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Sense organs on the labrum and in the cibarial pump of males and females of 22 species 
representing 8 genera of mosquitoes were investigated. Two types of sense organ were found on 
the labra of female mosquitoes, {our hair sensilla at the tip and two subapical sensilla. The 
males of all species and the females of the non blood-sacking species Toxorhynchites splendens 
lack the four sensilla at the tip. The labral sense organs are innervated by a branch of the labral 
nerve. The cibarial sense organs are also found in two groups. A dorsal group of four types of 
sensillum on and around the anterior hard palate is indirectly innervated by a second branch of 
the labral nerve. A ventral group at the posterior end of the cibarial pump appears to be innervated 
only by a small branch of the fronto-labral nerve. A suggestion concerning the neuro-muscular 
mechanisms of the food path and their control of the passage of food is offered. 

I N T R O D U C T I O N 

In 1921 V o g e l p u b l i s h e d a s t u d y of t h e m o u t h p a r t s of C u l i c i d a e 
a n d T a b a n i d a e . T h e m o s q u i t o e s t h a t V o g e l u s e d w e r e Culex pipiens L . , 
Anopheles maculipennis M e i g e n , a n d Anopheles claviger ( M e i g e n ) . In h i s s u m m a r y 
h e s t a t e s (our t r a n s l a t i o n ) : 

"In t h e v e n t r o l a t e r a l e d g e s of t h e l a b r u m on e a c h s i d e t h e r e i s a 
c h i t i n c a n a l w h i c h c o n t a i n s a p r o t o p l a s m i c t h r e a d a n d w h i c h i s t o 
b e i n t e r p r e t e d a s a n e r v e . T h i s t h r e a d o r n e r v e e n d s i n t h e l a b r u m 
t i p in a c e l l g r o u p w h i c h i s l o c a t e d a t t h e b a s e of t h e f ine c h i t i n 
s p i n e s . T h e a s s u m p t i o n t h a t t h e s e a r e s e n s e o r g a n s a n d a p p a r e n ­
t l y t a s t e r e c e p t o r s i s s o m u c h m o r e p r o b a b l e s i n c e t h e o t h e r f ive 
s t y l e t s a r e c o m p l e t e l y c h i t i n i z e d a t t h e t i p . " 

In h i s t e x t h e a l s o m e n t i o n e d t h e n u m b e r of o b s e r v e d s p i n e s : 

' A n t e r i o r t o t h e c e l l g r o u p t h e l a b r u m e n d s i n t w o t i p s f o r m e d f r o m 
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the l ab rum cana l s , each of which has two chit in spines l a t e r a l l y . . " 
Unfortunately Vogel ' s f igures show only the c r o s s - s e c t i o n of the l ab rum 
tip and t h e r e f o r e d o no t ind ica te the exact locat ion of the s enso ry sp ines . 

Robinson (1939) a l so desc r ibed sense organs on the l ab rum of 
m o s q u i t o e s . He worked with the female of Anopheles maculipennis. Robinson 
r e f e r r e d to Vogel ' s work but m a y have m i s i n t e r p r e t e d it s ince his d e s ­
cr ip t ion differs f rom the or ig ina l : 

"At the t ip , the s tylet ( labrum) is sharpened off ven t ra l ly like a 
quill pen and consequent ly the groove is open. Jus t below the point 
t h e r e is a pai r of sma l l pegs w h i c h m a y function as sense o r g a n s . " 

and, 
"In a t r a n s v e r s e sec t ion of the l a b r u m the in te rna l (haemocoelar) 
lumen can be seen to be occupied by a pai r of p ro top lasmic s t r ands 
lying l a t e r a l l y . Vogel (1920) i n t e r p r e t s these as ne rves which t e r ­
mina te d is ta l ly in sense organs in the posi t ion of s m a l l p eg s . " 

Robinson a l so r e f e r r e d to MacGregor (1931) who r eco rded : 
". . . the abi l i ty of Aedes and Culex to se lec t a de s i r ed liquid by 
m e a n s of a s ense located at the tip of the l a b r u m . " 

Compar ing Vogel ' s and R obinson 's de sc r ip t i ons and i l l u s t r a t i ons , i t b e ­
comes quite apparen t that the two au thors w e r e desc r ib ing two different 
se ts of sense o r g a n s . Our study conf i rmed t h i s . 

