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ABSTRACT 

By bioassay, evaluation was made of the activity and relative potency of pituitaries 
collected throughout the year from various species of fish. Goldfish, zebra fish, and 
channel catfish were the chief test species; carp, green sunfish. largemouth bass, white 
crappie, and flathead catfish were used occasionally. Positive response was indicated 
by ovulation of eggs or by increase in seminal plasma. 

In experiments to determine the species from which pituitaries can be used to spawn 
various species (phylogenetic specificity), 29 interspecific and intergeneric injections 
and 25 interfamilial injections were successful; only 7 heteroplastic injections failed 
to induce ovulation or exhibited low activity. Of the 7 failures, 4 involved river carp­
sucker and fresh-water drum pituitaries at regular dosage levels; and the other 3 
were unsuccessful attempts to spawn carp with other than homoplastic pituitaries. 
Specificity appears so slight that it has no practical importance in fish-cultural 
techniques. 

Activity of pituitaries collected in various months did not vary as much as the individ­
ual variations in physical condition of the test fish. The data indicate that all the pitui­
taries are active in the months in which collections were made. Activity in relation 
to size, sex, and degree of gonadal development of the donor fish does not appear as 
important as implied by some previous reports in the literature. 

No detrimental effects of pituitary injections have been detected in incubating and 
hatching the eggs, or in rearing the fingerlings, from over 200 channel catfish spawns 
and thousands of goldfish spawns. 

iv 
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BIOASSA Y AND USE OF PITUITARY MATERIALS 
TO SPAWN WARM-WATER FISHES 

By Howard P. Clemens 
University of Oklahoma 
Norman, Oklahoma 

Use of pituitary materials to induce fish 
to spawn has many advantages in the 
culture of sport, food, bait, and tropical 
fishes. Since fully ripe females of most 
species respond to pituitary injections by 
spa.wning within 12 to 20 hours, it is pos­
sible to predict rather accu rately when a 
spawn will occur. This predictability al­
lows the fish-culturist to plan his work ac­
cording to a rigid schedule, since the 
injections, to some degree, bypass the 
variables in the environment, such as tem­
perature, light, and rain. Since both 
males and females respond positively to 
pituitary injections, most species can be 
hand-stripped, a practice which offers ad­
ditional advantages. Culture ponds can 
be stocked with eggs and fry of uniform 
age and size. Since the brood stock are 
not in the pond with the offspring, the pos­
sibility of transmission of disease from 
brood stock to offspring is reduced, and 
predation by the parent is eliminated. 
Hybl'ids can also be produced by hand­
stripping " ·henever hybridization is de­
sirable and feasible. Wild fish that have 
not yet been domesticated may be spawned 
more ensily by the pituitary method. Fre­
quently more uniform spawning has been 

'l'hls report is based on an investigation con­
ducted under the Saltonstall-Kennedy Act, Uni­
versity of Oklahoma Research Institute. Con­
tract Xm;. 14-19-088-2382 and 14-19-088-2488. 
Dr. Cart D. Riggs, Project Leader, directed the 
work. The authors wish to receh·e equal credit 
for this publication. 

and Kermit E. Sneed 
Southeastern Fish Cultural Laboratory 
Marion, Alabcma 

achieved by the injection of pituitary ma­
terials into ripe fish which, because of 
some environmental or physiological con­
dition, would fail to spawn without such 
treatment. 

South American and Russian fish-cul­
turists have applied the pituitary method 
to the large-scale spawning of fish of eco­
nomic importance. In the United States 
such work has been limited for the most 
part to small experimental lots of fish. 
This is pointed out by Pickford and Atz 
( 1957), who reviewed and discussed all 
the available literature on the use of pitu­
itaries. A study of their book, indispen­
sable to anyone interested in fish gonado­
tropins and their use in fish culture, 
reveals: ( 1) Fish pituitarif-S contain the 
hormones to precipitate spawning in ripe 
fish. (2) There is little if any specificity 
in the hormones of fishes; that is, the 
pituitaries of one family or species are 
usually active in m1related species. ( 3) 
There are a number of examples in which 
gonadotropic materials from other ver­
tebrate classes were found to be active in 
fish. ( 4) Out-of-season spawning has been 
induced by the administration of gonado­
tropins. ( 5) Fresh, acetone-dried, or 
frozen pituitaries, as well as glycerine ex­
tracts, saline suspensions, and " ·ater ex­
tracts of pituitaries ham similar activity. 
(6) Under most experimental conditions 
the injection of pit~itaries does not de­
crease fertility. (7) Increased or de-



creased exposure (depending on species of 
fish inrnlYed) to light may haYe the same 
effect on sexual deYelopment and spawning 
as pituitary injections. (8) The lack of re­
sponse in some experiments with mamma­
lian gonadotropins may be due to the fact. 
that the dosage was too lo"· (Kawamura 
and Otsuka, 1950, used quite high levels to 
achieve positive results). Also, fish may 
require a ratio of components different 
from that contained in some mammalian 
materials; an<l there may he a quantitatin 
difference in the ratio of hormones rather 
than a qualitative difference in the hor­
mones themselves. (9) There is little or 
no qualitative difference in the pituitaries 
of the male and female donor fish, at least 
from a practical viewpoint. (10) There 
may be a "seasonal" difference in the bio­
logical effect produced by pituitaries taken 
from fish prior to spawning and those 

taken immediately after spawning. 
Much more must be learned before the 

qualitative and quantitative differences in 
fish pituitaries a.t various times in the year 
are known. The responses to these pitu­
itaries of fish of different physiological 
condition, age, and development must also 
be determined. At present, good bioassay 
methods for fish gonadotropins are un­
known. "Witschi (1940) demonstrated 
that the LH component-of vertebrate pitu­
itaries could be assayed relatively by in­
jecting the material into weaver finches. 
The method for the bioassay of FSH in 
fish pituitary materials involves the cor­
nification of the mouse vagina, but these 
methods have been questioned by some 
workers. Until good methods are devised, 
rather crude bioassay methods of whole 
pituitaries and unpurified extracts must be 
used. 

BIOASSA Y OF PITUITARY MATERIALS 

Collection and preparation of pituitaries 

There are many potential sources of fish 
pituitaries. 'iVhen only a few pituitaries 
are needed it is usually practical to sac­
rifice the culls from the brood stock which 
is to be spawned. Our experience has in­
dicated that these culls have active pitui­
taries. Also, they are usually similar in 
size to fish to be spawned and their pitui­
taries can be injected without weighing or 
diluting. At some fish hatcheries it is ad-

. vantageous to have a stock of carp or gold­
fish to provide a few pituitaries when 
needed. Often wholesale fish markets may 
handle fish from ·which pituitaries can be 
obtained, provided that the fish are strictly 
fresh or were frozen when fresh. Pitui­
taries (mostly from buffalo, I ctiobus) that 
were frozen in the head of fish for a few 
days up to at least 1 year were effective in 
spa"·ning goldfish, but these were not as 
uniform or as potent in action as fresh 
material. An excellent source of a large 
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number of pituitaries is from the rough 
fish caught by commercial fishermen or 
State fish and game department employees 
when they use traps, nets, or rotenone. 
Pituitaries which are allowed to remain at 
high temperatures after the death of the 
fish probably lose their gonadotropic activ­
ity because of enzymatic action. 

Our method of collecting the pituitaries 
was to cut off the heads of the fish with a 
cleaver, remove the top of the cranium of 
each immediately above the eyes, and lift 
out the brain with forceps. In some spe­
cies the pituitary remained attached to the 
ventral part of the brain; in other species 
it was left in the myodom in the floor of 
the brain case. The pituitary was re­
moved with the aid of forceps. In large­
scale collections, 9 men could collect 
about 1,000 pituitaries per hour. There 
are some species of fish, such as gar 
(Lepisosteus) and gizzard shad (Doroso­
ma), whose pituita.ries are so difficult to 



remove that collection is hardly worth­
while. The pituitaries of the gar had to 
be exposed by use of a handsaw because 
of the ganoid scales, and the pituitaries 
of the shad are extremely delicate. 

The donor fish (those from which the 
pituitaries were removed) were al ways 
sorted according to species. Unless they 
were to be used for special experiments, 
no attention was given to sex, maturity, or 
size, although fish of sufficient size were 
chosen to justify the effort of collecting 
the pituitaries. In most cases, we assumed 
that the sma11er fish in our col1ection would 
probably reproduce during the next 
spawning season. 

Since the pituitary gonadotropins are 
proteins subject to enzymatic deteriora­
tion, it is logical to assume that pituitaries 
frozen or placed in acetone promptly after 
removal will prod.nee better gonadotropic 
activity. Some pituitaries were placed in 
vials in the field and immediately frozen in 
insulated cans of dry ice. These were later 
freeze-dried in the laboratory. If acetone 
was used, the pituitaries were dehydrated 
in four changes of cold acetone 12 hours 
apart. Drying-vials should be kept full 
of acetone so that moisture from the air 
will not condense on the inside walls of the 
vials and dilute the acetone. For the same 
reason, the acetone of the last change 
should be allowed to warm to room tem­
perature before it is removed and the 
pituitaries a11owed to air-dry. 

Pituitaries preserved by either metho~ 
should be stored in a dry atmosphere, pref­
erably in a dessicator charged with cal­
cium chloride or other drying agent. If 
the pituitaries are to be used promptly or 
if the humidity is low, tightly stoppered 
vials can serve as temporary containers. 
·we have found that pituitaries treated. in 
this manner are potent after 2 years (our 
longest data period), but Hasler, Meyer, 
and Wishy (1950) reported that acetone­
dried carp pituitaries stored and preserved 
in this way were active after 10 years. 

Dry pituitaries were finely ground and 
injected. into the body cavity as a suspen­
sion in distilled wa.ter (other diluents, such 
as physiological saline or isotonic salt solu­
tion , theoretica.lly should be less harmful 
to the tissues, but distilled water combined 
with dried pituitaries gave acceptable re­
sults and appeared to be relatively harm­
less to the fish). Fresh pituitaries were 
injected by placing the gland. in the socket 
of the needle and forcing it through the 
needle stem with distilled water. The site 
of injection was usually at the axil of the 
pelvic fin. Intramuscular injections were 
also given, but the body-cavity injection 
was more satisfactory. Intramuscular in­
jections are more convenient when the fish 
are so large that it is cumbersome to re­
move them from the tank, but such injec­
tions are more likely to produce lesions 
that damage the fish. ·when injected in­
traperitoneally the diluent volume can be 
larger and less critical, and. injections can 
be more easily and quickly administered. 

Other carriers as well as distilled water 
were tested. They were mixed with whole, 
ground, acetone-dried pituitaries and in­
jecte~ at "full-dose" (0.7 milligram) and 
"half-dose" (0.4 milligram) levels. One 
of these, cholesterol, was mix~d with 
ground pituitaries to give a ratio of 300: 7 
at the "full-dose" level and 300: 4 at the 
"half-dose" level. This mixture was com­
pacted into cylindrica-1--pellets which were 
injected with a caponizing needle into the 
body cavity of the fish. Similar dosages 
of pituitary materials containing 1 milli­
liter of distilled water or of sesame oil 
were injected into the body cavities of 
other fish. In this experiment female 
goldfish were divided into groups of four 
and injected as listed in table 1. 

The cholesterol and sesame oil were used 
to reduce the rate of absorption and to 
make absorption more uniform over a 
longer period of time. It appeared that 
the absorption rates were changed, but the 
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change was not ad ,-antageous to our pres­
ent problem of spawning ripe fi sh. 

Pickford and Atz (1D57) revie,,ed the 
use of glycerine extracts of pituitaries and 
pointed out the reported possible advan­
tages of greater gonaclotropin recoYery, 
slo"\\er absorption , and ease of storage in 
sealed Yial s at room temperature. 'Ve 
wish to add that injections of glycerine 
extracts are easier to administer than 
aqueous suspensions of pituitaries, but the 
preparation of these extracts is tedious. 
De l\Ienezes, Fontenele, and Comacho 
(1D45) injected small volumes (0.5) milli­
liter) of glycerine extract which contained 
as high as 66 percent glyceri1rn. The use 
of this high percentage of glycerine 
theoretically is biologically inconsistent 
with the osmotic properties of the body 
cavity. Since the volume of aqueous sus­
pensions most often used in our experi­
ments 'ms about 1 milliliter, w·e injected 
gol~fish ( Gar-assitts awratvs) "·ith this 
volume of "·ater with the follo"·ing per­
centages of glycerine: 1, 2.5, 5, 10, 20, 30, 
40, 50, 60, and 70. Each injection con­
tained 10,000 units of penicillin, but con­
tained no gonaclotropin. All fish that re­
ceived inj ections of 10 percent or less 
glycerine suffered no harmful effects after 
3 days at 60° F. , while fi sh that received 
injections containing more than 10 per~ 
cent glycerine showed excessiYe fluid in 
the body cavity, peritoneal inflammation, 
and enlargec~ hemorrhagic areas at the 
point of injection. On this basis, we de­
cided to keep the glycerine content below 
10 percent ''henever possible, even though 
another experiment (table 2) indicated 
that small volumes of higher percentages 
of glycerine were suitable. 

In a limited experiment with goldfish, 
injections of equivalent amounts of ace­
tone-dried carp pituitary as aqueous sus­
pensions and as glycerine extract (table 2) 
showed little c~ifference in effectiveness. 

