphaTiidae (Dolphins)

Equulidse

Lactariidae

Menidae

Luvaridae (Louvars)

Pempheridie

Bathyclupeida^

Tctragonuridae

Group PERCOIDEA
Centrarchid;c (Sunfishes)

Aphredoderidae (Pirate-perches)

Kuhliida; (Seseles)

Elassomida' (Pygmy-perches)

Oxylabracidae (Centropomidx) (Robalos)

Percida- (Perches and Darters)

Apogonidx (Apogonichthyida) (Cardinal-fishes)

Ambassida; (Parambassida;)

Scombropidae

Acropomidaj

Enoplosidae

Anomalopidae

AsineopitlcB
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Group PERCOIDEA-C.«/i««,rf
Serranido; (Basses and Groupers)
Lobotidai (Flashers)

Priacanthidas (Big-eyes)

Histiopterida;

Lutianidai (Snappers)

Cffisionidaj

Hffimulidffi (Grunts)

Scorpida;

Sparida; (Porgies)

Masnida; (Picarels)

Gerrida; (Mojarras)

Kyphosida; (Rudder-fishes)

Mullida; (Goat-fishes)

Sciaenida; (Croakers)

Sillaginida;

Oplegnathida; (Stone-wall Fishes)
Nandidas

PolycentridcB

Pseudochromidas

Opisthognathida; (Jawfishes)

Trichodontida; (Sand-fishes)

Chiasmodontida; (Swallowers)

Champsodontidas

Malacanthida; (Matajuelos)

Latilida; (Blanquillos)

Pinguipedidffi

Cepolida; (Ribbon-fishes)

Cirrhitidx (Hauk-fishes)

Latrididffi (Trumpeters)

Aplodactylidffi

Suborder KURTOIDEA
Kurtid a;

Suborder LABYRIXTHICI
Anabantida.^ (Climbing-fishes)

Osphromenida; (Gouramies)

Helostomida;

Luciocephalidae

Ophicephalidffi (Snakefishes)

Suborder HOLCONOTI
Embiotocidae (Surf-fishes)
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Suborder CHROMIDES
Cichlkla; (Cithlids)

Pomacentridac (Demoiselles)

Suborder PH.\RYNGOGNATHI
Labrida; (Wrasses)

Scarida; (Scarichthyidae) (Parrot-fishes)

Odacid^

Sii)honognathida;

Suborder SQUAMIPINNES
Anliponiid;c (Boarfishes)

Tuxotida' (.Vrchers)

Ephippidae

Ilarchid;e (Spadefishes)

Drepanida;

Platacidx (Batfishes)

Cha'todontida' (Butterfly-fishes)

Zanclida^ (Moorisli idols)

Acanthuridcc (Surgeons)

Suborder AMPIL\CANTIII
Siganida;

Suborder SCLERODERMI *

Triacanthida'

Baiistida' (Trigger-fishes)

Monacanthidie (Filefishes)

SpinacanlliiJce

Sutorder OSTRACODER]MI *

Ostraciida; (Trunkfishes)

Suborder G\'AIDODONTES *

Trio<iontida' (Pursefishes)

Chonerhinidae

Tetraodontida- (Puffers) .

Diodontida- (Rabbit-fishes) f

Hepladiodontdia \

Molida (Head fishes)
\

Suborder GOBIOIDEA i

Gobiida; (Gobies) I

Oxudercidx 4

Suborder DISCOCEPHALI }

Echeneida; (Remoras)

* These three suborders constitute the series called PlectognathL

I
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Suborder SCLEROPAREI
Scorpxnidffi (Rockflshes)

Caracanthida;

Anoplopomatida- (Skil-fishes)

Ophiodontidif (Blue Cods)

Oxjlebiidffi

Zaniolepidoe

Hexagrammidas (Greenlings)

PlatycephalidEe

Ho])liclithyid£e

Bembridae

Cottidae (Sculpins)
''

Ereuniidae

Rhamphocottida;

Comephoridffi (Baikal-fishes)

Agonidje (Sea-poachers)

Cyclopterids (Lumpfishes)

Liparida; (Snailfishes)

Suborder CRANIOMI
Triglidae (Gurnards)

Peristediidffi

Cephalacanthida? (Flying Gurnards)

Suborder T/ENIOSOMI
Lophotidae

Regalecidae (Garfishes)

Trach3'pterida? (Dealfishes)

Stylephoridas

Suborder IIETEROSOMATA
Pleuronectida; (Flounders)

Soleidaj (Soles)

Suborder JUGULARES
Trachinidae (Weavers)

Calliplerygidx

Nototheniidas

Harpagiferidas

Bovichthyidae

Percophidae

Pteropsaridas

Bathymasteridae (Ronquils)

Leptoscopidas

Uranoscopidac (Star-gazers)
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Suborder JUGULARES—Co«/»«ued
Dact)loscopid£c

Callionymidc-c (Dragonets)

Rhvacichihyidae

Trichonotidae

Hemeroccctidi'c

Blenniid;L' (Blennies)

Xiphidiida; (Gunnels)

Ptilichlhyida; (Quillfishes)

Xiphasiida;

Pataecidae

Blochiidee

Gnathanacanthidae

Acanthoclinidae

Gadopsidae

Cerdalida;

Anarrhichadida; (Wolf-fislies)

Crj-ptacanthodida- (Wry-mouths)

Zoarcidae (Eel-pouts)

Scytalinidoe

Congrogadidffi

Derepod ichtlnidx

Xenocephalidae

Ophidiida.- (Cusk-eels)

Lycodapodidae

Ammodytida; (Sand-lances)

Bleekeriida;

Fierasferida? (Pearlfishes)

Brotulida' (Brotulas)

Bregmacerotidw

Suljorder HAPLODOCI
BatrachoididiT (Toadfislies)

Suborder XENOPTERYGII
Gobiesocid;c (Clingfishes)

Suborder OPISTHOMI
Mastaccmbelida;>

Suborder ANACANTHINI
Gadidas (Codfishes)

Ranicipitida;

Bathyonidae

Merluciidaj (Hakes)
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Suborder ANACANTHmi-Continued
Macrurida; (Grenadiers)

Ateleopodidffi

Murffinolepida;

Order PEDICULATI
Lophiidas (Fishing-frogs)

Ceratiida;

Antennariidae (Frogfishes)

Gigantactinidae

Ogcocephalidas (Sea-bats)
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(Illustrations are indicated by an asterislc.)

Aboraa, 673*
Abramis, 3S7*
abundance of food-fishes, 138
Acanthopterygii, 424-431

order of, 424
Acanthuridae, 618
Achirins, 705
Achirus, 706*
Acipenser, 256*
Actinistia, order of, 230
Attinopteri, subclass, 246
adaptations of fishes, 51-78

to environment, 42

adult male, of Lepidosiren,

242*
iEoliscus, 450*
iSthoprora, 60*

/Etobatis, 215*
African catfish, 404*
Agassiz, on fish fauna of New

England, in
agency of ocean currents, 96
Agonidse, 660
agonoid fish, 664*
air-bladder, 11

of carp, 379*
Alaska cod, 741

grayling, 137* 343*
pollack, 742

Albacore, 477
Goode on, 478
long-fin, 478*

Albula, 37*, 271*
Albulidae, 271
alcohol, use of, 161

Aldrich, photo by, H2
Aldrovandia, 361*
Alectis, 491
Alepocephalus, 284*

alemfe, 276*
Alfonsinos, 466
ahmentary canal, 29
alkaloids in fish, 54, 56, 57
alligator-fish, 664
alligator-gar, 261*

allmouth, 749
Alopiid.T, family of, 193
Alticus, 83*, 719*
Araanses, 625*
amber-fishes, 487, 488*

amber-jack, 488

Ambloplites, 514*
skull of, 511*

Amblyopsida;, 419
Amblyopsis, 421*
Ameiurus, 400*

destroyed by lampreys,

177*
American charr, 333
American trout, origin of, 320
.\mia, 262*
Amiidt-e, 262

Ammocrj'pta, 44*, 528*
Ammodytes, 731*
Ammodrtidae, 731
Amphacanthi, suborder of,

620
amphibians, 227

origin of, 226
Amphistiidse, 462
Amphistium, 462*
Anabantida;, 580
Anabas, 580*
Anableps, 414

Nelson on, 415
Anacanthini, 739-747
anadromous fishes, 46
Anarichadid;t, 727
Anarhichas, 727*
Anarrhichthys, skull of. 727*
ancestp.' of liounders, 694
Anchovia, 2S0*
anchovy, silver, 280*

ancient outlet of Lake Bonne-
ville, 112

angel-fish, 615*
angler-fishes, 74, 748
anglers, 748-756
angling, 145
Young on, 145

.Anguilla, 366*
lan-a of, 367*

Anguillids, 365
Anisotrcmus, 555*
.Anko, 16*, 749*
Anomalopid.-c, 532
Anoploma, 649*
Anopliipomida;, 649
Antennariida^, 752
Antennarius, 753, 754*
Antigoniida;, 609
Apeltcs, 447*

Aphareus, 553*
Aphredoderida;, 509
Aphrcdoderus, 510*
Apia, coral reefs of, 87*
Aplodactylida;, 577
Apodes, 362-377

order of, 364
Apogon, 531* 533*
Apogonidae, 531
Apomotis, 25*, 564*
Archencheli, 364
arches, 611

archipterygium, of Neocerat-
odus, 240*

Archosargus, 29*, 561, 561*
Arctic codling, 743
Arctic species, in lakes, 125
Malmgren on, 126

Argentinidai, 345
Argj'ropelecus, 62*
Argyrosomus, 289, 290*
Ariscopus, 717*
arm of frog, 227*
amillo, 552
Arthrodires, 245*
Asineopids, 532
Aspasma, 738*
Aspidophoroides, 664*
Aspro, 524*
aspron, 524*
Astroscopus, 59*, 715*
Ateleopidx, 735
Atherinida;, 432
Atherinopsis, 435*
Atka-fish, 137*, 650*
Atka mackerel, 650
Atlantic salmon, 312

as a f<x)d-fish, 315
Aulopidx, 353
AulorhvTichida:, 447
Aulostomida;, 448
Aulostomus, 449*
Australian flying-fish, 429*
aweoweo, 547
aj-u, 130*," 338, 339*

bagre sapo, 736*
Baikal cods, 666
Baird, on blucfish, 494
BairdicUa, 569*
bajonado, 559