Waldbauer (1962) examined the mouth p a r t s of Psorophora ciliata 
(Fab r i c iu s ) , a cul ic id mosqu i to , under oil i m m e r s i o n . He d i d n o t r e c o r d 
sense organs on the l a b r u m , although the outer m a r g i n s of apica l se t i fo rm 
organs a r e shown in his fig. 17. 

Snodgrass (1944) m a d e a comprehens ive study of the feeding ap ­
p a r a t u s of va r ious groups of sucking in sec t s and of gene ra l i zed biting 
m o u t h p a r t s . Unfortunately, although he r e f e r r e d to Vogel ' s andRobin-
son ' s work, he ment ioned ne i ther author in re la t ion to t a s t e r e c e p t o r s 
on the l a b r u m . Snodgrass appear s to have thought ve ry l i t t le of s enso ry 
influence upon movemen t s of the fasc ic le : 

"Apparent ly however , the fasc ic le m o v e m e n t s a r e en t i re ly for ­
tu i tous , t h e r e being no evidence of a s e n s o r y influence, the fasc ic le 
often going c lose to a cap i l l a ry without enter ing it , or some t imes 
pene t ra t ing c lear through a blood v e s s e l . " 

Snodgrass a l so ment ioned M a c G r e g o r ' s work , but only in r e l a t ion to the 
pa s sage of food into the s tomach or d ive r t i cu la . 

Day (1954) ment ioned d o r s a l and pa la ta l papi l la r s ense organs in 
the c iba r i a l pump. These had been d e sc r i b ed by Sintonand Covell (1927) 
and B a r r a u d a n d Covell (1927) for the i r taxonomic va lue . Day d e sc r i b ed 
these s ense organs in form and locat ion and worked out some of the in­
ne rva t ion . He bel ieved that the sense o rgans a r e at l eas t pa r t i a l ly in­
ne rva ted by the frontal ganglion. Unfortunately, Day did not find any 
sense organs on the l ab ra of h i s s p e c i m e n s . Day expe r imen ted with both 
m a l e s and females of Aedes aegypti L. He d i s cove red that in m a l e s a s well 
as in females blood was d i rec ted to the midgut , while sugar went to the 
d ive r t i cu lum, although m a l e s do not usua l ly imbibe blood. 

Hosoi (1954) a l s o worked on the food d i s t r ibu t ion m e c h a n i s m in 
m o s q u i t o e s . He expe r imen ted with food s t imula t ion of the en t i re fasc ic le 
and the labium and found that the fasc ic le is sens i t ive to whole blood and 
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to the co rpusc l e s s epa ra t e ly . He a l so found that the p a r t i a l amputa t ion 
of the fasc ic le reduced i t s sensi t iv i ty to food s t imul i cons ide rab ly , but 
that the mosqui to was s t i l l quite capable of imbibing food espec ia l ly if the 
p robosc i s s tump w e r e pushed into it : 

"It is highly p robab le , t h e r e f o r e , that the s e n s o r y function of the 
fasc ic le o r ig ina tes in the l a b r u m . It m a y be quest ioned, however , 
whether the r e c e p t o r s a r e located only on the tip of this o rgan , 
s ince mosqui toes imbibed blood into the s tomach after the apica l 
p a r t of the fasc ic le had been amputa ted . " 

Hosoi suggested that the l ab rum should be sens i t ive along i t s en t i re 
length, and that food other than blood should a l so s t imula te the l a b r u m 
to some extent . 

C h r i s t o p h e r s (I960) gave an excel lent account of the f ron to - l ab ra l 
ne rve complex . He a l so desc r ibed the gus ta to ry papi l lae (see Robinson) 
on the l a b r u m and both s enso ry groups of the c iba r i a l pump. He did not 
however give the innerva t ion of any of the s e n s o r y organs on the l a b r u m 
or in the c iba r i a l pump. Chr i s topher s was the f i r s t to ment ion that t h e r e 
a r e gus ta tory papi l lae on the l ab rum in both m a l e s and f e m a l e s . He a l so 
sa id that the c iba r i a l sense o rgans a r e e s sen t i a l ly the s a m e in m a l e s and 
f ema le s . 