Another experiment with channel cat­
fish (! ctalums pwwtatus) indicated (so 
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TAnLE l.-Fr mal.e goldfis11 (Carnssius nuratus) 
or 11Tate<I with dried vituita.ry in v arious ca1·­
rier s 

Carri<' r Dose 

Dist.illed water. __ __ __ ____ Full _______ ___ _ 
Do.__ ________ ____ __ __ llalf ____ ____ __ _ 

Cholesterol. . __ ___ _____ ___ Full__ _____ ___ _ 
Do ___ __ _____ ________ _ H alf__ _____ ___ _ 

Sesame oil__ ___ _____ __ ____ Full__ _____ ___ _ 
Do _____ --- --- · ____ __ _ H alf ________ __ _ 

Number Number 
injected ovulated 

4 
4 
~ 
4 
1 
1 

TABLE 2.- Comvariso n of effect of i.11jectio11s of 
a1111 ro 11 s s 11 i;p e 11.~io 11s of pituitaries and gly­
cerin e r:r tra ct in femal e goldfish (Carassius 
auratus) at wat er t cm pcrat·ure of 60° F. 

Ratio of ovulating females to 
Dosage lewl IVolumeol num brr injectl'd 

(cqui rnlmt !lcetone- injPrtion s 
dried cnrp (m illi-
pituitaries) liters) Aqueous 75-perrent 84-pcrcent 

suspension J? ly cr rin r g ly c"rinc 
extract extract 

0.0 milli grams 1 ______ LO 0:3 0:3 0:3 
0.2 milligrams __ ____ __ 0. I 1:3 3:3 1:3 
0.5 milliirrams __ ___ ___ 0. 25 3:3 3:3 2:3 
1.0 milligrams ___ _____ 0. 5 3:3 2:3 0:3 
1.5 milligrams ___ _____ o. 75 2:3 2:3 1:3 
3.0 milligrams ___ _____ 1-5 3:3 2 1:1 0:3 

' Control. '2 died . 

far as the effectiYeness or the quantity of 
the pituitary used for injection is con­
cerned) that glycerine extract was less 
effectiYe than aqueous suspensions since 
only 1 female in 19 spawned. However, '"e 
feel that such a conclusion is umrnrranted 
on the basis of this one experiment. The 
fish in the experiment had been staned for 
oxygen " -hile being transported 2 days 
before use and had been both temperature­
shocked and briefly oxygen-starved on the 
day the experiment began. After the end 
of the glycerine-extract experiments, nine 
fish "-hich had received the glycerine in­
jections "·ere spamrnd by the injection of 
other gonadotropins (fish pituitary or 
human chorionic gonadotropin), but one 
might postulate that they had recovered 
from the shock, since the time of final 
spawning " ·as several days later. 

Crystalline penicillin at the rate of 10,-
000 units per injection was found to be an 
inexpensive and effective measure to com­
bat inflammatory lesions in the body cavity 
due to irritation from the foreign proteins. 



Although thousands of goldfish and the 
majority of experimental fish used in these 
studies usually spawned or ovulated after 
a single injection of pituitary materials 
without penicillin, it appeared later that 
in such fishes as the channel and flathead 
catfish penicillin acted to minimize the in­
flammation which resulted from the mul­
tiple injections of pituitary materials 
necessa.ry to spawn these species. Our 
opinion was based on the difference be­
tween results we obtained before the 
routine use of penicillin and those we ob­
tained at a later time with its use. No 
good, controlled experiments were con­
ducted. In the original experiment that 
heralded this practice, goldfish received 
from 5,000 to 100,000 units of crystalline 
penicillin per dose for live injections over 
a 9-day period. Ground pituitaries were 
added to the injection on the 9th day, and 
the fish spawned on the 10th day in the 
manner expected. Now we recommend the 
injection of penicillin for all species as a 
precautionary measure. The penicillin is 
qissolved in distilled water, which is then 
added to the ground pituitaries. Dr. S. F. 
Snieszko recently suggested that chloram­
phenicol might be more effective for this 
purpose since it might also prevent gram 
negative bacterial infections, whereas 
penicillin is active against gram positive 
bacteria which do not often infect fish. 
The suggested dosage was 5 milligrams 
per 100 grams of body weight of the 
recipient. 

Determination of active pituitaries 

In our studies of inducing fish to spawn, 
it was desirable to learn the activity and 
relative potency of pituitaries collected 
throughout the year from various species 
of fish and from various types of in­
dividua.ls within the species, especially in 
regard to sex, maturity, and size. For 
these tests, bioassay was the only available 
means of evaluation. A test fish was 
needed, and the factors that determined 
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its selection were as follows: ( 1) It should 
be readily avaiJable and easily kept in the 
laboratory. (2) It should respond pre­
dictably and uniformly to the injection of 
pituitary materials. ( 3) The nature of its 
response should lend itself to an objective 
rather than a subjective evaluation ; for 
example, the ovulation and extrusion of 
eggs was used ratheT than visible increases 
in the weight of the gonad of the li,·ing 
fish. ( 4) Preferably, it should be an 
o\·iparous species of fi sh which spawns 
intermittently throughout the year. 

There are several fishes that fulfill these 
requirements, a·nd the selection of a test 
fish may vary with the prevailing circum­
stances. "\Ve have used female goldfish 
extensively during the normal spawning 
season (March-.Tune) since they are more 
responsive at this time, and tests can be 
conducted with greater ease. Zebra fish 
( Brachydanio re1·io), despite their small 
size, are good test fish because gravid fe­
males can be obtained anytime during the 
year; and since they respond to low 
dosages their use results in economy of 
pituitary materials. "\Vhen female fish are 
employed, a positive test is obtained when 
the injection of pituitary material induces 
ovulation or precipitation of the spawning 
act. 

vVe have also used male green sunfish 
( Lepomis eyanellus), carp ( Oyprinus 
ca1·pio), and goldfish ( Oarassius awratus) 
when ripe female fish were not available. 
Generally, these tests were not during the 
spawning season. Milt can be readily 
stripped from most males _injected with 
pituitary material. The amount of the 
spermatic fluid will increase and will be 
less viscous. The response is particularly 
evident in out-of-season fish of species in 
which spermatogenesis is well ad.vancecl by 
late summer or early fall. For example, in 
midwinter the semen of carp (in which 
the spermatozoa are normally closely 
packed in the viscous seminal plasma) be­
comes very fluid and will actually drain 
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from the fish about 20 hours after injec­
tion (Sneed and Clemens, IV56). A male 
which yielded about 0.1 milliliter of milt 
before inject ion produced about 10 milli­
liters after receiving a pituitary injection. 

A similar response has been observed 
in the white crappie (Ponw x is annularis ), 
white bass (Roccus chrysops ), largemouth 
bass ( Llf icropterus salm oides), goldfish 
( C arassius awratus), and golden shiner 
( N otem.igonus cry sol encos). The increase 
of the fluidity of the milt after inject.ion 
of pituitary has been observed in several 
other species of fish ( Ihering and de 
Azevedo, 1934). Ihering ( 193fi) used the 
length of time that the spennatozoa re­
mained active "·hen put into "·ater as a 
measure of their maturity, and reported 
that pituitary injections into the donor 
male increased. longevity of the sperm. 
1Ve have not studied this effect, although 
we ha Ye observed changes in the osmotic 
pressure of the seminal plasma in carp 
which corresponded to the changes of 
fluidity (Sneed and Clemens, 1956). \i\T e 
feel that here is a potential method of 
measuring the relative activity of gonado­
tropins-the strength of the gonadotropin 
being equal to the difference in osmotic 
pressure of the seminal plasma before and. 
after injection. For instance, carp sperm 
was immobilized with 85-percent Ringer 
solution (15 percent less 'nter) "·hile a 
75-percent solution (more concentrated 
salts and higher osmotic pressure) was 
necessary for the inacti,·ation of the sperm 
15 hours after the fish had received one 
carp pituitary. 

As the spa,Yning season approached and 
the fluidity of the milt normally increased, 
the osmotic pressure of the seminal plasma 
increased-at least it required a solution 
of a higher salt concentration than it cUd 
earlier to maintain the sperm in an im­
motile state. Male zebra fish have not been 
used in this way, because the increase of 
milt is difficult to observe with the unaided 
eye. The morphology of the testes of 
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channel catfish or of other ictalurids does 
not permit the use of hand-stripping 
methods ; therefore the male of these 
species is not a potential test fish. 

1Yhen the kind of fi sh and the type of 
test to be conducted has been d.etermined, 
the individuals for the experiment must be 
selected. The selection of fish is discussed 
in the second part of this report. 

Determination of dosages 

1Vhen the experimental fish have been 
properly selected, suitable spawning facili­
ties provided, and pituitaries of known 
activity secured, the determination of dos­
ages may require a great deal of experi­
mentation if the recipient species has 
neYer been spawned before. The major 
problems involved are: ( 1) How many 
milligrams of acetone-dr;ed pituitary are 
required to precipitate spawning? (2) 
How many injections are required? ( 3) 
1Vhat is the optimum time interval be­
t,Yeen each injection? 

If the species has not been spawned be­
fore, lots of three or more fish should 'be 
injected each 24 hours with a fairly wide 
range of pituitary dosages until spawning 
occurs. In our experiences only the fe­
males need. to be injected during the 
spawning season. If there is any reason to 
doubt whether the male "·ill spawn, per­
haps he should be injected; however, the 
necessity for such injections has not been 
positively established for any species with 
which ''"e have ''orked. 

If the species has been spawned pre­
viously, the above questions have been 
partially answered. It is then a matter of 
matching the dose to the physiological 
condition of the recipients by administer­
ing closes in a graded. series from above 
to below those recommended in this paper 
or those in other publications for other 
species of fish. 

These pilot experiments will indicate 
the lowest dosage that will spawn the max­
imum number of fish with the minimum 



number of injections. Such a dosage 
should be determined for each Jot of fish. 
It usuaHy saves time and Jabor to admin­
ister doses slightly above the minimum re­
quired for spawning, rather than to risk 
failure with subminimal doses. Once a 
threshold dosage has been reached, no 
matter how much the ~osage is increased, 
the results do not seem to change (table 3). 

Phylogenetic specificity 

One of the first questions to arise in the 
artificial spawning of any species of fish is 
what kind of pituitaries shou]d be used for 
injection. In our experiments the goldfish 
has responded to injections of pituitaries 
from the following 15 species of fish repre­
senting seven families: Goldfish ( Oaras­
aiua auratu.s), carp ( Oyprinus carpio), big­
mouth buffalo (I ctiobus cyprinel"11us), 
smallmouth buffalo (I. bubalus), black 
buffalo (I. niger), blue sucker ( Oydeptus 
elongatus), gizzard shad ( Dorosoma cepe­
dianum), channel catfish (I ctal;urus 
punctatus), blue catfish (I. furcatus), flat­
head catfish ( Pylodictis olivm·U;) , black 
bullhead (/ ctalurus melas), spotted gar 
( LepU1osteus productus), and extracted 
chum salmon ( Oncorhynchus keta) pitui­
tary (table4). Low activity was obtained 
from the pituitaries of freshwater drum 
(Aplodinotus grunniens) and river carp­
sucker ( Oarpiodes carpio). 

A series of experiments was conducted 
to determine whether such factors as the 
method of preservation of the pituitaries, 
the place of collection, the size of the 
donor fish, the amount of light to which 
the fish had been exposed, inhibiting ma­
terials in the pituitary, and the dosage 
level are responsible for the low activity 
of carpsucker pituitaries. Acetone-dried 
and lypholyzed pituitaries, pituitaries 
from fish from Lake· Texoma and Fort 
Gibson Reservoir, -pituitaries collected 
from December to April, and pituitaries 
from fish kept in the light and in the dark 
for a period of 3 weeks, all gave negative 

TADLE 3.-Response of different lots of goldfisl1 
( Carassius auratns) to pituitary dosages 

Dosage 

Buffalo (lctiobua spp.) pituitaries, Feb. 19, 
1957, at 72° F. : 

0 . ............ . .... . .... .. .. . ...... . . . . 

u ~:~~:~~~::: :::: :: ::::: : :: ::::::: :: : 
1 pituitary .. ....... .. ... . ...... . .. . .. . 

Buffalo (lctiobua spp.) pituitaries, March 
6, 1957, at 72° F . : 

0 . ... .... .. .. ... .•. .. . . . .... . .... . . .. . . 
0.2 milligram . ..... ·-- -- ·-·- - -- ·-- · -- - -
0.3 mllligram ..... ..... .. .. .. .. . .. . .. . 0.9 mllllgram ___ ___ ___ ______ ____ __ ____ _ 
1.7 milllgrams . . . . . . .. . - -- · --- · ... .. __ _ 
3.3 mlllllrrams . .. .... •. ... ... .. . . . .. •.. 
4.9 mllll~rams ... . ... ... . .. . ... .. . . .. . . 
6.3 mllllgrams . . _. _ .. . . __ .. .. . _. _ .. .. . . 

Carp ( Cuprin·uacarpio) pituitaries, March 
18, 1957, at 72° F .: 

0 .. · -· · · · ·· - -----··--· - ----- - ·-- - --·-· -
0.5 mllllgram .. · ··- --· - ·---- --·. · - - ---· 
1.0 milligram .•. . .... .. . . . .. · - - -- - -- . . . 
1.5 mllllcrams . ... ... ... . .. . . ... . . . . . . . 

