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ADVERTISEMENT.

The scientific publications of the National Museum consist of two
series—the Bulletin and the Proceedings.

The Bulletin, publication of which was begun in 1875, is a series
of more or less extensive works intended to illustrate the collections
of the U. S. National Museum and, with the exception noted below,
is issued separately. These bulletins are monographic in scope
and are devoted principally to the discussion of large zoological and
botanical groups, faunas and floras, bibliographies of eminent natural-
ists, reports of expeditions, etc. They are usually of octavo size,
although a quarto form, known as the Special Bulletin, has been
adopted in a few instances in which a larger page was deemed indis-
pensable.

This work forms No. 66 of the Bulletin series.

Since 1902 the volumes of the series known as “Contributions from
the National Herbarium,”” and containing papers relating to the botan-
ical collections of the Museum, have been published as bulletins.

. The Proceedings, the first volume of which was issued in 1878, are
intended as a medium of publication of brief original papers based
on the collections of the National Museum, and setting forth newly
acquired facts in biology, anthropology, and geology derived there-
from, or containing descriptions of new forms and revisions of limited
groups. A volume is issued annually, or oftener, for distribution
to libraries and scientific establishments, and in view of the impor-
tance of the more prompt dissemination of new facts a limited edition
of each paper is printed in pamphlet form in advance.

Ricuarp RaTHBUN,
Assistant Secretary, Smithsonian Institution,
In Charge of the United States National Museum.

WasHingToN, U. S. A., October 30, 1909.
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PREFACE.

The preparation of a monograph of the Strepsiptera received its
first impetus in 1903, when Mr. J. C. Crawford collected the type
of Crawfordia pulvinipes. At that time I was engaged in a study
of the habits of the Coleopterous family Rhipiphoridee. The pub-
lished statements of the similarity of the so-called “*Stylopide’” and
Rhipiphoride led me to look into the literature immediately, and
almost my first discovery was thaf the Strepsiptera or ¢‘Stylopide”
were not Coleopterous.

A search through the Hymenopterous collections at the University
of Nebraska gave good results, for several specics were discovered.
The check lists only gave two species to the United States. It was
therefore with considerable zeal that I continued the work of inves-
tigating the group while at Agricultural College, Mississippi, in 1904,
and later at the laboratories of the Southern Field Crop Insect
Investigations of the Bureau of Entomology in Texas and at the
U. S. National Museum and various libraries of Washington.

This bulletin has been gradually taking its present form since
1906, and was finally submitted for publication, through Dr. L. O.
Howard, on March 1, 1909.

W. DwicHT PiERCE.
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suggestions and aid; to Prof. Lawrence Bruner in permitting the
writer to extract all material from the collections of the University
‘of Nebraska for study and to deposit all type material in the U. S.
National Museum; to Mr. J. C. Crawford for very valuable aid
throughout the entire work; to Dr. Henry Skinner for his courtesy in
lending material from the Philadelphia Academy of Sciences; and
to Mr. Charles T. Brues, Mr. Charles Dury, Mr. Henry L. Viereck,
Dr. Sigmund Graenicher, Mr. Fred C. Bowditch, Miss Annette F.
Braun, and Dr. A. Fenyes for the kind loan or donation of specimens
and notes, and to Mr. Fred C. Bishopp, Mr. Charles R. Jones, Mr. F. C.
. Pratt, Mr. W. A. Hooker, and Mr. R. A. Cushman, the author’s
associates, for their zeal in procuring stylopized material for breeding
and examination;  finally to Mr. Karl Hofeneder, of Innsbruck,
Austria, for value™ . ussistance during the past two or three months.

COMMON NAMES FOR STREPSIPTERA.

In order to accustom the readers to the many common names used
in referring to this order the following list has been compiled. The
strictly Latin names for the group may be found by reference to
the synonymy preceding the characterization of the order. The
greater part of these names mean ‘‘twisted-winged;”’ hence we may
call them the twisted-winged parasites.

English and American writers use the nouns ‘‘strepsipter,” ‘‘strep-
sipteran,” ‘‘stylops,” ‘“stylopid,” “rhipipter,” ‘““rhipipteran,” and the
adjectives ‘‘strepsipteral,” ‘‘strepsipteran,” ‘‘strepsipterous,”’ ‘‘stylo-
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pid,” “rhipidopterous,” ‘“rhipipteran,” ‘‘rhipipterous,” and speak of
the host as being ““stylopized.” In Spanish the insects are known
as ‘‘estrepsipteros,” or “ripipteros.”” German writers use the terms
“fiicherfligler,” ““‘kolbenfliigler,” ““rhipidopteron,” ‘““schmarotzende,”
“schraubenfligler,” ‘‘strepsipteren,” and ‘‘stylopiden,” and speak
of Xenos as ““die Immenbreme.”” They speak of a host as ‘“stylopi-
sirt.” The triungulinid is known as the ‘‘schmarotzerthierchen.”
French writers generally speak of the ‘‘strepsipteres,” ‘‘rhipipteres,”
or ‘‘rhipidopteres,” and call the host “‘stylopisé.” In Scandinavian
works are found the terms ‘‘strepsiptererne,” and ‘viftevingedes.”
In Russian works the group is known as “ shepokpiaGixs.”

HISTORY.

The anomalous character of the Strepsiptera has led in the past to
a great shifting of the groups from one place to anotherin the systems
of classification. Rossi in the eighteenth century and Kirby in the
first years of the nineteenth century each described a queer and
entirely anomalous insect, seemingly without connecting links with
any known forms. It was not until Kirby saw Professor Peck’s new
species (Xenos peckii) and heard of Rossi’s description that it occurred
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to him that they belonged together and constituted the nucleus of a
new order.

Kirby’s decision was not to be received by even the majority for
many years and is still rejected by many good authorities. Indeed,
two authors writing in the same period seldom placed the group in
the same place. It was given two distinct ordinal names—Strepsip-
tera and Rhipiptera (also spelled Rhiphiptera); it was placed in the
Diptera as Rhipidoptera, and Phthiromyiz, in the Neuroptera as
Stylopide near the Phryganeide, in Hymenoptera near Ichneumon,
but most generally in the Coleoptera as Stylopide at the end of the
Heteromera. Westwood placed them between Hymenoptera and
Lepidoptera; Hoeven placed them between Suctoria and Diptera;
Menzel referred them to the Diptera (Miiller, : "72).

A casual analysis of the placing of the order v . gveal the fact that
the careful systematists of the Continent soon recognized the ordinal
nature of the Strepsiptera and have consistently maintained their
views, while, on the other hand, the biologists and systematists of
England and America have until recently classified the group as
Stylopidee, coleopterous. It may be said now, however, that the
majority of American entomologists consider these insects as meriting
full ordinal distinction. Six recent articles on the phylogeny and
classification of Insecta, by Handlirsch (1903, 1904), Klapalek (1904),
Boerner (1904), Sharp (1899), and Shipley (1904), place the Strep-
siptera as an independent order, although all place it next to Coleop-
tera, Handlirsch holding it to be an offshot during the Tertiary age.
In this article it is intended to summarize all of the arguments used on
both sides and to show how the balance stands.

The three most recent classifications of the Coleoptera, by Lameere
(1900), Kolbe (1901), and Ganglbauer (1903), are not unanimous
with regard to the placing of the Strepsiptera. Lameere incorporated
the group as a subfamily Stylopine in the family Melandryide, while
Kolbe and Ganglbauer excluded the group entirely from the order.
Lameere, later, in an answer to Ganglbauer, does not defend his pla-
cing of these insects, so it may be concluded that the opinion of these
three authors is unanimous.

The writer in personal correspondence and conversation finds a
great diversity of opinion. H. F. Friese, of Germany, and R. C. L.
Perkins, of Hawaii, both experienced in the study of the group, incline
toward retaining them in the Coleoptera. Dr. Filippo Silvestri, of
Italy, who is a student of the Rhipiphoride, thinks them related to
these beetles. Charles T. Brues, of Milwaukee, finds more evidence
for separating them than for placing them with the Coleoptera.
Charles Dury, of Cincinnati, desires to consider them Coleoptera, as
a matter of sentiment. E. A. Schwarz, the coleopterist, considers
the group a distinct order, and so did the late W. H. Ashmead, hymen-
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A MONOGRAPHIC REVISION OF TIIE TWISTED WINGED
INSECTS COMPRISING THE ORDER STREPSIPTERA
KIRBY.

By W. DwiGgHT PIERCE,
Bureau of Entomology, U. S. Department of Agriculture.

INTRODUCTION.

The writer presents, in monographic form, a grouping of the most
important facts recorded concerning the insects of the order Strepsip-
tera Kirby, often known as the coleopterous family Stylopide Kirby,
together with considerable new material bearing upon the classifica-
tion, structure, and habits of the order. The manuscript has been
completed up to March 1, 1909.

The importance of a more intensive and extensive study of the
Strepsiptera is made manifest by a perusal of the large list of host
species, among which are already recorded at least twenty-eight inju-
rious species. The group is entirely composed of parasitic insects,
and the insidious nature of their attack, which in few cases inconven-
iences the host, renders detection difficult. It is desired that this
article may be the forerunner of much valuable information concern-
ing them.

It is of great importance for interested students throughout the
world to make themselves known to each other, in order that together
they may hasten the understanding of these parasites, and also that
in future publications the scattered notes, published and unpublished,
from all lands may be brought together to form a more complete
knowledge of their biology and structure.
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to Mr. E. A. Schwarz and to the late Dr. W. H. Ashmead for valuable
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writer to extract all material from the collections of the University
‘of Nebraska for study and to deposit all type material in the U. S.
National Museum; to Mr. J. C. Crawford for very valuable aid
throughout the entire work; to Dr. Henry Skinner for his courtesy in
lending material from the Philadelphia Academy of Sciences; and
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associates, for their zeal in procuring stylopized material for breeding
and examination; " fnally to Mr. Karl Hofeneder, of Innsbruck,
- Austria, for value™ _ ussistance during the past two or three months.

COMM()N NAMES FOR STREPSIPTERA.

In order to accustom the readers to the many common names used
in referring to this order the following list has been compiled. The
strictly Latin names for the group may be found by reference to
the synonymy preceding the characterization of the order. The
greater part of these names mean ‘‘twisted-winged;”’ hence we may
call them the twisted-winged parasites.

English and American writers use the nouns ‘‘strepsipter,”’ ‘“strep-
sipteran,” ‘“stylops,” “stylopid,” “rhipipter,” “rhipipteran,” and the
adjectives ‘‘strepsipteral,” ‘‘strepsipteran,”’ ‘‘strepsipterous,”’ ‘“stylo-

b ANTY AN TS

pid,” “rhipidopterous,” ‘‘rhipipteran,” “rhipipterous,” and speak of
the host as being “stylopized.”” In Spanish the insects are known
as ‘‘estrepsipteros,” or “ripipteros.”” German writers use the terms
“fiicherfliigler,” ‘“kolbenfligler,” “ rhipidopteron,” ‘““schmarotzende,”
““schraubenfliigler,” ‘‘strepsipteren,” and ‘‘stylopiden,” and speak
of Xenos as ““die Immenbreme.” They speak of a host as ‘“stylopi-
sirt.”” The triungulinid is known as the ‘‘schmarotzerthierchen.”
French writers generally speak of the ‘“strepsipteres,” ““rhipipteres,”
or ‘““rhipidopteres,” and call the host ‘‘stylopisé.” In Scandinavian
works are found the terms ‘‘strepsiptererne,” and ‘‘viftevingedes.”
In Russian works the group is known as “ sbepoxpiaGixs.”

HISTORY.

The anomalous character of the Strepsiptera has led in the past Lo
a great shifting of the groups from one place to another in the systems
of classification. Rossi in the eighteenth century and Kirby in the
first years of the nineteenth century each described a queer and
entirely anomalous insect, seemingly without connecting links with
any known forms. It was not until Kirby saw Professor Peck’s new
species (Xenos peckii) and heard of Rossi’s description that it occurred
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to him that they belonged together and constituted the nucleus of a
new order.

Kirby’s decision was not to be received by even the majority for
many years and is still rejected by many good authorities. Indeed,
two authors writing in the same period seldom placed the group in
the same place. It was given two distinct ordinal names—Strepsip-
tera and Rhipiptera (also spelled Rhiphiptera); it was placed in the
Diptera as Rhipidoptera, and Phthiromyi®, in the Neuroptera as
Stylopide near the Phryganeide, in Hymenoptera near Ichneumon,
but most generally in the Coleoptera as Stylopide at the end of the
Heteromera. Westwood placed them between Hymenoptera and
Lepidoptera; Hoeven placed them between Suctoria and Diptera;
Menzel referred them to the Diptera (Miiller, ; "~2).

A casual analysis of the placing of the order v  +gveal the fact that
the careful systematists of the Continent soon recognized the ordinal
nature of the Strepsiptera and have consistently maintained their
views, while, on the other hand, the biologists and systematists of
England and America have until recently classified the group as
Stylopide, coleopterous. It may be said now, however, that the
majority of American entomologists consider these insects as meriting
full ordinal distinction. Six recent articles on the phylogeny and
classification of Insecta, by Handlirsch (1903, 1904), Klapalek (1904),
Boerner (1904), Sharp (1899), and Shipley (1904), place the Strep-
siptera as an independent order, although all place it next to Coleop-
tera, Handlirsch holding it to be an offshot during the Tertiary age.
In this article it is intended to summarize all of the arguments used on
both sides and to show how the balance stands.

The three most recent classifications of the Coleoptera, by Lameere
(1900), Kolbe (1901), and Ganglbauer (1903), are not unanimous
with regard to the placing of the Strepsiptera. Lameere incorporated
the group as a subfamily Stylopine in the family Melandryidee, while
Kolbe and Ganglbauer excluded the group entirely from the order.
Lameere, later, in an answer to Ganglhauer, does not defend his pla-
cing of these insects, so it may be concluded that the opinion of these
three authors is unanimous.

The writer in personal correspondence and conversation finds a
great diversity of opinion. II. F. Friese, of Germany, and R. C. L.
Perkins, of Hawaii, both experienced in the study of the group, incline
toward retaining them in the Colcoptera. Dr. Filippo Silvestri, of
Italy, who is a student of the Rhipiphorida, thinks them related to
these beetles. Charles T. Brues, of Milwaukee, finds more evidence
for separating them than for placing them with the Coleoptera.
Charles Dury, of Cincinnati, desires to consider them Coleoptera, as
a matter of sentiment. E. A. Schwarz, the coleopterist, considers
the group a distinct order, and so did the late W. IL. Ashmead, hymen-
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opterist. Doctor Ashmead believed that there was some connection
with the Dermoptera. Frederick Knab has shown the author that
there is no resemblance to Rhipidius, the blattid parasite.

SYSTEMATIC POSITION.

Although for the past forty years the majority of English and
American writers have placed these parasites in the Coleoptera,
they seem to have done so without regard to the many good argu-
ments and proofs brought forward on the Continent, which would
place them as an independent order. ,

Before entering into a discussion of the fallacies which have
crept into various classifications, or of proving the position of the
group, the writer desires to lay emphasis upon the excellent rules
for forming an order (in Insecta) as set down by Kirby (1813).
These rules seem still to be perfectly valid:

Rule 1. When an insect in its perfect state combines the characters of two or more
orders (unless it be deemed advisuble to place it in an order by itself), it should arrange
with those whose metamorphosts is the same.

Rule 1I. When an insect possesses the characters of one order and the metamorphosis of
another, in this case it should follow the characters.

On this rule it may be observed that, since the perfect state is the
grand consummation of the insect to which all other states are sub-
ordinate and subserve, this state therefore ought to be the principal
regulator of its station.

Rule I1I. Where an insect exhibits the metamorphosis of an order, or of a section of
it but mone of its characters, nor those of any other order, it should not on that account
be arranged in such order, but, on the contrary, form a distinct one.

Rule IV. W here the genera which compose an order have invariably one kind of meta-
morphosis, no insects that vary from it in that circumstance should be placed in it, unless
they exhibit a perfect agreement with it in characters.

Kirby after formulating his rules proceeded to apply them to the
Strepsiptera, and as many of his points are excellent they have been
used by the writer as the framework for the following paragraphs.

Metamorphosis, though not the regulating character, nevertheless is
one of the most prominent of all ordinal characters. There are a very
few types of metamorphosis, but the Strepsiptera stand alone as
typifying a life history, the most complex of all. They are invariably
hypermetamorphic, and endoparasitic throughout life, the only free
stages being the hexapod triungulinids or first larvae and the adult
winged males, and in neither of these stages are they known to
take food. The metamorphosis begins with the larviparous pro-
duction of free living young, which are conveyed by various means
to the larvee of their future hosts. These hexapods after beginning
the parasitic existence distend and become grub like, and each
succeeding molt makes the females more degenerate, while the males
undergo a transformation of specialization. Alimentation seems to
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be by osmosis or absorption only and at the expense of the vitality
of the host, although not fatal. Both sexes exsert the head and
thorax from the abdomen of the host, and the two succeeding stages
occur without casting the skin.

This type of metamorphosis is unique among insects as in no
other case is there complete endoparasitism. In the Meloide and
Rhipiphoride a similar hypermetamorphosis is found, in that the
first larvee are hexapods and the succeeding stages are progressively
more degenerate until the pupal stage. But these beetles are not
larviparous and their larval development differs as follows: The
meloid larvee are successively campodeoid, carabidoid, scarabsidoid,
and coarctate. The strepsipterous larve are first campodeoid, and
from then undergo a constant and gradual change of habitus,
assuming forms utterly unlike anything in the Coleoptera and more
resembling the straight appendageless larve of certain Diptera.
The pupa resembles the vespid pupe more closely than it does the
coleopterous. The retention of the pupa within the larval skin is
paralleled in the Diptera, as well as in the Coleoptera.

The primary character in the classification of insects is the con-
sideration of elytra and wings. The Strepsiptera fall with the
elytrophorous two-winged orders, but differ in that the elytra or
balancers are located more laterally and that they were. never
expected to act as protections to the wings, for, in fact, the elytra of
the Tertiary genus Mengea were as rudimentary as those of existing
forms. The wings are inserted at a greater distance from the elytra
than in any of the other elytrophorous orders, and in shape resemble
those of the Orthoptera, being almost a quadrant of a circle, while
those of the Coleoptera are semicordate or semiovate. They fold
longitudinally as in the Orthoptera and Vespoidea, and as in
Macrosiagon and Myodites in the Coleoptera (Rhipiphoride), while
this latter order otherwise commonly exhibits an oblique fold at
the base and a transverse fold in the middle or beyond. The veining
is very simple and radial, paralleled only by Myodites in Coleoptera.