Clements (1936) i l l u s t r a t ed the l a b r u m after Snodgrass bu tadded 
s enso ry pegs (apparent ly taken from R obinson) without ment ioning the 
change, despi te the fact that Snodgrass found no s e n s o r y organs on the 
fasc ic le . He d rew the subapical sens i l l a d i sp ropor t iona te ly l a r g e and 
omit ted the apica l b r i s t l e sens i l l a . C lements r e f e r r e d to Hoso i ' s .work 
s tat ing that the sense organs on the l ab rum and in the c iba r i a l pump a r e 
at m o s t only sl ightly sens i t ive to g lucose , while they a r e sens i t ive to 
blood. C lements a l so t o o k a s fact a s sumpt ions m a d e by C h r i s t o p h e r s and 
Day. Hosoi specula ted that the l a b r u m i s sens i t ive over i t s en t i r e length, 
but he did not work with this o rgan by i tself . F u r t h e r m o r e , he m a d e no 
r e f e r e n c e to the c i b a r i u m or i t s s ense o r g a n s . 

Owen (1963) concluded that the fasc ic le of Culiseta inornata (Williston) 
b e a r s no contact c h e m o r e c e p t o r s . His s t a t emen t is based upon e x p e r i ­
men t s with feeding r eac t ions of l iving mosqu i toes after c e r t a i n sens i l l a 
on the labium and t a r s i w e r e s t imula ted . 

MATERIALS AND METHODS 

F o r the study of the l a b r a l s ense o rgans the spec ies l i s t ed in 
table 1 w e r e u s e d . Males a n d f e m a l e s ' w e r e c o m p a r e d whenever poss ible . 
The l e a s t number of spec imens used to r e p r e s e n t one sex of one spec ies 
was t h r e e . Whole mounts of both uns ta ined and s ta ined l a b r a w e r e u s e d ; 
the s ta ins were vi tal methylene blue and c r y s t a l v io le t . The mounting 
media w e r e DePex or F a r r a n t ' s m e d i u m and both conventional and phase 
m i c r o s c o p y w e r e employed. 

The c iba r i a l pump sense organs w e r e s tudied by two m e t h o d s . 
Whole mounts w e r e m a d e of the c iba r i a l and pharyngea l pumps of a l l the 
spec imens used for the l a b r a l study. The whole head was t r e a t e d i n KOH 
and d i s sec t ed before mount ing. The locat ion and shape of the c iba r i a l 
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s ense o rgans could thus be d e t e r m i n e d . 
Sectioned m a t e r i a l was used to t r a c e the innerva t ion of the c iba r i a l 

pump and the l a b r u m . M a l e s , f e m a l e s , and some pupae of Aedes aegypti 
w e r e fixed in M a s s o n ' s modif icat ion of Bou in ' s , washed and dehydra ted 
via Z i r c l e s e r i e s , and embedded in P a r a p l a s t . Sections were cut at 3, 
5, 7, and 10 (i. The s ta ins used w e r e Heidenhain ' s haematoxyl in , a l d e ­
hyde fuchsin, u r e a s i lver n i t r a t e , and Novel l i ' s n e r v e s ta in . 

OBSERVATIONS 

The l ab rum is the th ickes t and stiffest of the six s ty le ts forming 
the f a sc i c l e . It fo rms a double wal led , ven t ra l ly c losed tube, the food 
channel . The d o r s a l sur face of the l ab rum is a t tached to the clypeus at 
the b a s e , w h e r e the l a t e r a l edges of the inner wall widen out and a r e 
continuous with the roof of the c iba r i a l pump. The hypopharynx forming 
the c l o s u r e of the food channel at th is point is a t t ached to the m e m b r a n o u s 
floor of the c iba r i a l pump. At the t ip , the l ab rum is s l ightly curved and 
cut off, a s Robinson (1939) s a y s , l ike a quill pen. 

The c iba r i a l pump is tubular and flat tened dor s o - v e n t r a l l y . It 
extends from the. ba se of the p robosc i s to jus t beyond the p o s t e r i o r edge 
of the clypeus where i t ends in two l a t e r a l p r o c e s s e s or f langes . Between 
these it is l inked to the pharyngea l pump by m e m b r a n e s . The divis ion 
between the c i b a r i u m and pharynx is m a r k e d by the i n se r t i on of two p r e -
c e r e b r a l d i l a to r s of the pharynx. These m u s c l e s l ie between the frontal 
ganglion and the b r a in (Snodgrass 1944). The c iba r i a l pump i s ma in ly 
m e m b r a n o u s but contains heavi ly s c l e r o t i z e d p a r t s , the an te r io r h a r d 
pa l a t e , the p o s t e r i o r pa la te and the p o s t e r i o r s c l e ro t i z ed cons t r i c t ion 
which widens out into the l a t e r a l f langes . The two h a r d pa la tes a r e d o r ­
sa l , while the cons t r i c t ion is both ven t r a l and d o r s a l . The pharyngeal 
d i la tor m u s c l e i n s e r t s on the m e m b r a n e jus t behind the cons t r i c t ed reg ion 
of the c i b a r i a l pump. 