Carp ( Cuprinu• carpio) pituitaries, April 
7, 1958, at 60° to 62° F. : 

O.·-- --- --- ·- -·- --------- --- ---· -- -- --· 0.2 milllgram ________________________ _ . 
0.5 mllligram ___ _______________ _______ _ 
1.0 mllllgram _____ ____ __________ __ -- -- · 
1.5 mllll~rams ............ . ...... . ---·. 
3.0 mllllgrams .. _____ _ ------ - -- ___ ____ _ 

N um b<>r Number 
Injected ovula ted 

0 
1 
3 
3 

4 0 
4 1 
4 2 
3 0 
4 3 
4 3 
4 3 
4 3 

4 0 
16 4 
16 9 
32 21 

0 
1 
3 
3 
3 
3 

results when injected into goldfish that 
were known to be responsive to injections 
of a similar size of pituitaries from other 
kinds of fish. 

Carpsucker pituitaries are relatively 
small. The average weight of the thou­
sands we collected and freeze-dried was 1 
milligram, and these were collected from 
fish 10 to 15 inches long. 'Vben large dos­
ages of either aqueous suspensions or acid­
acetone extracts were injected, some activ­
ity was observed. Only 25 percent suc­
cessful ovulations were produced in one 
experiment in which 3, 6, and 9 milligrams 
( 4 to 10 glands) of carpsucker pituitary 
were injected in each fish of three groups 
of four goldfish. Another experiment in 
which acetone-dried pituitaries from carp­
suckers were injected whole and without 
water by use of a pellet injector indicated 
that extremely high dosages were required 
to ovulate female goldfish. Four females 
received injections at each dosage level. 
No female ovulated at dosages of 1 milli­
gram (1 gland); one ovulated with a dos­
age of 5.1 milligrams ( 5 glands), one with 
10.2 milligrams ( 10 glands), two with 23 
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TABLE 4.-Responses of 12 species of fish to vit11itari cs from donors of v arious tazonom.ic 
r elatio11.'.> h iJ>S 

" " " " ;§ <:: <::: ... ... 
~ ·g § " "E Recipient species Donor species @" ~ 

c 

"' ~ .s 
~ ..:; 5 ~ 
..:; .s .s .s .s 

- - - --
Ooldfi~h (Ca rass ill s a11-

rat11 s) __ ________________ Goldfi sh (Cn rass i11sn11 rat 11s) __ _ X ---- X ____ X 
Do ___________________ Carp (Cy prinuscnrpio __ ______ _ ____ X ---- X X 

Do___________________ Iligmouth buffalo (lctiohus 
cypri11 ell11 s) _. ___ ------------ X X 

Do __ ______ ____ _______ Spotted gar (Lepisosteus pro-
du ctus) --------------------- ____ X X 

Do ______ _____________ Flathead catfish (Pylodictis 
olivaris) ___ __ _______________ _ ____ X X 

Do ___________________ Channel C<l tfish (lctalurn s 
p1111ctat11 s) ____ ___ ___________ _ --- - X X 

Oo __________________ _ Blue sucke r (Cycleptus elon- X X 
gatus). 

Do ___________________ Gizzard shad (Dorosoma cepe- X X 
diauum). 

Do ___________________ Black bullhead (lctalurns X X 
me/as) . 

Do _________ __________ Blue catfish (lctalnrns fur- X X 
catus). 

Do ___________________ Smallmouth buffalo (lctiobus X X 
bubalus ). 

Do ___ ____ ____________ Black buffalo (lct iobus niger)__ X X 
Do ___________________ Chum salmon (Oncorhynchus X X 

keta). 

Do ____ _______________ Freshwater drum (Ap/oifino-
tus grunniens) . 

~ 
"E 

E 
.s 
--

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

d 
c 

:z 
0 

£ 
.s 

-

x 
x 

x 
----
x 
x 
x 

----
x 
x 
x 
x 

----

d 

~ 
~ 
.s 

----
x 

x 

·x-

Do ___________________ River carpsucker (Carpiodes x -------------------- ---- ----
car pio) . 

Carp (Cyprinlls carpio) ___ Carp (Cyprinlls carpio) ________ X ---- X ____ X __________ _ _ 

Do ___ _______________ _ 
Do __________________ _ 

Do. --- ---------------
Golden shiner (Notemi­

gonus crysoleucasl. 
White crappie (Pomoxis 

ann ularis). Do __________________ _ 

White bass (Roccus chry­
sops). 

Zebra fish (Brachydanio 
rerio). 

Do __ ----------------_ 

Do. --- -------- ------ _ 
Channel catfish (lcta-

lurus punctatus). 
Do .. ________________ _ 
Do __ ___________ ------

Do ______ --------- - ---

Do _______ ---------- __ 
Do ________ ---- -- -----
Do ________________ ---

Rock bass (Ambloplites 
rupestris). 

Emerald shiner (Notropis 
atherinoides) . 

:Mimic shiner (Notropis 
110/ucellus). 

Rcdfin shiner (Notropis 
umbratilis) . 

Flathead catfish (Pylo­
dictis oli11aris) . 

Do_----- -------------Do __________________ _ 
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Buffalo (lctiobus sp.) ______________ ---- ---- _______ _ _____ _____ _ _ 
Channel catfish (lctalurus ---- ---- ---- __ __________ _______ _ 

punctatu s). 
Goldfi sh (Carassius anratus) __ ---- ---- ---- ___________________ _ 
Carp (Cyprinlls carpio) ____ ____ ____ X X X ____ X ___ _ 

Carp (Cyprinus carpio) ________ ---- x x x x 
Chum salmon ( Oncorhynch us ---- x x x x 

keta) . 
Carp (Cyprinus carpio) ________ ---- x x x x 
Buffalo (lctiobus sp.) __________ ---- x x x 
River carpsucker (Carpiodes ____ X x x 

rarpiol . 
Carp (Cyprinus carpio) ________ ---- X ---- X ____ X 
Channel catfish (lctalurus ________ X ____ X ____ X 

punctatus). 
Carp (Cyprinus carpio)_ _______ ____ X ---- X ____ X X ___ _ 
Freshwater drum (Aplodino- ---- ---- ---- ___ _____ ____ _____ __ _ 

tus grunniens). 
River carpsucker (Carpiodes ---- ___________ _ __ ___ ___ _______ _ 

carpio) . 
Buffalo (lctiobus sp.)_ _________ ---- X 
Gar (Lepisosteus sp.) ______________ X 
Flathead catfish (Pylodictis -- -- X 

olivaris) . 
Buffalo (lcitiobus sp.) _________ ---- X 

Carp (Cyprinus carpio)_ _______ ---- X 

Buffalo (lctiobu s sp .)_ _________ ---- X 

Buffalo (lctiobus sp.) ____ ______ ---- X 

x ---- x x ---­
x -- -- x ---- x 
x x ---- x 
x ---- x ---- x 
x x -- -- x 
x 
x 

x x 
x x 

Flathead catfish (Pylodictis X ___ _ X ____ X ___ _ X 
olivaris ). 

Buffalo (lctiobus sp.) __________ ---- X ---- X ___ _ X X 
Carp (Cyprinus carpio) ________ ____ X ____ X ____ X X 

Remarks 

ncspon•lcd to both ncetone-dried 
pituitaries and acid-acetone ex­
tract (Robertson and Rinfret, 
1957). 

Cholesterol pellets of Rohertson­
Rinfrct extrnC"tions; furnished 
h y Roger Burrows. 

May ha\·e been too low in activity 
for response ut dosages admin­
istered. 

Some acti dty at higher dosage 
le\'Cls; positi ve with Hobertson­
Rinfrct extractions. 

Acetone-dried pituitaries, extracts, 
and fresh pituitaries. 

Cholesterol pellets containing 
Robertson-Rinfret extract. 

Dosage level high . 



mi1Jigrams (20 glands), four with 36.2 
to 46.6 milligrams ( 40 glands), two with 
54.7 to 70.2 milligrams ( 60 glands), and 
three with 78.2 to 98.1 milligrams (80 
glands). 

In almost all of the negati,·e instances 
when 9 or more milligrams were injected, 
blood exuded from the oviduct when hand­
stripping was attempted. This response 
suggested. an overdose for those fish; but 
since the eggs in the fish that did ovulate 
appeared normal and no blood was seen, 
it cannot be implied that the amount of 
pituitary injected in the instances of nega­
tive response constituted a pharmacologi­
cal overdose, but rather a physiological 
one. 

Several species of fish were spawned 
with whatever kind of pituitaries were 
available (table 4). Phylogenetic speci­
ficity does not appear to be significant in 
fish-cultural practices (Pickfor~ and Atz, 
1957), and our experience bears out this 
viewpoint. Twenty-nine interspecific and 
intergeneric injections and 25 interfamilial 
injections were successful. Only seven 
heteroplastic injections failed to induce 
ovulation or exhibited low activity. Four 
of the seven failures involved the use of 
carpsucker and drum pituitaries at regular 
dosage levels, while the other three \Yere 
unsuccessful attempts to spawn carp with 
heteroplastic pituitaries. However, carp 
were successfully spawned by other work­
ers who used heteroplastic implants (see 
Pickford and Atz, 1957). 

Kazanskii (reviewed by Pickford and 
Atz, 1957) implied that the carp, Cyprinus 
cm·pio, was in effect a universal donor. In 
our work, carp pituitaries successfully 
spawned nine species of fish. There may 
be other species of donor fish with equally 
active pituitaries, for instance, buffalo. 
However, carp pituitaries are usually more 
available, and their more extensive use has 
led workers to regard them as superior. 
Pickford and Atz ( 1957) state that the 
work with fish provi~es clear indications, 

but no proof, of specificity. Our present 
studies indicate that there was little spec­
ificity between families and lower tax­
onomic categories. At least, the differ­
ences were so slight that they have no 
practical importance in fish-cultural tech­
niques. However, an explanation is cer­
tainly needed for the lower activity of 
carpsucker and drum pituitaries. It may 
be that the carpsucker pituitaries were 
taken largely from immature fish. Drum 
pituitaries ham not been tried in enough 
experiments to make a definite conclusion, 
although we ham used them a dozen times 
or more. 

Gonadotropic activity in relation to season 

It is important to be relatively certain 
that the pituitaries collectec' for the pur­
pose of injection are active, as injections 
with inactive materials would waste valu­
able time and perhaps fish. w·e attempted 
to devise experiments that would deter­
mine the seasonal activity of the pitui­
taries of seYeral species of fishes, but our 
supply of pituitaries was not always 
sufficiently large to provide materials for 
the basic experiments of inducing spawn­
ing in channel catfish as well as for com­
parative tests of materials collected in 
different months. The limited significant 
data on seasonal activity that we obtaine~ 
are presented in table 5. These data rep­
resent successful attempts to induce ovula­
tion or spawning of several species and 
indicate that the pituitaries were active in 
each of the months listed. Vle have no 
data which indicate that the pituitaries of 
any species are inactive during any month 
in which we made collections. The pitui­
taries of the carp proved to be active in 
at least !) months of the year (we cl.id not 
test. carp pituitaries collected in May, 
August, or September) ; those of buffalo 
(I ctiobus spp.) were active in 8 months, 
including May and August (table 5). No 
seasonal difference in pituitary activity 
was discernible from the injections which 
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TABLE 5.-Activity of pituitaries collected in different mont hs from e·ight donor species 

[X indicatrs tha t spawning was lndu~d when the pituitaries were injec ted In nny of severa l test species ] 

Donor fi sh collected in-
$p<'c ies 

Jan. Feb. Mar. Apr. l\!ay June Jul y Aug. Sept. Oct. No\". Dec. 
- - ·-----------1---------------·----------

~~Wa1~ciFc~i~i::;~c~;~'.)'..-_~::::::::::::::: ~ i x x -- -x:-- ---~- -- ~ ___ x ___ ----- -- i i i 
Ri\-cr earpsurkcr t (Ca rpiodes corpio) .. . _ X X ---x:-- ---X-- X 
F lathead catfish (Pvlodictis oli1iaris) __ ___ X ---- --- --- - - -- -- ---- - ::::::: ---5c- ---X-- ::::::: ::::::: ::::::: ::::::: X 

8~f,M.~li~c~~~~~i~~~·~;i1i,;;j_-~:::: ::::: : ::::::: ::::::: -- -1c ---x.--- ::::::: ::::::: ---~--- ::::::: ::::::: ::::::: - --~- - ::::::: 
~:~~n~~~~~,;~~~~/,c~~~~':;~,Pa'~;·,~~~~~~)--~~: : :::::: ---~--- ::::::: ::::::: ::::::: ---x_--- ::::::: ::::::: ::::::: ::::::: ::::::: ::::::: 

1 Pituitaries of this species only slightly active. 

'"e made to induce spawning. This fact 
does not necessarily indicate that seasonal 
differences do not exist. vVe believe that 
our experiments were not sufficiently sensi­
tive to indicate variability in pituitary ac­
tivity from month to month that coul~ not 
be explained equally well on the basis of 
inconsistencies in the bioassay method 
and/ or the individual physiological Yari­
ability of the recipient species. 