775
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Baliites, 56*, 6:!3*

Balislidx, 623
banded rockfish, 643*
banded sunfish, 514*
band fishes, 577
barbero, 619
barracuda, 438*
barracudtis, 437
Barramunda, 241

GUnther on, 241

barriers,

local, 107
mountain-chains as, i iq

to dispersion of river-lishes,

106-12S
to movement of fishes, 94
waterfalls and cascades, 1 09
watersheds as, 114

basal bone of dorsal fin,

22Q*
basking-shark, 196, 197*
bass, and their relatives, 531-

564
bassalian fishes, 99
bastard halibut, 702

batlish, 66q, 754, 756*
shoulder-iiirdle of, 754*

Bathymastcr, 713*
Bathymasttrld.T, 713
Batrachoidida:, 735
Batoidei, sulwrder of, 206

hecuna, 438
Beleosoma, 527*
bellows-fish, 749
Belonida;, 426
Bcmdt, photo by, 132*

Bepi'cida-, 466
Berycoid fishes, 465

skull of, 465*
Berycoidei, 465-472
Beryx, 466*

skull of, 465*

to. 6"f>'^> - "^^ak^^T' ^"'
*< '^ j" ,/—

'

"biajaiba, 550*
"

' bigeye, 54^*. 547
bishop-fish, 151

black angel-fish, 614*
black bass, 516

Hallock on, 517
Honshall on, 517
large-mouthed, 519
small-mouthed, 134*, 518

black-fin s apper, 550
black gpiupcr. 539
black nohu, 52*, 647*
black-nosed dace, 383*
black roncadoi, 570
black-sided daiter, 526*
black swallower, 27*, 574*

Gill on, 574
black tai, 5:;8

blackfish, Alaska, 423*
bfticksmith, 592

blanquillos, 575
bleak, 382
blennies, 717-738
Blennius, 718*
blenny, kelp, 718*

sarcastic, 717*
Blepsias, 659*
blind Brotula, 734*
blind cave-fish, 420*
blindfishes, 734

of -Vlammouth Cave, 421*
blob, 655*
Blochiida;, 724
Blochius, 724*
blueback salmon, 296

I

blue-breasted darter, 84*,

I

5=9*

I

blue cod, 65

1

bluefin cisco, 290*
bluefishes, 133*, 493, 494*

Bainl on, 494
California, 568
destructiveness of, 494

blue-gill, 515*
blue-green sunfish, 24, 25*,

564*
dissection of, 25*

blue parrot-fish, 605*
blue parrot-fish, jaws of,

604*
bliie-samlct, 435*
blue tang, 618*

boarfishes, 609
bobo, 437*
bocaccio, 640
boga, 563
bonaci arara, 539
bonaci cardenal, 539
bonit'>, 479
bony fishes, 264

classification of, 265

Bothin:c, 697
bottle-nosed chimsera, e -g of,

.?4*

lx>whns, 262*
Brachymystax, 291
brain or sensorium, 39

of !"iSh, 1

1

of monkfish, 204*
Branchiostoma, 165*
bream, 382
Bregmacerotida?, 734
Brevoortia, 277*
Ijrisllv globefishes, 633*
brit, 434*
broarl soles 705
brook-trout, 333, 334* 335
Brotula, 734*
Bn)tulida?, 733
brown tang, 53*, 619*
Brycon, 381
Bn,'ostemma, 721*, 72}*
budai, 601

buflalo-cod, 651
buffalo-tishes, 391, 392*

shoulder-girdle of, 379*
buflalo-sc-'lpin, 654*
bullhead shark, 187*
bumpers, 491
burbot, 743, 744*
butter-fishes, 498, 538
butterlly-iish, 613*
butterfly-fishes, 613

cabezon, 653
cabra mora, 18*

cachucho, 551*, 552
Ca^lorhynchus, 746*
cagon de lo alto. 551
Calamus, 559*
calico-bass, 512
calico-salmon, 295
California hagfish, 169*

lancclet, 165*
miller's-thumb, 657*
sucker, 393*

Callbreath's hatchen,', 310
Callichthyida-, 404, 714
Callipterygida-, 7 1

1

Callorh\Tichus, egg of, 34*
Calotomus, jaws of, 602
Campostoma; 31*, 386*
candil, 470
candle-fish, 347
Cantor, on fighting-fish, 49
capelin, 349*
capitaine, 598* ,

Caracanthickc, 649
Carangid.T, 487
Carassius, 360*
Carcharias, 199*
carcharioid sharks. 197
Carcharodon, 196*
cardinal-fishes, 531*
caribe, 380
Carangus, 490*
carp, 382, 389
Carjjiodes, 392*
carp-suckers, 391, 392*
casabes, 491
Cassiquaire, dispersion

through, 116
catadromous fishes, 48
Catalina flving-fish, 43*, 430,

43'*
'

catalineta, 555
catalufa, 545*
catalufa de lo alto, 504*
catalufas, 503
cat fishes,

African, 51, 396-406
channel, 398, 399*
destroyed by lampreys,

177*
electric, 58* 402*
fossil, 405

i

\
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catfishes,

Old World, 401
sea, 397, 398*
spine of, 396

Catostomida:, 390
Catostomus, 393

pharv-ngeal teeth of, 394
Caularchus, 70, 738*
Caulophn'ne, 751*
causes of dispersion, 127
cavallas, 481, 4S7-507
cave-fish, 420
Ca>'uga Lake, lampreys of,

173-178
centers of distribution, 97
central fact of distribution, 95
CentrarchidK, 5 2

Centriscida;, 449
Centroporaus, 133*
Cephalacanthid;e, 669
Cephalacanthus, 668*
Cepolidae, 577
Ceratias, 751*
Ceratiida?, 750
Ceratocottus, 655*
Ceratodontidaj, family of, 239
Ceratodus, teeth of, 240*
Ceratoscopelus, 356*
Cerdalida;, 726
Cestraciont sharks, teeth of,

188*

Cetomimus, 355*
Cetorhinid;e, family of, 196
Cetorhinus, 197*
Chstodipterus, 134*, 612*
Cha?todon, 613*
Ch<Etodontida:, 613
Chamsodontidae, 575
Chanid^, 271
Channa, 585*
channel-bass, 569
channel-cat, 398
channel-catfish, 399*
Chanos, 272*
characters of Elasmobranchs,

181

charr, 330
Chauliodus, 352*
Cheilodipteridie, 493
Cheilodipterus, 494*
Chiasmodon, 27* 574*
Chiasmodontid«e, 574
Chilomycterus, 634*
Chimsra, 222*

chiraa:ras, 218-223
Dean on, 220
relationship of, 220
skeleton of, 221*

Woodward on, 219
Chimteridae, family of, 221

China-fishes, 585
chirivita, 616
Chirostoma, 138*, 434*

Chirothricida:, 356
Chirothrix, 273
Chlamvdoselachida;, famih

of; 186
Chlamydoselachus, 186*
Chlarias, 404*
Chlariida;, 403
Chlevastes, 86
chogset, 598
Chologaster, 419*
Chondrostei, order of, 253
Chondrosteus, 254*
Chonerhinida;, 632
chopa bianco, 564
chopa spina, 560
Chromides, 591-607

suborder, 591
chub mackerel, 476
chub of Great Basin, 388*
chub of Pacilic slope, 38S
chub-sucker, 124*, 391*
chum, 295
Cichlidae, 591
ciguatera, 54, 56, 57, 549,

622, 624
Cirrhitida;, 577
Cirrhitus, 578*
cisco, 289, 290*
Cladistia, order of, 231
Cladoselache, 183*
Clark, handwriting and

sketch by, 34S*
classification

of bony fishes, 265
of Dipnoans, 238
of Elasmobranchs, iSi

of (janoids, 249
climbing-fish. Gill on, 580
climbing-perch, 580*
clingfishes, 70*, 737, 73S*

sucking-disks of, 70
Clupea, 140*, 275*
Clupeidie, 275
Clupeiiidea, 268
coalfish, 649
cobbler-fish, 491
cobia, 407
Cobitopsida;, 439
Cobitopsis, 439*
cockeye-pilot. 594*
codfishes, 140*, 740*

dwarf, 743
eggs of. 741

Coslacanthun, 230*
echo, 295
collecting, methods of, 158
collection of fishes, 157-162
Colocephali, suborder of, 371
Colorado River trout, 329*
coloration

,

effect of spirits on, 88
intensity of, 85
nuptial, 83

coloration,

recognition-marks, 84
se.vual, S3
variation of pattern, 88

colors of lishcs, 79-89
Columbia, 457*
Comephoridx, 666
common

eel, 366*
filefish, 54*, 626*
skate, 209*
sturgeon, 255*
sucker, 393*
sun fish, 6* 516*

conejo, 4S2
conger-eels, 36S, 369*

lana of, 369*
Congrogadida;, 729
continents, map of, 92
coral-reef fishes, 88
coral reefs, at .-Vpia, 87*
Corax, teeth of, 200*
Coregonus, 130*, 2S6, 287*

2S8*
cormorant fishing, 142*, 143,

.144*. 339
\\hitney on, 339

comet-fishes, 448
coronado, 488
corsair, 641
Corynolophus, 60*
Corvpha^na, 502
Coryph;enoides, 746*
Cottidce, 652
Cottus, 657*
Cowtlsh, 627*

skeleton of, 31*, 629*
cow-shark, 184*
crab-eater, 497

Prime on, 497
Craniomi, sulx)rder of. 667
crappie, 387, 512* 513*
cravo, 459
creektish, 391*
crested bandfishes, 506
Cristivomer, 337*
croakers, 565-578
Crossognathid;c, 439
Crossopterygian fish, 228*,

fins of, 227
Crossopterygians, orders of,

228
Crossopterygii, 224-234
Cryptacanthodes, 726*
Cryptacanthodida?, 726
Cryi)topsaras, 750*
Cr\'ptotomus, 602*
crystal

darter, 528*
goby, 677

Cr)Stallaria, 528*
Crj'Stallias, 665*
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Ctenodiptcrini, order of, 238
Ctcnothrissa, 274*
Ctenothrissidae, 274
Cuban fishes, 123
cubero, 549
cub-shark, 199*
cuckold, 627*
cultus cod, 651*
cunner, 598
cusk, 744
cusk-cel, 730*
cutlass-fishes, 482, 483*
cutthroat -trout, 325
Evemiann on, 326