The mouth parts are peculiar. They are not used for feeding
in the adult, but may be classed with the mandibulates. Labrum
and labium are absent and the maxillee are reduced. The pharynx
exposes a broad flared surface, unprotected by any of the usual
coverings. The occiput remains. The mandibles are used by the
triungulinid to effect an entrance into the body of the host and by
the grown larva to cut its way through the abdominal teguments of
the adult host. The maxillee function possibly as sensory appendages.

Finally, a character which has been little used, but which seems
to be of much value, may be used to show the wide gap separating
the Strepsiptera from the orders with which it has been placed.
It is that of the development of head and thorax and the aggluti-
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opterist. Doctor Ashmead believed that there was some connection
with the Dermoptera. Frederick Knab has shown the author that
there is no resemblance to Rhipidins, the blattid parasite.

SYSTEMATIC POSITION.

Although for the past forty yvears the majority of English and
American writers have placed these parasites in the Coleoptera,
they seem to have done so without regard to the many good argu-
ments and proofs broucht forward on the Continent, which would
place them as an independent order,

Before entering into a discussion of the fullacies which have
crept into various classifications, or of proving the position of the
croup, the writer desires to lay emphasis upon the excellent rules
for forming an order (n Insecta) as set down by Kirby (1813).
These rules seem still to be perfeetly valid:

bile Lo When an onsect in dix o perfect state combines the characters of tuo or more
orders Cuadess it be deened advsable to place it v an order by sl f), it should arrange
wth those whose metamaorplosis s the same.

Rule T W han an inseet possexses the characters of one order and the metamor phosis of
another, an thaa case 1t should gollow the characters.

On this rule it may be observed that, since the perfect state is the
crand consummation of the insect to which all other states are sub-
ordinate and subserve, this state therefore ourht to be the principal
reculator of its station.

Rule LI Where an onsect e dahits the matamorphosis of an order, or of a act'on of
1t bt mone of ats characters, nor thase of oy otl or order, (8 should ot on that aceount
be arrincged on such order, bt on the contrary, form a distonet one.

Rede IN G Whare the qenara wliah conpose an order datie e arnabldy one bind of meta-
woarphoses o ansecte that car g trome o on that circunotienee should be placed init, unless
ey cikibat a purtoct agrecment wath ot o dharncters

Kirby after formulating Lis rales procecded to apply them to the
S([rlh\ipll‘l'u, nllt| HE lllxlll}' Uf ||i~ pnillla ure 1'\('0‘”('“[ lll")’ |lu\'0' |w('n
used by the witer as the framework for the followine parncraphs,

Metamorphosis, thouzh not the reculsting churacter, nevertheless s
one of the most pl'uluilu'll( of all ondimal clinraeters, There aren very
few types of metmmorphioas, but the Stepaptera stand alone as
typfvine a bfe listory the most complexof alll They ave invanably
hy permetumorphie, and endopatnsitie throushout Life, the only free
stazes bemnge the hexapod tnancalinnds or fist laevae el the adult
winsed mades, und e nather of these stures wre they known to
tuhe food. The metamorphosis besins with the lnrvipuious pro-
duction of free fivine younz, which are conveved by varous means
to the lnrvee of ther fature hostss Thiese hexapods after becinning
the pxu‘rhili«‘ existenve distend and hecome ub lllw, nted cach
~succecding molt makes the fomalos more decenciate, winde the mindes
underzo w tinnsformation of specinhzation. Ahmentation seems to
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be by osmosis or absorption only and at the expense of the vitality
of the host, although not fatal. Both sexes exsert the head and
thorax from the abdomen of the host, and the two succeeding stages
occur without casting the skin.

This type of metamorphosis is unique among insects as in no
other case is there complete endoparasitism. In the Meloide and
Rhipiphoride a similar hypermetamorphosis is found, in that the
first larvee are hexapods and the succeeding stages are progressively
more degenerate until the pupal stage. But these beetles are not
larviparous and their larval development differs as follows: The
meloid larvee are successively campodeoid, carabidoid, scarabidoid,
and coarctate. The strepsipterous larve are first campodeoid, and
from then undergo a constant and gradual change of habitus,
assuming forms utterly unlike anything in the Coleoptera and more
resembling the straight appendageless larve of certain Diptera.
The pupa resembles the vespid pupz more closely than it does the
coleopterous.  The retention of the pupa within the larval skin is
paralleled in the Diptera, as well as in the Coleoptera.

The primary character in the classification of insects is the con-
sideration of elytra and wings. The Strepsiptera fall with the
elytrophorous two-winged orders, but differ in that the elytra or
balancers are located more laterally and that they were never
expected to act as protections to the wings, for, in fact, the elytra of
the Tertiary genus Mengea were as rudimentary as those of existing
forms. The wings are inserted at a greater distance from the elytra
than in any of the other elytrophorous orders, and in shape resemble
those of the Orthoptera, being almost a quadrant of a cirele, while
those of the Coleoptera are semicordate or semiovate. They fold
longitudinally as in the Orthoptera and Vespoidea, and as in
Macrosiagon and Mywdites in the Coleoptera (Rhipiphoride), while
this latter order otherwise commonly exhibits an oblique fold at
the base and a transverse fold in the middle or beyond. The veining
is very simple and radial; paralleled only by Myodites in Coleoptera.

The mouth parts are peculiar.  They are not used for feeding
in the adult, but may be classed with the mandibulates. Labrum
and labium are absent and the maxillie are reduced.  The pharynx
exposes a broad flared surface, unprotected by any of the usual
coverings.  The oceiput remains.  The mandibles are used by the
triungulinid to effect an entrance into the body of the host and by
the grown larva to cut its way through the abdominal tecuments of
the adult host. The maxille funetion possibly as sensory appendages.

Finally, a character which has been little used, but which seems
to be of much value, may be used to show the wide gap separating
the Strepsiptera from the orders with which it has been placed.
It is that of the development of head and thorax and the aggluti-
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opterist. Doctor Ashmead believed that there was some connection
with the Dermoptera. Frederick Knab has shown the author that
there is no resemblance to Rhipidius, the blattid parasite.

SYSTEMATIC POSITION.

Although for the past forty years the majority of English and
American writers have placed these parasites in the Coleoptera,
they seem to have done so without regard to the many good argu-
ments and proofs brought forward on the Continent, which would
place them as an independent order. ,

Before entering into a discussion of the fallacies which have
crept into various classifications, or of proving the position of the
group, the writer desires to lay emphasis upon the excellent rules
for forming an order (in Insecta) as set down by Kirby (1813).
These rules seem still to be perfectly valid:

Rule I. When an insect in ils perfect state combines the characters of two or more
orders (unless it be deemed advisuble to place it in an order by itself), it should arrange
with those whose metamorphosis s the same.

Rule II. When an insect possesses the characters of one order and the metamorphosis of
another, in this case it should follow the characters.

On this rule it may be observed that, since the perfect state is the
grand consummation of the insect to which all other states are sub-
ordinate and subserve, this state therefore ought to be the principal
regulator of its station.

Rule 111. Where an insect exhibits the metamorphosis of an order, or of a section of
it but none of its characters, nor those of any other order, it should not on that account
be arranged in such order, dbut, on the contrary, form a distinct one.

Rule IV. Where the genera which compose an order have invariably one kind of meta-
morphosis, no insects that vary from it in that circumstance should be placed in it, unless
they exrhibit a perfect agreement with it in characters.

Kirby after formulating his rules proceeded to apply them to the
Strepsiptera, and as many of his points are excellent they have been
used by the writer as the framework for the following paragraphs.

Metamorphosis, though not the regulating character, nevertheless is
one of the most prominent of all ordinal characters.  There are a very
few types of metamorphosis, but the Strepsiptera stand alone as
typifving a life history, the most complex of all.  They are invariably
hypermetamorphic, and endoparasitic throughout life, the only free
stages being the hexapod triungulinids or first larvie and the adult
winged males, and in neither of these stages are they known to
take food. The metamorphosis begins with the larviparous pro-
duction of free living young, which are conveyed by various means
to the larvie of their future hosts. These hexapods after beginning
the parasitic existence distend and become grub like, and each
succeeding molt makes the females more degenerate, while the males
undergo a transformation of specialization. Alimentation seems to
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be by osmosis or absorption only and at the expense of the vitality
of the host, although not fatal. Both sexes exsert the head and
thorax from the abdomen of the host, and the two succeeding stages
occur without casting the skin.

This type of metamorphosis is unique among insects as in no
other case is there complete endoparasitism. In the Meloide and
Rhipiphoride a similar hypermetamorphosis is found, in that the
first larvee are hexapods and the succeeding stages are progressively
more degenerate until the pupal stage. But these beetles are not
larviparous and their larval development differs as follows: The
meloid larvee are successively campodeoid, carabidoid, scarabaidoid,
and coarctate. The strepsipterous larvee are first campodeoid, and
from then undergo a constant and gradual change of habitus,
assuming forms utterly unlike anything in the Coleoptera and more
resembling the straight appendageless larvee of certain Diptera.
The pupa resembles the vespid pups more closely than it does the
coleopterous. The retention of the pupa within the larval skin is
paralleled in the Diptera, as well as in the Coleoptera.

The primary - character in the classification of insects is the con-
sideration of elytra and wings. The Strepsiptera fall with the
elytrophorous two-winged orders, but differ in that the elytra or
balancers are located more laterally and that they were. never
expected to act as protections to the wings, for, in fact, the elytra of
the Tertiary genus Mengea were as rudimentary as those of existing
forms. The wings are inserted at a greater distance from the elytra
than in any of the other elytrophorous orders, and in shape resemble
those of the Orthoptera, being almost a quadrant of a circle, while
those of the Coleoptera are semicordate or semiovate. They fold
longitudinally as in the Orthoptera and Vespoidea, and as in
Macrosiagon and Myodites in the Coleoptera (Rhipiphoride), while
this latter order otherwise commonly exhibits an oblique fold at
the base and a transverse fold in the middle or beyond. The veining
is very simple and radial, paralleled only by Myodites in Coleoptera.

The mouth parts are peculiar. They are not used for feeding
in the adult, but may be classed with the mandibulates. Labrum
and labium are absent and the maxille are reduced. The pharynx
exposes a broad flared surface, unprotected by any of the usual
coverings. The occiput remains. The mandibles are used by the
triungulinid to effect an entrance into the body of the host and by
the grown larva to cut its way through the abdominal teguments of
the adult host. The maxillae function possibly as sensory appendages.

Finally, a character which has been little used, but which seems
to be of much value, may be used to show the wide gap separating
the Strepsiptera from the orders with which it has been placed.
It is that of the development of head and thorax and the aggluti-
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nation of these parts, proposed in concrete form by John B. Smith
(1899).

He presents a not altogether new table of the orders, which more
normally represents the morphological relationships of the orders
than any classification yet seen by the writer. In this table he
divides the mandibulate orders into three parallel groups:

1. Prothorax mobile; head not free.

2. Prothorax immobile, well developed; head free, not on distinct
neck.

3. Prothorax immobile, reduced; head on distinct neck.

The Coleoptera belong in the first, and the Iymenoptera and
Diptera in the third.'

Probably a more normal grouping of the essentially mandibulate
orders would be as follows:

EXOPTERYGOTA, HEMIMETABOLA.

1. All thoracic segments subequal, not agglutinate; wings arising
externally; head free, not on a distinct neck.

2. Thoracic segments subequal, meso- and metathorax agglutinate,
prothorax free; wings arising externally; head not on distinct neck.

3. Thoracic segments unequal, agglutinate, prothorax reduced;
wings arising externally, head free, on distinct néck.

ENDOPTERYGOTA, HOLOMETABOLA.

4. Thoracic segments subequal, meso- and metathorax agelutinate,
prothorax free; wings arising internally; head not on distinct neck.

5. Thoracic secgments unequal, not agglutinate, prothorax reduced,
metathorax greatly developed; wings arising internally; head free,
on distinct neck.

6. Thoracic segments unequal, agglutinate, prothorax reduced,
metathorax greatly developed; wings arising internally; head free,
on distinet neck.

In the first of these groups fall Isoptera, Mallophaga, Corrodentia.
In the second fall Orthoptera and Plecoptera, also Thysanoptera.
In the third fall Odonata and Ephemeroptera. In the fourth falls
Coleoptera; in the fifth the Strepsiptera; in the sixth the Neuroptera,
Trichoptera, Mecoptera, Lepidoptera, Diptera, and Iymenoptera.
The orders are here used in the Comstockian sense, although the
writer is disposed to regard the groupings of Handlirsch and Boerner
as more nearly correct. It is not the function of this article to erect
a classification of the Ilexapoda.

In preparing this grouping, the division by Sharp of the pterygote
insects into Exopterygota and Endopterygota (Sharp, 1899) sug-
gested a better outline than could have been gained from Smith alone.
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Handlirsch (1903 and 1904) and Boerner (1904) have gone exten-
sively into the phylogeny of insects, and as a result of their work a
fifth rule may well be added to Kirby’s:

Rule V. When tnsects formerly placed arbitrarily in some of the older ordcrs are found
by paleontology to be of a distinct line of descent from the order with which they have been
ranked, and show decided differences from this order in structure or in metamorphosis,
they should be separated out to form a new order.

In converse also: Insects which should be separated from an older order in accordance
with any of the preceding rules, and yet which show a common origin, must also constitute
a separale order.

Mengea tertiaria, the only fossil insect yet found in the Strepsiptera,
shows a nearer approach to other orders than any existent forms
except the very recently discovered Trioxocera mezicana, in that the
tarsi are five-jointed and two-clawed, but in other respects its char-
acters are essentially different from those of any contemporary group,
and indicate that the Strepsiptera have completely separated from
whatever lineage they formerly belonged to.

Besides being isolated from all other orders by their morphology,
and by phylogeny, they may also be shown to be separated by the
anatomy of the alimentary, nervous, and reproductive systems at
least, by their embryogeny, and by their biology (metamorphosis and
reproduction).

Following may be considered some of the principal characteristics
" of the group upon which authors have based their conclusions that
it is worthy of a distinct ordinal name. The authority for each point
and the species studied are placed in parenthesis.

1. The order became separated from its nearest related group in
or before the Tertiary age (Pierce, Mengea tertiaria Menge).

2. Absence of labrum in male and female; very feeble development
of maxillee in male and complete absence in female (Nassonow, 1892 d,
Xenos vesparum Rossi (rossit Kirby).

3. Position of mouth opening (referring to the constricted part of
the pharynx of the male) in the male and female at comparatively
considerable distances from the mouth parts (Nassonow, 1892 d, X enos
vesparum Rossi). (See pl. 5, fig. 11.)

4. Antennal surface covered with an immense number of clevated
sensory organs (Pierce, Crawfordia pulvinipes, Acroschismus pallidus,
pecosensis, bodetcln, hubbardi).

5. Modification of anterior wings of males into club-like balancers
(Nassonow, 1892 d). (See pl. 6, fig 7.)

6. Reduction of prothorax, sometimes to a mere cylinder sur-
rounded by the mesothorax (Pierce, Anthericomma barber:t). (Sce
pl. 14, fig. 5.)

7. Unusual development of metathorax and the great distance
between the last two pairs of legs. (See pl. 6, fig. 6.)
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8. Freedom of movement of head and thoracic segments secured
by elastic membranes (Pierce, Acroschismus pallidus Brues). (See
pl. 5, fig. 7.)

9. The occasional presence of a mesostigmatal protecting lobe
(Pierce, Acroschismus species). (See pl. 5, fig. 4.)

10. a, Wings in form of quadrant, folding longitudinally, veins
radial.  (See pl. 1, fig. 2.) b, The movement of wings and elytra in
unison, as contrasted with the stationary character of coleopterous
elytra during flight.

11. The permanent exsertion of the male genital organ (adeagus),
and the entire absence of female external genital organs (Pierce, Craw-
fordia pulvinipes, Acroschismus specics, Apractelytra schwarzi; Per-
kins, 1905, Ialictophagus? species, Elenchus species).  (See pl. 2, fig.6.)

12. Isolation of posterior and middle intestines in male and absence
of latter in female (Nassonow, 1892 d, Xenos vesparum Rossi).

13. Nervous system formed of three ganglia, supracesophageal,
thoracic and ventral (Nassonow, 1892 d, Xenos vesparum Rossi).
(See fig. 2, Nos. 14-17, p. 60.)

14. Absence of Malpighian vessels and cutaneous glands in male
and female (Nassonow, 1892 d, Xenos vesparum Rossi).

15. Presence of unpaired sexual canals on the second to fourth,
fifth, or sixth abdominal scgments of the female, in the form of
curved tubes, resembling the segmental organs of annelids (Nasso-
now, 1892 d, Xenos vesparum Rossi, 1893 a, Stylops mellittze Nasso-
now not Kirby; Muir, 1906, Elenchus tenuicornis Muir not Kirby.)

16. Absence of ovaries (Nassonow, 1892 d, Xenos vesparum Rossi).
The simultancous development of all eggs (Brues, 1903, Xenos peckii
Brues not Kirby).

17. The retention of the female in its unshed pupal skin (Meinert,
1896; Pierce, numerous species).

18. Two pupal instars and the retention of the puparium and first
pupal skins by the second male pupa (Pierce, Acroschismus pallidus,
Pecosensis).

19. The fusion of head and thoraciec segments to form a cepha-
lothorax in the adult female (Nassonow, 1892 d, Xenos vesparum
Rossi; Pierce, Acroschisnius pallidus Brues).

20. Larviparous reproduction.

21. Iypermetamorphosis.

22, Permanent parasitism of female.

23. Fertilization probably by releasing spermozoa in the buccal
cavity or else in the opening of the brood canal.

In rebuttal it may be advisable to show the fallacies of the classi-
fications which called the Strepsiptera coleopterous.

Saunders (1872), following Schaum, and Lacordaire (1859) gave
the following as the principal reasons for ranking the Strepsiptera as
Stylopidie, coleopterous:
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1. Similarity of hexapod larve to those of Meloide (and Rhipi-
phoridw).

