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THE MORPHOLOGY OF ESTHIOPTERUM DIOMEDEAE
(FABRICIUS) (MALLOFHAGA}
By Oliver B, Cope

This paper is the seventh of m series in which it is proposed to comsider
the morphology of representatives of waricus insect groups. It is, in additiom,
merely the first part of a larger study which iz now in progress on the morphol=-
ogy of the Order Mallophaga. The dlversity of form in this highly specialized
Order is such that no one species ean be selected which will afford a complete
pieture of all the developments that are to be found within the group end the
beat that can be done as & begloning ls to find some species that will be advap-
tageous me & starting point. For this purpose the specles here considered,
Esthiopterum diomedece (Fabricius), has been selected, not necessarily because
it represents one of the most generalized Mallophspgs, but more because of the
availability of material, its suitability of sipe, its definiteness of sclerot-
igation spd the absence of the more extreme modifications of structure which
appear in some repreasntatives of the Order. The family to which the species
should be raferred la doubtful. Depending upon whick of the equally unsetisfas-
tory systems of elassificetions is used, it may be referred either to the Li-
peuridae or the Philopteridae.

It has proven to be a quite satisfactory species. Adopting the point of
view which has been developed im earlier pepers of this series, and with the aid
afforded by the earlier paper on the morphology of & species of the Order Pso-
coptera, which the authoer prepared as & preliminary to the present work, this
Mallophagan seems to offer mo insuperabls problems in ccmparative morphelegy.

4 mord may here be said in regard to earlier morphelogieal work on repre-
sentatives of thie Order. Kellogg 1B98), im u paper based mostly om work by
Snodgrass, discussed and figured the mouthparts of several species. Snodgrass
{1899] preseoted & paper im which he flgured apd deseribed in detail much more
than had besn done by any esrlier worker. This was followed by & Eapﬁr in 1908,
in which he somewhat revized his earlier opinione. Cummings (1813) and Harrisen
{1915) are the only other workers who have contributed materially to our knowl-
edge of the morpholegy of the Order, although there have besn references to bits
of Mellophepan structure in vepious pepers by other suthors.

Tt should here be noted that throughout the present paper the author has
based his conclusions primarily upon the female, departures from this practies
being mede only in those cases where the serusl dimerphism is importent end
where something is to be geined by study of nyephal structures.

The author iz under cbligation to Professor G. F. Ferris for assistance
both during the course of research and during the preparaticn of the manuscript.
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THE HEAD (FIOURES 54-57)

43 in all Mallophega, the heed of this species is progoathous and is
greatly modified by the dorso-wentral flattening that is characteristic of the
Order. In this partieular species, az in practienlly all of the suborder Isch-
mocers, te whieh it iz ordinarily referred, there iz an extreme production of
the anterior portion of the head end in the reglon thus produced it is evident,
an one glanees over a series of spegiea, that numerous segondary developments
are present. So much is this true that it becomes difficult to determinme the
extent to which these secondary developments have obscured, or replaced, or
perhaps even simulated, the original primary struetures. In additien the inter-
pretation of the head struetures is complicated by the development of areas,
bands and points of thickening amd sclerotization of the wall of the head cap-
sule., It is possible that in some ceses these sclerotizations ohseure sutures
that are prosent, or they mey at times lemd to other misinterpretations. They
are apparently not—er certainly not entirely—indlces to the merphological
compos ition of the head capsule.

In the face of these circumstences, it iz negessary in attempting to
arrive at any understanding of the Mallophagan head to foocus attention closely
upon thase "landmerks" which experience has shown to be of speelial stability and
of special signifiesnce. These primary landmarks are the anterior tentorial
pita, the anterior and posterior mandibular articulations and the posterior
tentoriel pits. It is desirable also to have at hand and to keep in mind some
obviously generalized hends such me those of Kachilis and of & cockroach, these
being especielly helpful in revealing the primeary relations of the anterior

':;:tnritl pits, the anterior mandibular artleulation, the antennal foramina and
ayEE.