Cyclia;, 245
Cyclopteridae, 664
Cyclopterus, 665* [202

Cyclospondyli, suborder of,

Cyclostomes, 167-178
extinct, 168

orders of, 168
Cymatogaster, 32*, 586*
Cynoglossina;, 708
C\"noscion, 567*
Cj-prinida;, 382

fossil, 393
number of species, 384

C\T)rinodon, 415*
Cvpselurus, 43*, 431*

dace, 382
black-nosed, 383*
species of, 385

Dactyloscopida;, 716
daddy-sfulpin, 656
Dalatiida", family of, 203
Dakiorf, on tree-climber, 49
Dallia, 423*
Damalichthys, 588*
damsel-fishes, 592, 593*

indigo, 595*
darters,

black-sided, 525, 526*
blue-breasted, 529*
crystal, 528
fantail, 530
goby, 673*
green-sided, loi*, 527*
johnny, 528
least, 530
rainbow, 530
relation to perch, 521

sand, 528
tessellated, 527

Dasvatidx, 212
Dasyatis, 100, 213*
Davis, on planting of salmon-

fry, 309
dav-chub, head of, 386*
dealfishes, 687, 688*
Dean,
on chimseras, 220
on lateral line, 21

Death Valley fish, 41 8*

deep-sea angler, 751*
Derepodichthyida;, 730
Derichthys, 375*
de\nl-ray, 216*
diablo, 755
diamond-fishes, 609
Diaphus, 355*
Dictyopypida;, 252
Diodon, 15*, 633*
Diodontidx, 633
Diplesion, loi*, 527*
Uiplodus, 560*
Diplomystus, 278*
Dipnoans, classification of,

Discocephali, 670-690
Gill on, 681

Dismal Swamp fish, 419*
dispersion, causes still in

operation, 127
dissection of the fish, 24-

3'

distribution,

agencv of ocean currents,
96'

barriers against, 97
centers of, 97
effect of temperature, 95
equatorial zone, 104
of fresh-water fishes, 103
laws of, 91
of littoral fishes, loi

local barriers to, 107
of marine fishes, 99
northern zone of, 103
southern zone of, 105

doctor-fish, 618
dogfish, 202*
dogoro, 592
dog-salmon, 295
dog-snapper, 550
dollar-fish, 498
Dolly Varden trout, 136,

'336*. 337*
dolphin, 502*
Doncella, 106*, 607*
dorado, 502*
Doras,

Giinther on, 402
dormeur, 671*
Dormitator, 672*
Dorosoma, 297*
Dorosomatida;, 279
dorsal fin, of Holoptychius,

22g*
DoPi'pterida;, 251
Doryptcrus, 252
Drariscus, 663*
dragoncts, 714
drum, 572*

eagle-ray, 215*

Ebisu, 557*
Echeneidida;, 679
Echinorhinidx, family of,

204
economic fisheries, 142

eel-back flounder, 704*
eel, common, 366*
eel-fairs, 365
eel, food of, 366

lar\'a of, 366, 367
eel-like fishes, 362-377
eel-pout, 728*, 729*
eels, 362

conger, 368, 369*
duck-bill, 370
long-necked, 372
pug-nosed, 367
snake, 369
species of, 367

eggs

of bottle - nosed chima;ra,

34*
of fishes, 32, 34*
of hagfish, 34*
of Port Jackson shark, 35*,

188*

eighteeen-spined sculpin, 658*
Elasmobranchii, 180-217
Elasmobranrhs,

characters of, 181

das ification of, 181

subclasses of, 182

Elassoma, 510*
Elassomidae, 511
electric catfish, 58*, 402*
electric eel, 58
electric fishes, 58
Electris, 671*
elephant-fish, 222*

Elopida;, 269
Elops, 269*
Embiotocidoc, 587
Emblemaria, 720*
Emlxjlichthys, 731*
embri'o, of Lepidosiren, 243*
Emmydrichthys, 52*, 647*
Empctrichlhys, 418*
Enchelvccphali, suborder of,

365
F.nrhelyopus, 744*
Engraulidids, 280
Enophrys, 654*
Entosplicnus, 175*
Ephippida;, 61

1

Epinephelus, 18* 538* 539*
540* 543*

equatorial

fishes, 102

zone of distribution, 104
Ereunias, 661*
Eric_\Tnba, 384*
Erimyzon, 124, 391*
Erismatopterida;, 457

i

4
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Erismatopterus, 457*
Erpetoichthys, 234*
escolars, 482
esmeralda de mar, 672*
Esocida;, 409
Esox, 137*, 410*, 411*
Etelis, 551*
Etheostoma, 84*, 529*
Etheoslomina?, 525
Etmoptcrus, 61*, 203*
Etropus, 699*
eulachon, 129*, 347*

sketch by Clark, 348*
Eupomotis, 6*, 12*, 516*
European chub, pharyngeal

bones of, 3S2*
European soles, 706
EurjTiotus, 251*
Eurj'phoUs, 359*, 360*
Eutaeniichthys, 678*
Eventognathi, 382
everglade

minnow, 416*
pigmy perch, 510*

Evermann,
on golden trout, 323
on Tw o-Ocean Pass, 117

Exerpes, 721*
Exocoetida;, 427
Exoglossum, head of, 386*
Exonaules, 429*
exoskeleton, 18

exterior of fish, 14-23
extinction of species, 93
eyes, of flounders, 74

fading of pigment, 888
fair-maid, 558
fallfish, 386
family

Alopiidje, 193
Anguillidae, 365
Ceratodontida;, 239
Cetorhinida:, 196
Chima;rid£e, 221

Chlamydoselachidas, 186

Dalatiidae, 203
Echinorhinida;, 204
Heterodontidi, 188

Hexanchidje, 185

Lamnidae, 194
Lepisosteida;, 259
Mitsukurinidi, 191

Mobulidae, 216

Moringuidae, 372
Pristiophoridae, 205

Psammodontid^, 215

Pseudotriakid;e, 193
Rhineodontida:, 197
Scylliorhinida;, 1S9

Sphymid^, 200

Squalidx, 202

fantail darter, 530

fathead, 599
faunal areas, 102

favorable waters have most
species, no

Felichthys, 398*
fiatola, 498
Fierasfer, 45*, 732*

issuing from Holothurian,

733*
Fierasferidae, 732
fighting-fish, 49, 584
filefish, 95*, 625*
common, 626*
needle-bearing, 625*

finnan haddie, 742
fins,

of Crossopterygians, 227
of the fish, 22

fish,

in action, 10

air-bladder in, 11

alimentary canal of, 29
anadromous, 46
body form of, 14
brain of, 11, 39
breathing of, 4
catadromous, 48
color of, 5

coral reef, 88
definition of, i

disease transmitted by, 57
of Dismal Swamp, 419
dissection of, 24
eggs of, 32, 34*
electric, 58
exterior of, 14-23
face of, 4
fins of, 8, 22

flight of, 43
form of, 3
four-eyed, 414*
habits of, 38
hearing of, 7
iniomous, 61

instinct in, 40
intestine of, 31
jaws of, 28*

lateral line in, 8

luminous organs of, 59
measurement of, 17

migratory, 46
muscles of, 23

m\-thology of, 149-156
of paradise, 583
pine-cone, 471*, 472
poisonous flesh in, 55
pugnacity of, 48
quiescent, 44
scales of, 18

sight of, 5
skeleton of, g
spines of, 5

1

spiral valve in, 30

fish,

teeth of, 4
tide-ixx)l, 45
viviparous, 32*, 33*, 118*

fish-god of Japan, 557*
fisheries, 143

cc(}nomic, 142
fishes,

bassalian, 99
berycoid, 465
bony, 264
butter, 498
cardinal, 531
collection of, 157-162
colors of, 79-89
comer, 448
Cuban, 123
cutlass, 482
damsel, 592
distribution of, 90-105
eel-like, 362
elephant, 222

equatorial, 102

flesh of, 1 29
as f(K)d for man, 128-148
guitar, 207, 208*

jugular, 709
labyrinthine, 579
lancet, 357, 358*
lantern, 352
littoral, loi

lizard, 355
lowland, 122

lung, 235
mailed-cheek, 637
most specialized, 102

nest-building by, 445, 443
paddle, 256
parrot, 601

pelagic, 999
percoid, 508
poison, 52
how to preserve, 159
records of, i6i

ribbon, 682

river, 106

rudder, 563
sail, 483
saw, 206, 207*
scabbard, 482
how to secure, 157
sergeant, 497
shark-like, 180

shrimp, 449
snipe, 440
soldier, 468
spiny-rayed, 424
surf, 586
tropical, 142
trumpet, 448
upland, 120

viper, 352
viviparous, 586*
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fishes,

watersheds crossed by, 115
wolf, 727
wrasse, 596

fishing,

apparatus, 144
for ayu, 142*, 144*
cormorant, 142*, 144*,

339
methods of, 143
for tai, 147*

fishing-fmg, 16*, 748, 749*,

753*
Fistularia,

shoulder-girdle of, 442
Fistulariidic, 448
flashers, 545*
flaltislies, 691
flalheads, 652
flesh of fishes, 129
flight of fish, 43