2. ““Metamorphosis nearer to that of Coleoptera’ than of any other
“elytrophorus order” (quoted from Kirby, 1813).

3. Same buccal organs in hexapod larve notwithstanding the dif-
ferences of their respective habits.

4. Variation of buccal organs during metamorphosis of Sitaris, as
great as differences between these organs in Stylopidee and in Meloidze.

5. Participation with several abnormal coleopterous groups in the
divergence from conventional formularies of organization and dis-
tinguished by the same parasitic associations.

a. Myodites, having rudimentary elytra and radial wing venation.

b. Macrosiagon, Myodites, in the longitudinal folding of the wings.

¢. Rhipidius, in the eveless, apterous females.

d. With the males of all these in the highly developed ramose
antenna.

e. With Mcloe, Sitaris, Zonitis, in the remarkable coarctate pupal
metamorphosis and preliminary transformations.

In the appendix of the present article will be found a discussion of
the fallacy of using such characters to bring together unallied groups.
As to the metamorphosis, Mr. E. A. Schwarz says that it was prob-
ably reached by a line of development parallel with that of the
Rhipiphoridwe, due to somewhat similar parasitic habits, because, he
says, the Strepsiptera have “‘nothing in common with the Coleoptera.”

The resemblance of the triungulinids of the two families Meloidea
and Rhipiphoridee and the Strepsiptera is mainly superficial.  The
meloid hexapods have three claws on the tarsi; the rhipiphorid
hexapods have one claw only and a sucker-like pulvillus, and are
also provided with a caudal sucker; the strepsipterous hexapods have
no tarsal claws, but do have the pulvilli, and instead of the anal
sucker are provided with long bristles.

Since the Thysanura are probably the nearest approach to the
primitive inseccts, it is reasonable to expect that where parasitic
habits have brought about a hypermetamorphic type of develop-
ment, the first stages should revert to the primitive Campodeoid
tvpe and that distant groups with similar habits should exhibit simi-
lar forms in these first stages.

The only genera in the Coleoptera which have been considered close
to the stylopids are Jlornia and Leonidea in the Meloide and Rhipi-
dius sens latum, in the Rhipiphoridie.  The two former are very dis-
similar in appearance, and the females have legs. The Rhipidiini
differ in that the larve leave the host to pupate; the females are like
the males, but wingless and with 11-jointed filiform antenne.
According to Mr. Frederick Knab the females also have eves, legs,
and a well-developed ovipositor.  Thus it will be seen that there is
no resemblance whatever to the Strepsiptera.
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The very recent description by Dr. Filippo Silvestri of a female
hypermetamorphic insect ‘known as Rhyzostylops inquirendus, adds
one more genus to those closely similar forms. This female has legs
which are very simple in structure, is provided with short, simple
antenne, and lacks all but two pair of mouth parts, the pharynx
being exposed, due to the absence of labrum and labium. There are
no rudiments of wings; the abdomen is 10-jointed. The insect was
-found dead under shale or “tufa’ at the side of its cluster of eggs.
From the eggs, triungulinids were obtained. These had two tarsal
claws and posteriorly were armed with stylets. In only two instances
are there any resemblances to the Strepsiptera; namely, the rudi-
mentary mouth parts of the adult and the possession of anal stylets
by the trlunguhmd The insect is anomalous and may or may not
belong in the Rhipiphoride. If it does, it forms a new tribe below
the Rhipidiini. The larva.forms a new step in the series of first
larvee’ by having two tarsal claws.

In all coleopterous classifications containing the Stylopidee they are
arranged at the end of the Heteromera. As LeConte and Horn
(1883) are the best authorities in the English language on the Cole-
optera, the fallacy of thus locating the Strepsiptera may best be
illustrated from their work. In sub(hwdlng the Coleoptera they
define Isomera as ‘“having the hind tarsi with the same number of
joints at least as the others,” and Heteromera as having the ““front
and middle tarsi 5-, hind tarsi 4-jointed.” They place Stylopide
with Heteromera, while they obviously would have to fall in Isomera
if they belonged in the Coleoptera. It must be remembered that
"the Strepsiptera present four types of isomerous tarsi. The sole
reason they had for placing the group in Heteromera was to place
them at the end of a series of parasites with somewhat similar meta-
morphosis and other parallel characters as Saunders, Schaum, and
Lacordaire had done.

Since the Strepsiptera are isomerous and the Rhipiphoride are
heteromerous, it is evident that they belong to distinct lines of descent,
which has been pointed out as probable. - Being separated thus from
the Rhipiphoridee there is no coleopterous group with which they
can possibly be allied.

In conclusion, then, the writer would place the Strepsiptera as a
separate order, on a distinct line of descent from that of the Coleop-
tera, and nearer the Hymenoptera and Diptera, and as highly special-
ized as the highest insects in any of the orders.

The thoracic structure places the order near these other two
because of the great development of the metathorax and the extreme
reduction of the prothorax and mesothorax. It differs by having
the parts not agglutinate except in the female and immature stages.
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The mouth structure, consisting of mandibles and maxille, but not
constructed for feeding on solid food, also draws the Strepsiptera
away from the Coleoptera, toward the Hymenoptera.

The nervous system is reduced to a supracesophageal, a thoracic,
and a ventral ganglion from which nerves branch out to all of the
segments. Such reduction is frequently found in the Diptera.

The larviparous reproduction is found in the Diptera, but not in
the Coleoptera.

COLLECTION.

The building up of a large collection of stylopids is necessarily
attended with great painstaking, for only occasional results can pos-
sibly attend indiscriminate collecting, but a systematic biological
study must yield astonishing results. Furthermore, the work must
henceforth be conducted in four orders—Orthoptera, Homoptera,
Heteroptera, and Hymenoptera. A

In Orthoptera (in the American sense) it is probable that the
Blattoidea and Grylloidea will be the only groups parasitized. These
insects inhabit damp places and frequently construct burrows. Para-
sites must be sought in the haunts of the hosts.

The only heteropteron known to be parasitized is a large scutel-
larid from the Orient. Very possibly more extensive examination
in tropical regions will bring out other hosts.

At the present writing the most important order parasitized is the
Homoptera. Perkins (1905) has recorded parasites in the Asir-
acidee, Isside, and Tetigoniidee, and says that they are sometimes
quite abundant. This, then, opens a new field for the economic ento-
mologists. Although it is possible to collect parasites by beating in
the grass as Templeton (1838) did when he took Elenchus tenuicornis,
the best method must be to follow in the steps of Koebele and Perkins
(Perkins, 1905) and breed the parasites in breeding cages. The same
method will hold with Heteroptera. Mr. Koebele for several years
has been endeavoring to introduce American, Vitian (Fijian), and
Australian Elenchide into Hawaii as parasites of the injurious cane
leaf-hoppers. The method used was to collect parasitized Homoptera
in large quantities and ship them in cages with a mesl fine enough
to prevent the leaf-hoppers from escaping. This mesh would give
plenty of room for the triungulinids to get out and attack other hosts.
Up to date no success has been recorded in this attempt; in fact, there
seems to be no chance of success. Probably the reasons are that the
Hawaiian leaf-hoppers are diflerent species or genera and the parasites
will not change their host relations.

The collecting and study of the hymenopterous parasites is by no
means as difficult or as exacting a work as that with homopterous
parasites. The hosts in this order belong to the families Formicids
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in Formicoidea; Eumenide, Vespide, and Masaridee in the Ves-
poidea; Sphecide, Stizide, and Bembecide in the Sphecoidea; and
Anthophoridee, Panurgide, Andrenide, and Prosopide in the Apoidea.
These families include social ants, social wasps, solitary wasps,
digger bees, gall-dwelling bees, and stem-dwelling bees.

The Hymenoptera campaign should consist of several features: 1.
A systematic search of all flowers blooming in the locality studied
at all times of the year. 2. A careful record of the host plant, time
of appearance and disappearance of each species of bee and wasp. 3.
A systematic search for the dwellings of the bees and wasps and
sweeping in their vicinity. 4. A study of the interior conditions of
the dwellings of each species. 5. Studies of ants’ nests.

On the other hand, a systematic study of the Strepsiptera must also
yield to the world—

1. A fuller knowledge of the biology of the host insects.

2. An increase in the knowledge of inter-relationships of insects.

3. An addition to the recorded knowledge of the other parasites of
the same hosts (as, for instance, Rhipiphoride, Meloide, Braulide,
ete.).

The collection of males on the wing would seem to be attended by
considerable difficulties, because of the rapidity of flicht and the
minute size of the insects. The best results must come from breed-
ing the hosts. In the study of Acroschismus pallidus the writer found
a very convenient arrangement in the shape of an ordinary broad
lamp chimney. A pasteboard box was arranged as a support in order
to keep the globe in one position and yet horizontal. The ends were
merely covered with cheese cloth. A wire screen divided the globe
into two compartments, in the upper of which were the wasps and
into the lower of which the parasites dropped when exhausted. One
end was closed by pasteboard with a hole cut in the middle, through
which with a dropper sugar or water could be admitted to a pill box
placed on the screening. The pasteboard end was covered with a
cheese cloth also. It is not advisable to crowd a cage with wasps.
They can be admitted through the same hole intended for the food
passing. The parasites can be removed with a camel’s-hair brush,
but the student must take great precautions, as they are so quick of
flight.

One of the desiderata in working with Strepsiptera is to get the
triungulinids as well as the adult male and female; hence arrange-
ments must be perfected by the student to keep the hosts alive until
time for the triungulinids to emerge.

In the preservation of specimens the writer finds it very inadvisable
tomount dry, as the specimens invariably shrivel up, and also because
so many of the best characters of the Strepsiptera are microscopic.



REVISION OF STREPSIPTERA—PIERCE. 13

Hence two very feasible methods may be suggested. Very fine
balsam mounts can be made by supporting the cover glass with
broken slivers of a glass slide. This prevents the specimen from
being crushed. Glass rings serve the same purpose, but are more
expensive. If not desired to make permanent mounts, the speci-
mens may be kept in alcohol and examined under a high-power
microscope as follows: Glue a glass ring on a slide with some substance
unassailable by alcohol, fill the cell with alcohol, and, after placing the
specimen in position, carefully slide a cover glass over it. This will
give opportunity to use quite a high power on the object and takes
but a minute or two to transfer from the bottle to the slide and back
again. Slides with permanent cells may be purchased.

BIOLOGY.

The life history of the Strepsiptera is of so much interest that it
appears well to introduce the more specialized treatise of the biology
by a brief summary of the most important elements in it.

These insects are called in common parlance ‘““stylops,” and stu-
dents, when speaking of a parasitized insect, usually say that it is
“stylopized.” The ‘“stylops” is known to most collectors only as a
disk-like or acarus-like plate protruding from between the abdominal
segments of various bees and wasps. Few, indeed, are they who have
seen the adult winged males, although most collectors have marveled
at the pictures of them. In fact, many a careful collector would
never even notice the foreign body in the abdomen of his specimen.

If this disk-like plate is flat the parasite is an adult female, and
the part seen is the cephalothorax, a character not appearing in other
- insects. The part unseen is merely the grub-like white abdomen
which often almost fills the body of the host. If instead of a disk
the part exserted is the tuberculate rounded end of a cylindrical
body the collector may know that he has a male pupa, from which
an adult active male will emerge if he keeps the host alive.

With the grub-like female the discussion of the life history may
commence. Dissect it out, and you will usually notice that just
where it protrudes its cephalothorax there is some kind of firm con-
nection with the body of the host, which sometimes happens to be a
tube. These insects draw their nourishment from their host by os-
mosis, which is the most degraded manner of alimentation. The
body of the female is a great sack full of eggs, all of which develop at
the same time, and not in ovaries but loose in the body cavity. The
real female never sheds its last skin. It has lost all instinct, except
that which causes it to force its chitinized cephalothorax out through
the abdomen of its host. Yet in spite of this its nervous system is
as highly developed as the male’s.
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RELATIONS TO HOST.

The subject which deals with the relationships of these parasites
to their hosts is many sided and complicated, but it certainly contains
many points of great interest to the student of parasitism. A
division, therefore, into the main groups of relationships will probably
make the discussion more coherent. These divisions are:

1. The actual relationships of the host to the parasite.

2. The effects of parasitism upon the individual hosts.

3. The effects of various host conditions upon the parasites.

4. Seasonal conditions and the biology of the hosts as influencing
the biology of the parasites.

1. ACTUAL RELATIONSHIPSTO THE HOST.

When the young triungulinids leave the body of the parent they
find themselves crawling over the body of the parent’s host. They are
restless for they must reach some new host. The insect, then, which
now bears them, and which for convenience will be known hercafter
as the maternal host, becomes the first agency of transfer of the
minute triungulinids. There are obviously several ways in which
the parasites may reach new hosts, and probably all are followed in
actual life.

They may be carried direct to the nest of the maternal host, where
they may find new hosts immediately. This is especially possible in
the case of colonial insects, for there the parasites may pass from one
cell to another until a proper host is found. But if the maternal host
is a male solitary insect, or if the hosts are not nest builders (in the
case of Orthoptera, Homoptera, Heteroptera) then this is not the
method of transfer. .

It is, however, almost out of the question that the host should carry
the triungulinids to its own young, because the observation of Perez
that there is a loss of function in parasitized females would indicate
that there is no nest building by affected individuals. Perez (1886)
looks at the matter in this light: ‘Il devrait par conséquent exister
dans chaque espéce d’abeilles nourissant ces parasites, une lignée,
une race exclusivement affectée, A leur entretien, ce que, & priori, est
absolument improbable.”

They may leave the maternal host at some place frequented by
other individuals of the same species.  In case of bees this will be a
flower of a certain species, which flower or rather plant may be
known as the host plant. The opportunitics of reaching anew host
are many. Among bees all individuals mature during more or less
definite periods and frequent a limited number of flower species,
although the males may visit several species of flowers not visited by
the females. The little triungulinids may be picked up in a mass of
pollen, or they may reach this new host, which must be known as a
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The eggs mature within the body cavity, and the young (of which
the writer once counted 2,100 to one female) (Pierce, 1904), find
exit from the body of the parent through from three to five median
canals opening in the 2d to 4th, 5th, or 6th segments (such canals
are nowhere else found in Insecta, but occur in the Annelida).
They have passed into a larger passage formed between the venter
of the female and its uncast pupal skin, in which they pass forward
and find exit through a slit between the head and prothorax on the
cephalothorax. The female reposes with its venter upward, so
when the young come out they crawl all over the body of the host.
These young look like the primitive thysanuran Campodea, being
very lively little hexapods, with two bristles from the caudal end, and
with padded, clawless feet. The name given by Chobaut is tri-
ungulinid, because of the resemblance to the meloid triungulins.

The triungulinid remains upon the body of the host until it gets a
chance to slip off or is brushed off into a nest or flower. In the latter
case it waits until another host comes along and takes passage with it,
and is carried to a nest finally. When it reaches a nest it hunts
around until it finds a larval host, into which it quickly burrows.

Inside its host parasitic life quickly causesit to lose its legs, and the
eyes to disappear, and it is soon entirely grub like; then the segments
of the head and thorax fuse. The male and female, after the second
molt, appear different, the female becoming as just described, while
the male becomes cylindrical and in the later stages shows a patch of
eyes, resembling the primitive collembolan eye patches but more
regular. The anterior portion hardens and is pushed outward,
resembling a dipteran pupa case, with tuberculate head and a little
cap at the tip of the cylinder. Within this skin a real pupa, like the
hymenopterous pupa, forms, and then another pupa forms within this,
and finally the adult develops inside of these three skins and emerges
by casting the cap from each skin. The adult male is a most peculiar
insect with one pair of large, milky white wings, shaped as a quadrant
of a circle; with a short transverse head; with large eyes on stalks,
composed of many separate hexagonal facets divided by hairy par-
titions; with antennz branched and covered with delicate sense
organs; with rudimentary mouth parts, and with little paddle-
shaped balancers on the mesothorax.

These insects fly like a flash, darting here and there, and with the
balancers vibrating in unison with the wings and making quite a
loud hum for such little creatures (for the largest known is but a
quarter of an inch long). Their sole purpose in life is to fertilize the
females, which act is accomplished by setting loose of the semina
either in the brood canal or wsophagus of the female. They live
but a few hours, five being the longest recorded, with one exception,
when Friese had a male Stylops live sixty-two hours (Friese, 1893).
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temporary host, by their own volition. Saunders (1853) proved that
they have remarkable saltatorial power, which power, together with
the aid of the sucker-like pads of the tarsi, will enable them to reach
an inscet which may pause but a sccond at the flower. In such
manner there may possibly be several temporary hosts in some cases
before the triungulinid reaches the nest. In connection with the
part the maternal host fulfills in the destiny of the parasite, Newport
(1851) makes the significant remark that the bees live long enough
to perpetuate the enemies of their race and to serve the young Strep-
siptera as a means of transportation to their hosts.

The triungulinids may be forcibly removed by the bee, as was
observed by Smith (1859) with regard to Andrena trimmerana. He
says: ‘‘She was covered witle hundreds of larvee of Stylops and her
brushing and excitement were caused by efforts, on her part, to free
herself from the annoyance which the host of larve evidently occa-
sioned her.”

The writer can now add another link in the chain of evidence
which has been produced to strengthen the flower-transfer hypothesis.
On July 21, 1906, at Dallas, Texas, Mr. W. A. Hooker collected from
Helenium  tenuifolium, a Leionotus verus (resson containing two
female parasites which had produced triungulinids, and also an Aga-
postemon texanus bearing two triungulinids of the identical species on
the last ventral segment. Thus it may be seen that the triungulinids
are actually left at the host flowers and also that many climb upon
the wrong host, just as the writer formerly showed to be the case
with the triungulinids of Myodites solidaginis.

Perez (1886) suggests that in seeking shelter overnight or in stormy
periods in the nests of other individuals, the maternal host or an
intermediate carrier may leave triungulinids in position to find per-
manent hosts.

In case of the social and solitary wasps the places frequented are
little puddles of water, posts, and often flowers. In the case of Io-
moptera the triungulinids are very likely scattered throughout the grass
over which the young leaf-hoppers are feeding. With Gryllotalpa the
agency of transfer must be some damp locality where these insects
congregate. The actual transfer agency must at present be a matter~
of conjecture in all such msects. Suffice it that either the maternal
hosts or some temporary hosts transfer the young to the places where
they can find their permanent hosts.