The Head Capsule (Figures B4-EB)

In using the "landmarks” for the determination of areas of the head cap-
sule of this species the most helpful morphologiesl point is the amterior artic-
ulation of the mandible., In all the pterygote insecta in whieh the situation is
at all elear, thiz artienlation of the mandible is uwpon a short, lateral exten-
sion of the postelypeus. Consequently, in such & form as this Mallophapgan, we
are justified in sssuming that the point at which this erticulation occurs e-
fimes & point on the elypens. This ls bhere especially important, for the anteri-
or tentorial pite, which would ordinarily be sought for first, apre somewhat
obacure and might even be regarded as doubtfully present. However, at each side
of the head, just laterad of the anterior mendibular articulation and just ante-
rier to the base of the antenne is a fold in the lateral mergin which is ordi-
nerily tightly elosed but which can be opened in prepered specimens. This fold
hes back of it, intermaully, a seclerotized process which buttresses the mandibu-
lar articulation. Without moeh doubt this fold represents the anterior tentorial
E:E: and the buttress is all that is present to be called the anterior tentorial
. It is evident, therefore, that the emtire prolowpation of the hesd, ante-
rior to the anterlor mandibular artioulation and the tentorial pits, both dor-
aally und ventrally, is of elypeal and labral origin. Since there is no elypeo-
frontal suture, the pesterior limits of the clypeuz are not defined and can be
determined only roughly by the arrangement of muscles, which indicates m poste=
rior limit somewhat as shown on the sccompanying figuves.

The antonmme are set at the extreme side of the head sliphtly posterior
to the unterlor tentorial pita. The space between them mnd the pits forms a
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narpow, selerotized band about the anterior margin of fhe antenmal foramen, thiz
band epparently being derived from & portion of the gens or from the fused gema
and lateral region of the frons. Beceuse of the s1it formed by the tentoriel
pits, this band assumes s somewhat lobe-like form. It is of special signifi-
cance, since it forms e basis for the interpretation of the pecoliar, movable
lobes or flaps that osenr at the base of the sntenmée in some other Mallophage
and that are commonly called the "trabeculse.”

The eyes are formed of a single facet and are set at the extreme margin
of the head, just behind the antennal foramina. From their position it seems
clear that these single facets represent the compound eyes.

Op the ventral side of the head, there is & broad, membrapous region
posterior to the mouthparts. The minute posterior tentorial pits are set far
posteriorly, at the margins of this membraneus ares. In the membranous ares he=
tween the tentorial pits is & broad plate which does not quite conform to the
definition of a gular plete, since it is partially enterior to the pita, but
which may be regarded as motually gular. The membranous eres apterier to the
gular plate may be assumed to belomg to the labium.

Dorsally, extending posteriorly from the eyes to the posterior berder of
the hemd are lines marking the borders of sclerotized bands. At present it is
not poasible to regard thess es anything more than morely sacondery stram_;tlimn-
ing elements, although the oceurrence of actual sutures or folds along similar
lipes in other insects indicates that there is & possibility of scme more funda-
mental significanca. The epieranial suture and its branches are entirely lack-
ing, rot only in the adult but in the last nymphal instar.

The crenium, thersfors, is prastically s solid box in which all evidence
of the primary sutures has been lest and it is possible to identify the various
regions only in general terms az indicated on the sccompanying figures. Even the
"oecipital suture,” which is usually to be seen, is here suppressed.

The Clypeus and Lavrum (Figures 84, 574)

Correlated with the prolongation of the clypeus and the flattening of the
head are some peculier develogments. 45 hes been stated, we accept the ares ba-
tween the bases of the antenmas as representing the postelypeus. Towerd the apex
of the head is a comspicucus, eurving suture which cuts off an apical sclerite
and by & short lateral branch on each side slso defines a small, lateral lobe.
We have sought diligently to trase the ending of the posterior latersl branch,
but as nesrly &= it has been possible to determine it ends blindly at the side
of the hesd. The anterior branch contimues to the vemtral side of the head and
pazses posteriorly as the mesal margin of » sclerotized, lateral area which
bears the anteriop articulation of the mendible.

The identity of this suture is open to question. There are three possible
interpretations. It =ay be the elypec-frontal suturs. It may be the olypeal su-
ture betwsen postelypeus and anteclypeus. It may be the clypec-labrel suture.
Upon the interpretation sdopted depends the imterpretation of the apical scle-
rite.

A longitudinel seotion of this ares reveals sets of suscles which are
very similar to those found typically within the clypeus, as shown by Snodgrass
(Principles of Insect Morphology, figure 155). If the suture is the clypeo-from-
tal, we must assume that the dorsal (= anterior) origins of all the intraclyp-
eal muscles have shifted posteriorly to the froms. If it could be shown that the
posterior lateral bremch of this suture contimues posterlorly to the tentorial
pit we might be forced to accept such am ipterpretation. But, as has been point-
ed gut, we have been uneble to determine that this happens. With this possibil-
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ity eliminated, the transverse dorsel suture becomes either the clypeal or
:lypeo-labral and the plats anterior to it becomes either the anteclypeus or the
labrum.

