3 . A

26820 o R | ‘

' . 4
I* National Library  Biblioth2que nationale * CANADIAN THESES THESES CANADIENNES ¢
of Canada du Canada “ _ ON MICROFICHE ®  SUR MICROFICHE
! ! v
- " . ‘ ) o . . - ‘ : N
~ : P o ) s
N
y
. - /
) - ) P . )
) ~ KORER T MRPAUNG K yPn ) LFE
a NAME OF AUTHOR 'NOM_ DE L "AUTEUR f\ EEQ . y : (m N .
M . s . \ ' o : - . [

TITLE OF THESIS  T/TRE DE LA THESE '\/"“y‘“ £ ewd Fm\(f'or,\\ ;?F' A ERATSY Q:?f\nc o Fh

{ Lf«&mw\ / ;:”\‘ C~ i L"\ —SA%iAQ 7[1' L'énrww\, N TAC C’.L

~ > 1 L [
/Vl ”“]’\/\,\-ft.‘fi ) 7
NIVERSITY. (NI VERSITE AJL“ Alb‘"}”‘ & .
EGREZ FOR WHICH THESIS WAS PBESENTED/ ‘ f)?/\ ’D v - s .
GRADE POUR LEQUEL CETTE THESE FUT PRESENTEE A ‘
YEAR THIS DEGREE CONFERRED/ANNEE D’OBTENTION DE CE GRADE 773 : , -
NAME OF SUPERVISOR/NOM DU DIREC TEUR DE THESE )r ’D/‘} __Cra 'g
. . |
- ’ i .. . . - .

Permission is hereby granted to the NATIONAL LIBRARY OF . L‘autorisation est, par la présente, accordée ala BIBLIOTHE-

CANADA 10 micrc')? this thesis-and to fend o% sell copies . QUE NATIONALE DU CANADA de microfilmer éer&g thése et

A ' + ‘ ’ \
of the film, de préter ou de vendre' des exemp/a/'res du f/'/m.
IMthor reserves other publication rights, and neither the =~ (’ auleur se réserwe /es autres droits de pub/lcatlon nila
thesis nor extensive extracts from it may be printed or other- théseni de langs ex{\ra/t/y de celle-ci ne doivent étre imprimés
14 Foble: AT .
wise repreduced without the author’s written permission. ou autremen)")’eproduit’s sans ['autorisation dcrite de Ifaureur.

e ’ \

S 25 ) ﬁ{,\xuﬁ\)\)\

. ¢
DATED/DATE ,J"M 1 .77 SIGNED/SIGNE

* - .
1 e o ¥

a

- PERMANENT ALSDRESS/RES/DgNCE FIXE_! /P’é lL Leol “2‘1’ 5 : :
\ U/v\‘/,ur(; ‘4/ va}mo\L o .
&wﬁh:‘ﬂ_.sﬁfé ]Lj““’””‘".' )

NL-91 (3-74)



THE WIIVERSITY OF ALBURTA -

STRUCTURE AND FULCTMON OF ik SENSE ORGANS ON TUHE LABTIUM,

PASCTCULAR STYTRTS, CIBARLUM AND TARST OF MOSQUTTOES

. \)
t . o

by

ROBERT MANG KYAW WIN LBEER
. \ © -

v -

A THESIS
. | . )
SUBMETTED TO HE IACULTY OF GRADUATE STUDIES AND RESEARCH

LN.I"/\R’[‘]AAL FPULPTLMENT OF THE REQUIREMENTS FFOR THE DEGRLE

Oor DOCTOR OF PH‘LLOSOPHY//

£ - .
. \‘,‘»r e 0 :
Y E R
e oot \

DEPARTMENT OF ENTOMOLOGY

b
-
>'f".\«)
EDMONTGN, ALBERTA
. ¢
) FALL, 1975
. 2



THE UNTVERSTTY OF ALBERTA

©

FACULTY OF GRANDUATE S7TUDIRS AND WESEARCH

i

The undersigned gorctify that they have read, and - .

recomaend to tﬁ«; Faculty of Gradunate wsEddies and Rf.)S«‘ﬁrch,

. ’ . :
for aceeptance, a thesis entitled Structure and Function of. .

the

Srnde Ocgans on the Labium, Fascicular otylets, Cibariu

cand arsit of Mosquitces submitted by R&)vrt Maung Kyaw Win

i

of Noctor of Philosophy.

Toe i partial folfilment of the redquirements for the doyree

J‘A
N Swperviser ol

[ahind & -~

D I I LI I I T P I A

s~ '

/ ,
A Y

.......

T

S S
AL
o

External Examiner

S .‘\i wovt o .‘l. ‘\’7 § ° : > ‘ ‘

........



s
ABSTRACT '/ ' T

1

Structure of the sense organs §nﬁthe labella and labium of

‘Redes aegypti was studied with light (LM), scanning (SEM) and trans-

missgon (TEM) electron microscopes. Tﬁe distribution of these sense
. ~ , ‘ N . \ .
organs are similar in both sexes. Both mechano- and*chemoreceptive

. i : 14 L

hairs are found pn the, aboral surfaces of the labellar lobes. Apical

hairs invaginated'ihside the labellar lobes, and the oral papillae’

B

are probably chémoreceptive. A chordotonal organ with.two nerve cells

(Y . . . .
is found in eachslabellar lobe.” The labial hairs resemble mechano-

reccptors. Ligular hairs are not sensory.

The labra of both sexes of 40 flosquito species belonging to
15 genera were studied using SEM, and 10 species using LM. It seems

the pfesence of apical and subapical labral sensilla is related to the
blood sucking habits of mosquitoes. The openings of these sansilla
. - /

are }ocated near the tip and they are often occluded by a substance

probab}y secreted by the‘sensilla.‘ Déinocerites pseudes and Culex .
spééies are different f;om other species in having tﬁe campaniform
sensil;a pOSitioned inside the food canal. ;Cuticular'microsculpture
on-the dorsal wall of the labrum is absent from some speéies and the
shape diffe}s befween species. -

Mandibles of 10 species of female mosquitoes belonging to six

-,

. - \ . )
genera were examined using SEM. Teeth are fognd.only*in‘Armigeres
- R . . \\ . N

"durhami and Anopheles species. o ' & .

iv o "\



Cuticular hair-like projections are found at the tip of the

_ s .
hypopharynx in 26 species of female mosquitoes representing 11 qéneri.

- -

“The laciniae of 3l specics of female mosquitoes belonging to

14 genera were cxamined using SEM.  The number of lateral teeth, and

<
Ve

the presence or absence of mesial teeth are discusscd %h relation to
o » o X

the host (s) of the moscquitoes. ‘ N
’ ' .
e

, ‘ - . c
The positiop and type of cibarial sensg¢ organs in 37 spe:fgs of

mosquitoes representing lO/g:;cra were studicd'using LM, and the
N\

cibaria of five speocies were studied using SEM. Differences are found
» . . !

between species, and even between sexes 'of the same species. Taxonomic

importance of the cibarial armature is .discussed. —_— '"\
Freliminary study of the tarsal hairs in A. acgypti showed that  )‘
- the double—luhina‘hairs arc probably chemoreceptive. N

S S L ‘ : : . .
Thy possible function of the scnge organs described in this stady

is dikcussed in relation to the feeding behaviour of the mosquitoes.
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I. INTRODUCTION

Because of the medical and economic importance of mosquitoes, the

study of the sense organs and feeding behaviour of mosquitoes has
EY ‘ ¢ .

attracted the attention of many researchers. .
Some mosqultoes are attracted at a long distance by host odours,

at middle range by COZ' and at close ranée by warmth, humldlty and
[

;

visual stimuli (Gillies and Wilkes, 1969). Movement of the ‘host. has a

-

small, but consistent positive attraction (Wood and Wright, 1968).
Antennal receptors of mosquitoes aie’reported to respond.to humidity
(Roth, 1951;° Daykln et al., 1965; Kellogg, 1970), to temperature

(Ismail, 1962; Daykin et al., 1965; Davis and Sokolove, l975) and to.

1

repellents (Steward and Atwood; 1963;'Daykin et al., 1965; Lacher,

1967; Davis and Robert, 1972), COZ receptors are located on the

maxillary palps (Kellogg, 1970). . . @ +

Discrimination after the mosquito has landed on a host may be
a functién of the tarsal hairs. Tarsal chemoséﬁsor§ hairs have alre&?'
' been reported in dlfferent spe01es of mosqultoes (Frlngs and ‘Hamrum,
1950; Wallls, 1954; Feir et al., 1961; Slifer, 1961; Owen, 1963, 1967,
‘\_,__
1971). 1In probinq‘to flnd a sultableaspot for feeding, the mosquit&

uges the two labellar lobes.located at the tip of the long, cutter-'

P

llke labium (Nuttall and Shlpley, 1901; Schlemenz, 1957 Clements,

(x

nl963) A short llgula is situated between the two labellar lobes.

Accordlng to Snodqrass (1957), the mosquito labium is the prementum \5

avgenerallzed,lnsect.

e
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A fascicle composed of six stylets (one labral, two mandibular,

oné hypopharyngeal and two maxillary) is contained inside the labdal

e 1

gutter. Distally, the fascicle projects out between the two labellar
lobes dorsal to the l;gula. During piercing ana'sucking, the labiuﬁ

yith the labellér lobeg remain outside the host tissue, with only the.
:fascicle penetrating the host'Eissue; the labrum forms the food canal.

A muscular cibarial pump under the clypeus is attached to thé'proximal
. : I - . »

end of the labral food canal.
The structure of the labellar sense organé in‘mosquitoes has been
studked using light microscopy (LM) (Vogel, 1921; Frings and Hamrum,>

1950; Feir et al., 1961; Zwonitzer, 1962; Owen, 1963, 1971), scanning
oy :" i .

electron microscopy zéEM) (Pearson, 1970), and transmission electron b

microscopy (TEM) (Chaika and Elizarov, 1971; Larsen and Owen, 1971;
. L

Owen et al., 1974). .Behavioural (Frings and Hamfﬁm, 1950; Hosoi, 1954;
Q .

Feir et-al., "1961; Owen, 1963, 1967, 1971; Salama, 1966; Larsen and

h ofF

Owen, 1971;0Owen et al.,l974) and electrophysiological studies Sprhitzer *
1969; Pearson, 1970;'“Owen et‘al., 1974) have been made tg>elucidate

the function of the labellar hairs. However, func?ional stﬁd%es of the
labellar hairs were conducted mostly on onegtype of hair, mainly because

all labellar hdiié,were considered structurally similar. A thorough

knowledge of the distribution and fine structure of the labellar sense -

N

Y . .
-

organs is still lacking.

Of the six,fasciéular.stylets, only the labrum bears sense organs

ot

2

>(Vogel, 1921; Schiemenz, 1957; Lee, 1974). Description of the labral
- L ) , . ‘.‘ » " -
sense organs was incomplete, as most authors failed to notice all the

labral sense organs (see von Gernet and Buerger, 1966, ahd.Lee, 1974

N

for review).



Several types‘of sense  Organs are_present inside the cibarial pump
(Day, 1954; Leé, 1974), ard the importance 6f these sensce organs in food . -
discrimination has.becn emphasized by many workers (Dax, 1254; Hosoi,
1955; Owen, 1963, 1965; Saiamé, 1966; Pearson, 1§70). Fine structure
of these sensec Organ; remains undoscribéd( becagse of ﬁhe difficﬁlty
in disseccting the cibarium. | : : <
As the use of insecticides to.control mosquitoes has begome wmore
and more cogtly both economically and eéologically, there is/a need for
.alternativé measures dgggnst mqsquito bites, andﬁtqe development‘of
longer Tasting systemic repellents fhgs been the dream of mahy scientists
N

for'years" (Weidhaas, 1972). Compounds have been screened for potential

¢ ha

systemic rcpellent§, but the search was unsuccessful (Weidhaas, 1972).
“This may be pdrtly due to the meagre knowlééqe we have on the sense
organs involved  in the feoding behaviour of the mosquitoes. This pfe—
sent study was undqrtaken to investigate»the structure of the sense
orgéﬁs involved in mbsquito feeding, thereby layiﬁg a fouﬁdation for
future electrophysiological studies toAunderstand.thehfunctions of these
s¢nsé organs. This may lead to a more fational tésting of chemiéals~for
mpsduito repellents:

; . 2
In this study, the structure of the sense organs on the labi

and the tarsi of both sexes of Acdes aegypti, of 'the labral and cibdrial
sense organs in IS:genera of mosquitd%sf and of the fascicuiar,stylets

N

in different species of mosquitbes yefertudied using LM, SEM and TEM. L

These observationsfare integratedj;nté‘the present body-of knowledge on
the sense organs on_the mouthparts of\ﬁéSqﬁitbes. ’

= ‘ ;



ITI. MATERIALS AND METHODS .

A culture of Aedes aegypti was maintained in the insectary at 27°C

~and 65% R.H. with eggs kindly donated by Dr. A. S. West (Department of
Biology, Queen's University, Kingston, Ontario, Canada). Live Culiseta

inornata were obtained from a culture maintained by my colleague

Mr. 5. Hudson. Other mosquito speciésvwere either collected locally,

 or obtained through generous donations of various people (see Appéendices
v ‘ .

VA'and B for species and source list). Methods of preparation for LM, SEM

akd TEM were the same as ‘described by Lee (1974). Burgess and Rempel's
: it

(1966) method far vital methylene blue staining was used. The following
% . e .
method was used to stugdy the cibarial sense organs.

’

The specimens were fixed in 5% formalin. The labrum was -unsheathed

from the labium using the method of MacGregor (1930), ‘A tungsten yire .

needle was then inserted be@g%en the clypeus and the cibarium, and .the

elevator muscles of thes ;ﬁrlﬁm detached from the clypeus. By puiling.
the labrum horizontally away from the head, the cibarium normally comés-
out attached to the‘proximél end of the labrum. It was then dehydrated

through a éerigs of ethanol. ‘Muscles stillrattached to the cibarium

were removed using fine forceps when the specimens were in 98% alcohol. .

. S ‘ o , .
For Toxorhynchites species where the attachment of the muscles to the

. . . . : . . . e L ) -
cibarium is firm, the cibarium with labrim attached to it was beiled in

108 KOH for five to ten minutes, then washéd‘in several changes‘of dis-~

tilled water, followed by dehydration in ethanol. oo

4 - - -
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After dehydration, the specimens were cleared in xylene. For LM,
> - . .-

the specimens were mounted in DPY. For SEM, the specimens were air-

dried. Sense organs on the dorsal wall of the cibarium were exposed

v

using the following proccdure. The dorsal side of the cibarium was
. . . ’ ) . ‘
‘attached}@o a specimen stub with a drop of Silver Dag (Ted Pella Co.).

"An electrolytically etched fine tungsten wire was insertéé%between the

}

hypopharynx and the labrum into the cibarial lumen, and th?‘hgper wall

of the cibarium was removed gently by raising the tungsten needle,
exposing the inner surface of the cibarium. The same procedure was
. e

- -
.

used to study the sensc organs on the ventral cibarial wall, except thq_
ventral wall-of the cibarium Wwas now attached to the stub. The speci-

mens  were then coated with 150 A of carbon and gold, and observed with
. o

a Cambtidge Stercoscan S4-seanning electron microscope.
. N - -

| .
. a ‘ -



III. RESULTS AND DISCUSSTION

1. Labium
The following description applies to both sexes
as the distribution and thé structurc of the labellar

organs are similar in both sexes.

1.1. Labella

The two labellar -lobes at the tlp of the labium

pear-shaped structure (Flgs 1, 3). Each labellum is

The two seqments abut obllquely to cach other on the

of Aedes acqypti,

and la?ial sense

*

2%

together form a
two segmented

dorsal surfage

(Fig. 1), and horlzontqlly on the ventral sulface (ng 3. A iigula

v

and. contains the tip of the fascicle on its trough-sh

covored with, halrs pro]ectb out between the two labellar lobes (Flg 5),

aped dorsal suf—

\

face. As the concave inner surfaces of the labella are facing the
o ! r B

labral fqod canal, T will refer to the inner surface of the labellum

as the oral surfacé, and the outer convex'surfacé of the la@ellum as

» o
[

=

the' aboral surface. A similar system is used for blowflg-#abCIlériq

(Dethiér, 1955).

v

The labellar lobes of mosquitoes were con51dered by many workers

@

as 1mportant in serv1ng as a guide for the fascicle durlng plerclng

.

vg‘

and sucklng, but Roblnson (1939) found that mosquitoes w1th thelr

Y

labella removed were still able to feed on- a host quite:normally.

4

Therefore he suggested ‘that the iabella>é¢rve to allow instant return

of the stylets to the labial gutter after withdrawal, and that the

( . . . b

4 2



- Fig. 1. Dorsal aspect of female Aedes a 1. showinq labellar (1hb
and labial (Lh) hafrs.' Each 1abeTTum ss composéd of a distal (Lb-d
" and proximal (Lb-p) seqments. Scales (s) are found on the proximal y
labellar.segment.” :
Fig. 2. -Same at higher magnéfication showing different types of =
labellar hairs. L1, long labellar hairs M, medium-sized hairs;
‘m, microtrichia; sp, short papillae.. Thg short papillae are also 7
socketed at the base. A ; | o



- Fig.” 3. ‘Ventral a&pect of female Aedes aeqypti ; shou1ng

- the distal (Lb-d) and proximal (Lh-p) seaments of the labella
are joined transversely. Long labellar hairs (L1), medium- -
sized hairs (1), and short papillae (arrow heads) are also found
here, llote scales Are almost absent on ‘the prox1ma1 labellar
seament. , !

Fig. 4. Same at higher maqn1f1cat1on show1nq hawr socket at the
base of a short napilla- (s p)



—_— N

-

K . . .
2 .
. . i -
.

theca of ghe légium is.important in progegtinq the fascicle by consérvinq
theaqucicular fluid and preventing it from drying. But Jones and Pilitt
Q1973) found that removal of the lagollé ;esults in the failure Of.mOST
quitoes to penetrate the skin, again suggesting the importance of5tﬁe

labella as a guide during piercing. .
€

> ) ' (SN -
?
1.1.1. Aboral Hairs . o . 35
' ) — . - ¢
Aboral hagirs on the distal segment of the labella are symmetrically

arranged Lﬁigg. 1-4). Aé alyéady noted by Frings and Hamrum (1950},
aboral hairs of Acdes aegypti can be classified iﬁto four different types
acqprding_;o their sizes: (1) long, pointed, socketed hairs averagiﬁg

40 p in length}\ (2) medium-sized, socketed, biung—tippeg hairs between
20-30 p long, (3)'sh6rt,'blunt, socketcd,papillae”4—6 p long iﬁd (4)

shor& ﬁicrotrichia (Figs. 1-4). They reported that short pgbillae are

-
.

present only on the dbrsal surfaée’of the labella. However, my SEM
R " . P f"‘ ) . . R
photographs show that. these papillae are ‘also present on the ventral sur-

s ' k]
face (Figs. 3 and A4). Hairs on the proximal segment of the labellar

lobes are all straight, sockéted and have. fine tips (Figg, 1, 3 and 6).

s

1.1.1.1. Long Labellar Hairs

—~ .

A _
Longitudinal ridges are found on the hair ghaft of the long labellar

t

hairs, but only a single cavity is found inside the hair lumen (Figs. 6—9);

Each longitudinal ridge is finely scalloped on its surface (Figs. 7 and 8).

