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THE FUNCTIONAL MORPHOLOGY OF THE MOUTHPARTS OF SOME 
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Homologies of the parts of the maxilla and the labium of mosquito larvae were studied. 
The name cardobasistipes is. proposed for the triangular sclerite latero-posterior of the maxilla, 
previously known as the car do or the palpifer. The numbers of serrations on the prementum and 
submentum were found to be of taxonomic value. The sequence of mouthpart movements of filter 
feeding and browsing species, and the progress of food particles from the feeding current into 
the mouth were observed. Differences in stiffness were found among the setae in different posi
tions on the mouthparts. These differences were confirmed by staining the cuticle with Mallory's 
triple stain and are correlated with the functions of the setae during feeding. Flexible serrations 
at the tips of the labral brush hairs are used for raking food particles in most of the browsing 
species of A e d e s and C u l i s e t a studied. When in pond water neither the browsing nor the 
filter feeding larvae select the type of food they ingest. Feeding behaviour of the predatory 
larvae of C h a o b o r u s a m e r i c a n u s (Johannsen) a n J M o c h l o n y x v e l u t i n u s (Ruthe) 
was observed. 

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

The mouthparts of a mosquito larva occupy a large portion of its 
head; their s tructure is degenerate. In this -work emphasis is placed on 
the homologies of the parts of the maxilla and the labium, on the s t ructure 
and function of the labral brushes and on the type and size of food par t 
icles ingested by the la rvae . 

The problems of homologies of the mouthparts did not occupy the 
early biologists who lacked adequate equipment for detailed study of 
minute s t ruc tures . Hooke (1665) drew a mosquito larva, but he did 
not interpret all the parts of its anatomy accurately; for example, he 
labelled the external opening of the resp i ra to ry siphon as the anus. He 
further said about the "Water - Insect or Gnat": - - " I t is suppos'd by 
some, to deduce its f irst originfrom the putrifaction of Rain Water. . ." 
He wrote that the larvae can move gently through the water by moving 
their mouthparts , and "eat" their way up through the water . 

Reaumur (1738) described and i l lustrated the external features 
of amosquito larva which seems to be a Culex species ( pipiens according 
to Shannon, 1931). He gave an accurate description of the function of 
the labral brushes and described browsing and filter feeding activities 
of la rvae . 

The best known studies on mosquito larvae in the 19th century 
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a r e t h o s e of M e i n e r t (1886) and R a s c h k e (1887) who d i s c u s s e d l a r v a l 
m o r p h o l o g y , funct ion of m o u t h p a r t s , and s o m e of the hab i t s of l a r v a e 
and a d u l t s . 

T h e n a m e s u s e d b y a u t h o r s for the m o u t h p a r t s of m o s q u i t o l a r v a e 
a r e s u m m a r i z e d in t ab le 1. The following a u t h o r s a l s o r e f e r r e d to s o m e 
m o u t h p a r t s by spec i f ic n a m e s : Mia l l (1895), Johannsen (1903), Mi tche l l 
(1906), P u r i ( 1 9 2 5 ) , Montchadsky (1945), and Cook (1956). A m o r e comple te 
l i s t of l i t e r a t u r e on th i s sub jec t i s inc luded in m y t h e s i s (Puca t 1962). 
It i s ev iden t t ha t t h e r e i s d i s a g r e e m e n t on the homology and n o m e n c l a t u r e 
of c e r t a i n m o u t h p a r t s . T h e r e i s l e s s d i s a g r e e m e n t on the function of 
t h e s e p a r t s , but t h i s h a s not been s tud ied exhaus t i ve ly . 

Classification of Feeding Habits 

The s t r u c t u r e of m o u t h p a r t s , the m e t h o d of feeding, and the 
h a b i t a t of the l a r v a e a r e i n t e r - r e l a t e d . On the b a s i s of t h e s e f a c t o r s 
cu l i c ine l a r v a e h a v e been c l a s s i f i e d into f i l te r f e e d e r s , b r o w s e r s , and 
p r e d a t o r s (Su r t ee s 1959). 

It h a s been found convenien t to follow th i s c l a s s i f i c a t i o n s ince 
it i s b a s e d on m o r p h o l o g i c a l and funct ional c h a r a c t e r i s t i c s . The c r i t 
e r i a m a y be s u m m a r i z e d a s fo l lows; 

Filter Feeders - a r e l a r v a e •which s t r a i n out food p a r t i c l e s f r o m the 
w a t e r , such p a r t i c l e s be ing suff ic ient ly s m a l l to p a s s d i r e c t l y in to the 
d i g e s t i v e t r a c t wi thout u n d e r g o i n g any f u r t h e r b r e a k d o w n . T h e i r s a l i en t 
m o r p h o l o g i c a l c h a r a c t e r s a r e : long, f ine, u n s e r r a t e d l a b r a l b r u s h e s , 
l a r g e m a x i l l a e b e a r i n g m a n y fine s e t a e , s m a l l weak ly ch i t in ized m a n 
d i b l e s , a weak ly ch i t i n i zed s u b m e n t u m p o s s e s s i n g a l a r g e n u m b e r of 
v e r y s m a l l t e e th and, a s s o c i a t e d with t h e s e f e a t u r e s , l a r g e s u b - a p i c a l 
tufts of s e t a e on the an t ennae (Sur t ees 1959). T h e s e s t r u c t u r a l f e a t u r e s 
w e r e r e c o g n i z e d by W e s e n b e r g - L u n d (1920) in s e v e r a l Dan i sh s p e c i e s of 
m o s q u i t o e s . Nu t t a l l and Shipley (1901) d e s c r i b e d in de ta i l the function 
of the l a b r a l b r u s h e s of a f i l te r f e e d e r , an u n n a m e d Anopheles s p e c i e s . 

F e e d i n g ac t i on s i m i l a r to tha t o b s e r v e d by Nut ta l l and Shipley 
was a l s o o b s e r v e d by B e k k e r (1938a ,b) in Anopheles maculipennis Meigen , 
a n d b y R e n n ( 1 9 4 1 ) i n Anopheles quadrimaculatus S a y a n d Anopheles crucians 

W i e d e m a n n . Renn r e f e r r e d to the c h a r a c t e r i s t i c anophe l ine feeding 
m e t h o d in which the f loat ing p a r t i c l e s a r e d r a w n s t r a i g h t t o w a r d s the 
m o u t h a s " i n t e r f a c i a l " feed ing . H o w e v e r , s o m e t i m e s anophe l ine l a r v a e 
e m p l o y a feeding m e t h o d c o m m o n to the l a r v a e of o the r g e n e r a of m o s 
qu i toes in which the p a r t i c l e s m o v e in conve rg ing c u r v e d l i n e s , and th i s 
R e n n c a l l s " e d d y " feed ing . 

Browsers - a b r a d e so l id m a t e r i a l , the p a r t i c l e s of which r e q u i r e 
f u r t h e r m a n i p u l a t i o n by the m o u t h p a r t s be fo re e n t e r i n g the d iges t ive 
t r a c t (Su r t ee s 1959). M o u t h p a r t s of th i s type h a v e been d e s c r i b e d b y 
M i t c h e l l (1906), Howard , D y a r , a n d K n a b (1912), W e s e n b e r g - L u n d (1920), 
S u r t e e s (1959), S n o d g r a s s (1959), C h r i s t o p h e r s ( I960) , and C l e m e n t s 
(1963). A l l a u t h o r s a g r e e tha t b r o w s i n g l a r v a e a r e u s u a l l y bo t tom f e e d e r s . 

The l a b r a l b r u s h e s a s we l l a s the m a x i l l a r y and m a n d i b u l a r b r i s 
t l e s a r e s h o r t e r and s t i f fer than in the f i l t e r f e e d e r s . A s M i t c h e l l (1906) 
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pointed out, in brushing over debris at the bottom of a pool very long, 
slender ha i rs would be a disadvantage. Mandibles a re used to manipulate 
any large part icles that come into the feeding s t ream, and the submentum 
is used as a secondary grasping organ. The swimming position is 
usually at an angle of about 45 to the substratum. Morphological 
gradations occur between typical filter feeders and browsers 
(Wesenberg-Lund 1920, Surtees 1959). 

Predators - have the labral brushes strongly chitinized. The role 
of the maxillae has been suppressed and the mandibles a re the principal 
mouthparts . These a r e v e r y large with strongly chitinized claws and take 
upmost of the oral region of the head capsule. Associated with the strong 
claws are large, stiff spines which also aid in grasping the prey. This 
is true of the larvae of Chaoborus and Mochlonyx (Schremmer 1950, Peterson 
1951, Cook 1956, and others) . The submentum in all predatory species 
is well developed, the teeth being large and generally pointed. The 
increase in the strength of the submentum is associated with a reduction 
in the number of teeth and mouth b rushes . Preda tory larvae have large 
prehensile antennae which aid in grasping prey. 

Evolution 

Montchadsky (1937) has considered the environmental adaptation 
of larval and adult s t ructures and behavioral character is t ics important 
in classification. The type of feeding is a factor correlat ing the processes 
of evolution of larval and adult mosquitoes. 

The Anophelinae and Culicinae have mostly plant-feeding larvae 
and blood - sucking adults (Montchadsky 1937, Hennig 1950). However, 
the Toxorhynchitinae and the culicine subgenus Lutzia have reversed 
their type of feeding; the larvae lead a predatory life, but have s t ructures 
which indicate a previous adaptation to a vegetarian type of feeding. The 
adults of these mosquitoes either feed on plant juices (but ca r ry t races 
of previous ability to suck blood), or appear to be optional blood feeders 
(Montchadsky 1937). In the Chaoboridae the adults a re plant feeding 
while the larvae are predatory. Two lines of adaptation to predation 
a re known: the surface film feeders such as Eucorethra, and the pelagic 
feeders such as Chaoborus. 

In the initial stages of evolution of the mosquitoes ei ther there 
was a change in the type of feeding of the adults (transition to blood 
feeding in the subfamily Culicinae), or of the larvae (the transition to 
predation in the Chaoboridae). According to Montchadsky (1937) these 
changes were provoked by cer tain changes in the nutritional requirements 
for the ripening of the sexual organs. If adequate food containing high 
quality protein is eaten by the predatory larvae, it is not then required 
to be eaten by the adults which may be vegetarian. On the other hand, 
non - predatory mosquito larvae do not obtain adequate high quality 
protein, so that the adults of these species must have i t f rom the blood 
of ver tebra tes . 