With sither of the two last possibilities, the little lateral lobes—
which in seme Mallophags become extremely promiment features, but in others are
entirely lacking=—must be interpreted merely as secondary lobes of the post-
:1ypens.

Before the question of the identity of the terminal plate may be decided
it is necessary to discuss the features of the ventral side of the anterior
prolongation of the head.

It has been noted that on each side the dorsal trapsverse suture passes
to the ventral side and posteriorly as the mesal mergin of & sclerotized lateral
irea which bears the anterior articulation of the mandibles. Bearing in mind the
sormal articulation of the mandible anteriorly to the postelypeus it seems that
this lateral area on eash side is undoubtedly a portion of the postelypeus.

The median region, between the arms of the postelypeus, presents some
peculiar developments. Anteriorly, beneath the apieal plate It is alightly
sclerotized. Posterior to thiz is & prominent pad-like lobe, which hae no lumen
and which is mot selerotized (Figure 5TA). This lobe occurz in many of the
[schnogers, but it apparently has no name and consequently we here designate it
us the pulvinug, Cauded of thiz and crowded between it and the mandibles iz a
narrow band of selerotizatlon which bears & few zetae and which laterally is
prolonged posterlorly inte & little selerotized arm (Figures 54B, B5C).

It weuld appear at first glanee that the little sclerctized bamd in front
of the mendibles represents the lebrum. If such an interpretation is edopted the
apical plate of the hesd becomes the anteslypeus. But if it iz adopted me en-
counter certain difficulties. We must first of all essume thet the labrum has
become separated by an extensive membrancus ares from the anteclypeus and has
nigrated to the oral face of the postelypeus to which it has become attached
laterally by membronous connections. We must regard the pulvimus as & develop-
n¢nt from the membrape thet merpholegically belongs to the clypeo-labral suture.
find we must admit an extraordinery bending wnd distortion of the anteclypeus.

If we imterpret the spical plate of the head as the labrum, we most them
udopt the opinion that the anteclypeus is lacking and that all the developments
in the medinn region of the ventral aspect are epipharyngeal in origin. The only
disturbing queations hawve to do with the eppesarance of setae on the little
plates apterior to the mandible, which are morphologically almoat within the
wouth and in the fast that a structure similar to these plates appears throuwgh-
pat the suborder Amblyecerse In a posltion such as to indiecate that it is the
isbrum. However, it is quite evident that the cephalic structures of the Am-
blycers have developed along lipes which are very different from those found in
the Ischmocera and they remain still to ba explained.

In the light of all the facts known to us and of the considerations that
beve been presented the opinion here adopted is that the anteclypeus iz lacking
8z & apparate plate, that the suture in question is the elypeo-labral zuture,
thet the apical plate is the labrum apd that the pulvinus and the selerotiga-
ticns anterior to the mandibles on the vemtral zide are developments from the
epipharymz.

The Tentorium [Figures 54, 55}
The tentorium is very much reduced. hs has been pointed ocut, all the

tentorial pits are present, the anterior pits formlog & merginal slit-like fold
juat anterior to the antennel base and the posterior pits being situated at the
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margin of the gpuler region on the ventral side of the head. Thelan‘r.ez-xor aFmE
are represented only by short, heavily selerofized, buitress=like structures
whieh strengthen the body wall laterad of the mepdibular bases, whi le the poste-
rior arms are slender, almost thread-liks processes whish extend I'l:-r'ﬂn!'ﬂ into
the head lumen apd are not connected with each other or the anterior pits.

The hntermae (Figures B4, 55)

The position of the sntemnal foramira at the extreme lateral margin of
the head conforms to what seems to be charasteristie of gemeralized insects, It
is essentially the ssme position as is found im the sockroagh, for example. An
extreme serusl dimorphism is erhibited by the antennee of the speclea here con-
sidered and in many other members of its suborder. In this gpecies the antennoe
of the female are of the simple, filiform type, with five segments. The antenmae
of the male have the same pumber of acgments, but the first segment 1s emormous-
1y enlarged and elongated snd besrs s spine-like lobe on the anterior margin
mear the base; the second segment is smaller but i3 curved; the last three seg-
ments are guite small. The whole structure is curved forward and upward, and the
antennae function ms grasping organs to hold the female during evpulation.

The Eyes

The syes copsist each of n single facet, which is set just posterior to
the sntenpel bese. From their position, which correspends elosely to that of the
ayes in such forms as the cockreaches, it may confidently be assumed thut they
represent the compound eyes. No trace of ocelll appeurs.

