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PREFACE

This thesis manuscript on external morphology is an cutgrowth of a
previous preliminary observation on the biclogy and scology of bﬁa@k
flies which was carried out wmalinly st Molawin Cresk, Philippines, from
October 1958 to March 1959n‘ The study was suggested by Dr. Berrard V.
Travis who was then a Gornell‘ﬂhivareity vigiting professor. After the
Creek was sprayed with DDT for the control of malarial mosquitoes the
work on biology and ecolegy was discontinued,

The writer has collected a reasonable number of Fhilippine materials
upon which the fellowing work on morphology was based. Additioval ma-
terials were sent by a friend whe made collections frrom a tributary of
the Melawin Creek.

Under tﬁe guldance of Dr. D. E. Howell; the thesis work was cerried
out at the Oklahoma State University, Stillwater, Oklahcma, sxtending
from September, 1959, until July, 1960.

The writer is deeply indebted to his major adviser, Dr. D. E. Howell
for his personal interest and for the many helpful suggestions made by
him throughout the study and preparation of this manusecript. To Dr.

W, H. Krull, Professor and Head of the Deparitment of Veterinary Parasgi-
tology, sincere gratitude is due for his helpful suggestions, Many thanks
are due to Dr. D. E, Bryan, Associate Professor of Entomology, Dr. W. A.
Drew, Asslstant Professor of Entomology, and Dr, D§ Wo Twoly, Assistant
Professor of Zoology, for their helpful criticism of the manmuscript.

To Miss M. D. Delfinado of the Division of Malaria, Bursau of



Dissase Control, Depariment of Heglth, I sn greatly cbliged for the
identification of the specimens I have gent her. Sincere thanks are dus
Dr, B, V., Travis, Profezsor of Eobomclogy, Dr. S. M. Cendana, Professor
and Head of the Department of Entomology, University of the Philippines,
for initiabing the work on black flies,

My warmesht thanks to Mr. V. Samaniego and B, P, Gabriel, Instructors

in Bntomology, for thelr wnfalling kindness in supplying additional speci-
&Y o : PRLY 5

meng., Finally, my sineere thanks and indebledness to the International

E:Na

Cooperation Administration, Natic W&i Econopie Council of the Philippines,

and the Univsrsity of the Philipecines, all of whom provided financisl

asslstance without which bhis work could not have bsen carried out te

cempletion,
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INTRODUCTION

While black flies are very important and have besn studied exbten-
sively in many barts of the world, no biological and morphological
studies on black flies have been published and possibly no abtompl
along these lines has been undertaken in the Philippines, As far as the
writer knows there is only one werker engagad‘at the preseﬁh bime on the
taxonomic study of Philippine simuliids. Many black flies are pestif-
erous, most are blood sucksrs and some are potential vecbors of animal
diseases. They are present in large numbers in the Philippines but
their signifiﬁénce 1o man and animals is almost unknown. Apparently
this important group of insects is not recelving the attention it merits,

These flies are called Euffalo gnats because of a decidedly promi-
nent homp on the dorsal part of the thorax. According to Riley (1880)
about 6000 mules were killed in the Ougchita Valley in Louisiana as a
result of the attack of great numbers of a "poiscnous midge®., Riley
(1880 implicated black flies in this report. Forbes (1912) pointed out
the possibility that these flies were carriers of pellagra. Lewis (1953)
reported on the problem of human onchoeerciasis pointing to Simulium
damnosum Theobald as the sole vector, A similar humen disease oseurs
in Guatemals according to Dalmat (1955).

This study is primarily concerned with the external morphology of

the larval, pupal and adult stages of Simulium (BEusimulium) baisasae

Delfinado. The feeding habits of this species are not known to the

writer. A detailed comparative morphology of the adult male and female



mouthparts may give a clue %o their potential in infliecting injury to
man and animals,

Larval stages are difficult to associate with the adults without
studying the saliénﬁ characters of the pupa, consequently detailed in-
formation concerning their externsl anatomy is imperative with regard
to taxonomy, Rearing of the adults is necegzsary in order to identify
the successively smaller larval instars for a specific specles. Ascord-
ing to Stone and Jamnba@k.(1955) many species of aduld simmliids are

difficult to distinguish unless the larval and pupal stages are known.



REVIEW OF LITERATURE

Among the earliest workers with the larvae of Simnliidae in Amwerics
was Osten Sacken (1870) who presented a short deseription of the 1arval
mouthparts., MeBride (1870) suggested the larval stage as being very des-
tructive to young trout which, he stated, possibly get entangled with the
silken threads of the larvae, Hagen (1881) though he did net study the
early stages in detail, was able to point out the presence of £ilaments
on the pupae. Owing to the importance of this group of insects many ob-
servers have produced valuable papers pertaining te the habits and mor-
phology of the larvae among the more prominent of these are; Miall
(1903), Johannsen (1903), Malloch (1914), Edwards (1920), Puri (1925)
and Wu (1930).

Taxonomic studies on the larval and pupal stages have increased in
number in recent years. Sommerman (1953), Freeman and de Meillon (1953),
Dalmat (1955) and Stone and Jamnback (1955) have shown the relative sig-
nificance to the taxonomy of the structural differences existing among
the immature stages of simuliids., Chief characters usually used for
separating species are the numbsr of filaments of the pupal respiratory
organs and their branching patterns, number of teeth on the submental
plate of the larva as well as the shape and extent of the throat cleft.
Other minor characters used in taxonomy are the shape and number of hock-
lets on the abdomen of the pupa and nﬁmber of teeth on the mandibles and

segments of antennae of the mature larva. Because these structures have



not been carefully studied on Philippine black flies, it is the purpose
of this study to work out in detail the morphology of the pupa and the
larval instars to determine what differences exist in different species.

The mouthparts of some species of adult Simuliidse have been studied
and described rather briefiy by some authors,vamang whom are Blacklock
(1926) and Smart (1935)f Some recent papers on the subject sre by
Gibbins (1938) on Simulium damnosum Theobald, Krafehiok (1942) on

Busimulium lascivum Twinn, Snodgrasss {1944) on Simulium venustum Ssy znd

Nicholson (1945) on Bugimuliom dacotense D. and 8. Workers are not all

in agreement as to the number of segments of the maxillary palpus of a
simuliid adult., Tonnﬁir (1924), Snodgrass (1944) and Nicholson (1945)
claim that there are five;but Smart (1935) and Krafehiek {1942) main-
tained that thers are only four. These distinguiched workers completsly
disagree with each other and it appears that their decisions are based on
differences in interpretatioq%; Hawéveg, it oould be due possibly %o
anatomical differences in spé&iea that were involved.

The vestiture of the thorases of the male and female has a very im-
portant bearing on taxonomy. Ibs description is always given in a de-
tailed manner, but the sclerites seem to have been neglected, Only a
brief description of sclerites of the bthorax have been found in the
1iteraturé° Malloch (1914) discussed briefly the seclerites of the thorax

of Progimulium pleurale Malloch, Nicholson and Mickel (1950) of Progi-

mulium hirtipes (Fries) aﬁd Stone and Jamnback (1955) of Progimulium
magnum D, and 8,
Some of the early taxonomists of the simuliid group used to a great

extent the male and female terminalis. Edwards (1915) in his study of



the Simuliidae of the British Isles pointed out the importance of the
male genitalia. A year later, Pomeroy in his work on the North American
Simuliidae emphasized the importance of the male genitalia, Many termi-
nologies were later employed for the same structures found im the male
genitalia which bewildered a new worker. Becauge of this chaotic situa-
tion in terminology Freeman (1950) proposed a terminology for the different
gtructurss of the male genibalia.

It appears ﬁhat the uge of the female genitslia is comparabively
recent., Dyar and Shamnon (1927) puﬁlished with reference to taxonomy an
acgount of their work illuatra&iﬁg the female genitalia of varicus species

of North fmeriesn simuiiids,



MATERTALS AND METHODS

Collection and preservetion of sumlmggp o The varioug larval in-
stars were colleected from stonss, leaves or btwigs submerged iu the run-
ning water of the Molawin Cresk , Prilippives, Fine ferceps were used in
removing the lamae fmm their plase of gbtachnent taking csrs nok to
injure the specimens, Viels eontaining sither 99 pervent ethyl alsohol
or Bouin's fixabive wers used for killing the larvae.

Larvae and pupae were [ixed in Bouln's for two hours, washsd in 70

percent ebhyl alechol and pressrved in vials with 70 percent ebhyl

alechol. These specimens were prepared for use iu thr di e
" various body parbs.

Pupae were also eollected from the same habitat, Ulmoet cars was
employsd in removing the pupas from stones, lesves and twigs. Sometimes
it was necessary to loosen the cowoon from its place of atbachment before
it was removed by the forceps. BSome of the pupas were killed in 95 per-
cent ethyl aleohol, but many of those in advanced stages (dark brown bo
black) were placed in indiwidual vials for rearing. Pupse sbtashed to
leaves were most favorable for rearing. A section of a leaf with a single
pupa was placed inside a wial. Pupas were reared individualily in these
shell vials, 10 x 40 mm,

Each vial was supplied with & stm.,p of absorbent paper about the
diameter of the vial and placed lengbhwisge. It was kepb meist by adding
wabter and the vial was plugged with moistened cotion., The method of

rearing the pupae was similar in principle to that employed by Nicholszon



and Mickel (1950) except that a strip of absorbent paper was used in-
stead of cotton., Adults usually emerged in less than a week., They were
kept for 15 or more hours to‘allmw time for expansion of the wings and
the hardening of the cutiecula., The imago, with its casb skin and cocoon,
was preserved in 95 pervecent ebthyl alcohol.and catalogued, Studying the
pupal exuviae of the resred adulis and then comparing thelr filaments
with the developing pupal glll filemenbe eof the {ully grown larvae fasili-
tated association of larvae and pupas in a speaies.