A finely granulated substance is present .inside the hair lumen. There'is

no evidence of anggdendrités ihside'the lumen. Near the tip of the hair
‘ T \ N . " N ’ N
shaft, the lumen becomes smaller (Fig. 7), and it is very likely that -

these hairg do not have anyvopening to the‘putside. Crystai violet

v

+

.
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'kF1g 5. Anterior topispect of the tip of fenalevAedes:h pti labium 'Showiﬁﬁ,]ioulé
(Lg) situated between\the two 1abellar lobes (LBY. [1gu ar hairs are not SOcketed
at the base, and haveJsmooth wall, - Two apical hairs (Ap) extend out anterwbrty

through labellar fol at‘;he tip.
Fig. 6. Long libellar \qair (L1) of male Aedes 3 ti. showina Tonqitudinal ridqes

on the hair, and the s , pointed tip- (arrow ead) of labial hair.,
Figs. 7-9. Transverse secflons of lang labelldr hair of female A.aeaypti.’
_Fig. 7. Near ‘the tip e hair, L&hgitudinal ridges on the hair- -appea roas points

of a "star". T
- Figy 8 Séction prox\mal to Fig. 7 showinq a single central lumen of the hair ‘ngg_g\&

_ Flg. 9. Same. Proxxmal to\Fig. 8, near the base of the hafr. -

-

»
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(s1ifer, 1960) did not stain the tips of thesc hairs. Structurally,

these hairs are very similar to the thick-walled hairs found on the

antennal flagcl]um of Acdes acgypti dCbCIled by Slifer and Seckhon

«‘

§§ (1962). A mechanorecept ive dondrlte is found at the basu ot the long
‘ . A

1db011d[ hairs (I'iy. 10). Wwhether this dendrite is attached to the

T

hair base, or enters into the hair lumen for a short distance is un-
clear. chaika and Elizarov (1971) reported that all aboral hairs of

temale pedes acyypti are double-chamberced, and they found no evidence

of dendrites terminating at the base of the hair. Sinde they did not
report any single-chambered hairs, the question remains whether this
mechanoreceptive degﬂrite enters the hair lumen.

i Behavioural studies showed that long labellar hairs respond to

> .
.

mechan teal stimulation (Frings and Hamrum, 1950). But many workers

(Zwonitver, 1962; Feir et al., 1961; Owen, 1963, 1971; Owen ot al.,
s : L :
- 1974) have found only double-chambered hairs, and they concluded that
all aboral hpiys beyend @ certain length (e.g. 32 p in Culiseta

1no;n ata as reported by Owen, 1963) are chemosensory. Consequently

behavioural (Feir et al., 1961; Owen, 1963, 1971; Owen et al., 1974)

;
and clectrophysiological studies (Zwonitzer, 1969; Owen et al., 1974)

Qere conducted on the long labellar hairs. However, Pearson (1970)

using electrophysiological methods found that‘i?paplabellar hairs are
H ,(

Ny
g

very sensitive to minute mechanical deflections“ahich normally result

in proboscis extension. He also found that it is very difficult to
Es EY . o

Y R
-

.gpply"aTQhemical to a long labellar hair without evoking a response’:
~ et ) i

from &he mechanoreceptor, and cautioned the use of proboscis movement

(&

as the criterion for positive response towards chemical stimulation.



Fig. 10. Section near the base of a long labellar. hair of. female A.aen ti, showing
microtubules (mt) of the mechanoreceptive dendrite enclosed by de'naﬂt% ¢ sheath (ds).
Figs. 11-13. Transverse sections of medium-sized labellar hairs-of female<A.aeaypti.
Each hair is double-chambered, with one chamber containing-dgndrites and the other
a liquid with fine granules, Three to fi)(,e dendrites are found in the circular
chamber, S, hair-socket. ™ : '
_Fig: 14, A medwn sized labellar hair broken near the base on male A,a ti
labellum, showing Tonaitudinal ridges on the hair shaft and two chambers inside the
haip. S, hair-socket.
- Figs. 15 %16, Medium-sized labellar hairs. of female A, aggzg showinq a drop of an
unknown substance at the tip of the hair.
3
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N ) : ) .
My morphological study supports his finding that the long labellar hairs

“are mechanoreceptors., *

1.1.1.2. Mediun-sized H?iff// - . ¢
These héirs are situated near the tip and on tﬁe dorsﬁi and vcngral
aspects of the aboral‘surfacc; Qf the labcllar.lobés. They- are lonqitu—
dinally qrodvcd on'the outside, and double-chambered inside. .Thrce to
”f;vo dendrites are present in one of the two chambers (Figé. li;lB).\ In
some halrs containing th%ec dendrites, three to four other da;k, QCndritc—
.Likc structures can be seen (Fig. 12). Whether these Hark—staining struc-
tﬁres are similar to the dark neurones dcscribgd Dy McIver (1972) on’ the
maxillary palps of fcmale\ﬁgggi aegyptl remains to be dqtermined.
It is possible these are similar to the vesicles described by
A}
Zacharuk et al. (1971) in§£he antennal cong of 9:;§SQXBE£ larvae. They
found ;hat péfiphcral dendrites vesiculate latorally, and tﬁg vesicles
‘were often attached to the dendrites. The difference heré is-that the
vesicles they found are usually electron transparent. : R
With SEM, the double-chambered structure of the hair shaft can
also be seén in broken medium-sized hairs (Fig. 14). The dendrite-free
lumen of the hair shaft contains remnants éf the trichogen éell, a coﬁ—
; . .
dition similar to_the blowfly labellar chemosens6;y hairs desc¢ribed by

Dethier and wOrﬁﬁrsht (1956).‘ A substance is found at the %ﬁp of some

, L S B
medium-sized hairs (Figs. 15 and 16) which might be similar to the viscous

droplets reported omd the labellar and tarsal hairs of blowfly, and stable-

fly (Stiirckow ot al., 1967; Stiirckow, 1967).

At the base of the medium-sized hairs,-three to five dendrites are

found insid§ thc dendritic sheath (Figs..17-19, 21). The dendritic sheath

~
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Fig. 17 & 18. Transverse section of medium sized labellar hair- sensilla proximal to
the hair base.

Fig. 17. Sensillum with three dendrites. Dendritig sheath (ds) is enveloped by the
trichogen cell (Tr). Microtubules (mt) are found in both trichogen and tormogen

~ (7o) cells. Septate-desmosomes (Sd) are found where the two cells come into contact.

Fig. 18. Sensillum with four dendrites. One of the dendrites show microtubular
doublets. Hote vesicle-like structures in between the dendrites. ds, dendritic

sheath. ¢ .
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Figs. 19-21. Transverse section of medium- s1zed labellar hair sens111a
proximal to the hair base .in female Aedes aegqvpti.

Fig. 19. Sensillum with five dendrites. Denaritic sheath surroundinq

»  the dendrites almost disappear here. Microvilli (mv) are found on one
side of the trichogen cell (Tr).

Fig. 20." A mechanoreceptive dendrite (D) inside the dendritic sheath (ds)
is seen entering the hair lumen. :

Fig. 21. Same as Fig, 19, but more proximal. Dendritic sheath has
disappeared completely here Microtubular doublets are- found in all -
fhe)dendrltes. Mlcrovilli are found on one side of the trichoqen cell
Tr).

{

1l
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1]
is “surrounded by the trichogen cell, the latter in tufn iS‘envc]opeq
by the tomogen cell (figs. 17, 19, 21). Seppaté-dcsmosomos are found
at the' junction of the two enveloping cells (F%g. 17). 'At the ciliary -
;cgion of one dendrite: it appodrsﬁthcre are 9 + 1 microtubular dbublets
(Fig. 18), iﬁstéad of the usual 9 + 0 Eonfigurati?n yenerally fdund in

insect chemoreceptors (Slifer, 1970).. Hlowever, since same doublets at

the periphery of the dendrite are not as distinct as the central one,
i

it is difficult to interpret the micrograph with certainty.

Iﬁ is‘pégsiblc thét this was due to the brénching of the micro-
tubules, and that one of the doublets was displaced %pto the centre.
Multipliéation f the microtubules tﬁrough bg§nching was reported,in the
carwié (Slifer\and Sckhon, 1969) and mosquitd'larVa (Zacharuk et al.,
1971). Vesicles are found in between the dendrites,and microtubules are
present in the extension of the trichogen cell thgt'cn:loses tHo dcgdritic
sheath (Fig. 18). Good fixation for mosquito;labéllar hairs is difficult
to obtain. Similar difficulty was also encounterea by Stﬁfckow et él. |
(1973) in studyinc;, the labellar hairs ofuthé biowflies.

Chaika and Elizarov (1971) reported one to five dendrites éscénding

into the lumen of the.aboral chemosensory hairs in female Aedes aegypti.

A ! ‘

However gthe reproduction of their micrographs was poor, and they did not ‘

-t
©

show any sections of hair shafts containing less than three.depdrites.

‘

In female Culiseta inornata, Zwonitzer®(1962) using LM found three to

-

s

four ncurones associated with each ahoral hair. Owen et al. '(1974) using
. k ‘ ]
TEM foiund two types of sensory hairs on the aboral surfJﬁes of C. inornata:

PR

one.containing thrce dendrites and the other with five dendrites proximal to

.

thé base of the hairs, but only four dendrites in the hair shaft.

N3 R
—

. -
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Results from behavioural studies have indicated that m;SQUitO
labellar hairs arve sensitive to water, sugarrsélutionéJand undcccptagle h
compounds (Frinqsﬂand‘ﬂamrum, l950;'Hosoi; 1954;’%wen, 1963, l9é7, 1931;
Salama, 1966; Feir et al., 1961; Owen et al., 1974). Eléctfophysiologiqal
studics have'also shown that tﬁese hairs are stimulahnijnrwator, sugar,-\‘
‘and NaCl (Zwonitzer, 1969; Owén et al., 1974). My study suggests that
‘such responses may be mediateé through the medium-sized hairs, which are
doubLe—chmMXﬂxnp'and rescmble the chemesensory ﬂairs on the labella of

y}blowfly (Grabowski and Dethier, 1954; Dethier, 1955). However, .many S
medium—sizcd hairs are located more proximally on the labellar lob¢§
(Figs. 2 and 3), and’it s ver} likely that some will never touch ghe
subgf?atc.during probing and'piercing. Mosquitoes of#en spread their
labéllar lobes when the 1abe11ar’hairs are stimulated with suyar soiutions
(Ffjnqs and Hamrum, 1950; Feir et al., 1961; Owen, 1963; Larsen and Owen,
1971) and unhccéptable compounds (salama, 1966). Such divarication will‘
proba?ly bfing only some proximally locéted hairs into congact witﬁ the

substrate, thus raising an interesting question as to the probable function

of the more roximally located medium-sized hairs.

In the aqdatic beetle Laccophilus maculosus, Hdﬁéﬁé:‘il953) found

tha? scnsilla basiconica on the tips of antennae are responsive to both

gascous and liquid stimuli. Thick-walled chemoreceptors sensitivg to

strong‘odours have been reported on the %gbellar hairs of the stablefly
s \ : ”

Stomoxys calcitrans (Hopkins, 1964) and on the legs of grasshoppers (Slifer,
L : 'y .

1954, 1956). Recently; Déthier (¥972) also found that chemoreceptors on

“the mouthparts and legs of the blowfly Phormia regiha that’ normally resgond

to aquecous solutions also respond to compounds like organic and inorganic

acids, and various nonpolar compounds in gaseous state. It is possible’
. ,‘ N N

‘
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that in mos¢quitoes, the more proximally located medium-sized hairs which
do not normally come into contact with the sgbstrqte respond to vapours.

A
But behavicural significance Qf these hairs is still unkno&n.

The number of dendrites found in the hadr shaft agrees with the '

number found proximal to the hair "base. It is likely then that there is

no mechanorcceptive dendrite ending at the hair base. But inside the hair

v -+

lumen  one of the dendrites is ai@ays bigger than the rest and in>most
cﬁscs this iarqé dendrite is»pargiallyuisolqtéd from the rest of the
adendrites by the indéntation of the dendritic shedth® (Fig. i8), suqqges-—
ting that this large dendrite might_function as mechanoreceptor. A simi-
lar structure was dcscribed.by Zacharuk and Blue (1971a) in the basiconic

peg in the antenna cf larval predes acqypti. 1In the blowfly Phormia

regina and stablefly Stomoxys calcitrans, the labellar and tarsal chemo-

'
.

sensory hairs have a mechanoreceptive dendrite terminating near .the hair.
base (Grabowski and Dethier, 1954; Wolbarsht and Dethier, 1958; Adams et
al., 1965). _ \ .

The structure of thc‘short papillae (sp, Figs. 2-4) in A. aeqgypti

has yet to be studied.. In female Culiseta inornata, ZwénitZer (1962)
using LM called these sensiila basiconica, but was uncertain about the
number of heﬁrénes aééoqiatod with each papilla.. Short microtrichia on
the abqral surfaces are clearly not sensory.

« . - [l

1.1.2. oOral Papillae
Six anteriorly directéd, socketed papillae Qre'found on the con-

cave, oral surface of each labéllar lobe (Fig. 22). On the dorsal and

.
‘

ventral oral surfaces, pSeudotrachea—likp structures are found, and oral

papillae ard spmétimes found in between the-microt}ichia/(Fig. 23).

.
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Fig. 22. - Oral papillae (Op) on the oral surface of female A aeqypti Tabella. Note
. the papillae have smooth outer surface. T T o
Fig. 23. Same of male A,acqypti showing pseudotrachea-1ike structure (Ps) on the
dorsal and ventral oral sur._gaces of the labellum. ‘Op, oral papillae, -
Fig. 24.. Higher magnification of Fig. 23, showing an opening (arrow) at the tip of
one oral papilla. R YT DR R
Fig. 25, vital methylene blue stained female Culfseta inornata labellum, showina
(>, dendrites entering through hair socket (S) into the liumen of | the papfila ‘(P).
“ The dendrites afe-constricted Just below the socket (arrow), where the ciliary
region of the dendrites are probably located. T T
Figs. 26 & 27. Transverse’sections of.oral papi 1lae with three and four dendrites.
© Fig, 28. Transverse ‘section of an oral papilla near the base, showing five :
dendrites surrounded by dendritic sheath (ds). Qne of the dendrites is biqger:
than the rest (arrow), probably a mechanoreceptive dendrite, Note the dendritic
‘"sheath has separated from the wall of the papilla he_rex; S e LT
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<

Vogel (1921) sugqcstcd that these pseudotrachea function in a manner
similar to the suction cups on the toes of the gecko, providing a strong
hold on the skin of the host during biting and sucking. Robinson (1939)
bointcd out that Vogel;s suggestion has no Backiné. However, Vogel was
probably the first to notice fhe oral papillac ip mosquitoes. He called

{

R
them sensilla basiconica,.and Cor(rs‘.i_dprécg them to shortenodc_tactile
‘bristles. Zwonitzer (1962) found six of thesc papillae in female

N

Culiscta inornata, and also callcd them sensilla basiconica, Larsen.and
Owen (197l)vrcferred to these papillae as sensilla trichodea. Sinee
these sense organs are papilla-like, and are presentvon the oral sur-

" faces of the labella, I call them oral papillaéhin this spgdy;

An opening approximately 0,15 p in diamcter is founé at the tip of
the papilla (Fig. 24). Vital métthene blue staining of the labell;-of
bgth S2XeS of‘Aedes aegypti and Culiscta inornata showed that thcsé

-

papillae have dendrites entering the lumen which extend to the tip

. (Fig. 25). TEM sections show that the papillae .are double-chambered,

“with three to five dendrites inside the big chamber. ‘The dendrites are

\

enclosed in a dendritic sheath (Fig. 26-28). Proximal to the base of
the éhpillac, three*to five dendrites are enclosed in a dendritic sheath,

the latter enveloped by the trichogen and tormogen cells (Figs. 29 and 30).

A} .

I.found no evidence of mechanoreceptive dendrite terminating near the

basc of the papillae. Septate-desmosomes are found between theﬁjunctiod

.of the trichogen and tormogen cells_(Fig. 29).

In C. inornata, Larsen and Owen (1971) also found that the oral

papillaec are double-chambered. Thetr micrograph shows five dendrites

-

enclosed in a-dendritic sheath proximal to the base of the papilla. In

== ) -

‘the blewfly Phormia regina, Larsen (1963) found four dendrites inﬁthé

’

-

¢
§
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Fig.-29.. Transverse section of an oral papilla sensilium proximal to the
" base in female Aedes aeqypti showing five dendrites. Microtubules are
found in the trichogen cell surrounding the dendritic sheath (ds). -
Septate desmosomes {Sd) are found at the junction between the trichogen
‘and tormogen cells. Inset : Same, with three dendrites. Vesicles are
found along the inside wal) of the dendritic sheath. - .
Fig. 30. Section of a la um Showing thrée oral papillae with three to
five dendrites, and t C;a\(Ca of a labellar chordotonal organ.:

o~
7
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i
interpseudotracheal papillae of the labella, and notbd that the dendritin

sheath does not fuse with thé wall of the papilla. Tominaga et al. (1969)

reported in the fleshfly Boettcherisca peregina that each interpseudo-

tracheal pépilla has three chemoreceptive dendriteé entering the lumen

of the papilla, and one mechanorecceptive Bendrite ending at the base,

They also noted that these papillae are single-chambered. 1In aegypti,

if there is any mechanbrecepti?e dendrite associatedbwith the oral papillae,
such a dendrite instead of terminating near the ba;e of the papiild, pro-
bably enters the papillar lu&ep for a short distance (Fiq. 28).

Larsen and Owen (1971)°found in Culiseta inornata that when chemo-

senséry hairs on the labella are placed in contact with water or sugar

solution, the labeilar lobes spread cpart, thus permitting the ligula to
cdme into contact with the test soiGtion, causing the ligula to increase
by 76.65% of its original gize. Consequently the test solution will pro-~

bably sproddk over the ligular surface and make contact with the oral

'gy suggested that it is probably through this mechanién

ito mediates sucking of water and sugar solution. Whether

“.} ( .

ism exists im- A. aegypti remains to be investigated. In
56 pti, the ofal andhligular surfaces are vefg ciose to each
;ving only a small space in between (see Fig; 10 of Lee, 1974).
| thét come into'pontact withbthe tip of the labellar lobes can
' reach the oral papillae ﬁhrough capiila;y action. - : ,1'
our to’five Orél papiiiae arranged in two roﬁs are also present
on the.oral surfacé of the labella in adult chaoborid Chaoborus
americanus (personal_observatiqn). » . —

a -

_ \
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1.1.3. Chordotonal Organ

Inside each labellum, a chordotonal organ with two sensory cells
associated with it‘}s sitq?ted close to the oral papillae,(f;gs. 30 and
31). At the ciliary region of the sensory cells, the cells are surroun-
ded by six scolopale'rods (Fig. 31). Desmosomés are %ound betwéen the
cell membrane of the sensory cells, and also between the sénspry cell
mEmbrané'qnd,scolopale rods (Fig. 31}~ . At the distal end of.fhe cpofdo—
tonal organ, only a single cap is pgesént,rwhich is surrounded bv éon—

centric layers of fibrous elements (Fig. BO)L I was unable to determine

the distal attachment of the chordotonal organ using TEM, because of a
! .

—_—

lack of serial sections. From LM sections, it seems the cap is attached
to the oral surface, at a region slightly anterior to the oral papillae.
This is the first report of chordotonal ofgaﬁs in the mosquito
T \

\
labellum. It is similar to the chordc¢tonal organ described in the legs

»f the shore crab Carcinus maenas (whitcar, 19€0,X 1962), anq also to the

’ ~
Johnston organ scolopidium of Drosophila melanogaster (Uga 5nd,xuwabara,

N

. #965), in having two sensory’cells associated with one chordotonal organ.

However, in thie mosquito, at the ciliary region of the sensory cells, -the
Vs . A . cmam—

two cells are separated by cell membranes, whereas in the shore crab and

Ry

fruitfly, the ciliary segments are inside the scolopale without any mem-

| % .
brane separating them. The presence pf/éesmosomes in chordotonal organ-
’ - L . -~ i
were 3glso reported‘in the\tym anal organ of locust (Gray, 1960) and in the
‘legs of sheore crab (Whix%é?)/lQGZ). They also found Sthate-desmdgomes‘
C o E‘ \ ‘ } s : .

at various parts of thgichprQotonal organs. 2acharuk and Blue (1971b)

o | > o | N ‘
also found a chorégtgnal organ with a single nerve cell within the

R N T ) . . [
antenna;jgoﬁe of larval A. aegypti, and suggested that it functions-either

R ) . . . . I3 N
as a st “receptor, or as a monitor for low frequency vibration in the

[

r~ - P

adj7zent’aqhatic environment. " : : .
pi

€«
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Fig. 31. Irmsnm sectloo of lcbolhr Mhﬂl nmn Mu&hctm-dense
scolopale rods {Sr) surrounding two sensory mew “Desmosomes (arrow heads)
an found at the junction between the two Sensery m rmu. od alu between the -
3 lopale rods and the sensory

th;\if ~¥ital methylene blue stained labellum of f-h %gt_ar _m__

) ng dam-ms Teading to the losg labella hatr'(L1) a (.h)

m. 33 tmmm section of two apical hairs near tih htr up. Each m- m
two chawbers,”and five dendrites are found in ome of the -

Fig. 3. The apital hairs extend from fnside the Tabellar lobe to the’ Ms!do
Ulroughl 'm (T); mmubmmmnmrwmmr. S ’...