Gilbert on, 43
Florida

jewfish, 537*
lion-fish, 644*

flounder, eel-bark, 704
humoccrcal tail of, 696*
larval, 61)3*

lar\'al stages of, 7;;*, 77*
shoulder-girdle of, 247*
wide-eyed, 698*
wide-mouthed, 703*
young, 76*, 692*

flounders, 695
ancestry of, 694
eyes of, 74
optic nerve of, 692

flower of the surf, 435*
flying-fish, 43* 427

Australian, 429*
Catalina, 430
shaqi-nosed, 430*

flnng gurnards, 668*, 669
flying robin, 66g
Fodiator, 430*
food

of eels, 366
of lampreys, 171

food-fishes,

abundance of, 138
relative rank of, 129

foolfishes, 624
Forgv, on capture of oarfish,

684
formalin, value of, 160
fossil

catfishes, 401;

Cyprinida;, 393
flounders, 696
herring, 278*
remora, Storms on, 680
Salmon ida;, 341

four-bearded rockling, 744*

four-eyed fish, 414*
Marsh on, 414

four-spined stickleback, 447*
fresh-water fishes, 103
fresh-water vivaparous perch,

587*
frigate-mackerel, 477
frill-shark, 186*

frog, arm of, 227
frogfishes, 752, 754*
frost fish, 743
Fundulus, 417*

Gadida?, 740
Gadopsids, 726
Gadus, 140*, 740*
gaff-topsail cat, 398*
Galaxiidx, 422
Galeichthvs, 398*
Galeus, 198*
galliwasp, 353
Ganoidei, series, 247
Ganoids, 246-263 '

classification of, 249
garfishes, 426
Garibaldi, So*, 593*
garpikes, 260

imaginan,-, 154
gaspergou, 56S
Gasterosteid.T, 443
Gasterosteus, 447*

shoulder-girdle of, 442*
Gastroncmus, 504*
Gastrostomus, 375*
gatasami, 575
Gemiiylida:, 482
geographical distribution, 90-

'05

Germo, 478*
Gerres, 563*
ghost fish, 727
Gibbonsia, 718*
Gigactinidse, 754
Gilbert,

on electric organs, 59
on flight pf fishes, 43

Gilbertidia, 662*
Gill

on black-swallower, 574
on climbing-fish, 580
on Discocephali, 681

on lal)yrinthine fishes, 579
on Lx)pholotilus, 575
on Trachiiiida'. 710

gill-baskel of lamprev, 166*
Gillii hthys, 674*
gilt-head, 558
ginpo, 722
globefishes, 69, 98*, 630

bristly, 633*
Glyphisodon, 594*
Gnathanacanthida;, 726
Gnathonemus, 408*

goatfishes, 565
gobies, 670
Gobiidic, 670
Gobioidci, 670-690
Gobiomorus, 46, 500*
Gobionellus, 672*
goblin-sharks, 191, 192*
gofu, 82*
golden surmullet, 131*, 566*
golden trout, 322
Evermann on, 323

goldfish, 360*
, 389

Gonorhynchida;, 280
Goode,
on Albacore, 478
on halibut fishery, 700
on mackerel, 475
on Spanish mackerel, 479

Go<idca, ji^*

goosefish, 749
goujon, 401
gourami, habits of, 5S2

Grammicolepida;, 464
grand &aille, 270*
grass |X)rg\', 560
grayling, 343

Alaskan, 343*
of Europe, 344
Michig.in, 345*
and smelt, 343-361

gray snapper, ;48*, ,=;49

Great B.asin, chub of, 388*
fish fauna of, 1 1

1

great oarfish, 683
Great Lake trout, 337*
great parrot-fish, 139*

great sculpin, 653
green-back trout, 328*
green cod, 742
Greene, on photophores, 62

green fish

of Alaska, 6;i

of California, 564
greenlinys, 650, 651*
green mckfish, 640
green -sided darter,ioi*, 527*
gren,vliers, 745, 746*
grilse, 294*
grisct or cow-shark, 184*
grouper, 53/

black, 539
Nassau, 53
red, 539
snowy, 543*
yellow-finned, 539

grubby, 657
grunts, 554*
guacamaia, 139*
guahu, 481
guasa, 537
guativere, 538
guavina de rio, 670, 671*
guavinamapo, 671, 672*
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guitar-fishes, 207, 208*
gulper-eel, 375*
gulpers, 374
gunnel, 722*
Gunther,
on Barramunda, 241
on Doras, 402
on poison-organs, 52
on poisonous fishes, 737
on preserving fish, 159
on zones of distribution.

103
gurnards, 667
Gymnodontes, 629
Gymnonoti, order of, 406
GjTnnothorax, 373*, 374*
Gyrodus, 258*
Gyroptychius, 230*

habits

of fishes, 38
of lancelot, 164
of Lepidosiren, 243

haddock, 742*
Hadropterus, 526*
HtemuUd^, 552
hagfishes, 70, 71*, 168

California, 169*
egg of, 34*
species of, 170

hake, 743, 745
Halecomorphi, order of, 261

halfbeak, 428*
half-moon fish, 564
halibut, 141*, 700, 702*
halibut fishery, Goode on,

700
halibut tribe, 699
Halichoeres, 106*, 607*
Hallock, on black bass,

517
hammer-head sharks, 200,

201*

Haplistia, 228
Haplochitonida;, 351
Haplodoci, 735
Haplomi, 407-423
hard-tails, 490
Harpagiferidae, 711
har%'est-fish, 16*, 498, 499*
hatcheries, Jadgeska, 310

head of day-chub, 386*
headfishes, 635*
headlight fish, 60*, 355*
Helicolenus, 643
Helostomida:, 584
Hemibranchii, suborder of,

-142

Hemilepidotus, 654*
Hemitripterus, 659*
Henshall, on black bass,

517
Heptranchias, teeth of, 185*

herring, 140*, 275*
fossil, 278*
product of, 139

heterocercal tail, of trout,

696*
heterodontida;, 188
Heterodontus, 187*

egg of, 35*
lower jaw of, 187*
teeth of, 188*

Heterogiiathi, 380
Heteromi, order of, 376
rieterosomata, 691-708
Hexagrammid^, 650
Hexagrammos, 651*
liexanchidie, 185
ricxanchus, 184*
hickory-shad, 279*
Hiodon 272*
Hiodontidse, 272
Hippocampus, 15*, 78*, 451,

453*
Hippoglossins, 699
Hippoglossus, 141*, 702*
Histiopterida:, 547
hog-choker sole, 706*
hogfish, 598*
Holacanthus, 615* 616*
Holcolepis, 269*
Holder, on capture of oarfish,

685
Holocentrida^, 468
Holocentris, 469*
Holocephali, 218-223
Holoconoti, 579-590

suborder of, 586
Holoptychius, dorsal fin of,

229*
homocercal tail, of flounder,

696*
Hoplopagrus, 550*
Hoplopteryx 467*
horned

dace, 386, 387*
]>out, 399, 400*
trunkfish, 627*

hornless trunkfish, 629*
horsehead-fish, development

of, 36*
hound-sharks, 198
Hucho, 329, 330*
humpback salmon, 295, 296*
Hybodus, teeth of, 188*

Hyperoartia, 170
Hypcrotrcta, 168

HyixJcritichthys, 389*
Hyjxjphthalmidae, 404
Hypople( trus, 542*
Hyporhamphus, 428*

HyiKistomides, 442-455
H\'])surus, 587*
Hystemcarpus, 587*, 590
H\-psypops, 80*, 593*

icefishes, 350, 351*
ichthyosis, 438
Icosteida-, 500
Ictalurus, 399*
Ictiobus, 392*

shoulder-girdle of, 379*
igami, 601
Ilarchidfe, 611
inconnu, 291*
Indian-fish, 616
Indian sawfish, 72*
indigo damsel-fish, 595*
Inimicus, 645
iniomous fishes, 61

Iniomi, suborder of, 352
instincts,

classification of, 40
of courtship, 41
habits and adaptations, 38-

50
variability of, 42

Ipnopidie, 354
Ipnops, 354*
Irish lord, 653, 654*
Irish pampano, 563*
Isabelita, 615*
Iso, 435*
Isospondyli, 264-284

rel.alioiiships of, 267
Woodward on, 265

Istieus, 273*
Istiophorida;, 483
Isuropsis, 194*
Isurus, teeth of, 195*
Italian parrot-fish, pharj-n-

geals of, 602*
Ito, 330*

jacks, 490
Jadgeska hatcher)', 310
jallao, 555
Janassa, teeth of, 211*

janissary, 599
Japanese

blenny, 8*

filefish, 95*
samlet, 130*, 339*
sea-horse, 78*
snipefish, 449*

jaqueta, 594
jawfishes, 573*
jaws

of blue parrot-fish, 604*
of fish, 28*

of Nemichthys, 42*, 371*
of parrot-fish, 602

peculiarities of, 73
Jerusalem haddock, 459
jewfish, Florida, 537*
jewfishcs, 535
jiguagua, 491
jocu, 550
john-dorics, 462, 463*



782 Index

John -paw, 539*
Johnson, on interbreeding of

salmon, 317
jolt-head porgj-, 559*
Jordanella, 416*
jordania, 653*
jorobado, 491
joturo, 437*
Joturus, 437*-
jugular fishes, 709
Jugulares, 709-716
jurel, 491

Kamchatka lamprey, 1 76*
Karaloops trout, 324
kelp-blenny, 718*
Kerr, on Lepidosiren, 243
kettleman, 749
killifishes, 413
king of the mackerel, 636*
king of salmon, 688*
kingiish, 570, 571*
king-salmon, 294*
Kirtlandia, 434*
kisugo, 572
klip\isch, 730
Kneriida;, 422
Kochi, 652
Kuhliid;e, 519
kumu, 566
Kyphosida;, 563

Labrid.Tc, 596
Labyrinthici, 579-590
labyrinthine fishes, gill in, 579
Lachnolairaus, 598*
Lactariid;e, 572
Lactophrys, 31*, 627, 628*