This method of collesting and rearing pupae has the distinet advan-
tage of usually yielding both sexes. The two sexes in a particular
species can easily be associated, Purthermore, the pups as well as the
cocoon are isolated for respective individuals and have indispensable
characters of taxonomie value,

In this study it was desirable to separate the pupal filaments of
the fully grown lasrva and for this purpose the procedurs of Sommermsm
(1953) was followed, A pair of forcepg was used to hold the larva and
with an insect pin the integument was freed from the area of the de-
veloeping pupal filaments, The pupal respirabory filaments were removed
and characteristic number of branches and branching patterns determined.

Associstion of the fully grown lerva with progressively smaller
ones c¢f the same species, colleclbed previously at the same location, was
 based upon the submental plate and throat cleft and often upon the solor
patterns of the head capsule and the anal gills.

In this connection, identificati@n bazed on the anzl gills alone
was quite difficult since a complete extrusion of the finger-like

structures was necessary. This method made possible the determination



of the species composition of weekly larval population samples over a
six-month period. Sorting of the species was done after the larval
characters had been established.

Because of the difficulties in taxonomy of larvae it was necessary
to use some larval characters to identify certain categories of larval
stages. Larvae in the first instar are small (0.67 to 1.81 mm.) with no
apparent histoblasts and the egg burster on the head capsule is still
present., Those of medium size (1.81 to 2.62 mm.) are in several inter-
mediate instars and are provided with histoblasts not seen by the un-
aided eye but identifiable with the aid of the stereoscopic microscope.
Near fully grown larvae (2.62 to 3.37 mnm.) with slightly developed white
irregularly shaped histoblasts which can be seen by the naked eye. Full
grown larvae (3,17 to 4.75 mm.) are provided with dark histoblasts.

Mounting techniqueg. Two methods were employed. Some preserved
specimens were cleared in five percent KOH and properly washed in a
series of alcohols (50, 70, 85, 95 percent) and then placed in equal
parts 95 percent ethyl alcohol and beeclwood creosote for 20 or more
minutes until clear, They were transferred to equal parts of beechwood
creosote and balsam for 15 or more minutes and mounted on a slide in
pure balsam, To obtain an even penetration of the liquid into the spe-
cimen, a minuten nadeln was used for perforating the body wall.

For convenience and speed of mounting larvae, pupae and adults,
Hoyer's medium was used. Specimens preserved in 70 percent or 95 per-
cent ethyl alcohol were passed through ethyl alcohol of decreasing con-
centrations and washed in distilled water. The specimens were pricked
with a minuten nadeln and placed overnight in a five percent KOH. The

specimens were then washed seversl times in distilled water and mounted



directly in Hoyer's medium.

All structures that needed to be detached from the larvae, pupae
and adults, were dissected on a glass slide in a drop of Hoyer's medium
before mounting on the same slide,

Smaller structures, like the mouthparts, after having been dissected
out of the head were left in the medium. Since the head capsule was not
necessary in this mount it was removed, This procedure in mounting was
followed for all small structures. Parts were oriented on the slide
before putting the cover slip in place., Sharpened insect pins were
used for manipulating the specimens., All dissections were done under
the stereoscopic microscope.

The cephalic fan was separated easily from the larva by pulling at
the base or stalk with fine pointed forceps. The fan was expanded by
s3imply holding the base, dorsal side up, with the forceps and applying
pressure on the elbowed joint with a dissecting needle so as to spread
the filaments, If it was done on a slide in a drop of water a cover
slip was placed on top and the preparation examined under the compound
microscope. Some of the filaments usually stuck together because of
minute lateral processes which made counting of the filaments difficult,
A slight pressure applied on the cover slip with a rotary motion usually
separated the filaments. Some adults and larvee were stained in acid
fuchsin, Powdered acid fuchsin was added to 95 percent ethyl aleohol
until a deep red color was produced. When properly stained the cells in
the anal gills of the larva were easgily discerned, For most of the work

on morphology the staining method was abandoned since it was not necess-

ary.
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Illustrations and Measurements. Illustrations were made in various
Wayse Somé of the structures wére drawn under the camera lucida but as
worked/progressed a microprojector with three objectives was used to pro-
ject the image of the specimen on a sheet of semi~transparent drawing
paper., The basic outline of the specimen was traced on this paper and
further details were drawn freehand using a compound mieroscope for veri-
fication and measurement, Drawings were finally transferred %o a drawing
paper and inked., All‘speciméns and their corresponding siructures were
nmeasured with a calibrated oculsr micrometer disc from specimens pre-

served in 70 pereent ethyl alcchcl.



OBSERVATIONS
Description of the Female

The body length is 1.9 mm. (plate I, fig. 1).
Head.

The head is laterally ovate, reniform in frontal view, tending to
surround the bases of the antennae, dichoptic, and light brown in color.
The fronto-ocular triangles (Fr,0.) (plate III, fig. 2) are present above
the bases of the antennae. The frons (Fr.) is rather broad, flaring
dorsally. Below the frons the clypeus (Clp.) is not prominently convex
and bears fine, recumbent, shiny, golden yellow hairs. The vestiture of
the frons and vertex bears conspicuous golden yellow hairs., The cuticles
of the clypeus, frons and vertex are glistening. .The antennae (Ant.)
(plate I11, fig. 3) are eleven jointed, slightly tapering with the first
{ to the third segment light yellow~orange. The remaining segments are
light gray. The second, third, and terminal segments are twice as long
as any of the other segments. The last segment is conical.

The maxillary palpi are generally light brown but the third segments
are darker in color. The occiput (plate V, fig. 8) and postgenase (Pge.)
are provided with long, brown hairs but these are not as prominent as in

the male.

Mouthparts of the female.

Labrum-epipharynx. The wall of the labrum-epipharynx (plate II,
fig. 1) is a delicate semi-transparent membrane strengthened by three

rod-like heavily sclerotized processes, i.e., the labrum. There are two
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lateral processes {L.P.) and one median (Mnéo) which is dorsal to the
other two., These three processes form a three-sided pyrahid with the
basal part attached to the wentral part of the head. The médian process
(M.P,) is expanded distally and armed with two sets of three highly chi-
tinized curved terminal teeth (T.T.). Many circular spots known as sen-
sory pegs (S.p.) extend from the base of the labrum-epipharynx to its
apex, The epipharynx is the area between the two lateral rods of the
Llabrum.,

Méggiglggo The thiekened base of the mandible (plate II, fig. 3)
articulates with a laberal process of the clypeus. From near the base of
the mandible on the posterior side, is a sclerotized rod projecting alorg
free of the ouler edge which joing the middle part of the mandible lat-
eral to the depressien (D.). The oubter margin of the apex has approxi-
mately seven terminally directed teeth, The faint longitudianl stria-
tiong whi@h can be seen for a short disbance on the mandible tip origi-
nate from points between the marginal testh,

Hypopharynx (Hyp.) (plate II, fig. 2). This is a trough-like rigid
structure, It bears teeth-like projecting struetures around the disfal
edge, Around this edge are short posteriorly directed, stiff hairs.

The salivary dust (8.D.) extends from the distal to the proximal ends of
the midventral part of the hypopharynx, The lateral parts of the hypoph-
arynx are conspleuously sclerotized and undoubtedly strengthened the
entire struoture,

’Cibarial pump. The eibarial pump (Cb.)} (plate II, fig. 2) is a
vertical, trough-shaped sbructure with two eircular spots on the lateral
.areas, On the disto-lateral edge of the cibarisl pﬁmp are articulated
tire vod-like stru@tureagiﬁhe interiora of the lasinia (I1.1a,) (plate II,

flg, 2.). Abtached to the proximal part of the cibarial pump are the
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selerotized cornuae (Ce.).

Pharyngeal pamp. The pharyngesl pump (Ph.) (plate II, fig. 2) is
vertically attached to the proximal end of the cibarial pump., It lies
in the midline of the head extending to the lewvel of the foramen magnum.

Maxillae, The galea (Ga.) (plate II, fig. 8) is lém@e@late and
flattened, It does not exceed the lengbth of the first two segments of
the palpus baken together, Th@ digtal fourth of the gal@a ig flabbened
and bears about twenty-two péinhedy reeurved teeth sreund the apieal
margin., These teeth occour on the pusterior face of the galea. The
anberdor face is amooth. The maxillary palps are f@ur;segmenﬁeﬂ with
a sensory organ (S.0.) on the second segment,

Labium, The labium (plate II, fig., 9) iz composed of a Eagal
postmentum (Pmt.) (plate V, fig. 8) the theca (The.) {plate II, fig. 9)
and the labells (1 1b, 2 1b) which are concave and form a deep gubtber
gnteriorly conecealing the obther mouth parts when abt rest. At the base
of and between the labella is the membranous ligula (Li.) with tree-

like branches.

Thorax.

The mesoscutum (Set.) is dark brown with fine adpressed golden
yellow hairs, On the eutiele of the mesoscutum can bte seen three faint
longitudingl sbtripss extending to its posterier third, The posterior
margin of the mesoscutellum (Scl.) is fringed with long, erect, brown

hairs. The pleural tufts (P.t.) are golden yellow.

Legs.

Leg Iy length, 1.94 mm, (plate I, fig. 3). The coxa, femur, and



tibia are light gray with dark brown tersal segments. The basitefsus
(Bt.) and third tarsal segments (T2) are each provided with two out-
wardly dife@ted long hairs on. their di;tal margins, Measurement of the
basitarsus shows that it is almost as long as the rest of’the tarsal
segments‘taken together.,

Leg II; length, 1.59mm, (plate I, fig. 4). The coxa, trochanter»
and femur are light gray. The distal third of the basitarsus and
tibia is dark brown, The inner margin of the basitarsus is provided
with nine to ten short spines, This segment is slightly longer than
obher tarsal segments,

Leg III; length, 1.89 mm. (plate I, fig. 5). The coxa is dark
gray, trochanter light gray, and thé femur is moderately dark gray. Ths
basal one third of the tibia ig light gray but becomes gradually darker
toward the distal fourth, The distel third of the tibia (plate I, fig. 5)
bulges outward. On the dorsal margin of the tihia are five to six long
hairs. On plate 1, fig. 6 can be ssen the hind basitarsus produced post-~
eriorly as a flattened lobe. This is the caleipala {Cal.) which is well
developsed and covers the pedisuleus (Ped.), & dorsal notch on the second
bind btarsal segment. The pedisculous is widely notched on its basal
third, Claws (Cl.) (plate I, fig. 5) on all the legs are simple. The

distal ende of all tiblae are such provided with two massive spines.