The Wandibles (Figares 55C, 57B)

The structure and mechenics of the mandibles are fsirllr well known,
Kellogg (1896) and Snodgrass (1899, 1906) having described apd figured them in
verious species. The mandibles of the species hepe considered are large and
heavy and each is erecavated along its posterior side, the excavation recelving
and partially enclosing the eper of the corresponding maxille, The articulations
are so arranged that the movement of the mandibles is im & dorsoventral plane
and through an are of almeat 90 degrees.

The Maxillae (Figure 570)

The maxillae are greatly reduced, esch conslsting merely of & short, b~
sally somewhat constricted eylinder which is strengthened by selerotization of
parts of its wells and which terminates distally im s alightly bulbous ¢nlnrg?-
ment thaf is mostly membrancus and which bears two small lobes. An apodeme is
present which inserts sbout halfway up the marille apd is probably that of what
is ordinarily the cranisl flexor muscle of the muxilla. Further homologies are
undeterminable.

The labium (Figures B4B, 57C)

The labium likewise is very much reduced. The portions which may be
agzumed to represent the mentum and submentum are entirely membranouz. Apieally
there are present a palr of structures which ssem to represent one-zegmented
palpi. Betwsen the bases of these iz a pair of very low epieal ‘lﬂhta, which sre
strengthensd by small, scleretized plates und which represent either the glossee
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or peraglogaae. The opinion is here tentatively adopted that they are paraglos-
sae, sinee in most insects the glossme tend fo disappesr sooner than do the
paraglossae. On both oral and aboral aspecta of the prelabium there are present
amall areas of sslerotization which presumsbly represent veatiges of the normal
selerites but which can herdly be designated by names.

The Hypophuryngesal Region (Figure 5€)

The structureas of the hypopharynx and wssocisted organs appear to be
directly homologous with those found in the Fasocoptera. Cope {lsmg, working
with Psocus confraternus, developed the view that the large lobe enterior to
the labium in members of that Order is mot the hypopherynx, as hed previsusly
been held by other suthors, bet is merely a secondery lobe of the oral face of
the labium. Such a lobe is present in Esthiepterum and some other Millophagens,
but in a mick reduced form. The sc-called “cesophageal sclerite” is considered
to be a development of the salivariom, ainoe the salivary duct empties directly
inte it. No besal sclerites are present im Exihiopterum, so the only truly hypo-
pharyngeal element is the membronous region between the orifice of the salivary
duct and the stomodeum. The sclerotized sacs lying in the head cavity, partly
in the lablum and partly in the lobe anterior to the labium wre conslidered here,
az in the Psocoptera, to be salivary rezervoirs, snd the tubes Leading from them
and joining medially are the selivary ducts. The structure called the "brush”
on the anterior lobe of the lebium in fhe Psoceptera is not present in Esthi-
opterum.

THE CERVIX (FIGURES GE-61)

The head and protheracie elements being rather closely approximated, the
cervical region is much reduced. The usual two pairs of cervical sclerites are
present, the more anterior pair articulating with the back of the head and being
situated dorsally. The second pair articulates anteriorly with the first pair
and posteriorly with the epizternum of the prothorax.

The pular plate (Figure 54B) has engroached to some degree upon the cer-
viesl region, but is evidently not & cervical strueture.

THE PROTHORAX (FIGURES 58-62)

The prothorax, aa in apparently all other Mallophage, is definitely sepa-
reted from the pterothorax. Its dersum is formed from & single large notal
plate which iz but little proeduced downward at the sides and whieh is ip mo
degree fused with the pleural (= subecoxal)] elements.

The dorsal are of the subcorxa, constituting what are commenly called the
pleural selerites, is extremely well developed. dbove the coxal condyle ls the
vanal pleural fold, dividing the pleurite into an anterior episterpum apd =
posterior epimeron. The epistermum shows no divisien into anepistermum or kat-
epistermum and iz not contimed wentrally into & precoxsl are. Anterierly it
articulates with the posterior cervical eclerite. The epimeron i=s uwmusually
enlarged and extemds in ap ere down behind the coxa to the ventrel side of the
body. Here it termimates just short of the meson, where It bears the ventral
articulation of the coxa. Slightly posterior to aod leterad of this articulation
is the stermal apophyseal pit, which here is definitely involved im the subooxa.
From the termination of the postecxal sre to the beginming of the epistermum the
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derm is membrancus and thers are no suggestions of the presemce of eny sclero-
tized element thet can be ealled the sternite.

The metathoracic spiraele, in addition to migrating forward te the pro-
thorax, ms occurs in many insects, ia here involved within the posterior limits
of the epimeron.