629*
face view of, 628*
skeleton of, 629*

ladyfish, 271*
transformation of, 37*

Lagocephalus, 630*
lake herring, 289
Lake Tahoe, trout of, 327
lake sturgeon, 256*
Lamna, teeth of, 194*
Lamnida;, family of, 194
Lamnoid sharks, 190
Lampetra, 172, 176*
Lampridida-, 458
lampreys, 70, 167-178

ascending brook, 175*
breeding habits of, 1 78
catfishes destroyed by, 1 77*
of ("ayuga Lake, 174-178
defined, 170
ix)d of, 171
gill-basket of, 166*
Kamchatka, 176*
lan'al, 172*
metamorphosis of, 171

lampreys,

mischief by, 173
of Oregon, 175*
running of, 1 74
structure of, 167
Surface on, 172

Lampris, 132*
shoulder-girdle of, 458*

lancclet, 163
California, 165*
habits of, 164
origin of, 165
species of, 164

lancet of surgeon-fish, 53
lancet-fishes, 357, 358* 619
lane-snapper, 550*
lantern -fishes, 352, 356*
large-mouthed black bass

519,520*
larva

of common eel, 367*
of conger-eel, 369*
of eel, 366
of Lepidosiren. 244*

lanal flounder, 77*, 693*
lateral line, 8, 20
Dean on, 21

function of, 21
Latilid^, 575
Latridida-, 577
laws of tlistribution, 91
lawyer, 743
le monstre marin, 150*, 151*
least darter, 530
Lendcnfeld, on luminous or-

gans, 6i

length of intestine, 31
leopard-toadfish, 735*
Lepidaplois, 600*
Lepidosiren, adult male of

242*
embryo of, 243*
Kerr on, 243
larva of, 244*

Lepidosirenida?, 242
Lepidostei, order of, 259
Lepisosteida?, family of, 259
Lepisosteus, 261*
Lepomis, 2*, 3*, 515*
Leptecheneis, 69*, 679*
Leptocardii, 163-166
Leptocephalus, lar\'a of, 369*
Leptolepida;, 268
Leptolepis, 268*
Leptoscopida;, 713
Leuciscus, 388*

phar\-ngeal bones of, 3S2*
ling- 743
lion-fish, 646*

Florida, 644*
Liopsetta, 704*
liparid, 665*
Liparididae, 665

little-head porgy, 559
littoral fishes, 101

distribution of, 1 00
Liuranus, 86*
lizard-fishes, 353*
lizard-skipper, 83* 7i9*
loaches, 394
Lobotes, 545
Lobotidx, 545
local barriers, 107
Lockington, on long-jawed

goby, 673
log-perch, 526
long-eared sunfish, i, 2*, j*

S15*
long-fin albacore, 478*
long-jawed goby, 673, 674*

Lockington on, 673
long-necked eels, 372
Lophiid.-e, 748
Lophius, 16*, 749*
Lophobranchii, 442-455
Lopholotilus, 575
Lophopsetta. 697*
Lopholid.T, 506
Lord, on nest-building of

sticklebacks, 445
L^iricaria, 405*
Loricariid.T, 404
Ixita, 744*
louse-fish, 680
louvar, 505*
lower jaw

of Heterodontus, 187*
of Xeoceratodus, 242*
of Polyptcrus, 232*

lower phan,nigeals
of parrot-fish, 604
of Placophan.Ti\-, 390*

lowland fishes, 122

Luciocephalida;, 584
luminous organs, 59, 60*, 61,

62, 64*
lumpfish, 665*
lump-suckers, 664
lungfishes, 235-245
Lutianida-, 547
Lutianus, 140*, 548*, 550*
Luvarida?, 506
Luvarus, 505*
I.ycenchelys, 729*
Lycodapus, 730*
Lycodes, 729*
Lvomeri, order of, 374
Lyopomi, order of, 361
Lvsopteri, order of, 249

Mackenzie River salmon, 291
mackerel, 141*

Atka, 650
frigate, 477
Goode on, 475
king of, 636*
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mackerel,
midges, 744
shark, 194*
sharks 190
Spanish, 479*
thimble-eyed, 476
tribe, 473

mackerels, 473, 474, 475*
Macrorhamphosidse, 449
Macrorhamphosus, 449*
Macrouridrc, 745
mademoiselle, 569*
mad-toms, 51*, 401*
Marnid:e, 561
mahogany-snapper, 550
maigre, 569
mailed catfish, 405*
mailed-cheek fishes, 637-669
Malacanthida;, 575
male red sahnon, 294*
Mallotus, 349*
Malma trout, 336*
Mammoth Cave, blindfish of,

421
man-eating shark, 195
Manta. 216*

map of continents, 92
margate-fish. 555
marine fishes,

barriers to movement, 94
distribution of, 99

raariposa, 459
Marsh, on four-eyed fish, 414
MastacembelidK, 739
jMastacembelus, 739*
masu, 296*
niatao, 464
Maurolicidae, 357
mayfish, 417*
measurements of fish, 17
mebaru, 642
Meddaugh, photo by, 50*
medialuna, 564
medico, 618*

Megalichth\-ida;, 229
Melanogrammus, 742*
Mene, 503*
menhaden, 277*
Menid;t-, 503
Menticirrhus, 571*
Merluciidre, 745
mermaid, the, 149
mero, 539*
merou, 538
Mesogonistius, 514
Mesturus, 259*
metamorphosis, of lamprey,

171

Michigan grayling, 345*
Microgadus, 743*
Micrupterus, 134*, 518*, 520*
Microspathodon

, 595*
Microstomida;, 350

midshipman, 736
luminous organs of, 64*
phosphorescent organ of,

65*, 66*
migratory fish, 46
milklish, 272*
miller's-thumb, 655* 656*

California, 657*
Yellowstone, 655

Minnows, 3S2, 412
everglade, 416
round, 415
silver-jaw, 384*
sword-tail, 418*

minor faunal areas, 102
Misaki Biological Station, 47*
mischief done by lampreys,

173
Mitsukurina, 192*
Mitsukurinida:, family of, 191
MobulidiT, family of, 216
mojarras, 561, 562*

blanca, 562
cardenal, 469
de las piedras, 616
de ley, 562

mola, 635*
Molidae, 635
Monacanthidae, 624
monkfish, 149, 749

brain of, 204*
Rondelet on, 140

Monocentridse, 472
Monocentris, 14*, 471*
Monodactylus, 608*

monstrous goldfish, 360*
mooneve, 272*
moonfi'sh, 132*, 4i;9, 491, 503
Moorish idol, 617*
Moorish idols, 617
moray, 374*
morays, 371
Moringuidse, family of, 372
Mormyridse, 407
Morone, 536*
mountain chains, as barriers.

119
mouth

of brook lamprey, 172*

of lake lamprey. 172*

of lamprey, 172*

mud-minnow, 412*
mud-minnows, 412

mud-skippers, 676, 677*
rauffle-jaws, 655
Mugil, 441*
Mugilid^e, 436
mullets, 436

snake-head, 584
striped, 441*

MuUid;e, 565
Mullus, 131*, 566*

munu, 566

Murxna, 372*
murcielago, 669
muscles of the fish, 23
muskallunge, 411*
mutsu, S32
mutton-snapper, 140*, 549
Mycteroperca, 541*
Myctophid;e, 355
Myctophum, 356*
Myliobatidie, 214
Myoxocephalus, 656, 657*,

658*
Myrichthys, 370*
mythology of fishes, 149-156
Myxine, egg of, 34*

Nandidx, 572
Narcine, 57, 210*

Narcobatida;, 210
Nassau gnjuper, 53S*
natural selection, etTect of, 106

efTect on species, 93
Naucrates, 488*
needle-bearing filefish, 624*
needle-fish, 426*
negro-chub, 386
negro-fish, 538
Nelson, on Anablebs, 415
neraatistiida;, 493
Nematognathi, 396-406

families of, 307
Nemichthys. 15*, 155*, 371*
jaws of, 4 2*

Neoceratodus, 240*
archipterygium of, 240
lower jaw of, 242*
shoulder-girdle of, 235*
upper jaw of. 241*

Neoclinus, 717*
Neoliparis, 666*

Neosebastes, 644
nerv'e-cells and fibers, 38
nest-building, 443
nest of fish, 13
New England fi.sh fauna, 11

1

northern blennies. 721
northern zone of distribution,

103
Notacanthus, 377
Notidani, order of, 184
Notogoneus, 281*

Nototheniida;, 711

Notropis, 384, 385*
Notropteridas, 274
numbfish, 57*, 210*

nuptial

coloration, 83
tubercles, 386*

oarfish, 152*, 153*
capture of, 684

ocean currents, affecting dis-

tribution, 96
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Ocyurus, 551*
Odacidac, 601

Ogcocephalida;, 754
Ogcocephalus, 755*, 756*
Oligocottus, 660*

Oncorhynchus, 292, 293*,

294* 296*, 300* 301*
of Monterey Bay, 303*

Onocottus, 658*
opah, 132*, 458, 459
Ophiccphalida;, 584
Ophicephalus, 585*
Ophichthus, 370*
Ophidiida-, 730
Ophiodon, 651*
Opisthognalliida;, 573
Opisthognathus, 573*, 574*
Opisthomi, 739-747
Ophlegnathida;, 573
optic nerve of flounder, 692

order,

Acanthopter)'gii, 424
Actinistia, 230
Anacanthini, 739
Apodea, 364
Asterospondyli, 186

Carencheli, 372
Chondrostei, 253
Cladistia. 231

Crossopter\'gians, 228
Ctenodiptcrini, 238
Gymnonoti, 406
Halecomorphi, 261

ITeteromi, 376
Isopondyli, 265
Lepidostei, 259
LTOmeri, 374
Lv'ojKiini, 361
L\-s<ipteri, 249
Notidani, 184
Opisthomi, 739
Pcdiculati, 748-756
Pycnodonti, 258
Sc^^phophori, 407
Seiachostomi, 256
Sirenoidei, 239
Symbranchia, 365
Tcrtosfxjndyli, 200

Xenomi, 422

Oregon
lamprey, 175*
sucker, pharyngeal teeth

of, 394*
trout-perch, 457*

organs, of nutrition, 27
origin

of Amphibians, 226
of lancelets, 165

Osbeckia, 625*
Osmenis, 346*
Osphromenids, 582
Ostariophysi, 378-395
Ostcoglossidx, 282