Wings; (plate ITI, fig. 4) length, 1.9 mm.; width, 0.9 mm., The
costa (C) is clothed with spiniform and hair-like macrotrichiase. A
gingle row of hair-like nacrotrichiae extends along the proximal third

of the subecosta (8Ss), the remainder being bare. The proximal one-sixth
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of the radial seetor"(Rs) is bare bub the rest of its length is provided
| with a single row of hair-like macrotrichiae., ‘The_entire length of the
radius (Rl) bears a single row of hair-like macrotrichise, The medial
veins (My, Mé) have a common base for a short distance. Posteriorly the
submedian fork (S.f.) appears as a fcld, extending to but barely touching
the inner wing margin, The cubitus (Cu,) is sinuous. The anal vein
(Ani)curves slightly forwérd and ends just short of joining Cu, distally.
The hairs on ﬁhe stem vein (St.v.) are light yellow, The pedicels of

the halteres (H.) are light browm with an opaque, pale yellow knob.

Abdomen.

The basal scale (Abs.) (plate V, fig. 9), an expansion of the first
abdominal segment, is fringed with silvery, extremely short hairs which
do not reach théibasal half of the sscond abdominal segment. All seg-
ments are generally grayish-brown., Brown hairs are evenly distributed
throughout but scarce on segments two and three. Conspicuous dark, semi-
circular patches are found on the mid~dorsal tergites. The sclerotized
area of the eighth sternite has a crescent-shaped dark brown patch mid-

ventrally,

Female genitalia (plate III, fig, 5,7).

Dorsally, the cercus‘(Gern) is dome-shaped and almost twice as high
as long. It is covered with a few long, strong'hairs'directed posteriorly
except on the dorsal portion where the hairs are more nearly erect, Many
minute hairs cover the entire surface of the cercus. Ventrally, the mesal
margin of the vercug is slightly concave and covered with many adpressed
ghort hairs and is twice as long as breoad.

The anal lobe (A.1l.), which is ventral to the cercus, is provided
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with a gimilar investiture. When seen from the lateral view it is almost
oval and twice as large as the sercus, but ventrally it is more than
twice as large. It is seen from plate III, fig. 7 that the genital fork
(G.f,) is slender and slightly bent sinistrally. The arms of this
structure are spread almost at a nineby-degree angle. The two arms are
nearly ds long as the rod bubt broader and each carries ventrally a
highly seclerotized tooth-like projection, The two arms are continuous
with the inner surface of the euticle, Laterally, the genital fork is
bent downwards, ‘the two arms curved upwards,

The spermatheca (Spt.) is a dark brown, chitinous capsule. It is
oval in shape with the spermathecal duct (Spt.d.) attached to its

terminal pole,
Degseripbion of the Male

. The body length is 2,1 mm. (plate I, fig. 2).
Head.

The head is triangular in lateral view with the wider part on the
dorsal sids, The compound eyes (C.E.) (plate III, fig. 1) are holoptic
with the deféal facets about twice as large as those ih'the female. The
dividing line between the dorsal and venbral facebs is abrupt without
showing any sign of gradual traunsition ﬁr@m in front and from the sideéo
‘In preserved specimens the large faceted portion of the eyes is orange-
yellow turning dark red in pinned specimens. The fronte-ocular tri-
angles are sbgent. The frons (Fr.) abbve the bases of the antennae
(Ant.) is depressed., Below the froms is the strongly convex, glisten-:-

ing eclypeus (Clp.). The clypeus and frons are clothed with fine recum-
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bent golden-yellow hairs, Each of the antennae are eleven-jointed, with
the third segment twice as long as wide., Segments one to six are light
brown in color becoming gradually darker towards the last conical segment,
On the posterior area of the head is the slightly flattened oecciput
(0c.) (plate V, fig. -8) with conspicuous dark brown hairs projecting
upwards from its dorsal margin, The four-segmented maxillary palpi
{plate II, fig. 7) are brownish throughout their entire length., A
detailed discussion of this is given on the section dealing with the

morphology of the mouth parts.,

 Mouthparts of the male.

| ngggm;gpighggxggo The lebrum-epipharynx (plate II, fig., 4) is
similar to thé/female except that the sets of teeth on the female
labrum~epipharynx are absent on its apex.

Mandibles. The mandibles (plate iI, fig. 6) are also blade-like
struetures but less sc}erotized than those of the female. Distally each
is almost a thin membrane. The widest part is at the level of the clear
area (Cl.a.) at the center. This clear area is not homologous with the
depression which occurs on the mandible of the female. At the base can
be seen two circular spots. |

HBypopharynx. The hypopharynx (Hyp.) (plate II, fig. 5) is trough-
like and articulates with the distal end of the cibarial pump. In the
female, the distal extremibty of the hypopharynx is somewhat flattened
and broader than in the male. The apex of the hypopharynx tapers‘stead—
ily and bears a fringe of long setae,

Cibarial pump. The eibarial pump (Cb.) (plate II, fig. 5) is the

same as in the female but the cornuae are less prominent.
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Pharyngeal pump. (Ph.) (plate II, fig. 5). This structure is the
same a5 in the female, : |

Maxillde, (plate II, fig. 7). The palps ;re similar to the;female
but the galeae (Ga.) are thin and weakly sclerotized bearing hairs at
their extremities.

Labium. The structures that make up the labium are essentially the

game as those in the femsle,
Tho raXs

Laterally, the mesoscutum (plate I, fig. 2) is seen to be strongly
arched and dark brown but with adpressed yellowish hairs. The mesoscu-
tellum is dark brown and posteriorly fringed with erect brown hairs. The

. pleural tufts are golden yellow.

;@g§;

Leg I; length, 1.97 mm. In appearance, the first, second and third
pairs of legs are very similar to those of the female except for the
coloration, .The coxa and %trochanier and basal one-third of the femur and
tibia are clothed with light brown hairs. The rest of the segments in-
cluding the tarsi are dark brown. The two prominent hairs on the antéro—
distal tip of the basitarsus are approximately as long as the second
tarsal segment. The third tarsal segment alsc has two long hairs on
its anterc~distal tip which are about as long as this segientc.

Leg IT; length, 1.64 mm. The coxs and trochanter and basal parts
of the femur and tibia are covered with light brown hairs. The rest of
hhe segments including the tarsus‘are dark brown. |

Leg III; length, 1.92 mm. The coxa is clothed with dark brown hairs.,
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Its outer surface is prov;ded with a lmngltudinal row of longer hairs
extending throughout its lengtha The. trochantér is generally covered
with light gray hairs and tﬁe femur with dark brown. The basal one-
third of the tibiaibears light gray hairs and the rest is dark brown.
The basal two-thirds of the basitarsus is light gr&y and the remainder
is dark brown, Olaws and spines on the distal ends of all the tibiae

are similar to those of the femsle.

Wings; length, 1.7, width, 0.8 mn, The venation and hairs on the
veins are essentially the same as those of the female except the subcosta
which is bafe throughout its entire length., The hairs on the stem vein
are brown, The pedicels of the halteres are light brown, the knobs opaque

paléyellow°

Abdomen.

The abdﬁmen is generally dark brown with light gray areas on the
ventral half of segments two, three andvfouro The basal scale is fringed
with fine long brown hairs extending laterally to ﬁhe bage of the third

abdominal segment. Dorsally a fringe of hairs extends to about the

anterior foui fEﬁ‘zfof' the bPCOHd abdominael segment.

Male genitalia (plate III, fig. 6).

The external genitalia are better studied and understood when sepa-~
rated from the posterior part of the abdomen. A large basal area, the
bagistyle (Bs.), is seen as semi-quadrate and longer than it is wide.

Its apical half is sparsely covered with short setae. Dorsally, the base

is cleft for a short distance. The ventral surface of the two basistyles
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is glightly flattened. Attached to the basistyles are the dististyles
{Dg.) which are produced as semitube-like structures with their inner
margins concave and apicees curving toward each other., Both dististyles
bsar a consplcuous subterminal, tooth-like projeetion. Along the two
lateral margins are four to five long setae. The dististyles are about
four times as long as wide,

Between ths basistyles iz a plate-like sclerctized structure, the
ventral plate (Vip.). When geen in ventral view it is almost twice as
wide as long, the basal proecess being expanded. The hairs on the body of
the ventral plate are short and adpressed and densely setose on the tri-
angular keal,

On the postero-lateral margins of the ventral plate are the para-
meres (P.), which are both bent mesally almost at right angles toward
each other. Hooks (P.h.), along their exiremiiies, are arranged in a
linear fashion but are difficult o eount due to their arrangement one
on top of the other, Three large hooks on the ventral margin are more

than twice as long as the smeller hocks.
Degeription of the Fully Growm Larva

The bedy is eleven-segmented, 5.5 mm. in length, c¢ylindrieal in
shape and slightly constricted in the middle (plage IV, fig. 3).
Head (plate IV, fig. 5,6).

The head eapsule is light yellow and pigment spets are absent.
Ventrally the epicranial plates are separated on the posterior half by
the throat cleft (Th.e.). The cleft is deep, gradually tapering anter-

iorly with the sides almost indistinguishable., The medio-lateral sides

of the eleft are widely set apart and rounded. The fronto-elypeal plaie



21

(F.p.) makes up the dorso-median portion of the head. It is separated
from the epiéranial plate by a well defined suture. The posterior rim
of the epicranial plates are strongly sclerotized, but even more so on
the poétero-ventral extremities where the throat pits (Th.p.) are
Jocated.