THE PTEROTHORUK (FIGURES 58-82)

The segments of the pterothorax show & high degree of modification which
ia asseclated chiefly with the elose union of the two segments and with shifts
in proportions of the waricus parts, in the angle of the metuthoru%n pledral
¢lements und in the poaition of the sternal apophyseal pits. The fusion of the
segments hms been carried to such & degree that it is diffieult, if mol impoa=-
sible, to indieate definitely all of the line of segmental divislen.

The dorsel apeas (Figure 58)

The notal elements of the two pterothorscic segments are eompletely
fused, 5o much so that there iz mo externel evidemce as to how much of the
single potal plate originates from either segment. Howsver, it ssems evident
that both segments are represented om the dersum, sinee muscles from meso- and
metathoracic legs origipate on the potum. Assoclated presumebly with the abaence
of the wings, the elaborate atructures of winged insects are entirely lacking,
no divisions into the parts commonly found ean be recognized and there is no
develosment of postnotal elements or of phragmate. The dorsal plete can be
indicated only as the notum, although presumebly it is composed principally of
the seuta.

The plenral aress |Figure 59)

The pleural (= subcoxal) elements of the two pterethoracic segments ex-
hibit s marked diversity of development snd arrangement. The mesothorax hears
a very small episternal plete which earries the dorsal coxsl articulation, with
the pleural fold not evident, the epimeron lacking snd & reduced pleurel apophy-
sis present. Vantrad of the eoxsl foramen is & small, snmalhttl rect&ngular
plate which articulates by a definite condyle at its extreme snterior margln to
the coxa, is somewhat produced peaterierly and bears the aternal apoph]ru_a at
its mesal border. If we assume thia ventral coxal articulation to be identical
mith that seen in the Neuroptercid series of Orders, this plate iz evidently a
fragment of the ventral are of the subeows, and since most of 1t~ is posterior to
the point of articulation it must belomg to the pesteoxal portion of this are.

Tne metathoranx, on the other hend, hes the subcoxmal elements very strong-
1y developed, tut their vertlcal axis has turned Porward until it is nearly or
quite parallel to the longitudinel axis of the body. h;o- the io::ul coxal son-
dyle the pleural fold extends apteriorly, dividing the pleurus” into an exceed-
ingly merrow, morphologically posterior, band which is evidently the upj.!.erun and
a very broad, morphologically anterior, picce which ia evidently th epistermm,
that extends downwerd to the ventral side of the body. Toere is no apparent
division inte anepiztermum snd katepisternum, the pleurnl_clu ft being em_:lraly
obliterated, The pleural apophysis is cxceedingly small (Figare 508} and invag-
inetes just above the coxal condyle. The metathormcic spiracle is present, al-
though it is lacking in most of the Mallophaga. It occuples s most peculiar
position. Tt should be remembered that typicelly this apiracle lies at the



124

woterior border of its segment. But here it is involved in what morphologleally
—after meking allowmance for the forward tilting of the vertical axis of the
subgora—is the posterior bopder of the segment, an extraordinery shift of
position. This situation, coupled with the faet that Im apparently the majority
of the Mallophage, if mot in all of them other than the famlly to whish the
apcies here considered belomps, the metathorscic spiracle is lacking, requires
examination.

Ome explanation which immediately somes to hand is the assumption that
this spiracle is actuslly that of the first abdominael segment, which has mi-
grated forward and become involved with the metethorax, much as the mesothoracie
spiracle has migrated to the prothorax. Unfortunately, in contredietion of any
such assumption ztande the faect that no first abdominel epiracle is present even
in forms in whieh this spiracle is lacking on the metathorax.

The piece which muat be called the apisteroum is much elongated and ex-
tends forward to & point just poaterior to the mesothoracic coxal forsmen and
dowrward to the ventral side where it occupies the lateral third of the ventral
agpact. It bears & definite articulation with the anterior, ventral margin of
thy coxa, which frem its position suggests that it may be the trochantinal
articulation, although oo trochantin ia present as a separate piece. By analogy
with the mesothorax, however, thiz iz here songidered to be the wentral articu-
lation. Close to the ventral margin of the episternom and some diatance forward
from the ventral srtieulation is the very mimote metathoracie stermal apophyseal

pit. There is me trace of any portion of the posteoxel part of the venteal sub-
coxel ars.