TABLE 1 - Summary of names which have been used for some mouthparts of mosquito larvae. 

A u t h o r L a b r a l A r e a M a x i l l a L a b i u m 

M e i n e r t 1886 
C. annulatus 

R a s c h k e 1887 
C. nemorosus 

Giles 1902 
A. rossi C. fatigans 

Mochlonyx Chaoborus 

Theoba ld 1901 
Anopheles 

Megarhinus 

Nut ta l l & Shipley 
1 9 0 1 Anopheles 

c lypeus wh i r l i ng scu tum of 
o r g a n 1st m e t a -

raere 

upper S t r u d e l -
l ip a p p a r a t 

l a b r u m whor l 
o rgan 

whor l 
o rgan 
b r u s h 

c lypeus b r u s h 

i n t e r n a l e x t e r n a l 
lobe lobe 

m a x i l l a 

m a x i l l a 

m a x i l l a 

m a x i l l a 

u n d e r -
up 

u n d e r -
up 

lower 
up 

l ab ia l 
p la te 

lower 
up 

T h o m p s o n 1905 
Culex 

I m m s 1907, 1908 
Anopheles 

Wesche 1910 
Culex 

Howard 1912 
Culex Aedes 

Anopheles 

W e s e n b e r g - L u n d 
1 9 2 0 Culex 

Cutis eta Aedes 

f label la p a l a t u m f l abe l l a r f l abe l l a r ep ipha rynx 
inner outer 
r e t r a c t i o n r e t r a c t i o n 
i n s e r t i o n i n s e r t i o n 

c lypeus b r u s h chi t inous ep ipha rynx 
a p o d e m e of 
ep ipha rynx 

b r u s h 

l a b r u m mouth p a l a t u m ep ipha rynx 
b r u s h 
f label la 

l a b r u m f label la pa l a tum a p o d e m e 

m a x i l l a 

m a x i l l a 

m a x i l l a 

m a x i l l a 

m a x i l l a 

hypo- m e n t a l 
pha rynx s c l e r i t e 
l ab ium 

hypo- l ab ia l 
pha rynx p l a t e 

lab ium ( p r e - lower 
m e n t u m ) l ip 

l ab ium m e n t a l h a i r 
hypo- s c l e r i t e f r inged 
pha rynx p la te 

l ab ium m e n t a l h a i r 
hypo- s c l e r i t e f r inged 
pha rynx p la te 

S a l e m 1931 
A. fascials 

Bekke r 1938 
Anopheles 

l a b r u m feeding pa l a tum a p o d e m e c l y p e o - l a b r a l ep ipha rynx 
b r u s h s u t u r e 

c lypeus f label la a n t e r o long i tud i - t r a n s v e r s e ep ipha rynx 
m e d i a n nal l e v e r g i rd l e 
lobe 

m a x i l l a f i r s t 
s egmen t 
of palp 

m a x i l l a 

l ab ium m e n t u m s u b -
mentum 

lab ium 



M a r s h a l l 1938 
Aedes Culex 

.InopAeles 

pr e-
c lypeus 

mouth 
b r u s h 

l a b r u m ep ipha rynx m a x i l l a hypo-
p h a r y n x 

m e n t u m s u b -
mentum 

C o o k 1 9 4 4 , 1 9 4 9 

Culiseta incidens 

l a b r u m l a b r a l 
b r u s h 

p a l a t u m m e s s o r m e s s o r i a l 
a p o d e m e 

pa l a t a l 
b a r 

s t i p e s pa lp i fer p r e -
m e n t u m 

s u b -
m e n t u m 

aulaeunn 

Matheson 1944 
Anopheles 

l a b r u m mou th 
b r u s h 

pa l a tum m a x i l l a p r e -
m e n t u m 

m e n t u m 

F a r n s w o r t h 1947 
.1. quadrimanilatui 

l a b r u m l a b r a l 
b r u s h 

m e d i a n 
l a b r a l 
b r u s h 

m e s s o r m e s s o r i a l 
apodeme 

pa l a t a l 
b a r 

m a x i l l a hypo-
p h a r y n g e a l 
body 

i nne r 
tooth of 
m e n t u m 

outer 
tooth of 
m e n t u m 

S c h r e m m e r 1949 
1. maruUpnm, 

l a b r u m ep ipha rynx 
A p p a r a t 

m a x i l l a l ab ium 

C h a u d o n n e r e t 1951 
C. pipieim 

F o o t e 1953 
C. prccalur C- (it rat us 

l a b r u m l a b r u m m e s s o r ep ipharynx m a x i l l a C h a u d o n n e r e t 1951 
C. pipieim 

F o o t e 1953 
C. prccalur C- (it rat us 

l a b r u m mouth 
b r u s h 

mouth 
b r u s h 

m e s s o r pa l a t a l 
ba r 

m a x i l l a p r e -
m e n t u m 

m e n t u m a u l a e u m 

Shalaby 1957 
•\ cites Cute* 

Culiseta 

p r e -
c lypeus 

l a t e r a l 
l a b r a l 
b r u s h 

pa l a tum 

ill 1 

p o s t e r i o r 
a p o d e m e 

t r a n s v e r s e 
b a r 

ep ipha ryngea l 
s c l e r i t e 

l ac in ia ga lea 
c a r d o - s t i pes 

pa lp i fer hypo-
pha rynx 

p a r a -
g lo s sa 

g lo s sa 

M e n e e s 1958 
.1. qttudrunaculattis 

l a b r u m mou th 
b r u s h 

m e d i a n 
b r u s h 

t o r m a a n t e r i o r 
i n t e r t o r m a l 
b a r 

p o s t e r i o r 
i n t e r t o r m a l 
ba r 

l a c in i a ga lea 
s t ipes 

c a r d o l a b i o - h y p o -
p h a r y n g e a l 
body 

inner 
tooth of 
m e n t u m 

outer 
tooth of 
m e n t u m 

S n o d g r a s s 1959 
.ledes Culex 

Culisc/a Anop/ietes 

l a b r u m l a t e r a l 
feeding 
b r u s h 

m e d i a n 
b r u s h 

t o r m a a p o d e m e e p i p h a r y n g e a l 
b a r 

ep ipha rynx s t i p e s c a r d o l ab ium 
h y p o -
p h a r y n x 

h y p o -
s t o m i u m 

a u l a e u m 

S u r t e e s 1959 
Culex Aedes 

mouth 
b r u s h 

m a x i l l a m e n t u m 

C h r i s t o p h e r s I960 
A. aegypti 

p r e -
c lypeus 

f labe l lum p a l a t u m a p o d e m e s t i r r u p 
apodeme 

p o s t e r i o r 
pa l a t a l 
b a r 

ep ipha rynx d i s t a l p a r t 
of m a x i l l a 

pa lp i fe r 

111 

m e n t a l 
s c l e r i t e 

J o n e s I960 
.!. quadrimaculatus 

l a b r u m l a t e r a l 
l a b r a l 
b r u s h 

m e s s o r pa l a t a l 
b a r 

m a x i l l a p r e -
m e n t u m 

m e n t u m s u b -
m e n t u m 

P r e s e n t w o r k l a b r u m l a t e r a l 
l a b r a l 
b r u s h 

m e d i a n 
l a b r a l 
b r u s h 

t o r m a p o s t e r i o r 
t o r m a l 
a p o d e m e 

t r a n s v e r s e 
b a r 

ep ipha ryngea l 
ba r 

l ac in ia d i s t i -
s t i p e s 

c a r d o 
b a s i s t i p e s 

p r e -
m e n t u m 

m e n t u m s u b -
m e n t u m 
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MORPHOLOGY OF THE HEAD AND MOUTHPARTS OF MOSQUITO 

LARVAE 

The m o u t h p a r t s of m o s q u i t o l a r v a e w e r e c o m p a r e d with the m o u t h -
p a r t s of l a r v a e of o t h e r N e m a t o c e r a , M e c o p t e r a , and o t h e r p a n o r p o i d 
g r o u p s , or with pub l i shed d e s c r i p t i o n s of t h e m . 

Procedures 

Two s p e c i e s of m o s q u i t o , Aedes aegypti ( L . ) and Culiseta inomata 
(Will iston) w e r e r e a r e d in the l a b o r a t o r y , so tha t f r e s h s p e c i m e n s of 
t h e s e s p e c i e s w e r e a l m o s t a lways a v a i l a b l e . R e a r i n g m e t h o d s of 
T r e m b l e y (1955) and M c L i n t o c k (1952) w e r e fol lowed. S p e c i m e n s f r o m 
the field w e r e a l s o o b s e r v e d a l ive and d i s s e c t e d in the l a b o r a t o r y . Since 
l a r v a e w e r e a v a i l a b l e i n a b u n d a n c e , d i s s e c t e d h e a d s w e r e m o s t l y s tud ied . 
The d i s s e c t i o n s w e r e done in g l y c e r i n e . H o y e r ' s moun t ing m e d i u m and 
a e u t r a l Canada B a l s a m w e r e u s e d for moun t ing the m o u t h p a r t s . E o s i n -
w a t e r so lu t ion w a s u s e d for s ta in ing d i s s e c t e d m u s c l e s , and modi f ied 
( P e t e r s o n I960 ) M a l l o r y ' s t r i p l e s t a i n for l a r v a l h e a d c u t i c l e . The 
m o u t h p a r t s w e r e boi led for 15 m i n u t e s in an 8% aqueous so lu t ion of 
KOH b e f o r e s t a in ing . 

M ant on ( 1 9 5 8 ) c o m m e n t e d on the s t a in ing r e a c t i o n of cu t i c l e 
wi th M a l l o r y ' s . She conc luded tha t s c l e r o t i z e d n o n - s t a i n i n g exocu t i c l e 
i s u n s t r e t c h a b l e when thick, tha t o r a n g e and r e d - s t a i n i n g cu t i c l e a r e 
p r o g r e s s i v e l y l e s s fully s l c e r o t i z e d , l e s s r i g i d , and m o r e e l a s t i c than 
the n o n - s t a i n i n g c u t i c l e , and that b l u e - s t a i n i n g cu t i c l e i s fully f lex ib le , 
m o r e s t r e t c h a b l e , but l e s s e l a s t i c . 

The s t r u c t u r e of the h e a d s of the l a r v a e of Aedes fitchii (Fe l t and 
Young) and Culiseta inomata was s tud ied in de t a i l , and o the r s p e c i e s ( table 2) 
w e r e c o m p a r e d wi th t h e m . L a r v a e of a Chironomus s p e c i e s , and of Mochlonyx 
velutinus (Ruthe) and Chaoboms americanus ( Johannsen) w e r e a l s o e x a m i n e d . 