Labral Receptors 

In the gene ra l i zed female mosqu i to , v e n t r o l a t e r a l l y , in the lumen 
of the l a b r u m , t h e r e a r e two cana l s (Vogel 's chit in canals) which contain 
cy top lasmic s t r a n d s . Each of these s t r a n d s ends i n a s m a l l group of ce l l s 
nea r the tip of the l a b r u m . T h e r e a r e no other ce l ls in the l a b r a l c a n a l s . 
At the point where the food channel opens comple te ly , each cana l b e a r s 
one s ens i l l um. In m o s t spec imens this sens i l lum i s round or sl ightly 
oval , has a heavi ly s c l e ro t i z ed r i m and is usua l ly cover ed. by a thin m e m ­
b r a n e . In su r face view_ it looks l ike a campan i fo rm sens i l l um. The 
d i a m e t e r v a r i e s f rom 3u to 6u accord ing to spec ies in both m a l e s and 
f e m a l e s . Very fine dendr i t e s lead from the group of ce l l s in the canal to 
the s ens i l l um. However , some spec imens of c e r t a i n spec ies have a shor t 
peg pro jec t ing f rom the cen te r of the m e m b r a n e . When pegs a r e present 
t he se o rgans r e s e m b l e minute- bas icon ic sens i l l a su r rounded by a wide 
m e m b r a n o u s socket , f igs . 3 -8 . The d i a m e t e r of the m e m b r a n o u s a r e a is 
at l e a s t t h r e e t i m e s the d i ame te r of the peg . Table 1 shows the spec ies 
in which these b a s i c o n e - l i k e sens i l l a w e r e occas iona l ly found. 
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TABLE 1. Sensi l la on the l ab ra of m o s q u i t o e s . 

F e m a l e M a l e 

A p i c a l P e g i n A p i c a l P e g i n 
S p e c i e s s t u d i e d s e t i fc r m s u b a p i c a l * s e t i f o r m s u b a p i c a l * 

Aedes acgypti L . ) + _ _ _ 
albonotatus ( C o q u i l l e t t ) + - -
dorsalis ( M e i g e n ) + + _ 
cxcrucians W a l k e r ) + - -
fitchii ( F e l t & Young) + + -
flavescens ( M u l l e r ) + - -
spencerii ( T h e o b a l d ) + + -
trichurus ( D y a r ) + - -
vcxans ( M e i g e n ) + - -

Armigcrcs subalbatus ( C o q u i l l 2tt) + - -

Anopheles carlei V a r g a s + _ _ _ 
gambiac G i l e s + - -

Culex fuscanus W i e d e m a n n + + + 
pipens tatigans W i e d e m a n i + + + 
pipiens pipiens L i n n a e u s + + + 
pipiens molestus F o r s k a l + - -
tarsalis C o q u i l l e t t + - + 
territans W a l k e r + + -

Culiseta alaskaensis ( L u d l o w + + _ _ 
inomata ( W i l l i s t o n ) + + -
morsitans ( T h e o b a l d ) + -

Mansonia pertuthans ( W a l k e r ) + + + 

Toxorhynchites splendens 
( W i e d e m a n n ) - + #* ? 

Wyeomyia smithii ( C o q u i l l e t t ) + + + 

+ p re sen t , - absen t 

* Socket - l ike subapical 
sens i l l a a r e p r e s e n t 
throughout . 

** See text , p . 264 
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Beyond the subapical sens i l l a , the l a b r u m quickly a s s u m e s the 
form of an I in c r o s s - s e c t i o n , and finally d raws out into a fine point above 
each cana l . At the e x t r e m e t ip , each side b e a r s two fine b r i s t l e or 
se t i fo rm sens i l l a (Vogel 's chit in sp ines) , fig. 3. The d is ta l spines va ry 
i n l e n g t h f r o m 9fJ- i n Culex territans t o 25u i n Aedes excrucians , A. fitchii , a n d 
A. flavescens. The p rox ima l and l a t e r a l pa i r may be e i ther longer or s h o r ­
t e r than the d i s ta l and med ia l pa i r , and v a r i e s f rom 9u in C. territans to 
27u in the l a r g e r Aedes s p e c i e s . These b r i s t l e s a r e set into m e m b r a n o u s 
base s su r rounded by heavy chi t inous r i n g s . They a r e hollow, and fine 
dendr i t e s from the cel l groups innerva te t h e m . 