The triungulinid immediately attacks its host when it finds the
proper one. Saunders (1853) found that Xenos larve would not
attack soft Polistes pupz nor eggs, but that they would burrow
immediately into a larva, being completely inside in a space of three
hours. Ie found that triungulinids of Hylechthrus were unable to
eflect an entrance through the pellicle of Polistes larvee.
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The parasites do not penetrate the vital organs of the hosts, but
adjust themselves between the organs and crowd these out of position
or crush them. The nourishment seems to be by osmosis—that is,
by absorption of the juices of the host, although this point, is not defi-
nitely established. Sometimes the number of parasites becomes so
great that the host becomes seriously injured and death results.

The location of the parasites in the body of the host is as a general
rule indifferent, although the males generally occupy the basal seg-
ments and the females the apical segments. These remarks are based
primarily upon a study of Polistes annularis. A notable exception
was found in Andrena crawfordi,in 92 parasitized individuals, of which
every parasite was located between the fourth and fifth segments.

With Homoptera there seems to be more definite location for the
parasites, according to Perkins (1905). He treats this subject as fol-
lows:

It is perhaps worthy of notice that the male puparia of the species of Halictopha-
gus (?), parasitic on jassids, pierce the dorsum or even the venter of the abdomen of
these leaf-hoppers, but the head of the female is always, or nearly always, thrust
through the pleura. On the contrary, in Elenchus and Deinelenchus, parasitic on
fulgorids, the male puparium (as well as the head of the female parasite) is exserted
from the pleural region only.

In the case of the Halictophagina we found only mature leaf-hoppers to contain

mature female parasites and puparia; but in the case of Elenchus tenuicornis the nymph
or adult delphacids will alike produce mature parasites of either sex.

In the following pages are brought together definite statistics, pub-

lished and original, on the percentage of infestation of several species
and on the location of the parasites in the bodies of the host.

POLISTES ANNULARIS Linnaeus.

At Rosser, Texas, on September 23, 1905, Mr. F. C. Bishopp and
Mr. C. R. Jones, both of the U. S. Department of Agriculture, col-
lected two large nests of Polistes annularis, abundantly parasitized by
Acroschismus pallidus Brues.

The nests contained, respectively, 1,575 and 1,212 cells, or a total
of 2,787 cells, from which at the time or by subsequent breeding 1,553
wasps were obtained.

On these wasps the following data were obtained, as tabulated:

1,311 male wasps, 1,052 unparasitized, 259 parasitized.
242 female wasps; 235 unparasitized, 7 parasitized.

1,553 wasps; 1,287 unparasitized, 266 parasitized.

84.4 per cent of the wasps were males, 15.6 per cent females.

97.3 per cent of the parasitized wasps were males, 2.7 per cent females.

80.3 per cent of the male wasps were unparasitized, 19.7 per cent parasitized.
97.2 per cent of the female wasps were unparasitized, 2.8 per cent parasitized.
82.8 per cent of all the wasps were unparasitized, 17.2 per cent parasitized.
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The following data give more specifically the extent of parasitism
found in these wasps, bringing out the percentage of sexes of the para-

sites and their relations to each other:

1 male wasp with 15 male parasites = 15 parasites.
1 male wasp with 5 male parasites = 5 parasites.
1 male wasp with 4 male parasites = 4 parasites. )
6 male wasps with 3 male parasites = 18 parasites.
17 male wasps with 2 male parasites = 34 parasites.
112 male wasps with 1 male parasite = 112 parasites.
138 male wasps with 188 male parasites.
4 female wasps with 1 male parasite = 4 parasites.
142 wasps with 192 male parasites.
11 male wasps with 2 female parasites = 22 female parasites.
47 male wasps with 1 female parasite = 47 female parasites.
58 male wasps with . 69 female parasites.
2 female wasps with 1 female paraalte = 2 female parasites.
60 wasps with 71 female parasites.’
Parasites.
1 male wasp with 5 male, 2 female (7) parasites = 5 male, 2 female = 7
1 male wasp with 2 male, 5 female (7) parasites = 2 male, 5 female = 7
2 male wasps with 5 male, 1 female (6) parasites = 10 male, 2 female = 12
1 male wasp with 4 male, 2 female (6) parasites = 4 male, 2 female = 6
1 male wasp with 3 male, 3 female (6) parasites = 3 male, 3 female = 6
2 male wasps with 2 male, 4 female (6) parasites = 4 male, 8 female = 12
1 male wasp with 3 male, 2 female (5) parasites = 3 male, 2 fecmale= 5
5 male wasps with 3 male, 1 female (4) parasites = 15 male, 5 female = 20
5 male wasps with 2 male, 2 female (4) parasites = 10 male, 10 female = 20
2 male wasps with 1 male, 3 female (4) parasites = 2 male, 6 female = 27
9 male wasps with 2 male, 1 female (3) parasites = 18 male, 9 female = 27
5 male wasps with 1 male, 2 female (2) parasites = 5 male, 10 female = 15
28 male wasps with 1 male, 1 female (2) parasites = 28 male, 28 female = 56
63 male wasps with 109 male, 92 female = 201
1 female wasp with 1 male, 1 female (2) parasites = 1 maie, | {cmale = 2
64 wasps with 119 male, 93 female = 203

The highest amount of parasitism then in the aut

(Brues, 1903.)

hor’s study was 15,
which number is exceeded by the record of 31 larve in one larval host.

In summarizing these figures the following totals and percentages
are obtained, which bear directly upon the question of survival of the

parasites.

138 male wasps with 192 male parasites =
63 male wasps with 109 male, 92 female parasites=
58 male wasps with 69 female parasites=

259 male wasps with 301 male, 161 female p.lrasltee—

4 female wasps with 4 male parasites =

1 female wasp with 1 male, 1 female parasite =

192 parasites.
201 parasites.
69 parasites.

462 parasites.

4 parasites.
2 parasites.
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2 female wasps with 2 female parasites= 2 parasites.

7 female wasps with 5 male, 3 female parasites= 8 parasites.

266 wasps with 306 male}164 female parasites=470 parasites.

65.1 per cent of parasites are males.
34.9 per cent of parasites are females.

Of the 164 female parasites only 71, or 42.6 per cent, occurred in
hosts containing no male parasites. Brues (1905) has pointed out
that hosts from which male parasites have emerged can not pass
through the winter. Furthermore, it seems that few male wasps
ever endure the winter season. This reduces the number of females,
then, which would have survived to reproduce their species, to
2, or .2 per cent, of the total number of females.

These figures lack one powerful coefficient, however. It is not
known how many parasitized female wasps had left the nest at the
time it was taken.

The location of the parasites may be summarized as follpws:

1 male protruding from the first segment, dorsal; total, 1.
21 males protruding from the second segment, dorsal
! total, 26.
5 males protruding from the second segment, ventral
132 males protruding from the third segment, dorsal
. o . total, 146.
14 males protruding from the third segment, ventral
85 males protruding from the fourth segment, dorsal
1 total, 101.
16 males protruding from the fourth segment, ventral
29 males protruding from the fifth segment, dorsal }
. total, 30.
1 male protruding from the fifth segment, ventral
2 males protruding from the sixth segment, dorsal; total, 2.
2 females protruding from the third segment, dorsal }t otal. 4
2 females protruding from the third segment, ventral ’
29 females protruding from the fourth segment, dorsal
! total, 32.
3 females protruding from the fourth segment, ventral
106 females protruding from the fifth segment, dorsal }Lotal 115
9 females protruding from the fifth segment, ventral S
10 females protruding from the sixth segment, dorsal; total, 10.

These figures show that the majority of the males protrude from
behind the third and fourth segments, while the females mainly find
exit behind the fifth segment.

Brues (1905) at Paris, Texas, took in July 36 female wasps, from
which he secured 91 male parasites and 3 female parasites; 35 wasps
contained males, while 3 wasps contained females. Both sexes were
found in only one wasp. On October 3, from 36 female wasps he
took 81 male parasites and 44 female parasites; 25 wasps contained
males, 27 contained females, 3 contained larve; 8 wasps contained
males only, 10 contained females only, 17 contained both sexes, and
1 contained a larva only.

At Orlando, Florida, Mr. W. A. Hooker found, on November 28,
1906, 1 dead male wasp which contained 3 male exuvia located in
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the third dorsal, third ventral, and fourth ventral, and 3 females
located in the fourth dorsal, fifth dorsal, and fifth ventral. On
December 7 he found in hibernation in a house 60 wasps of which
6 were parasitized. These were females.

2 wasps contained 1 female each.

1 wasp contained 1 female and 1 male exuvium.

1 wasp contained 1 female, 1 exuvium, and 1 puparium.

1 wasp contained 2 females and 2 exuvia.

The location of the parasites in all wasps taken by Mr. Hooker is

as follows:

Location. Dorsal. Ventral. ‘ Total.
Second segment....... .. ... ...l ‘1male....... 1 malp.......' 2 males.
Third segment...... ... oo 3 males...... 2 males......| 5 males.
Fourth segment. ... ... . .. .. ool 2 females...." 1 male....... 1 male, 2 females.
Fifthsegment. . ... .. . i 6 females. ... 1 female.....! 7 females.

|

Probably the most interesting feature is the hibernation of wasps
containing male exuvia.

At the same place on December 31 Mr. J. C. Crawford took one
female containing a male exuvium.

At Plummers Island, Maryland, February 24, 1903, Mr. W. V.,
Warner collected a female bearing a male exuvium. This is un-
doubted hibernation with the empty case. At the same place
in December, 1906, Mr. H. S. Barber collected 35 hibernating wasps.
These were killed January 3, 1907, and 2 were found parasitized by
a single female each. The wasps were all females. In November,
1907, Mr. McAtee also collected 10 unparasitized male wasps, 89 unpar-
asitized females, and 6 parasitized females, containing 3 male and 12
female parasites. At the same place on November 9,1907, Prof. W. P,
Hay collected 54 wasps, of which 4 contained 6 parasites in all.

POLISTES GALLICUS Linnaeus.

Rosenhauer (1842) records from 77 wasps 81 male parasites
and 44 female parasites; 56 wasps contained males and 32 contained
females; 45 wasps contained males only, 21 contained females only,
while 11 contained both sexes. Siebold (1843) questions whether
Rosenhauer knew the sex of these parasites.

POLISTES, new species, near MINOR.

At Victoria, Texas, September 25, 1906, Mr. J. C. Crawford col-
lected four nests in one tree. Two nests were entirely unparasitized.
In one nest 25 female wasps were unparasitized and one male con-
tained a male puparium. The fourth nest contained 133 female and
52 male wasps unparasitized; and 2 females and 3 male wasps para-
sitized.
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At Dallas, Texas, October 11, 1906, Mr. R. A. Cushman and the
writer collected two nests. In the first 13 male and 4 female wasps
were unparasitized and 1 male was parasitized, while in the second
the 9 males and 1 female were all unparasitized.

POLISTES METRICUS Say.

Austin (1882) at Readville, Massachusetts, on August 20, 1879,
took Polistes metricus parasitized as follows:

14 male wasps taken, 2 parasitized.

36 female wasps taken, 7 parasitized.
1 female wasp contained 7 male parasites.
1 female wasp contained 2 male parasites.
1 female wasp contained 1 male parasite.
1 female wasp contained 1 female parasite.

According to note 3513, U. S. Department of Agriculture, Bureau
of Entomology, a specimen of this wasp bearing 8 fully grown females
was taken September 4, 1884, near Washington, D. C. Other wasps
taken on the same date bore empty puparia.

POLISTES PALLIPES Lepeletier.

At Marion, Massachusetts, on September 2 and 12, 1902, Mr. Fred.
C. Bowditch took 10 Polistes pallipes parasitized by Acroschismus
bowditchi Pierce.

Five adult males were bred, and these have been studied by the
author. In the 4 male wasps are 16 male pup®. In the 6 female
wasps are 4 female parasites, 1 male pupa, and 9 empty puparia;
that is, each male averaged 4 parasites and each female 2.33 parasites.
The parasites were in the proportion of 26 males to 4 females, or
only 13.3 per cent females. The highest number of parasites to an
individual was 10, all pupe, in a male wasp.

The record of parasitism was thus:

2 female wasps with 1 male, 1 female= 4 parasites.
1 female wasp with 1 male, 2 female= 3 parasites.

1 male, 2 female wasps with 1 male only = 3 parasites.
1 male wagp with 2 male = 2 parasites.
1 male wasp with 3 male = 3 parasites.

1 female wasp with 5 male = 5 parasites.
1 male wasp with 10 male =10 parasites.
4 male, 6 female wasps with 30 parasites.

The location of the parasites was as follows:

Location. I Dorsal. Ventral. Total.
; }
Second segment..................ieanl. i dmale.... ...l ‘ 3 male.
Third segment....... ... ... ... Tmale................ S5male...... 12 male.
Fourth segment....................... .. 6 male, 2 female....... 2male...... 8 male, 2 female.
Fifthsegment............................ 1 male, 2 female....... 1male...... 2 male, 2 female.
Sixth segment....................... ... | Imale..... ... 1 male.

84359—Bull. 66—09——3
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At Cincinnati, Ohio, Mr. Charles Dury took 15 Polistes pallipes
parasitized by Acroschismus bowditchi.

Four adult males were bred, and these have been studied by the
author. In the 4 male wasps were 12 male parasites and 1 female
parasite. In the 10 female wasps were 23 male parasites and 1
female parasite. In the remaining mutilated specimen was 1 male
parasite. Each male, therefore, averaged 3.25 parasites, and each
female 2.4 parasites. The parasites were in the proportion of 36
males to 2 females, or only 5.2 per cent females. The highest num-
ber of parasites to an individual was 9, all pupe, in a female wasp.
The wasp was so feeble it could hardly move.

The record of parasitism was thus:

Male Male
pupe. exuvia. Parasites.

June 15, 1900: 1 female wasp with 2 =2
July 3, 1901: 1 female wasp with 4 = 4
Aug. 24, 1905: 2 female waspswith 1 =2
Aug. 24, 1905: 1 female wasp with 2 =2
Aug. 24, 1905: 1 female wasp with 9 =9
Aug. 25, 1905: 1 female wasp with 1female =1
Aug. 25, 1905: 1 female wasp with 1 . =1
Sept. 13, 1900: 1 male wasp with 4 =4
Sept. 16, 1905: 1 ? wasp with 1 male =1
Sept. 16, 1905: 1 male wasp with 1 male =1
Sept. 16, 1905: 1 male wasp with 1 male 1 female = 2
Sept. 16, 1905: 1 male wasp with lmale 5 =6
Sept. 22, 1905: 1 female wasp with 1 =1
Sept. 27, 1900: 1 female wasp with 2 = 2

4 males, 10 females, 1 ? wasp with 19, 4 males, 13 2 females =38

The location of the parasites was as follows:
Location. Dorsal. { Ventral. ‘ Total.

Second segment. . .....o..oiiiiiiiiiiinaant 3male..... ..o ol I 3 male.
Third segment. ... ...................... 17 male, 1 female...... 2 male...... l 19 male, 1 female
Fourth segment........ ... ............. l7male................ 3male...... | 10 male.
Fifth segment. ... ... .. ... ... ... 1 male, 1 female..._._. 3male...... 4 male, 1 female.

POLISTES RUBIGINOSUS Lepeletier.

A nest of Polistes rubiginosus was collected by Mr. Bishopp and
Mr. Jones at Rosser, Texas, September 23, 1905, containing 377
cells; 171 wasps were procured, 137 being males and 34 females.
Not one was parasitized. The same gentlemen at Mineola, Texas,
July 19, 1906, examined 21 specimens taken at a nest and none
were parasitized.

POLISTES TEXANUS Cresson. )

Skinner (1903 a) cites the capture of two nests of this species at
Pecos, Texas, on September 25, 1901, by Mr. A. E. Brown, from
which 144 wasps were obtained, 34 being parasitized.



REVISION OF STREPSIPTERA—PIERCE. 23

POLISTES VARIATUS Cresson.

On October 18, 1903, Mr. Crawford took at West Point, Nebraska,
200 wasps of this species, all unstylopized, of which only 2 were

males. '
NECTARINA LECHEGUANA Latreille,

In December, 1905, Mr. A. C. Morgan took a nest of Nectarina
lechegquana at Hidalgo, Texas, and from this nest Mr. Crawford
examined about 2,500 wasps for parasitism without finding a single
case. Du Buysson (1905 a) states that he has never met a case of
stylopization in Nectarina.

PROSOPIS, spegies.

Saunders (1852) took 22 specimens of Prosopis, in which he found
32 male and 17 female parasites; 14 bees contained male parasites
and 8 contained female parasites. No bee was found containing
both sexes.

ANDRENA CRAWFORDI Viereck.

Between April 26, 1906, and May 23, 1906, at Dallas, Texas, a
large number of this species of bee were collected by Messrs. Crawford,
Bishopp, Jones, Pratt, and the writer from the flowers of Sitilias
caroliniana, Serinea oppositifolia, Lindheimera texana, and Engel-
mannia pinnatifida. Following is a table of the captures for the
entire period. All parasites were beneath the fourth segment.

151 male bees; 120 unparasitized, 31 parasitized.
115 female bees; 54 unparasitized, 61 parasitized.

266 bees; 174 unparasitized, 92 parasitized.

56.7 per cent of the bees were males, 43.3 per cent females.

33.6 per cent of the parasitized bees were males, 66.4 per cent females.
79.4 per cent of the male bees, unparasitized; 20.6 per cent parasitized.
46.9 per cent of the female bees, unparasitized; 53.1 per cent parasitized.
65.4 per cent of all the bees unparasitized; 34.6 per cent parasitized.

The following table gives more specifically the extent of parasitism,
bringing out the percentage of sexes of the parasites and their relation
to each other:

1 female bee with 3 female parasites= 3 parasites= 3 females.

1 male, 6 female bees with 2 female parasites=14 parasites= 14 females.

23 males, 17 female bees with 1 female parasite =40 parasites= 40 females.
7 males, 37 female bees with 1 male parasite =44 pararites=44 males.

31 males, 61 female bees with 101 parasites=44 maies, 57 fcmales.
43.5 per cent of all parasites were males.
56.5 per cent of all parasites were females.