The Head Capsule 

The l a r g e s t s c l e r i t e in the h e a d c a p s u l e of a m o s q u i t o l a r v a i s the 
f r o n t o c l y p e u s , which ex tends ove r m o s t of the h e a d s u r f a c e dor s a l l y . 
The genae a r e l a t e r a l , the p o s t g e n a e p o s t e r o - l a t e r a l ; they extend ven t -
r a l l y to c o m p l e t e the head c a p s u l e (figs 1,2). The m e d i a n v e n t r a l p a r t 
of the un i t ed p o s t g e n a e , p o s t e r i o r to the m o u t h , h a s been given v a r i o u s 
n a m e s . I c o n s i d e r i t a s the subgena . It i s bounded by two l ines of 
c u t i c u l a r t h i cken ing r i dges 'wh ich a r e known v a r i o u s l y a s the s u b m e n t a l -
p o s t g e n a l s u t u r e s (Shalaby 1956 and 1957a, b , c, d) h y p o s t o m a l s u t u r e s 
(Menees 1958a, C h r i s t o p h e r s I960) , and th i cken ing r i d g e s (Snodgrass 
1959). I a g r e e wi th S n o d g r a s s ' i n t e r p r e t a t i o n of the h o m o l o g i e s of the 
v e n t r a l h e a d s c l e r i t e s . In homolog iz ing t h e s e s c l e r i t e s of the m o s q u i t o 
l a r v a S n o d g r a s s d i g r e s s e s to d i s c u s s the v e n t r a l h e a d s c l e r i t e s of o the r 
i n s e c t s , e s p e c i a l l y i n s e c t s in which a t r e n d t o w a r d a v e n t r a l e longa t ion 
of the p o s t g e n a e i s ev iden t . A s e x a m p l e s h e c i t e s c e r t a i n b e e t l e s i n which 
the e n t i r e l a b i u m with a gu la r addi t ion to the s u b m e n t u m i s e n c l o s e d 
be tween the p o s t g e n a e . He s t a t e s , h o w e v e r , t ha t t h i s condi t ion i s not 
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Fig. 1. The head of Aedes fitchii (F. & Y.) larva, (a) dorsal view showing muscle 
origins and extended labral brushes, (b) ventral view with brushes retracted and 
mouthparts removedfrom right hand side. mx. maxillae, md. mandible, sm. sub-
mentum, t .m . tessellated membrane, aul. aulaeum, p . t . posterior tentorial pi t . 
Muscle attachments stippled. 
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0. 5 m m 

F i g . 2. (a) L a t e r a l view of the left side of the head of Aedes fitehii (F. & Y. ) l a rva , 
(b) Sagit tal sect ion through the mouthpar ts of Aedes fitehii l a rva , md. mandible , 
m x . maxi l lae , pm. p rementum, sm. submentum, aul . aulaeum, dis t is t . d i s t i s t ipes . 
Muscle a t tachments st ippled. 
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r e p r e s e n t e d i n m o s q u i t o l a r v a e . M o r e c o m m o n l y , the p o s t g e n a e c o m e t o 
ge the r m e d i a l l y and d i s p l a c e the l a b i u m . A final s t age in the d i s p l a c e m e n t 
of the l ab ium i s seen in the l a r v a e of C h i r o n o m i d a e w h e r e the l ab ium h a s 
b e c o m e g r e a t l y r e d u c e d a n d i s h idden f r o m be low by a m e d i a n h y p o s t o m a l 
lobe of the uni ted p o s t g e n a e . 

A s i m i l a r p r o c e s s of c l o s u r e and e longat ion of the p o s t g e n a e and 
r educ t ion of the l ab ium o c c u r s in n e m a t o c e r o u s l a r v a e a s d i s c u s s e d by 
Anthon (1943), Hennig (1948, 1950, 1952), and S n o d g r a s s (1959). In 
the l a r v a e of the p r i m i t i v e rhyphid Olbiogaster t he s m a l l pos tgena l lobes 
a r e p o s t e r i o r to the s u b m e n t u m of the l ab ium (Anthon 1943). In t ipul id 
l a r v a e , d e s c r i b e d by V i m m e r (1906) and o the r a u t h o r s , a s wel l a s in 
o ther a e m a t o c e r o u s l a r v a e the genae a r e c o m p l e t e l y un i ted v e n t r a l l y 
and the l ab ium is d o r s a l to the subgena l lobe . In the m o s q u i t o l a r v a , 
to d i s t i ngu i sh the c e n t r a l a r e a be tween the th i cken ing r i d g e s of the genae 
S.aodgrass (1959) n a m e d i t t he subgena , and the a r e a s l a t e r a d of the 
r i d g e s the p o s t g e n a e . I u s e th is n o m e n c l a t u r e . 

Cook ( 1944a, b , 1949) , following F e r r i s ' s (1947) and H e n r y ' s 
(1947) t h e o r i e s of the s e g m e n t a t i o n of the a r t h r o p o d head , c o n s i d e r e d the 
pos tgenae and the subgena a s p a r t s of the m a x i l l a r y s e g m e n t . Shalaby 
(1957) c o n s i d e r e d the ap i ca l p a r t of the subgena a s the m e n t u m and the 
r e m a i n d e r a s the s u b m e n t u m . A s ev idence for t h i s i dea Sha laby 
r e f e r r e d to W h e e l e r ' s (1893) e m b r y o l o g i c a l w o r k in which the l a t t e r 
o b s e r v e d that the r u d i m e n t s of the s econd p a i r of m a x i l l a e on the s i de s 
of the e m b r y o n i c body give r i s e to the l ab ium in the e m b r y o s of the l o c u s t 
Xiphidium ensiferum S c u d d e r , i n Gryllus luctuosus S e r v i l l e , a n d i n Stagmomantis 
Carolina ( Johannsen) . Shalaby be l i eved that the m e d i a n s u t u r e p r e s e n t 
on the v e n t r a l s c l e r i t e of the h e a d of Culex molestus F o r s k . l a r v a i s due 
to i n c o m p l e t e fusion of the e m b r y o n i c r u d i m e n t s of the second m a x i l l a e . 
That the e m b r y o n i c second m a x i l l a e give r i s e to the l ab ium h a s been 
shown by Butt (1957) in Oncopeltus fasciatus (Da l las ) , and by o the r a u t h o r s 
in o the r i n s e c t s . C h r i s t o p h e r s (I960) a l s o b e l i e v e s that the subgena i s 
the l ab ia l a r e a ; he h o m o l o g i z e s the subgena l and pos tgena l a r e a s p o s t e r i o r 
to the m a x i l l a e with the fused b a s e s of the m a x i l l a e ( ca rdo and s t i p e s ) . 
He thus b e l i e v e s tha t in the l a r v a l a s i n t h e adul t s t ages of m o s q u i t o e s 
the b a s e s of the m a x i l l a e extend to the o c c i p i t a l f o r a m e n , f o r m i n g the 
h y p o s t o m a l a r e a . Howeve r , the s c l e r i t e which C h r i s t o p h e r s c o n s i d e r s 
a s the b a s e of the m a x i l l a s e r v e s a s the o r i g i n of p h a r y n g e a l , m a n 
d ibu l a r , and m a x i l l a r y m u s c l e s which in m o s t o the r i n s e c t s o r i g i n a t e 
on the t e n t o r i u m or on the c r a n i a l wal l (Snodg ra s s 1935). In the adul t 
Aedes vexans (Meigen) the m a x i l l a r y m u s c l e s o r i g i n a t e on the t e n t o r i u m 
( P e t e r s o n Hoyt 1952). On the o the r hand, none of the pos tgena l m u s c l e s 
of the m o s q u i t o l a r v a o r i g i n a t e s on the t e n t o r i u m . If the l a r v a l p o s t -
g e n a a n d subgena a r e to be c o n s i d e r e d a s the fused m a x i l l a r y c a r d o and 
s t i p e s , then the o r i g i n s of the v a r i o u s m u s c l e s upon t h e m a r e difficult 
to expla in . M e n e e s (1958a), s tudying the e m b r y o n i c d e v e l o p m e n t of 
A. quadrimac ulatus , o b s e r v e d t ha t the m e d i a n s u t u r e on the v e n t r a l h e a d 
s c l e r i t e in th is s p e c i e s i s the r e s u l t of i n c o m p l e t e fusion of the p o s t g e n a e . 

Mos t s u t u r e s which a r e c h a r a c t e r i s t i c of the p r i m i t i v e i n s e c t 
head a r e absen t f r o m the h e a d s of m o s q u i t o l a r v a e . Two c l e a v a g e l i n e s 
extend a n t e r i o r l y f r o m a s h o r t p o s t e r i o r occ ip i t a l s t e m (fig 1). T h e s e 
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cleavage lines may be homologous with the frontal sutures and the epi
cranial suture of other insects . However, Snodgrass (1947, 1958) and 
DuPorte (1953) state that the frontal a rms of this suture follow diverse 
paths in different insects , and therefore do not define any specific part 
of the head. For this reason, in this workhead scler i tes and mouthparts 
have been named in reference t o muscle origins. 

Approximately in the center of the frontoclypeus a r i se the labral 
and epipharyngeal muscles (fig. 1) which usually originate on the clypeus, 
and posterior to these a re the origins of the pharyngeal muscles which 
generally occur on the frons. In the head of Aedes fitchii (Felt and Young) 
larva and in all the other mosquito species examined, there is no 
demarcation between the a reas where the different muscles originate. 
According to DuPorte (1962) in some insects the boundary b e t w e e n 
the clypeus and frons, in the absence of an epistomal suture, i s f i x e d 
by the position of the anterior tentorial pits. In the heads of mosquito 
larvs.e, however, the epipharyngeal muscle (usually on the clypeus) orig
inates much poster ior to the anterior tentorial a r m s . 

The tentorium in the mosquito larva is represented by anterior 
and poster ior a r m s . The anterior a rms originate on the head capsule 
medial to the antennae, in the same area where the hypopharyngeal bars 
a r i se (fig. 1). The long, slender anterior tentorial a rms connect to the 
short posterior a r m s on the postero - ventral part of the head. There 
is no tentorial bridge. 

On each side of the head a hypopharyngeal bar connects the 
hypopharynx to the side of the cranium (fig. 1). 