Ostichth\'S, 470*
Ostraciid;c, 626
Ostracion, 627*
Ostracophori, 223
ouananirhc, Van Dyke on,

316
Owen, on swordfish, 485
Oxylabrax, 533*
Ozorthc, 8* 723*

Pacific slope, chubs of, 388
paddle-fishes, 71, 256, 257*
Pagrus, 556*
Palxnomisrum, 250*
Palaxmiscidx, 250
Palawrhmchida?, 483*
Palieorhynchus, 483*
Pallasina, 664*
pampano, Irish, 563*
pampanos, 487-507
Pantodontida;, 283
Papagallos, 493
Paralichthys, 696*, 703*

shoulder-girdle of, 247*
Paratrarhichtliys, 468*
Pareioplilx, 6^7-669 ;'

parent-stream theory, 305
pargo criollii, 140*, 549
pargo dc lo alto, 550
pargo guachinango, 549
pargos, 547
parr, 314
parnrt-fishes, 595, 601, 606*

jaws of, 28*, 602

pharyngeals of, 602*
paru, 616
Patxcidx, 726
patao, 562
peacock flounder, 695*
pearl-fishes, 45*, 732*

issuing from Holothurian,

733*
pfche prctre. 640
Pecrripsis, 456*
pegador, 69*, 679*
Pegasida", 454
peixc re, 433
pelagic fishes, 99
Pelligrin, on poisonous 6sh, 55
Pcmphris, 504*, 505*
penfishes, 559
Peprilus, 16*, 499*
Perca, 523*
Percesoces, 432-441
perches, 473, 522

climbing, 580*
of Europe, 522
everglade pigmy, 510
pirate, 509
relation to darters, 521
true, 519
viviparous, 587, 590
yellow, 523*

Perch-like fishes, 508-530
Percida.", 519
Percina, 526*
percoid fishes. 508
Percoidea. 507-530
Percomorphi, 473-486
Percopsida;, 456
Periophthalmus, 677*
Peristediida;, 668
Peristcdion, 108* 668*
pescado azul, 593
pescado bianco, 138*, 434*
pescados del rey, 433
pesce rey, 433
Petalodontida;, 211

peto, 481
Petromyzon, 171*, 177*
mouth of, 172*

pez de pluma, 559
pez del rey, 435*
Phaneropieuron, 239*
Phareodus, 283*
pharyngeal bones, of Euro-

pean chub, 382*
phan-ngeal teeth, of Oregon

sucker, 394*
pharyngeals, of Italian par-

rot-fish, 602*

Pharyngognathi, 591-607
Phih-jjnus, 671*
Phoiis, 722*

photophores, 59
in iniomous fishes, 61

of Porichthys, 62

Phthinobranchii, 442-455
picarcis, 561
pickerel, 412
picuda. 438
pigmentation, 79
pigmy sun fishes, 511
pike, 137*, 409, 410*
pike-perch, 524
pilot-fish, 487, 488*
Pimelometo[x>n, 600*
pine-cone fish, 14*, 471*, 472
pin fish, 560
Pinguipeilidae, 577
pink salmon, 295
pintado, 481

pipefishes, 451
pirate-perches, 509, 510*
Placo[)han.-nx, lower pharyn-

geal of, 3, 390*
Plagyodus. 358*
plaice tribe, 702
Platacida", 612

Platichthys, 705*
Platophrys, 75*, 76*, 695*

larval, 694*
Platycephalidic, 652
Platvsomida;, 250
Plecoglossus, 130*, 339*
Plectognathi, 622-636



PlenniidtE, 717-738
Pleurogrammus, 137*, 650*
Pleuronectida?, 695
Pleuronectina:, 702
Plotosid;?, 403
Pogonias, 572*
poisonous fishes, 52*, 54, 5:;,

57, 82* 549, 622, 647*

737
Giinther on, 737

pole-flounder, 704
Poleophthalmus, 677*
Polistotrema, 71*, 169*
pollack, 742*
Polycentridse, 572
Polydactylus, 440*
Polymixiida;, 471
polyodon, 257*
Polj-pteridae, 234
PoH-pterus, 228* 233*

lower jaw of, 232*
shoulder-girdle of, 226*

Polyrhizodus, teeth of, 212

Pomacanthus, 614*
Pomacentridae, 592
Pomacentrus, 593*
Poraatomus, 132*

Pomolobus, 276*
pompano, 492*
pompon, 555
Pomoxis, 512*, 513*
pond-skipper, 677*
poppy-fish, 498
porcupine-fish, 15*, 633*
porgies, 556
porg^-. 558

jolt-head, 559*
little-head, 559*

Porichthys, 21*, 64*, 736*
luminous organs of, 64*,

65*, 66*

photophores of, 62, 63
porkfish, 555*
Port Jackson shark, egg of,

35*. iSS*

port'jgais, 616
Portuguese man-of-war fish,

46*, 500*
preser^^ng fishes,

in alcohol, 161

in formalin, 160
Giinther on, 159

Priacanthida?, 547
Priacanthus, 545*
Pribilof sculpin, 657*
priestfish, 640, 641*
Prime, on crab-eater, 497
primitive herring-like fis'i,

269*
Prionotus, 667*
Pristidid;e, 206
Pristiophorus, 73*, 205*

Pristis, 72*, 207*

Index

Promicrops, 537*
protection,

of young, 35
through poison, 54

protective

coloration, 79, 82*
markings, 81

Protopterus, 245*
Psammodontida;, family of,

Psephurus, 257*
Psettias, 610*
Pseudochromipidae, 573
Pseudopleuronectes, 77*, 693*
Pseudopriacanthus, 546*
Pseudoscarus, 139*
Pseudotriakidos, family of, 193
Pseudupeneus, 138*, 565*
Psychrolutes, 662*
Pterogobius, 673*
Pterois, 646*
PterophrjTie, 752*
Pteropsaridae, 712
Pteropsaron, 712*
Pterothrissidas, 273
Ptilichthyidae, 723
Ptilichthvs, 724*
Ptychoclieilus, 48, 50*, 388*
pudding-wife, 599
pudiano, 599
puffer, 631*

inflated, 631*
puffers, 630
pugnacity of fishes, 48
pug-nosed eels, 367, 368*
Pycnodonti, order of, 258
Pygaeidoe, 616
PygidiidiE, 404

quiescent fish, 44
quillfishes, 723, 724*
Quinnat salmon, 292, 293*,

303*
young male, 301*

rabbit-fish, 482, 634*
rabirubia. 551
Rachycentrida;, 497
Rachycenlron, 497
Rafinesque, on imaginary

garpike, 154
ragfishes, 500
rainbow darter, 530
rainbow trout, 135*, 320,

321* 322*
Raja. 209*
Rajidic. 208
Rangelcv trout, 135*, 331*
Ranzar.ia. 636*
ray, devil, 216*

eagle, 215*
sting, 213*

ra)-s, 206

785

razor-back sucker, 394*
razor-fish, 599*
realms of distribution, 103
recognition-marks, 84
records of fishes, i6i

red-drum, 569, 570*
red-eye, 387
redfin, 385
redfish, 600*
red goatfish, 138* 565*
red grouper, 539*
red hind, 540*
red mullet, 566
red parrot-fish, 603*
red salmon, 294*, 300*
red tai, 556*
red-throaled trout, 325
red voraz, 552
Reed, on trout fishing, 335
reflex action in fish, 39
Regalecidas 683
Regalecus, 152* 153*, 683
relationship,

of cliim;eras, 220
of darters to perches, 521
of Isosf»ndyli, 267

relative rank of foodCshes,

I2Q

remoras, 69, 679
Remsberg, photo by, 152*
requins, 197
Rhacochilus, 588*
Rhamphocottid;e, 660
Rhamphocottus, 662*
Rhegnnpteri, 432-441

suimrder of, 439*
Rhina-, sulxirderof, 204
Rhinellus, 357*
RhineodontidK, family of,

107
Rhinichthys, 383*
Rhinobatida;, 207
Rhinobatus, 208*

Rhinochimxrid.-c, 222

Rhipidistia, 228
Rhombochinis, 680*

Rhyaciclithyida\ 714
ribbon-fishes, 682

Richardson's sculpin, 662*
Rio Grande trout, 329*
Rissola, 730*
river-drum, 568
river-fishes, 106
roach, 382
robalo, 133* 533*, 569
rock-bass. 514*

skull of, 511*
rock-beauly, 616*

rock -cod, 640
rockfish, 640
rock-hind, 18*

rock-pilots, 592
rock-skipper, 719*
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rocklings, 730
four-bearded, 744*

Rocky Mountain whitefish,

287*
romero, 487
roncador, yellow-fin, 571*
ronco amarillo, 554
ronco arard, 554
Rondelel, on monkfish, 14Q
Rondelctiidje, 355
roscfish, 638*
round minnow, 415*
Rudarius, 95*
rudder-fishes, 488, 563
Rutler, photo by, 321, 3S8,

590, 657*
Rypticus, 544*

saboti, 519
sailfishes, 483
sailor's choice, 555
sak<;, 295
Salangida;, 350
Salanx, 351*
salele, 519
salema, 561*

Salmo, 13s*, 136*, 312,321*
3-2*, 324. 327*. 328*,

329*
tail of, 696*

salmon,
after spawning, 300*
artificial propagation of,

.V2
Atlantic, 312
breeding changes in, 303
canning of, 311
colors of, 302

of Columbia, 306
diminution of, 311

dying after spawning, 301

of Europe, 315
humpback, 296*

hybrids, 317
interbreeding of, 317
ocean haliits of, 297
packing of, 311

parent-stream theory, 305
Quinnat, 292
red. 296
running of, 297-C99
species of, 292

value of pack, 304
salmon family, 285

salmon fisher\-, output of, 211

salmon-frj-, marking of, 308
planting of, 308

salmon packing, 311

salmonete, 13S*, 565*
Salmonid.T, 2S5-342

fossil, 341
Salmoperca;, 456-464
salpa, 563

Salvelinus, 135*, 136*, 330,

33'*. 33-*, 333*. 334*.