Whole mounts s ta ined with vital methylene blue show the cyto­
p l a smic s t r a n d s and nucle i of the cel l groups s ta ined, thus suggest ing 
ne rvous t i s s u e . This a s sumpt ion finds fur ther support in s e r i a l sec t ions 
s t a inedwi th Heidenhain ' s haematoxyl in , aldehyde fuchsin, or u r e a s i lver 
n i t r a t e , which r evea l ed n e r v e s at the base of the l a b r u m . Vogel (1921), 
Robinson (1939), C h r i s t o p h e r s (I960), and Clements (1963) a s s u m e a lso 
that the cy top lasmic s t r and should be cons ide red a n e r v e . 

The genera and spec ies inves t iga ted differ l i t t le except in the s ize 
of the sens i l l a and in that the d i s tance between the subapical and the 
se t i fo rm sens i l l a in Culex is r e l a t ive ly much longer than in the other 
genera , fig. 6. 

One r e p r e s e n t a t i v e of the non b lood-sucking genus Toxorhynchites 
Theobald was examined . The female of T. splendens (Wiedemann) has no 
apica l se t i fo rm sens i l l a on the l a b r u m . Subapical sens i l la a r e p r e sen t , 
and the l a b r u m of T. splendens female (fig. 5) r e s e m b l e s the l ab ra of m a l e s 
of other gene ra . The l ab rum of the m a l e T. splendens differs a l i t t le in 
shape from that of the female , but b e a r s only subapical sens i l la as in 
m a l e s of other g e n e r a . Ha i r s p ro jec t fo rwards from the m e m b r a n o u s 
sockets of the subapical sens i l l a in both sexes and in this r e s p e c t the 
subapical sens i l l a differ f rom those found in other genera , table 1. Two 
other autogenous spec ies w e r e examined Wyeomyia smithii (Coquillett) and 
Aedes albonotatus (Coquillet t) . The l ab ra of both spec ies were n o r m a l ; the 
females having four well developed apica l s ens i l l a . Other m e m b e r s of 
the genera Wyeomyia and Aedes a r e b l o o d - s u c k e r s and the blood-feeding 
habit m a y be r ecen t ly los t in autogenous s p e c i e s . 

The l ab ra of both sexes t e r m i n a t e in two pronounced chit inous 
points which a r e obscured in m o s t females by the apical sens i l l a . The 
m e m b i a n e b e t w e e n these points m a y be drawn out into a thi rd point; this 
is espec ia l ly pronounced in Anopheles earlei V a r g a s . 

The l ab ra of a l l the m a l e mosqu i toes studied lacked the apical 
se t i fo rm sens i l l a , f igs . 7 and 8. Subapical sens i l l a w e r e p r e sen t and 
bas iconic pro jec t ions could be seen in some spec ies (table 1). 

Cibarial Receptors 

T h e r e a r e two groups of sense organs in the c iba r i a l pump, a 
do r sa l and ven t r a l group (figs. 1 and 9). The do r sa l group is s i tuated at 
the an t e r i o r end of the c iba r ium on and around the an te r io r h a r d pa la te , 
and cons i s t s of four types (Day's t e rminology) : 

Pa l a t a l papi l la r - Two p a i r s . Heavy spines with m e m b r a n o u s 
b a s e s . 
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Campani fo rm sens i l l a - one p a i r . Heavily s c l e r o t i z e d r ings 
a round m e m b r a n o u s b a s e s . 

D o r s a l papi l la r - one p a i r . Heavy sp ines . Base as in the c a m ­
pani form but o the rwise v e r y s imi l a r to the pa la ta l pap i l l a r . 

H a i r - l i k e sens i l l a - number va r i ab l e but usua l ly t h r e e p a i r s . 
Base as in the campani fo rm sens i l l a but the r ing is much s m a l l e r . The 
v e n t r a l g roup is s i tuated a t the e x t r e m e p o s t e r i o r p a r t of the c iba r i a l 
pump, usua l ly in the heavi ly s c l e r o t i z e d neck reg ion . The sens i l l a a r e 
of the shor t spine type and occur in two c lose ly a s s o c i a t e d p a i r s , one 
pa i r on each side of the med ian l ine . 