The submentum (Sm.) is armed with pointed and highly sclerotized
teeth. There are nine teeth in all, one larger median tooth and four
lateral pairs. The median tooth is twice as long as any of the four
pairs of the lateral teeth. The margin of the tips of the four pairs
of teeth are situated approximately on a straight anterior line. The
sides of the submentum are serrate with the tips directed anteriorly.
Though slightly variable in number there were in a large majority of
specimens examined, four pairs of long setae near the lateral margins
of the submentum. These setae are arranged in an antero-posterior
direction. |

Cephalic fang (plate IV, fig. 9). The filaments (F.) of the
cephalic fan are scythe-shaped, flattened dorso-ventrally, and widened
in the basal one-fifth of their length., Distal to the widened base are
regﬁlarly interspersed hairs along the entire length of the filaments.
The filaments vary from 34 to 45 in number. On the ventral area of the
stalk, immediately below the basal articulation of the primary fan are
shorter filaments. These shorter filaments vary from 26 to 30 in number.
These are collectively termed the secondary fan (S.f.)., The distal half%A
of theée filaments extend somewhat beyond the basal attachment of the

primary fan.,
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Antennae (Ant.) (plate V, fig. 7). The antennae are located on the
sides of the head dorsad to the base of the cephalic fan. They are
cylindrical and consist of four segments. Segment one is approximately
as long as segment two. The third segment is a little shorter than
gither of the preceding and the fourth or djstal segment is very shori
and pointed.

Mandibles (plate IV, fig. 7). On the apicél margins of each mandible
are three sclerotized terminal teeth (Tt.). When viewed dorsally, one
of the terminal teeth is partially covered by the other two. Along the
inner margin, proximal to these teeth, is a row of three small, light
colored teeth. Immediately following these are 10 to 11 tiny bristle-
like ﬁeeth which decrease in size towards the base of the mandible. At
the base of this row is a flattened tooth-like process (T.p.) followed
by a smaller one, On the dorsal side, along the medic-distal half, is
a row of long setae which partially cover 7 to 8 larger setae. 'Distal
to the base of this row of setae, on the outer margin, are two prominent
setas. On the inner border, at the level of a transverse cleft, is
another row of setae. Below these are 7 stout, long setae, the apices
of which are produced into short projections. Dorsally and ventrally at
the bases of the mandibles can be found a varying number of short Sen;
sory hairs. The characteristic forms and structures of the groups of
setae are shown in plate IV, fig. 7.

Mexillae (plate V, fig. 1). Groups of conspicuous, long setae are
found on the dorsal and ventral surfaces. The apical one-fifth bears
a cluster of long setae. A finger-like projection can be seen on the
inner margin at the level of the base of this cluster of setae. On the

~ inner and outer margins are two separate groups of shorter setae which
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~ can be Seen both from the dorsal and ventral sides. A clear area betweeﬁ
these two g?bups of éetae is set with small protruberasnces. Arising near
the Bﬁse of the.ﬁalp is another group‘ofuﬁﬁpagf Eany sénsory'setae occur
on the ventfal si&e of the maxillae showing,ﬂégééggpite pattern, The
cylindrical one-segmented palp (Mx.p.) is stout, slightly truncated dis-
tally end bears 7 to & sensory papillae. A few sensory setae are scat-
tered along its entire length.

Hypopharynx and prementum (plate V, fig. 4). The prementum (Pmo) is
a double plate and together with the hypopharynx ferms the floor of the
mouth cavity. Along the anterior border of the prementum are lopg brush-
like setae which tend to hide the palp-like (P,)_structures lying medio-
dorsaliyo There are two pairs of posterior processes; first, the interhal
processes (Ip.) which penetrate the mentum; end second, the freely ascend-
ing processes (Ap.).

Labrum and epipharynx (plate V, fig, 2). The semi-circular labrum
s eovered-with.ibng setae dorsally and extends beyond the mouth opening.
An anteriorly directed group of hooklets (Gh.) are sparsely covered with
Jong setas along the median line. Ventrally there are onyy a few short
setae. The labrum is continued posteriorly forming the epipharynx which
serves és the dorsal wall of the mouth. There are three groups of short

setae, one median and éwo lateral.
Thorax (plate IV, fig. 5).

A dark cdnspicﬁous, semi-ovate, pigmented. structure is found on
-each side of the light gray thorax. -These are the developing pupal res-

piratory organs (P.o.). The single,medianlthoraeic‘prolgg is attached
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to the ventral surface of the thorax., It is an elongate, truncate pro-
cess the extremity of which is provided with tiny curved hooks by which
the larva fixes itself when progressing from place to place. There are
22 t§ 28 radiating rows of hooks in the anterior crochet ring. The
short distal joint is capable 6f retrsction into the much larger basal
joint. Behind this crown of hooks are chitinous lateral plates (Lp.),
one onveach side., The anterior border is prolonged obliquely and is

armed with pointed processes in groups of two to three.
Abdomen (plate IV, fig. 5).

The abdomen is light gray in color, eight—gééﬁented, congtricted on
the second and third segments and posteriorly enlarged. On the eighth
segment lies the median transverse slit-like anus, through which the
retractable anal gill (A.g.) protrudes. The anal gill is formed with
three finger-like processes. Posterior to the anal gill are the anter-
ior branches of the anal cross-piece (A.p.) (plate IV, fig. 8)., This is
an x-~shaped dark sclerotized sclerite with the anterior arms terminating
near the region of the anus and the posterior arms extending along the
anterior border of the posﬁérior crochet ring (P.c.). The length of
the posterior arms is less than twice the length of the anterior arms.
The poéterior crochet ring lies caudal to the anal cross-piece. Its
plane is almost at right angles to the longitudinal axis of the body.
The crochet ring is composed of 81l to 94 rows of flattened hooks. The
numbers of hooks diminish on the medio-dorsal and medio-ventral rows and

are distributed as follows:
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Row Number of Hocks
1 coseccscecssesnocncs &
7
3 ceccesecscvmccvcsces
L eesecovescecccsceses I
P i
The remainder have 12 to 16 hooks psr row.

Th

@

firgt sbage larva hag the same shaps as that of the fully grown
larve except that an egg burster (Eb.) {(plate V, fig. 5) iz still present
dorsally nesr the cenbter of the head capsule. It ig a small sclerotized
tooth directed dorso-anteriorly. Under low magnificstion (10x), it
appears as a dark spot in the middlie of the barck of the head. About 4 or
5 sengory hairs are found posterior to the egg buwrster whish are not vigl-
ble in the second stage larva. The head is comparatively large in rela-
bien to its body size, Bach antenna appears to be three-segmented with
two small projections on the anbere-digtal end of the first segment., The

first seguent is almost as long as the second bub stouter at the base.

°

The last é;gmen which terminatess in a pointed tip is five times as shord
g the first and second segments., Bach of the primary cephalic fans has
17 4o 28 filaments. These increase in mumber to aboubt 36 in the nex
stage. In the posterior crochet ring, there are aboub nine hooks in
each row with the excepiion of the first seven or eight rows on boih
sides of the medic-dorsal and medio-ventral rows, Although the man-
dibles are small and asppear to be less sclerotized, the first stage

larva possesses the same structures found in the fully grown larva.

Their medio-lateral warging tend to be slighbly angulsr. ALL ot
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external features of the first stage larva are simjlar to those of the
fully grown larva. This also holds true for\the'méﬁidm-sizeﬁ and near
fully grown larve. However, the number of rowy of hooks and ﬁumber of

* filaments in the.primary.cephalic fgns ﬂiffer as #éen ih table I.

0

Table I. Body lengths,. number of primary cephallc fan filaments, and
rows of hooks on the posterdor crochgt ring.for four larval stages
of Simulium baigasae Delfinado; Collége, Laguna, Philippines,

1958-1959.
Number of rows of
Length of Number of filaments hooks on posterior
larva (mm in pri fan crochet ring
First instar 0.7 - 1.8 .17 - 28 60 ~ 70
Medium sized 1.8 - 2.6 27 - 36 63 - 76
Near fully grown 2.6 - 3.4 35 - 40 72 - 89

‘Fully;grown 3.2 = 4.8 36 - 41 86 - 9




27

De%cription of the Pupa

The pupa (plate IV, fiés. 1,3) measures 2.8 mm. in length. One of
the most striking‘morphologiegl features of this stage is the large
respiratory organ (2.2 mm.) with its six filaments. The head of the
pupa is tucked Beneath the large thorax. Posterior to the head are the
developing legs. On the lateral aspects are the wing pads in their early
development forming large plate-like structures,

The smooth, sjrongly convexwprpnomum and mescnotun appear to'be
fused. The metanotum is composed of small triangular plates., From the
thoracic pleura the dorsal petioles of the pupal respiratory ofgans
(plate IV, fig. 1,2) arise almost vertically upwards for a short distance
and the ventral petioles arise obliquely ventrally in a vertical plane,
with each petiole dividing into two filsments. A single median petiole
arises directly anteriorly and gives rise to two filaments. The séts of
six respiratory filaments are each attached to a common stalk on the
antero-lateral sides of the thorax. 'Thé cuticle forming the tube of the
filements is very thin and veries from 1,16 to 3.06 microns in width in-
creésing toward the base.

When viewed dorsally (D) (plate IV, fig. 3), the abdomen shows nine
distinct segments with characteristic hooklets and spines. Ventrally
(V), the two anterior segments are concealed from view by the developing
leg éheaths and plate—like‘wing pads. Hooklets (R.h.) on the ventral
part of the abdomen asre shown in plate IV, fig., 3. Dorsally, the third
and fﬁurth abdominal segments are provided with four pairs of short,
stout hooklets. Along the anterior margins of the 6th, 7th, 8th, and

‘9th segments there is one irregular transverse row of posteriorly di-
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rected triangular spines (T.s.), the number of which vary. Near the
dorso-posterior end of thé ninth abdominal ségmenf(there;are & pair of
short blunt hooks (A.h.). Ventrally, the fifth aﬂ&bminal segnent is
provided with four retrorse, bifurc;te hooklets., Also, the sixth ab- -
dohiﬁa;asegmehf is~provide& Qith ﬁoﬁr, distinet, retrorse héoklets (R.h.)
with the two lateral hooklets simple and tapering, and the two median
hooklets bifurcate. Four.retroréé hooklets are also found on the
seventh abdominel segment. All are bifurcate except one on the sinistral
side which is simple. The terminal hooks on the tip of the abdomén are
short and blunt.