The Labrum 

The labrum of the larva of Aedes fitchii consists of a narrow 
t ransverse scler i te dorsally (fig. 1). Ventrally it is composed of a 
membranous a rea to which three brushes are attached, one median 
and two la tera l and movable. The median brush is connected to each la teral 
labral brush and to the distal part of the dorsal labral scleri te by a 
membrane which has ben variously named. In the larvae of Lutzia halifaxi 
Theobald, Cook (1944b) re fer red to it as a "pennicular a r e a . , .beset 
with small oval pits arranged in definite r o w s . " Because of its appear
ance Christophers (I960) called it the tessel lated membrane, and this 
is the name adopted here (fig.5). However, this name does not describe 
the membrane accurately in all the larvae that I examined. This is 
discussed further below. 

In both A. aegypti , (Shalaby 1957a) and Aedes fitchii, two types of 
ha i r s a re found on the median brush; long thin branched ha i rs posteriorly, 
and short stout ha i r s with ser ra ted distal ends anteriorly. Both types 
are shorter on the sides of the brush than medially. 

The la te ra l labral brushes a re composed of three types of hai rs 
which differ in length, thickness, curvature, and location. The hairs of 
the f irs t type are simple, relatively short, thin, soft, without definite 
curvature , and a re located postero - laterally, dorsally, and ventro-
medially overhanging the pharynx (figs. 1, 3). These ha i r s , which a re 
attached to the tessel la ted membrane, do not take part in creating a 
feeding cur rent . Hairs of the second type are long, simple, t h i n , 
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s l igh t ly c u r v e d at t h e i r b a s e s and at t h e i r d i s t a l e n d s , and a r e l o c a t e d 
in the l a t e r a l p o s t e r i o r two t h i r d s of the b r u s h (fig. 3) . A n t e r i o r to 
t h e m a r e h a i r s of type t h r e e . T y p e s two and t h r e e t ake an ac t i ve 
p a r t in c r e a t i n g c u r r e n t s . The a p i c e s of type t h r e e h a i r s a r e p rov ided 
with s e r r a t i o n s (17 - 20 pe r h a i r ) . The s e r r a t i o n s on the l a t e r a l type 
t h r e e h a i r s a r e s m a l l e r and s l igh t ly c l o s e r to each o the r than t h o s e 
on the m o r e m e d i a l h a i r s . 

T h r e e t y p e s of h a i r s w e r e found in a l l the b r o w s i n g s p e c i e s of 
Aedes and Culiseta excep t in Aedes cinereus Me igen and A. canadensis ( T h e o ) . 
w h i c h h a v e only s h o r t , s i m p l e h a i r s on t h e i r l a t e r a l b r u s h e s . When the 
l a b r a l b r u s h e s a r e s t a ined with M a l l o r y ' s the b a s e s of a l l the h a i r s s t a i n 
r e d . Next above the b a s e s a n a r r o w l a y e r of b lue a p p e a r s a c r o s s the 
h a i r s and above th i s l a y e r h a i r s of type one and two s t a in r e d to t h e i r 
t i p s . H a i r s of type t h r e e s ta in p a r t l y r e d above the blue p o r t i o n but 
they s ta in blue ap ica l ly , in t h e i r s e r r a t e d r e g i o n s . A l a r g e p r o p o r t i o n 
of the m o s t m e d i a n type t h r e e h a i r s s t a ins c o m p l e t e l y b lue above the 
r e d b a s e s . In A. fitchii and the o t h e r Aedes l a r v a e , a s we l l a s in the 
b r o w s i n g Culiseta l a r v a e tha t w e r e e x a m i n e d , the a p i c e s of h a i r s of types 
one and two a r e t a p e r e d . A l s o t a p e r e d a r e the a p i c e s of a l l the h a i r s 
of the l a b r a l b r u s h e s of the f i l te r f e e d e r s , Culiseta morsitans ( T h e o . ) and 
Culex territans W a l k e r . In the b r u s h e s of the f i l t e r feeding l a r v a e a l l 
the h a i r s a r e s i m p l e . They a l l have r e d - s t a i n i n g b a s e s , b l u e - s t a i n i n g 
p o r t i o n s above the b a s e s , and r e d - s t a i n i n g m i d d l e and ap i ca l p o r t i o n s . 
In the f i l ter feeding l a r v a e a l a r g e g r o u p of h a i r s , o r i g i n a t i n g m e d i a l l y 
on each l a t e r a l l a b r a l b r u s h , o v e r h a n g s v e n t r a l l y , p a r t l y c o v e r i n g the 
ep ipha rynx . A s m a l l e r n u m b e r of s i m p l e h a i r s ex tends in th i s pos i t i on 
in the b r o w s i n g l a r v a e (fig. l ) . I n a l l t he l a r v a e tha t w e r e e x a m i n e d t h e s e 
h a i r s a r e r e d - s t a in ing . In the l a r v a e of Chaoboms americanus t he l a b r a l 
b r u s h e s c o n s i s t of a f e w h a r d , s h o r t , b r o w n b r i s t l e s on the s m a l l s c l e r i t e . 
In the l a rva , of a Chironomus s p e c i e s e x a m i n e d a few l a b r a l b r i s t l e s a r e red-
s ta in ing and the r e m a i n d e r a r e b l u e - s t a i n i n g . Thus the s ta in ing r e a c t i o n 
of the l a b r a l b r u s h e s of the f i l t e r feeding and b r o w s i n g l a r v a e i n d i c a t e s 
tha t t he i r h a i r b a s e s a r e e l a s t i c and the p o r t i o n s above the b a s e s a r e 
f l ex ib le . F l e x i b i l i t y of t h e s e h a i r s was s e e n when l a r v a e 'were o b s e r v e d 
feeding and a l s o when the h a i r s w e r e de f l ec ted •with a n e e d l e . 

In the m o s q u i t o l a r v a e e x a m i n e d a l l the h a i r s of the l a t e r a l b r u s h e s 
except type one a r e a t t a ched to s c l e r o t i z e d r o d s which extend t r a n s v e r s e l y 
a c r o s s the b a s a l a r e a of the b r u s h (f igs.3 and 4 ) . S a l e m (1931) s e e m s to 
be r e f e r r i n g to t h e s e r o d s in Aedes fasciata ( F a b . ) ( A. aegypti L . ) when 
he s t a t e s tha t the ch i t in of the l a b r a l b r u s h "exh ib i t s a p e c u l i a r s t r i a t e d 
a p p e a r a n c e . " C h r i s t o p h e r ' s t e r m f o r t h e s e r o d s , " c r o s s b a r s , " i s u s e d 
h e r e . On each l a t e r a l l a b r a l b r u s h of A. fitchii l a r v a e be tween f o r t y -
five and fifty of t h e s e b a r s a r e p r e s e n t and each b e a r s a p p r o x i m a t e l y 
twenty h a i r s . Thus each l a t e r a l b r u s h con ta ins n e a r l y a t housand h a i r s . 
A s i m i l a r n u m b e r of h a i r s i s p r e s e n t in each l a t e r a l b r u s h of C. inomata 
l a r v a e . 

The c r o s s b a r s a r e c u t i c u l a r t h i cken ings of the t e s s e l l a t e d m e m 
b r a n e (f ig.5) wi th t h e i r d o r s a l ends f r e e in t h i s m e m b r a n e nex t to the 
d o r s a l s c l e r i t e of the l a b r u m . When the c r o s s b a r s a r e t o r n away f r o m 
the t e s s e l l a t e d m e m b r a n e and the h a i r s , d e p r e s s i o n s on t h e m w h e r e the 
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F i g . 3 . Ventral v i ew of the labrum of the larva of Aedes fitchii with the 
la tera l labral b r u s h e s extended. Numbers indicate hair types . 

F i g . 4 . D e t a i l s of labral hair attachments of the larva of Culex territans. 
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Fig. 5. (a) Forked bases of labral hairs of Aedes larvae; anterior views, (b) The 
relationship between hair base, cross bar, and the tessel la ted membrane, and the 
holes and depressions left in this by the removal of hairs and cross bars . Open 
stipple stretchable cuticle (stains blue); close stipple, flexible but relatively non-
stretchable cuticle (stains red). (c) Diagram showing how the hairs a re brought 
together by the increasing angle of movement at greater distances from the brush 
sclerite, because of differential stretching between the cross bars and the tessellated 
membrane. 
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h a i r s w e r e a t t a c h e d can be s e e n . The o the r end of each c r o s s bar i s 
c u r v e d into a hook; i t t e r m i n a t e s in the b r u s h s c l e r i t e which is rough ly 
t r i a n g u l a r and i s a t t a c h e d to the m e d i a n p a r t of the t o r m a by an apodeme 
(fig. 3). M u s c l e s tha t m o v e th i s s c l e r i t e a r e i n s e r t e d on the p o s t e r i o r 
t o r m a l a p o d e m e ( f i g . l ) . When the h a i r s a r e pul led off the m e m b r a n e , 
t he i r fo rked b a s e s , the c r o s s bar s, and p a r t of the m e m b r a n e c o m e s with 
t h e m . This l e a v e s ho les in the m e m b r a n e and c o n f i r m s that the c r o s s b a r s 
a r e m o r e s t r o n g l y a t t a ched to the h a i r b a s e s than to the m e m b r a n e . The 
hole m a y be r h o m b o i d , s q u a r e , pen tagona l , hexagona l , oval , or roughly 
c i r c u l a r and f o r m a m o s a i c p a t t e r n on the m e m b r a n e which gives it i t s 
n a m e s , The c r o s s b a r s l eave d e p r e s s i o n s in the t e s s e l l a t e d m e m b r a n e . 

When this c o m p l e x i s s ta ined with M a l l o r y ' s the c r o s s b a r s and 
the h a i r b a s e s s t a in r e d ind ica t ing r i g i d i t y , while the t e s s e l l a t e d 
m e m b r a n e and s m a l l p a r t s of the h a i r s above the i r b a s e s s ta in blue , 
i nd ica t ing s t r e t c h a b i l i t y . The edges of the ho les m a y be out l ined in r e d 
p e r h a p s b e c a u s e of s o m e change in the c h a r a c t e r of the m a t e r i a l of the 
m e m b r a n e r e s u l t i n g f rom t e a r i n g . 