ANDRENA LAPPONICA Zetterstadt.

Theobald (1892) gives a few imperfect records of his observations
in this species. The collecting was done at St. Leonards-on-Sca,
England.

In 1887, 105 bees out of 180 taken were parasitized=>52.7 per cent.
In 1888, 54 bees out of 60 taken were parasitized=90.0 per cent.
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The following table is based on the collection of 1888:

2 female bees with 3 parasites cach= 6 parasites.
3 male, 6 female bees with 2 parasites each=18 parasites.
18 male, 25 female bees with 1 parasite each=43 parasites.

21 male, 33 female bees with 67 parasites.
ANDRENA NIGROZENEA Kirby.
Theobald (1892) also gives similar data concerning this species, but
does not state the source of his material. 1Ile found
1 male, 3 female bees with 3 parasites cach=12 parasites.

5 male, 3 female bees with 2 parasites cach=16 parasites.
12 male, 16 female bees with 1 parasite each=28 parasites.
E male, Z female=40 bees with 5_b parasites.
ANDRENA OVINA Klug (PRATENSIS Nylander).
Friese (1883) made numerous records on the parasitism of Andrena
pratensis. His records tabulated are as follows:

- Parasites.

October  9: 2 female bees with 1 male = 2 males =2
December 11: 1 male bee with 1 male = 1 male =1
December 11: 1 male bee with 1 female = 1 female = 1
December 14: 2 female bees with 1 male = 2 males =2
December 14: 2 male bees with 2 males = 4 males =4
December 14: 1 female, 1 male bee with 1 female = 2 females= 2
December 14: 1 female bee with 1 male, 1 female = 1 male, 1 female = 2
February 26: 2 female, 3 male bees with 1 male = 5 males =5
5 female, 5 male bees with 1 female = 10 females=10

1 female, 2 male bees with 2 females= 6 females= 6

2 female bees with 1 male, 1 female == 2 males, 2 females= 4

1 female bee with 2 males, 1 female = 2 males, 1 female = 3

17 female, 15 male=32 bees with 19 males, 23 females=42

In other words, the 15 male bees contained 19 parasites and the 17
female bees contained 23 parasites; 6 male and 6 female bees con-
tained males only, 9 males and 7 female bees contained females only,
while 4 female bees contained both sexes.

ANDRENA TIBIALIS (ATRICEPS) Kirby.

Enock (1875) on April 5 and 6 took, on Ilampstead Heath, England,
45 stylopized and 27 unstylopized specimens- of _Andrena tibialis
(atriceps). Ilis records tabulated are as follows:

1 male bee with 3 females= 3 females= 3 parasites.
1 male bee with 1 male, 2 females= 1 male, 2 females= 3 parasites.
1 male bee with 1 male, 1 female = 1 male, 1 female = 2 parasites.

1 female, 6 male bees with 2 females= 14 females=14 parasites.

2 male bees with 2 males, = 4 males = 4 parasites.
6 female, 14 male bees with 1 female = 20 females=20 parasites,
1 female, 12 male bees with 1 male =13 males =13 parasites.

8 female, 37 male=45 bees with 19 males, 40 females=59 parasites.
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TETIGONIA, species.

Perkins (1905) cites a pair in copula taken in Hawaii, of which the
male bore 2 male pupe and 2 females, and the female bore 3 or 4
parasites.

The foregoing data may be summarized as follows:

Sex of hosts.

Polistes annularis (Pierce, October), 1,553 wasps; 84.4 per cent males, 15.6 per cent
females.

Polistes annularis (Barber, December), 35 wasps; 100 per cent females.

Polistes annularis (McAtee, November), 105 wasps, 9.5 per cent males, 90.5 per cent
females.

Polistes, new species (Crawford, September), 216 wasps; 26 per cent males, 74 per cent
females.

Polistes, new species (Cushman, October), 28 wasps; 82.2 per cent males, 17.8 per cent
females.

Polistes metricus (Austin), 50 wasps; 28 per cent males, 72 per cent females.

Andrena crawfordi (Pierce), 266 bees; 56.7 per cent males, 43.3 per cent females.

Sex of parasitized hosts.

Polistes annularis (Pierce, October), 266 parasitized; 97.3 per cent males, 2.7 per cent
females.

Polistes annularis (Hooker, December), 6 parasitized; 100 per cent females.

Polistes annularis (McAtee, November), 6 parasitized; 100 per cent females.

Polistes, new species (Crawford, September), 6 parasitized; 66.6 per cent males, 33.4
per cent females.

Polistes pallipes (Bowditch), 10 parasitized; 40 per cent males, 60 per cent females.

Polistes pallipes (Dury), 14 parasitized; 28.5 per cent males, 71.5 per cent females.

Polistes metricus (Austin), 9 parasitized; 22.2 per cent males, 77.8 per cent females.

Andrena crawfordi (Pierce), 92 parasitized; 33.6 per cent males, 66.4 per cent females.

Andrena lapponica (Theobald’), 54 parasitized; 38.8 per cent males, 61.2 per cent
females.

Andrena nigroznea (Theobald), 40 parasitized; 45 per cent males, 55 per cent females.

Andrena pratensis (Friese), 32 parasitized; 46.8 per cent males, 53.2 per cent females.

Andrena tibialis (Enock), 45 parasitized; 82.2 per cent males, 17.8 per cent females.

Parasitism of male hosts.

Polistes annularis (Pierce), 1,311 males; 19.7 per cent parasitized.
Polistes, new species (Crawford), 56 males; 7.1 per cent parasitized.
Polistes, new species (Cushman), 23 males; 4.3 per cent parasitized.
Polistes metricus (Austin), 14 males; 14.2 per cent parasitized.
Andrena crawford: (Pierce) 151 males; 20.6 per cent parasitized.

Parasitism of female hosts.

Polistes annularis (Pierce), 242 females; 2.8 per cent parasitized.
Polistes annularis (Barber), 35 females; 5.7 per cent parasitized.
Polistes annularis (McAtee), 95 females; 6.3 per cent parasitized.
Polistes, new species (Crawford), 160 females; 1.2 per cent parasitized.
Polistes metricus (Austin), 36 females; 19.4 per cent parasitized.
Andrena crawfordi (Pierce), 115 females; 53.1 per cent parasitized.
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Percentage of parasitism according to species.

Polistes annularis (Pierce), 1,553 wasps; 17.2 per cent parasitized.
Polistes annularis (Hay), 54 wasps; 7.4 per cent parasitized.

Polistes annularis (Barber), 35 wasps; 5.7 per cent parasitized.
Polistes annularis (McAtee), 105 wasps; 5.7 per cent parasitized.
Polistes new species (Crawford), 216 wasps; 2.7 per cent parasitized.
Polistes, new species (Cushman), 28 wasps; 3.5 per cent parasitized. -
Polistes metricus (Austin), 50 wasps; 18 per cent parasitized.

Polistes texanus (Skinner), 144 wasps; 23.6 per cent parasitized.
Andrena crawford: (Pierce), 266 bees; 34.6 per cent parasitized.
Andrena lapponica (Theobald, 1887), 180 bees; 52.7 per cent parasitized.
Andrena lapponica (Theobald, 1888), 60 bees; 90 per cent parasitized.

Sex of parasites.

Polistes annularis (Pierce, October), 470 parasites; 65.1 per cent males, 34.9 per cent
females.

Polistes annularis (Hooker, December), 17 parasites; 47 per cent males, 53 per cent
females.

Polistes annularis (McAtee, November); 20 per cent males, 80 per cent females.

Polistes annularis (Brues, July), 94 parasites; 96.7 per cent males, 3.3 per cent females.

Polistes annularis (Brues, October), 125 parasites; 64.8 per cent males, 35.2 per cent
females.

Polistes gallicus (Rosenhauer), 125 parasites; 64.8 per cent males, 35.2 per cent females.

Polistes pallipes (Bowditch, September), 30 parasites; 86.6 per cent males, 13.4 per
cent females.

Polistes pallipes (Dury), 38 parasites; 94.7 per cent males, 5.3 per cent females.

Prosopis, species (Saunders), 49 parasites; 65.3 per cent males, 34.7 per cent females.

Andrena crawfordi (Pierce, May), 101 parasites; 43.5 per cent males, 56.5 per cent
females.

Andrena pratensis (Friese), 42 parasites; 45.2 per cent males, 54.8 per cent females.

Andrena tibialis (Enock, April), 59 parasites; 32.2 per cent males, 67.8 per cent females.

Maximum parasitism per individual.

Polistes annularis (Pierce), 1 male wasp with 15 male parasites.

Polistes annularis (1looker), 1 male wasp with 3 male, 3 female parasites.
Polistes annularis (Brues), 1 wasp larva with 31 larval parasites.

Polistes metricus (Austin), 1 female wasp with 7 male parasites.

Polistes pallipes (Bowditch), 1 male wasp with 10 male parasites.

Polistes pallipes (Dury), 1 female wasp with 9 male parasites.

Andrena crawfordi (Pierce), 1 female bee with 3 female parasites.

Andrena lapponica (Theobald), 2 female bees with 3 parasites each.
Andrena nigroaenea (Theobald), 3 female, 1 male bee with 3 parasites each.
Andrena pratensis (Friese), 1 female bee with 2 male, 1 female parasite.
Andrena tibialis (Enock), 1 male bee with 3 female parasites.

Andrena tibialis (Enock), 1 male bee with 1 male, 2 female parasites.

male leathopper with 2 male, 2 female parasites.

Tetigonia, species (Perkins), 1 air{
etigonia, species ( %) 1p female leafhopper with 3 or 4 parasites.

In studying these figures, which are gathered under various condi-
tions and by different observers, there are certain conclusions which
may be drawn with safety.

1. A large series of observations is always necessary in order to
draw valid conclusions. Previous statements that wasps could not
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live many days after the exit of the male are now disproven by the
hibernation records on Polistes annularis. 4

2. In most cases the largest percentage of parasitized hosts are
females. Only a small percentage of the males of any species have
been found parasitized. Parasitism of females sometimes becomes
very high—53.1 per cent. The highest percentage of parasitism
recorded is 90 per cent for Andrena lapponica. Next to this must
come Andrena crawfordi. Of 145 bees taken between April 26, 1906,
and May 2, 1906, 81, or 55 per cent, were parasitized, and of the
65 females, 57, or 87 per cent, were parasitized, while only 24, or
30 per cent of the 80 males were affected. The percentage in Andrena
lapponica for 1887 is also worthy of note—>52.7 per cent of 180 bees.

3. In the majority of cases there are a great many more male
than female parasites. The only two exceptions—A. pratensis and
A. tibialis—were winter and early spring records.

4. Male parasites were found in all parts of the hosts’ abdomen
except the ultimate or genital segments. Female parasites seldom
occur before the fourth segment, although they are sometimes
found in the third. The third segment is the normal location of
the males, and the fifth the normal location of the females. A
parasite will find exit any place around the periphery of a segment
where it can get sufficient room. According to Perkins (1905) this
does not hold in the case of Homopterous hosts.

5. Both sexes of parasites are often found together in the same
individual.

6. A host will nourish as many parasites as.can find room in its
body. The largest number of larval parasites found in a host is 31,
while the largest number of male pupe found exserted from the
body of a host is 15. The host in this case (P. annularis) lived
several days; it was taken with the nest or may have hatched after
the nest was captured. Mr. Bowditch took a male P. pallipes in
the field, bearing 10 male pupe, and Mr. Dury took a female bearing
9 pupez, which was so feeble that.it could hardly move around.
The latter also took a wasp in the field from which 5 males had
emerged.

2. EFFECTS OF PARASITISM ON THE HOST.

1. Extermination of race or species.

Although the parasite lives within the body of the host without actu-
ally destroying any of its organs, the latter is extremely disabled by the
extraction of its body juices through the absorptive power of the para-
site. The result is that the host dies without being able to reproduce.
When conditions are such that the parasites can not readily be
transferred from race to race of hosts, or are by conditions con-
centrated against the individuals or colonies in a limited locality
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the possibility is that the race of host and parasites both will become
exterminated, the former for the lack of ability to reproduce, the
second because of the extermination of their means of livelihood.
Theobald (1892) cites the case of Andrena lapponica, at St. Leonards-
on-Sea. The bees were found in four localities, but extremely local
in 1886. In 1887 he took 180 specimens of which 105 were sty-
lopized. In 1888 they were much scarcer, although the climatic
eonditions were much the same, and the colonies undisturbed; of 60
specimens taken, 54 were badly attacked. In 1889 a few were
taken, and in 1890 they had entirely gone. Although the evidence
in this case is strongly in favor of the supposition that the stylops
was the cause of the extinction of the colony, it must not be over-
looked that perhaps Mr. Theobald and other zealous collectors also
contributed greatly to the same end.

Only one other definite record of excessive parasitism is on
- record—that of Polistes texanus collected at Pecos, Texas, by A. E.
Brown on September 25, 1901 (Skinner, 1903, a, b), in which 23 per
cent of the wasps were parasitized. Only 17 per cent of the Polistes
annularis studied by the author was parasitized.

The very recent study of Andrena crawfordi, however, has added
another important instance under this heading. The extent of
parasitism in this species has been cited in the conclusions just
preceding and need not be further considered at this point.

It is of course undeniable that certain influences act upon each
other in such a manner as to prevent the extermination of a species
under ordinary circumstances. In order to explain this fact Marchal
(1897 @) imagines a line or curve of numerical evolution for each
species of insect. As the curve of the parasite increases it interferes
with the corresponding curve of the host, causing a disturbance of
the numerical equilibrium of the latter and consequently upsets the
equilibrium of the parasite. Unless some external cause stops the
downward curve of the two species by partially arresting the develop-.
ment of the parasite, the two species become extinct. In a state of
nature this downward curve may be either checked or not, and hence
the rising and falling curves will continue until there cease to be the
proper external factors for retarding the downward curve. In other
words Marchal wishes to show that the various organisms of nature
are mutually dependent and that extraordinary circumstances will
cause the extinction of numerous forms by removing some of the
elements which naturally operate with or against each other.

2. Loss of vitality by host.

It is of course naturally to be expected, at least in cases where
several parasites have attacked one individual, that the host should
be greatly enfeebled. Hubbard (1892) in writing of Polistes (amer-
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icanus) crinitus, says these wasps, which are active and belligerent,
when overburdened with parasites “were lacking in vitality, and
appeared to be on the sick list, as they rarely left the shelter of
the nest.”” Brues (1903) states that the infested Polistes annularis
are not as active as normal individuals but are often seen feeding at
flowers. Mr. Dury on August 24, 1905, took a female Polistes pallipes
so laden with parasites that it could hardly move. It contained
9 male pupe.

Although these observations show a great loss of vitality, it must
not be supposed that death occurs quickly in all cases. There are
two periods in the biology of the parasites which are particularly
grievous to the hosts. One is the period of hatching, when the
triungulinids are crawling all over the body of the maternal host;
and the other is the period of activity of the male, striving to release
itself from its enshrouding envelopes. On a preceding page it has
been shown that individuals of Polistes annularis lived between
thirteen and sixteen days after the exit of males from their bodies
and also were found hibernating thus. Brues (1905) found seven
P. annularis in the field with empty puparia. Mr. Dury has kept
P. pallipes as long as twenty-one days after the emergence of the
parasites. On July 19, 1906 Messrs. Bishopp and Jones took a
Polistes rubiginosus with six empty puparia.

It is well known that bees usually travel great distances in search
of the flowers they are accustomed to visit, the localities convenient
for nesting seldom being in close proximity to the flowers. Hence
it may be seen that the bees bearing parasites must often have
considerable vitality remaining in order to visit the flowers, for in
going to and from the flowers they must at one time or the other
fly in the face of the wind. When heavily laden with a parasite
this would be a rather difficult undertaking. It may be possible
that parasitized bees do not return to the vicinity of the nests at
night, but remain near the flowers. All parasitized bees taken in
North America up to the present time and known to the author
have been taken at flowers.

In the study of the parasitism of Andrena crawfordi, Mr. Crawford
and the writer have made very close observations on all points
possible. A diligent search for the nests of this species was made
without avail. During April and May this bee is the most common
species of the Andrenine bees and the flowers it frequents are the
predominant flowers at Dallas, Tex. In past studies it has been
found by them that dominant bees generally nest in communities
or semi-communities—that is, that the nests are close enough together
to be remarked. So far, in spite of very frequent excursions with
this object in view no such conditions could be found. The effort was
made to ascertain the direction of flight, but this led to nothing.
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Two focal points were found around which the highest percentages
of parasitism were noted; beyond this no more has yet been worked
out.

The dominant flower is Sitilias caroliniana; it is everywhere. It
opens about 7 a. m., and closes shortly after 9 a. m.; hence the col-
lecting was all done between these hours. The flowers open in all
kinds of weather and the bees visit them notwithstanding; on clear,
sunny days they are very alert and fly easily, being disturbed by the
slightest shadow, while on cloudy days they may be approached easily,
and on damp, misty, or rainy days they rise with difficulty and fly
slowly. It was always noticed that parasitized bees, especially those
which had contained males, did not start easily, and were of a heavier
flight, as though burdened and unbalanced.

3. Acceleration or retardation of development.

Whether the presence of the parasite actually influences the time
of development of the host is as yet a matter of some conjecture.
Saunders (1850), with regard to Prosopis rubicola bred in 1847, records
“those bees which produced parasites being always observed in the
imago state before others not parasitically affected,” and in an un-
published notation opposite this remark Saunders has added: “In-
stance of this precocity exhibited also in the first reared in 1851. Ex-
ceptional, however.”

The writer has observed, as recorded under the examinations of
parasitized Polistes annularis, that the immature wasp larve which
remained longest in the nest were unparasitized. These young were
probably immune because no female parasite taken showed a suffi-
cient development of eggs to have produced triungulinids in time to
attack them.

In the case of Andrena crawfordi the evidence points decidedly
toward acceleration. The first flowers of Sitilias caroliniana appeared
about April 24; Serinia oppositifolia had been in flower a week longer.
On April 26 the first Andrena were taken. On this and the two fol-
lowing days 74 bees were collected and 59 or 79 per cent were infested ;
68 per cent of the parasites were males, and in only three cases were
these still in the pupa state. After April 28 the per cent of parasitism
rapidly decreased. v
4. Alteration of general features.