On the basis of the information now 
available on fish gonadotropins, the bio­
logical assumption may be made that there 
is a seasonal difference in the amount of 
hormones in the blood or in the amount 
utilized by the target organ. This as­
sumption does not necessarily include a 
difference in the concentration of gonado­
tropins in the pituitary itself. Gerbil 'skii 
(reviewed by Pickford andAtz, 1957) gen­
erally concluded "that the presence-and 
therefore presumably the production-of 
fish gonadotropin is low only for a period 
of varying length following spawning." 
He believed that the gonadotropic content 
of pituitaries from fish that spawned in 
the spring remained relatively low into 
October. However, his data are not con­
clusive, and as "-e have pointed out many 
times, the bioassay method is inconsistent, 
and often the recipients may vary physio­
iogically more than the pituitaries vary in 
gonadotropic content. Unlike Brazilian 
practices of collecting glands from only 
ripe ot ripening fish, we recommend the 
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collection of pituitaries from mature fish 
during any month of the year at the con­
venience of the worker. 

Gonadotropic activity in relation to sex of 
donor 

Pickford and Atz (1957) reviewed the 
literature on differences in gonadotropic 
content of the pituitary of males and fe-

- males. They stated that although fish­
culturists use the glands of either sex in­
discriminately, they can no longer assume 
that the gonadotropic content of male and 
female pituitaries is the same. They cited 
the work of Barannikova ( 1949) which 
showed that pituitaries of male sevringa 
(Acipenser stellatus) when tested in JJ!is­
gurnus fossil-is were at times only half as 
potent as those from females. vVith the 
donors and recipients used in our work 
and in large-scale operations in fish cul­
ture, we have found nothing to be gained 
from separating the pituitaries of the two 
sexes. In practical application, when 
fully ripe fish are used, selected dosage 
levels are usually more than minimal, since 
there is no apparent harm to the fish or 
the spawn with moderate overdoses. 
Slight overdoses tend to offset individual 
differences in both the pituitaries and the 
recipient fish. Such differences in activ- · 
ity clue to sex or other variables are fur­
ther minimized by grinding together pitui­
taries of various collections and injecting 
known quantities of the ground mixture. 



T.A.BLE 6.-Reaponae of female gold/f,IJh (Carassi~ auratus) injected with whole or with. parta of 
transected buffalo (lctlobus sp.) pit11itariea 

Kind or pituitary 
Injection 

Whole ••.•• - -- ----- --- --- - -
Whole.-------- - -------- - --
Whole ••.• --- ---------- ----
Whole ••• ----- - - - --- --- - ---
Whole.----- - -------. _____ _ 
Whole._ -- _ ------- ________ _ 
Whole •• --- -- ---- --- ----- __ 
Control. .•••• --- •• ---- _ ----

Weight or 
pituitary 
injected 
(milli­
grams) 

6.3 
4.9 
3.3 
1. 7 
0. 8 
0. 4 
0.3 
0 

Number or Number of 
injected ovulating 

fish fish 

4 
4 
4 
4 
4 
4 
4 
4 

Part of pituitary 
injected 

Weight of 
pituitary 

(milli-

~r~(j 
transection 

Number of Number of 
injected o.-ulating 

fish fish 

4 
4 
4 
4 
4 
4 

3 
0 
3 
0 

I 2 
1 

• The negative fish In this group were considered poorly developed at the time the experiment began. 

Site of gonadotropic activity in the pituitary 

In order to determine which part of the 
pituitary contained the active gonadotro­
pins, an experiment was designed which 
( 1) determined a dosage of whole buffalo 
pituitary (about 1.7 milligrams per fish, 
table 6) necessary to induce ovulation in 
at least three of four goldfish (this infor­
mation was necessary to assure the use of 
pituitaries of adequate size in the second 
part of the experiment) and (2) tested the 
gonadotropic activity of the anterior and 
posterior parts of three pituitaries of ap­
proximately similar size or larger by in­
jecting each part into separate groups of 
four goldfish (table 6). Posterior lobe 
here refers to the meta-adenohypophysis, 
as suggested by Pickford and Atz ( 1957) ; 
anterior lobe refers to the remainder of 
the pituitary. 

In evaluating the response of the in­
jected fish approximately 15 hours after in­
jection, only those fish that readily 
responded to hand-stripping were counted 
as positive. About 69 percent of the fe­
males respond,ed to injections of ground 
whole pituitaries when the dosage was 1.7 
milligrams or more; 71 percent of the fe­
males responded to injections of the 
anterior lobes of pituitaries weighing 1.5 
milligrams or more; no ovulation occurred 
in the eight fish which received the pos­
terior part of the pituitary. These results 

of the effect of buffalo pituitaries on gold­
fish confirmed reports that the source of 
gonadotropic activity is found in the 
anterior lobes of the pituitary, and that 
the posterior lobe contains no active 
gonadotropins. 'Vhen the dosage levels 
were d,oubled, results were as expected­
positive results with the anterior portion 
and some activity with the posterior por­
tion. Eggs were easily hand-stripped 
from one female injected with posterior 
lobe. These results were probably the out­
come of the method of dissection: pieces 
of the anterior lobe were left on the 
posterior lobe so that enough anterior lobe 
material had accumulated to be active in 
the higher injection. Other workers 
(Kazanskii and Persov, Barannikova, see 
Pickford and Atz, 1957, for review) 
transected pituitaries and demonstrated 
that the anterior portion is the site of 
gonadotropic activity. 

Relation between pituitary size and 
gonadotropic activity 

The gonadotropic activity of different 
sizes of pituitaries (acetone dried) was 
indicated by the percentage of induced 
ovulation of goldfish injected with stand­
ard amounts ( 1.5, 1.0, and 0.5 mg.) of 
pituitaries of varying sizes, e.g., eight 
groups of carp pituitaries varying in size 
from one to eight per 10 milligrams (com­
bined weight) and five groups of buffalo 
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TABLE 7.-Gonadotropic acUv ity of 1:arior1s sizes of cm·p and IJ11ffalo pituitaries a.s indicated by 
induce<l ovulation of i11jcc ted yoltlfi.~11 

[Data based on fish rated "good"] 

CARP PITUITARIES 

Dosage 1.5 milligrams Dosage 1.0 milligrams Dosage 0.5 milligrams 

Number of carp pituitaries per 10 milligrams 
Number 
injected 

Percent or 
ovulat ion 

Number 
injected 

Percent or 
ovulation 

Number 
injected 

Percent of 
ovulation 

l _ - - --- - - - - - - - - - - -- -- -- - - - - - - - - - - - - - - - - - - -- - -
2 __ - - - - - - - - - - - - - - - - -- - -- - - - - - - - -- - - - - - - - - - - - -
3 __ - - - - - - - -- - - - - - - - - - - - --- - - - - - - -- - - - ----- -- -
4 __ - - - - - - - - - - - - - - - -- - -- - - - - - - - - - ---- - - - - - - - - -
5_ - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - -- - - - --6 __________________ __ _______________ ______ __ _ 

7 -- - -- - - --- - - - - - - - - - - -- - - - - -- - - - -- -- - - - - - - - - -
8_ - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - --- - - - - - - - -