All sens i l l a in the c iba r i a l pump a r e hollow and a r e inne rva ted 
by fine dendr i t e s or iginat ing from the s e n s o r y ce l l s c lose ly a s s o c i a t e d 
with t h e m . Dendr i t e s from the d o r s a l group lead to a l a r g e r group of 
loose ly a s soc i a t ed c e l l s . This group l i e s do r sa l l y to the c iba r i a l pump 
and ven t r a l to the r e t r a c t o r s of the l a b r u m , fig. 2. These m u s c l e s a r e 
innerva ted by the frontal n e r v e . The frontal ganglion l ies d o r s a l to the 
junction between the c iba r i a l and pharyngea l pump, and between the m u s ­
c les leading to both t h e s e p u m p s . The frontal ganglion r e c e i v e s a branch 
of the f ron to - l ab ra l n e r v e . This n e r v e a r i s e s on each side from the 
c o m m i s s u r e and the suboesophageal ganglion. The n e r v e may b r a n c h 
immed ia t e ly after leaving the c o m m i s s u r e , but m o r e often runs fo rward 
a l i t t le way before b ranch ing . The frontal ganglion connect ive p a s s e s 
do r sa l ly a n t e r i o r l y to the l a t e r a l flange of the c iba r i a l pump to join the 
side of the frontal ganglion. The r e c u r r e n t n e r v e i s s u e s f rom the p o s ­
t e r i o r p a r t of the frontal ganglion and runs jus t d o r s a l of the pharyngea l 
and suboesophageal pumps toward the neck reg ion . The l a b r a l n e r v e 
b r anches soon after leaving the f ron to - l ab ra l n e r v e . One b r a n c h ( labral 
n e r v e I) p a s s e s fo rward and d o r s a l l y i n t o the an t e r i o r and lower p a r t of 
the c lypeal dome, and spl i ts up into fine neurons which supply the m u s ­
c les and a l so the group of loosely a s s o c i a t e d ce l l s p rev ious ly d e s c r i b e d . 
The second b ranch ( l a b r a l n e r v e II) p a s s e s fo rward along the s ide of and 
somewhat ven t r a l to the c iba r i a l pump and leads into the b a s e of the l a b -
r u m and into the l a b r a l cana ls (see fig. 2). In the gene ra l i zed insec t the 
l a b r a l ne rve r e c e i v e s motor f ibres from the frontal ganglion. We w e r e 
unable to t r a c e axons leading f rom the frontal ganglion to the l a b r a l n e r v e 
in any mosqu i to . It is quite p laus ib le that axons lead d i r ec t l y f rom the 
sense o rgans to the t r i t o c e r e b r u m . 

The v e n t r a l g roup of sens i l l a appear s to be inne rva ted by a s m a l l 
b ranch leading from the f ron to - l ab ra l n e r v e to s e n s o r y cel ls a s soc i a t ed 
with the sens i l l a . 

The sense organs in the c iba r i a l pump of m a l e and female m o s ­
quitoes va ry sl ightly in locat ion, but no m o r e than between spec imens of 
the s a m e sex and s p e c i e s . The gene ra l pa t t e rn does differ somewhat 
between different spec ies and gene ra . 

DISCUSSION AND CONCLUSION 

The two types of l a b r a l sense organ d e s c r i b e d by Vogel a n d R o b -
i n s o n a r e both p r e s e n t . The ap ica l b r i s t l e s of Vogel have been over looked 
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by recen t w o r k e r s because of their smal l s i z e . Some species may lack 
Robinson 's pegs , when only the thin socket is p r e s e n t . Both types a r e 
found on the l ab rum of female mosqui toes with the exception of 7". splendens. 
They a r e ind i rec t ly innervated by one b ranch of the l ab ra l nerve and 
d i rec t ly innerva ted by neurons leading from groups of sensory cel ls 
which lie in the an t e r i o r pa r t of the l ab ra l c ana l s . The re a r e cytoplasmic 
s t rands but no other ce l ls in the r ema in ing length of the l ab ra l c a n a l s . 