0
AP

RN ' ':\‘- s
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Behavioural studies have shewn tﬂa£ mosquitoes often sp;ead’their
labella when the labelipr hairs ere stimuleted with sugar, water, ané .
unacceptable compounds (see p. 17 for citation). But when mosquitoes
are feeding on blood, the two labellar lobes are firmly abpressed
against each other (Robinson, 1939; Gordon and Lumsden, 1939; Jones and
Pilitt, 1973)1 Dr. W. Horsfall of the Department of Entomology,
University of Illinois at Urbana, Illinois, U;S.A. ﬁas made a film on

£

tbn feceding behaviour of female A . _acgypti cn the feotwek of 2 frog, and

o

ke kindly loaned me the film for studyﬁ I also noted that the two-

labellar lobes were closely held against each other during the whole process
of feeding on the host. Chordotonal orQ%ns are generally recognized as

-

streech receptors. Whitear (1960, 196£f§suggested that in'chordotonal
Iorgans where each sqdlopidiumlis associated Qithftwo sensory cells, one
rsengory cell probably respond to stretching,uand the other to slackening
of the cap. The chordotonal organ in the mosquito labellum probably
functions to monitor the spreadiﬁg and closing of the labella during
feeding. Both flexor and extensor muscles are present in the lakella of

mosquitoes (Christopher¥s, 1960). % K

)

1.1.4. Apical Hairs
. D

Inside epch labellum, there are usually two halis de%?ly ;nvaglnated
in the lobe. These hairs emerge anteriorly through longitudinal "tubes",
and project out Between the folds at the tip of the labellum (Fig. 5).
Near the distal end. of the labellum, the two hairs share a common "tube“’ -
for a short distance (Fiy. 34), but proximally, each hair is enclosed by
a separate "tube" (Fig. 35). Vital methylene blue staining shows that

A;&,
these hairs are socketed at the base, with dendrltes enterlng the ha1r

»
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lﬁmen and extending to the tip cf the hairs (Fig. 32). TEM secticns of
these hairs show‘that these hairs are double-chambered, with the smaller
Lthamber containing five dendrites (Fig. 33). Neé£ the base of the hair,
besides the tQB lumina foqu at the distal end of the héir shaft, a
third lumen appe&rs (Fig. 35). This third lumen is probably the tri-
chogen cell sinus. The dendritic sheath surroundihg the dendrites becomes
very distinét at this region. Proximal to the hair base, thé dendritic
sheath is envéloped.by trichogen and tormoéen cells, and thé trichogen
cell encloses the trichogen cell sinus KFig. 36&; The axons of these den;
drites later join the labial nerve. As the number of dendrites at the
hair tip ié ggg‘same as %hat proximal to the hair base, and I could not
find any evidence of a éendrite erding near the hair base, it is possible
these apical hairs do not have a mechanoreceptive dendrite. Not all the
five dendrites foﬁnd in the hair shaft extend to the tipr of the hair.

In some sections at the distal end of the hair, only four-degdrites are
found (Fig. 34). The num@er of apical hairs in eachrlabellum is usually

-

two, but in some specimens, three apical hairs are found.

>

¢
o ] ‘ '
6 of Vogel (l921f7’but he labeled them as sensory cells. . Zwonitzer

Transverse\sectiong of the apical hairs can be seen in Figs. 5a and

(1962)-also noted these apical hairs in female Culiseta.inornata,;

but wrongly -reported that théy project anferiorly ;gkthe tip of the

alaﬁelt?m’in th;_same pigne as the oral papillae. \ 40’ |
Structurally, the apical hairs ¢an be clagsified as thick-walled

chemofeceptots. They differ from éhe medimésized; abprél labe{lar'hair

‘ ) L~
in having a smooth outer wall. Since thevapical ha}rs'are so }ocatgd
that they wi;l come into contact with éhe substrate when tﬁe mosquitg isv

probing on the host, these hairs may be involved’ in the discrimination of

" the host. " ~ . S,
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1.1.5. Ligular ilairs

Cuticular hair-like projections covering the ligula in Aedes acgypti
g .

are not socketed at the base (Fig. 5). Each projection has a single lumen

1]
inside, but is devoid of any sensory structure. Transverse sections of

the ligula also do not show any nervous tissue inside. Therefore a non-

sensory function can be assigned to them.

- Owen (1963) reported from his behavioural studies using culiseta

inornata and Aedes dorsalis that ligular hairs are chemosensory and res-

(}mnd to water and sucrose. Later Larsen and Owen (1971) found that ligular

E e .
hairs in C. inornata are not chcmosensory, and suggested that the bechav-
s

ioural responsc observed by Owen (1963) was probably a res‘gt of the oral

papillae‘geming into contact with the ligular surface which was coated
e ' :
with the test solution. .

>

1.2. Labial Hairs ’
/ ' . ’ ‘T:Hx ) )
Proglhal to the labella, the outer surface of ;the labium is covered
f/'\ ‘// ) . . . . .
with scayés, hairs and microtrichia (Figsm 1, 3, 37, and 38). Pearson -
i/
(1970)/ﬁ51nq LM, found that the lablal hairs of female A. aegyptl are_

/,

innervated. Using vital methylene blue stalnlng, I found Lhat there is

F .
one ﬁerve cell associated with each hair, suggesting that these hairs are

e

probably mcchanoreceptors. LM sectiohs of the labium showed that these

. hqlro have only a 51n91e lumen in the halr shaft (Flg. 37).

2

/, At the’ base oﬁ ths 1ab1um, six to elght long socketed hairs are

/éound“Pn the ventral surface of the lablum (Flé 38) These hairs have

i

/ sharp, p01nted tlps, W1th longltudlnal/grOQVes on the outer hair wall

:I
&

/*: (Fig. 39), qlmllar to the long labellar haars. whether these hairs are

./ S

N,
il
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Fig. 37. Transverse 'section through the labium of male Aedes a

- F, fpod canal; Hy, hypopharynx; L, labium; Lh, labial ﬁair. [n,
labial nerve; m, microtrichia; t, tracheal tube

Fig. 38. Hairs at the base of male Aedes a t1 labium.(arrow heads)

Fig. 39. Higher magnification of Fig, 38, ng socketed,
“Tongitudinally grooved labia] hairs among the microtrichia

@
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innervated has yct to ke studied. However, their external morphology
; i

suggests that they'are probably mechanoreceptors.

When a mosquito is feedihg‘onva host, as the fascicle enters the

host tissug, the labiumbbecomes bent gradually, to a peint where the
labium almost becomes/double under the head as the fascicle penétrates

deeper. During such bending of the labium, hairs at the base of the

labium may touch the ventral side of the head. After feeding, the

fascicle is gradually eased back into the labial theca during withdrawal

of the fascicle from the host tissue, and the labium is observed to

v

v -

:rock from éide to side (see Gordon and Bumsden, 1939, and Jo;;; and
/ .

. ‘ ‘ : £
pPilitt, 1973, for a detailed description of such behaviour). As. the

labium straightens, hairs at the base of the labium may loseicontact
/

with the ventral side of the head. Therefore these labial ﬁairé are

-

probably involved in providing- information to the mosquit9/about the

4 r /

"state" of bending of the labium during and after feedinéi Scﬂiémenz

S
i

>

(1957) also noted a transverse row of seven hairs at the base of the

labium in Culiseta (=Theobaldia) Egnulaia, and suggested that these haiQ§

- ‘probably piay a role-as tactile hairs in.the bending of the labium during

ﬁiercing and sucking. Christophers (1960) found in'A. aegxgti_that the

-number and arrangement of these hairs are more regular .in the females

'thaé“in'the‘males. ' ¢
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2. TFascicular Stylets
2.1. Labrum
“ - © -
The structure and function of the labrum and labral sense organs

in different species of mosquitoes have been studiedzgy many workers.
Von Gernet and Buerger (1966) and i\(Leé, 1974) have alroaAy reviewed
this subject extcnsively. In'the present study> I examined the labra
of both sexes of 4O'sbeciCS of mosquitbes belonging to 15 gencra using
SkM, and 10 species usiné LM (Appep@ix X)} The primary purposé was to
investigqtc aqy>differ¢ncos between the . labra of blood—suckipg and
nonblood;sucking mosquitoes. -Whenever possible, I tried to locate the
opening of the apical and subapical, sensilla uéing SEM. The dorsai wall
of thc'labruﬁ was also examined in some species.

" s .

In the following deséription; I use' the 'same terminology for thé
l;brél sense organs as Lee (1974). 1 attempted.to'measure ﬁﬁe size of
the apical and subapical éehsilla using SEM. Ilowever, since'the‘spocimeﬁs
were oﬁtén tilted at different angles:in the pictures, foreshortening
makes an accurate measurement'very difficuit, dna the angle ofﬂtilt.can—
not b§ estimated because of the greét depthfof ficld of the SEM. Conse-

qqutiy the measurements given bélow can only be considered as rough -

estimates.

2.1.1;'Labral Sense Organs

2.1.1.1. Apical Sensilla -

RS

In female moéquitoes, the épical_senSilla»a:e located at the tip
of tlic labrum. The sensilla resemble fine, pointed finger nails
’ : o
(Figs. 44,f47—5Q). " They are absent in all the male mosquitoes examined.

Instecad, in most of the male mosquitoes I have 5tudied, the tip of the
. e | N T



Fig. 40. Scann1nq electron mlcroqraph of the tip of male Toxorhxnchites
rutilus labrum. femal v ‘

Fig. 47. 'Same of female T. rutilus. ' -

Fig. 42. Same of male Toxorﬁyncﬁites brevipplpis Arrow points to the
dorsal longitudinal groove, _

Fig. 43. Same of female T.brevipalpis. - LA
- Fig.-44. " Apical sen$il1a on the Tabrum of female Culex declarator
Arrow head points to the opening of the sensillum, - :
-Fig. 45. Same of female TrichqprOSOpon 41gjtatum shouing the. openinq of
‘the apical seh5111um )

“ 2 ’ . )
. . . i
. .
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B F1g 46 Ventral aspect of female Wyepmyia smi ii labrum showinq the
opening of the subapical sensillum (arrow heady. B
Fig. 47. -Same of female Culiseta inornata.. Arrow head points to the
Open1ng of the subapical sensiTium.

" Fig. 48. Lateral top aspect of- female Tri hoprosopon. gjgitat show1ng/’
the "paptila" on the opening of ‘the su apical sensiiium (arrow head).

Fig. 49. Same of female Aedes s excrucians. Note the papilla"(arrow

. . head) on the subapical sensilium,

" Fig. 50. Same of female Aedes pfonips. Note the lonqitudinal qroove on -
the apical sensillum. ‘and. ﬁé pap 12" on the subapical sensillum
(arrow head). . o

Fig. 51. Subapical sensillum of the same specimen as Fiq. 50, except
this one was taken from the other. side of the labrum Note the
opening of -the sensillum (arrow head) S e ,

Ly
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'

labrum is forked (Figys. 58, 60, 65, 72, 76, 77, 79) with the following

exceptions. In Anopheles stephensi and A, merus, the tip of the labrum

_is slightly forked, and in A. carlei, A. albimanus and A. farauti and
: : ;

Opifex fuscus, the tip of the labrum is not. torked (?igs. 53, 54, 78).

Apical sensilla are abscnt in both sexes of Toxorhynchites rutilus

—- N . L4

and T. 5revipalgisf\\£Q>T. rutilus, the labral tip is forked (Figs. 40,

3

41), whereas in T. brevipalpis, it is many-pointed (Figs: 42, 43). ‘These

- ?

sensilla are also absent in T. splendens (von Gernet and Buerger, 1966).
It seems the ahsence of apical sensilla in Lhis genus is related to

feeding hahiﬁs, as the adults of this genus feed only on plant nectar

(Muspratt{ 1952) . However, apica} sensilla are found in Wyeormyia smithii

and Opifex fuscus (Figs. 59, 84) which are nct known to feed on blood

(sce Price, 1958 for W. Smithii and Horsfall, 1955 Ffor O. tuscnus), .and

also in the autogenous strain of Aedes atropalpus.

The length of the apical sensilla rangcs' from 5 to 13 p in most

« s

speciecs, and in UranotaenWk lowii, these scrsilla average only 3 p long.

- The outer Wwall of the Qensillum“is usually smooth' (Pigs. 44, 45; 47).

In Anopheles earlei and some Aedes gpécies, a longitudinal groove is

found along the outer margin qf‘the sensillum (Figs. 50, 51), as in

Aedes vathi (Lee, 1974). The opening of “these sensilla is difficult

to find using SEM. A,single opening near the tip of the sensillum was

-

observed 6nfy in a few specimens out of abproximately'ZOO SEM pfeparations

of female‘labfa belonging to different species. -In Culex déclara§9f~§nd‘

Anopheles’ earlei, the open{ng is in a little depressjon (Fig. 44) ) whereas

in Tfichoprosopoﬁ digitatum, a tiny plug is present~iﬁside the depression . i
- 4 . _/ N .

5

(Figl 45). In female A. aqupti,,f found that the apiéal'sensilla have.

five dendrites inside the lumen of the sensillum extending to the apical .

.+
v

'opening, resembling tﬁick-walied chemoreceptors (Lee, 1974). A /

’
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2.1.1.2. Subapical Sonsilia

,

. These are present in all the female mosquitoes examined, except

in Td%orhynchitos specics and in male mosquitoes (Figs. 41, 43). They

~

are situated behind the apical scn;illa, and nmost of them are either

lateral or ventro-lateral in position (Figs, 47-51). In W. smithii,

these sensilla are Vcntral in position (Figs. 46, 59). The length of

the scnsilla ranges from 5 to 12 p. An opening,slightly behind the tip

Iad

of the sensillum is seen in most of the species. In some preparations;

the opening appears to be on a small papilla (Figs. 49, 50), but in
. ¢ . e
others, the opening is in a depression (Figs, 46, 47). Trichoprosopon
_ J L . ‘
digitatum has the biggest-papilf§7aﬁgng the ‘species examined .(Fig. 48).

»

In a single preparation of Acdes pionips, I found a papilla on

onc sensillum, and a depression on the sensillum on the other side
(Figs. 50, S1). Since these sensilla are structurally very sinilar to
- the chemosens@ty hairs on ‘the labella and tarsi of the blowflies in -

“having two lumina in the sensillum (Lee, 1974), it is possible that the
\,\ A

papilla is fotmcd by a substance secreted by the sensillum. Stirckow

(1967a, b) rcporﬁgd that the chemosensory hairs on the tarsi and labella

of the blowflies secrete a viscous fluid through the»tip.ogening.

The subapical sensilla in Wyeomyia smithii, Opiféx fuscus and

©

Acdes atropalpus are morphologically similar to:those in the mosquitoes

+

I could. find

- .

that feed on blood. In mosquitbes.that had blood-fed once,

no.visible damage to cither apical or Subapical sensilla.

*

Structurally, ti#f Subapical sensilla can be classifed as thick-

walled .chemoreceptors (Lee, 1974).

2.1.1.3. Labral Ridge Receptors

A

in both'sexes:oflﬂedes aegypti

I first reported these receptors
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“(Lee, 1974). wWhether these receptors are also present jn the mosquitoes

studied. here ]

)5 yet to be determined using TEM.

Sensilla

_?lly located ventro-laterally near the opcning of

4 t . .
In only in some species. In this study, I found that a

fpresent wherever a campaniform sensillum (c.s.) is found.

)
o .

\ i o - .
species. In 2. earlei,’A. stephensi and A. merus, the c.s. arc located
_on the antero-J#teral edges of the labrum, and in A. stephensi, each c.s.

1s "guarded" ;

'*upicular projection (Fig. 52). 1In A. albimanus, the -

anterior la“v k edges of the labrum have extended forward, and the c.s.

Tt a o :

are ldcated‘laterally inside (Fig. 53). " In A.:fdrauti, the t.s. are on
the tip of the lateral edges of the labrum' (Fig. 54).

In female Anopheles mosqditbes, the c.s. are‘situated~oﬁ-the roof

near the opening of the labral food canal in A. earlei dnd A. farauti

(Figs. 55, 56). 1In A. earlei, One c.s. is positioned slightly anterior

-

to the other (Fig. 55). In A. albimanus, A. steghensi'and A. merus, théib

- . bl

c.s. are located laterally (Fig. 57). .
. . ’ - i ’ o
The cap-membrane in both sexes of Anopheles species examined is

7 . - 3
‘usually dome-shaped (Figs. 52-54, 56, 57). In"B& earlei, the cap-membrane

isgpeg—like,‘which‘could be due to shrinkage because of poor fixation,

i
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”

" Fig. 52. ‘Campanifom'sen'si'ﬁumrr(ar'row) of'malé‘éAnOpHeTes stephensi.

Note the "guard" beside the sensillum,

Fig.
Fig.
Fiqg.
Fig.
Fig.

53,
54,
55.
56.
57.

Same 'of male Anopheles albimanus.

Same of male Anoph ele%r{arauti :
Same of female Anopheles ear e1?.- '

‘Same of female Anopheles farauti. :
Ventro-lateral aspect of female Anopheles merus labrum. |

[

<
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<

* where the cap-membrane has collapsed on the tubular body und@¥hcath

(Fig. 55). e : ' ‘ .

C.s. érc absent in the two s@ncies of Toxorhynchites I have
studiuﬂ’(FiqujAQ—a3). They arc prnscnf in both scxes of T. splendens
! L4 : . :
(von Gernet and‘Buquor, 1966) .
In both sexes of ﬂzggmiig.§§ijﬁi£, the c.s. arc situated near the
food canal opening on 'the lateral walls (Figs. 58,(59). The cap—mnmbganey

is conical in shape in both sexes. Hudson (1970) missed these sensilla

in her SEM study of this specics.

- o

“The c.s. in male Uranotacnia léwii.afc locagcd on the ipdented *
lateral labral wall, facing ante?iorly'(Fig. 60). In the females, a .
median ridge on the‘roof-of the, labrum forﬁs a partial partition 5etween
the two c.s.,‘and the cab—membranc is conieal in shape kFig,oﬁl);

In male Psorophora species, the c.s. are situated_yat?rallybas in
hale W. smithii,. énd the cép—mémbrane is conical insshape (Fig. 62).
éut in the fcmgles, bart,of’thg inner éoréal labral wall ié split medi-
ally, andvthe.c.s. qré located along the edges of the median gplit

(Figs. 63, 64). The socket of. the c.s. is sickle-shaped (Fig. 64).

Such median fissure on the laﬂrum-wﬂs not shown bygfaldbauer (1962)

in his drawing B{ female Psorophora ciliata labrum.

In Trichoprosopon digitatumr:Coquillettidiagggrturbansh'Orthopo-
o SR, o : :

domyia signifefa, Eretmapodites ch%ysoqaster, Opifex fuscus, Acdes,

Armigeres; and in Culiscta ‘species, the c.s. in the males are positioned

latérélly on the edge of the labfal opening (Fig. 65), wheétgs in females,
the c.s. are situated laterally inside the lateral labral walls_(Fig. 66).

The shape of the cap-membrane {sivariéble‘in d%fferent_species, and even

: . . \
among iIndividuals &f the same species. In most of these species, 'the cap-



'Figs. 58-63.

- mosquitoes. Arrows or arrow heads point to these sens111a

- Fig.’58.
Fig.
-Fig.
Fig.
Fig.
Fig.

59,
60.
61.
62,
63, -

Male Wyeomyia smithii.
Female W.smithii.

‘Male Ura notaeni lowii.. . = -

Female U. Towii. ‘ ' S .

‘Male Psorophora varipes. .

Fema]e P' varige -
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Campan;fonn sensi11a on the labrum of ma]e and female
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membrane is either conical (Figs. 66, 69) or peg-like (Figs. 67, 68).
The cap-membrane in some Aedes species have a notched tip (Fig. 65,
arrow) . In Cuwliseta species, the cap-membrane in some specimens

is truncated at the apex (Fig. 70). 1In male Culiseta melanura, the

’

cap-membrane of the c;s.'is peg-like in some (Fig. 68), but conical in
others (Fig. 69). Whether such variation is a fixation artifact has
_yet to be determined.
I; both sexes of Culex mosquitoes and in 5éinoceri§g§ Eé%ﬂggi' \f
the c.s. are nét found near the opening of the food canal (Fig. 71),

as in the species described above, but are inside the food canal

(Fiés. 72, 73). Such siﬁilarity between the two genera probably re;
flects their close phylogenétic relationship; as pictured by‘Rqss (1951).
VonfGernet and Buerger (1966) and Froelich (1971) have also noted that

in Culex mosquitces, the c.s. are located some distance away from the

tip of the labrum. /These sensilla are situated ventro—laterall;§3§§ide'

the food canal, and are symmetrically arranged in D. pseudes and some
. w ) . . ' .
Culex mOSTUltOéS. But in some Culex mosquitoes, often ore c.s. is

situated@ a little anterior to the other (Fig. 74), as in Anopheles earlei

(Fig. 55). Such asymmetrical arrangement of the sensilla is independent
of the sex and species in Culex, and there is no definife pattern regar-
di;g'the relative position of the two c¢.s. The shape of the cap—membraner
is always-conical (Fig. 75). From LM meaéprements, the socket diameter -
,0f the c;s. in ggigilmdsquitoes is between 2 ana 2.5 , and that of male _.
D. pseudes avegaged 4.3 p andA3.5 B in the female.

The average distance of the c.s. from the tip éf the labrum, .and
the relationShip of  this distancg to the length of the wﬁole 1abRifi are

summarized in Table I.." The position of the c.s. in female species in
) /



Figs. 64-69, Labra] canpan1form sens111a c.s!