2 
4 
3 
4 
2 
l 
3 
1 

100 66.6 50 
~~~ ---------- --2- ___ __ _____ o ___ ------------1- -----------100 
100 
100 
100 
100 

0 

------------2- --------100 ___ ------------1- -------------0 
------------3- --------100 ___ ------------1- -------------0 

BUFFALO PITUITARIES 

Dosage 1.5 milligrams Dosage 1.1 milligrams Dosage 0.75 milligrams Dosage 0.37 milligrams 
Number or buffalo pituitaries i--------i----~----i---~~---1·------­

per 6.5 milligrams 
Number Percent or Number Percent of Number Percent or Number Percent of 
injected ovulation injected ovulation injected ovulation injected ovula tion 

L _ - - --- - -------- -- ------------
2_ - - - ------ - - - -- -------------- -
3_ - ------ --- --- ----- -----------
5_ - - - -- ------- ------- ----------
6_ - - - ----- - --------------------

2 
3 
1 
2 
3 

50 
66.6 

100 
50 

100 

pituitaries varying from one to six per 
6.5 milligrams (table 7). 

The recipient fish for these experiments 
were not selected, but were arbitrarily 
assigned to aquariums and rated as good, 
fair, and poor; thus the results reflect the 
cond.ition of these fish as well as the ac­
tivity of the pituitaries of the donors. 
The ratings were made before the experi­
ment, and 'rn used only the data obtained 
from fish rated "good". 

A fish rated "good" was one we believed 
to have a good possibility of ovulating or 
spawning, doubtful fish were rated "fair," 
and "poor" fish in all probability would 
not ovulate or spawn_ At the dosage of 
1.5 milligrams per fish all of these esti­
mates of condition "·ere above 80 percent 
correct-94.2 percent correct for the 
"good" ratings, 80 percent for "fair," and 
100 percent for "poor." 

If only the fish rated "good" were con­
sidered at the standard dosage level ( 1.5 
milligrams) for any size of pituitary, then 
the size differences were not significant 
provided the total weight of pituitary was 
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100 
0 

75 

2 
4 
2 

50 
100 
50 

2 
2 
1 

0 
100 
100 

the same (table 7). Therefore, the ac­
tivity per unit weight did not vary with 
the size of carp pituitaries weighing from 
1.0 to 10 milligrams, the gonadotropic ac­
tivity being directly proportional to the 
weight of the pituitary. If there was a 
difference in hormonal activity, it was less 
than the differences in the response of var­
ious individual fish. 

In practice then, variations in size of 
pituitaries may account for differences in 
effectiveness of the injections if pituitaries 
are injected without weighing. It is sug­
gested that pitnitaries used for injections 
be combined, finely ground, thoroughly 
mixed, nnd weighed for injection to pro­
vide more uniform results. 

Relation of pituitary weight to fish length 
and weight 

" re ha rn demonstrated that the size of 
the pituitary in mature fish is a general 
in(~ieator of its potential gonadotropic ac­
tivity. \Ve also endearnred to determine 
how the size of the pituitary varied with 
the size of fish. Pituitaries were removed 



and weighed immediately after the fish 
were killed. Average pituitary weight for 
each length group of gravid goldfish was 
plotted against that group to provide the 
line of figure 1. It clearly demonstrates 
a straight line relationship. The regres­
sion equation for the grouped data is 
Y=l.30-6.31 and the coefficient of cor­
relation is 0.892. However, there is con­
siderable variation in pituitary size as 
related to length of fish, as indicated in 
the range of pituitary weights for each 
group of fish lengths (table 8) . A small 
portion of this variation may be due to 
the fact that different amounts of the stalk 
and membranes were remove~ and 
weighed with the pituitary and that 
slightly different amounts of moisture re­
mained on each pituitary after blotting. 

A similar straight-line relation between 
fish length and pituitary weight is shown 
for the male and female channel catfish 
(fig. 2, based on data in table 9). The 
regression formula for males is Y = 1.55x-
15.55 and for females it is Y = 3.40x-44.44. 
The coefficient of correlation for males is 
0.887, and for females it is 0.817. When 
pituitary weight was plotted against fish 
weight (fig. 3) the regression equation 
was Y=3.56x+4.12 for males and 
Y=8.14x-3.31 for females. The correla­
tion for males is 0.911 and for females it 
is 0.952. Thus, there is a slightly higher 
correlation between pituitary weight and 
fish weight than there is between pituitary 
weight and fish length. 

TABLE 8.-Relation of pituitary weight (wet) to 
fish length of gravid goldfish 

Total length of fish 
Range of Average Number of 
weights weight pituitaries 

(milligrnms) (milligrams) 

5.0inches________________ 0.8 0.8 1 
5.51nches---------------- 1.0- 1.2 1.1 2 
6.0inches____________ ____ 0. 7- 3. 6 1.4 8 
6.5lnches_______________ _ 1.5- 3.2 2. 1 4 
7. 0 Inches---------------- o. 8- 4. 2 2.1 10 
7. 5 Inches______ __________ 2. 0- 3. 8 3.1 3 
8. 0 inches____________ ____ 0. 9- 6. 0 3. 8 7 
8. 5inches. _________ ___ ___ 1.2-10. 2 6. 0 5 
9. 0inchcs---------···· ··· ------- - -- -· - --------- -- ------------
9. 5 lnches... • . ........... 6. 1 6. 1 1 

644984 0-62--;-3 

TABLE 9.-Rclation of pit11i.tary 1oeight to fish 
length of clta1111el catfiJJh 

[Only one fish was used in each length llstrd] 

Length or fish 

Male channel catfish : 
15. 4 lnchcs __________________ _ 
15. 5 Inches._ ............ . . ... . 
16. 2 lnches .. ----- ------- -- ---· 
16. 7 Inches .. ........... .... .. . 
17. 8 Inches .. .. ............. .. . 
18. 1 Inches .. ....•.••. ..• .• ... . 
18. 1 Inches ............... .... . 
18. 5 Inches._ . .• ............... 
20. 8 lnches ... ... ........•..... 
20. 8 Inches __ __ _______ ___ ___ __ _ 
22. 4 lnches •• .. .......... . .. ... 24. 0 Inches __ ___ __ ____________ _ 
25. O inches._ ............... _ .. 

Gravid female channel catfish: 13. 8 lnches ___________________ _ 
14. 5 lnches ••.. .. .•......... . . . 
15. 2 lnches .•....•.•....... .... 
16. O inches .•...•.............. 16. 9 Inches ___________________ _ 
17. 6 lnches .•....•........... • . 
17. 6 lnches ••.................. 
19. 3 inches.-- - ----··- -· ······ 

Weight of 
fi sh 

{pounds) 

1.6 
I. 5 
1.4 
I. 7 
1.9 
2. 4 
2. 4 
2. 5 
2. 8 
4.0 
3.4 
5. 6 
5. 4 

. 9 
1. 3 
1.2 
1. 4 
1.6 
2.2 
2. 2 
3.4 

Wet weight 
of pituitary 
(milligrams) 

11. 5 
11.0 
8. 5 

12. 0 
12. 0 
8. 5 
9. 0 

15.0 
14. 0 
15.0 
18. 0 
25. 0 
25. 0 

4. 5 
6.1 
6. 3 
8. 2 

13.3 
11. 5 
12. 4 
26. 0 

The ratio of the weights of fresh to the 
acetone-dried pituitaries for 26 female 
goldfish was 3.13: 1 (24 percent of the 
wet weight). The ratio of the average 
wet weight of the pituitaries to the average 
weight of the gravid female goldfish was 
1 milligram of pituitary to 34.9 grams of 
fish, or 13 milligrams per pound of fish. 
This ratio ranged from 5.7: 1 to 26.9: 1. 
The ratio of the wet weight of the pitui­
tary in milligrams to the weight of female 
channel catfish in pounds was 6.2 : 1 ; for 
males 5.4: 1 (table 9). 

Even though the relative size of the pitu­
itary varies phylogenetically, the fact does 
not appear to be of any practical sig­
nificance to fish-cultural practices. ·we 
have used standard dosages based on milli­
grams of pituitary per pound of body 
weight of the recipient, regardless of the 
size, sex, and species of the donor. This 
practice may have to be changed for the 
pituitaries of certain species, e.g., river 
carpsucker and drum, as more information 
is gained, since our data. indicate that the 
pituitaries of these species are low in 
activity. 

Pickford and Atz (1957) reviewed the 
literature concerning the percentage of 
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FIGURE 1.-Relation between pituitary weight and total length of gravid female goldfish. 

weight loss in drying pituitaries in acetone 
and found that the defatted, dry weight 
represents 1'3 to 17 percent of the wet 
weight of the pituitaries of four different 
teleosts, which, it might be noted, belong 
to three different orders, two of the species 
being freshwater, one anadromous, and 
one marine. 

Latent period 

The time of response from injection 
to ovulation (the latent period), provided 
that it is rather constant, has practical 
significance in fish culture. Knowledge of 
this latent period permits more efficient . 
hatchery operation insofar as the use of 
fish, men, and equipment are concerned. 
We have noticed that goldfish carefully 
selected for their apparent advanced 
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spawning condition and injected in the 
afternoon invariably spawn early the next 
morning if the water temperature is about 
70° F. At lo,Yer temperatures, a some­
what longer period is required. 

These observations raised the question 
of whether the fish respond in a given in­
terval of time or whether the exogeneous 
gonadotropins ready the fish physiological­
ly and they spawn early the next morning 
when light and other environmental con­
ditions are favorable for normal spawn­
ing. The following experiment was de­
signed to answer this question. 

Four female goldfish were each injected 
with 2.6 milligrams of acetone-dried carp 
pituitary collected · in December. At 
2-hour intervals, other groups, each of four 
fish, were similarly injected. This proce-
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FIGURE 2.-Relation between pituitary weight and total length of male and female channel catfish. 

dure was continued for a 12-hour period. 
All injected fish were examined every 2 
hours. Presumably, if goldfish responded 
at a given time after injection, the fish 
which we first injected would spawn after 
that interval of time, and the others would 
spawn each 2 hours during the next 12 
hours. If they spawned at a particular 
time of day, there would be no 2-hour pat­
tern; the fish would spawn only in the 
morning. 

No eggs could be hand-stripped from the 
.selected fish prior to the pituitary injec­
tion. On subsequent attempts, if a few 
eggs could be stripped, the condition was 
designated as "early ovulation" (table 10). 
In other instances, hand-stripping released 

a considerable number of eggs which were 
closer to the color and texture of ripe eggs; 
this condition was designated as "incom­
plete ovulation". Only when the eggs 
could be stripped from the fish with slight 
pressure was the fish considered to be fully 
ripe and its condition rated as "complete 
ovulation". Admittedly the classification 
is a matter of judgment, but the four 
people who worked in the laboratory 
readily agreed upon the condition of the 
fish and eggs in all cases. 

Of the 28 fish injected throughout the 
course of the experiment, all fish that ovu­
lated did so within 12 to 18 hours after 
injection. One fish responded in 12 hours, 
seven in 14 hours, nine in 16 hours, and 
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FIGURE 3.-Relation between pituitary weight and weight of male and female channel catfish. 

two in 18 hours. Sixteen fish, about 90 
percent, responded between 14 and 16 
hours at a temperature of about 72° F. 
Nine fish did not ovulate. 

The fact that 90 percent of the females 
responded to hormone injections after 14 
to 16 hours is significant to the fish­
culturist. For example, if goldfish are 
injected during the late afternoon, spawn­
ing should occur during the early morning 
hours when the sun is coming up and. when 
the goldfish normally spawn. However, if 
one desires spawn during other hours, fish 
can be injected at times calculated to give 
spawn at any hour which might be ad­
vantageous to the cultur :st. 
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It is not particularly significant that 9 
of 28 females did not ovulate, since the fish 
employed were not selected to be com­
pletely ripe. The pituitary method of 
spawning as used in this experiment was 
not intencJ.ed to ripen fish, but merely to 
precipitate ovulation in ripe fish. The 
spawning of unripe fish is another problem 
and involves different techniques. 

The length of the latent period of gold­
fish rnries with temperature. If the fish 
were ripe enough to respond at all, the 
latent period increased from 12 to 25 hours 
as the temperature decreased from 85° 
to 52° F., the range of temperatures at 
which goldfish were spawned in our ex-



TAnLE 10.-Latent period for female goldfl8h 
i11jected with 2.6 milligrams of carp pitui­
taries at 72° F . 

Size 

7.25 Inches •. . 
8.5 Inches ••.. 
8.0 Inches. __ . 
7.25 Inches • .. 
8.0 Inches._ .. 
7.75 Inches •.. 
7.5 Inches ••.. 
7.25 Inches . .. 
8. 75 Inches • .. 
8.5 Inches .. .. 
6. 75 Inches . . _ 
7.5 Inches._ .. 
7.25 Inches .. _ 
7.0 Inches •• .. 
7.25 Inches_ .. 
6.75 Inches •. _ 
8.25 Inches . . _ 
7.75 Inches •.. 
9.0 Inches ••. . 
7.5 Inches • .. . 
7.5 Inches ___ _ 
7.0 Inches __ _ _ 
8.0 Inches. __ _ 
6.25 Inches •. . 
8.0 Inches •• .. 
8.5 Inches. __ _ 
7.5 Inches ___ _ 
6.5 Inches ••. . 

Time or 
Injection 

0815 
0815 
0815 
0815 
1015 
1015 
1015 
1015 
1215 
1215 
1215 
1215 
1415 
1415 
1415 
1415 
1615 
1615 
1615 
1615 
1815 
1815 
1815 
1815 
2015 
2015 
2015 
2015 

Number or hours from injection or 
pituitaries to spawning 

Early Incomplel<' Complete 
ovulation ovulation ovulation 

-- - - - . - .. -- - 14 16 
-- --- -- ---- -- ---- - - -- - - 16 

12 14 --- -- - - -- ---
12 14 18 

--- -- --- --- - - ---- -- -- - - - 16 
10 . -- --- -- - - - - 18 
10 24 --- -- -- -- - - · 
14 - --· · - -- - - - - 16 

- --- ------ -- ---- ----- · · · 16 
. -- --- ----- - · -·- 14 

12 ___ _ : :::: : : : 14 
---- --- - -- - - - --- 16 
-- - - - - - -- -- - ·- -- - - -- -- - - 16 
-- ---- ----- - 20 -- --- - ----- -

4 8 --- - - --- - ---
10 18 ----- - - -- -- -
2 -- - ------ - -· 14 
2 18 · ------ -- - --

- --- -- - - - - -- ---- ----- - -- 14 
--- --- - ----- 18 -- -- -- ------
-- --- -- ----- -- ----- - -- - - 16 

8 -- --- -- - -- -- 16 
- --------- - - ---- - ---- - -- 12 

2 16 ---------- --

14 
14 
14 

periments. If certain goldfish require 
consic\erable ripening and more than a 
single standard injection is necessary to 
precipitate spawning, the time of response 
from the first injection is probably more 
contingent upon the amount of maturation 
required than on the dosage level, if the 
level is equal to or above the standard dose 
determined for ripe females in the same 
lot of fish. This statement is made in 
light of the fact that the strength of the 
injection does not seem important to the 
induction of spawning or to the latent 
perioc\ of ripe goldfish once a certain level 
or threshold is reached. Since gonadotro­
pins are probably excreted or inactivated, 
the excess quantities therefore would not 
stimulate ripening in direct proportion to 
the dosage level, but would be somewhat 
less than proportional.. The fact that the 
length of the latent period "·as fairly 
constant probably means that the thresh­
old dosage existed, and the injected fish 
as a group were of similar physiological 
con<lition. One thing that should be noted 

here is that different groups 0£ goldfish do 
have different quantitative requirements 
for a threshold dosage (table 3), which 
again emphasizes the importance of the 
spawning condition of the recipient an4 
the experience of the fish-culturist in judg­
ing that condition. 

Another point to be made in regard to 
the variable latent period ( 12 to 18 hours) 
is that after 18 hours no fish continued de­
velopment to the "complete" ovulation 
stage, suggesting that the absorption of 
hormones from the 2.6 milligrams of 
pituitary was virtually complete after 18 