Perez has contributed several very valuable articles on the effects
of parasitism in Andrena and the author has established the ground-
work of the following paragraphs on his work (Perez, 1886). A few
observations by Mr. Crawford have been kept separate and inserted
after section 5 (p. 34).

a. Abdomen.—In Andrena trimmerana the abdomen becomes sen-
sibly shortened and inflated, and more or less globulose. The atten-
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uation of the posterior segments becomes diminished and the terminal
segments of the female become more pointed than normally. The
teguments of the abdomen contract irregularly and often fold in dry-
ing after death, and assume a scarious appearance (Perez, 1886).

On July 3, 1906, at Dallas, Tex., Mr. W. A. Hooker collected a male
Leionotus annulatus Say (fig. 1), at Helenium tenuifolium, containing
one female Leionotozenos hookeri Pierce. It seems that in pushing
itself out between the segments the parasite completely split the dorsal
tergites of segments three, four, and five, and split segment two half-
way to the base. The parasite was located behind segment three.
This is the first case known to the author of an actual injury to the
body of the host.

The accident and subsequent recovery of the host is in itself re-
markable, but the most curious part relates to the reparation of the
wounded parts. The broken surface of segment two fused solidly to
segment three and a portion of segment
four, the line of fusion being shown by the
difference in the puncturation. The right
broken edge of segment three, continuing
the fusion with segment two, fused solidly
to the left broken edge of segment four,
leaving a loose unconnected flap of segment
three above.  Thus the parasite’s cephalo-
thorax protrudes under the ledge formed
by fusion of segments three and four and
overlaps the right broken piece of the latter
segment. Only a small piece of segment
five is to be found. The right flap of the
terminal segment is greatly developed in
comparison to the left. As a consequence Fie.1.—DistorTEp ABDOMEN OF
of the strange fusion the color pattern is  LEIONOTUS ANNULATUS CONTAIN-

ING LEIONOTOXENOS HOOKERI.
greatly jumbled.

With the inconsiderable amount of literature at hand, the writer
can find only one reference to reparation of chitin. Packard (1898, 30)
writes: ‘‘The reparative nature of chitin is seen in the fact that Ver-
" hoeff finds that a wound on an adult Carabus, and presumably on
other insects, is speedily closed, not merely by a clot of blood but by a
new growth of chitin.”

This case is remarkable in that the insect recovered from wounds
inflicted from within by the struggles of a parasite very nearly filling
its abdomen, and inflicted at the time of metamorphosis while the body
was still tender. There is no evidence whatever of parasitism causing
a loss of vitality in this specimen. It is an interesting case in that it
ably illustrates the power of chitin to fuse and protect the body in case
of accident. ‘
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b. Head.—In Andrena trimmerana the head of the stylopized
individuals is usually smaller than that of normal individuals. This
condition is due to the turning of the nutritive elements to the
abdomen where they are needed by the parasite (Perez, 1886).

¢. Color—Dr. W. M. Wheeler has found that parasitized Polistes
metricus are much altered in coloration and has in preparation a
series of notes on these color changes. Prosopis gibba occasionally
exhibits irregular rufous patches on the abdomens of affected in-
dividuals (Saunders, 1850). Prosopis rubicola exhibits color change
regularly. ‘The nymphs of those Hylaei which are likely to pro-
duce the pale-colored specimens (H. wversicolor), which prove, as
anticipated, to be only a variety of the H. rubicola consequent upon
parasitic absorption, may usually be identified within one or two
days of their final metamorphosis by assuming a yellow tinge, and
may be set apart as certain to produce male parasites’”’ (Saunders,
1852).

d. Villosity.—According to Perez the villosity of the abdomen of a
stylopized Andrena is much more dense, especially on the last seg-
ments and its coloration is altered. In general the stylopized bee
has the hairs of the last segments, more abundant, longer, more
silky, both on the marginal fringes and the disk of the segments, and
the color becomes lighter reddish or golden. As examples Perez
(1886) cites Andrena piceicornis (stylopized) isolita Dufour, and
A. labialis (stylopized) separata Smith. Note Mr. Crawford’s ob-
servations on Andrena crawfordi beyond (p. 34).

The villosity of the thorax in species having scaly, short, ap-
pressed hairs covering the tegument may be altered by the elon-
gation and redressing of the scaly hairs and giving them more of the
appearance of ordinary hairs. As example Perez cites Andrena
aenewentris Moraw.

e. Punctuation.—The punctuation becomes finer, more super-
ficial and closer, as for instance Andrena trimmerana Kirby, Andrena
fulvescens Smith. Note the contrary observation by Mr. Crawford
on Andrena crawfordi (p. 34).

5. Alteration of external sexual characters.

Secondary sexual characters.—a. Color of clypeus.—In the genus
Andrena the color of the clypeus in many species is used to distin-
guish the two sexes, the males having a yellow or white clypeus
while the females have the same black. It was found by Perez
(1886) that when these species are parasitized the color of the
clypeus tends toward the normal coloration in the opposite sex. To
exemplify this point he cites the following species: A. (variabilis)
fimbriata Brullé, A. leucolippa Perez, and A. labialis Kirby. Certain
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species were found to vary more readily on certain parts of the
face than on other parts. Thus A. decipiens Schenck has the clypeus
more frequently colored than the cheeks, and A. (schencki) labiata
Schenck has the color more persistent on the cheeks than on the
clypeus. Chitty (1902) found a specimen of A. chrysosceles Kirby,
in which the clypeus lacked its usual conspicuous white color. In
all females of A. bipunctata Cresson seen by the author there have
been noticed the presence of yellow markings on the clypeus, which
should not normally occur. One female had five yellow spots irregu-
larly placed, while two others had a solid irregular blotch of yellow.
One female of A. cressoni which normally has the clypeus black in
that sex had yellow markings.

b. The fovea (striga frontalis), which in certain species is charac-
teristic of the female only, is found to some extent in the stylopized
male and suffers diminution in the stylopized female. Perez cites as
examples A. trimmerana Kirby and A. nigroaenea Kirby.

c. The anal fimbria of the stylopized female sometimes entirely
disappears, or the length and number of hairs is considerably reduced.
On the other hand in the male the fifth and sixth segments of stylo-
pized individuals sometimes become clad with long hairs so that the
individual may be mistaken for a female. As exemplary of this
change Perez cites Andrena nigroeaenea Kirby.

d. In the antenna the relative lengths of the second and third
joints of the funicle in the stylopized bee tend toward the characters
of the opposite sex. This change is very clearly shown in Andrena
trimmerana Kirby by Perez’s figures (1886).

e. Organs of work tend to assume the form found in the other sex.
The female tibia becomes slender, and less enlarged outwardly; the
hairs diminish in development and number; the tibial brush dis-
appears. The coxal and metathoracic scopa (houppes) suffer a
diminution in number, size, and curve of hairs. The female metatarsal
brushes become diminished by the lessening of the strength and num-
ber of hairs and the enlargement of the joint is diminished. The
males on the contrary sometimes show an enlargement of this joint
and a marked developement of the brush, as for instance A. trim-
merana Kirby {(Perez, 1886). Mr. Crawford also noticed in several
stylopized Andrena in the writer’s collection, a diminution in the
size of the tibiz, but as no normal specimens were procurable at the
time more definite data can not be given at this writing. Note his
statement concerning Andrena crawfordi (p. 34).

Primary sexual characters.—a. Ovipositor.—In stylopized females
the ovipositor becomes shortened. Perez records a female A. af-
zeliella converiuscula with this organ shortened one-third.
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b. In stylopized male bees the copulatory apparatus becomes
diminished in length, width, and curvature.

¢. Stylopized leathoppers can hardly be determined on account of
alterations of the genitalia according to Prof. E. D. Ball.

That parasitism does not entirely prohibit copulation is evidenced
by several records. Mr. Dury took a female Leionotus foraminatus
Saussure, containing a female parasite in the third segment, while in
copulation on August 10, 1901, at Cincinnati, Ohio.

Perkins (1891) showed that males containing female stylops were
““apparently capable of reproduction.” He also cites (1905) Piffard
as collecting a stylopized male bee copulating, but probably the
most conclusive record of all is that of a male Tetigonia, ‘‘bearing
two great male puparia and two mature female parasites, which was
in copula with a female carrying three or four parasites.”

On April 27, 1906, Mr. Crawford took a male and female Andrena
crawfordi in copula, each of which bore an empty male puparium. On
April 28 he took a pair in which the male was unparasitized and the
female bore two female parasites. On April 30 the author took a pair
in which the male bore a female parasite and the female was
unparasitized.

Owing to Mr. Crawford’s knowledge of the available characters in
Apoidea, the writer has submitted all of his parasitized material to
him for examination. The results of Mr. Crawford’s observations
upon Andrena crawfordi are given below, and the writer feels it incum-
bent upon him to acknowledge the services of Mr. Crawford in this
respect and upon this point.

1. Puncturation of abdomen less strong, punctures finer and
sparser; especially noted on second segment.

2. In females with male parasites the basal joint of the hind tarsi
is narrower, approaching the shape of the Correspondin joint of the
male tarsi; this joint not noticeably narrowed in female with female
parasites.

3. Scopa of parasitized female thinner, plumosity shorter not so
silky.

4. Out of 6 males with male parasites 2 show the second transverse
cubital gone in both wings; 1 has stubs at each end, however, in
right wing; 1 has the ﬁrst transverse cubital sligchtly interrupted in
both wings. Out of about 110 nonparasitized males none show any
variation. ' ,

5. Out of 38 females with male parasites 1 has the left wing with
3 submarginals, the right wing with 2 submarginals; 1 has 2 sub-
marginals in both wings but rwht wing with a stub of the nervure;
1 has first transverse cubital of the left wing one-half gone; 45 non-
parasitized females show no variation.
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None of the other salient alterations found by Perez could be ex-
pected in this species because of the close resemblance of the two
sexes. Andrena craufordi is a very generalized bee.

The left wing of the only parasitized specimen of Andrena advarians
in the writer’s collection has a spurious nervure in the third discoidal
cell. Whether due to parasitism or not, such an aberration is of
interest. The results of wing examination in Andrena crawfordi
would lend credence to the assumption that parasitism does affect the
tracheation of the wings. A largerseries is necessary to prove this point.

Mr. Crawford has furnished the following list of Andrena which are
known to lack the second transverse cubital vein at times. It would
be interesting to know whether parasitism was invariably the cause.

Andrena arabis Robertson.
crawfordi Viereck.—A known stylopized species.
geranit Robertson.
tllinoiensis Robertson.—A known stylopized species.
platyparia Robertson.
Opandrena bipunctata Cresson.—A known stylopized species.
personala Robertson.
robertsonit Dalla Torre.—A known styl()pwod species.
Pterandrena asterts Robertson.
krigiana Robertson.
solidaginis Robertson.—A known stylopized species.
Trachandrena claytonie Robertson.—A\ known stylopized species.
Jorbesii Robertson.
hippotes Robertson.—.\ known stylopized species.

6. Synonymy due to stylopization.

Stylopization may so change a species that it can not be identified
unless one understands the direction of the changes under such con-
ditions. A stylopized male or female is a male recovering the char-
acters of the female, or a female borrowing the attributes of the male
(Perez, 1886).

Notable examples of forms based on stylopized individuals are:

Andrena afzeliclla (stylopized) coneertuscula Kirby.
Andrena nigroanea (stylopized) aprilina Smith.
Andrena, sp.t (stylopized) picierus Schenck.
Andrena solidula (stylopized) junonia Viereck.
Andrena subtilis (stylopized) angustitarsata Viereck.
Andrena tibialis (stylopized) moupfetdlla Kirby.
Andrena trimmerana (stylopized) picicornis Kirby.
Andrena trimmerana (stylopized) picipes Kirby.
Prosopis rubicola (stylopized) versicolor Saunders.

It is very probable that most of the complicated synonomy in
Andrena in Europe is due to stylopization.
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Two of the above instances are on the initiative of the writer with
the support of Mr. Viereck, the describer. The latter stated (Viereck,
1904, 222) concerning his Andrena junonia—

This may be solidula altered by Stylops.
The species were separated thus:

@ Face with ochreous hairs; first recurrent nervure received beyond the middle
of the second submarginal cell; pleura with pale pubescence—solidula.

Face with ochreous hairs; first recurrent nervure received before the middle of the
second submarginal cell; pleura with pale pubescence—junonia.

Both junonia and solidula are parasitized by Stylops solidulz.

Andrena angustitarsata was described thus:

Q@ 9 mm. Pubescence ochreous; fovea ochreous. This is a stylopized specimen
and may be an aborted A. subtilis, the abortion due to the presence of the stylops.

The species is separated from subtilis as follows:

Q@ Metatarsus of posterior legs one-half as wide as the tibiz at apex; inclosure
smooth; abdomen indistinctly fasciate—angustitarsata.

Metatarsus of posterior legs more than one-half as wide as the tibiz at apex; inclosure
smooth; abdomen fasciate; clypeus indistinctly punctured, dull, pubescence sparse—
subtilis (Viereck, 1904-1906).

Several interesting points in nomenclature have been worked out,
among which probably the most interesting is as follows:

Andrena convexiuscula and Andrena afzeliella were both described
by Kirby on the same page, the former being placed first. Smith
(1855, 103) found that converiuscula was a form entirely due to par-
asitism and only existed as parasitized individuals, which according
to Perez (1886) are usually unable to reproduce. Perez found that
afzeliella is the normal, unparasitized form of the same species,
although certain unmodified individuals were found parasitized. He
therefore wrote the species Andrena afzeliella converiuscula Kirby
(Perez, 1886). Dalla Torre (1896), following a strict interpretation
of the rules of priority, wrote the species Andrena converiuscula
(stylop.) afzeliella Kirby in which he incorrectly stated the case.
Alfken on the other hand in 1899 reversed the matter and restored
Perez’s manner of naming it. In order to be certain on this matter
the writer placed the question before Dr. C. W. Stiles, who decided
that the first decision, that of Perez, should stand.

In the list of hosts in the genus Andrena several forms of nomen-
clature will be noted:

1. “Andrena bicolor Fabr. form gwynana K. (estival),” indicating
that the two generations of this species are dissimilar and have
received different names.

2. “Andrena afzeliella K.,” indicating a typical species.

3. “Andrena afzeliella K. (stylop.) convexiuscula K.,” indicating a
form due entirely to stylopization.
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4. “Andrena afzeliella fuscata K.,” indicating a normal variation.
5. “Andrena tibialis K. (atriceps K.),” indicating a synonym which
has been used in the literature on the subject.

7. Injury to internal organs.

a. Alimentary system.—Newport (1851) found in Andrena trim-
merana Kirby the intestine of a parasitized bee to be almost entirely
empty and thrust out of its usual position.

b. Nervous system.—The same entomologist found the ganglia of
the abdominal portion of the nervous cord to have been atrophied
and smaller than usual.

¢. Respiratory system.—Newport likewise found the organs of res-
piration to be small and imperfectly developed, and retaining more
the tracheal condition of the bee larva than that of the adult insect,
the vesicles being few and imperfect.

d. Secretion.—Newport found the secretory tubes and poison glands
reduced. Saunders (1850) writes as follows of Prosopis rubicola
Saunders: .

Having noticed two pupa exhibiting on the right side only, the dark markings
which usually precede the development of the bee, I found, on their pupa-pellicles
being discarded the next day, that strepsipterous parasites ready to burst forth, had
become conspicuously prominent on the opposite side, where their hitherto concealed
presence would seem to have had the effect of exhausting the ordinary secretions
within. ’

e. Reproduction.—As a result of stylopization an arrest to the de-
velopment occurs, effecting an atrophy of the ovary. In stylopized
females the largest eggs are smaller than their vitellogenous cells,
but the contents of the cells are unchanged. A parasitized female
with pollen on its brush showed the external signs of parasitism and
likewise had the eggs very far from development. Perez found such
conditions in Andrena flesse Panzer, A. labialis Kirby, A. decipiens
Smith, A. ranunculi Perez.

8. Lffects upon normal functions.

Perez has pointed out that before a female becomes conscious of its
functional duties, incident to the development of eggs, it will not
perform any of its usual functions, and that in cases where the devel-
opment of the ovary is arrested there is seldom any attempt to carry
pollen, or build, or furnish nests. The case of the bee just cited may
possibly be an exception, but the writer finds that a great many of
the females of Andrena crawfordi which are parasitized have consid-
erable pollen on their legs.

84359—Bull. 66—09——+4
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9. Effects subsequent to exit of male.

The exit of the male does not necessarily premise death to the host,
as has been shown in a previous paragraph. There are, however,
external conditions which take advantage of the cavityleft by the male
and cause death. Brues (1903) believes that a drying of the viscera
is incident to the escape of the male because of the admission of air
through the often broken pupal envelope. Perkins (1905) asserts that
the leafhoppers generally die within a few hours or days after the
exit of the male parasite and attributes this to drying and the access
of light. He holds that insects parasitized by males are weaker
than those containing females,so they are probably even more sus-
ceptible on this account.

An after effect recorded only by Perkins is that of fungus attack,
regarding which he says:

Again in the case of leaf-hoppers, at least at certain seasons, no sooner does the male
parasite emerge than a fungous disease at once starts its attack in the opening thus
made, the results of which are absolutely deadly. Sometimes, but much more rarely,
one will find the fungus has developed at the point of protrusion of the female parasites.

This fungus disease seems to be a constant concomitant of stylopid attack on leaf-
hoppers, both in America, Australia, and Fiji.

The records under Polistes annularis indicate a strong possibility

that some wasps from which a male parasite has escaped can success-
fully pass through hibernation.

3. EFFECTS OF VARIOUS HOST CONDITIONS UPON THE PARASITES,

This section is somewhat difficult of treatment, as but few instances
can be found upon which to base the discussion.

1. The parasites are dependent upon light in effecting their freedom.
Saunders (1850) writes:

So long as the Hylei remained in the dark the parasites, deprived of those external
influences which under ordinary circumstances would serve to stimulate their dor-
mant energies, made no attempt to abandon their pupa tenements; as an incentive
to which light appears to be absolutely essential in order that their perceptions may -
be awakened to an intuitive consciousness of the bees having quitted their cells.

2. The death of the host does not occasion the death of a male
parasite in the pupa stage. Saunders (1852) found an Hylechthrus
alive five days after the death of the bee. ~Regarding this record a
manuscript note by him in the author’s personal copy reads:

Produced in 1851 from a dead Hylzus on placing merely in the window, under the
influence of a strong light, but without additional warmth from the sun.