Fig. 64.
. Fig. 65.

notched tip (arrow).

H1gher magnification of Fig. 63 showi q the c.<
Male Aedes excrucians. The cap-membrane in <ne C.S, has a

.

Ey
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Fig. 66. -Female Eretmapodites chrysogaster ‘Arrow head notnts“tO'the c.S.

Fig. 67. Female Aedes communis. - :

Fig. 68. Male Culiseta melanura.

Fig. 69. Same as Fig. 68. Note the . difference in the shape of the cap-
membrane.
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Fig. 70. Campaniform sensillum (c.s,) of femal Culiseta alaskaensis. -

Fig. 71 -Labral tip of female Culex/tritaen ynchis Note the absence

" of cis. in this region. - &

Fig. 72. Phase contrast micrograph of male Deinocerites pseudes labrum
Note the position of the c.s. (arrow). -

Fi% 713. )Labrum of female D gseudes Mso note the’ position of the c.s.
arrow

Fig. 74. C.s. of female Culex tritaeniorhmchus 1nside the food canal.
Note the asymmetrical arrangement O CeS. o

Fig. 75. C.s, of male Culex erraticus. Ca : T
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Distanct from the Tip of the Labrum to the

¢

TABLE I

Campzniform Sensilla (D), and the Relationship
of this Distance to the Length (L) of the Labrum (L/D)

(No. =

Number of specimens cxamined).

43

142 n

Female - .
’ D L:/D No. | D ,K@/D No.
L ) \ nw
Culex pipiens fatigans 153 p 12.05° 8 1178 p 10.33 | 4
| e | -
. Culex pipiens pipiens 2104 8.88 7 240 p 6.96 2
Culex p. quihquoﬁasciatus 19J B 10.59 2 1224 p 8.65 3
L

Culex salinarius 199 p 10.93 5 f2224u  10.08 6
Culex erraticus 148 p 11.27 .12~ 92 p 18.89 8
Culex ocbssa 150 p 10.45 4 145 pn 11.40 8
Culex panocossa 158 p 10.10 5 150 p 10.98. 6
Culex peccator 118 p 124,52 8 74 p 23.61 6
Deinocerites pseudes 15.87 2 126.p  20.67 2

@
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Culex is 0.11 to 0.08 the length of the labrum from the tip, and in

the males, the values vary from 0.14 in C. p. pipiens to 0,04 in

P

C. peccator. The measurement of the distance between the c.s. and
e

the tip of the labfﬁm is accurate in most cases, but the length of the

labrum in some preparations were approximated, as the labra were often
twisted or curved in the preparations. Therefore the L/D values can
be considered only as rough estimates.

In Deinccerites pseudes, the distance from the(tip of the labrum
: »

to the c.s. is about 0.05 the length of the labrum in the male, and it
o ' L ) )

is 0.06 in the female (Table 1).

In my 1974 study of Aedes aegypti, I proposed .that the c.s. on

the labrum miﬁ&t«gg;::;on as flow receptdrs, as these sensilla are present

! ’

in both sexes of mosquitoes. Chapmak\et al. (1973) concluded'from their
[

experiments on the campanjiform sensilla found on the leds of cockroach

that indenting the .dome (cap-membrane), which compresses the sensory

. ?
process longitudihq}ly, is an extremely effective experimental stimulus, |

@ )

rather than to dtretch, pinch, or to b&hd it. In the mosquito labrum,

)

the cap-membrane| of many campaniform sensilla are di;ected anteriorly

(Figs. 52, 60); so the oncbming‘food probably may push the cap-meﬁbrane .

i

in the direction of the éocket, thus stimulating the sense organ.

4 o R . )
The shape of the cap-membrane is also conical in the c.s. on the

labrum of the larval simuliids-(Craig, 1974), but peg-like in adult

chaoborid Chaoborus’americanus (personal observation).
e ’ v . .

d

2.1.1.5 Discussion - -

4 e

Toxorhyncﬁitesaspecies dq'not feed on blobd'(Muspratt, 1952)2

/ Libral sense organs are totally absent in- the twduspecieé studied here,

W
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and only c.s. are prcﬁont in T. splendens (von Gernet and Buerger, 1966).
Male mosquitoes are never known to feed~on blood in nature, althouéh in
the laboratory, they can be induccd to feed on blood (MacGregor, 1931;
Day, 1954; Salama, 1966; Jones and Pilitt, 1973), however, males still
prefer éugar solutions to bloqa (Jones and Pilitt, 1973). Only c.s.

are present on the labrum of the male mosquitces examined. It appears
‘there is a direct correlation between the presence of apical and sub-
apical sensilla and the blood sucking habits of mosquitoes.

! . . '-'1‘ <
The retention of the apical and subapical sensilla in Wyeomyia,

smithii, Opifex fuscus and autogcnohs Aedes atropalpus' is probahly indi-

cative that autogeny in these species is a recent development, if one
.considers bloqg—fceding‘behaviou; in Diptera té be ﬁhe primitivé trait,
as éuggest@d by Do&neé (1958). With the scarcity of blood sources and.
in advcrsé weather conditions, some Arcticvmosquitoes are capabie of
becoming facultatively autogenous (Corbet; 1967). Autogenous mosquitpes
have been reported in many different ge?era (see Cléments, 1963), and
the ‘records of these are sgill iﬁcrééﬁing. Spielman (1971) has reviewed
“the bionomics of autogenous mogquitoes, and pointed out that autogenous

Species are not as rare as most people believe. Nevertheless, the pre-
. . sence of apical and subapical sensilla in blood-sucking mosquitoes seems

NN

to indicate that these sensilla function in blood detection .diring
.probing in the host tissues, as these are the only probable chemoreceptors

present in the fascicle that enters the host. tissue.

) -

- _ U .
Pearson (1970) using electrophysiological recording techniques,

+

failed to get any response when the labral sense organslofufemaie Aedes

k2

acgypti were stimulated with different chemicals. In my-present study,

I found the bpeping of the subapical sensilla in some preparations wag

1
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cften occluded by a tiny peg, which was probably formed by@a qubstance{
secreted by the sen31llum. Sturckow (1967) found 1ﬁ‘ blowflles that

chemosensory hairs with their tips covered with a viscous substance
. _ > .

were not responsive to sugar.‘ She therefore‘suggested that' the presence
of this substance on the pore inhibits the<detection of sucrose. In

A. acgypti, I havg reported in my 1974 study that the subapical sensilla.
opens thrbugh a protﬁberance. “But my subsequent investigation reported

here has indicated that the protuberance was the result of ‘the secrc-

tion from the sensillum, and the Opening is through a tiny depressicn on

the sensillum. Thg;efare, if behavioural or electrophysiolagical studies
- P ) ’ v ,
N S v
are to be done-on these lab:al sense organs, care has to be taken to make

:

suri/fgp/openlng of the scn51lla is not occluded It is possible that
guflng the 1n1t1al insertion of the 1abrum into the host tlssue, any

l;//////subgtance on the openlng ‘will be rubbed off by friction, exp051ng the
e

/
receptlve site, so the sensxlla then may bécome responsive during probxng

in the host tissues. At rest, the presence of this substance on the
5 ) L Lo . .

opening might help Eé;conserve the fluid at theé rcceptive site.

/ s ~ /r

2.1.2. Mlcrosculpture on thg dorsal wall of the labrum s :
& / // .

on the dorsal wall of the igbium of male Aedes -aegypti, I/héve re-

» pd
ported a longltudlnal groove. €xtending from near the tip th oughout the

whole length of the labrum (Lee, 1974). Such longitudinal grooves are

_found in most species examined here (Figs. ZE}/7§),'but,are ‘absent in

Anopheles specie$, Trichoprosopon digitatum, Wyéqmyia smithfi,_ﬂrano~

,/

taenia lowii, and Oplfex fuscus S/; s, 78, 19).

S In female A. aegxg /I/gave also reported quadrangular cuticulg: -

thlckenlngs on the dorsal wall of the labrum. Such mlcrosculpture is

e : S . ;gﬁ:
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Figs. 76- 8]. Dorsal aspect of the labrml., e R 2
Fig. 76. Male Psorophora varipes.. Note the dorsal ongi tud_i_nal'bgrpovve s
?arrow) - Ty

Fig, 77, MaTeCulex tritaentorhynchus. SO
Fig. 7;/ Male Knopﬁ'e es 2 nanus. ote the absence of a: longitudinal .

N : the forked tig of the labnn L
orsal wall of fema e Anopheles albimnus

gr

Fig. og; Ma]e Culex maticus.

Fig. 80. Micros cu|pture on the
labrum, L

F1g 81 Same of.fgmﬂq

® ' b V.‘ ’

ephe1gs : stgghensi..” .‘

v
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found in many species I hagve examined, and its structure varies among
) .%.
species.

* -

In Anophelces glbimaqgi, the dorsal-wallgof the labrum is almost

smooth except for shallow depressions fFig. 80), wherecas in A. stephensi,

i

the depressions afe much bigger (Fig. B8l). In both sexes of Toxorhzﬁ—

chites rutilus, the dorsal wall of the labrum has a median longitudinal

groove near the tip. But proximal to the tip, an elaborate pattern con<

sisting of 6blique, longitudinal and transverse folds is found (Fig. 82).

Near the middle of the labrum, this pattern changes into fine longitu—
i . h)
dinal folds and large transverse ridges. (Fig. 83). In Toxorhynchites

brevipalpis, the median longitudinal groove is present in both-sexes

(Figs. 42, 43), but whether they have such microsculpture as in

T. rutilus remains. to be determined. Labral microsculptﬁre appears to

v

be absent in Wycomyia smithii, Coquillettidia perturbans, Opifex fuscus

Culex molestus and C. declarator (Fig. 84).

-Small depressions are found on the labrum of Uranotaenia lowii
R : /

(Fig. 85), and the microsculpture on the labra'ovarthopodomyia signifera

and Eretmapodites chrysogaster is the form of’ V-shaped depressions

(Figs. 86, 87). - In Psorophora. varipes, a tiny dome resembling a campani-
form sensillum is found inside each cuticular depression (Fig. 88). The

microsculpture in Aedes species differs from species to species. The

depressions are circular in A. canadensis (Fig. 89); longitudinal with -

tiny domes in A. communis, A. dorsalis, A% pionips (Fig. 90); longitu-

!

dinal in A. spencerii, A. togii, and A. atrdpalbus (Fig. 91); and trian- -

gular in A. vexans and A. cinereus (Fig.' 92). The microsculpture in
. *‘*‘f——f ‘—ff”“f* . . ] ®

- Armigeres durhami is similar to Aedes cincreus (Fig. 93), and that of

Culisgra inornata and Deinocerites pscudes. is similar to Aedes atropalpus

(Fig. 94). o } .



Figs 82-87.

Fig. 82.
~ Fig. 83.

Fig. 84.
Fig. 85.
Fig. 86.

Fig. 87.

Samelas_above “Near
Female Wyeomyia smithifi.
Female Urano%aen‘a-loui»

~

i

i R
‘Female Urfﬁoggag?¥1a.si ifera.
Female tretmapodites cﬁggggastgr.-

e

e

Microscu]pture on the dorsal wallef the labrum.
Male Toxorhynchites rutilus near the labral tip

the middle of the labrum. g
Note the absence of- microsculpture

<
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Figs. 88 93. Microsculpture on the dorsal wall of fema]e labrum

Fig. 88.

Fig. 89.
. - Fig. 90.

_Fig. 91.

Fig. 92. -
»Fig,gw<¢,

-Pso

rophora varipes.

es canadensis.” o

‘Aedes atropalpus (§Qtogenous)

es  communis..

es cinereus..
geres aurﬁuni
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A
The signif{cance of the lahral microsculptvre is unknown. In the
wing bas;s of Lepidoptera, Sharplin (1963) reported bending cuticle
with characteristic cuticular depressions. Davies (1974) also found a
striated band of elastic cuticle at the base of the filte%ing fan in
larval'simul ids. 1In bo§h cases, the cuticle is flexible, and in black-
fly larvae, ? distortion of the striated cuticle gen;rates a force which
is involved'in rapid fan movements (Davies, 1974). 1In mosquitoes, the
labrim is also very flexible, and is capable of movement in v%rious’dir—
ecticns (Gorddh and Lumsden, 1939; Griffiths and Gordon, 1952). The

labrum always stains redlwith Mallory's Trichrome, suggesting the presence

of ‘the rubber-llke.protein, resilin {(Weis-Fogh, 1960). It is ssible the

‘Cuticular depressions on the dorsal wall of the labrum are similar to -

those seen oﬁ the bending cuticle reported by Sharplin and Davies:

Many workers (Christophers, 1960; Waldbauer, 1962; Hudson, }970)
have reported that the two walls of the labrum are joined lateéally by tbe
membianqﬁs\lateral walls. But in female A; aegxgti, I found that the mem-
Qranous latéral walls aré not joined to the labral derv;‘canal, but curled
up on the iﬁtter.(Lee, 1974{. In the mosquitoes‘I have examined in this -

study, the membfanous laterai walls of the labrum can be seen hanging

i

loosély over the lateral side of the inner (hypopharyngeal) wall of the

labrum in many species (Fig. 95).

2.2. Mandibles
These stylets are greatly reduced in or absent from most male mos-
quitoes. Studies on male mandibles to date are few. Mandibles are re-

poréed to be absent from male AﬁqpheleS'macu;ipennis (Nuttall and Shipley,
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A\ ¥

. Fig. 94. Microsculpture on the dorsal wall of female Cu]iseta inornata .
labrum, ~
_Fig. 95. Ventro-lateral aspect of female Toxorhynchltes ?utllus labrum,
Note the laterat wall of the labrum is not attached to the ventra] wall.
Figs. 96-99. Mandible of female mosquitoes. v e
Fig. 96. Anopbeles stephensi. Note the mandibular teeth. ' "
Fig. 97. Anopheles farauti. Also note the mandibular teeth. .
Fig. 98. Aedes pionips. Note the absence of mandihular teeth. Teeth
. seen at the bottom belond to a lacinia
Fig. 99. Aedes t 0901 Hote ‘the scallopéﬁ edoes of the mandible.
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ﬁ; .
901), and in Anopheles punctipennis, Aedes stimulans and Culex

\

pipiens (Thompson, 1905). Vizzi (193:) reported that the tip of male

Anopheles gpadrlmaculatus mandibles afb’gllnt The only major study

was by Marshall and Staley (1935), who examined the maxillae and mandi-

bles of 14 species of male mosquitoes representing five genera. They
*

found that the mandibles are present in Anopheles, Orthopodomyia,

Culiseta (Culicella}), and Culex ;cﬁiex) species, but are absent in Aedes

(Aedes) and A. (Ochlerotatus) species.
= .

' in female mosquitoesg)the mandibles are long and leaf-like, and
* are situated direokly below the labrum. I have examined the mandibles

of ten species of female mosquitoes belonging to five genera ‘(see

[
o

Append X A)

‘Teeth are found on the mandibles of ;female Anophg¢les stephensi

s

and A. farauti. The teeth in A. stephensi are approximately 1.25 n

long, 30-35 in nomber, and are found aiong the lateral edge of the man-

©

dibles (Fig. 96). They are 0.8 to 1 p apart from each other, and point '

siightly posteriorly. In A. farauti, the tceth are 017 t& 1 p long,
about 35 in number, approximately 2.2 p apart from each other, and are
aiso posteriorly directed (Fig. 97).

The présence of mandibular teeth in mosquitoes was reported only

in Anopheles maculipennis, where Nuttall and SHipley (1901) found 31

teeth, Vogel (1921) showed ‘34, and Robinson (1939) reported 35-40 teeth

spaced at about 2.5 p . According to Vizzi (1953), mandibular teeth

. *
.are absent in male Anopheles quadrimaculatus.

Mandibular teeth are absent in Aedes species, “Culiseta inornata

and Culex declarator- (Figs. 98, 100) In Aedes tggoi;'the lateral edges
L .

of the mandibles are. scalloped (Flg 99) These scallops are probably

R4

¢



Fig. 100. Female Culex declarator mandib]e

Fig. 101. ‘Same of female Arm1geres ‘durhami . Note>the,teeth

~ Figs. 102-105. Hypopharynx of temale mosqu1toes

Fig. 102. Aedes communis.:
Fig. 103. Aedes vexans. Note the dried sal;ya near the tip.
Fig. 104. Armigeres durhami .

Fig. 105. Culiseta inornata.

54
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similar to the ones doscribcd by Waldbauer (1962) .in female Psorophora

ciliata. Vogel (1921) reported that mandibular teeth are absent in

Culiseta annulata (reported as Culex annulata) and Culex pipiens.
- \

In female Armigeres durhami, small, anterioriy directed tceth

are found on the lateral cdge near the tip of the mandigles (Fig. 101). o

To my knoWledge, this is the first report of mandibular teeth in mos-

quitoes other than <Anopheles species. . , \\\_u
Robinson (1939) suggested that the mandibles in female mosquitocs‘

cover the opening of the labrum when the latter is not in use, and pro-

tect the labrum during penctration. Later workers (Snodgrass, 1959;

Vol

Christophers, 1960; Waldbaucr,\l962; Hudson, 1970) agree with him about \\\~’

the funcpion-of the mandibles. .But in female Aedes acéypti, I found

that the mandibles are overlapped near fhe tip of the labr&m,‘and form
the floor of theﬁiabral food canal. The mandibles also serve to separate
the food canal from the hypbpharynx, thus forming a two-channel system:
one for sucking blood, and one for injecting the saliva (Lec, 1974).

-;

I have since found similar arrangement of the mandibles in Aedes

o

vexans. It is very likely that mandibles in other mosquito spebiés serve

a similar function as in Acdes aeqypti. Overlapping arrangemeht of the

I

mandibles can be secn-in the transverse sections of Culex pipiens and

Anopheles mosquitoes (Vogel, 1921), and also in Culiseta inornata (Larsen
and Owen, 1971). Such arrangement of the mandibles bccur‘also in other

members of Diptera. 1In some cases, the mandibles have an interlocking

device which may also fasten them to othet”stylets (see Matsuda, 1965).

v
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2.3. Hypopharynx . /

The hypopharynx, like the labrum, is an unpaired stylet. It is
situated below the mandibles. Previous workers have considered that

the hypopharynx forms the floor of the labral food canal. However, in

female Aedes aegypti, I found‘that at'the distal end of the fascicle,
the mandibles form the floor'of the food canal. It is only near the
proximal end of the fascicle where the two mandlbles Spread apart, that
tbﬁ k>“c“ha*ynx forms the focd canél floor (Lee, 1974). ’MacGrégor
(1931) reported that aftgt the removal of the hypopharynx in A. aegypti,
the mosquito was sfill capable of drawing fluid up the.fdod canal.

Vogel (1921)-and Robinson (1939) also found that the hypopharynx is not
essential in the formation of the food canal.

Inithe present study, I have exaﬁined the hypopharynx of 26
species of female mosquitoes belonging to 11 ge&éra uging the SEM (see
Appendix A). The general appearance of tﬁe hy§0pharYnx is similar in
all the species examined. It is a flat; delicate stylet, with the sali-

(\yzifz duct-located along iﬁé midiine forming~a vené;ql midrib, as in’ |
‘ - .
female A. aegypti (Peer 1974).
About 8 - 10 hai;—like, intefdigitating cuticular pggjections are

found at the tip of the hypopharynx (Figs. 102-106). Such hair-like

’ projections have alsa been reported in female Aedes stimulans, Wyeomyia -

smithii and Aedes atrqpalpus'(Hudson, 1970). a. longltudlnal groove on

the dorsal wall of the salivary duct is found in all the speC1mens exa-
mined (Figs. 102-107), suggestlng that the dorsal wall of the salivary

duct .may be interdigitated as in A._aegxgti, as reported by Néhmah (1968)

~and Lee (1974), and the salivary "duct" is in fact a groove. Therefdre t

I think ,the term "salivary canal"” hill be more_appropriate.

L3



.Fig.

106.

-107.

Hypopharynx of - fema]e Culex tr1taeniorhvnchus

Same of female Toxorhynchites rutilus.

-F1gs 108-111. ‘Lacinia of female mosquitoes.

- Fig.
- Fig.
Fig.
Fig.

-108.

109.

110.
111.

Anopheles farauti, showing mesial teeth (arrows)

Same as above, sﬁowwng lateral teeth.