The ends of the ep ipha ryngea l bar a r e a t t a ched to the p o s t e r i o r 
p a r t s of both t o r m a e (figs. 1, 3). At the a n t e r i o r end of each t o r m a a 
n a r r o w s c l e r i t e p r o j e c t s m e d i a l l y . T h e s e s c l e r i t e s a r e known as t r a n s 
v e r s e b a r s (Shalaby 1957a) o r pa l a t a l b a r s ( C h r i s t o p h e r s I960) . 
T h e i r s t r u c t u r e in A. fitchii i s s l ight ly di f ferent f rom that in A. aegypti 
as d e s c r i b e d by the above a u t h o r s . The b a r s of A. aegypti a r c sienu..-x 
and f r o m each a s m a l l c u r v e d s c l e r i t e p r o j e c t s a n t e r i o r l y . In A. fitchii 
t hey a r e s tout and c u r v e d m e d i a l l y , and a r e a t t a ched by thin s c l e r i t e s 
to the t o r m a e . In Culex territans the b a r s a r e s t r a i g h t and have 'wide 
b a s a l p a r t s . 

In the s p e c i e s examined only the p o s t e r i o r a p i c e s of the t o r m a e 
s t a in b lue; the r e m a i n d e r of t h e s e s t r u c t u r e s with t he i r a p o d e m e s 
r e t a i n t he i r brown c o l o r . Thus the. t o r m a e and t h e i r a p o d e m e s a r e r ig id , 
h ighly s c l e r o t i z e d s t r u c t u r e s . The a s s o c i a t e d m e m b r a n e s s ta in l ight 
b lue . 

The l a b r u m of the p r e d a t o r y Chaoborus americanus l a r v a i s g r e a t l y 
r e d u c e d ; it l a c k s b r u s h e s but p o s s e s s e s a few s h o r t stiff b r i s t l e s at the 
t ip of the l a b r a l s c l e r i t e (Cook 1956). T h e s e b r i s t l e s s t a in d a r k r e d . 

The Epipharynx and Preoral Cavity 

The e p i p h a r y n g e a l a p p a r a t u s l i e s be tween the p o s t e r i o r ends 
of the t o r m a e and c o m b s food p a r t i c l e s f r o m b r u s h e s to the m a n d i b l e s . 
S c h r e m m e r ( 1 9 4 9 ) ca l l ed i t the " E p i p h a r y n x - a p p a r a t " b e c a u s e i t i s 
m u s c u l a t e d and h a s an ac t i ve r a t h e r than a p a s s i v e function. 

The s t r u c t u r e of the ep ipha rynx in the s p e c i e s examined i s 
v e r y s i m i l a r to tha t d e s c r i b e d by Shalaby (1957) and C h r i s t o p h e r s (I960) 
in A. aegypti . In A. fitchii and the o the r b r o w s e r s the h a i r s a r e c o a r s e r 
than in Culiseta morsitans and Culex territans , The sp ines and h a i r s s t a i n 
d a r k r e d i n A. fitchii which i nd i ca t e s m e d i u m h a r d n e s s ; they s t a i n l i g h t e r 
r e d i n C. morsitans and C. territans and a r e p r o b a b l y sof ter in t h e s e s p e c i e s , 
The e p i p h a r y n g e a l b a r s t a in s m e d i u m blue in a l l s p e c i m e n s . Tha t th is 
f lexible s t r u c t u r e can m o v e a n t e r i o r l y and p o s t e r i o r l y h a s been o b s e r v e d 
in l iv ing l a r v a e of A. aegypti and C. territans 
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The p o s t - e p i p h a r y n g e a l a r e a c o n s i s t s of a m e m b r a n e be tween the 
ep ipha rynx and the p h a r y n x . It i s s i m i l a r to t ha t d e s c r i b e d by Cook 
( 1 9 4 4 b ) i n Theobaldia incidens (= Culiseta incidens ) . T w o p a i r s of m u s c l e 
s t r a n d s o r i g i n a t e on the f ron toc lypeus , one of t h e s e fo rks be fo re i t s 
i n s e r t i o n in the m e m b r a n e be tween the ep ipha rynx and the p h a r y n x . 
Since t h e s e m u s c l e s t r a n d s have a c o m m o n o r i g i n on the c r a n i u m m e d 
i a l ly of the an tenna (fig 1), I c o n s i d e r t h e m as f a s c i c l e s of one m u s c l e , 
the p o s t e p i p h a r y n g e a l . 

The Mandibles 

The m a n d i b l e s of m a t u r e Aedes fitchii l a r v a e c o n s i s t of f l a t t ened , 
rough ly q u a d r i l a t e r a l l obes with t h e i r m e s a l ends p r o d u c e d into s t r o n g l y 
s c l e r o t i z e d too thed p r o c e s s e s and lower s e t a - b e a r i n g l o b e s . They a r e 
s i m i l a r to the m a n d i b l e s of m o s t cu l i c ine l a r v a e which h a v e been d e s 
c r i b e d by o the r a u t h o r s . 

On the m e s a l m a r g i n of each m a n d i b l e is found a f r inge of p i g 
m e n t e d , l o n g , r n e s a l l y d i r e c t e d s e t a e with s tout b a s e s and s h a r p p o i n t s . 
Shalaby (1957a) ca l l ed th i s f r inge the m a n d i b u l a r c o m b when he d e s c r i b e d 
i t i n A. aegypti , The n u m b e r of the c u r v e d , s tou t and s h a r p l y poin ted s e t a e 
v a r i e s in four th i n s t a r l a r v a e of the s p e c i e s t ha t I e x a m i n e d . E l e v e n 
w e r e u s u a l l y found in A. fitchii , n ine in C. inomata , and fifteen in 
A. aegypti , A n o t h e r s e r i e s of s e t a e ex tends m e s o - d o r s a l l y f r o m the 

d o r s a l s ide of the m a n d i b l e , m e d i a l l y of the l a r g e l a t e r a l b r i s t l e s ; t h i s 
s e r i e s Shalaby n a m e s the m a n d i b u l a r b r u s h . In C. inomata i t u s u a l l y 
c o n s i s t s of 40 s e t a e ; in A. fitchii of 54. T h e n u m b e r of l a t e r a l b r i s t l e s 
i s v a r i a b l e be tween s p e c i e s , but c o n s t a n t in a l l t h e s p e c i e s s een ; in 
A. fitchii two a r e p r e s e n t and in C. inomata t h r e e . When the m a n d i b u l a r 
b r u s h and comb s e t a e of the Aedes and the Culiseta b r o w s i n g s p e c i e s a r e 
s t a ined wi th M a l l o r y ' s t h e i r b a s e s s t a i n b l u e , and thus a r e soft; t he r e 
ma in ing p a r t s s t a in d a r k r e d , and a r e h a r d e r . The m a n d i b u l a r s e t a e of 
t h e f i l t e r - f e e d i n g s p e c i e s , Culiseta morsitans a n d Culex territans a r e s o f t e r 
than t h o s e of the b r o w s i n g s p e c i e s . The l a t e r a l b r i s t l e s r e m a i n b rown 
in a l l the s p e c i e s e x a m i n e d . A l l the m a n d i b u l a r b r i s t l e s and s e t a e in 
the mand ib l e of Chaoborus americanus s t a in d a r k r e d or r e m a i n b r o w n . 

The n u m b e r of t e e th in A. aegypti , as d e s c r i b e d by Shalaby , i s 
s i m i l a r to tha t in A. fitchii and to the o the r Aedes s p e c i e s tha t w e r e 
e x a m i n e d . The n u m b e r of v e n t r a l t e e th in C. inomata i s s i m i l a r to tha t 
found in the b r o w s i n g Aedes s p e c i e s , but d o r s a l l y only t h r e e t e e th a r e 
p r e s e n t in C. inomata w h e r e a s five a r e p r e s e n t in a l l s p e c i m e n s of a l l the 
Aedes s p e c i e s . The extent of h e a v y s c l e r o t i z a t i o n in the t ips of the m a n 
d i b l e s , m a i n l y the t e e th , i s a p p r o x i m a t e l y the s a m e in C. inomata and the 
b r o w s i n g Aedes s p e c i e s . The h eav i l y s c l e r o t i z e d a r e a i s s m a l l e r in the 
f i l te r f e e d e r s , and i t i s l a r g e l y ex tended in the p r e d a t o r y Chaoborus 
americanus and Mochlonyx velutinus . T h e s e c h a r a c t e r i s t i c s a g r e e with the 
c h a r a c t e r i s t i c s of b r o w s e r s , f i l t e r f e e d e r s , and p r e d a t o r s tha t S u r t e e s 
(1959) d i s c u s s e s . Med ia l l y , on the d o r s o v e n t r a l r i d g e of the m a n d i b l e a 
g roup of long sp ines r e a c h e s t h e a n t e r i o r p a r t of the p h a r y n x . S c h r e m m e r 
(1949) d i s c u s s e s the function of s i m i l a r s p i n e s on the m a n d i b l e of 
Anopheles maculipennis • A n t e r i o r and p o s t e r i o r m a n d i b u l a r a r t i c u l a t i o n s a r e 

i nd i ca t ed in f ig . 1. 
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The Maxillae 

L a c h m a x i l l a of A. fitchii (fig. 7) c o n s i s t s of a r e c t a n g u l a r f la t tened 
lobe w h i c h b e a r s a b r u s h of long h a i r s ap ica l ly , and a s e r i e s of t h r e e rows 
of s h o r t h a i r s m e d i a l l y in an a r e a d e m a r c a t e d by a s u t u r e on the o r a l (dor 
sal) s i d e . P r o x i m a l to the pa lpus is a t r i a n g u l a r s c l e r i t e about half the 
width of the m a i n looe , which is a t t a c h e d to t h e s e s t r u c t u r e s and to the pos t 
gena by a m e m b r a n e . This s c l e r i t e b e a r s a spine m e d i a l l y . B a s o - v e n t r -

a l ly the m a x i l l a r y pa lpus b e a r s s c l e r o t i zed p r o c e s s e s which a r t i c u l a t e with 
a p o s t g e n a l a r t i c u l a r p r o c e s s ins ide the head ( f ig . l ) . The man d ib l e a l s o 
a r t i c u l a t e s with the pos tgena and the m a x i l l a a t th is point . Two m u s c l e s 
a r e i n s e r t e d in the c e n t e r of the m a i n m a x i l l a r y lobe;a s ingle s t r a n d 
o r i g i n a t e s on the subgena m e s a l l y to the p o s t e r i o r t e n t o r i a l pi t , and a 
double s t r a n d o r i g i n a t e s on the pos tgena p o s t e r i o r to the eye (fig. 1), 