Mr. Dury hatched a male Ophthalmochlus duryi from Priononyz
atrata on August 19, at Cincinnati, Ohio, three days after the death
of the host.
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3. The enmity of ferocious hosts may result in the death of some
males, as is evidenced by Hubbard’s records of Polistes (americanus)
crinitus.

4. An accidental event was noted by Mr. Dury of a male breaking
its pupa-case and emerging into the body cavity of the host, where
it died.

5. Fungus attack, in the case of Homoptera, following the exit of
a male parasite means death to the remaining parasites.

6. Perez noted a case of the exclusion of a parasite, which had
forced its cephalothorax through the pellicle of the pupa at the time
of transformation.

7. The sex of the host in a measure determines the mortality of
the parasites. In the case of Polistes at least the males do not
hibernate, while a fair per cent of the females do. By a glance at
the paragraphs on extent of parasitism it will be noted that in the
autumn the greatest per cent of the parasites were found in the male
hosts and that not more than 1 per cent of the female parasites
could be expected to exist through the winter, as only such hosts
as contained females alone can as a rule stand the rigor of the winter
season. (See Polistes annularis on pp. 17-20.)

4. BIOLOGY OF THE HOST AS INFLUENCING THE BIOLOGY OF THE PARASITE.
1. Biology of the host.

a. In order to invite attack the host must be in the larval state as
demonstrated by Saunders (1852) with Polistes larve. '

b. The development of host and parasite is generally parallel, the
exsertion of the puparium of the parasite occurring very shortly
after maturity, and being followed in a few days by the exit of the
adult. This point will be discussed more fully under the biology of
the male parasite. In Homoptera, however, the reverse may often
occur. Perkins (1905) writes:

In the case of the Halictophagine we found only mature leaf-hoppers to contain

mature female parasites and puparia, but in the case of Elenchus tenuicornis the nymph
or adult delphacids will alike produce mature parasites of either sex.

2. Soctal economy of hosts.

The economy of the parasites is directly related to the economy of
the hosts. It is somewhat remarkable that among the latter are found
very nearly all of the important conditions of social economy known
among insects. As the general subject falls under several distinct
heads, the exact bearing on the present problem may be better shown
by so dividing the discussion.

a. Interrelationship of hosts.—Gregarious insects.—Very little is
known of the parasitism in the Gryllotalpidee and Scutellaridee, but
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our knowledge of the elenchid and halictophagid parasites of the
Homoptera is constantly on the increase, thanks to the zeal of Mr.
Koebele and Mr. Perkins. The Homoptera may very truly be said to
be gregarious, for, to quote Osborn and Ball (1897), there are ‘‘numer-
ous species of Jasside which swarm, often by millions to the acre, upon
various species of grass.” Under such conditions the minute tri-
ungulinids swarming over the grass should have little difficulty in
reaching a host, and males should have but a slight distance to travel
in order to find a female.

Solitary insects.—Under this grouping fall all of the Sphecoidea, the
Eumenide, and all of the Apoidea except Halictus, which are listed as
hosts. The Sphecoidea include ground dwellers and mud daubers,
among which the bembecids often dwell in large communities. The
writer has observed only two such communities at Lincoln, Nebraska;
but Hartman (1905) writes:

Microbembex and Bembex are both comwmon in the sandy woods, where they often
form large mixed colonies, building their nests side by side in great numbers. When
a novice first comes upon one of these populous colonies on mid-day, when business is
at its height, he is bewildered by the great number of wasps engaged in the general hub-
bub around the many holes that riddle the ground.

The Sphecide are not communal, being somewhat averse to socia-
bility. Hartman (1905) recalls a fierce combat of two Ammophila
which happened to dig their nests near each other. The nests of
Sphex (Ammophila), Chlorion (Sphex) and Priononyz are dug in the
ground, the parents being very particular as to the location. But one
egg is laid in a hole. Sceliphron (Pelopaus) is a mud dauber and
builds several cells adjacent to each other.

The Eumedidz are solitary workers, constructing a series of loose
cells at the base of grass clumps, constructing tubes in holes in wood,
in stems of plants, or cementing neat little pots on twigs.

Among the Apoidea a great diversity of nesting habit occurs. As
far as the writer knows, Panurginus, though dwelling in the ground,
(Pierce, 1904) is not communal in habit. Halictoides, Andrena, and
Halictus are ground dwellers.  Mr. Crawford has found large numbers
of Andrena pulchella and Ialictoides marginatus dwelling in one com-
munity at Lincoln, Nebraska. [Ilalictus is also found often in com-
munities. Prosopis nests in galls and constructs galleries in briars.

Among these solitary insects may be noted two conditions—those
that are strictly solitary and those that are semisocial, and live in
communities. It may be surmised without much doubt that under
the latter condition it is easier for male parasites to find females,
since the losts are generally in swarms. Likewise triungulinids
from feeble hosts can more readily reach new hosts in a community
than where the hosts are widely separated. Ilalictus is really semi-
social, as several females use the same hole,
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Social insects.—The remainder of the vespoid hosts fall under this
category. They build large nests and observe a division of labor.
Triungulinids may with ease pass from their maternal host to the cell
of a new larva. Fertilization of the parasites probably takes place
among the swarm at the nest.

Here also fall the formicid hosts, which practice division of labor
in subterranean nests. Since little is known of the parasitism of ants,
the discussion can go no farther.

b. Food habits of adult hosts.—8 permophagous insects.—Among the
seed-eating insects may be noted only the ants. As the transfer.of the
triungulinids probably occurs on the ground or in the nests no signifi-
cance is noticed in the food habit.

Predaceous insects.—The ants belong also under the head of pre-
daceous insects. Here also may be classed all of the Sphecoidea and
the Eumenide. These wasps are all philotropic and will be more
fully discussed under that heading. '

Herbivorous insects.—This group includes the Gryllotalpidee,
Scutellaride, and Homoptera. Apropos of the Homoptera, Osborn
and Ball (1897) write:

The species of Jassidw have, as arule, a decided limitation as to food plant, usually

holding closely to onespecies of plant, almost invariably limited to one plant for breed-
ing, but feeding more indiscriminately in mature stages.

This statement may be applied to most, if not all, of the homop-
terous hosts thus far recorded. It may be readily seen that where an
insect is confined to certain definite food plants the transfer of triun-
gulinids can be much more easily accomplished than where the hosts
are indiscriminate feeders.

Phalotropic insects.—The majority of the hosts known are flower
frequenters, and as such are classed as oligotropic when visiting a single
species, genus, or family of flowers, and polytropic when visiting many
genera or families of flowers. It is very reasonable to infer that the
most ordinary method of transfer of triungulinids takes place at
flowers, because of the analogous forms of strepsipterous and rhipi-
phorid triungulinids. Most of the wasps are flower visitors, because
they may quench their thirst in the nectarine liquids. They are con-
sequently polytropic; but the bees are more highly developed and
often specially adapted for particular flowers, hence many of them are
oligotropic. In this connection the following table may be introduced,
giving the range, scason, and flower records of the most important
hosts of Stylops in North America. The list is compiled from the
writings of Charles Robertson, Sigmund Graenicher, T. D. A. Cocker-
ell, and Henry L. Viereck, and from records of J. C. Crawford, and host
records in possession of the writer, referred to at numerous places in
the text. The species are arranged according to season.
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Genuj :d?gf’;am S8 | Genus Stylops. Range. Season. Flowers.
i - T
hartfordensis Cock- | hartfordensis | Wisconsin, Con- | Mar. 27 to Angelica, Symphoricarpos,
erell. Pierce. necticut,Georgia.| June 2. Tararacum, Thaspium,
Vagnera, Viburnum.
illinoiensis Robert- | bruneri Pierce.....| Washington, Ne- | Apr. 2 to | Amelanchier, Erigenia, Ge-
son. braska, Wiscon- May 7. ranium, Saliz, Stellaria.
sin, Illinois.
vicina Smith....... vicinz Pierce...... British Columbia, | Apr. 15 to | Caltha, Erythronium, Pru-
Washington, June 18. nus, Ribes, Rosa, Saliz,
Oregon, New Sanguinaria.
Mexico, Wiscon-
sin, Massachu-

polemonii Robert-
son.
nivalis Smith.......

corni Robertson....

multiplicata
Cockerell.

nubecula Smith. ...

sg. Pterandrena sol-
idaginis Robert-
son.

craufordi Viereck.

sg. Opandrena bi-
Punctata Cresson.

cressonii Robertson.

robertsonii
Torre.

sg. Ptilandrena eri-
geniz Robertson.

sg.  Trachandrena
claytoniz Robert-

Dalle

polemonii Pierce. . .

graenicheri Pierce..

cornii Pierce.......

multiplicata

Pierce.

nubeculz Pierce. ..

swenki Pierce

crawfordi Pierce. ..

bipunctatz Pierce. .

cressoni Pierce.....

robertsoni Pierce. ..

claytoniz Pierce. ..

son.

setts, Connecti-
cut, New Hamp-
shire, Canada.

Wisconsin, Hud-
son Bay.
Illinois, Wiscon-
sin.
Wisconsin........
Colorado, Ne-

braska, Illinois,
New York, New
Hampshire,
Nova Scotia.
Nebraska, Illinois,
Wisconsin,
Pennsylvania.

Nebraska, Texas,
Wisconsin, Illi-
nois, Indiana,
New York, Ala-
bhama.

Vancouver, Brit-
ish  Columbia,
Oregon, Wis-
consin, Illinois,
Maine.

Hlinois, Wisconsin,
Ohio.
Illinois, Wisconsin.

Illinois, Wisconsin,
Georgia.

Colorado, 1llinois. .

Apr. 20 to
Apr. 28.

May 9 to
June 27.

May 27 to
July 9.

May 29 to
July 30.

July 26 to Oct.
9.

Aug. 22 to Oct.
11.

Apr. 26 to May
23.

Apr. 5toJune
17.

Apr. 5 to July
5.

June 26 to July
16.

Mar. 26 to May
14,

Mar.21to June
4.

Polemonium.

Cornus, Geranium, Her-
acleum, Ribes, Rubus,
Thaspium, Vagnera.

Angelica, Cornus, Rhus,
Rubus, Rosa, Sanicula,
Viburnum.

Ceanothus, Cornus, Rhus,
Spiraea, Symphoricar pos,
Thaspium, Veronica.
Aster, Solidago.

Aster, Boltonia, Poligonum,
Solidago.

Sitilias, Serinea, Lindheim-
era, Engelmannia.

Ameclanchier, Angelica,
Claytonia, Cornus, Cra-
tegus, Erigenia, Prunus,
Saliz, Staphylea, Stella-
ria, Symphoricarpos, Vi-
burnum, Zanthorylum.

Acer, Amelanchier, Clay-
tonia, Cornus, Geranium,
Heracleum,  Hydrophyl-
lum, Pastinaca, Pimpi-
nella, Polytenia, Prunus,
Saliz, Sanicula, Stellaria,

Vagnera, Zunthorylum,
Zizia.
Ceanothus, Krigia, Rhus.

Claytonia, Erigenia, Hydro-
phyllum.

Ameclanchicr, Antennaria,
Cercis, Claytonia, Herac-

leum, Saliz, Zizia.
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Gen‘f&:‘fﬁ:’“ S8\ Genus Stylops. Range. Season. Flowers.

salicifioris Cockerell.| salicifloris Pierce..| Vancouver, Brit- | Apr. 4toJune | Ribes, Saliz.
ish  Columbia, 3.

‘Washington.
hippotes Robertson.| hippotes Pierce....| Washington, Ore- | Apr.21toJune | Angelica, Celastrus, Salix,
i gon, Wisconsin, 26. Spirza, Prunus, Vibur-
Illinois, Ohio. num.

Since Andrena crawfordi is a new species, and the material belonging
to Mr. Crawford and the author is typical, it may be of interest to
introduce the records taken to date. Sitilias caroliniana is the typical
flower. During 1905 none were collected on anything else. During
1906 104 male bees and 100 female bees were taken at this flower;
9 male bees and 9 female bees were taken at Serinea oppositifolia;
34 male bees and 5 parasitized female bees were taken at Lindheimera
texana, 3 male bees at Engelmannia pinnatfida, and 1 male at a
species of Aplopappus.

A few characteristics have been provisionally set down for the
divisions of the old genus Andrena, some of which may be of interest.
Ptilandrena is supposed to be generally oligotropic and vernal; Opan-
drena and Trachandrena are vernal; Andrena is vernal with the
exception of A. nubecula; Pterandrena is autumnal with a few excep-
tions. Pterandrena and Opandrena are characterized by yellow face
markings in the males, and hence here are to be found those species
which will show color variation on the clypeus of parasitized indi-
viduals. By vernal is meant that the bees finish their flight before
July 30. .

¢. Food habits of immature hosts.—The manner of feeding the young
or of starting them into life has a very direct bearing on the economy
of the parasites. For purposes of convenience this subject is divided
into three groups. '

Autophagous larve.—Those larvee which are entirely self-feeding and
not dependent upon the parent for more than the deposition of the
egg in a proper place may be known as autophagous (from ajrée =
self + ¢ayesy = to feed). The homopterous, heteropterous, and
orthopterous hosts are all autophagous, and furthermore are open-air
feeders, thus enabling the triungulinids to attack them at any time
during their larval period.

Chilophagous larve.—Those young which feed upon stored up or
foraged provisions are here designated as chilophagous (from ycdéc =
forage + ¢ayev = to feed). Under this group may be placed the
Sphecoidea with the exception of some Bembecidz, and the Apoidea.
All hosts which store food for their young, that is trophapothetic
insects (from tpo¢pp = food + dmdleaec = storing), which seal the
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nests up as soon as sufficient food is stored for the nourishment of
the larva, belong under this grouping. It is needless to say that in
such cases there is but the brief period of about a day during which
the triungulinids may reach their prospective hosts, and that they
must in some cases wait several days for the host larva to leave the
egg stage.. When the hosts are predaceous the chances are that they
seldom visit flowers during the nest building period, and it may be
necessary for a triungulinid to remain for days on a flower or on a
secondary host while it awaits an adventitious moment for furthering
its search of a permanent host.

When the hosts are pollen-gatherers it is probable that multitudes
of triangulinids may be swarming over the nest builders awaiting an
opportunity to settle in newly made nests.

Heterophagoys larve.—Those young which requ1re to be fed by
others have been called heterophagous (from #repoc = another +
parsty = to feed). Under this grouping belong the Formicoidea,
Vespoidea and Bembex and Monedula in the Bembecidee. Concern-
ing these latter genera, Hartman (1905, 25) writes that ¢ Microbem-
bex, contenting herself with any insect she finds, has an advantage
over Bembex, her nearest relative, and Monedula, both of which feed
their larvee from day to day.” Peckham and Peckham in ‘‘The Soli-
tary Wasps,” page 67, corroborate this statement, but Hartman
shows (1905) that Bembezx belfragei after storing the hole closes it up.

As these larve are accessible to triungulinids throughout this period
of their existence it is reasonable to expect that parasitism among
them should reach a very high percentage.

d. Life cycle of hosts.—Homoptera.—Concerning the leaf hoppers,
Osborn and Ball (1897, 613) state that:

There is a wide difference in life histories, some having one brood, the majority
of the grassfeeding species two, and still others three in a season, and the successive
stages occurring at widely different times.

Except in the case of adult hibernation the ordinary life of a brood of adults does
not exceed two months, and for the individuals of a brood rarely over one. The
males appear a week or ten days before the females and disappear as much earlier.
In general one brood of adults will have disappeared before the larvee of the next

have matured, so that individuals collected at any time may be referred with assur-
ance to a particular brood.

This summary is very useful, as it indicates in a few words the
exigencies of parasitic life among the Elenchide and Halictopha-
gidee. There must be one to several broods of parasites, according -
to the number in the host species. It is probable that adult fer-
tilized females hibernate in adult hosts. The period between broods
must be bridged by the triungulinids in waiting unless an alternation
of hosts takes place. Systematic studies do not at present support
the theory of alternation of hosts. The epoch of parturition must be
rapid. :
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The other prominent conditions of host biology may be best
glanced over by quoting four paragraphs from Saunders (1850), in
which he discusses the bearing on the parasites.

Polistes.—

It is well known that among wasps neuters alone are produced up to a certain period,
upon which the duty subsequently devolves of preparing the cells set apart for females;
and the Xenos being essentially dependent upon the hibernation of the latter the
female parasite of the preceding year must either await the occasion when the cells
of the female wasps are so prepared for the reception of ova, or otherwise, transmitting
her posterity to these females through the intermedium of neuters in the first instance,
the Xenos would thus prove to be double-brooded.

The statistics previously quoted concerning parasitism of Polistes
annularis would amply bear out this conclusion, or rather that there
is almost continuous breeding of the parasites throughout the summer.

Under the peculiar embryogenous and metamorphotic conditions affecting the con-
tinuations of the species it is manifest that these parasites could not perpetuate their
existence in company with the social Vespidwe unless the epoch of parturition were
thus protracted until the following year, so as to enable them to transfer their hexapod
progeny to the succeeding colony of wasps.

This conclusion is proven by the breeding of male parasites from
Polistes annularis in October and the fact that all of the fall female
parasites were but just mature and that the eggs had just begun to
form. Male parasites are probably rarely carried through the winter
on account of the unusual debilitating influences felt by the hosts
bearing them.

Andrena.—

In the case of Stylops, * * * the necessity exists for the rapid development
of the ova the Andrenze enjoying but a limited term of existence at large, and it
being therefore essential that within the brief period of a few wecks the female para-
site should fulfill the part assigned her and the young hexapods be ready to occupy
their appointed stations in the larva cells of the bee, soon about to be closed.

In the case of Andrena hibernation is probably mainly in the im-
mature stage in both host and parasite.

Prosopis.—

A corresponding urgency is imposed upon these parasites on ITylaus, although the
larva state of the latter continuing throughout the winter and spring involves the
necesgity of a suitable conformity of habit in the parasite.

BIOLOGY OF THE PARASITE.
FERTILIZATION.

The differentiation of sexes in this order renders the subject of
biology one of great interest. The helpless female must lie motionless
in the body of its host with only the cephalothorax protruding and
await the coming of the active, nervous male.