Anopheles stephens1 Note the absence of mesial teeth
G}thopodomy1a s1gn1fera - . .
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only foqr éuticuldr projections (F;gf“107))’ Aboutuﬂ/‘/lo
: ) p e

-

pr010<tlons are found at the t1p of tbé/hypophgrynx i

o
4o

e tip of the hypopharynx is/occluded by dries

P

: N ) o :
"fascicular fluid" ii/the saliva, which domes out, through the Aongitu-

¥

dinal interdigitat#d dorsal wall of tifo salivéry canal agd holds the

stylnt;_tégqfhg {Lee, 974)

- - 7 / .
T hqv}g,/al;;o u(,g(‘ 3 y{xn Lhe/;am f‘tady t

t thevfingér-likc

[

saliva (Fig. 103). /

prancLL¢ns aL the tlp of th h/bophazyn\ m'ght hglp to conservo saliva

1

when qu mosquito is fcedzﬁg on sugar 3

lutxcdz.yﬁdt my fater investi-

gquou reported hnrﬂ of thc h,poph

fancr llke procus;es in many S “CJCS are not blq Qnough to close thn a

7 e
igal sakivary cangl opening (Flgs. 102 105, 106), indicating that thn

projections might serve other purposes.

ynx in other anCics'show" that thh

p—\.

During blocd feeding, galiva injection is reported to precede and/

v

or accompany the act of blood-sucking (Nuttall and Shipley, 1901; Gordon

and Lumsden, 1939; Griffiths and Gordon, 1952). bPr. W. Horsfall's film

«

on the fceikag'bhhaviour of female Aede aogyptl on tho foot-web of a

and also during withdrawal of the fascicle. TDevine ct al. (1965) found
that A. acgypti leaves a mean of 4.7 B9 of sa11va in a modse when it
takeé a blood meal. Orr et al. (1961) observed that sallvary glands in

v

femalo' aegypt become active again 24 hour~ after a bloeﬁ meal pro—

bably to replenlsh the sallva lost during feedlng. But Hudson (unpub- o

lfrog also showv the 1n)ectlon of sallva as little "puffs™ durxng probxng

lished, from Orr-‘et al,, 1961) foun hat female A. aecgypti dcprigd@ of'



saliva are Qtill'capable of normal‘feeding, laying eggs which hatched,

and the farvde developed successfully into adults, indicating that
\ '\ Y . . .

saliva may not be important in normal feeding. Nonetheless, the

injection of shliva during piobing and withdfawal of the fascicle scems
v ' ' L . . : :

A . . i ' L L .
\ to be an integral part aof the feeding process. -The cuticular projec-

! . tions at Shg‘tlp of the hypopharynx . may prevent possible blockage of

\
! . ¢

the' apical salivary canal opening by pieceé of small tissue when thg

oy o L :
mosgquito is p§0b§§q wilith its fascicle inside the host tissue for a
A i - :

QUitabie foedin&\§i;e;
s | |
In male mosquitoes, the hypopharynx,is fused to the ligula distally,

N

hndnpg,the labium proximally'(Nuttall and Shipley, 1901; Thompson, 1905;
Jpgcl, 1921} 1ars hall and Staley, 1935; Vizzi, 1953; Christophersl.l96?;
'pec,fl974). Since the méndibles in many male moSquitoeé are ecither

rvat?y reduced or tofalipaabscnt,.the veneral closure‘of the food canal -

‘1s\formed by the hypopharynx. This kind of food canal formation probably

\ is nyt as efficient as in the females. Nuttall and Shipley (1901) found

\.:éhat"when the mosquitoes were allowed to fecd on milk and sugar, the males

‘took. &, longer time than the females to feed, although the males exerted

themselves more in feeding.

The dorsal wall of the salivary canal in male mosquitoes also has

anainterdigitated opening &s iﬁ the females (Lee, 1974). The salivary :

; qlands in male mosquxtocs are, rather small compared to ‘females, and appear
. Ik
almost VOotlglal (Metcalf 1945 Orr et al. 1961). Neither agglutinins

nor antlcoaqullns are found in the salivary glands of male opheles

quadrxmacu]atu" (Mctcalf 1945) Agglutlnlns and antlcoagulants are- R

found in the seliva.of some_femalc mosquitoes (see Gooding,_1972 for

review), but many species still feed successfully withbut.these‘substenees

1

i
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(e.g. Aedes aegypti). As the composition of mosquito.saliva is still

-poorly known, our knowle 50 on the role of the saliva in feeding -is

N h -

\

still fragmentary.

2.4. Maxilla
The two maxillary stylets of mosquitoes have long been considered

A

tolhe the galeé, but most recent authors have called them laciniae

-

(bnodgra,s, 1959; Matsuda, 1965; Nehman, 1968 Hudson, 1970), chept for

Owen et al. (1974) who labeled them as mandibles in their paper on

female culiseta inornata.
In female mosquitoes, the laciniaerarc situated on either side of

and below the midrib of the hypopharynx. ‘Each lacinia is thickened at3

.

its inner margin and is mémbranous laterally. At its distal end, the

iﬁalIY-dircéted lateral

outer margin is thickened, and bears a row of pr
, o

teeth (rigs. 109-115,°117, 118, 122). . A zow of flistally-pointed mesial

teeth occur also oh the mesial'side of the stYiet (FigE. 1o, 111, 118).

Postierior to the latéfal teeth, the 1acinia is usudlly annulated, and

bcars consecutlve Yows of vest1g1a1 teeth in llne with the 1atera1 teeth.
4 '
Theyvestlglal teeth occur psualiy only in the.dista ; ,
) e * A . R - e . o - . ,"Jv' °
lacinia. - | T o R o . -

giuitoeS/ they

Althquqh the lac1n1ae/are also present in male md
13

/’- { )

‘are usually reduced compared to females (Marshall and Sta%ey, 1935)

In Aedes aegyptl, tceLh hnd annulatlons are absent on the male stylets

1974)

L

Roblnson (1939) has p01nte§ out the 1mpdrtancc of the 1ac1n1ae



- Fig.

' 'Figo

- Fig.

-~ Fig.

~ Fig.
Fig.

112.

13.
na.

115,

117.

Y

R

""Figs. 12-117, Lacinia of fpale nosquitoes‘, R

CuHseta morsitans..

rosopon 41 ﬂ:atln
ranotann a lowil .
ulex tlns. A

loxorhgclﬁﬁ rutﬂus.
R ex uscus. S
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Figs. 118- 123 Lacinia of funa]e mosquitoes. . v
~ Fig. 118. . Culiseta inornata. - '

“Fig. 119. Delnocerites pseudes. Note the absence of vestigial teeth o
Fig. 120. Kedes atropalpus.(autogenois). Note the comb- er?VestigiaT
~_ teeth afranged 1n a row behind the lateral teeth. - ‘

Fig. 121. Culiseta inornata. Note the vestigial teeth are arranqed 1n"
'_mmma R
Fig. 122. - Same “as above. The posterior edge of some Lateral teeth is

fringed with vestigial teeth,

Fig. 123. Aedes atropalpus (& enous). showing t hairs near the f L
~ base of tﬁe 'lac sia. Sl . w ;

& ’&a
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laciniac cut off could not be induced to feed, though mosgu;tocé
with only one lacinia could still feed, but with great difficulty. He
has also given a detailed description o} the mechanisﬁ of piercing by
.the laciniae during feeding.

Roubaud (1928) suggested that differcnces in the average number

Y

of teeth on a single lacinia (maxillary index) in individuals of N

Anopheles maculipennis from various geographical regions of the world

can be related to the differdnces in the thickness of the skin of fheir
respective host (éited from Robinson, 1939). 5owevcr,'Robinsoh (1939)
arqued that since mosquitoes with only ogé, lacinia left can still feed
successfully on a host, the additiop or substraction of a tooth from

. “ s
the stylet will not make aﬁytdiffé;égzﬁ‘on the type of the hosts.

- The main purpose'of the prescﬁ; study on the laciniae was to de-
tormine if the number of_maxiilafy tecth in different species of mos;
quitoes can be reiated to.their hosts; The laciﬂiae éf 31.5pcéies‘of
female mosquitoés bclongi;g to 14 genera were ex;mined using-SEM{ Fof‘
each species, at leaét three sperimens were cxamined. The number of

s : ‘ : o _ .

teeth and the ‘number of specimc?s stdAied were listed in Table II. The
lateral teeth are bsuallyfvery easy to see u;ing LM. But to éee the
mesial teceth, SEM is necessary, as theéé teeth ére rather thin and_smali,_
and very‘ofpen; the. specimens ﬁave‘togbé rotated ih order to éet the’ |
right angle to.obserﬁé them. | - |

fn the‘foll§wing descripLion, most of’the,ihformatioﬁ regardihg
the hosts of the ﬁOSQQitges’came ffom HQrs€a1i~(1955); Cérpenter éndk.

LaCasse’ (1955); Gillett (1971); and Wright and DeFoliart (197Q), unless

otherwise stated,

3

N
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TABLE 1T
M " Table Showing the Number of Lateral (Lt)
and Mesial (Mt) Teeth; the Prescnce (+) or
o Absence (-) of the Vestigial Tecth (Vt), and
the Hosts of the Mosquitoes studied.
Species . Lt - "Mt _Vt  Hosts
Anbpheles farauti I8 0or 19 p 2. WB”
Anopheles stephensi 13 | Néne“ '2 WB
;Anopheles,ﬁerus ' - 14 < .None WwB
: . : ’
Toxorhynchites rutilus ' None None NB
Trichoprosopon digigatum o 12 None o A
Coquillettidia perturbéns i2 None - wB
e
Uranopaenia lowii o | <o 15 None CB
Qrthoﬁodomyié signifera - -16' 5 A
Psorophorg‘ferox - - '21 or 22 . 6 - 8 WB
Psarophora Gériées l ~ 21 or 22 5, 6 BS
Ercotmapodites chryéogaster’. 16 } | 3, 4 E man
Agggé communis . { 17 4 X 5 + man
Aéacs'excruéians ' ' . 15 3-5 maq;
_Zﬁe_s’fitchip'_v ‘ ' 21 5 -7 WB
Aedes flaQéséen; : \ 14 4 WwB
. Aedes atropalpus (autogenous) ‘14 4 + NB
hedes.togoi 11 5 " BS
. _ , .
. Aedes polynesiensis ‘ g 11 ' 5 | BS

#



TABLE II (Continued)

w
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vVt ' Hosts

' WB = mammals

= non-blood sucking
= host identity still doubtful

N

Species ‘ Lt Mt

Aedes vexans . 23 4 WB
Aede§ cinereus . 16 7 WB
Armigeres dufﬁamixkv 16 5 BS
Armigeres subalbatus -14 5 Bé
Opifex fuscus | 12 4 + NB
Culiseta alaskaensis li 5 maﬂ
Culiseta inornata ‘ - 14 4 + WBb
Culise;a morsitans 8 None + \A*
Culex territéns 15 None - CB

- Culex pipiens molestus ' o 12 or 13 None - man
Culex tritaeniorhynchus 12 or 13 None - A, pigs*
Culex salinariué 12 None - BS
Deinocerites pseudes (j{/;/ 13 4 = WB

\\\ .
A = birds ’ (
BS = blood—Suqking , - i ’
CB = coia—blooded animals
| —
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a

. "

/is to usc 1M to count the number of maxillary teeth, utxon has to,be ,,1

2.4.1. Lateral and 'Mesial Teeth

A
S

Both Anopheles farauti and A. merus feed on man and other animals

-

and are vectors of malaria, with 515farauti being important in the
transmission of filariasis (Bryan, personal communication). The number
of lateral teegh is qui?e diffg;ent in these species (Table II). Mesial
feeth are found only in A. fagguti (Fiqg. 108). Oblique striations are
found beside the latefal teeﬁh in the three anopheline species studied

-
fa

(Pigs. 109, 110).

Mosquitoes that are primarily bird feeders are Trichoprosopon’ N
. ) ’

digitatum (Davis, 1944, from Horsfall, 1955%), Orthoggddmyia signifera

(H. C. Chapman, personal com%unication). Culiseta morsitans anl Culex

tritaeniorhynchus. Mesial teeth are absent in all of them except

/

0. sigﬁifcra'(Table.II), which has five mesial teeth (Fig. 11l1). The

number of lateral teeth ranges from 8 1n C. morsitans (Fig. 112) to 16

in b. signifera. In T. digitatun, : ;3Eg the IM, the number sf lateral
teeth appears to be 16-18, but only 12 are secen uith SEM. This is be‘
cavse the aﬂﬁuiééions folicwing the lateral teeth a;ehso thickenéd
(Fig 113) that they appeared as ’tee%& under the LM. Therefore if one
taken not to'count the annulations as teetgg | _ )
Mc:;qui:s; that fced on cold-blooded anmals lxke frogs: and toads

1 ®

‘are Uranotaenia lowii (Remingtom, 1945; H. C. Chapman, personal communi-

2
&

cation) and Culex territans: Mesial teeth are absent in both species,

and the number of lateral teeth :is 15 in both species {Figgﬁ 114, 115).
. - ‘ o i . ﬂ
Here, as 1in bird feeding species, the absence of mesial teeth seems to

be related to the host. But ngsial teeth are .also absent in some mos-

quitoes that feed or, marn and Zthor zaxzals (Table I},



In Toxcrhynchites rutilus where the adultc fced enly on plant

‘nectar (Muspratt, 1952), both lateral and mesial teeth -are absent (Fig.

3

116). But in Opifex fuscus where the adults are neve® known to feed

on blood (Horsfall, 1955: D. A. Craig, personal commuhication), both

v
leteral and mesial teeth are present (Fig. 117). The adults of er zla
smithii are also not known to feed on blood (Price 1958), and Hudson
(1970) found 8 - 10 lateral teeth ie the females of this species. She
also found 14 lateral and 4 mesial teeth ip the autodenoqs and anauto-‘

?

. N AN .
genous forms of Aedes atropalpus. I found the same numbér of teeth in

-

the autogenous strain of this mosquito I obtained from<B§. R. Brust of

the Unlver51ty of Manitoba. - !

The rest of- the nosquxtoes listed in Table II not nentiored abowe

‘all feed on man and other mammals, 1nc1ud1ng Armlgeres subalbatus (Dao Van Ty,

e *

1945, Clted from Baar, 1964) and Armigeres durhami (Cheong and Omar,

1967). .Both lateral and mesial teeth are present in thege species

(Table 1I).

The number pf maxillary teeth is variable even within the same

species, as noted by"Kulagip (1905). 1In Aﬁopheles,maculipennis; Nuttall .

and Shlpley (1901) found 13 lateral teeth, but Vogel (1921) reported 16.

@

- of meeial teeth, to the type of hosts that the mosquites feed on..

A L

- In Cullseta annulata, Vogel (1921, reported as Culex annulatq) found 14,

[

but Schiemenz (1957, reported as Theobaldia annulata) found 9 - 12

lateral teeth. In A. aegzptl, the number of lateral teeth varies bet—

ween 10 and"iZ (Lee, 1974) ‘

'/ B . . . e
It is clear from the data'preéented above, that there is no obvious

: -, _ . , -
relation between the number of dateral teeth, or the presence or absence

. -

The laﬁeﬁal‘ﬁéetﬂ are important in piercing and withdrawal of the

fascicle during feeding, as described by Robinson (1939). The function
L , as & on { The func

.
? - .
RV - ) : .
«
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of the mesial teeth is still uncertain. In fcmale A. aegxpti'which

have becen blood-fed once, the Shaxp points on the mesial teeth show
3

no visible dgmage. In some species, the mesial teeth are without

sharp points (Figs. 108, 117,%118). The fact that the mesial teeth

are absent in many blood-sucking mosquitoes probably indicates that

v

they do not play a vital role in feeding.

2.4.2, :Vestigial Teeth
Posterior to the lateral teeth, and in line with these are conse-

cutive rows of vestigial teeth. Such vestigial teeth have been reported

by Hudson (1970)"iqﬁhodes stimulans, Aedes atropalpus and Wyecomyia

smithii, and in Acdes aegypti by Lee (1974).

Vestigial teeth are absent in Culex and Deinocerites species exa-

“mined (Figs..115, 119). 1In those moSquitoes with vestigial teeth,

N

-three different patterns were found depending on the species. , In Aedes

atropalpus (autogenous) and Opifex fuscus, the vestigial tecth are in
lincar comb-like groups (Fig. 120), as in female A. aegypti reported by

Lee (1974). 1In Aodes communis, Cullqeta inornata and Cullseta mor51tans,
5 . . ;0
the vestigial teeth are in circular patches (Fig. 121). Vestigial teeth
. @

in Trichoprosopon digitatum are arranged in horizontal rows of.3 to 4

near the anterior end of the lacinia on the annulations (Fig. 113), with

the last fTew rowq hav1ng only 2 %@eth In Culiseta inornata, the pro-

ximal edges of the posterior lateral teeth are also fringed with vesti-
gial teeth (Fig. 122). ' ;;‘
In all the species'qgamined‘ih‘tnES“study, the vestigial teeth

occur only at thé'distal end of‘theilacinid; Neaf the base of the

lac1n1a<?n Aedes atropalpus, three llttle hairs which p01nt posterlorly

“

are found (Flg. 123) The 51gn1flcance of these halrs is unknown.
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2.5. Inability of Newly Emerged Female Mosquitoes to Feed
The fagt that mosquitoes do not take a blood meal immediately
following emergence has been noted by many workers, and Christophers
(1960) has already.reviewea this subject. However, very few explanations
for such behaviour‘were giQen. Jones and Piligt (1973) found that

majority of female Aedes aegypti took their first blood meal when they

were 23 to 26 hours old, and they attributed this behaviour to

-

activation by a hormone, but presented no evidence to support it,
Nuttall and Shipley (1901) suggested that newly hatched' mosquitoes

are unable to perforate the skin of the host until the mouthparts have

hardened, a process requiring a variaﬁle length of time. In 52995; /

. acgypti, I reported that the fascicular stylets in teneral mosquitoes are
’ : &
g
not fully sclerotized immediately following emergence (Lee, 1974).

Moreover, in A;aegzeti less than five hours old, the labellar lobes and

the labial gutter are full of cellular elements as compared to older
adults (see Lee, 1974, Figs. 4, 5, 10, and’ 11 where 11 is that of an

3

older adult), indicating-that the development of the labium is not
. » . <

complete, thus supporting the suggestion of Nuttall and Shipley,
A o

In Anopheles ggﬁdrimaculatus, Metcalf (1945) reported that the

salivary glands of newly emeréed adult females become fully developed

. 8 to 12 hours after emergence. ’ .



3. Cibarium

. This is a muscular pump situated at the proximal end of the
labrum, a structure often referred to as the pharynx by many workers.

Snodgrass (1959) noted that this structure is homologous to the cibarium

© . -

of»tho cockroach, #d I here follow his interprctation.

- * The osquito ng{rlum is a dorso- VLntrally flattened, tubular
structure lying under the clypeus. At its anterior end, the cibarium

is attached to thu vcntral wall of the labrum dorsally, and to the

dorsal surface of tho hypOphdrynx ventrally. Posteriorly, the cibarium

is connected to the pharyngeal puwp. For a detailed description of the

- B

cibarium and its musculature, see’Christophers (1960) . «EH!
i X &

. *
Sense organs are present inside the mogquito cibarjum’ as already
o ’
‘ .

noted by many workers (sce Lee, 1974 for review). Behavioural studies

have indicated that the cibarial seénse organs are pfobably sensitive to

A

blcod and sugars (Day, 1354‘,— llosoi, 1959; Owen, 1963, 1965), and also

2

to unaccéptable compounds (Odén, 1963; Salama, 1966), thus suggjesting an
important role these sense organs might play in the feeding behaviour
df‘the mosquitoés. ' » : : -

\\\> L Spéciglized hair-like structures located in the postero-ventral

‘\\ ~
.

wall of the cibarium are found inVSOme Antheles and ih all Culex females

ﬂzxdminééy qtructures whlch Annctt, Dutton and Elllott (1901) termed -
‘ . N d : ‘?4"

"ers'ahd Lonos‘ﬁ clted from Patton and Evans, 1929) Patton gyd Evans

e (1929) rvferred to\these Structures as "specialized.hairé".in_fe@éle N

H

: i : < { . L : -
) )Anopheles costal;s.. LatérHWOrkers called these structures either buif;-

pharyngeal or c1bar1a1 ‘armatures, and. thelr taxonomlc 1mportance was

Z_\gplnted out hy Slnton and Covell (1927), Barraud and Covell (1928) and

.

1cbener (1944)  “f»\ \“; a P . ‘ j ‘ -
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In this study, I examinef the cibaria of 37,spécies of mosquitoes

[
v

. N vl
representing 10 genera with LM, and that of female Anopheles farauti,

Aedes aegypti, Culiseta inornata and Culex declarator with SEM (seé

Appendix A). The probable functions ofvthe cibarial-sense organs and.
the cibarial armature are discussed on the basis of the behavioural

+studies of earlier workers. The taxonomic importance of the cibarial

'armature in mosquitoes of the Culex (Melanoconion) complex is also

discusaed.