hours. In another paper (Sneed and 
Clemens, 1958), om· data on channel catfish 
suggest that the level of gonad_otropins 
necessary to produce spawning was main­
tained more effectively by small dosages 
(every 8 hours) than by larger dosages less 
frequently given ( 24 hours or longer). 

Effect of exogenous gonadotropins on 
fertility and development 

Pickford and Atz (1957) stated in con­
nection with their review of Russian litera­
ture that "there is ample evidence that 
improper application of the method of 
inducing ovulation by pituitary injection 
can yield inferior sex products." "Im­
proper application" means too large a dose, 
and "inferior sex products" means in­
fertile eggs or sperm, reduced viability, 
the incidence of monsters, and in the case 
of sturgeons, parthenogenetic develop­
ment of the eggs. However, the Russian 
data are not clear cut, and Russians them­
selves argue the point. 

No such effects have been detected in 
incubating and hatching the eggs, or in 
raising the fingerlings from over 200 
channel catfish spawns obtained by pitui­
tary injections. Some decrease in fer­
tility (1to5 percent) was observed when 
the same male was used to spawn two or 
more females, and in the spawns from 
fish early or late in the season. Such 
instances of infertility can be accounted 
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TABLE 11.-Ferti./ity of eggs from carp and gold­
fish inject ed w ith a-eetone-dried pituUari.es 15 
to 24 hours before handstripping. 

Female M ale Percent Rem arks 
fertility 

Goldfish ____ Goldfish __ 99 Development followed to 
hat ching. 

Goldfish ___ _ Goldfish __ 91 Development followed to 
hatching. 

Goldfish ____ Goldfish __ 92 DeYelopment followed to 
hatching; unfPrtilized eggs 
s tored in plastic bag 1 hour 
before fe rtiliza tion . 

Goldfish __ __ Carp . __ ___ 75 
Carp ___ ____ Goldfish __ 97 E ggs s tripped in to Rin ger's 

solution immediately be-
fore fertilization . 

Carp _______ Goldfish __ 91 
Carp ___ ___ _ Carp ______ 97 Carp _____ __ Carp ______ 90 Sperm stored in Ringer's 

solution before use. 
Goldfish __ __ Carp _____ _ 80 Unfertilized eggs s tored in 

plastic bag in refri gerator 
1 hour ; sperm stored 4 
hours in Rin ger 's solution. 

Goldfish ____ Carp ______ 80-85 Unfertilized eggs s tored 
refri gerator 1 hour. 

in 

for on the basis of incomplete develop­
ment early in the season and natural 
deterioration of eggs late in the season. 
It was not uncommon for the eggs to be 
inferior in the first few ovipositions, and 
on occasion these "-ere eaten by the spawn-

ing fish. The lowered fertility was never 
great enough to be of practical signifi­
cance; and it was ne,·er attributed to hor­
mone injections, except ''"hen fish were 
hormone-spawned before their normal 
spawning season, or late in the season. 

Excellent fertility was demonstrated by 
handstripping carp and goldfish of both 
sexes, \Yhich were previously injected with 
acetone-d,ried pituitaries (table 11). Sim­
ilar results were obtained when the in­
jected fish were allowed to spawn on mats. 

Exogenous gonadotropins can be used 
successfully to spawn fully developed fe­
males. Inferior results, as reported in the 
literature, probably involve extremely 
large doses of pituitaries, faulty tech­
niques, or the use of unripe or delayed 
fish. From a fish-cultural standpoint, the 
understanding of why some fish are refrac­
tive to hormone injections is more import­
ant at the present than is an explanation of 
slightly harmful effects of gonadotropins 
on fertility and development. 

USE OF PITUITARY MATERIALS 

A review of the attempts to spawn fish 
by hormones reveals a number of tech­
niques which produce varying degrees of 
success and failure. The reason that a 
proper and proved technique may produce 
negative results lies to some extent with the 
qualifications of the investigator who 
usually is either an endocrinologist who 
knows almost nothing about fish culture or 
a fish-culturist who is rather uninformed 
about endocrinology. For this reason, we 
regard only positive results in the reports 
of induced spawning experiments as truly 
significant.- Sometimes even the positive 
results need to be regarded with caution 
since fish occasionally can be chemically or 
physically shocked into spa,rning. 

The condition of the female fish at the 
time that induced spawning experiments 
are conducted is of utmost importance. 
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The method presently used and discusse:l 
in this paper concerns spawning of ripe 
fish only. W"ithin relatively narrow 
limits, fish can be hastened into spawning 
by pituitary injections. Likewise, fish 
slightly delayed in spawning, or refractive 
to spawning in their natural habitat, can 
be spawned by these methods. The ma­
nipulation of fish beyond these narrow 
limits is another problem. · 

The best method of selecting fish for 
advanced sexual development is to exam­
ine the larger fish in the hand ; smaller 
(minnow-sized) fish can be examined in 
a quart jar. The assessment of the fe­
males' physiological receptivity to gonado­
tropins \YaS based on a combination of the 
following characters: (1) Abdominal dis­
tention by the ovaries, preferably after the 
digestive tract has been emptied; (2) con-



di ti on of the genital opening; ( 3) color; 
( 4) degree of abdominal flaccidity ; ( 5) 
behavior. 

The assessment of the degree of sexual 
development of the male is not usually a 
major problem. During the spawning 
season, males of many species often show 
sexual dimorphism, and any male observed 
in breeding color was assumed to be ripe. 
If sexual dimorphism does not exist, and 
it is difficult to determine ripe males from 
unripe females and immature individuals, 
the fish of undetermined sex can be stocked 
at a ratio of two or more per gravid female 
in an effort to assure the presence of some 
mature males in the tank. These fish 
should be similar in size to the selected 
gravid females. In those species that pair, 
the behavior of the male frequently in­
dicates whether or not he is a potential 
spawner. His positive or negative at­
titude toward the female or to other males 
often reflects his sexual development. A 
thorough knowledge of the natural spawn­
ing behavior and conditions for the par­
ticular species makes it much easier to 
select fish that can be induced to spawn. 
Both males and females are usually in­
jected for handstripping procedures, but 
otherwise only the females receive gonad­
otropins. For species that require the 
more specific environments for spawning, 
such as the nest builders, it may be neces­
sary to provide certain facilities such as 
vegetation, gravel, rocks, cans, or flowing 
water, since stimuli from the environment 
may also play an important role in the 
proper metabolism and activity of the in­
jected hormones. 

Other important factors of general tech­
nique to be considered include dosage and 
handling. It usually saves time and labor 
to give doses above the minimum required 
for spawning, rather than to administer 
a subminimal dose. The evidence indi­
cates that once the spawning dose is 
reached greater amounts of pituitary do 
not change the results (table 3). 

Our general 1:echnique varied with the 
size of the fish. Minnow-size fish (2 to 3 
inches long) were usually anesthetized in 
1 :10,000 MS 222 and were held in the folds 
of a net. They were injected intra­
peritoneally with 0.1 to 0.2 milligrams of 
pituitaries in 0.1 to 0.2 milliliters of dis­
tilled water which contained 100 to 200 
units of penicillin. If greater volumes 
were injected, the fluid was more likely 
to be lost from the body cavity after the 
needle was withdrawn. Also, greater 
volumes produced an edema and peritoneal 
inflammation, perhaps because the inter­
nal pressure was too great for the welfare 
of the fish, or the volume of fluid was too 
great for complete absorption. For these 
small fish, a needle size of 26 or smaller 
was used. For larger fish, needle sizes 
from 19 to 21 were satisfactory and did 
not often clog. Luer-lock hypodermic sy­
ringes, which have a locked needle, will 
prevent the loss of materials if the needle 
clogs. Large fish were not anesthetized. 
They were injected intraperitoneally with 
pituitary dosage of 2 milligrams or more 
per pound of body weight, with 1 milliliter 
or more of distilled water, and 10,000 units 
of penicillin if multiple injections were 
necessary. 

Suitable facilities and proper spawning 
places (such as well-aerated running wa­
ter, aquaria, troughs, pens, or ponds) must 
be provided, the type depending on the 
species to be spawned. If a question of 
water temperature arises, a temperature 
approximating that at which spawning 
occurs in nature is used. If there is danger 
of the eggs being eaten, some species (e.g., 
zebra fish) can be spawned over netting 
through which the eggs can settle and be 
separated from the parent fish. Other 
species (goldfish, carp, etc.) can be 
spawned on mats which are periodically 
moved to hatching ponds or troughs. The 
egg masses of the catfishes are easily 
moved to mechanical hatching facilities 
immediately after spawning is complete. 
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( , ., An a~ount of our experience in spawn­
ing twelve species of fish is given in the 
follo'"ing sections and is summarized, in 
table 12. It may appear to the reader that 
in the following sections that not enough 
attention has been given control experi­
ments. In those species (goldfish, carp, 
channel catfish and golden shiner) that 
were spawned on a large scale, control 
groups "·ere usually not set up at this stage 
of our investigations, since many previous 
controlled experiments had indicated that 
these species did not often spa"·n in con­
fined spa,ces (aquaria, holding troughs, 
etc.) without pituitary injections. 

In the case of the zebra fish, too few con­
trols "'ere used to demonstrate a clear-cut 
difference between the response of injected 
and uninjected fish. Since this fish readily 
spa\Yns in small containers, the effect of 
gonadotropins never will be as pro­
nounced. 

The information on the spawning of the­
remaining species should be considered as 
preliminary, since only a few fish have 
been spa mrnd. "\Vben only a few fish are 
involved, negative controls have little 
meaning, since the fish are so indi­
vidualistic in their physiological condition. 
Only random injections and random con­
trols from a particular population, and. 
then only if many individuals are used, 
give statistical significance to contro11ed 
experiments inYohing induced spawning 
in many species of fish. For such species 
as the channel catfish, which, when held 
captive in small aquariums, does not spawn 
unless it is injected, controls appeared 
superfluous after this fact was definitely 
established. Also, for all species with 
which we worked., control information was 
accumulated inasmuch as similar, unin­
jected fish were almost always maintained 
in the laboratory under practically identi­
cal conditions, although formal controls 
"·ere not designated. 

The response of a particular species of 
fish to pituitary injections varies with the 
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gonadal development of the fish. Very 
gravid females respond much more readily 
than fish less well developed. In other 
"\"\ords, it is easy to induce spawning dur­
ing the regular spawning season, the fish 
often spawning with .one injection; where­
as fish injected several weeks before their 
regular spawning season ma.y require 
several injections over a period of hours or 
days in order to precipitate the spawning 
act. Usually several injections must be 
used to spa,Yn fish which ham been delayed 
past their normal spawning period, but 
spawning cannot be obtained if degenera­
tion of eggs has begun. Usually delayed 
fish are refractory, but quite often normal 
eggs can be procured if several low-level 
dosages are give. For example, we have 
spa,Yned carp as early as February and as 
late as .July 14 by use of the pituitary in­
jection method, and Mr. Mayo Martin 
(personal communication) spawned carp 
in September in Arkansas. There are rec­
ords in the literature of cyclic-spawning 
fish having been spa,rned during practi­
cally every season of the year (Hasler and 
Meyer, 1942; Kawamura and Otsuka, 
1950; Hasler, Meyer, and Field, 1939; Ball 
and Bacon, 1954). Apparently, the major 
requirements for successful induced 
spawning are that fish contain well-devel­
oped eggs ancl that the injected pituitaries 
contain the components necessary to pre­
cipitate the spa,Yning act or to produce 
ovulation. In many species (carp, gold­
fish, channel catfish, green sunfish), sperm 
is arnilable in at least some males most 
months of the year (see also Pickford and 
Atz, 1957, p. 216). 

Chronic injections of pituitary mate­
rials at dosage levels normally used to in­
di1ce spawning in a particular species can 
be harmful to fish that contain small, im­
mature eggs. For example, 1-year-old fe­
male largemouth bass (Micropterus salm­
oides) whose ovaries contained mostly 
immature, the amount of pituitary which 
tracted chum salmon pituitaries in choles-



TABLE 12.-Summary Of induced spawning experiments for twelve species Of fish 

Size or Number Water Donor Number of Number or Gan be band-
Species recipient spawned Month tempera-

ture (°F.) 
species Dosage milliliters injections Facilities stripped? 

Goldfish ( Carassim au- 3-12 inches ______ Thousands ..•• Mar.-June ____ 65 13 species ______ 1 gland ________ 1. 0 1-2 Aquariums, troughs, ponds, Yes. 
ratus) . me.ts. 

Carp ( Cvprinus carpio) ___ 1 lb. - ----------- Hundreds _____ Mar.-June ____ 75 (6:;...85) Carp __________ 1 gland (1-5 1.0 1-2 Troughs, ponds, mats . ... • Yes. 

Golden shiner (Notemi-
mg). 

3-5 inches ______ _ Hundreds _____ May_--------- 68 Carp __________ 1/20-1 gland .•• 0.2 1 Aquariums, ponds, mats . . Yes. 
gonus crvsoleucas. 

Emerald shiner (Notropis 2~3J.2 inches ___ 1 to 3 __________ July __________ 76 Buffalo _______ 1/10 gland ____ _ 0.2 1 Aerated aquariums; fish Not known. 
atherinoides) . over netting. 

Mimic shiner (Notropis 2 inches _________ 1 to 8---------- June.--------- 76 Carp __________ 1/10 gland __ ___ 0.2 1 Areated aquariums; flsh Not known. 
volucellus). over netting. 

Redfln shiner (Notropis ll-2-2 inches _____ 1 to 4 __________ July _________ _ 76 Buffalo. ______ 1/10 gland _____ o. 2 1 Aerated nqunriums; fish Not known. 
umbratilis) over net.ting. 

Che.noel catfish (lctalurm 0.7-8.2 pounds ... 2()0 ____________ May-June ____ 70 (70-85) 5 species 2 mg./Jb _______ 1.0 3 Aquariums, troughs, pens. No. 
punctatus). (see text) . 

Flathead catfish (Pvlo- 5.0 Jb ____________ 4. ---- - - - - ---- -
July ___________ 75 3 species (see 2-6 mg. per lb. 1.0 3-4 Aquariums, troughs ___ ____ No. 

dictis olivaris). text). 
White crappie (Pomoxis 10-12 inches _____ 4. - - ----- -- ----

May __________ 61 Carp, Saline 4 mg _____ _____ 1. 0 1-2 Troughs, mnts ______ ___ __ _ Yes. 
annularis). extract. 

Rock bass (A mbloplites 5-7 inches _______ 2. - -- -- - --- --- - July _____ --- - -- 76 Buffalo ________ 2 mg __________ 1.0 2 Aquariums, gra\•el, running Not known. 
rupestris). water. 

Zebra fish (Brachvdanio 1-2 inches _______ Severe.I. _______ Dec.-May ____ 80 3 species (see · 0.6mg ________ 0.2 1 Aerated nqunrlums; fish Yes. 
rerio). text). over netting. 

White bass (Roccus chrv- 9-12 inches __ ____ 2. -- -------- - - -
June __________ 72 Carp ___ ______ _ 0.5 and 2 mg._ 1.0 2 Trough, mats __ _____ _____ _ Yes. 