~ The coco§n (plate Iv, fig. 4) is 3.6 mm, long, light brown in color
and has a closely woven parchment~like texture. Its general configura-
tioh has been degcribed as the."wall-pocket” type because it narrows
posteriorly towards its flatténed bottom. The anterior margin is thick-
ened and is provided with a medio-dorsal projection which is often broken

but the base of the projection may be visible,



DISCUSSION
Comparative Morphology of the Male and Female Mouthparts

Relationships of the various mouthparts were determined by Jobling
(1927) who showed the close resemblance in arrangement of Culicoides sp.
mouthparts with those of Simulium ornatum Mg. Most of the workers since
then have confined their investigations to the female mouthparts. In
this study the terminology adopted is mainly that of Nicholson (1945);
however, that of Joblihg (1927) has been used to some extent.

Hocking and Pickering (1954) in their study of the biohomics of

Simulium vittatum Zetterstedt observed that most of the females were

‘heavily engofged with nectar although they are known to be blood feeders.
The feeding habits of both sexes of Simulium (Eusimuiium) baisasae are
unknown to the writer at the present time although it is probable that

the female is a blood feeder,
Head.

The head of the simuliids is hypognathous in position, that is, the
mouthparts are directed downward. Thé compound eyes occupy almost the
entire lateral areas of the head. The frons, though almost obliterated
between the antennae, is considered by Krafchick (1942) and Gibbins (1938)
to be fused with the clypeus, but according to Snodgrass (1944) it is
separated from the clypeus (Clp.) (plate III, fig. 2). Posteriorly, the

head is made up of the occiput (Oc.) (plate V, fig. 8), postgenae (Pge.)

29
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and postmentum (Pmt.). These sclerites surround the foramen magnum
(For.). When seen from the front, the clypeus is a>shield~like, con-
vex sclerite below the bases of the antennae. The antennae are attached
to the head capsule between the ventral margin of the vertex and frons.
As éeen from in front or behind the head of the female is almost spher-
ical,

Labrun-epipharynx (plate II, fig, 1,4). Studies made by Jobling

(1927) show that the labrum-epipharynx is a product of the fusion of
those parts. It is suspended by a membrane from the head capsule. The
sets of teeth on the median process (M.P.) of the labrum-epipharynx of
the female are absent in the male. Gibbins (1938) strongly believed
that the teeth serve as devices to anchor the labrum-ephipharynx in the
* punctured wound while in the act of feeding., On the distal margin near
the outer extremities of the sets of teeth are fine setae.

; There are four circular light spots. These are the sensory pegs
(S.p.) of Nicholson (1945) on the broadened area where the three rods of
the labrum are fused together. These seﬁsory pegs are variable in posi-
tion extending from the base of the labrum-epipharynx to the tip.
Nicholson (1945), who made a careful study of these sensory pegs in

Busimulium dacotense D. and S. and Simulium venustum Say stated that

there is a minute spicule at the center., The writer corroborates this.
view. In the male, the four circular spots are also present, but, in
addition, there are two larger spots.

Mandibles. The mendibles (plate II, fig. 3) of the female are
paired and each is a blade~like, heavily sclerotized structure. The

bridge-like sclerotized strip of the mandible is called the "abductor



31

of the mandible® by Gibbins (1938) in Simulium damnosum Theobald,

Nicholson (1945) describing S. venustum Say proposed the term pseudo-
tendon (P.M.) since "abductor of the mandible® connotes that the seler-
otized structure is a muscle,

In the center of the anterior view of each mandible is a small
elevated area which appears as a depression (D.) on the posterior side.
This projection on the anterior side is best seen when the mandible is

examined from the lateral view. In Culicoideg pulicaris L., Jobling

(1927) described this projection on the posterior side. As reported by

Gibbins (1938), the mandibles of Simulium damnosum Theobald function in

the same manner as a pair of scissors and that they lie right over left
with the projections serving as the pivot. A close perusal of the figure
shown by Gibbins (1938) shows them in the reverse position. However,
Snodgrass (1944) states that the "mandibles overlap each, the left over
the right", a view with which the writer entirely agrees. Since the
apical margin of the mandible in the female is serrate, it is probable
that it could be used to cut or punecture the skin. In the male the
pointed tips of the mandibles are almost membranous and devoid of teeth
and would appear to be vefy inefficient eutting or puncturing structures.

Cibarial pump (Cb.) (plate II, fig. 2,5). This structure has two

circular spots on its medio-lateral areas. Nicholson (1945) reported

that in Eusimulium dacotense D. and 8. and Simulium venustum Say, each

of these circular spots or sensory pegs contain two minute, dark-
pigmented setae which he presumed to be sensory. These setae are on the
inner surface making it possible for them to come in contact with food

materials., Emery (1913) in his work on Simulium vittatum Zetterstedt,
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called these setae gustatory sensillae. To see these sensillae a dark
phase contrast microscope should be used.

Maxilla; (plate II, fig. 7,8). The maxillae ére paired organs
atbached to the head at the antero-lateral areas of the postmentum
(Pmt.) (plate V, fig. 8). Each consists of basal stipes (St.), galea
(Ga.) and palps (Seg. 1,2,3,4). Krafchick {1942) considers the cardo
and stipes to be fused. The shape of the galeae and number of recurved
teeth vary according to species asccording to a report of the U. 8. Ammy,
406th Medical Laboratory (1955).

Studies on the musculature in Culicoides pulicaris L. by Jobling

(1927) reveal that the galeae move by protraction and retraction. Al-

though the females of Simulium baisasae have never been observed to bite,

..the writer strongly believes that their type of mandibles and galeae are
well adapted for inflieting wounds. 1In the male the mandibles and galeae
are weakly sclerotized. The galeae taper acutely and are provided only
with fine setae along their apical margins. Bscause of their structure
they apparently could not be uséd effectively in biting.

The maxillary palps of both sexes are evidently four-segmented as a
result of the fusion of the first two segments. Although the interseg-
mental suture is distinect, the first two segments are immovably joined.
However, Tonnoir (1924}, Snodgrass (1944) and Nicholson (1945) claim that
there are five segments. On the other hand, two proponents, Smart (1935)
and Krafchick (1942) maintained that there are four segments since the
first two are partially fused. The dilated second segment bears intern-

ally a sensory organ (8.0.). A histological ssction of this organ was
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demonstrated by Nicholson (1945) to contain spatulate sensillae set in

pits with short pointed setae between them. Jobling (1927) in his work

on Culicoides pulicaris L. described these sensillae to be connected
with the palpal nerve. The last segment of the palpus is narrow, but
more than twice as long as any of the other segments. A1l the segments
earry long setae.

Labium (plate II, fig. 9). According to Jobling (1927) the thick-
walled theca (The.) is a result of the fusion of the palpigers. Two
lobe-like structures form the labella (1 Lb,, 2Lb.) at the distal extre-
mity, Numerous long setae and minute spines cover the labella. There
are a few on the theca. The free iabella acecording to Jobling (1927)
represent the modified labial palps. The ligula (Li.) has been des-
cribed by Snodgrass (1944) as representing the glossae and paraglossae.

The structures of the male and female labium are essentially the

S same,

Thorax of the adult stage (plate V, fig. 9, 10, 11).

The thoraces of both sexes are peculiarly formed. The most striking
feature about the mesothorax is the well developed scutum (Sét.) which is
arched dorsally (more so in the male) and the much reduced prescutum
(Psc.) which assumes a triangular outline at least in lateral view. From
the lateral view the mesothorax has a large membrancus field (M) in the
pleura which divides the upper region of the episternum (Eps.) into
anterior and posterior regions. A transverse suture has markedly sepa-

rated the episternal plates of this segment.
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‘Another remarkable feature is the presence of the pleural tuft
(P.t.) of hairs. This upward but obliquely projecting group of hairs
can be found on the mesoepimeron (Epms), in front of the posterior
spiracle'(Sp.Z). |

. The triangularly-shaped sclerite above coxa 2 (Cx5) is the divided
mesosternum (8,) of Malloch (1914). Along the posterior border and
above the base of coxa 3(Cx3) is a much reduced sclerite, the metae-
-pimeron (Epm3). The metaepisternum (Epss) is rathér large and bears on
its anterior margin, the posterior spiracle.

The prothoracic sternal region contains a longitudinally divided
anterior presternal sclerite (Prt.), followed by a more or less tri-
angular>furcasternum (Fs);‘ The large mesothoracic episterna (Eps,) .
meet ventrally, thereby separating the connection of the furcasternum
with the mesosternum. A closer view of the mesosternum shows that it is
convEX-andilongifudinaliy'divided'by-a i dventral suture’(S.g,). ' The
metasternum (Met.) is narrower and also divided by a midventral suture.