The Sternal Areas (Figures 60, 81)

It is here conaidered that & true stermum exiats on the pterothorax, this
being @ single large, elongate plate which cscupies the median third of the wen-
tral sapect and is separated feom the subooxal elements by distinet, membranous
areas. It i quite evident that an extreme modificationm of the gemeraliped
condition of the pterygote insects has developed. In enrlier papers in this
series It has been maintained that the sterpal apophyses of pterygote insects
are primitively inveaginationa between the ventral arca of the members of each
puir of aubgoxae and that sonsequently their primitive position wes elose to-
gether on the midline of the body. It has also been maintained that when the
membara of the pairs of apophyees are separated from esch other this separatiom
has oceurred by reason of their migratlon laterally and that It is under such
conditions that a median plate forms which can be regarded es paminely stermal.
Thess conditlons ere here completely fulfilled and the median plate may be re-
garded as definitely and genuinely the sternite. We have hers, however, ons
peculinr development, in that the apophyses of all three of the thoracic seg-
ments bave remsined during their migration attached each to the mesal border of
itz corresponding subooxa, rather than becoming involwed in the margin of the
aternite. Such a development seems to be cheracteristic of the Mallophape as e
EToup.

It will be noted that there is but & sinple sternal plate on the ptero-
thorax. It ¢ould mot be determiped from the material at hand whether or not
this plate represents the Pused sterns of the two pterothorecic segments or
whether it belongs only to the metuthorar apd the mesothoracic stermite is sup-
pressed. The evidence derived from the museles, however, suggests that a meso-
thoracic elemsnt remains in this plate, for musecles from both paire of legs
arisze wpon lt. Forthermore, in some related species the mesothoreeic stermal
apophyses ariae from the steroal plate, this alse indicating the presense im it
of & mesothoracic element. It is in all probability a compound atrusture.
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The Legs (Figures 62C, D)

The prothoracic lege are short and stout, lying with the distal ends
eepried up under the head. Coxa, trochanter, femur, and tibia Are quite normal,
but the tivsus is reduced to a single sepment. The ungues are altached to the
tarsus without unguitrastor plate, pulvilli, or empodis. Setae and spimes
acermpiny the ungues on the tapsus. (Figure 62C.)

The mesothoracic and metathoracic legs are essentially alike, but differ
from those of the protheorax in being copsiderably longer and in being earried in
o more lateral position. The same elements are present here as in the protherax,
with larger spines on the meaothoracic mnd metathoracic legs.

K11 legs possess thickenings in their walls which appear as double con-
tours of wvarious shapes.

No partigularly large trochantingl epodemes are present, and no trockan-
tipel signum 1s evident.

THE ABDOMEN (FICURES 63-64)

Some confusion as te the sctual size and posibion of the selerites of
the abdomen may arise beceuse of the presence of areas of pigmentation which do
not ecrrespond with and do not indicate the limits of actual sclerotization.
Ap sttempt has been made [Figures B3, 64) to indicate the relation of the pig-
mented areas to the actusl selerites. The pigmented areas have been indicated
by shading one or more arsas and enclosing others of the seme type within broken
lines.

Fine apparent segments are present in the abidomen of both male and fe-
male. From the pesition of the apiraclas and the wulwa of the female, it 1a
evident that im the sdult of this sex spirecles are present on the third to
eighth segments and that the first abdominal segment is emtirely suppressed. Inm
each sex two apparent segments oceur posterior to the gonopore, tut it is clear
from what takes place during development that these Lwo ssgments are not exactly
the same in the two sexes. It is desirable at this point to revert to the nynph
for a better understanding of the marphology of this region.

Wilson (1936), in & peper on the life history of Lipsurus heterogrophus
{Nitzseh), has concluded that ot the third molt the ninth and tenth segments
fuse, thus reducing the pumber of apparent segmemts. This observatiom ls in part
substantinted by the present suthor's observetions. & last imstar nymph, which
seems to be that of & female, bears three segments posterior to that whieh,
beeause of the arrangement of the spiracles, is evidently the eighth. The adult
female, however, shows but two apparent segments in & similar position. It seems
gertain either that there has been & fusion of the ninth and tenth segments or
that ope segment has been suppressed. In the light of Wilsen's work on cheeto-
texy mnd the faet that the apparent ninth segment of the adult is relatively
larger than the true ninth and temth in the nymph, it ia bere believed that
fuzion has ogearred.

However, the segmentationm of the male presents a problem which cam mot
be solved on the basis of the material and information mow mvaeilable. Mo mals
nymph is avallable in the material at hand, but if sueh & nymph bears the aame
nimber of abdominel segments as does that of the femele and if the ninth and
tenth aegments Puse to form the apparent ninth segment im the adult, the quee-
tion arises &s to the Pate of the gonopore, which belongs morphologically to the
area batween the minth and tenth segments, and appears in its apparently normal
position in the adult male of this species. Im the adult male there is but one
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jegment posterior to the gonopore, which is evidently either the tenth and
leventh fused—instead of the ninth and tenth as in the female—or i the tenth
mgment with the elaventh reduged to a membrenous condition. It is possible that
:he nymph of the mele hes one less segment than does that of the female, but
intil this point is settled some uncertainty ms te the exset situation in the
werminel segments of the adults remains.