The c iba r i a l pump sens i l la a r e ind i rec t ly innervated by branches 
of the f ron to - labra l n e r v e s . They a r e d i rec t ly innervated by neurons 
leading from senso ry cel ls c losely a s soc i a t ed with the sense organs and 
by those leading to a l a r g e r groupof loosely a s soc ia t ed cel ls just do r sa l 
to the an te r io r end of the c iba r i a l pump. The frontal ganglion appears 
to innerva te only the var ious m u s c l e s of the pumps but may a l so i n n e r ­
vate the l a rge groupof cel ls p rev ious ly -desc r ibed . The ven t ra l groupof 
sens i l la appea r s to be innervated only by a s m a l l branch of the f ronto-
l a b r a l n e r v e . Wenk (1953), in his paper desc r ib ing the head of Ctcnocephalus 
canis , d e s c r i b e s a s im i l a r innervat ion of the c iba r ium and l a b r u m . Day 
said that the c iba r i a l sense organs a r e at l eas t par t ia l ly innervated by 
the frontal, ganglion, but he was not able to t r a c e the innervat ion with 
ce r t a in ty . 

Since the female l ab rum not only functions as a food channel but 
a l so in pene t ra t ion and blood detect ion (Hosoi 1954) one would expect to 
find both mechano and c h e m o r e c e p t o r s on the tip of the l a b r u m . There 
a r e two types of sense organs p r e s e n t . Thei r functions could not be 
t es ted d i rec t ly because of their ve ry sma l l s ize and c lose p rox imi ty . The 
apical se t i form sens i l l a a r e hol lowand innerva ted . One would not expect 
tact i le h a i r s of this minute s ize to be hollow; a l so they a r e pa r t i a l ly p r o ­
tected by the chit inous l ab rum tip (see Vogel 1921). They were never 
observed displaced and a r e the re fo re probably c h e m o r e c e p t o r s r a t h e r 
than m e c h a n o r e c e p t o r s . 

The ma le l ab rum has only the subapical sens i l la ; se t i form sen­
si l la a r e never p r e s e n t . The ma le no rma l ly feeds on exposed sugary 
fluids and does not have to p i e r c e any t i s sue when feeding on nec ta r , but 
will pene t ra t e fruit when kept in the l abo ra to ry . As the l ab rum of both 
sexes is only ve ry slightly sens i t ive to sugar (Hosoi 1954), the subapical 
sens i l la on the l ab ra of m a l e s a r e unlikely to be chemor eceptor s. The 
apical se t i form sens i l l a in the female a r e m o s t l ikely to be chemor ecep-
t o r s which function in detect ion of blood or some component of i t . This 
idea is supported by the fact that the female T. splendens which does not 
feed on blood lacks the apical se t i fo rm sens i l l a . 

The subapical sens i l la may be mechano recep to r s; in a l l except 
the genus Culex they a r e posi t ioned at the end of the stiff side channels 
where campani form sens i l la could detect the bending of the t ip . How­
ever they may be placoid or smal l bas iconic c h e m o r e c e p t o r s . F u r t h e r 
behaviora l s tudies involving mic roman ipu la t ion and e lec t ron m i c r o s c o p e 
work a r e r e q u i r e d to r e so lve this quest ion. 

No morphologica l support could be found for Hosoi ' s suggest ion 
that the l ab rum might be sens i t ive along i ts en t i re length. On the con­
t r a r y , it was found that the l ab rum is not p e r m e a b l e to c r y s t a l violet 
(Slifer 1960) except at i ts very t ip, and t he re only sl ightly. Some sen-
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si t ivi ty of the lower p a r t of the l ab rum would be expected af ter cutt ing 
off the tip and thus exposing the n e r v e s in the l ab ra l c ana l s . It is p robable 
that food is detected by the apical l a b r a l sense organs and the pumping 
act ion is ini t ia ted by impulses r ece ived by the c iba r i a l m u s c l e s from the 
l ab ra l sense organs via the frontal ganglion. A p r e l i m i n a r y dis t inct ion 
between blood and sugar solutions m a y be m a d e by the l a b r u m . After 
the food en t e r s the c iba r i a l pump, the var ious sens i l l a the re a r e excited 
and send out impu l ses to the m u s c l e s control l ing the openings of the 
s tomach and d iver t i cu la , thus set t ing the food-di rec t ing m e c h a n i s m in 
act ion. This would explain Hosoi ' s finding that blood is sent into the 
s tomach and sugar solutions into the d iver t icu la even after the fasc ic le 
had been cut off. F u r t h e r invest igat ion is r e q u i r e d to ver i fy t h i s . 
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