The general plan of the sclerites on the mesonotum and metanotum is
relatively simple. In the mesonotum, the prescutum (Psc.) is broader
.than long. It is concealed in the dorsal view by the enlarged mesos-
cutum (Set.). The slightly convex mesoscutellim (Sel.).is produded. .’
medio-posteriorly. On each of the latero-anterior margins of the meso-
scutellum are depressed areas of the mesoscutum which are similar to the
parascutellum described by Crampton (1919) in Tipuls spp. Posterior to
ithe mesoscutellum is a more convex, semi-eircular sclerite; the meso-
-thoracic postnotum (Pnz). This sclerite is followed by a narrow meta-

-thoraecic postnotum (Pn3) which is constricted on the median line. The
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postphragma (Pph.), which is irregulerly shaped appears to be siightly
sclerotized. |
Cervical gclerites (plage V, fig. 9, 11). Crampton (1925% who

worked on the homologies of the thoracic sclerités 9fvnpn-tipuloid nema-
toceroué Diptéra noted that the shape of the~lg¢erai cervicals (Les.) in
the Ceratopogpnidae closely resemble the Simuliidae. The lateral cer-
vieal sclerites are elongate, very slender and are produced ventro-
mesally to meet the base of the ventral cervicals (Ves.). These two
sclerites are embedded in the membrane of the neck fegion. The lateral
cervicals articulate with the.twovmesal protrusions along the dorsal
third of the foramen magnum (For.) and prothoracic episterna<(Eps1).
The slender veﬁtyal cervicals exteﬁd mesally meeting at the midventral
,fegion anterior to theﬂpresternum, Théée cervieal sclerites act as
supporting strnctures of the pendant head

. Studies were made by Martin (1916) on the origin of these cervical
sclerites and their homologies. According to him these sclerites "may be
either detached areas of the head or of the prothorax or of both", On
the basis .of homology Crampton (1917) also demonstrated that the cervical
sclerites are distinct intersegmental plates between. the labial segment
and.the.prothoracic“segment. .fhese intersegﬁental plates, according to
bim,are homologous with the intersegmental plates of the mesothorax and

metathorax.
Wings (plate III, fig. 4).

The enterior wing veins (€, Sc, Ry, Rs) are markedly thicker than

the posterior veins (M1’~M2’ Cuq, Guz,‘Anl, Anz). The radius and the



simple; unbranched radial sector'(Rs) run into the anterior margin to
join the costa (C) and subcosta (Sc) which terminate before the wing
apex. The medial veins (M, M,) have a common short stalk with My
terminating approximately at the wing apex, A remarkable forked vein-
like crease, the submedian fork (S.f.), is found between My and Culo

The basal one—fourth of the subcosta bears a row of five to six
sensillae and two are found at the base of the radial sector. Along the
axillary region are short, fine, delicate long hairs which can be seen on
plate III, fig, 4.

Halteres (plate V, fig. 9, 10). These are knobbed organs immedi-
ately behind the base of the first pair of wings. The basal area is
enlarged and slightly thickened. The stalk is short and straight ter-
minating in a knob which is slightly cleft on its outward aspect.
Pringle (1948) who studied the gyroscopic mechanism of the halteres of
Diptera found that the end~knobs of the halteres are specialized struc-

tures for equilibrium control.

Abdomen of the adult stage.

The abdomen consists of nine visible segments. The first segment
which can be easily confused as part of the thorax is expanded at the
gides in the form of lamellae which are termed the basal scales (Abs.)
(plate V, fig. 9) by most workers in this group. ‘Malloch (1914) called
this the "basal segment®", It extends only on the dorsal and lateral -
parts of the abdomen. The lateral parts of the basai scale appear to

be convex and their entire posterior margins are fringed with long hairs.

This fringe of brown hairs is present in both sexes but much longer in
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the male, sometimes extending past the base of the third abdomingl seg-
_ment. Edwards (1915) was of the opinion that this basal scale repre-
sented the first abdominal tergite a peculiar characteristic of Simu-
iidae. This assumption is substantiated by Gibbins (1935) who found a
small spiracle on both sides of the median area of the basal scale in-
dicating that it is associated with the first abdominal segment.

In the male, sternites 2, 3, and 4 are light gray. With the ex-
ception of sternite two, the rest of the sternites have each a conspi-
cuous semi-circular brown patch on their medio-ventral areas. These
patches are provided with straight brown hairs directed ventrally.
Longitudinal ridges, or fold-like wrinkles, extend throughout the entire
length of the abdominal sternites.

Dorsally, the female has brown semi~-circular patches on all ter-
gites. These patchés are absent in the male. The spiracles are closed
only on the second abdominal segment. Although the tenth abdominal
segment cannot be seen externally, it can be demonstrated in cleared
specimens. |

Male genitalia (plate III, fig. 6). The termirnology of the male

genitalia is confusing owing to the fact that many investigators have
given their own terms to the structures. For this reason the propcsed
terminology of Freeman (1950) on the male genitalia has been ﬁéed
.except for the terms coxite and style. The terms basistyle (Bs.) and
dististyle (Ds.) of Stone (1955) appear to be more: commonly used.

It has been shdwﬁ by Gibbins (1935) that the ninth abdominal
segment is entire; that is, it encircles the dorsal, lateral, and
ventfal surfaces of ﬁhe-abdomen. The mid-dorsal tergite is broadest

and narrows gradually towards the mid~ventral line. Beneath this broad
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dorsal tergite lies the cloaca and the much reduced tenth abdominal
segment. According to Freeman (1950) the ventral plate (Vapo) is
possibly éupportive and sensory in function. Posterior to the ventral
plate are the two basistyles (Bs.). Ventrally, the basistyles are seen
to be slightly fléttened and ﬁith a cleft base, The tube-like disti-
styles (Ds.) are attached to the basistyles. A subterminal tooth-like
structure is attached to each of the mesal margins of the dististyles.
The bent parameres (P.) are provided with three large hooks and many

smaller hooks which are difficult to count.

Female genitalia (plate III, fig. 5, 7). Considering the impor-
tance of ﬁhe genital fork (G.f.) and spermatheca (Spt.) to taxonomy an
attempt was made to dissect them out of the abdominal cavity. According
to Smart (1935) the genital fork is a cuticular ingrowth at the external
opening of the vagina. The arms of the genital fork are almost twice as
broad as its rod. The spermathecal duct (Spt.)lis terminally attached
to the oval, dark brown spermatheca (Spt.). It was noted by the 406th
Medical Group (1955) that the color énd shape of the spermatheca and the
attaclment of the spermathecal duct is a supplementary index in separat-
ing some species of Prosimulium Roub,, Cnephia End. and Simulium Latr.
Under the high power objective (430x) spicule-like structures can be
seen throughout the length of the spermathecal duct. The dome-shaped
cercus (Cer.) is covered with a few long hairs. Ventrally it is twice
longer than broad and laterélly it is twice as high as long. . The anal
lobe (A.l.) appears twice as large as the cercus when seen laterally

and more than twice as large when viewed ventrally,
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External Morphology of the Larvae

Preserved specimens in 70 percent ethyl alecohol are light gray with
the dorsal part slightly darker than the ventral part., 8Since the ventral
area is lighter in color, the thoracic ganglia, silk glands and alimentary
tract are visible when viewed with a stereoscopic microscope. However,
some of the larvae have a dirty brown rust colored pattern scattered on
the sides of the abdomen. ”

A fully grown larva is ébout 5.5 mm. long., The body is cylindrical
in shape and slightly constricted in the middle. The posterior half of
the abdomen is much larger than the anterior half, hence club-shaped.
Johannsen (1903) counted 12 poorly defined segments excluding the head

but a closer examination of the larvae of Simulium baisasae shows that

there are only eleven segments. The spiracles in these larvae are closed.
The conspicuously dark-colored pupal respiratory organ (P.o.) (plate IV,

fig, 5) is visible in this instar.
Head,

The highly chitinous head capsule (plate IV, fig. 6) is cylindrical
with its antero-dorsal surface projecting and sloping doﬁnward above the
labrum, Laterally on each side of the center of the head capsule thgre
are two closely set, black pigmented eye-spots (Ey.s.) (plate IV, fig. 5).
Emery (1913) suspected that these were eyes or light receptor organs.
Dorsally and ventrally the head capsule ié devoid of pigment spots. On
the postero-ventral margins are the throat pits (Th.po). Sommerman (1953)

in her work on black fly larvae identification, used the throat pits to
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mark the posterior limits of the throat cleft (Th.c.).

‘Cephalic fang (plate IV, fig. 9). These are peculiarly shaped
organé situated invfront of the antennae and lateral to the anterior
end of the head. A short but stout stalk bears along its distal border
a row of filaments (plate V, fig. 6) which when expanded is semi-
circular and fan-like in shape. As reported by Emery (1913), Puri
(1925) and Wu (1930), the cephalic fans are used for thevcolleetion of
food. Observations of the larvae in their habitat revealed that these
fans open and close.frequently° These observations were made possible
by the use of a magnifying lens. In preserved specimens a cloger
examination of the cephalic fans showed that.whén they are closed the
tips of their filaments come just to the mouth opening.

Antennse (Ant.) (plate V,.fig. 7). The antennae of a fully grown
larva are each composed of four segments. As reported by Johannsen :
(1903) and Malloch (1914) the fully grown iarva has only three antennal
segments. However, Puri (1925) and Edwardsr(l920) reported that there
are four segments. The second segment bears at its distal extremity
two shoft'projections which are the sensory processes (S.p.). Puri
(1925) believed that these sensory processés were “supplied by a nerve
érising from the antennal ganglion located at the base of the‘ah;c;ennae°

Mandibles (plate IV, fig. 7). These are paired, highly sclerotized
structures located below the cephalic fans. The mandibles move horizon-
tally which can be demonstrated by moving them with a dissecting needle.
These are attached to thickened areas of the epicranial plates. Each

mandible is rounded on the lateral margin and almost rectilinear on the

inner margin.



Maxillae (plate V, fig. 1). . It appears thﬁt the maxillae are
slightly sclerotized but stren%thened by thickenings in certain areas.
THe maxillaevareﬁmadé up of a stout, fleshy bas;l piecé and a single
segmented palp (Mx.p.). Osten Sacken (1870) claimed that the palpus
is two=jointed,..

Eypopgggzgg and prementum (plate V, fig. 4). These are double plate
Structures‘forming the floqr of the mouth cavity. They are weakly sclero-
tized, but transverse s§lerotizéd structures and thickenings, on the
lateral margins, along the ventral side of the prementum provide an

excellent support for this combined structure.

' Thorax.