To dec ide what p a r t s of the m a x i l l a of A. fitchii l a r v a e a r e h o m o 
logous 'with p a r t s of max i l l a of o the r i n s e c t s , the r e la t ion be tween s c l e r -
i t e s and m u s c u l a t u r e m u s t be c o n s i d e r e d . It is g e n e r a l l y a c c e p t e d that 
a s I m m s (1944) s t a t e s ". . . the M e c o p t e r a a r e the n e a r e s t l iving r e p r e 
s e n t a t i v e s of a n c e s t o r s of D i p t e r a . . , " This view i s a l s o e x p r e s s e d by 
A p p l e g a r t h ( 1 9 3 9 ) , F e r r i s and R ees (1939), P o t t e r (1948), Hinton (1958), 
and o t h e r s . We should t h e r e f o r e lookfor homolog i e s of the m a x i l l a of the 
m o s q u i t o l a r v a in the M e c o p t e r a and in o ther m e m b e r s of the s u b o r d e r 
N e m a t o c e r a . The pa lpus is the only s t r u c t u r e on the homology of which 
a l l the a u t h o r s a g r e e . Since the pa lpus is connec ted to the b a s e of the 
m a i n m a x i l l a r y lobe , and s ince the pa lpus in a l l i n s e c t s i s connec ted to 
the s t i p e s , it s e e m s log ica l to c o n s i d e r th is lobe a s the s t i p e s . A c c o r d i n g 
t o S n o d g r a s s (1936) and Das (1937) the s t i pe s can be d i s t i ngu i shed by the 
o r i g i n of the m u s c l e s of the p a l p u s . Howeve r , th is c r i t e r i o n does not 
apply when the pa lpa l m u s c l e s a r e ab sen t a s f r o m m o s q u i t o l a r v a e and 
l a r v a e of Tipula and Bibio a s d e s c r i b e d by Das (1937) and Cook (1944a). 
The two m u s c l e s tha t a r e p r e s e n t in th is s t r u c t u r e a r e p robab ly the c r a n i a l 
f l e x o r s of the s t i p e s ( r a t h e r than of the l a c in i a ) . The double s t r a n d which 
o r i g i n a t e s on the pos tgena i s one of t h e s e , and the adduc to r of the s t ipes 
which u s u a l l y o r i g i n a t e s on the t e n t o r i u m is the o t h e r . I n the cu l ic id l a r v a 
the o r ig in of the l a t t e r h a s shifted to the subgena . 

S n o d g r a s s (1935) and Das (1937) hold that the l ac in ia has a c r a n i a l 
f lexor and the ga lea has only a s t i p i t a l f lexor in l a r v a l and adul t s t a g e s of 
m a n y i n s e c t s . Das a l s o s t a t e s that m a n y l a r v a e l ack the f lexor of the ga lea , 
but when the l ac in i a i s p r e s e n t i t s c r a n i a l f lexor i s a lways r e t a i n e d . The 
s a m e au thor adds that the c r a n i a l f lexor of the l ac in i a p lays an i m p o r t a n t 
r o l e in the i n t e r p r e t a t i o n of the l o b e s . No t r a c e of s t ip i t a l f lexor was 
found in any cu l ic id l a r v a examined . The only c r a n i a l f lexor p r e s e n t is 
i n s e r t e d so c l o s e to the m e d i a n s ide of the m a i n lobe that it i s a l m o s t on 
the b r i s t l e - c o v e r e d a r e a which i s d e m a r c a t e d by a s u t u r e on the o r a l s ide 
of the lobe (fig. 7). F u r t h e r m o r e , th is m e d i a n b r i s t l y a r e a funct ions a s 
a l a c i n i a . T h e r e f o r e I a g r e e with Shalaby (1957a, 1958) that th is p a r t of the 
m a x i l l a i s the l a c i n i a , and that the c r a n i a l f lexor of the l ac in ia now 
funct ions a s a s t i p i t a l f lexor . 

In the l a r v a e of Panorpa both ga lea and l a c i n i a a r e p r e s e n t (Das 1 937); 
in Apterobittacus only the l ac in i a i s p r e s e n t in the l a r v a l s t age and the galea 
a p p e a r s in the pupa l s t age (Applegar th 1939); in both Tipula (Das 1937) a n ( j 
Bibio (Cook 1944b) only the l ac in i a i s p r e s e n t in the l a r v a l s t a g e . The 
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* i g . 6. Ventral v i ew of the left mandible of m a t u r e larva of Aedes fitchii 
F i g . 7. D o r s a l v i ew of the left m a x i l l a of m a t u r e larva of Aedes fitchii . 
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triangular sclerite which is considered as the palpifer by most authors 
I believe to be at least a partial vestige of the cardo. In the larva of 
Panorpa the cardo has a relative size, shape and position similar to that in 
the mosquito larva, andit also lacks musculature (Das 1937). In the lar
vae of each of Apterobittacus , Bibio , and Tipula species the structure named 
as cardo by the respective authors, is proportionately larger than in the 
larvae of Aedes , Culex , and Culiseta. In the former three larvae the so-
called cardo extends posterior to the stipes and the palp. If this structure 
is homologous with the triangular sclerite in the mosquito larva then this 
sclerite must be the cardo and not the palpifer. However Hinton (1958) 
points out that the stipes is divided in to a basistipes and dististipes in all 
the Panorpoidea except the more specialized Diptera. The same author 
further states that failure to recognize the fact that the stipes is sub -
divided in primitive forms of all recent orders of the Panorpoidea has 
resulted in the misidentification of the dististipes as the palpifer. Hinton 
also states: "in the Panorpoidea in which the cardo has become fused to 
the basistipes the combined structure'which may be called the cardostipes 
has almost without exception been identified as the cardo and the disti
stipes as the stipes. For instance, the cardo plus basistipes of Bibio is 
called the cardo and the dististipes is called the stipes by Imms (1944) and 
Cook (1949). . . " In the light of Hinton's statements then I consider the 
triangular sclerite of the mosquito larval maxilla as homologous with 
the fused cardo and basistipes. The main maxillary lobe is the disti
stipes plus the lacinia. In addition Hinton mentions that within the 
Nematocera a fusion of the cardostipes with the dististipes takes place for 
example in the Culicidae, but he does not specify in what group of the 
Culicidae. He may be referring to the genus Anopheles, for in that genus 
there is no triangular sclerite proximal to the maxillary palp and the 
dististipes as in the genera Aedes, Culex, and 

Essentially the same structural arrangement of the maxilla 
was found in all the Aedes , Culex , and some Culiseta larvae t h a t I 
examined. Some difference from the browsers was found in the shape 
of the m a x i l l a e of Culex territans , Culiseta morsitans , Aedes canadensis , a n d 
A. cinereus Each maxilla in these species is cone-shaped,wide at the 

base and narrow at the apex where a brush of simple hairs is attached. 
The maxillae of most browsers are similar in shape to those of 
Aedes fitchii . Between the browsers and filter feeders differences occur 
in the number and length of hair s on the distal end of the dististipes and 
on the lacinia. In the maxillae of both filter feeders and browsers the 
apical brush hairs of the dististipes are longer than the lateral hairs of 
the lacinia, and in the filter feeders all these hairs are proportionately 
longer thaninthe browsers. The longest maxillary hairs in Culex territans 
and Culiseta morsitans are approximately one and a half times as long as 
the dististipes; whereas the homologous hairs in A. fitchii and the other 
Aedes browsers are only approximately as long as the dististipes, and 
in both Culiseta inomata and C. impatiens (Walker) they are half the length of 
the dististipes. The maxillary brushes of the browsing Aedes species are 
composed of more hairs than those of the filter feeding species. The 
maxillae of C. inomata and C. impatiens larvae have brushes consisting 
of very few hairs, thus resembling the maxillae of predatory larvae. 
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Anothe r s i m i l a r i t y of the m a x i l l a e of t h e s e two Culiseta s p e c i e s to the 
p r e d a t o r y l a r v a l m a x i l l a e i s the fusion of the pa lp s with the c a r d o b a s i -
s t i p i t e s . 

With M a l l o r y ' s s t a i n the b a s e s of the m a x i l l a r y b r u s h h a i r s of 
b r o w s i n g l a r v a e s t a i n b lue and the r e m a i n i n g p a r t s r e d , but t h e whole 
h a i r s s t a i n b lue in f i l t e r f e e d e r s . Thus the m a x i l l a r y b r u s h e s of b r o w s e r s 
a r e stiff, a f e a t u r e of obvious va lue in t h e i r a c t i v i t y . 

The s h o r t m e d i a l b r i s t l e s of the l a c i n i a a r e a r r a n g e d in t h r e e 
r o w s in a l l the s p e c i e s tha t I s tud ied ; they a r e m o r e n u m e r o u s in 
b r o w s e r s t h a n i n f i l t e r f e e d e r s . T h e s e h a i r s a r e l onge r in A. fitchii and 
the o the r Aedes b r o w s e r s than in C. inornata and C. impatiens . In a l l the 
b r o w s e r s t he se h a i r s s t a i n r e d , i nd ica t ing m o d e r a t e s t i f fnes s . The 
h a i r s of the l a c i n i a of the f i l t e r f e e d e r s s t a i n b lue and thus a r e soft . 

The Labium and Hypopharynx 

I c o n s i d e r the l a b i u m of the l a r v a of A. fitchii to c o n s i s t of the 
p r e m e n t u m and the s u b m e n t u m . This v iew i s in a g r e e m e n t wi th Cook ' s 
(1944b) i n t e r p r e t a t i o n for o ther g e n e r a . The p r e m e n t u m (fig. 2) i s a 
r e c t a n g u l a r m e m b r a n o u s a r e a b e a r i n g a s e r i e s of s e r r a t e d s c l e r i t e s 
and p a p i l l a e , and i s s i t ua t ed be tween the hypopha rynx and the mou th 
opening dor s a l l y , and the t r i a n g u l a r s e r r a t e d s u b m e n t a l p l a t e v e n t r a l l y . 