330*< 337*
samlet, 339*
samson-fish, 488
sand-darter, 44*, 528*
sandfishes, 578*
sand-lanccs, 731*
sand-roller, 456*
sand-whiting, 571
San Pedro fish, 459
sapo, 736
sarcaslic-blenny, 717*
sargassum-fish, 752*
sargos, 560
Sanger, 524*
saurel, 489*
saury. 427, 428*
sausolcle, 646
sawfishes, 71, 206, 207*

Indian, 72*

saw-sharks, 73*, 205*
scabbard-fishes, 482
scales, 18, ig*

cycloid, 20

ScapanorhjTichus, 193
ScaphirhiiTichus, 256*
Scarida;, 601

Scartichthys, 720*
Scarus, 605*, 606*

jaws of, 604*
lower phan,-ngcal3 of, 604*
upper pharyngeals of, 604*

Sceloderms, 623
Schilbeodes, 51, 401*
Sciainidx, 567
Scixnops, 570*
Scomber, 141*, 475*
Scomheromorus, 131*, 479*
Scombresox, 428*
Scomljrida;, 474
Scombrf)idea, 473
Scorpa;na, 644*, 645*
Scorpicnichthvs, 653

skull of, 638*
Scorp,-cnida;, 637
Scorpa-'nopsis, 645
Scoqjidid.T, 609
scorpion-fishes, 637
scul[)ins, 652

cightcen-spined, 658*
Pribilof. 657*
Richardson's, 662*

sleek, 662
scup, 558*
.Scylliorhinida?, family of, 189
Scypliophori, 407-423
Scytalina, 729*
Scytalinida;, 729
sea-bass, 534
sea-bat, 755
sea-catfish, 397
sea-devils, 216*, 750

sea-drum, 571
sea-horses, 15*, 451, 453*

breeding habits of, 453
sea-mink, 570
sea-moths, 454, 455*
sea-poachers, 660
sea-raven, 659*
sea-robin, 667*
sea-scorpion, 645*
sea-serpent, 151
sea-snails, 665
seal-fish, 350
Sebastapistes, 645
Sebastes, 638*
Sebastichthys, 642*, 643*
Sebastiscus, 643
Sebastodes, 639, 641*
Sebastolobus, 639*
Sebastopsis, 643
Selachii, 183
Selachostomi, order of, 256
Selene, 36*
Semiophorus, 461*
Semotilus, 387*
sennet, 438
sergeant-fish, 497*
series,

Ganoidei, 247
Ostariophvsi, 378-395

Scriola, 488*
scrrana, 571
Serranida?, 534
serranos, 541
sese de lo alto, 550
sexual coloration, 83
shad, 276
shark,

Port Jackson, 188*
soup-fin, i<)8*

shark-like fishes, 180-217
sharks, 180

basking, 196
carcharioid, 197
goblin, 191

hammer-head, 200, 201*
hound, 198
lamnoid, 190
mackerel, 190
man-eating, 195
thresher, 193

shark's pilot, 488
shark-suckers, 679
sharp-nosed flying-fish, 430*
shcatfish, 402
sheepshead, 29*, 560
shiner, 382, 387*

species of, 385
shoulder-girdle,

inner view of, 379*
of batfish, 754*
of Fistularia, 442*
of flounder, 247*
of Neoceratodus, 235*



Index
I'^l

shoulder-girdle

of Opah, 458*
of Polyptenis, 226*
of stickleback, 442*
of threadtin, 440*

shovel-nosed sturgeon, 256*
shrimptish, 450*
shrimpfishes, 449
Shufeldt,

photo by, 2, 6, 12, 334, 410,

513. 52o> 536, 543. 546*,

597. 715
sierra, 481

Sierra Nevada, fish fauna of,

113
Siganida?, 620
silk-snapper, 550
Sillagninidje, 572
Silurids, 397
silver anchovy, 280*

silver hake, 745
silver jenny, 562
silver salmon, 295
silver surf-fish, 118*

silverfin, 385*
silver-jaw minnow, 384*
silversides, 432, 434*
silvery puffer, 630*
Simenchelys, 368*
singing-fish, 21*, 736*
Siphonognathidae, 601

Sirenoidei, order of, 239
siscowet, trout, 338
Sisorid^, 403
skates, 208, 209*
skeleton

of chiraaera, 221*

of cowfish, 629*
of fish, 9

skilfishes, 649*
skipper, 427
skuU

of Anarrhichthys, 727*
of berycoid fish, 465*
of rock-bass, 511*
of Scorpaenichthys, 638*

sleek-sculoin, 662*

slippery-dick, 106*, 599, 607*

small-mouth black bass, 134*,

518*
smelt, 345, 346*
smelt and grayling, 343-3'>i

Smith, H. M., photo by, 175*

snail fish, 666*

snake-eels, 86*, 369
snake-head China-fish, 585*
snake-head mullets, 584
snappers, 547
snipe-fishes, 449
snook, 534
snowy grouper, 543*
Snyder, photo by, 147*

Snyderina, 648*

soapfishes, 544*
soldier-fishes, 468, 469*
sole, hog-choker, 706*
Soleida;, 705
Soleinae, 706
Solenostomida^, 451
Solenostomus, 452*
soles, 705
soup-fin shark, 198*
southern zone of distribution,

spadefish, 134, 612*
spadefishes, 611

Spanish-flag, 537
Spanish lady-fish, 599
Spanish mackerel, 131*, 479*
Goode on, 479

Sparidae, 556
Sparisoma, 28*, 603*

pharyngeals of, 602

species

absent through barriers, 91

absent through failure of

foothold, 91

Arctic, in lakes, 125

changed through selection,

93
excess in favorable wat rs,

no
extinction of, 93
of eel, 367
of lancelet, 164

speckled hind, 539*
speckled trout, 135*, 333*
spet, 438
Spheroides, 631*
Sphyraena, 438*
Sphyraenidae, 437
Sphyma, 201*

SphymidiE, family of, 2co

Spinacanthidae, 626

spineless trunkfish, 628*

spines,

of catfish, 51

of sting-ray, 54
venomous, 52

spiny-rayed fishes, 424
spiral valve, 30
S[x)tted trunkfish, 627*

face \iew of, 628*

spotted weakfish, 567*
Squalidas, family of, 202

Squalus, 202*

squamipinnes, 608-621

square-tails, 506
Squatina, brain of, 204*

squawfish, 48*, 50*, 288*

stranding of, 50*

squeteague, 567
squirrel-fishes, 542
squirrel-hake, 743
star-gazers, 59*, 713, 714*.

starry-flounder, 692, 705*
steelhcad, 319
steelhead-trout, 136*, 324*
Steindachnerella, 747*
Stelgis, 662*
Stenodus, 291*
Stenotomus, 558*
Stephanoberycidae, 438
Slephanolepis, 54*, 626
Stemoptychidic, 360
Stichsina;, 721
Sticha;us, 723
sticklebacks, 443

four-spined, 447
nest-buil<ling habits of, 443
shoulder-girdle of, 442*
three-s|)ined, 447

sting-rays, 100, 212, 213*
spines of, 54

Stizostedion, 524*
Stomias, 351*
Stomiatida;, 351
stone-bass, 537
stone-roller, 31*, 386*
stone-sculpin, 654
stone-wall perch, 573*
Storms, on fossil remoras, 680
striped mojarra, 562
striped sheepshead, 561*
Stromateida?, 498
structure, of lamprey, 167
sturgeons, 254
common, 255*
lake, 256
shovel-no!

Stylephorida?, 690
subclass,

Actinopteri, 246
Crossoptervgii, 225
Dipncusti, 235-245
Elasmobranchs, 182

Teleostci, 264
su<X)rder,

Amphacanthi, 620
Archenchcli, 364
Batoidei, 206

Cestraciontes, 187
Chromides, 591
Colocephali, 371
Craniomi, 667
Cyclospondyli, 202

Discocephali, 679
Enchelycephali, 365
Gaici, i8g

Gobioidei, 670
Haplodoci, 735
Hemibranchii, 442
Holconoti, 586
Hy[x>stomides, 454
Iniomi, 352
Perccsoccs, 432
Percomorphi, 473
Pharyngognathi, 505
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suborder,

Rhegnopteri, 439
Rhin;e, 204
Salmopcrca;, 456
Selcnichthys, 458
Synentognathi, 425
Ta-niosorai, 682

Xenopterygii, 737
Zeoidea, 460

sucker, 390
California, 393*
carp, 391
common, 393*
Oregnn, 394
razor-back, 394*

sucking-disks, 70
sucking-fish, 69*, 679*

Suletind watershed, 115

Sunapee trout, 332*
sunfishes, 512

banded, 514
blue-green, 24, 25*, 564I

common. 6*, 12*, 516
long-cared, i, 2*, 3*, 515
pigmy, 511

Surface.

on lampreys, 172

photo bv, 177*

surf-fishes', 586, 588*
surgeon-fishes, 618

lancet of, 53
surmullets, 565-578

golden, 566*
swallowers, 574
swampy watersheds, 123

sweetfish, 338
swell-toad, 634
swordfishes, 71, 484, 485*
Owen on, 485

swordtail-minnow, 418*

Syacium, 6<)8*

Symbranchia, order of, 363
Symphurus, 708
Synanceia, 82*, 645
Synaphobranchus, 368*