Qn;the’iateral%argas offthe‘thdrax (plaﬁevIV, fig. 5), ave dark
pigmenteg_strucpures? the developing respiratory organst(P.0$). When
dissected,.the'fupal“reSPiratpry orgahé'are seen to be spirally §Oiled-
They are used inlassociétingﬂthe larve with the proper pupa. ther
organs seen on the sides of the thorax were noted by Puri (1925) who
called them imaginal discs of the future legs (Ll, Lo, LB)? wings (W.)
and halteresa(H.). The size, shape énd rela%iﬁé position of these .-

qrgans are illugtrated ih'plate~IV,tfig;{5.w
‘Aﬁaqmen.

‘.- The abdomen-(plate IV, fig. 5,8)5.15.eight-segmented'with segments
six and. seven mich arched dorsally but flattened ventrally. Anterior to
the anus is the simple anal gill,-. Thig gill is a rectal evagination and

-can be dissected easily with an insect pin by making a transverse incision



42

throughnthe.integument above the region of the anus. " Removing the fecal
_matérial ;n the previously incised portion of the gut will expose the
three holléw, finger-like processes of the anal gill, When retracted,
this gilil lies flat on' the rectum, but when fully‘extended it curves
upward and toward the head. The gill walls cén be stainea with aceto—:.'
carminé showing the large mononucleate cells.

Koch (1933) who conducted an experiment on Chironomus sp. and Culex
sp. larvae concluded thatjthe most important fuﬁction of the anal gill
was the upteke of chloride ions. As reported by Headlea (1906) thql
anal gill of Simulium pictipes Hagén gserves both as a respiratory device
due to the présence of blood and tracheae in this gill. It has been
found by Puri (1925) that this gill is supplied with paired erector and
retractor muscles, Osten Sacken (1870) regarded the snal gill as a
tracheal gill, while Johsnnsen (1903) considered it to be a blood gill
(devoid of trachea or provided ﬁith only a few small branches). “Experi-
ments conducted by Thorpe (1933) on Chironomus sp. end Simulium sp. re-
vealed that the anal: gill is not the site of active oxygen uptake. On
the other hand, Miall (1903) pointed out the possibility of cutaneous
respiration because the eﬁticletis richly supplied with a fine network
‘:of tracheoles. ‘Wigglesw;rth (1933) reported that the thin-walled anal
£i11 of culicid and some nématocerous larvae is of iittle significance
"iﬁfrespiration but that gills‘are permeable to water and salts. Further-
more, water 1s continuously taken up as a component of the bloedvand
eliminated by the Malpighian tubules. | )

The ‘arms of the anal cross-piece (A.p.) are highly sclerotized.

‘Stone and Jamnback (1955) used the characteristic shape of the anal
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cross-piece in separating §imuliumfdecorum Walker, Twinnia;tibblesi
Stone end Prosimulium hirfipes (Friés). |

The rows of hooks on thé posterior prdghét ring (P.c.) are arranged
radially leaving a hollowed~éut, sucker-like ceﬁter. No doubt the
function of these hooks 1s for attachment to objeots in the substratum
and possibly the sucker-liké disc aids also in obtaining a firm attach-
ment., According to Tonnoir (1924), however, the sucker-like disc cannot
function as a sucker since there are no muscles connected to it. Never-
theless, Puri (1925) observed strong muscles attached to the center of
the disc and also a salivary (sic) secretion which filled up the hollowed
area of the disc. Along the veniro-lateral margins and anterior to the
posterior crochet ring are two ventral tubercles (Vit.). The first instar
larva has the same schematie plan of body parts as that of the fully
grown larva except that the number of hooks per row and the number of
ratiiating rows.in the posterior crochet ring are reduced.

- An attempt‘was made %o correlate the four major categories of the
larvgl developmental stages with body length, number of filaments of the
primary cephalié fan, and the nmumber of rows of hooks on the posterior
erochet ring., These data were based on fifty individuals representing
each developmental stage, that is first instar, medium, hear fully grown,
and fully grown.,

It is doubtful if newly hatched larvae are included with the flrst
instar category as employed by the writer. In some of the larval forms
collected the egg burster was still present which indicates with cer-
tainty that they belﬁnged to the first instar. Many larvae without the

conspicuous egg burster were classified in the first instar because the



histoblasts on the lateral areas of the thoraces could not be seen under
the binocular micrescope. For this reagson there was a widémrange of
variation in length of the first inster category as presented in table
I. 1In spite of variations in the number of filamenis and rows of hooks
in the four different larval groups, it is interesting to note that
‘larvai length is accompanied by an increzase in the number of filaments

and rows of hooks,
External Morphology of the Pupa

The entire length of the pupsl respiratory organs is almost as long
as the pupa (plate IV, fig. 1). The six long slender filaments of each
respiratory organ (plate IV, fig, 2) and the mode of branching, which is
a diagnostie character, is constant for all the pupae taken from the
Molawin Creek, All the filaments are traﬁsversely sclerotized and the
outer»surface is roughened with miecroscopic protubefancesn Ehe cocoon
(plate IV, fig. 4) is‘closely’woven apd with a thickened anterior margin.

It is of a “wall~pdcket" type with a medio-dorsal projection.

Ecologiéal Notes of the Larval and Pupal Stages

of Simuiium baisasae’Delfinado

Molawin Creek, from which thé.matérial was taken, is located at
College, Laguna, Philippines. :The creek is permanent with rogks, stones
and other orgenic debris forming the substratum. The water is clear and
cool, the source_gf which arises on Mt. Mékiling, Two local branches
of the creék served és study afeas for observations and weekly collec-

tions of samples of the larvae and pupae. Random samples from popula-
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tions were obtained at each weekly visit for a six-month period gktending
from October 1958 to March 1959,

The larvae and pﬁpae were collected from trailing vegetation, sub-
merged roots, floating leaves, tﬁigs, rocks and stones in the creek., All

three simuliid species, nemely Simulium (Eusimulium) spp., Simulium

(Simulium) baltazare Delfinado and Simulium (Busimulium) baisasae

Delfinado wers often collected in association with each bther, although
generally, each species was found in habitats segregated from each other.
iﬁ appears that edch species has its own ecological requirements but
further data are necessary.

In this preliminary study, it has been observed that larvae congre-
gate more in places where ﬁhe eurrent is the strongest. Experiments
conducted by Wu (1930) showed that larvae of Simulium venustum Say
were still well established in a water current rate of about one foot
per second. Hocking and Pickering (1954)'suggested tha£ the attachment
of larvae is determined b& a mechanical factor, that of "water velocity
gradient conditioned by visual stimuli®, The developing larvae are
usually found in parts‘of the creek that are shallow, ranging from -
about 0.12 ith from the water surface to as deep as six inches. Larval
attachment to-the subgtrate is accomplished by means of a posterior
crochet ring (P.c.) (plate IV, fig. 5). These crochets or hooks
enagie the larvae to‘retéin their positioﬁ in strong water currents.
They prefer a clean substratum for attachment rather than those that are
covered with growing glgae or gelatinous, slimy deposits. The larvae
are motioﬂless and fixed in their loeation except when disturbed by

gsome aquatic animals, like snails, in which case the larvae quickly
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move downstream attached to thelr silken threads., They can crawl back on
the threads to their original place by using the mouthparts and crochet-
armed thoracic proleg. Their movemen®t can best be obgerved when placed
in a petri dish filled with water, where‘they mov e aboﬁt in a manner very
muech gimilar to a geometrid caterpillar,

The lagt instar larve spins a silken cocoon on the subgtratom in
which pupation takes place. The three larval species have their own
characteristic pattern and form of spinning cocoons, which greatly aids
in species deter.miha‘bion° The pupa breathes by means of its gill fila-
ments, thus the water current helps in supplying the necessary dissolved
oxygen not only to the larvae but to the pupae as well. The pupal fila-
ments not protected by the coccon extend out on the downsiream side.

When there was a drop in the water level, there was no evidence
that larvae were siranded on their places of atbachment. They either
moved downward by their characteristic looping movement or released
themselves while attached to their silken threads and reattached in a
much lower water level. Simulium baisasae larvae, collected from
Molawin Creek, when placed in a petri dish filled with creek water,
died in about é to 8 hours, This was possibly due to the lack of dis-
solved oxygen or the inability to take in food.

Exsmination of the gastral contents of the larvae showed that they
" feed on organic matter, diatoms‘and to a lesser extent small bits of
crustaceans. Riley (1886) observed minute crustaceans in the digestive
tract of simuliid larvae. Miall (1912), Emery (1913), Wu (1930) also
found diatoms and particles of plant and animal tissues. According to

Sommerman, Sailer, and Bsselbaugh (1955) diatoms are natural enemies
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of black fly larvae.

Pupation of the species under consideration takes place in the
saﬁé‘habitat as the larvae. The cocoon is spun by the mature larva
on objects below the water surfacenl_A general external lateral view
of the mature papa is shown in plate IV, fig. 1. One can see the pro-
minence of the convex pronotum and mesonotum which appear to be fused.
When the imago is ready to emerge, the pupal cuticle splits longitudin-
ally.on the mid-dorsal surface of the thorax. The developing pupa lies
within the cocoon with the head filamenis and anterior half of the
thorax exposed. Its respiratory filaments which are thin, cylindfical
and flexible, freely float with the current. Pupae when first formed
are of g yellowish brown color which later turns darker as the imago
develops. When in theirbhabitatg the pupa rest securely within this
cocoon, whose pointed tip is directed up-stream while the open mouth
is turned down-gtream. Minute particles of debris are incorporated
within the silken framework of the cocoon theréby,adding atrength to the
silken material, A thinly woven floor is present only on the posterior
two-thirds of the cocoon. The developing pupa is prevented from being
dislodged by the current by anchoring its hooklets and spines to tﬁe

dorsal and ventral walls of the cocoon., The shape and structure of the

cocoon are fairly constant in Simulium baisasae and are of taxonomic

value,



SUMMARY AND CONCLUSIONS

Larval, pupal and adult stages of Simulium (Eusimulium) baisasse
were used in this study of external meorphology. Larval and pi;al |
samples were collected weekly from Molawin Creek, Laguna, Philippines
for a sixrmonth‘period extending from October 1958 to March 1959. Adult
flies were reared from pupae placed invindividual shéll vials. Pupae
taken from leaves below the water surface proved most satisfactory for
- rearing.,

Adult and larval aésociation was determined by comparing the respira-
tory filaments of the pupal exuvium of a reared adult with the pupal gill
filaments of & full grown larva., The smallertlarval instars were asso-
ciated with the mature 1afvae”using ﬁhe.characteristio features of their
éuﬁﬁental plates and the throat clefts ds an indéx to eclagsification,

' Mbst‘uften~the color patterns of the head capsule and the simple- anal
gillw confirmed the association of the larval instars.