In any case, whatever the exact dlsposition of the termioal segments, it
ieema cleap that the first segment is entirely suppreseed in both sexes, no
race of either 1ts tergite or aternite remsining. In the succeeding segments
he tergite extends sround the margin of the body to the ventral aide, whepe it
.s separited from the corresponding sternite by an ares of meabrane. Distinet
iternal plates are present on segments 2-2 in both zexes.

A fenture of the abdomen which eppears ip mapy Mallophags end iz extreme-
.y well represented in the species at hand is the oeeurrence of thickeninga of
he body wall, penerally at the extreome lateral margin, These thickenings pro-
jeet into the body cavity in the angle formed by the sharp bepding of the ter-
rite around the lateral margin of the body snd are uwsually so deeply pigmented
@ ta be plearly visible externally. 4s far as the author knows no name has bean
mgpested for these structures in the past and they are here called buftrosses,

It should be noted that extreme diversity of form is shown by the but-
:resges from segment to segment of the same sex and between correzponding zeg-
1ents of the opposite sexes. In some cuses butiresses ere present om the ater-
sites, ag iz atrikingly shown on the second abdominal stermite of the species
wre ponslderad, where they resemble o pair of apophyses that extend upwerd to
Li; adjacent to the buttressss of the tergite of the same segment (Figares 59-
).

Terminalia of the Female (Figures 654, B, C)

Redoction and simplification of parts has gone far in the cese of the
terminal segments apd genitalis of the femele of this speeies, modification
beginning with the seventh segment. Here the sterpite is deeply emarginate poa-
teriorly. Om the eighth segment the sternite is divided medially into twe parts,
saeh of which bears a lobe that may be regarded ms representing a gonopod, the
twe gonopods fused to each other distally apd besring apicslly a brush of stiff
setue. Internally, invagioating from the wulva, which is between the eighth and
ninth sepments is & bulbous penital chamber the walls of which show a peculiar
pattern of sclerotized limes.

The 9th + 10th =zegment bas the sternife, which mast belong setually fo
Lhe ninth segment, divided lopgitudinally into two very small plates. The termi-
nal segment, which seems to be the eleventh bears a pair of emall plates which
ire here regarded az the paraprocts.

Termiralie of the Male (Figures 650, 66)

In the male, medification of the segmwents begins with the nipth aternite,
which is much redused in size and forms & small, posterlorly pointed mediam
genital plete, the opening of the phallocrypt being juat posterior to its epex.
The tenth segment, as is normal, bears no sternite, but the tergite is produced
ventrad in the form of narrow points and dorsally is marrowed and produced poa-
teriorly, The amus lies immediately bensath the apex of this point and there i=
oo evidence of paraprocts.

The genitalls apperatus (Figure 88) iz quite simple, apparently more so
than in most of the Mallophaga. There ie mo evidence whatsoever of coxopodites
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or styles, or even of the disputed structures commonly called peremeres. The
phallus is retrected inte the body, a phallocrypt being formed, the walls of
which form the endothecs and Are membrapous. These malls them fold posterierly
egain, cloaely enveloping the endophellus te which they fuse at the apex of the
letter. The endophallus is formed primarily by snother infolding, the wells of
which ere partially sclerotic, this infolding forming s sac which extends into
the body until it merges with the ejseulatory duct. The selerotization of its
wall extends proximally for about half the lemgth of this sac, then aplits into
twe parts which become free from the ssc, pass around it om each side and ro-
unite again ventrad of the ssc to form a lomg basal apodeme upon which muscles
insart that serve to withdraw the phellus into the body after it has been ex-
zerted by blood pressure in copulation. )

Unfortunately, this speciss throws oo light upon eertain genitalic struc-
tures of the male which cceur i many other Mallophsge end the exemimstion of
other more suitable species will be peceasary to permit any complete underatand-
ing.