D o r s o - v e n t r a l l y two long s c l e r i t e s ex tend t h rough the c e n t r e of 
the p r e m e n t u m and dor s a l l y t e r m i n a t e v e n t r a l to s ix s m a l l s e r r a t e d 
s c l e r i t e s 'which p r o j e c t v e n t r a l l y f r o m the m e m b r a n o u s b a s e . On the 
s i de s of the m e m b r a n e t h r e e s e r r a t e d p l a t e s a r e s i t ua t ed v e n t r a l l y . 
T h e s e t h r e e p l a t e s a r e connec ted to each o t h e r , and dor s a l l y to the 
s m a l l c e n t r a l s e r r a t e d s c l e r i t e s . E a c h p l a t e h a s a d i f fe ren t n u m b e r of 
s e r r a t i o n s , which v a r y in d i f ferent s p e c i e s . In A. fitchii. the d o r s a l 
p l a t e has four s e r r a t i o n s , t he m e d i a n p la t e n ine , and the v e n t r a l p l a t e 
f ive . Six l a r v a e of e ach of two c l o s e l y r e l a t e d s p e c i e s , Aedes hexodontus 
and A. pun c tor w e r e a l s o e x a m i n e d , and the a v e r a g e n u m b e r s of s e r r a t i o n s 
w e r e found to be : d o r s a l p l a t e 5 s e r r a t i o n s in A. hexodontus , 4 in 
A. punctor ; m e d i a n p la t e 6 in A. hexodontus , 9 in A. punctor ; v e n t r a l p l a t e 
6 in A. hexodontus , 10in A. punctor . Th i s m a y be a usefu l t axonomic c h a r 
a c t e r for s e p a r a t i n g c l o s e l y r e l a t e d s p e c i e s . C o n s i d e r a b l e c a r e i s 
r e q u i r e d in p r e p a r i n g the s l i d e s if the s e r r a t e d p l a t e s a r e to be s een 
c l e a r l y . 

S ince t h e s e p l a t e s in a l l the s p e c i e s of Aedes , Culiseta , and •. Culex, 
tha t w e r e e x a m i n e d s t a i n l i g h t r e d b a s a l l y and d a r k r e d to o r a n g e d i s t a l l y , 
they a r e quite h a r d . Th i s i s u n d e r s t a n d a b l e b e c a u s e the m a n d i b u l a r 
t ee th which a r e of s i m i l a r h a r d n e s s s t r i k e a g a i n s t t h e m . The h a r d n e s s 
of both s t r u c t u r e s could be felt wi th d i s s e c t i n g needles . - In the Aedes 
s p e c i e s a g roup of b r o a d , a p i c a l l y s e r r a t e d h a i r s o r i g i n a t e s on the m i d -
v e n t r a l s i de of the p r e m e n t a l l o b e . B r o a d , but not s e r r a t e d h a i r s o c c u r 
in the s a m e pos i t i on in the Culiseta and Culex s p e c i e s . T h e s e h a i r s a r e 
n u m e r o u s in Aedes and Culiseta but v e r y s c a r c e in Culex. I n a l l t h e 
s p e c i e s e x a m i n e d they s t a ined m e d i u m r e d with M a l l o r y ' s . 

On the p r e m e n t a l lobe l a t e r a l l y , be tween the c e n t r a l and the 
l a t e r a l s e r r a t e d p l a t e s four s m a l l pap i l l a e a r e p r e s e n t on each s ide in a l l 
the s p e c i e s of Aedes , Culiseta , and Culex t ha t I e x a m i n e d . The m o s t 
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p o s t e r i o r pap i l l ae a r e double on each s ide ; the m o r e a n t e r i o r two a r i s e 
s ing ly . Two s i m i l a r p a p i l l a - l i k e p r o c e s s e s a r e p r e s e n t in the m e m b r a n e 
d o r s a l l y be tween the s e r r a t e d p l a t e s and the s a l i v a r y duct opening. 
In a l l the s p e c i e s c o n s i d e r e d the p a p i l l a r y s t r u c t u r e s s t a ined r e d , and 
the b a s a l m e m b r a n e s l ight b lue . In feeding l a r v a e , food often co l l ec t ed 
in the s p a c e s be tween the pap i l l a e and the s e r r a t e d p l a t e s . 

It i s diff icult to h o m o l o g i z e the s t r u c t u r e s of the l a b i u m b e c a u s e 
of i t s d e g e n e r a t e n a t u r e , but s i nce a pa i r of m u s c l e s a t t a c h e s the 
r e c t a n g u l a r lobe to the subgena m e d i a l l y to the p o s t e r i o r t e n t o r i a l 
p i t s (fig. 1), t h e s e m u s c l e s a r e c o n s i d e r e d a s the p r e m e n t a l m u s c l e s 
by Cook (1944b, 1949), S n o d g r a s s (1959), and o t h e r s , S n o d g r a s s 
r e f e r s to the lobe a s the l ab i a l p l a t e . I a g r e e with Cook in ca l l ing i t 
the p r e m e n t u m . 

The p r e m e n t a l m e m b r a n e i s d o r s a l l y su spended f rom the hypo-
p h a r y n g e a l b a r s . A weak s u t u r e con t inues be tween t h e s e b a r s and 
d o r s a l l y of the p r e m e n t a l m e m b r a n e , thus d e m a r c a t i n g an oval 
m e m b r a n o u s h y p o p h a r y n g e a l a r e a above the p r e m e n t u m . The opening 
of the s a l i v a r y duct i s l o c a t e d be tween the p r e m e n t a l and hypopha ryngea l 
l o b e s . This was so in a l l the s p e c i e s examined inc luding A. aegypti 
a l though C h r i s t o p h e r s (I960) shows i t i n the c e n t e r of the p r e m e n t u m . 

The t r i a n g u l a r s e r r a t e d s c l e r i t e be low the p r e m e n t u m h a s been 
v a r i o u s l y n a m e d ( table 1). I a g r e e with Cook (1944b, 1949) tha t i t 
r e p r e s e n t s the s u b m e n t u m . S a l e m (1931) c o n s i d e r e d i t homologous with 
the s u b m e n t u m , but thought tha t the c u s t o m a r y n a m e , m e n t u m , should 
be r e t a i n e d . S n o d g r a s s (1959) be l i eved i t to be an ex tens ion of the s u b 
gena . J o n e s ( I960) , following S n o d g r a s s , c a l l s it the h y p o s t o m i u m in the 
l a r v a of Anopheles quadrimaculatus . My m a i n r e a s o n for d i s a g r e e i n g i s tha t in 
a l l the s p e c i e s e x a m i n e d th is s c l e r i t e a r t i c u l a t e s with the subgena , and 
t h e r e f o r e i s un l ike ly to be an ex tens ion of i t . G e n e r a l l y the s u b m e n t u m 
of i n s e c t s a r t i c u l a t e s with the v e n t r a l p a r t of the c r a n i u m (Snodgrass 1933). 
S n o d g r a s s (1959) h o w e v e r , does not m e n t i o n t ha t t h i s t r i a n g u l a r s t r u c t u r e 
a r c t i c u l a t e s wi th the subgena . He s t a t e s tha t i t i s cont inuous with the 
subgena , a s in the h e a d of Chironomus d e s c r i b e d by Grou in (1959) who c a l l s 
i t the h y p o c h i l u m . Mia l l and H a m m o n d (1891) ind ica te tha t th i s p l a t e in 
Chironomus s e e m s to c o r r e s p o n d to the s u b m e n t u m of o r t h o p t e r o u s i n s e c t s . 

The s u b m e n t u m s t a i n s o r a n g e b a s a l l y w i t h M a l l o r y ' s and r e m a i n s 
d a r k b r o w n a p i c a l l y in a l l the Aedes , Culex , and Culiseta l a r v a e I 
e x a m i n e d . It i s thus a v e r y h a r d s t r u c t u r e . In the s p e c i e s examined 
the n u m b e r of s e r r a t i o n s on i t in m a t u r e l a r v a e i s u s u a l l y cons tan t ; 
da t a a r e given in t a b l e 2 . 

The l ight ly s c l e r o t i z e d f r i n g e of h a i r s (f igs. 1, 2) a t t a ched to the 
s u b m e n t u m v e n t r a l l y s t a i n s s i m i l a r l y ; I c o n s i d e r i t a p a r t of the s u b 
m e n t u m s ince i t i s v e r y i n t i m a t e l y connec ted with th is s t r u c t u r e . 
Cook (1944b) c a l l s i t t he a u l a e u m . 

The Pharynx 

The s t r u c t u r e and m u s c u l a t u r e of the p h a r y n x of A. fitchii and 
C. inomata l a r v a e a r e s i m i l a r to t h o s e of Theobaldia incidens (- Culiseta 
incidens ) d e s c r i b e d by Cook (1944b). The l a r g e d o r s a l and ven t 

r a l s c l e r i t e s s t a i n l ight o r a n g e in a l l the Aedes , Culex , and Culiseta l a r v a e 
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T A B L E 2 - The n u m b e r s of s e r r a t i o n s on the s u b m e n t u m of the l a r v a e 
of m o s q u i t o s p e c i e s . 

No . of subm enta l No . of s u b m e n t a l 
Spec ie s s e r r a t i o n s Spec i e s s e r r a t i o n s 

Aedes s p p . Aedes Spp. 

campestris 27. 0 (1)* sticticus 2 1 . 6 + 0 . 5 (3) 

canadensis 20. 0 (1) stimulans 2 8 . 0 (1) 

cinereus 25 . 0 (1) vexans 2 6 . 0 + 0 . 7 (5) 

excrucians 20. 5 (2) Culiseta s p p . 

[itchii 20. 6±0. 9 (2 0) impatiens 2 5 . 0 (1) 

hexodontus 2 4 . 6 ± 1 . 1 (5) incidens 1 8 . 0 (1) 

implicates 18. 0 (1) inornata 2 3 . 9 ± 2 . 2 (17) 

increpitus 25 . 0 (1) moTsitans 1 9 . 0 (2) 

impiger 20. 5+1. 3 (4) Culex S p p . 

pionips 24. 0 (2) pipiens 2 1 , 0 (2) 

punctor 27. 1 + 0 .7 (6) tars alis 13 .0 (2) 

riparius 2 3 . 0+0 .7 (5) territans 1 3 . 0 (2) 

* a v e r a g e + S. D. of the m e a n (where app l i cab le ) ; 
n u m b e r of s p e c i m e n s e x a m i n e d in p a r e n t h e s e s . 
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e x a m i n e d . The l a t e r a l dor s a l h a i r s s t a i n l ight r e d , and the inne r f i l t e r ing 
h a i r s s t a i n l ight b lue in m o s t s p e c i e s . S c h r e m m e r (1949) d e s c r i b e d 
the f i l t e r ing funct ion of the p h a r y n g e a l h a i r s in Anopheles maculipennis l a r v a . 