It has been found in this study that the six filaments in each pupal
respifatory orgaﬁ are constant in number. The branching patterh of the
filaments is apparently satisfactory for separation of the pupa of
Simulium baigasae.from>those of the other two species occﬁrring in the
samebhabitato Also, the characteristic shape aﬁd structure of the
cocoon aid in the separation of the pupa from the other two species,

As a resaltbof this Study the evidence shows that the mouthparts

of male S. baisasae appear to be inefficient for biting, wheéreas, the

48



49

female has mouthparts which have effective cutting or puncturing struc-
tures. _ . g
Sexual dimorphism in the adult stage is apparent. The male can be

separated from the female by the shape of its head, in being holoptic,

parts and geheral color pattern of the body.

The larval and pupal stages collected at a depth of 0.12 to 6 inches
were found to spend their life stages in swift water currents but it
would be desirsble to investigate the current velocitj that can be
tolerated by these immature forms. The fragmentafy‘inf@nmation on these
aspects serves to emphasize thé need for detailled, longsrange investige~
tion of other ecological factors,

'The larvae attach themselves to stones, rocks, twigs, trailing vege-
tations and other similar objects below the water surface by means of
their posterior crochet rings. Pupation 'tekes place in' the seame habitat
of the larvae.

This study indicates that the first instar larvae have the least
number of filements im the cephalic fan and the smallest number of rows
of hooks_in the posterior crochet ring, while the fﬁliy grown fofms have
the greatest number. Successive molts are sccompanied by an increése in
the number of fan filements and number of rows of hooks in the posterior
crochet ring. ,It is suggested that further studies on the different
larval instars be made in relation to'changes in number and shape of

other external body structures.
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Fig,
Fig.
Fig.
Fig.

Fig,

Bt.

Cal,

PIATE I

1. Lateral view of adult female. (22x)

2. Lateral view of adult male.

3. Prothoracic leg of femsale.

4. Mesothoracic leg of female.
5. Metathoracic leg of female,
6, Outer portion of basitarsus

hairs removed. (123x)

Basiltarsus

Calcipala

Claw

Coxa

s e e D OQ 0N

Femur

S Pedisnlcus

T1:T2’T39T4 wmwmelarsal segments

Tb.

‘I‘I’u

Tibia

Trochanter

(20x)
(64x)
(72x)
immer portion. (68x)

and second tarsal joint with
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PLATE ¢




PLATE II

Fig. 1. Posterior view of labrum-epipharynx of female. (305x)

Fig. 2. Posterior view of hypopharynx, cibarial pumﬁ and
pharyngeal pump of female. (117x)

Fig. 3. Posterior view of right mandible of femsle. (390x)

Fig. 4. Posterior view of labrum-epipharynx of male. (315x)

Fig. 5. Posterior view of hypopharynx, cibarial pump and
pharyngeal pamp of male. (143%)

Fig. 6. Posterior view of right mandible of male. (33x)

Fig. 7. Anterior view of right maxilla of mals., (166x)

Fig. 8. Posterior view of right maxilla of femals. (140x)

Fig. 9. Posterior view of labium of female. (188x)

Cb. Cibarisl pumpg

Cl, a, mo==comae=ae Clear ares

Co, Cornua

D. Depreasion

E, Eripharyax

Ga. Galea

Hyp. Hypophsrynx

I1.la. sccmamoo—-——-—= Interlora of lacinias

1 Lb. First segment of lsbellum
2 1b, Second segment of labellum
Li. Ligula

L.P, Lateral process of labrum
M.P. Median process of labrum
Ph. Pharyngeal pump

P.M. Pseudotendon of mandible
8.D. Salivary dust

Seg. 1,2,3,4 —===== Segments of maxillary palpus
8.0, Semsory organ

S5.p. Sensory peg

St. Stipes

The, Theca

T.T,

Terminal teeth
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PLATE 1!

Fig. 1

--Cl.a,

A1)

A




PIATE III

Fig. 1. Head of male, snterior view. (52x)

Fig. 2. Head of female, anterior view. (44x)

Fig, 3. Antenna of female. (200x)

Fig. 4. Right wing of female and detail of costa. (44x)

Fig. 5. Female gepitalia, laterial view, (136x)

Fig, 6. Male gsnitalia, ventral view. Basistyle and dististyle,
dorsal view, (310x).. Paramere (470x). Ventral plate
(575%) .

Fig. 7. Femsle genitalis, ventral view. Anal lobe and cercus
(180x). Genital fork (195x). Spermatheca (166x).

4.1, Anal lobe

Any,An, eremomeesees Angl veins

Ant. Antenns

Bs, Basistyle

C, Cogta

C.E, Compound Eye

‘Cer., Ceraus

Clp. Clypeus

Cuq ,Cuy | Cublitus

Ds. Dististyle

Fr, Frons _

Fr.o, Fronto-ocular triengls-

Ga. Galea

G.f, Genital fork

Lb. Labium _

Lm.ep. Labrum-epipharynx -

M My Media

Méo Mandible

Mx.p. Maxillary palpus

Ov, = Ovipositor

P. Parsmere

P.a. Parameral arm

P.h. Parameral hooks

Rl Radius

Rs, = Radial sector

S¢, smmmecmmmmemema= SUbcosta

S.f. Submedian fork

8.0, Sensory organ

Spt. Spermatheca

Spt.d. Spermathecal dust

v, Vertex

St.v. ‘3tem vein

V.po

Ventral plate
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Fig. 3
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PLATE IV

(73x)

(100x)

(41x)

Fig. 1. Pupa, lateral view. (16x)
Fig, 2. Pupal respiratory organ and detall of filament.
Fig. 3. Dorsal (D) and wentral (V) longitudinal halves of pupa.
Fig. 4. Cocoon, lateral view. (14x)
Fig. 5. Lateral view of fully grown larva. (14x)
Fig. 6. Head capsule showing submentum and throat cleft.
Fig. 7. Dorsal view of the right mandible. (140x)
Fig. 8. Dorsal view of tip of abdomen. (67x)
Fig. 9. Ventral view of the cephalic fan when extended.
A.g. Anal gills
Ak, Apical hook
A.p. Anal cross piece
Ant, Antenna
C.f, Cephalic fan
Ey.s. Eye spot
F, Filament
F.ps. Fronto-clypeal plate
H. Imagingl disc of halter
L1slps L3
legs,
L.t. Lateral teeth
Md. Mandible
M.p. Medio=dorsal projection
M.t. Median tooth
Mx, Maxilla
P.c. Posterior crochet ring
P.f. Primary cephalic fan
Pg. Proleg
P.o. Developing pupal respiratory organ
R.h. Retrorse hooklet
S. Stalk of cephalic fan
S.f. Secondary cephslic fan
Sm. Submentun
Th.c. Throat cleft
Th.p. Throat pit
T.p. Tooth=like process
T8, Triangular spine
T.t. Terminal teeth
Vot. Ventral tubsrcle
W. Imaginal disc of wing

(21x)

Imaginal discs of the first, second and third
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Fig, 1.
Fig. 2.
Fig. 3.
Fig. 4.

Fig. 5.
- Fig. 6,
Figo 7.
Fig. 8.
Fig. 9.

‘Fig.l0,
Fig.11.

Abs.

PIATE V

Dorsal view of thé left mexilla. (380x)
Doreal view of the labrum. (146x)
Lateral view of the thoracic proleg. (160x)

Dorsel view of the hypopharynx and the prementym. (182x)

Portion of head capsule of a first stage larva. (130x)
A filament from the primary cephalic fan. (94x)
Antenna of a full grown larva. (60x)

Head of a femala, posterior view. (44x)

Lateral view of thorax and first abdominal scale of
female., (43x%)

Dorsal view of thorax of femalse, (33x)

Ventral view of thorax of female., (55x)

Abdominal basal scale

Ant,

. Antenns

Ascending process of prementum

A.p.

Cxi,cxz,cxg a1 OXAS

Eb,

Egg burster !

pml,Eme,Eme smmmen PPo=,me80- metathoracic epimera,
Epsl,Epsg,EPSB e PPQ= ,meg0=-,meta thoracic episterna,

Ey.s. Eye spot

For. Foramen magnum 85 === Divided mesosternum
Fs, - Purcasternun Scl, = Scutellum

Gh, Group of hooklets Sct. = Scutum

H. o == Halter Sg. == Median sfernal grogve

Ip. = -= Inferngl process of §.h,-~ Sensory hair

the prementum S.p.-- Sensory process
Ibl. Labellum Sp.3:8p.5 == Anterior, post-
. Las. = Lateral ¢ervical ' erior spirscles
sclarite Bt, ~= Stipes '
Ii. Ligulg The. = Theca
lpe ~ Lateral plate on Veg = Wpniral cervical
, proleg sclerite

Mo o e Pleural membrane Wp, == Pleural wing process
Md. - - Mapdible

Met., Metasternun

Mx. - Maxilla

MX«PQ Maxillary palpus

N. s Pronotun.

Oc. Occiput.

P. Palp of prementum

Pm, Preomentup

Pot. Postmentum

Pn,,Png Meso=-ymetathoracic pestnots

Pﬁﬁo‘ Postphragma-
- Prt. - Presternum ‘

,Ps29P33 - Meso-;metathorselic sutures

Psc. - Preseytum

Pty == Pleursl tuft

Pt.p.

Posterier tentorial pit
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