sops). 
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terol pellets (prepared by Dr. Arthur 
Rinfret and supplied to us by R. E. Bur­
rows). These fish became nervous after 
5 or 6 days, began to lose mucus from the 
body, developed whitish spots, and jerked 
violently when handled. The muscles of 
the fish felt hard, as though the fish had 
been dehydrated. On the second day the 
fish gave off large quantities of urine when 
stripping tests for eggs were made, and 
would often flex into a rigid sigmoid curve 
when handled. Fish responded similarly 
to large amounts of fresh pituitary given 
frequently over a 24-hour period, or when 
large doses were administered daily for 6 
or 7 days. We have noticed a few identi­
cal responses in other species including 
crappie, goldfish, carp, and zebra fish. 
There are several possible explanations for 
such phenomena: 

1. When gonads are poorly developed or 
immature, the amount of pituitary which 
we injected disrupted metabolic processes 
of the fish, i.e., the injections constituted a 
pharmacological overdose. 

2. The extract which we used and the 
raw pituitaries contained products which 
were toxic to the fish. 

3. The fact that the fish appeared de­
hydrated and that the urine was increased 
suggests that hormones had a diuretic ef­
fect on the fish. 

The toxicity of some pituitary materials 
to immature fish may possibly be due to 
ACTH, as suggested by Roger E. Burrows 
(correspondence) . 

Two results of our research suggest that 
the hormonal requirements of the two 
groups of fish are different quantitatively 
and/ or qualitatively: (1) Sexually mature 
fish respond in an apparently normal 
fashion to dried, whole pituitary and to 
pituitary extracts; (2) immature fish re­
spond abnorma1ly to similar materials. 

Goldfish Carassius auratus 

Inasmuch as thousands of goldfish have 
been induced to spawn in various condi-
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tions at a number of hatcheries over a pe­
riod of years the following method may 

/be considered as standard. Almost iden­
tical techniques have been used with many 
carp and golden shiners. 

During the regular goldfish spawning 
season from March to June, well-developed 
females 3 to 12 inches in total length 
usually spawn or oan be hand-stripped 
within 12 to 20 hours after a single in­
jection of pituitary taken from a fish of 
equal weight, or an injection of dried pitu­
itaries of 1 to 5 milligrams per fish (2 to 
3 milligrams per pound of body weight), 
depending on size. In practically all 
cases, fresh or acetone-dried materials in 
1 cc. of distilled water were injected intra­
peritoneally at the axil of the pelvic fin 
of the female. Males were injected only 
to increase the flow of milt when hand­
stripping was practiced. 

Goldfish have responded to pituitaries 
from 14 species (table 4). Fish were 
spawned at temperatures from 52° to 85° 
F. For best results, water temperatures 
should be between 60° and 80° F. and an 
adequate supply of oxygen must be pres­
ent. Goldfish were usually injected with 
the appropriate amount of pituitary ma­
terials in the afternoon, the dosage hav­
ing been determined a day or two pre­
viously with the injection of some 10 or 
15 females with varying amounts of the 
pituitary materials to be used. After the 
females were injected they were placed 
in concrete or metal troughs or in small 
earthen ponds with an equal number of 
males which may or may not be injected. 
Spanish-moss spawning mats were placed 
around the edges of the troughs and ponds, 
as described by Prather, Fielding, John­
son, and Swingle ( 1953). Such fish 
usually began spawning about daylight 
on the following morning and completed 
spa"·ning by 10 or 11 a.m. Sudden drops 
in tempera.ture from 70° to 50° F. usually 
did not completely inhibit spawning, but 
only delayed it. "When spawning was 



finished, the mats were moved to a hatch­
ing pond which had been filled recently 
a.nd was therefore free froin predators. 
If the water had been standing for several 
days in the pond, or if runoff or pond 
water was used, this water was treated 
with 2.5 p.p.m. Lexone 2 or 3 days before 
stocking. This treatment effectively re­
moves crayfish, backswimmers, some para­
sites, copepods, and predatory insect lar­
vae. If properly used, Lexone will not 
be detrimental to the fertility of the eggs. 
The required number of eggs should be 
placed in the hatching pond in a single 
day, if possible, so that all fry will be 
the same age. Consequently the growth 
of fry will be more uniform, and some 
parasites, such as Lernea, will not be trans­
ferred from brood stock to fry. Any lar­
vae of this parasite which might be trans­
ferred on the mats will likely die before 
the eggs hatch, since these larvae will live 
only about 24 hours in 2.5 p.p.m. Lexone 
and only a few days unattached to a 
proper host.1 

An alternative method for the culture 
of this species involves the hand-stripping 
of eggs and sperm after injection. In­
stead of placing the female in spawning 
troughs or ponds, they are kept in holding 
tanks separated from mal'es. Males are 
injected with pituit&.ry materials to in­
crease the amount of seminal plasma and 
provide more milt for the worker to use. 
The morning following the injections, the 
females are examined to determine their 
degree of ripeness. Those females that 
are ready to strip are separated into 
buckets or other convenient holding facili­
ties. When several fish are ready to strip, 
the eggs are removed in a manner similar 
to that used for trout and pike. Each 

1 John J. Giudice, Control of Lernea carassil Tidd, 
a parasite copepod Infecting goldfish In hatchery 
ponds, with related observations on crayfish and the 
fish louse Argulus ~p. Master's thesis , University of 
Missouri, 1950. 

W. M. Tidd, Studies on the life history of a parasitic 
copepod, Lern.ea carassii. Doctoral thesis, Ohio State 
University, 1947. 

female is wiped dry with cheesecloth or 
toilet tissue, and the eggs are stripped into 
a plastic container, to which they do not 
stick as they do to glass or enamel pans. 
Great care should be taken to keep the 
eggs and milt perfectly free of water until 
completely mixed. The milt and eggs 
should be well mixed with a nylon bristle 
brush before any water is added. The 
procedure to this point should not be 
hurried, since the sperm of goldfish do 
not normally become motil'e until water 
is added. 

We have kept goldfish eggs in a dry 
state outside the body of the female J hour 
(table 11) and found that they are totally 
receptive to fertilization. Also, goldfish 
eggs have been stored 1 hour in a sealed 
plastic bag in a refrigerator without ser­
ious loss of fertility (table 11). Shortly 
after mixing the eggs and sperm, small 
amounts of water are dripped from the 
finger into the eggs and sperm. After 
sufficient water is added, the eggs wil'l be­
gin to clump and adhere to each other. 
Slightly before much clumping begins, 
the eggs should be lifted with a nylon 
bristle paint brush and spread ·on spanish 
moss mats placed 4 to 6 inches under 
water in a holding trough or other con­
venient utensil. As the eggs are shaken 
from the brush, the water about the mat 
should be vigorously agitated to disperse 
the eggs over the mat. Also, the eggs can 
be poured from the plastic container and 
dispersed over the mat by vigorous agita­
tion of the water. With a little practice 
the operator can achieve a dispersion of 
eggs similar to that attained by the fish 
under normal spawning conditions. Good 
dispersion of the eggs is essential ; any 
dead eggs will become covered with fungus 
and smother adjoining living eggs if they 
are left in clumps or masses. 

After the eggs have been placed on the 
mats, either of two incubation methods 
may be used. The mats of eggs may be 
placed in hatchery rearing ponds as de-
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scribed above, or they may be stored in 
regular hatchery receiYing troughs which 
have flowing water. If many dead eggs 
are present, they may be flush-treated with 
malachite green at about 2 p.p.m. "\Vater 
inflo,Y should be adjusted so that the chem­
ical is flushed out within an hour. "\Vhen 
the eggs are eyed they may be moved from 
the troughs to a gro,Ying pond which has 
been properly prepared for fry. Moving 
the eggs at the eye stage is much easier 
than after hatching, since the fry of gold­
fish are small and delicate. vVe have never 
tried to feed or raise carp or goldfish in 
troughs. Trough-rearing may be feasible 
in this country in small hatcheries which 
rear fancy goldfish. The above methods 
have been used for several years to raise 
goldfish at commercial fish hatcheries 
with which we have been associated as 
employee or consultant. Also, these tech­
niques have been used to raise young gold­
fish for food for bass at the Na ti on al Fish 
Hatchery, Tishomii1go, Okla., for the past 
four seasons. In one instance 675,000 
goldfish ·weighing 2,925 pounds were 
reared in a 0.7-acre pond in 5 months. 
This concentrated population of fish did 
not suffer any serious diseases or mortality 
(Cozort, 1955) . 

Carp ICyprinus carpiol 

The technique for spawning carp is 
almost identical to that of goldfish (table 
12) except that, in our experience, carp 
are refractory to heteroplastic injections. 
vVe have injected .as many as 20 goldfish 
pituitaries in carp with no results. Simi­
lar doses of buffalo and catfish pituitaries 
also have been tried with negative results, 
whereas a single carp pituitary will in­
duce female carp of the same group of fish 
to spawn. Ordinarily, carp are difficult 
to spawn in small earthen ponds or hatch­
ery troughs; but under the influence of 
exogenous pituitary hormones, they can 
be effectively spa,,ned in such ponds or 
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troughs, or they can be hand-stripped as 
described above for goldfish. 

Golden shiner (Notemigonus crysoleucasJ 

The technique described for small fish 
was used for this species and the three 
notropids follo,Ying. The fish were anes­
thetized, held in the folds of a net, and 
the injection was made through the mesh. 
Female golden shiners received amounts 
of pituitary varying from one-twentieth 
to a \Yhole pituitary from a 1-pound carp. 
One-tenth of a pituitary for gravid fe­
males 3 to 5 inches long is recommended. 
The eggs are adhesive and Spanish-moss 
mats \Yere provided for spawning. If 
hand-stripping was employed the proce­
dure outlined above for handling the ad­
hesive eggs of goldfish was followed. At 
a water temperature of 68 ° F ., spawning 
was induced in about 15 hours after a 
single injection. In addition to the above 
experiments, \Ye have worked with com­
mercial bait raisers, and the pituitary 
method 'ms applied to large-scale opera­
tions. The brood fish \Yere usually large, 
and anesthetics \Yere not necessary. Most 
of this \York was not subject to controls, 
but the method definitely appears suitable 
for the production of large numbers of 
golden shiners with fe,yer brood ffsh and 
less possibility of disease. Excellent pro­
duction and uniformity in size of the bait 
minnows were achieved at Sulphur Fish 
Hatchery, Sulphur, Okla., when 200 brood 
females were injected and allowed to 
spawn in a natural situation in an earthen 
culture pond. Similar ponds stocked ac­
cording to previously recommended meth­
ods produced inferior results. 

Emerald shiner INotropis atherinoidesl 

The emerald shiner was induced to 
spawn when injected with the water ex­
tract of one-tenth of an acetone-dried 
gland (estimated from 1 to 2 milligrams) 
from a buffalo (table 12). These shiners 
\Yere collected from Lake Erie during the 



second week of July. Each of nine fish, 
2 to 3 inches in length was anesthetized in 
1: 10,000 MS 222 for 1 minute and then 
was injected intraperitoneally wi th 0.1 
milliliter of distilled water containing 100 
units of crystalline penicillin-G plus the 
pituitary. The distended abdomens of 
three of the nine fish indicated that they 
were gravid females. One fish died the 
following morning; the others were alive 
and appeared normal. They were plnced 
together in water at 76° F. in a 15-gallon 
aquarium. A piece of 1/s-inch mesh nylon 
net was hung between the fish and the 
bottom of the aquarium . to prevent con­
sumption of the eggs by the parent fish. 
The shiners spawned 20 to 24 hours after 
injection, and fe1tile eggs were found 
loose and scattered on the slate-bottomed 
aquarium. They were observed until de­
veloped to the primitive streak stn.ge. No 
attempt was made to put the eggs in a 
proper hatching environment. Fungus 
attacked the eggs, and none hatched. 

Mimic shiner (Norropis volucellusJ 

The dosages (table 12), injection tech­
nique, and aquarium setup was the same 
as for the emerald shiner, with the excep­
tion that the pituitary was from carp. 
Fish were collected from Lake Erie in the 
third week of June, and 18 fish about 2 
inches long were injected. Six of these 
were known to be gravid females, but 
could not be hand-stripped before injec­
tion. No fish were lost within a 24-hour 
period after injection, but two died within 
the next 3 days. The eggs were loose and 
scattered, both individually and in clumps, 
over the bottom of the aquarium. They 
were observed to be fertile, but their de­
velopment was not followed. 

Redfin shiner (Norropis umbratilisl 

Six male redfin shiners in breeding color 
were chosen and were not injected. Four 
gravid females were injected at the same 
dosage as the emerald shiner (table 12) 

about 9 p.m., July 17, and the males and 
females were placed together in a 5-gallon 
aquarium. The following morning be­
t ween 7 and 10 o'clock spawning began 
and continued until about 4 p.m. It ap­
peared that one ma le dominated the 
aquarium, driving the others to the sur­
face to hide in the folds of the net while 
he spawned with the females. The dom­
inant male was much more brilliant in 
color than the others, although they were 
all about the same color at the beginning 
of the experiment.. (Later, in another ex­
periment, a breeding male was placed with 
an injected female and within 2 hours the 
color on his fins had become much more 
intense.) 

E ggs were deposited in a small pile in 
one end of the aquarium, and later in an­
other pile at the other end of the aquari nm. 
The selection of a new position at the far 
end of the aquarium away from the ob­
server may have been caused by disturb­
ances. Since the male was separat ed from 
the eggs by netting, it could not be deter­
mined whether or not he attempted to tend 
them. He moved throughout the aquar­
ium. The eggs were left in the bottom of 
the aquarium. Although many of them 
became infected with fungus, several un­
infected eggs hatched during the third 
day. 

Channel catfish Uda/urus pundatusl 

The induction of spawning of the 
channel catfish by the injection of pitui­
taries has been previously described 
(Sneed and Clemens, 1960), and an ab­
stract of this report is presented here for 
the sake of completeness, 

Seventy-four pairs of channel catfish 
were injected with fish pituitary and in­
duced to spawn in aquariums. Only the 
females were injected. Ten-gallon aquar­
iums were the most satisfactory containers 
for spawning fish up to 21/z pounds in 
weight. Larger fish required proportion­
ally larger containers. Peritoneal lesions 
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and inflammation which often accompany 
intraperitoneal injections appeared to be 