In the following description, the términology for the cibarial
sensd organs is the same as Lee (1974) (Figq. 124). At least four
specimens were studied for each sex of each species. Unless otherwise

mentioned, the following description-applies‘to both sexes of moéquitoes.

-
L4

3.1. Size of the Cibarium ) ' \f»\\\ v -
f . : T

The length of the cibarium was taken from the isthmus between the T

-

labrum and the anterior hard palate to the posterior edge of the cibarium

between the two 1aténal flanges (Fig. 124). _For species with cibarial
armature;'the length was taken up to the median posterior end of the ..

armature. P : , . Et e

‘ L Uw1=muawf

Generally, the length of tha c1bar1um is twice 1ts w1dth, and the ‘**»TQ“
t - - — -
anter1or hard palate is about one—thlrd e length of the cibarlum,~-"ﬁ;7iff>

$h0ugh there-are exceptional cases. - For instance, in !ygomyiaiémithii S

and Toxorhynchltes species, the anterlor hard palate is- about half the \\\\\'

1ength of the c1bar1um (Plgs. 126, 127) The other‘exceptioniisﬂin%maa,

Psoroghora spec1es. In Fﬁtferox, the length of the c1bar1um is about

.t4 5 tlmes its width 1n ‘the males, although in females,,the length LB L

only tw1ce its width (Flg 130) In P varlges, the Length of the

T : : . —
!
)
l
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™

‘ 124 anterier ‘ . B

palatal papilae . .
—dersal papifia .
trichold sensilum v

——ventral papitiae

—lateral flange -

» posterige

"\ L T Fig, 124, Dorsal aspect of -a qeneralized cibarim to show the positfon '

‘of the seénse ‘organs, and the way the measurements were taken.

R : Fig:-125.. Cibarfum of fmale An heles steghensi
S ’~vFig‘ 126 Same of Wyeomyia
- el o o -
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© " Ffgs. 127-130. Cibarium of female mosquitoes; -
. Fig. 127, Toxor?Pchites splendens, .
"¢ Fig..128. CoquiTlettidia perturbans. o
- Fig. 129, ‘Eeges dorsalis. . e e
~ Fig. 130. Psorophora ferox. - . 3 L



' cxbarLum is 3.7 times its wi <f1 the malcs, and 3 times in the

.7 7
females. e

cibarium is always absolutely smaller than the female,

. ’I‘l{e m

s dUG~t//the relative lZO of the adults./'

3.2, Cibarial Sense Organs

3.2.1. palatal Papillaec . IR
" These papillae af5—sdckotcd at'ﬁhb base, and‘afe located on the

'Niantcrfét dorsal“ﬁdfd palaté (dhp) of the cxbatlum (Flg 124) Slnton

‘and Covnll (1927) were probably the flrst ;o/haVe notlced thg presence -

‘/

of thLaL paplllae in mObqprtoes,/gnd called them palatal paplllac - N
- . L .

- The number of paplliae.l suall four in Anoaheles, ToxorhynchLLOS,
Y __J*.~_~

T

Armlanoq, Culex, most Aedes and 1n Wyoomyla sm{fﬁil and ¥plfex fuscus

131 133, 135) 1In Psorophora and Cullseta speclbq, and

e,

Jemi

(Figs. 123~i

“in Aedes dcrsalls and Cogulllottldla Egrtutbans, ‘the number of the

L3
n

papillae is sﬁx'(FLQS. 128-130, 134, 138). o o

w

3.2.1.1. .M05qhitoes with Four Palatal Papillae—

In mosduitoes having fouf-palatal papillae, the“péﬁiilae are nor-

N s . -
e
g

mally arranged 1R-a quadranglu near the. m1dd1e<af’fhe dph.,‘buL there .

- are QXCLptlonal cases. -

e

‘;é/_,;,;,;_~fnfﬁﬁaﬁgélcs mOSQUltOeS, the paplllae have short paplllar shaft

and are closely packed in one. group ncar the posterlor end of the dhp.

\

(Flg. 125) S1nton and Covell (1927) also found this’ arrangement 1n

Nuttail and Shlpley (1903)

R

the Anopheles mosqultoes they studled



f.,-F'z'g.’.134v.
~Fig. 135‘

9 '1'31 1‘35,

Aedés atropal
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noted the palatal papillae in longitudinal sections of female Anopheles

nmaculip-enanis, but regarded them as cuticular folds!

k)
In Toxorhynchites species, the papillae are mostly arranged in a
quadrangle near the middle of the dhp. (Fig. 127). dowever, in some
i i g :

-~

utilus, Lwoﬁpapillae ¢ one side aré very closely .
' a

J Y

individuals of T.
situat-d, dnd share a single socket, thus Giving the 'nuressxon that

the specimen has cnly three papillae.
L¢ ‘ .. N ! . . ”v )
Palatal papillae an Orifex fuscus are arranged in grodps of two

i * .
cach on the lateral cldge of the dhp. (Fig. 133).  Arrangement of the
. : .

~walatal parillae 15 mostly guadrangular in Aedes, Amigeres and Culex -
F S )] 3 M i g i

speeies, and also in Wyeomwia smithii (Fdgs., 126, 131, 132, 135).
- . — e e et .

But 1n sene fomale 2odes communis, male Acdes tayjoi, and both sexes of
i —— s »_ o
comeeulox erraticus, three palatal pavillae were found on one side of
S AL _ I

3
A

~rdhp., with only one on the other 5ido of the dhv. In Culex {(Lutzia)
o S T T
.. .

fuscanus, e drra“,(“_n; of the palatal papillac is Jdifferent frém .

e

-other Culex mosquitoes in that they are clbselyvpacgcd iq one groué

ncar the centre of the posterior half of the dhp., s‘nxlar to Lhe

» R
drraq;cvnnt in Anopheles mosquitoes. Barraud and Covell (1928) hJVé

@ ‘

Ialsb noted this peculiarity.

More than four palatal papillae were found in some Aedes ﬁ!qsqL‘xi’-‘,'.'f--?”*

¢ B Al

toes. In one each of. femdlé Al canadensxsq and A. vexans, and 1n one

¥

i

‘male A.Aaegzgti, a mall paplllil,wlthg small socket was found anterlor

«+ " “‘The size of the squet énijthe“léﬁbth of the paplllae are varL-'
kS A EM e . % B

'dle¢ In Anogheles moSquxtoea,“fhe socket dlameter averages 3 p, and

the paplllae are 2 to 3 p long, chept 1n A. earlexr_where the papilla;

0
‘,,

‘length averages 4 p ln the males and 7 p 1n femaleé' In Culex fuscanus

é

\ AT s .

v

=)

-
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-
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. . Y
where the papillar arrangement isy similar to the Anopheles mosquitoes,
AN

3
the socket diameter  averages 3.5 p, and the papillae are 7 -710

long. . .3 ' ' b

In Opifex tuscus and in Toxorhynchites specics, the socket

- N

diameter averagese 3 H, and the papiilae are 7 - 10 p long, with some

LR

T. brevipalpis having thw

longest papillae, up to 15 p. Socket diameter

in Wyeonyia'snithii and Amigores species averagues 5 poand the papillae

are- 10 - 12 p long.

species, the socket diameter ranges from 2.5 p oin female

[y

o«
-

alpus and male AL polynesienszis tO 6.5 poin femsle A, canadensis

AL atroo

eshon .

1

—.

an AL trichuras. The length of the papillae ranges frem S poin male

.t ogol tp<§8 B in ferale A, trichurus. In Culex sosquitoes, the soc-

. . * -
diameter averages 3.5 p, and the pagillae are 3 - 7 p leng.

Using the SEM, an opening O:IS)p in diamcter is fonund at the tip

ofy

alatpl, pafillae in famale A, aecaypti (Figs. 136, 137). The socdKet
. : j R .

‘is rot as distincts as sean with LM, byt the diameter of'the.§6cket,is

3 1, and the papillae are 7.5 - 107p long, as reported by Lee (1974),

» "«

L , y , - Gy
In one specimen of female Aedes communis, a palatal papilla with a

ik

bifurcated tip was observed with LM, Papillae with bifurcated tips are

5\ BS

‘quije common in female Culiseta inornata (sce below).

«

Dapples and Lea (1974) have ébtained SEM pictures of some cibarial

them only as sensory fcceptOrs.‘ Their'f?iéu:e 2.shows'two palatal |

. %

3 a‘trichoid. sensillum, and Figure 4 a campaniform ¢

- . .
. 2,

sensillum . T 0 L Th SR E R A T o el e

s T

sénse organs ‘of A._aegypti using freeze-fracture method, but described



Figsv‘l36-l4l C1baria1 sense ergans of felale !osquitoes 3 \ﬁ 

Fig. 136 and 137 Palatal papi\lae of rggg_._ggxg_i showinq the aoical
ning.

... oper ¥
. _Fiq. 138 Culiseta 1nornata, sﬁowing six pa1atal papillae on the

anterior dorsal hard palate (dhp). ts, ‘trichoid sensillum.

l‘leig 139, .Palatdl papilla of Culiseta inornata with. bifurcated'tip ;j'*

Arrow points to the: probable opening. of . the papilla.

7 Fig..140. Same as above, with an unkmown substadre at the tip of the

papi]1ae (arrows)’.
Fig. 141.. Pa]atal papilla of Culfseta inornnta with four-ﬁ?onqed tfp

. ;
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3.2.1.2. Mosquitoees with 51x Palatal Papillae

In mosgquitcrs with six palatal paprllae, the rapiilae are wsually

|99
s
,e
3
(34
LAl
A
)
-
o
i
1]
<)
"
pe
"

situated on the antorior half of fE‘ic;s‘._.

M PR - e | - - * W v 3 ~ ey,
128-1392, 134), exzors 1o Ardes whoTe the tapillae are 5:ty
. - . . 5
. - - .. Tees . - 3 - .
ated peear the muia PR AR dni. WFrg. 12 They aze
- -~ ¥ - ~ & . <
Nt v LI thoan % lartoral b ¢
o
L T P a0 - - - —. e . s - - . . H « .,
13, 138, Lag . L% QnTeTLST ALY ars oo I A B S
- — P | - P - - - - & €~
2 are trom o tha oreoor ioar: il LT PASEE 4 N $nwr form
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MR v od torourot Iiroenaenr U Tanal I ailal MWeerages
14
- - X . - - o~ -3 & ¥ .
- S - - - . - - "W
. Fa,oa Lo oL Llan are 0 e LTI T oand rngrd
o
LN
§ s -
TR Oy noranr liameter o of 4 - o, and wne pansllac aw ¥o- 12 g
> £
e - - - - e U . . PO ) - * .
Lo : S Lrater oandoe 2 e.rar nnaft o are mmaller Tin-the g
LR
- B L4 .
Sales,than oin o the fomzles. ; . R
.

Falatal

>

In female Culi “eta inornata, undur the JEH, the sockets of the
v palatal paplllac arg very: dxscxnct in most cases (Pigs. 138 ‘*fl). H¢ny

of thL paplllae have bxfurcated tlps (Flgs. 138 - 140),‘and such papillae'

are not lxmxted to any paxtxcular paxr. The openlng 1n those papxllae

appear to occur on on;y one of the bxfurcatxons (Flg. 139, arrow) In

7.
L u ] -

‘some cases, a drqplet 1s found at one of the two tlps (Flg 140, arrous)

—

- 'q‘ .

':In some paplllae, the t1p 15 four-pronged (Flg. 141), w1th two lgng and ;y-’ib

' (8

-two‘short propgs. In the s1mple papillae, an openlng of 0 2 O;ZS,pOiﬁ:}
Rty - PLORgIS 2 Pal

2 P . .
B - . . . . . . .
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(™ ) 89

~ l *
{7 e
N \ ) . )
liameter s fourd av osre o Toz 130 T fa-e ehmas cheee papillae
<
Tern TRILUN %Re SLf ASidrsti tmat they migzhe ne thisxk-%allied chemo-
0@
XY
resereors “ox
% . ’ -
- P : P P A - - - —~ - a -
Semelllx with nifld tips enivogepcrted o the prementuz of the
Tralrie FTalt wirwenrm ne-ooorg lentraettor by Bellamy (1373), and also

e

chotme lazerlly of e tsetse £l Sicseina agsteni by Rice et al. (1973a).

-wwrn, il otwme cip wf owre dermden

etnetne flp. site vl Al veporoed $hat the sctiform sensilla with bifid .
. ?
Taips LR aTe itmervated My ox metrancretertive dendrite terminating at .
- . ! . @
I oers nase . xTEoire cremnoo Teptiwe dondrite gxtending to the tip of the ‘
seta. From o treelxr electrogtosrolapioal stodies, they sujgyested that these
A ’ . ’ : . A o ol
ser.sllla pTocasly detest the NaTl o 4nd ATP.
o
o ) 'Y ¥
— .
1.2.2. Clampan:iform Semsilla ' B
e . . ¥ . N *
.

3 2
. Therse are fousd in “all he msqu.toes e:uuuned “Thyy are situated.

. s
¢

ome-oh either side” o', he 'po_v;tcrmf half of the dhp.. on the dorsal mem-:.

bzanous vail of the ~xbazxun (ngs. 124-135). o

L)

Ih. mlex and most - in__ogheles specxes. the averaqe dxameter of the e

P

¢

calpanxfozl scnsxlla is 3. 5- p., But m A. eulex. t_hé' dia.neter is.S b4 6‘ pe

- 1n 'Poxorhyndutes and Aedes species. the canpanit‘om sensilla have a “1.

. dxaneter of 4 - B p, depending fm/ghe specxes. In thy i of the sbeciesv

- 775'

listed in’ Appendxx A but not mentioned above, the’ ailer of the campani-'

[ ; .
”

ifom sensula averages 4. 5 R Lo

»> -"'-

\ Un,der the SEM, the shape of the cap-membrane 1\:: the campafufom

vsensil’la 15 very suular to that in the labral campanlform sehsilla. -
o

2 >



. amature posterior to these pap
, Fig. 147. Same as above.

Y A

- campani form sen

" Fig. 145, Trichotd.sensillum (€7 &8

female uljscta m
0 ening «
Ventrﬂ papﬂhe



/

In Aédes aegyptl, the cap-membrane 1s usually conlcal 11ke -that 1n . |

female Cullseta 1nornata (Flg 143). But 1n'some cases, the apex of

the cap- membrane is notched (Flg 144), as in the labral campaniform

b
-

sen51lla of some mosqultoes (Flg. 65).

In the c1bar1um of the blowfly Calllphora erythrocephala, Rice

LY

(l973) found four campanlform sen51lla, but the shape of the cap-membrane '

»

is dome-shaped. o ' :

’ “ ' ' R |
Sinton and Covéll (1927) and Barraud and Covell (1928) have o
. . . : - R Co

pictured‘the’campaniform sensilla in their study on the cibaria of ano-

pheline and culicipe mosquitoee but they grouped them with the dorsal
paplll?e and trlch01d sensxllg, and called them dorsal paplllae.' Day f

' (1954) is probably the flrSt to recognlze ‘these sen31lla as’ campanlform |

. . . ¢ Lo
sensilla. . = oo ' ' o .

3.2.3; vDorsal*Papillaef"

RN

These are situated on the membranous dorsal {all of; the c1barium, .

"and only one palr is found in all the mosqultoes examined (Flg. 124)

& . In Anogheles, these paplllae are located near the mlddle of the

-

_c1bar1um, and they are 31tuated a short dlstance apart from each other

. N Bl . &
(F}g 125), as already noted by Slnton and Covell (1927) In A. alblmanus,_

<«

ithe two dorsal paplllae are closely placcd on the mldllne at the mlddle

~of the c1bar1um. Sinton and Covell (1927) erroneously ldentlfled both

as.one papllla. They also\reported that A. argxrltar51s female has only

In Orthopodomy;a,.garrand and Covell (1928) found that the dorsal

one dorsal papllla.h: .

- paplllae are located near the mlddle of the c1bar1um sllghtly apart from ffi‘
. : .( o ,' . »...) b:,'
each other, as in- theles. IR ,A; '17:," R ;) S

-



8

ed in Appendix A,_the,

In &h& cibaria of o}:her-- mosquitbes..ii |
| ~ dorsal. papiil&e are situated one‘on\eitheresiae ot‘the posterior end. {,
of.the dhp ' 1mmcd1ately behind the campanlform sensxlla (Flgs. 126 -
ei35); Structurally, these paplllae are 51m11ar to the palatal paplllae

in belng stcyeted at the base, cach hav1ng a thlck, paplllar shaft. ‘In -

female Culmseta 1nornata, the tlp of the papllla is sllghtly blfurcated

(Flg 145, arrow), and it is probably through there the papllla opens

to the outSmde. From IM measurements, the dlameter of - the sockets ‘

-

‘ ranges between 3 to 5 p;\and the lcngth of the papllla is berween 3 to 4{~

!9 B w1th all Anogheles and most, Culex mosqumtoes examlned hav1ng the ‘.'J?“

shortest paplllae, and‘longer ones, are found 1n,Toxorhynch1tes, Aedes

and some Culex species. ol
_'3Qé,4. ”frichoid”Sensilla "'_ Co ‘f &

These are the "halr—llke senSLIla“ of Day (1954) and von . Gernet
/ . &

‘_and Buerger (1966) They also are 1ocated on\the anterlor membranous \
- N c

'kdorsal wall of the 01bar1um, lateral to’ the campanlform sen5111a (Flg

/
bl B ©
O A

124)

. i
’.
Yo

In Anopheles thPhenSl and A merush,only one: pair of trxch01d

- - - .y ,‘. {3 '
sensilLa are present (Flg. 125) Although Slnton and Covell (1927) did
K d

»

-f“°E mentlon 1n thelr text thelr flgures showed that 1n female ogheles

—— . \

v cu11c1facies, A. kochl, A. pulcherrlmus, A. stephensi, and A. SUQplctus,~;‘

‘. N
">ﬁhe charla also have only one palr of trlChOld senS1lla._ It is inter—

festlng to note heré that these mosquitoes all belong to the subgenus

b

. Cellia., TrlCH'{d sen51lla ‘are. absent in female Malaya (=Harpagomyia)

-

genurostrls, and only one pair are present 1n male Anopheles cullclfacies

.and Uranotaenfaftecondlta (Barraud and Covell 1928)

'.v"

. LI R A ) . .



. ;v"long.;;.~ ; p‘: .f"‘

'~'ch1bed by Rice (1973) 1n the cibar1a1 pump of the blowfly Callighora

- J

84

[ ' ) . ' R .
“In Anopheles earlei, A, albimanus,»and the rest of the‘mosquitoes

' listed in Appendix A where their cibaria were examined us1ng LM, two to four

~

\trlch01d sensilla are found on either‘51de of the dhp (Figs 126 - 135)( //;//\

f
.

. L
In some cases, up to f1ve of these can be found on one side (Fig 127) :

!

Th number of - trich01d sensxlla is eitLer Fymmetrical on both sides of | f ,
'th dhp ., or one 51de has one more sensillum than the other side. ", ‘K"

TN T

‘.Barr ud ‘and Covell (1928) have alsg notedl . this dlfference, and suggested o

;this was an artlfact due to the displacement of the dorsal wall during

v

‘dlssectlon, so that one- or more papillae may be hidden in a. fold at the

.51de. ‘But thLS is not so, ‘as in my study on Aedes aegypci, where I have 2 n
' ¢ : C '\. o

examined the c1bar1a of 34 males and 32 females, such a difference 1s .

N . ) -

'qu1te common, and the mosquitoes shcw sexual dimorphism in the total
o number of trichoid sensilla (Lee, 1974) Slnce the number of the speci-’ o

mens~ examined for each spec;es in the present study was only two to f‘

. e . S
five, 1t is not known whether such dimorphism exlsts in these species as 5_ oo
-:well T

The trichoid sen5111um is socketed at the base//and the seta \ﬁi’ﬂ;J\"ffi

'_gradually tapers to a fine p01nt (Figs. 138. 1447 145) With LM measure- "‘f7

) ments,.the diameter of the socket ranges from 2'— 5 p, and the seta ;2/“.f -

'4 - 12 p long, depending on the species. The longest setae are found

'.tln Anopheles, Toxorhynchites, and sbme Aedes mosquitoes, w1th Ex zias“-f. s

>

gfsmithil, Psorophora and Culex species heving seta only 4 ~- 7 p long.‘,li

";In the rest of‘the mosquitoes studied here, the seuae are 5 O - 9 5 pt;ii’i?‘:"

’ \

Structurally, these sens111a resemble the trichoid sensilla des‘f'jfff1‘;'

';ferythrocephala.n %e found between 30 - 40 of these iﬁnsilla arranged }:ﬂ%flrgiff

N



N
o .
m.

along the lateral sides of the median apodeme on the anterior (dorsal?)
wall of the cibarium. The socket is 6 p 1n dlameter, and the seta. 60 -
80 p long. He also found that‘each een3111um is. 1nne§%ated at the base ;

(. . :

L by a 51ngle dcndrlte.; Rice. et al (1973a) also reported several tr1- 'gg_
’ K] . L

. ’ § - - e a -
choxd“sen51lla in_the c1bar1um of»the_tsatse fly. Theyzfound each'seta ige "

. ) ! . -a e R . . ’ D ’ :-._-.i.
innervated at the base by a single dendrite. . These selae are more C R

. . . v . B4 . . . Lo
e ) . . ) ) . . - Ve : : :
. . . : e : /\_\ !