Synechodus, teeth of, 1 88

Synentognatlii, 424-431
suborder of, 425

Syngnathida:, 451

Txniosomi, 670-690
Tahoe trout, 136*, 327*
tai fishing, 147*
tangs, 618
target-fish, 464
tarpon, 270*
tarwhine, 558
tautog, 596*, 597*
Tautoga, 596*, 597*
Tectos]X)ndyli, order of, 200

teeth

of Ceratodus, 240*

of Cestraciont sharks, 188*

teeth

of chinucras, 219
of Corax, 200*

of Heptranchias, 185*
of Isurus, 195*
of Janassa, 211*

of Lamna, 194*
of Polyrhizodus, 212*

peculiarities of, 73
Teleoalei,

class, 224
subclass of, 264

temperature, affecting dis-

tribution, 95
tench, 387
tenguzame, 192*
ten-pounder, 269*
tessellated darter, 527*
Tetradontida;, 630
Tetragonuridx, 506
Tetraodon, 5S*."98*. 633*
Teuthis, 53*, 618*, 619*
Thaleichthys, 129, 347*
Theragra, 742*
thick-lipped surf-fish, 588*
thimble-eyed mackerel, 476
thread-eel, 15*, 155*. 371*

jaws of, 371*
threadfin, shoulder-girdle of,

440*
threadftsh, 491
three-spined stickleback, 447*
thresher-shark, 193
Thymallidie, 343

•*

Thymallus, 137*, 343*, 345*
tide-pool fishes, 46
tide-pools of Misaki, 47*
tile-fish, 575
toadfishes, 735

leopard, 735*
poison, 736
tomcod, 743*

tongue-fishes, 708
top-minnows, 417
torabuku, 634
toq)edo, 58*, 402*
toq>edoes, 210
torsk, 744
totuava, 568
Toxotidx, 611

Trachiccphalus, 649*
Trachichthyidx, 467
Trachinida--, 710

Gill on, 710
Trachinotus, 492*
Trachurus, 489*
Trachvpterida;, 687
Trachypterus. 688*

transitional groups, 456-464
tree-climbing fish, 49
trcefish, 642
Trichiurus, 483
Trichodon, 578*

Trichodontidje, 5 78
Trichonotida;, 716
trigger-fishes, 56*, 623*
Triglida;, 667
Triglops, 654*
Triodontidx', 629
triple-tails, 545
tropical fishes, variety of,

142
. .

Tropidichthyida;, 632
trout, 312

black-spotted, 31S
brook, 333
of Colorado River, 329*
cutthroat, 325
Dolly Varden, 336, 337
Great Lake, 337*
green-back, 328
hetenjcercal tail of, 696*
Kamloops, 324
Malma, 336
raintxnv, 320
Rangeley, 331*
red-tliroated, 325
Rio Grande, 329*
speckled, 333*
steelhead, 319
Sunapee, 332*
Tahoe, 327*
of Western America, 319
yeUowfin. 32S

trout-perches, 456
trout-worm, figured, 326
trucha, 534
true

eels, 364
mackerels, 474
perches, 519
sharks, 180-217

trumpet-fishes, 448, 449*
trunkfishcs, 626
Tuna, 477
tunny. 477
turlxit tribe, 697
Twin Lakes, troiit of, 328
Two-Ocean Pass, 116

described by Evermann,

117
Tvlosurus, 426*
Typhlichthys, 420*

ulchen, 129*, 347*
Umbra, 412*
Umbrina, 571*
Undina, 231*
unicorn-fish, 620
upland fishes, 120, 121

upper jaw, of Neoceratodus,
241*

upper pharyngeals, of Indian
parnit-fish, 604*

Uranidea, 656*
Uranoscopidjp, 713



vaca, 541
Van Dyke, on ouananiche,

316
variety of tropical fishes, 142
Vierosa, 672*
viper-fishes, 352
viscera, 24
viuva, 640
viviparous fish, ii8*
viviparous perch 587*, 590*
volador, 66g

wachna cod, 743
wall-eye, 523
waterfalls and cascades, as

barriers, 109
watersheds,

as barriers, 114
how crossed, 115
swampy, 123
Suletind, 115

weakfish, spotted, 567*
Weberian apparatus of carp,

379*
weevers, 710 *

whale-shark, 197
white bass, 535
white-bone porgy, 560
white chub, 384*
whitefish, 130* 286, 287*

28S*
of California, 576
Rocky Mountain, 287*
Sault, 289

white hake, 743

Index

white perch, 536*
white surf-fish, 52*, r86*

588* ^
'

WTiitman, on instincts, 42
wide-eyed flounder, 76*, 698*
wide-mouthed flounder, 703*
Williams, on flounder eye, 75
window-pane, 697*
wolf-fishes, 727*, 728
woodcock-fish, 449
Woodward,
on chima:ras, 219
on Isospondyli, 265

wrasse fishes, 596
«Tasses, 595
wreckfish, 537
wrymouth, 726*

Xenocephalida;, 730
Xenocys, 552*
Xenomi, order of, 422
Xenopterygii, 737
Xiphasia, 725*
Xiphias, 484*, 485*
Xiphiida;, 4S4
Xiphiidina;, 721
Xiphistes, 722*
Xiphophorus, 418*
Xyrauchen, 394*
Xyrias, 370*
Xyrichthys, 599*
XystLcma, 562*

yellow

bass S35

789

yellow

catfish, 4or
goatfish, 566
mackerel, 490*
perch, 523*

yellowfin

grouper, 541*
roncador, 571*
trout, 328*

Yellowstone miller's-thumb
655*

yellow-tail, 488
yellow-lail roncador, 570

snapper, 551*
Young, on angling, 145
young flounder, 692*
young swordfish, 484*

Zacalles, 721*
Zahses, 455*
Zanclida;, 617
Zanclus, 617*
zander, 524, 533
Zaprora, 501
Zeida;, 462
Zcnomi, 407-423
Zeoidea, sulmrder, 460
Zcsticelus, 658
Zeus, 463*
zingel, 525*
Zoarces, 728*
Zoarcidic, 728

,

zoogeography, 90
Zygonectes, 417





THE AMERICAN NATURE SERIES
The fortunate increase in the attention paid by the American people

to Nature study, has led to tiie pul.lication of many popular hooks on the
subject, some of which are jjood, and some not. In the hope of doing
soniethmg toward furnishing a series where the seeker will surelv find a
readable book of high authority, the pul)lishers of the American Science
Series have begun the publication of the American Nature Series. It is
the intention that in its own way, tiie new series shall stand on a par wilii
its famous predecessor.

The primary object of the new series is to answer questions—those
(outside of the domain of philosoi)hy) which the contemplation of Nature
is constantly arousing in tiie mind of the unscientific intelligent person.
But a collateral object will be to give some intelligent notion of the

causes of things."

The books will be under the guarantee of American experts, and
from the American point of view ; and where material crowds space, pref-
erence will be given to American facts over others of not more than equal
interest.

The series will be in five divisions

:

GROUP I. CLASSIFICATION OF NATURE
This division will consist of three sections.

Section A. A large popular Natural History in several volumes,
with the topics treated in due i)roportion, by authors of unquestioned
authority. There is no existing Natural History which does not fall short
in some one of these particulars. Possibly the Natural History in the
American Nature Series may not be kept ideal regarding all of them, but
if it is not, the fault will not be due to carelessness or apathy on the [lart

of the publishers.

The books so far arranged for in this section are

:

FISHES, by David Starr Jordan, President of the Leland Stimford Uni-
versity.

INSECTS, by Vernon L. Keli-ogg, Professor in the Leland Stanford Junior
University. $5.00 net; carriage, .S5 cents.

TREES, by N. L. Britton, Director of the New York Botanical Garden.
WILD MAMMALS OF NORTH AMERICA, by C. H.^rt Merriam, Chief

of the United States Biological Survey.

BIRDS OF THE WORLD. A popular account by Frank H. Knowlton,
M.S., Ph.D., Member American Ornithologists Union, President
Biological Society of Washington, etc., etc., with Chapter on Anatomy
of Birds by Frederick A. Litas, Chief Curator Brooklyn Academy
Arts and Sciences, and edited by Rouert Ridgwav, Curator of Birds,

U. S. National Museum.
Section B. A Shorter Natural History i,y the authors of Section A,

preserving its popular character, its proportional treatment and its author-

ity so far as that can be jireserved without its fullness.

Section C. Identification Books—" How to Know," brief and in

portable shape. By the authors of the larger treatises.



A M K 1{ I C A N N A T I" 1{ E SERIES (Continued)

GROUP 11. FUNCTIONS OF NATURE
These bookb will treat <>t tlie lelatiiMi of facts to causes ami effects

—

of heredity in orjfaiiic Nature, and of the environment in all Nature. In

treating of Inoriranic Nature, the physical and chemical relations will be
specially expounded; and in treating of organized creatures, the relations

to food and climate, with the peculiarities of their functions—internal and
external.

THE BIRD: ITS FORM AND FUNCTION, by V. \V. Bkf.hf., Curator

of Birds ill the New York Zoological Park. Svo, 4!'ti pp. .*.'>. .50 net;

by mail, S.i.80.

GROUP III. REALMS OF NATURE
Detailed treatniciit of various departments in a literary and popular

way.

Already i)ul>lished :

FERNS, by Camphei.i, E. Watrrs, of Johns Hopkins University. Svo,

pp. xi+ 30'2. Price 83.00 net; by ni.iil, 8.!. .SO.

GROUP IV. WORKING WITH NATURE
How to propag.ite, develop and care for the plants and animals.

Published in this <livision is:

NATURE AND HEALTH, by Edward Curtis, Professor Emeritus in the

College of Physicians and Surgeons. 12mo, Si. 25 net; by mail, 81.37.

Arranged for are:

CHEMISTRY OF DAILY LIFE, by Henry P. Talrot, Professor of

Chemistry in the Massachusetts Institute of Technology.

DOMESTIC ANIMALS, by William H. Brewer, Professor Emeritus in

Yale University.

THE CARE OF TREES IN LAWN, STREET AND PARK, by B. E.

FionNoH, L.ite Head ol'tlie Coriu-U School of Forestry.

GROUP V. DIVERSIONS FROM NATURE
This division will include a wide range of writings not rigidly system-

atic or formal, but written onl.v by authorities of standing.

FISH STORIES, by David Starr Jordan, President of the Leland Stan-

ford Junior University.

HORSE TALK, by William H. Brewer, Professor Emeritus in Y'ale

University.

BIRD NOTES, by C. W. Beebr, Cur.itor of Birds in the New York

Zoological Park.

HENRY HOI.T AND COMPANY. rcuusHEKs
29 WKST TWKNTV-THIUI) STRKKT,' NEW YORK
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