THE RESPIRATORY SYSTEM (FIGURES &2, 64)

Harrigon (1915), in & rather comprehensive investigation of the respira-
tory aystem of the Mallophaps, presented certsin comelusions which ars partially
untensble in the 1ight of the fucts here presented. Harrison voiced the general
statement that "In all Mallophugs except Gliricols and Primencpon there are
seven pairs of stigmata, ome prothoracls and six sbiominal,”

The ap-called prothoracic spiracles are, in the light of generally ae-
cepted evidence, morphologieally of mesothoracic origin. hs herein pointed out,
a pair of spirecles is certainly present on the metathorax at least of l'.ye fam-
ily to which the species here considered belonga, sltheugh these spiracles
occcupy & peculiar position. Furthermore, thers are more than six paira of ab-
dominal spiracles present in the nymph of the species here considered, & pair
of reduged spirscles oceurring on the tergits of the morphologically second seg-
ment (Figure 64B) making the totsl oumber of pairs for the body of the njymph
nine and for the adult elght.

The complete tracheal system has mot been werked out in commection with
the present peper, but the general featuras of the trachesl trupks in the the-
racie reglon are shown in Figure 62. In genaral there is agreement in this
portion with the conditione considersd by Harrisem te represent the generalized
situation in Mallophage, other than in the factors involving the presence of the
metathoracie spiracle.

The Spirscles (Figure 62B)

The thoracic spiracles, in the main, follow the gemeral form of homolo-
gous structures in other imsects, consisting of & modified slit=1like oriflice.
The meaothoracie spirasle bears an elengated slit which is beset with spines
extending imward from the lips of the slit, giving the impresaion of a filtering
appuratus of some sort. The metathoracic spiracle comtaina a bulbous sclerotized
sie which lies benesth the body well.

The abdominal spirecles are essentially all of the same form, beling
merely & pit-like depression with an orifice in the bottem. An arm-like exten-
sion is seen below the surface of the adjacent body wall which appears to be
part of the occluding apparatus of the apiracle. This pecluding apparstus has
not here been considered in detail.



GENERAL OBSERVATIONS

kside from the loss of the wings, the prireipal medifications of strue-
re involving anything more tham the loss or fusion of parts are to be found

the head and thorax.

The extreme flattening of the head, the reduction of the eyes, the great
duction of 211 the mouthparts except the mapdibles, the prolongetion of the
ypeal region anteriorly and the development of peculiar structures In the
ipharyngesl membrane, are striking features but have aetually involved but
ttle Aigression from the normal pattern of the generalized insect head as seen

such forms as the cockromches. The landmarks, with the exception of the oe-
pital suture and & few other sutures, are all in plege.

The thorax pressnts most extreme modifieations but yet is clearly com-
roble with that of soch insects as the Neuropteroids that have been considered
. eaplier papers of this series. In fact, on the basie of & comparison with
st Mewropternids there is 1ittle in the therax of this ¥allophagan that re-
ins diffieult te interpret, the only doubte, in fact, involving the exact
mits of the zegments im the fused notel and sternal parts. The most peculiar
atupe iz the separation of the members of the paira of stermal apophyseal pits
4 the retention of these pits within the ventral ercs of the subeoxas, a fea-
re that seems to be in some degree developed in &nd characteristic of all the
1lephags. The single large sternal plate of the pterothorax, invelving prob-
dy o fusion of the sesondarily developed sternites of both segmenta is a
riking peculiarity.

The retention of the ventral coxal prticulation oo the prothorsx is am
tremely peculiar feature which, as far as is at present known, is confined to
& Mallophege and the Peocoplera.

Altheugh there iz npothing to be seen in this Mellophapan which tends to
my the assumption of seme relaticnship betwsen this Order and the Psogoptera,
ere are but few facts which definitely support the belief in such a relation-
tip. The common possessien of what is commonly called the "pharyngeal scle-
te,” which iz here considered to be & development from the salivarium, and
1 coomen retention of the ventral coxel articulatlien on the prothorax are all
st appear in this specles and the winged Paccopteran previously consldered in
iis series.

However, these particular species do not by any means tell the esom=
lete story of the morphology of either the Psocoptera or the Mallophaga.
cursory examipation of such s Psocopteran as & species of the wingless genus
~oetas shows developments which are very different from anything that is to be
wn in the winged forms and other Mallophapga show features, such ss the pres-
we of the "maxillery pick,” which are not indicated in the single species here
maidered, Several more apecies of each Order must be treated in detail before
¢ shall have any understanding of their morphology which will be sufficient to
irmit any broad generalizeations.

The morphology of the Mallophagan here considersd is offered merely ae an
itroduction te the morphology of the Order, but this specles affords o favor-
ile port of entry into the work that still pemaina to be done.
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Esthiopterum diomedeae, details of head structures
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Esthiopterum diomedeae, head
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Esthiopterum diomedeae, details of mouthparts

Figure 56

Esthiopterum diomedeae, details of mouthparts
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