H;lender'than'mosquito trichoid.sensilla,‘; _ . X

3.2.5. ‘Ventral paﬁﬁa'._ S

%

-

These are found on the postero-ventral wall of the c1bar1um just

124) Owen (1963) called them sen3111a basxconlca 1n hls study on th

females of Aedes dorsalls and Cullseta 1nornata. Slhton and C0vell

(é"?) have noted ’the presence of these paplllae in. the female Anogheles

"

_ C;' mosqultoes they examlned and they dalled them ventral paplllae.; I here{

follow thelr termlnology : Normally,,four ventral paplllae are found in :f'f*FQLf.

‘ .
v T T

the clbarlum (Flg.vl24) hf" SRR ,,q';'.;.-h:T.;v7:t‘ fy»:fr"ihivl h\}ii.*

In Anogheles mosqultoes, thg/%entral paplllae are arranged in two : Co

ways.‘ In A. farautl, A. stéphensl and A. merus, the four papillae are

-
- .

arranged in a 11ne or Ain.a. sem;cxrcle (Flgs.,lzs, 146)sj'But 1n A. arlei.

e they are’ arranged in a quadrangle at- the mlddle of the pos ero-ventral

,‘.-
/"'.

"f surfac;\3¥ the c1bar1um, as 1n Cullseta Culex mosquitoes “'ee“below);:Vaﬂyfyyg

Ql
-

’

In female A.: farautl, an openlng 0 15 p in’ diameter 15 found at the tip

_ °f the papllla (Flg' 147) ' In A- albimanus, ventral paplllae ar seen '%”fh}fd?f

1n some preparatlons. But as already neted by Slnton and CoveLl;(l927), Lifj:u}f

A .

the number of the ventral paplllae is dlfficult to determine because of _ﬂﬁfff

ﬂ the thlck cutlcle around them. In most SPECLGSp the socket diameter ie



2.5“p, and.the papillae are fostly 2 p long; except in A, earlei;'yhere '
. T

“ the paplllae a;e 2.5p to 4.5 p lonq

It is uncertain. 'if ventral paplllae are present 1n Toxorhynchites

-rutllus, because the thlck cutlcle at the posterlor end of the c1bar1um R

makes observatlon dlﬁflcult. ~In male brevrpalpls, only two ventral

gmp%llae are v151p1e as one group on one 51de of the c1bar1um near the
>

‘ base of the latemal flange in any one*spec1men.. In thé females, all . ”f v

oy ,
1four ventral paplllae are ea51ly recognlzable : They are arranged ln

::

.‘,:‘groups of two each, edch group sxtuated at the base of the 1ateral flange,

"wj -oocket is about 4,p in dlameter, and the paplllae 3 p 10“9. S*.zh";"r

as in female T Agplendens (F1g 127) The socket of the ventral papllla o

s ab°“t 3 p-in dlameter: and the paplllae 2.5 - 5.0 p lohg. m;;:~'-"}

; Only two vegtral paplllae are found 1n éyeomyia smlthli They are f_,l
o B
. located on. the mldllne at the posterioﬁ’%dge of the cxbar1hm (Fig) 126)

». i

The socket is 2 5 p~rn dlameter, and the papillae 4 5 p 1n 1ength

In female Coqulllettldla perturbans, the four ventraljpapillae

llare present as groups of two, and these groups are closely 1ocated to‘

f-each other near the posterlor end qf the c1barrmw (Frg.,128) The S

v

o The ventral paprllae 1n Psorophora spe01es are arranged in two
' A

'-’fpw1dely separated qroups of two each (Flg. 130) The soc are ap- “~-‘

v

-erlejfely 2, p in dlameter, and the papillae are 2 5 p long in ,;-,ff;*..

LoP fefox and 2 =5 p long 1n' .

In Aedes mosqultoes,,the four ventral papillae are situated in

S 3
- groups of two each, 31m11ar to the ventral papillae in C.:perturbana

.Vt(Flgs 129, 131, 148) The socket diameter ranges "'om 3 q - 4 5 p







LN

A posterior wall of the c1bariuu, though in. some cases, twqrpapillae pn L
~one 51de are. very close together (Fig. 132) ' The sockets average 3 u

'>_in diameter, and the papillae averages 3 5 p in length..

v3 I8 1n dlameter (Fig. 133) The papillae are long and slender, measu-':‘

::r%ng 10 - 12 p in" length, the longest 1n all the mosquitoes examined 1n

T * - 88
.the papillae are" conical 1n shape, andceach papilla has an openihg ‘;ZEQ“ ff ;
‘ o R
about 0.15 p ‘in dxﬁmeter at the tlp (Figs. 149, 150)
- Ventral papillae were found only in two out Of the three male
. v
Armigeres subalbatus examinedl In’ both cases,.only two sockets each
thh a diameter of 3 u were seen, but T could not find the papillar
_’shafts. In- the‘female of thé same species, ventral papillae were 'v” |
R | oy e

“absent in the six speCimens studied In Armigeres durhami, fouf ven- fi;z)zﬁ?

\‘ - .
bt
traI papillae arranged in qu rangle are iocated on the mid—ventral

LN

W

In Op 1fex fuscus, ventral papillae are found only in fema e mos-"
_ Ty

L..

'qultoes. The four papillae are in groups of two. and tjf sockets are ,:aﬁ

| . o
'_yhis study.:_, . ‘. B “Jr _ | \”. :
- In Cullgeta andvculex, the fourIVentral pagillae are arrangdh ;Eigiji;;
elther in & llnel or in a‘Qﬂadrangle, even in specimens of the same L
.-{fspe01es, as 1n Culiseta inornata and Culex declarator (Fiéeaklsl, 1541':"'.;if;
= }1155) The papiliae in CUIiseta inornata are slender innshape, 4nd an s
ifHOPening approximately O 2 p in diameter is found at the tip of the iiféfff:i;?f

'i:(Fig. 154, 155), similar to Aedes aegypti.- The socket d ameter of the

"i‘f‘.long.; In Culex, the socket diameter is z - 4 p, and the papiltae are

A~:;3é:2:e/§ p long. ti‘

- papilla (Fig..§52) In some specimens, the tip of the Papilla 18 bifid'f o

'f(Flg 153) t The shape of the papilla in Culex mosquitoes is conical

’:.ventral papillae in Culiseta is: 3 O- 4 5 p, and the papillae 3 -‘6 n

AT ;-'{«=

‘-e""“
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. .. ". ' l. ’ v. .". “:V .
- . Since the ventral papillae each have an- opening at. the tlp, lt is '
: p0551b1efthat these papillae {pnction as thick-walled chemoreceptors. ,

In the cibarium of the blowfly Calliphora erythroceghala, Rice (1973)

‘ found four basiconic sen51lla arranged in a straight row on the pqs-

terior wall ofwthe c1bar1um. He reported a circular opening less than .
. T k .
0 5 p 1n diameter at‘the centre of each peg._ But his SEM micrograph e

‘was. too poor to show. with ;%y clarity whethe_ there is really only‘ohe

opening “at the tlp- ' '1.i_ QL

In the tsetse fly GlOSSlna austeni, Rice et av,

(1973b) found ~ifl:;:'e

..four baSLCOnlc pegs (LC4 receptofs) arranged in a quadrangle on- the Ltn,

’

,‘dorsal edge of the posterior dorsal wali of the cibarium. They foun -.Mi'

.that each sen81llum is 1nnervated.by one bipolar neurone, with the den- f?f'ﬁT
\ .

MRT drxte extendmg to the tip through the: central tube._ at the tip of
Lo : v, . £ .( N E .. \\‘ . : . . ,‘..‘: .
the peg, the ce re is depressed, and the surrounding dall 1s castell- ;

R © .. ‘ .‘
ated. In the blowfly and the tsetse fly, these basic0n1c sensilla are o

Ce the gnly chemoreceptors in the cibarium. :

« ¢

: *;gfn3$3{l Probable Functibn of the Cibarial Sense Organs | 1ailﬁiiH'5 S
Using the v1ta1 methylene blue staining techniqwe of Burgess and

Rempel (1966), I found that the cibarial sense organs in female Aedes : : 5;&(ﬁ

222 and fehale Culiseta 1nornata are innervated, but‘it was not

ssible to determine the number of dendrites associated with each sense?fhf;”

.?_.

organ TEM study 15 needed to detexmine the exact number of dendrite:"'

associated with each type of cibarial sense organ.;_Dendrites fromithe;
. o ,--\ 4} R . ,b‘.,

dorsal wall sense organs of the cibarium are connected.to"ajgr‘




Buergeti(l966). They also noted thq\\these cells a;;\assoc1ated w1th
.. / .

flne neurones of labral nerve I, whlch 1s c:;’gtted to the fronto—

_ \labral nerve,l d the latter 1s j01ned to  the frontal gangllon Elevator
PR muscles of the c1bar1um are also 1nnérvated by labral nerge I {von Gernet
- and uerger, 1966) The.ventral papillaejazg probably 1nnervated by a

[N

small branch of the fronto-labral nerve (von Gernet and Buerger 1966)

L4 '.s-\

- From the results of the SEM studg@»I found that the palatal,-

dorsal and ventral paplllae resemb}e th1ck7wai&!d chemoreccptors, and ;
_ [, _ e
o the trlch01d and campanlform sensxlla resemble mechanoreceptors.n The : )

/
/' N ,\ .

probable functlon of these sense organs 1s dlscussed below, based on

,.' '/,.., . . - - x.

the behaV1oural dbservatlons of earller workers._ The discussion con- _
- B . . .. c R . . N ’
Cerns female mosqultoes only, unless mentloned otherwise!A ‘

- / .
./_

‘Mosqultoes shbw dlscontinuous suctlon when feedlng on water and

/
AN

sugary solutmons,/and contlnuous suctxon when feeding on blood (MacGregor;;u”
. a. ; 3 ‘./ .
1930, 1931) oﬁen (1963) suggested that in sucklng blood, the clbarlal

-/ - B
and phaiyngeal pumps cont.act 1ntermittent1y as the fasc1cu1ar stylets
penetrate the skhn.l Once‘a‘blood source 18 reached, contact with blood

. stlmulates the cxbarlal sense organs to assume control of sucklng until

D /
»

: the‘mosqultonis»satltted Schlemenz (1957) deduced a sequence of
actlons of the stylets and the pumps from his observatlons dﬁ feeding

mosqultoes, in: that the dilator muscles of the two pumps contract alter-iw s

G,

nately. In any event, durlng feedlng, when the 1'qu1d food

’h/c1barla1 pump,. the pdlatal paplllaelmay come into contact with the'

/
./‘

!
s
4
/

food flrst, thus detecting the nature of the food Ev1dence from_be-pfe'

and also to unacceptable compounds (Owen, 1963; Salama, 1966).
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f-,fOOd-isbacceptable, then the discontinuoushpumping action of:the pumps_

o

may .changé. into continuous pumping until'the'mosquito is Satiatedv'
{Owen, 1963]

“'p If the food is unacceptable, the palatal papillae may also detect -

. lt as-soon as it enters the c1barium Mosquitoes ‘are known to show

7

\ éigns of rejection to unacceptable compounds by stopping the aspiration
(0wen, 1963, Salama, 1966) 4 Owen (1963) was able to 1nduce mosquitoesf
. ",,

to feed on salt eolutions, formaldehyde, and 95% ethyl alcohol, by

stimulating the labella With lM sucrose solution, and offering the above_.f

vasplration*again. some mosquitoes died while'drinkxng the formaldehyde,ﬂ f;;i'

and all were dead w1th1n one hour.. ThlS 1s because.mosquitoes are un- :t'
able to.expel any unacceptable compounds present ln the labral food |
e% canal and the Cibarium (MacGregor, 1931),‘ Any remnant of fluid along
4/the labrum and the Cibarium 1s always cleared by aspiration (Nuttall -
‘and shipley, l901 MacGregor, 1931) This iast aspiration is important,.:}:?Vib
espec1allyenhen éhe mosquito 18 feeding On blood, as 1t prevehts havin |
blood coagulat%ng 1n the food eanal., Kadlete and Kusmina (1929) found
) that when blood sucking is interrupted any fluid left in tﬁé labrum is ;h
g\;~'. diverted to the diverticula (from Christophers, 1960) In the blowfly ;};;f@

_.»/ e . o
Phorm1a regina, unacceptable compounds are normally regurgitated

(Dethier, 1955) “\\

The dorsal papillae are structura;ly very similar to.the palatal

..‘\,

paplllae._ It 1§£%0551b1e these two groups of papillaevserve a sihil

function in detecting the nature of £ood entering the cibarium.”f_‘ii" r
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L ﬂ;fBehav1oural Studles have shown that blood meals enter the idgut and ?df;ﬂffu

i e . | 93
y B SRR : _ SN .
,é) . . . ) . . b': . . . L . .
Day (1954) suggested from his eXperlments that the dorsal paplllae (

detect the partlculate nature of the corpuscles 1n the blood
\ -
f

\

- .

The trlchold sen3111a may 10w receptors, reglsterlng the T,

._/ . . . 4

flow of the food through the cxbarlum, a functxon already suggested

T v

yfor the trichoid sensllla lh the c1bar1um of the tsetse fly*Gloisina

austeni (Rlce et al., 1973b) and the blowfly Call;phora erythrocephala -

(Rlce, 1973y, - . ) ,'.'f_'i". L e -
. . ] v‘ . C . N

The functlon of the c1bar1a1 campanlform sensilla is uncertaln. -

'Rlce (1973)'§fggested that the campanlform sensllla in the blowfly

-

clbarlum are- probably capable of. detectlng “the v1sc051ty of the fluld
in«the-pump.' But ln mosqultoes, Hosol (1954 1959) found that vxscosity
< L K

. of. the flUld does not affect the feedlng behav1our._ Viscous fluxds only

‘ protract the ‘duration-of asprration..g

PN

'143the.c1bar1um of the tsetse fly Glossxna austen1 and the blow—;'v

;fly Calllphora;%rythrocephala, Rlce (1970) found three multltermlnal

“v51de of the anterlor wall whlch functlon to méaltor o

S ’-.

> of clbarial pumplng.. Whether such neurones are also

neurones on»ea’
_the‘rate;and'ty
'present 1n the mo'huato cibarlum 1s not known.; The campanlform sensilla xtghr
: mlght functlonrtovnonltor‘the pumhing actaon.of the cibarlum. Durlng ”
'-f;the contractlon of the cibar1a1 elevator muscles,ﬂthe cap-membrane of
:fVuthe campanlform sensilla Wlll probably compress the tubular body above
r.”,lt 1ong1tud1nally, Whlch according‘to Chapman et al.‘(1973) is the most e mi%f:
;eff1c1ent stlmulus foi campanlform senSLii;.i fh:"'i' h j %‘ A‘ iﬁ s
| Between the oesophagus and the midgut the mosquxto has two smallﬁv*?;fg_

- dorsal dlvertlcula 1nserted between the fllght muscles, and a latge

o -

’fgventral dlvertlculum or crop w1th a long duct whlch laes in the abd%he ;;:H,V

B
&




'blood, Qau51ng the relaxatlon of the cardlac sphlnc er. 51multaneous .

"ceptable compounds probabfy go to the dlvertlcula, as do some poisonous

-.fIUldS (Ma?Gregor, 1930)

sugary solutions are dlspatched to the ventral dlvertlculum (Nuttall )

N

and Shlpley, 1903 erght, l924~ MacGregor and Lee, 1929_ Kadletz and ﬁ

4

Kusmina, 1929; MacGregor 1930,_1931; Blshop and Gilchrist,'1946~'

Trembley,°1952 Day, 1954,,H0301, 1954). Day (1954) and H0501 (1954,

31959) have . foUnd 1ndependently that when a mixture. of sugar and blood

is given to a mosquito, the destlnatlon of the food is dependent on
- _ . 9
the relative concentration of theﬂgomponents. Thus a mixture with a
. e B A o .. .
igher concentration of blood will go to the midgut and that with a

“higHer concentrationhofjaugar will go\to.the mentfal‘diverticnlum.' A

7

mixture containing an equal ‘proﬁormt_ion 6 the two will go partly to
midgut~and partly to-the ventral dfvertioulum. Day (1954) suggested‘

that the "plt organs (campanlform sen5111a°) in the cibarium may detect
* R

sugars, . cau51ng the relamhtlon of the sphlncters of the ventt3; S?vertl-

. , )

culum, and the paplllar sense’ organs«(palatal pap11

(@]

e) deﬁé;t the i h_t\y*u'

stlmulation of both groups of sense\organs.may result in relaxation'of -(/_

%

both serles of qfhlncters. It ‘is known that’ campanlform sensllla are d"_"

t

mcchanoreceptors (Prlngle, 1938 Thurm, 1964 Chapman et al., 1973),

. and these ObVlously w111 not detect sugars. It 1s poss1ble thls mecha— X

nlsm is monltored through the ventral paplll e, whlch’are 1ocated near
{ ,' T < .

the ]unctlon between the c:bamlal and pharyngeal pumps As soan as tbe 1;.7

.foonreachos the . ventral papillae, the sphlncter muscl's of the crOp or

the midgut may relax dependlng on- the nature of the food.t odd-entereﬁ

the mldgut, and sugary solutlons go to the ventral dlvert'f lqm.: Uhac--

s

\ .
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It appears the_labellar hairs also play a role in the switching '

mechanism, as Hosoi (l959),reported-inbcu1$& Eipiens gallens, that'when
a strohg sugar stimulus»is'abplied t0'the'label1a, sugar-free blood
presented to.the unSheathed.fascicle'passes not to the midgnt,'bun to .
‘the‘ventral diverticulum. o | |

That the ventral paplllae maght be involved in the switching
: mechanlsm of the food can probably be verifled by studying the desti~

nation'oi the food 1n those mosqultoes where the ventral paplllae are

absaht,(male Opifex fuscus, female Armigeres subablatus, and probably

both sexes of Toxorhynchltes rutilus) of the species listed above,--'
1%

-

only Armkgeres subalbatus is known to feed on blood, but nonblood-

feeders mlght be 1nduced to feed on blood as male moquLtoes have been
K
. 1nduced to feed on blood in the aboratory (MacGregor, 1931, Russell,

’1931 Day, 1954 Salama, 1966 /gones and- Pllltt, 1973) Russell (1931)

found in Culex gu}nquefasc at , Aedes aegzgti and.Anopheles 1udlowae _
‘ > )

7\

and Day (1954) in. Aedes aegypti that when male mosquitoes were induced

to feed on blood the blood went to the midgut.- In most spec1es, as if
" ‘the males have the same type of sense organs as the females, the funee ”
tion of these sense organs are probably similar in both sexes. -
,mSuch a SWltchlng mechan;sm in feeding behavxour occurs in other.
mehbers of the Diptera also, ‘and. Megahed (1958) has extensively reviewed

~Uthe studies regardlng the destination of food in Diptera. In femaLe

:.Culicoides nubeculosus, Megahed (1958) found that blood always goes to
:'the m1dgut.~ The oesophagealqaivertlculum serves as reservoir for water _i

and sugar, but not for blood In w11d caught hematophagous females of

v *

.the tabanid Chrysqps v1ttatus. Lall (1970) found glucose and fructose

in ‘the d1vert1cu1um (crop). Wlesmann (1964) found ttft An MUSca Speciee oy

e . . 0 . . . K RN . . . R



deprived-of their‘labial chemoreceptors, the-Swit&?ing mechaniSm»Was still’

operatlve, where water and dllute solutlons were sent to the mldgut,

.and sugar and milk solutxons went to the crop (c1ted from Rxce, 1973).

~ _ ' . - : Doy
& ) ) ) . . REY;

- 3. ?ﬁiflbarlal Armature i

3.1 Structure and Taxonomlc Impllcatxon

These are speclallzed structures presentlon'the postero-ventral
_wall. o the’ clbarlum of the female’ Culex and some ; oghele mosquitoes
(FlgS 125 135), but are absent in the males of these genera, as L ‘
already noted by slnton and Covell (1927) and Michener (1944) 'ﬁIn‘fh.J;'
ogheles, c1bar1al armature is found 1n the females of all species I :

studled except in A.Aearlei thh belongs to the subgenus gggeles.