That the female must be fertilized can hardly be doubted, and vet
the nature of the act and the fact itself has been but slightly proven.



46 BULLETIN 66, UNITED STATES NATIONAL MUSEUM.

Saunders (1850) states that the presence of eggs has never ‘‘been
detected in any vermiform strepsipterous insect obtained from a bee
or wasp not taken at large.” In 1852 Saunders records having placed
a Prosopis rubicola Saunders bearing a female which had just trans-
formed with a male Hylechthrus rubi Saunders on June 25, and that
the male took no notice of the female. On the 26th the experiment
was tried with other males without result. On the 27th it was placed
with a male which had just quitted its pupa case, the latter imme-
diately settling ‘‘upon the abdomen of the bee, quivering his expanded
“wings, while recurving the abdomen considerably in the direction of
his secluded partner, and returning on several occasions to repeat the
process.” Sagemehl (1882) took a male stylops in copulation on
Andrena parvula Kirby.

When Mr. Crawford collected the unique male of Crawfordia pul-
vinipes Pierce he did so by accident. He had just bottled a Panur-
ginus which was new to him, and on looking at it in the tube he noticed
a commotion on the abdomen. The male parasite was attached to
the female in the bee’s body. It was in an erect position, with the
head pointing forward. This would indicate that the abdomen was
doubled forward. Fertilization was probably effected by the release
of the semina in the brood chamber or in the alimentary canal.

The most recent work on the subject has added an interesting
observation on this point. Muir, in speaking of the activity of males
of Elenchoides perkinsi Pierce (Elenchus tenwicornis Muir not Kirby),
writes:

If the hopper bears a mature female parasite, the male settles about half an inch
away and crawls toward the hopper, vibrating its wings all the time. This generally
disturbs the hopper and it moves off, the Elenchus following till it gets a chance to
spring upon its back and attach itself to the female. This action disturbs the hopper
and it flicks its abdomen to shake off the parasite. * * * [ have never scen the
male Elenchus retain its hold of the female for more than six seconds; generally it is
attached only two or three seconds. 1 am unable to say if fecundation takes place

during this time, or exactly how copulation takes place; evidently the tip of the
abdomen is inserted into the brood chamber.

OOGENESIS.

This subject has been handled very ably and to considerable length
by Brues (1903), and it is therefore only necessary to quote his
summary :

Qogenesis is peculiar and does not resemble that of other insects. Very small larvee
show strings of spherical primitive eggs on each side of the gut. These grow and
later break up, giving rise to eggs, each of which consists of a mass of nurse cells
bearing a polar cap of cells derived from a primitive egg attached toit. Yolk is formed
from the contents of each egg, and when ripe the eggs are scattered about all through
the body cavity and lic embedded in the fat body. Maturation seems to occur through
the fusion of the second polar body with the pronucleus of the egg. All of the cleav-
age cells when formed go to make up the blastoderm, which does not cover the whole
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egg at first and later draws up to one pole to give rise to the rudiment of the germ-
band by a rearrangement and multiplication of its cells. Older embryos are of the
usual generalized type, although on account of their length they are curled up in the
egg in a peculiar manner.

The foregoing is the oogenesis of Acroschismus wheeleri Pierce
(peckii Brues). Whether this process is the same throughout the
order will probably remain for some time a matter for conjecture.

LARVIPAROUS REPRODUCTION.

There is no possibility of oviposition in this order. The period
of parturition is passed in the body of the parent, and the young
hexapods reach the open air by passing from the body cavity of the
parent into a canal formed between the parent’s skin and its uncast
pupal skin, and thence through a slit opening on the ventral or
uppermost side of the cephalothorax, between the head and thorax.
The young swarm over the parent’s body in immense numbers.
Newport (1851) computes that more than 7,000 triungulinids were
produced by one female Stylops aterrima Newport in Andrena trim-
merana Kirby. The writer (1904) counted 2,252 young of Stylops
swenki Pierce (Xenos? species) from Andrena solidaginis Robertson,
omitting all consideration of multitudes of undeveloped eggs. These
young reach a new host in one way or another, already described,
and immediately commence the attack. Saunders (1852) found
that Xenos larve became completely buried in the body of Polistes
in three hours, and the next day were completely out of sight.

METAMORPHOSIS.

The discussion of this subject must be confined almost exclusively
to Xenos vesparum. After the triungulinid has entered its host it
commences a development which involves some of the most inter-
esting phenomena known among insects. The campodeoid hexapod
grows so rapidly that it soon loses all semblance to its former self
and the body grows out of all proportions to the legs. From this
point in the biology of these larve Nassonow (1892 ¢) must receive
all of the credit, and reference to his plates will be of much value.
The second instar is devoid of legs and scarabzidoid in form. In the
first part of this instar the head, three segments of the thorax, and
ten segments of the abdomen are distinct and ventrally flattened,
the abdominal segments being shorter than the thoracic (Nassonow,
1892 ¢, pl. 1, fig. 5). During the latter portion of the instar the
body becomes cylindrical, and the abdominal segments become as
long as the thoracic (Nassonow, 1892 ¢, pl. 1, fig. 6). IFrom this
point the development of the male and female is radically different,
and it will be best therefore to compare them in parallel columns.
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Male.

The third instar shows a partial fusion
of the first two thoracic segments with
the head still separate. Lastabdominal
segment fused with the preceding, the
segment appearing longer and posteriorly
narrowed (fig. 13).

In the fourth instar the anterior end of
the head is more pointed, and the eye-
spots are smaller; the segments of the
thorax are fused; and the rudiments of
the legs become more distinct (fig. 14).

In the fifth instar the head and thorax
fuse into acone-like cephalothorax, with a
distinct ring suture (fig. 15).

In the sixth instar the cephalothorax is
more differentiated from the abdomen.
The anal pore on the tenth and the geni-
tal pore on the ninth segments are both
distinct (figs. 16, 17).

The seventh instar is passed within the
skin of the sixth and is really a pupa. The
appendages become strongly developed.
During this stage the puparium is pushed
outwards (figs. 18, 19).

The second or real pupa forms within
the skin of the seventh instar. It is
essentially similar to the Hymenopterous
pupe (fig. 22). ‘

The adult male breaks forth from the
two pupal skins and thrusts off the cap,
or operculum, of the puparium, which
was the head of the sixth instar.
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Female.

The third instar shows a partial fusion
of the first two thoracic segments, with
the head still separate. Last abdominal
segment fused with the preceding, the
segment thus appearing obtuse (fig. 7).

In the fourth instar the anterior end of
the head is more pointed, the head is
shorter, with the eye-spots at the posterior
edge; the thorax is differentiated from the
abdomen and the segments are fused
(fig. 8).

In the fifth instar the head fuses with
the thorax forming the cephalothorax, but
with the suture discernible (fig. 9).

In the sixth instar the eyes are notper-
ceptible; the cephalothorax is markedly
differentiated from the abdomen, flat-
tened dorsally, and somewhat widened;
the sutures between the segments com-
pletely disappear (fig. 10).

In the seventh instar the cephalothorax
is strongly flattened dorsally, depressed
and chitinized. The cephalothorax is
exserted at this time (figs. 11, 12).

The adult female is closely inclosed by
the integument of the preceding instar.

ALIMENTATION.

In various places mention has been made that alimentation is
probably by osmosis.” All evidence points toward this conclusion,
as the internal organs of the host are not injured in any way except
by crowding and exhaustion of the juices. The mouth parts may
or may not play some part in the function. Osmosis probably occurs
equally through all portions of the skin.

An important observation by Westwood (1840) calls for more
extensive studies in the future. Ie noticed a cord attaching the
base of the abdomen to the integuments of the host and suggested
that this was a tube through which food was taken by the parasite.

The writer has frequently noticed some kind of an attachment in
specimens extracted by him. The female of IHalictoxenos crawfords
has a long tube evidently arising from the base of the abdomen.
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This same tube is evident in other specimens also. In Xenides the
attachment seems to be more general and to extend some distance
around the base of the abdomen. No definite conclusions may be
drawn at this time.

BIOLOGICAL NOTES.

Although the complete biology of no species besides Xenos ves-
parum Nassonow, not Rossi, has been worked out, there are numerous
notes which contribute greatly to the biology of the various species.
These will be given by species.

MYRMECOLAX NIETNERI Westwood.

Westwood (1858) quotes John Nietner concerning this species
as follows:

The only individual hitherto met with was taken by me at an elevation of 3,880
feet in the hills of Ramboddo, Ceylon, in the act of issuing from the abdomen of a
neuter of a species of ant, which had ascended a tuft of grass on an extensive pattena,
or meadow, the parasite making its exit back to back from the ant. The capturc
was effected on the rainy afternoon of the 29th April last (1858). This being about
the change of the monsoon and the beginning of continued wet weather, I consider
the individual taken a late one, feeling certain that so tender an insect could, as a
rule, not well make its appearance during a wet and clammy season, but rather during
the preceding four months, which are dry and hot.

STYLOPS ATERRIMA Friese, not Newport.

Friese records this species from Andrena ovina. On December 11
at 6 p. m. a male hatched and was still alive at 8 a. m. on December 14,
although dead at noon of this day, thus giving a minimum length of
life of 62 hours (Friese, 1883). On February 26, 1882, at Merseburg,
Germany, he took males flying about the Andrena holes betwcen
12 and 12.30 at noon, with the temperature 8° to 9° R. (50° to 52° I.).
Concerning this record he says:

Die Thiere schwirrten mit der ihnen eigenen flatternden Bewegung an dem
gezen kalte Winde geschiitzten Abhange der Andrena-Kolonie in langsamen Fluge

hin und her, ohne dass es bei der kurzen Zeit ihres Vorhandenseins zu entdecken
war, was ihr Vorhaben war, wenn es sich auch leicht vermuthen liess,

STYLOPS CRAWFORDI Pierce.

Triungulinids of this species were not taken. Although no adult
males were found, male exuvie were taken frequently between
April 26, 1906, and May 1, 1906. Male pupwe were taken April 27,
and 28, 1906, and from one of the two taken on the latter date an
adult male was extracted.
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The chronology of the collecting of this species is as follows:

; ‘
Bees. | B;Ptjzrﬁm- : B}‘::‘Ls,m.zfﬁnt Parasites. l]’)ea;ag‘z'tﬁ,
Date. -— A‘—T——q** T ‘ ' ]
Male. i Male, nfﬁew Male. | miale. | pupie. exuvie. n'fa‘x“e.‘Total- Male.| 5
I : [
1906~ :
April 26 ... ... ol 6 .0 5! 0 83 3 6| 5 50
April 27 . sl 5 31 5 37 ' 100 ol 8| 100 0
April 28 19 36, 12| 34 63 | 94 161 47| 65 35
April 30 15 2, 4 0 26 0 4| 4 0 100
May1l........ 20 12 4 9 20 90
May2........ 18 4 1 4 5 00
May 3..oeieannenn. 32 5 4 1 12 00
May 5..oiieeann. 18 7 2 0 1
1] 12 0 0 0
May 9...oooeeen.. 1| u 1 2 9
May 17..ccoeanenn. 4 0 0 0
May22....... 3 0 | 0 0
May 23 ... ....... 2 11 0 l 1 : 0 |

STYLOPS DOMINIQUEI Pierce.

Dominique records an Andrena flesse at Nantes, France, in April
which contained four specimens of this species (Dominique, 1891).

STYLOPS MELITTZE Kirby (Champion).

Between April 24 and May 5, 1900, and on May 7, 8, 12, and 13,
1899, between 7.30 and 9.30 a. m., in his garden at Woking, England,
Champion took males of this species all flying in the hot sun. ‘‘Its
white wings and sooty black body, as well as its peculiar rapid hover-
ing flicht, make it a conspicuous object’”’ (Champion, 1899, 1900).

STYLOPS MELITTZA Kirby (Chitty).

On May 2, 1900, at Faversham, England, Chitty took a male in his
garden (Champion, 1900).  About 10 a. m., May 21, 1902, he collected
another, and records having found a bee with male exuvium in March.
Concerning the flicht he says: ‘“My specimen rose and fell up and
down the hedge, its wings never ceasing to vibrate until it was bot-

tled.”
STYLOPS PACKARDI Pierce.

On April 29, 1864, at Salem, Massachusetts, Packard took a male
flying briskly in company with a stylopized Andrena placida Smith at
the flowers of Mezercon.

STYLOPS SPENCII Pickering.

After keeping specimens of Andrena tibialis (atriceps) for twenty
days in a breeding cage Smith (1875) found one that contained a male
Stylops which shortly afterwards emerged. Enock (1875) collected
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14 males and 1 female bee at Hampstead Heath, England, on April 6,
containing in all 17 male Stylops. The captures were made between
9.40 a. m. and 12.20 p. m. The wind was southwest, the day warm;
the sun was out between 10 and 11.30. He gives us the following
very interesting note on flight:

At a little before half-past 11 I saw something flying in a very peculiar manner over
a broom-brush. 1 captured it with my net. It proved to be a male of Stylops. I
think I should know a Stylops on the wing the moment I saw it. Its flight is different
to anything else I have ever seen—a very peculiar, unsteady flight, something like an
Ephemera, what I should call an uncomfortable flight, up and down, this way and
that way, in fact at all angles, not keeping in one direction more than a few inches,
perhaps for about 6 or 7.

STYLOPS VICINZE Pierce.

On June 18 Packard (1864) took at Salem, Massachusetts, a stylop-
1zed Andrena vicina Smith, from which triungulinids were issuing to
the number of 300, according to his estimate. ‘‘In their movements
these infinitesimal larve were very active as they scrambled over the
surface of the body of the parent, holding their caudal sete nearly
erect.”

STYLOPS, species.

Smith (1874) recommended searching for stylopized bees between
the hours of 9 and 12 in the morning, as according to his experiences
the stylops always emerged from the body of the bee on the day on
which the latter first quitted its nest, should the day be bright and
sunny, and he also mentioned the fact of his never having captured a
bee which had a male stylops remaining in its abdomen at a later
hour than 12 m. He had himself bred stylops five or six times and
had never done so later than the month of April, always having cap-
tured the attacked or infested bees early in the day.  Saunders (1874)
remarked that he had once found a number of bees in the afternoon
at dusk, some of which contained male stylops, but that on that oc-
casion the morning had been wet and dull, and therefore the bees
had probably only just made their appearance.

Friese (1906) records capturing male stylops on the wing at Strass-
burg, Germany, April, 1888; Bozen, Germany, July 8, 1896; and
three individuals at Schwerin, Germany, on May 4, 1885.

Thwaites (1841) says:

On May 6, '38, caught a Stylops flving, and on the Tuesday following saw at least
twenty flying about in a garden at Kingdown near Bristol, but so high from the ground

that I could capture only about half a dozen. Since that time they have become
gradually more scarce, and to-day, May 12, I have not been able to see one.

He says further:

The little animals are graceful in their flight, taking long sweeps, as if carried along
by a gentle breeze, and occasionally hovering at a few inches above the ground.  Their
term of life seems to be very short, none of those I have captured living above five
hours,
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HYLECHTHRUS RUBI Saunders.

Concerning this species Saunders(1852) contributes a very valuable
description of the exsertion of the head of the male from Prosopis
rubicola versicolor:

I have not unfrequently been enabled to detect the eye shades of the parasite before
the Hylazus nymph has discarded its pellicle, working to and fro beneath the dorsal
tegument; although more conspicuous when the bee first attains the imago form, the
head of the parasite being then seen turning from side to side, and steadily pressing
all the while upon the rostrum, as the axis about which it revolves, in the ratio of
one-eighth of a circle, for the purpose of introducing this between the abdominal folds.
Thus when one eye shade advances the other recedes, both being carried deeper
below, when the great strain appears to operate upon the upheld rostrum. Assoon as
the lodgment is effected, this is gradually pushed forward by a continuation of the
same process, until sufficiently advanced, the entire operation occupying from one
hour in some cases, to two hours in others, and immediately following the ultimate
transformation of the bee in its then moist state; after which the parasite remains
perfectly motionless. I have sometimes seen parasites thus engaged simultaneously
within the same ITylxus; and should the attempt not prove successful, the locality is
changed for the segmental division next in succession; or, if foiled again here, the
parasite sometimes remounts to the preceding one. These efforts have been con-
tinued for upward of an hour after a newly developed imago Hylaxus, within which
the eyeshades were discerned, had been emersed in spirits, until at length the parasite
appeared to have attained the extreme verge of the segmental threshold ere its career
was finally arrested.

At the moment of protrusion the male head is white except the

eye shades, but in a few hours the puparium assumes a light castane-
ous hue. The ordinary period for quitting the pupa-case would
appear to be the eighth day after the first protrusion.
. After the first burst, produced apparently by the parasite pressing forcibly against
the operculum, the head and shoulders being instantaneously protruded on this falling
off, a slight effort suflices to liberate the pseudelytra and first pair of legs; when all
these organs idly beating the air and agitating incessantly, much exertion is made to
effect a passage for the second pair of legs, where the principal detention occurs;
after which a few jerks up and down speedily serve to release the metathorax and
abdomen; the imago forthwith winging its flight toward the light.

Saunders never succeeded in keeping the males alive beyond the
day of exit and rarely more than two or three hours. However,
during this brief life they may exert great strength, for one male was
seen to draw around the body of its dead host and two other males
which later came out.

HYLECHTHRUS QUERCUS Saunders.

In an unpublished manuscript Saunders estimates the term of
gestation at from three to four weeks. Ile found triungulinids on
June 3.

HYLECHTHRUS SIEBOLDII Saunders.

Saunders records triungulinids on July 5,
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HYLECHTHRUS, species.

The males emerged from the pupa case with the dorsal side up.
The puparium is oriented in the same manner (S. S. Saunders, 1852).

ACROSCHISMUS BOWDITCHI Pierce.

Mr. Dury raised a male from a male host in capitivity ten days on
September 16, 1905, at 7 a. m., and on September 22, 1905, one
emerged from a male host which had been in captivity two weeks.
His records show that 2 males emerged prior to August 24, 4 prior to
September 13, 5 prior to September 16, 3 on September 16, 1 on
September 22, 2 prior to September 27. He also took 2 male pupe
on June 15, and 4 on July 3.

ACROSCHISMUS PALLIDUS Brues,

The time required for males to reach maturity after the wasp
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