controlled by including 10,000 units of 
crystalline penicillin-G with each injec­
tion. 

Pituitaries from carp, buffalo, flathead 
and channel catfish, and gar were success­
fully used. There was little difference 
noted in the potency of the pituitaries 
from these different species, regardless of 
the month of collection. The total 
amount of acetone-dried pituitary mate­
rial required to spawn channel catfish 
varied from 3 to 32 milligrams per pound 
of body weight of the recipient. Most fe­
males required 3 injections at 2 milligrams 
per pound of body weight. The total 
number of injections required varied from 
1 to 28, with the average being 3. The 
period of time from the last injection to 
spawning varied from 21/z to 72 hours, 
but most fish began spawning 16 to 24 
hours after the last injection. 

Females believed to be refractory to 
spawning in the hatchery ponds and m 
their natural habitat were induced to 
spawn in aquariums by pituitary injec­
tions. 

Flathead catfish (Pylodictis olivarisJ 

We have spawned four pairs of the flat­
head catfish, and the general technique 
was the same as for the channel catfish. 
The females were placed with males of 
similar size in 55-gallon aquariums, 
24 x 25 x 14 inches. One pair was 
spawned in a cement trough. The fish 
were obtained from Lake Texoma on July 
5 and injections began 2 days l'ater. The 
data in table 13 outline the treatment used 
on individual fish to induce spawning and 
should serve as a starting point for those 
who ·wish to work with this species. Be­
fore flathead catfish can be spawned with 
any degree of success, some experience in 
selecting females is needed. Ripe females 
are usually darker in color than males, but 
were difficult to discern by external exam-
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ination in the fish which we handled. The 
best criterion for evaluating the spawning 
condition of the females is the appearance 
of the genitalia. The genital papillae 
should be slightly raised, somewhat red­
dish, and the genital opening slightly 
dilated. 

vVhen examined in June, the ovaries of 
flathead catfish brood stock kept all winter 
in a hatchery pond were so poorly devel­
oped that we felt the fish could not be 
spawned. However, a hatchery in south­
ern Texas that kept part of our brood 
stock through the winter was able to spawn 
one pair. Similar reports (personal com­
munication) of difficulty in rearing flat­
head catfish brood stock have come to us 
from Arkansas and Alabama. Water 
temperatures and failure of the fish to 
feed properly in hatchery conditions on 
artificial foods may be major deterring 
factors in the sexual development of this 
species. 

A local minnow breeder successfully 
spawned five pairs of flatheads with in­
jections of pituitary materials according 
to our recommendations (Nos. 5-9 in table 
13). He used buffalo, carp, and flathead 
pituitaries at dosages of 2.5 to 4 milligrams 
per pound of fish every 24 hours. Two of 
the females spawned with one injection, 
which suggests that flatheads respond to 
gonadotropins in a manner similar to other 
species if they are physiologically ready 
to spawn. 

White bass (Roccus chrysopsl 

Two female white bass secured from the 
Red River below Lake Texoma on June 
12 contained unspawned eggs, although 
the white bass normally finishes spawning 
before this time. These fish were taken to 
the hatchery with males of similar size. 
Both males and females were injected with 
1/2 milligram of acetone-dried carp pitu­
itary and placed in hatchery holding 
troughs, with Spanish-moss mats placed 
on the bottom and around the edges of 



TABLE 13.-Injection records of nine successful spau;na of flathead catj'i8h 

Fish 
Nomheror 
Injections Donor species 

Dosage 
(milligram 
per pound 

in 24 
hours) 

Female 
weight 

(pounds) 
Remarks 

No. 1---- -----­
No. 2----------No. 3 _________ _ 

4 Flathead__________ 4. o 
4 Buffalo____________ 2. o 
3 Carp______________ 6.0 
4 Carp______________ 2.0 

9. 0 O,·ulation or a rew eggs occurred without spawning; 
different male added helore spawning was achie,·ed. 

15. 5 Spawned in cement tank. 
6. O Partial spawn. 
6. 8 Partial spawn. No. 4---------­

No. 5----------

No. 6------- -- -

3 Buffalo and carp __ -- ----------

5 Buffalo and llat- 2. 7 

Est. 10. o 240 milligrams or B-12 ";th llrst injection; spawned in 
barrel in cement trough . 

he• d. 
No. 1---------- I Buffalo____________ 2. 5 

No. s ___ ______ _ 1 Buffalo____________ 2. 5 

No. g _________ _ 2 Doffa)o____ ________ 4. O 

the trough (table 12). Seventeen hours 
later the fish were examined and were not 
ready to hand-strip, nor had any spawn­
ing occurred in the trough. The females 
were injected a second time with 2 milli­
grams of acetone-dried carp pituitaries 
and spawning occurred in the trough 
within 3 hours. Most of the spawn was 
placed on the mats, but there were many 
eggs on the sides and bottom of the troughs 
where the mats did not cover the entire 
surface. Had the bottom been completely 
covered with mats, 90 percent of the spawn 
could have been collected. Microscppic 
examination at the end of 12, 24, and 48 
hours revealed about 60 percent of the eggs 
were fertile. These eggs were not observed 
further. One mat of eggs was placed in 
an earthen pond, but no fry were found, 
which may have been due to the fact that 
snails ( Physa) soon ate the eggs. 

White crappie (Pomoxis annularisJ 

Four pairs of white crappie were 
spawned in a cement trough containing 
Spanish-moss maits, and with a small flow 
of water running through the trough 
(table 12). One female received intra­
peritoneally one cholesterol pellet contain­
ing 1112 milligrams of an extract of chum 
salmon pituitary. At the end of 15 hours 
the genital pore was large and red; and a.t 
the end of 48 hours, a few eggs could be 
obtained by hand-stripping. This female 

17. 2 

6. 0 Collected in spawning condition, June 10, from Washita 
Rh•er; spawned in barrel in cement trough . 

1. 8 Collected in spawning condition, June 10, from Washita 
River; spawned in barrel in cement trough . 

4. 0 Collected in spawning condition, June 10. lrom Washita 
Rh·er; spawned in barrel in cement trough. 

was then injected with 4 milligrams of 
acetone-dried carp pituitary and spawned 
the following night when the water tem­
perature was 61° F. 

On another occasion, three pairs 
spawned within 30 hours after a single 
injection of acetone-dried carp pituitary. 
The eggs successfully hatched and the fry 
appeared normal. 

Rock bass (Ambloplites rupestris) 

A series of failures to induce spawning 
in nest building centrarchids has included 
the largemouth bass, bluegill, green sun­
fish, and rock bass. The information 
from these failures and from the success­
ful spawning of two pairs of rock bass 
suggests a possible approach to a successful 
technique. 

1. The condition of the male seems to be 
more important than in other species. It 
is the male that builds the nest. If the 
male does not initiate this behavior, then 
apparently spawning will not take place. 
For this reason, it may be good practice 
to inject the male, unless the male has been 
observed to exhibit some prespawning 
behavior. 

2. The condition of the female is more 
difficult to assess because the genital open­
ings reveal little concerning gonadal con­
dition, and outward appearances of ovar­
ian development can often be misleading. 

3. Specialized environmental conditions 
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may ham to be provided to give the neces­
sary release to trigger the spawning. In 
the past, in sp:nn1ing cyprinids, ictalu­
rids, and serranids, the em·ironmental 
conditions provided ha ,.e been simple­
space, oxygen, water exchange, and oc­
casionally spa m1ing mats. ·we would like 
to retain the idea (proposed in a pre,·ious 
paper, Sneed and Clemens, 1960) that any 
physical or chemical stimuli which 
normally cause the fish ·s own pituitary to 
secrete the gonadotropins necessary to 
precipitate the spawning act were by­
passed, so to speak, by the exogenous 
gonadotropins. However, the successful 
spawning of two pairs of rock bass in­
cluded some em·ironmental additions 
'"hich at this point seem necessary. 

T\YO pairs of rock bass were spawned 
under similar conditions (table 12). A 
water temperature of 76° F., a coarse 
gra.vel bottom with a slight current of 
\Yater flo,Ying over the graYel, and a five­
gallon aquarium constituted the facilities. 
Both males and females received hrn in­
jections of buffalo pituitary 24 hours apart, 
amounting to a dosage of about 2 milli­
grams. Eggs were scattered over the 
gra.vel and were adhesive. They hatched 
in 3 days and were reared successfully. 

Other experiments invoh·ed gravel 
and aeration (without running water), no 
gra,·el and running \Yater, no gravel and 
aeration; each failed to induce spawning. 
However, two additional, unsuccessful at­
tempts were made in '"hat \Yas considered 
to be favorable conditions. In these ex­
periments, as well as in the other unsuc­
cessful ones, the condition (gonadal devel­
opment) of the fish may ham been a 
limiting factor. 

Zebra fish (Brachydanio rerio) 

After a great deal of preliminary ex­
perimentation \Yith zebra fish, a larger ex­
periment \ms attempted. One hundred 
adult zebras \Yere bought from a tropical 
fish supply house. Twenty-six females 
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were selected, and 2-1 of these were in­
jected with O.G milligrams of acetone­
<lriecl carp pituitaries in 0.2 milliliters of 
di stilled water. The remaining 7-1 fish 
were either males or fish difficult to sex. 
Ten injected and two control females were 
placed in incliYidual spawning containers 
(battery jars), with plastic screen sus­
pended two inches from the bottom to pro­
tect the eggs. Fourteen injected females 
\Yere placed together in an aquarium. 
Two fish believed to be males were stocked 
per female; i.e., 28 such fish were used. 
None of the males were injected. Injec­
tions were made at 6 p.m., and four fe­
males died shortly after being injected. 
The following moming, four of the six 
living females in individual containers 
had spawned a total of 340 eggs (table 
14), "·hi le one of the uninjected females 
had spawned. The spa \\·ning of one of the 
control females considerably weakens, in 
this instance, the case for inducing zebra 
fish to spawn. However, since this species 
readily spa,Yns in small containers, the 
difference in injected fish over the con­
trols \\·ill never be as clear cut as in fish 
with more precise spa\Yning requirements, 
such as channel catfish, rock bass, etc. 
The egg count of the females that spa,rned 
individually, including the two which did 

TAnLE 14.-Rcsults of injecting zebra fish with 
0.6 111illigra111 of acetone-dried carp pituitary 
in 0.2 milliliter of distilled water 

Number of 
females 

Selected brood 
stock: 

!. .. ..... ..... 
!. . ... ........ 
!._ .......... . 
!. . . ........ .. 
L ... ..... .... !. __ ________ __ 
1 (control) .. . _ 
1 (control) . ... 14 ___ _____ __ __ 

Culls: 2 
33 ___ _____ ____ 

Num- Num­
ber of brr of 
males ovnla-

per ting 
fe- fe-

male males 

2 I 
2 1 
2 0 
2 0 
2 1 
1 0 
2 0 
2 0 
1 4 

------ - -------

Num- Per­
Num- Total bor of cent 
ber of num- fr- of 
ff'rtile bf'r of malrs fertile 
eggs eggs dead eggs 

93 
0 
0 

33 
121 
II 
0 

50 
272 

116 

ll2 
1 
2 

65 
143 

17 
0 

52 
366 

121 

83. I 
0 

15 0 
50. 7 
84. 6 
64. 7 
0 

96. I 
74. 3 

14 95. 8 

1 Four of thrsr fish died shortly after injection and they were 
not includr•c l in thr rrmaindrr of the data. 

' These fish were not sexed. 



not spawn, averaged 57 eggs per female 
with a range from 17 to 143 eggs. 
On the basis of this average, about 
6 of the 14 females spawned in the aquar­
ium experiment. 

The culls from this lot of fish were in­
jected with the same amount of pituitaries 
of the same pituitary lot. In this experi­
ment both males and females were injected 
because the poorly dernloped females and 
the more immature fish were difficult to 
sex. Eleven of 33 fish died immediately 
after injection, 3 died the following day, 
and several others were rather sluggish. 
The fish first lost their equilibrium and 
their ability to swim; their scales began 
to protrude; and in the final stages, the 
body became rigid. From the remaining 
22 injected fish, 121 eggs were obtained, a 
yield of 11 eggs per female if a 1 : 1 sex 
ratio existed. 

The percent of fertile eggs found in each 
spawning container varied from 51 to 96, 
the highest being in the uninjected con­
trol fish and in the culls. There are a 

number of possible reasons for the low­
ered fertility: (1) the exogenous gonad­
otropin might have had a deleterious effect 
on the eggs; (2) the amount of gonado­
tropin injected might ha Ye been excessively 
high and caused the female to void her 
eggs too rapidly and they settled through 
the screen before the male could fertilize 
them; (3) the males were in poor con­
dition and incapable of fertilizing many 
eggs; (4) the number of males required to 
spawn a female and fertilize the eggs was 
inadequate. 

The fact tha,t the percentage of fertility 
in the eggs from the cull fish approximates 
that in the controls suggests that exoge­
nous gonadotropins do not necessarily 
lower the fertility and that the lower fer­
tility in the eggs of the 'select fish was 
perhaps due to an inadequate number of 
males. It may be wise to stock males and 
females in ratios greater than 1: 1 or 
2: 1, and place the plastic netting near 
the bottom to insure proximity of the eggs 
and sperm. 
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Created by Act of Congress in 1849, the Department of the 
Interior is responsible for a wide variety of programs con­
cerned with the management, consen·ation, and wise develop­
ment of America's natural resources. For this reason it often 
is described as the "Department of Natural Resources." 

Through a score of bureaus and offices the Department has 
responsibility for the USB and management of millions of acres 
of federally owned lands; administers mining and mineral 
leasing on a sizable area of additional lands; irrigates reclaimed 
lands in the vVest; manages giant hydroelectric power systems; 
administers grazing and forestry programs on federally owned 
range and commercial forest lands; protects fish and wildlife 
resources; provides for conservation and development of out­
door recreation opportunities on a nationwide scale; conserves 
hundreds of vital scenic, historic, and park areas; conducts 
geologic research and surveys; encourages mineral exploration 
and conducts minera.l research; promotes mine safety; conducts 
saline water research; administers oil import programs; oper­
ates helium plants and the Alaska Railroad; is responsible for 
the w·elfare of many thousands of people in the Territories of 
the United States; and exercises trusteeship for the well-J>eing 
of additional hundreds of thousands of Indians, Aleuts, and 
Eskimos, as well as being charged with resource management 
of millions of acres of Indian-owned lands. 

In its assigned function as the Nation's principal natural 
resource agency, the Department of the Interior bears a special 
obligation to assure that our expendable resources are conserved, 
that renewable resources are managed to produce optimum 
yields, and that all resources contribute their full measure to 
the progress, prosperity, and security of America, now and 
in the future. 
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