Anopheles and Blronella do not possess any c1bar1a1 armature..‘”

o The structure of the 01bar1al armature 1s qute elaborate, and
| 'y . f~f
dlffers from spec1es to spec1es.v In A. stephensi, the cibarial arma— o

t ture con51sts of about Eg'alternating long spines and short pegs ;fff -
(Flg 125) In A. farautx, the c1baria1 armature is made up of six
2‘ scale llke‘"teeth";'w1th 10ng1tud1na1 striations that end in slendep |
.pr0]eCt10nS (F1g. 146) The base of each scale—likea“tooth" is»fg,-,.fﬁi;
_flanked on’ each 31de by two short cuticular projections (Fig. 146).~¢.{
: These "teeth" are qulte sxmllar to the spines reported by Dapples and Ag:;‘

Lea (1974) inthe. ampulla of the hlndgut of A aemtij_

“In fema’e‘gygomyza smxthil, and 1n both sexes of gpifex fuscus, ,f-'
R C il PRRRRE .
'1hor120ntal row

i‘pQSterlor’har palate;just,anterior’tofthe‘ventralfpaPillae'(?igs;iliﬁif7
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" 133). But these.are not'homologoUS to the cibarial armature found in
Antheles mosquitoes‘ In Flgure 5 of Dapples and Lea (1974), the pos- | ¢

. terlor dorsal hard palate in the 01bar1um of A. aegzgtl is seen oovered_

’ a
' w1th flne, posterlorly dlrectedfsplnes, very 51m11ar to the ones-in

W. smithii- and O. fuscus; They suggested that these splnes probably

act as'a barrler between the 01bar1a1 and pharyngeal pumps.
The number of "teeth“ 'in the c1bar1al armature varles from spec1es

+ to spec1es.' In Culex declarator, the. cxbarial armature con51sts of ‘

£
k]

f22 - 23 spatulate “teeth" (Flgs. 154 - 157) The medlan “teeth" in
" those spec1mens where the ventral paplllae are arranged 1n a quadrangle .:s

“are dlfferent from those where the ventral paplllae are arranged in a h

sem1-c1rcle (Flgs. 154 - 156) Two rows'of c0nica1 cutlcular pro;ections

are found posterlor to the spatulate “teeth" (Flg. 157)
Slnth and Covell (1927) have examlned the 01bar1a of 52 specles |
. of anophellne mosqu1toes, and suggested the use of c1bar1al armature_'_?‘

Hstructure to. dlfferentlate specxes of anophellne mosquitoes.i Barraud

.and Covell (1928) also p01nted out the taxonomlc 1mportance of the

,'Clbarlal armature in. Anopheles and Culex mosquitoes.\ Ih these two

‘genera; they noted that although 51m11ar c1barial armature may be fo?nd B

aln two spec1es, some SpeCles that were thought to be closely related

o dlffer strlkxngly 1n the structure of the armature.

. R
° ; EER . . v

o Edwards (1941) flgured the c1bar1a1 armature of five subgenera of

_ rculex mosqurtoes found 1n the Ethloplan Reglbn, but did not use the .KZL. —

armature as a diagnostlc characterlstxc to separate the species.."rfl'“
S

B -,ture of Anopheles gamblae and A. gambiae var} melas. The two subspecgee

“r

";-

o N Cone L 2
: : Lo : . L ’ : . P

hfﬁdd;h

Chwatt (1945) could find no dlfference between the cibarial arma- 3“?£?h;:x'
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are‘normally differentiated by their hreeding'habits and the structure

. . N booan

| of. the'eggs.

. Michener (1944) prov1ded a hey toeseparate some spec1es of Culex u'
fOund in the southeastern Unlted States 1nto groups, on the baSlS of |
female ciharial‘armatures. He noted that such a system can ‘bé USed

.

_to separate members of the Culex (Melanoconion) complex.f Females'of

the Melanoconion complex were generally con31dered 1nseparab1e (Knight

and Haeger, 1971) Identlfication is based mainly on male genitalia.@

My prellmlnary study on fOur specxes of Culex mosquitoes belonging to f'te;_eeoj
: thlB complex showed that the number of c1barial “teeth" 1n the 01barial lf;l: |
| armature can be very useful in separatlng closely related species._-For-f

N .
1nstance, Culex ocosSa and é panocossa are so similar, that for years

| - they were clas51f1ed as . one species,c aikenli. It was only recentiy

that Belkln (1970) separated them 1nto two distinct species. The number"

of. c1bar1a1 "teeth" is . clearly quite different ‘in these two specres, in'iu[fV"t

'-,that C ocossa has ?l _,32 and C panocossa has 24 - 25 "teeth“ fThe-v_ el
other two specres studled here were C. erraticus,’which h%f 7 - 8, and '

'f Eeccator, Whlch has 39 - 44 c1bar1a1 "teeth"'7 LfG' ’ff:t_.rffjt ;i:hihﬂwq;

Knight and Haeger (1971) suggested the use of the shape and colour
‘~of mesepimeron and mesepisternum, and also the type and arrangement of .@n}_f}

”the scales on the thorax as diagnostic characteristics for females of

. l.
.

che Melanoconion complex. As the scales are easxly lost in light trap

x‘

.materials,-the usefuine ss of the c1bar1al armature in separating species

. of sugh complexes should be investlgated more thoroughly ;T:;y  .”

v,~ . AR X el
3 Lo R




3;4.2}' Function'of‘therclbarial Armature
fAnnett et'al.'(IQOl) suggested that-the'cibarial armaturefmay o

.~

a551st in the valvular actlon of the c1bar1a1 pump, but they also

_pornted out that the armature may have a sensory functlon (c1ted frém'

'~l51nton and. Covell, 1927)._. However,c the “teeth" 1n the c1baria1

iarmature do not resemble any sensory structure, and 1t is unllkely

ttat they are’ sensory 1n functlon.,"‘ | | .‘. , ,..‘_ dv.
Patton and Evans (1929) noted that the armathre, together thh

the membranous area at the Junctlon between the 01bar1um,and the pharyn— B

geal pump, may form a valve whlch they called the "pharyngeal valve “-" iff?f

‘The 01barlo—pharyngeal valve is elevated by a pa1r of valvular muscles

4

'from the frons (Thompson, 1905) But since the maJorlty of mosquitoes -
,Y” i

-

are w1thout the c1barral armature and they do not show any signlflcant |

w "

dlfference 1n thelr feedrng behav1our from those w1th the armature, the fj

.valvular functlon of the armature 13 not plau91ble and the function of

J..

the c1bar1a1 armature Stlll aWalts further 1nvestigatlon; : o :
R : v N . P T f
¥ Recently' Bryan et al (1974) reported ’that the cibanal armatnre’_'." P

© in mosqultoes damages the microfllarlae of Brugig»pahangi, causxng 1oasftt_f;3'

'of moblllty and cutlcular abra51ons to the parasxtes as they found the-; ;j';f'd

a

'Jproportlon of damaged, non-motlle microfilariae was. higher in Anoghelesf1

- spec1es than in Aedes mosqultoes (cibarzal armature bexng abse't in

iAedeS’speC1es),g-fi ;i--




71:1nornata that the tarsal chemosensory halrs are double-chamb: ed

100
4._ Tarsal Halrs ‘ ' o o ﬁ:.

o A prelxmlnary study of Lhe tarsal halrs 1n female Aedes aegzg

showed that<two typeseof hair are present one w1th a 51ngle lumen,v

¥

.;aboral labellar halrs. Slrfef (1961) u31ng crystal v1olet stalnlng

N has descrlbed the dlstrlbutxon of tarsal halrs with stainable tips 1n

vrboth sexes of A. aegzgti;‘ She suggested that halrs with stalne‘le tip

are gustatory receptors Owen (1963) reported in female Culis;ta ;,.7{5

._"-

3

Behav1oural studles have@suggested that mosquito‘tarsal halrs aTe sen-ﬁ‘

:‘51t1ve to water and sugar solutlons (Frlngs and Hamrum, 1950. Felr et

fal ' 1961 Owen, 1963, 1967 1971), and are important 1n selectlng

OleOSltlon sxtes (Wallls, 1954) ' Smnce the tarsal harrs are the flrst:f”
"sense organs to come 1nto contact with thé host skin after the mosquito-ﬁb

.ihas landed these double—chambered hairs mlght play an’ 1mportant role R R

. iln the dlscrlmAnatlon of the host. e }ﬁ.[.i¥3b-;‘,? j}

\'

A

. and the‘bther w1th a double lumlna (Flgs. 158 and 159), 81milar to the B '

j* vl




' mosqulto tarsal halrs are sensit1ve to sugar,’ialt and water (Frings

™ IV, GENERAL DISCUSSION AND CONCLUSIONS ..

From behav1oural studles, mosqultoes are known to be attracted

by host odors, CO ’, warmth humldity, and optlcal stxmull.f Hocklng

.042
(1971) has extensrvely rev1ewed the blood-sucklng behaviour of: mosqui—"u

toes and-other terrestr1a1 arthronnds In nature, mOSqultoes also

-feed on- plant nectar, and such feeding affects the longev1ty and dis-3x S

~ persal potentlal of mosqultoes (van Handel 1972) In the follow1ng

B ~_n

N Ny dlSCUSSlOH, the probable ghaln of events regardlng the feedlng behaviour

: of mosqultoes after landlng on. a host is suggested based‘on the results

from thlS study and the reports of other workers.-

R Mosqultoes often walk around soon after landlng on a sultable

hOSt and probab}y detect the acceptabllity of the host uslng the chemo-
RS
Q T
receptors 1ocated on- the tar31 of the pro-~and mesothoracic Iegs.-.f'
Tar51 of the metathQracic legs may not be 1mportant tn host discrim;~.*'r

' )

natlon, as the/hlnd legs are often raised off the substrate when the

.:;ﬁ mosqulto 1s walking around Behav1oural studies have'suggested that




V”:{fmsolut on, as suggested by Larsen and Owen (1971) 'The: ther is pro-'e}?

102
‘piercing. 'The number-gf7dendrites‘associatea_with:thehtarsalﬂhairs
remalns to be !h.udied

Problng oﬁ the substrate u51ng the tWO labellar lobes follows

'shortly after 1andlng “The long 1abellar hazrs pfobably monltor thew/

-

’posrtlonlng of the labellar lobes, wlth the medlum-sized halrs near "
et R

- ‘the’ labell r. t1p and the aplcal halrs detectlng the sultabllity of the S

;host» The medlum—SLzed halrs posterlor to the tip of thejﬁohes pro-

Ny

’gbagly detect the odOUr(s) from the host. s

When feedlng on plant nectar, the presence of sugars may be j";;f}ﬁ

P

,fdetected by the labellar chemosensory hairs, so that the two lobes then'f: :

.

“spread apart, thus brlnglng the labral food c J

_ openlng to the solu- L

"‘tlon The chordotonal organs 1n the 1abe11ar  obes may'monxtor the :f;

'”'fi‘spreadlng and closxng together of the lobes.“ Th spreading of the

el T
e @l

’»tact causos the llgula.to 1ncrea5e 1n s1ze. The function of this

Eswelllng of the llgula may be two fold One is to sPread the:7'°"

:solutlon over the 1igu1ar surface, thus bringxng the solution into

t w1th the oral paplllae, thereby mediating the sucking of the

8

'f_s:bably to hold the 1abral tlp rn placedjpnd serve‘a ‘ mechanical'sup-‘*ﬁ

‘N;nrt, s;nce the t1p of the fascicle is 31tuated in the d%;eal‘groove e

o o of the, llgula. Durmg nectar feedmg, ; I

*'fnuous suctlon (MacGregor. 1930, 19311;'

-iclbarlal and pharyngeal pumps.' The above description applie to bot;
'u;¢Sexes;of mosgu;toesng,gﬁff.:wi.g
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when feedlng on blood, secretlon preSent on the host skin, and

. also host odour probably stlmulate the labellar chemosensory ha1rs.

Now tpe labellar lobes do not spread apart but are held tlghtly‘to-
gether.l The penetratlon of the fascicle rnto thelhost tissue lS alded :]
by the alternatlng cuttlng actlon of the 1acin}de (Robninson, k539) B
The overlapplng mandlbles probably cover the openlng of the labrum t':
durlng penetratlon, to prevent the tlssue from enterlng the food canal. _

A\
Slmllarly, interdlgltat1ng flnger—llke progectlons at the t1p of the

LN ‘
hypopharynx may prevent p0551b1e blockage of the aplcal sa11vary canal
openlng by the tlssue..' . | : B .

Durlng the 1n1t1al 1n$ert10n, the substance\blocking the,~‘ o

e

- openlng of the labral sense organs may get rubbed off by frictiomdﬁith 'f:f*

the tlSSHE, thus exp051ng the receptor sxtes.

The fascxcle is very flexlble 1n the host tlssue, asAit often f{""

bends dorsally at almost a right angle to.the plane of insertion aftet “f;;ﬁ?

"fi_; entering the skln,_ and the(tip of the fascicle is capable of bending

in different dlrections (Gordon and Lumsden, 1939;:g[{]fjfj'"

31 'Gordon, 1952T Muscles controlling the two walls.of"theilabrum are




04

mosquitoes imbibed'these solutions; They therefore suggested that ‘

.'the acceptance of nucleotldes was medlated by the water receptor

. As soon as a bﬁood‘source is detected the retractor muscles'i_‘

B of the mandlbles contract, exposxng the opening of the food canal.,t

”*;j suctlon unt11 the mqsqulto 1s satlated (Owen, 1963). The trichoid
' j_f'sen51lla probahly register the flow of the f00d into the pumpﬁand the
"f?31bar1al campaniform sen31lla may monltor the pumping_action of the

"'57:5c1bar1um., The ventral papillae prohably detect the type of food'p;

”',)

Entry of food into’ the labral foodtcanal may be detected by the labral

campanlform sensf&la whlch may - 1nfluence the actlon of the c1harial :

E and pharyngeal pumps

The mosqulto may feed by 1nsert1ng the fasc1cle 1nto a’ caplllary

'(caplllary feedlng), or feed from the hemorrhage 1n the tlssue caﬁsed alﬂ:fﬂ
| by the puncture (pool feedmg) " w;Lth the average t:.me for capillary B
‘. feedlng 3 mlnutes and 10 glnutes for p001 feedlng (Gordon and Lumsden,'t;'::'
d{,‘1939 Grlfflths and Gordon, 1952) Caplllary feedlng is more frequent
- jthan pool feedlng (o Rourke, 1956) ‘ Saliva is injected at dlfferent |
Z;,_vstages oﬁ penetratlon as . t1ny "puffs“‘(Gordon and Lumsden, 1939), and 'b'”
?{}Lsuch 1n3ectlon probably continues even after a blood supply xs tapped

'd,"(Grlfflths and Gordon, l952). . ,,}f7~¢ﬁ§JT~ﬂf';f*J;-

v Palatal and dorsal papillae proba%ly monitor the chemical hature y L

floﬁ the food Indeed mosqultoes stop aspiratlon as soon as unacceptable‘ﬂjQif

”i.\compounds enter the c1bar1um (Owen, 1963; Salama, 1966) If.the food

: ffls blood, then the discontlnuous suctiOn is changed 1nto continuous

providlng the 1nformat10n for the 1n1tiation pf t

' ewitchlng mecha;i m
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rmldgut.,hThe twa”smallhdorsal'diverticula probably'function.as air—:'.
>separators, trapplng air that comes in w1th the food (MacGreger, 1930

Day, 1954) Sugar solutlon stored 1n the ventral dlvertlculum is

©)

gradually passed to the mldgut for absorptlon (MacGregor, 1931) “*5
Goodlng (1972)Jnas brlefly rev1ewed the s1gn1f1cance of storlng sugarf,

solutlons'1n¢the dlvertlculum. Day (1954) suggested that as, a blood

Hmeal is requlred by a maJorlty of female mosquxtoes to mature thelr

1

' eggs, the ablllty to take a blood meal 1n spite of a recent nectar .e"

~

' meal LSfof»survﬂval.vaLue, Another theory is that sugar solutlon in 3"

,,the dlvertlculum serves as a supply of water._iff

P P : I A

= » Termlnatlon of feedlng 1s 1n1t1ated by the 1nter$egmental
: \ ' M .“ ) ( RE :
’abdomlnal stretch receptors (Gwardz, 1969L., withdrawal of the fascicle o

‘hfrom the host tlssue 1s alded by the lacrniae, and Roblnson (1939)
* .: .-,. R
cgand Jones and P111tt (1973) have glven detalled descrlpthns of this.: SR

hfIn w Hbrsfall's fllm on female Aedes aegyptl feedlng on frog foot-web,‘

vufflnjeptlon of sallva 1s seen also durlng the withdrawal of the fascicle

. The labellar lobes probably help the fasc1cle to return into the labial :”fﬁ’i

f’igutter after w1thdrawa1 (Robinson, 1939)._?w”

The present study 1nclhdes only some of the sense organs that are ﬁf"ﬁff

'f,lnvolved 1n the feed1ng»behav1our of the mosquitoes and electrophysxo—f97:5'*7‘

‘u ‘.

*'1tion of these sense organs.j7Q'35"*'”

' Sklnner et al

_mosquxtoes (1965) have reported;the"




‘as already éﬁggesteaﬁbY-Dethierv(1973) for lepidopterous larvae, inges-

- tion dépends not on the presence or absence of a single stimulant or. .

deterrent, -but on the total impression derived from an’ integrated res-
ponsé'to multipie'componepts. a detailedeﬁQWIedge of thejreceptoré n

. “involved -in the-feéding;béhaviour of mdsqﬁitoeg is necessary for a : -,

systematic approach to-the development of effective répellents against .
o - o R e

these insgects.' " : : o T -

a3
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'.Appendix B

List oflAbbreviations'used for Material.Source
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Department of Entomology,¢1

‘University of Alberta, Edmonton,‘A _
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Dr. D. A. Cralg,k N

Department of En;omology,. .

Un1versxty of Alberta, Edmonton, _

Alberta, anada. (Collected from Taylor G Mlstake,
' ' Banks Penn., Nez)Zealand)

'G. von Gernet ahd G. Buerger, I

Department. of Entomology, S
e

'. made for thelr 1966 study)

R | o
“Dr. - Dav1d C; Baerg, B e R C T
»_Gorgas Memorial: Laboratory, - . ’ ,7 . /*“'j P

P. 0. Box 2016, Balboa Heights,;

N Canal Zone, (From lab colonies)

,'James Hudson,-;- R

~.Department . onEntdmology, R B

.. University of Alberta, Edmonton,5” A S L
'Alberta, Canada.‘ (Mostly. field collec%ions from George

The Drrector,.v'

'Institute for Medical Research,,fv~'
. ‘arala Lumpur,

1aya. (From lab colony)

[

Lake and Edmonton, berta)

.'vv.

-f My:own.co}lections around Edmontonaereah_“jj;jLw'

 Dr. Joan H. Bryan,'_e', : ’ ' AR
" London . School - of Hygiene and Troplcal Medlcine,

‘-

Keppel Street' (Gower Street), o e

London WCIE 7HT. .
S UK (From lab. colonxes)..



_,:‘ YUJ:‘:,.l B Dr.,Robert C. Wallis,

ND. Dr.-George B. Craig, Jr., - - I

' : Department. of Biology, ; - : : SRR .
- University of Notre Dame,’ S R :
" 'Notre Dame, Indiana- 46556, . e
© U S A, (From lab colonies). R

“TBN .Professor F. Ruhlow, Ph D.,._
~ Department of Entdmology, . o
. Tropeningtitut, . o
__Bernhard-Nocht-Strasse 74, : ‘
2 Hamburg- 4, . ' .
 _Germany. (From lab coloniee)l o
S : ;o .
UM . Dr. R Brust | e
o - Department of Entomology,.
.,thiverSLty of Manitoba
© Winnipeg,’ Manitoba,: R T T T R
LCanada (From lab colonies). BRI T R

USpA-L~ c. Chqpman..- S
S ;’ungﬁAgrxcultural Research Service, T SRR
' - 'Gulf Coast Mosquito Research Laboratory, RS
© 803:AvenueJ - Channault,» _ : T
.- Lake: Charles, Louisiana ' 70601
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uw -*,.';‘-Dr. Stephen M. Smith.
R 7}Department of Biology, - :
_ University of Waterloo, = ' oo
. Waterloo, Ontario, e 'f-,m e
-; Canada. (From lab colonies). RIS

UWI-T - John B. Dav1es B TR ST
- .7 rrinidad Regional Virus Laboratory,‘_e‘Ay_jl'-' e e

;7“Un1ver31ty of West Indies - . . Lo e

- P 0. Box 164, Port-of-Spain Trinidad,, SRR R PO

West Indzes (From lab colonies) N R LTI

.. . Department of Epldemiology and Public Health,\‘f“
. vale University, "School of Medicine, SO I e
. 60 College Street, .. | S
: ° .New. Haven, Connecticut 06510 ‘,f oL Lo
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