Discussion 

I t i s difficult to dec ide on the h o m o l o g i e s of d e g e n e r a t e s t r u c t u r e s 
l i k e t h e m a x i l l a and l ab ium of m o s q u i t o l a r v a e . S h a l a b y ' s ( 1 9 5 7 d ) 
i n t e r p r e t a t i o n of the t r i a n g u l a r l ab i a l s c l e r i t e a s the p a r a g l o s s a , and the 
a u l a e u m as the g l o s s a i s un ique , and s e e m s u n r e a s o n a b l e . The a r e a s 
which I c o n s i d e r a s the hypop h a ry n x and the p r e m e n t u m Shalaby r e g a r d s 
a s the h y p o p h a r y n x . M e d i o - l a t e r a l l y on the p r e m e n t a l lobe a pa i r of 
m u s c l e s i s i n s e r t e d . T h e s e m u s c l e s o r i g i n a t e on the v e n t r a l s c l e r i t e 
of the h e a d which Sha laby c o n s i d e r s as the s u b m e n t u m and which I 
r e g a r d a s the s u b g e n a . I t i s difficult to a g r e e with Sha l aby ' s i n t e r p r e t a t i o n 
of the l a b i u m and the hyp o p h a ry n x for the following r e a s o n s : f i r s t l y , 
a s far a s i s known, the h y p o p h a r y n x in i n s e c t s i s not connec ted 
with the p a r a g l o s s a , but in the m o s q u i t o l a r v a , in Sha l aby ' s i n t e r p r e t a t i o n 
the " h y p o p h a r y n x " i s f i r m l y a t t a c h e d to the " p a r a g l o s s a " . Secondly , 
o the r a u t h o r i t i e s on the m o r p h o l o g y of i n s e c t l a r v a e (Cook 1944, 1949; 
Hinton 1958) s t a t e tha t the r e t r a c t o r m u s c l e s of the hypopharynx a r e 
a b s e n t in D i p t e r a . T h i r d l y , when the r e t r a c t o r s of the hypopharynx a r e 
p r e s e n t t hey a r i s e on t h e p o s t o c c i p i t a l r i d g e in the T r i c h o p t e r a , and 
on the t e n t o r i a l b r i d g e in the L e p i d o p t e r a (Hinton 1958), but not on the 
" s u b m e n t u m " w h e r e t h e s e m u s c l e s o r i g i n a t e in the m o s q u i t o l a r v a 
a c c o r d i n g to S h a l a b y ' s i n t e r p r e t a t i o n . 

V e r y few m u s c l e s which could s e r v e a s guides to homology 
a r e p r e s e n t , and th i s i s p a r t l y why d i s a g r e e m e n t s ex i s t among the 
v a r i o u s m o r p h o l o g i s t s who have s tud ied m o s q u i t o l a r v a l m o u t h p a r t s . 
F e r r i s (1948) p o s t u l a t e s the following p r i n c i p l e : " the evo lu t iona ry 
changes ,are f i r s t to be accoun ted for by mod i f i ca t ions of p r e - e x i s t i n g 
s t r u c t u r e s , o r by l o s s of p r e - e x i s t i n g s t r u c t u r e s ; Only af ter t h e s e 
p o s s i b i l i t i e s h a v e been exhaus t ed wi l l we a s s u m e tha t a c o m p l e t e l y new 
s t r u c t u r e h a s been deve loped . . . . " Th i s p r i n c i p l e can be appl ied to 
m o s q u i t o l a r v a e and to the l a r v a e of o the r p r i m i t i v e N e m a t o c e r a when 
we c o m p a r e t h e m with pano rpo id l a r v a e . In m o s q u i t o l a r v a e no t i ceab l e 
mod i f i ca t ion f r o m Panorpa is seen in the l a b r u m and in the m a n d i b u l a r 
t e e t h . L o s s e s and fus ions of p r e - e x i s t i n g s t r u c t u r e s a r e e v i d e n t i n t h e 
m o s q u i t o l a r v a l m a x i l l a and the l a b i u m . 

A d i f f e rence was found in the h a r d n e s s and f lexibi l i ty of the 
cu t i c l e of the m o u t h p a r t s of the f i l t e r feeding , b r o w s i n g , and p r e d a t o r y 
m o s q u i t o l a r v a e . E s s e n t i a l l y , the m o u t h p a r t s of the f i l te r f e e d e r s a r e 
r a t h e r soft excep t for the l a b r a l b r u s h h a i r s and the m a n d i b u l a r t ee th ; 
the m o u t h p a r t s of the b r o w s e r s a r e h a r d e r , and the m o u t h p a r t s of the 
p r e d a t o r y l a r v a e a r e the h a r d e s t of a l l , e s p e c i a l l y the m a n d i b l e s , which 
a r e h igh ly s c l e r o t i z e d . 

The t ips of the s i m p l e l a b r a l b r u s h h a i r s of the f i l te r feeding 
and b r o w s i n g l a r v a e a r e sof ter than the m a i n p a r t s of the h a i r s . The 
l a b r a l b r u s h h a i r s of t h e s e g ro u p s of l a r v a e a r e m u c h h a r d e r than they 
a p p e a r to be s i n c e they a r e r e f r a c t o r y to s t a in un t i l a f ter boi l ing in a 
r e l a t i v e l y s t r o n g (8%) so lu t ion of KOH. It was i n t e r e s t i n g to find that 
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the s e r r a t e d ends of the l a t e r a l l a b r a l b r u s h h a i r s of the b r o w s i n g l a r v a e 
s ta in b lue and thus a r e soft c o m b s r a t h e r than h a r d ones as they m i g h t be 
expec ted to be when t h e i r function i s c o n s i d e r e d . Since they a r e soft 
it is p r o b a b l e tha t when they r u b over s u r f a c e s soft p a r t i c l e s a r e de t ached 
and then d i r e c t e d t o w a r d s the m o u t h . The p h y s i c a l c h a r a c t e r i s t i c s of the 
cu t i c le w e r e e s t i m a t e d b y m a n i p u l a t i n g the m o u t h p a r t s , and the i m p r e s 
s ions obta ined a g r e e d with the ind ica t ions f r o m s ta in ing . 

The s e r i a l r ow a t t a c h m e n t of the l a b r a l b r u s h h a i r s to t h e i r 
r e s p e c t i v e b a r s is s i m i l a r in the b r o w s i n g and the f i l te r feeding l a r v a e . 
C h r i s t o p h e r s (I960) a l s o noted tha t the h a i r a t t a c h m e n t i s s i m i l a r in 
the l a r v a e of a Culex s p e c i e s and of A. aegypti . 

In t ab le 3 i t i s i nd i ca t ed tha t a r e d u c t i o n o c c u r s in the n u m b e r s 
of h a i r s or b r i s t l e s on the v a r i o u s m o u t h p a r t s f r o m the f i l te r f e e d e r s 
to the p r e d a t o r s . In the s a m e s e r i e s an i n c r e a s e in the s c l e r o t i z a t i o n 
of the m a n d i b u l a r t ee th i s ev iden t . 

T A B L E 3 - S i m i l a r i t i e s and d i f f e r ences in t h e m o u t h p a r t s of f i l t e r 
feeding , b r o w s i n g , and p r e d a t o r y m o s q u i t o l a r v a e . 

L a b r a l M a x i l l a r y P r e m e n t a l Mandibl e 
b r u s h h a i r s h a i r s h a i r s 1 

S c l e r o t i z a t i o n P l a n e of 
ac t ion 

F i l t e r 
f e e d e r s 
C. morsitans m a n y long m a n y f e w s l igh t 

thin s i m p l e v e r y long s h o r t m o d e r a t e 

I n t e r m e d . 
Aedes m a n y thin v e r y m a n y m a n y h e a v y 

cinereus s i m p l e long long m o d e r a t e n e a r l y 
d o r s o -

B r o w s e r s v e n t r a l 
Aedes fitchii m a n y th i ck v e r y m a n y m a n y h e a v y 

s e r r a t e d long long m o d e r a t e 
Cutis eta m a n y th ick f e w m a n y h e a v y 

inornata s e r r a t e d s h o r t long m o d e r a t e 

P r e d a t o r s 
Mochlonyx few s h o r t v e r y few m a n y v e r y 

velutinus 

Ckaoborus 

th ick 
s e r r a t e d 
v e r y few-

v e r y s h o r t 

none 

m o s t l y 
long s l igh t 
v e r y 

h e a v y 

v e r y 

a n t e r o ^ 
l a t e r a l 

americanus th ick s h o r t 
s e r r a t e d 

few 
s h o r t none 

h e a v y 

It i s i n t e r e s t i n g to note tha t the s a m e genus is r e p r e s e n t e d by 
f i l ter feeding ( Culiseta morsitans ) and b r o w s i n g l a r v a e ( C. inornata and 
C. impatiens ) whose m o u t h p a r t s t end t o w a r d s the p r e d a t o r y t y p e . M o s t 
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of the Aedes species that were studied a re b rowsers , but the larvae of 
Aedes cinereus Meig. and A. canadensis lack ser ra t ions on their labral 
brushes , have more weakly sclerotized mandibular teeth than the other 
Aedes species , and their maxillae are similar to those of the filter 

feeders . Thus morphologically these species seem to be intermediate 
between the filter feeders and the b rowsers . 

F r o m table 3 it is also evident that the plane of action of the 
mandibles in the predatory larvae tends towards that of the longitudinal 
axis of the body 'which is a character common both among the larvae 
of the higher flies, according to Cook (1949), and among predators 
generally. 

FUNCTION OF THE MOUTHPARTS OF MOSQUITO LARVAE 

Procedures 

The movements of the mouthparts of mosquito larvae and actions 
result ing from these movements were studied in two situations: behaviour 
of la rvae (mostly Aedes ) was observed in the muskeg pools in the Flatbush 
area (100 miles north of Edmonton) in the summers of I960 and 1961; 
more extensive observations were made on active larvae in artificial 
containers in the laboratory. 

After being collected the larvae were kept in pint glass j a r s , 
and in order to re ta rd their development when not being observed they 
were kept in the refr igerator at 40 F . The larvae were observed in 
groups and individually in the glass j a r s and some details of movements 
of their mouthparts were seen with the aid of a 10X hand lens . Individual 
larvae were placed in small vials and their mouthparts were observed 
from the side with a hand lens. A viscous solution of an inert mater ia l 
such as methyl cellulose was also used to slow down the motions of the 
mouthparts so that details of their actions could be studied. 

Larvae of A. aegypti and Culiseta inomata r ea red in the laboratory 
"were observed. Other species of Aedes and Culiseta were collected in the 
a reas of Flatbush, Edmonton, Lake Hastings, Banff, and Seebe, Alberta. 
The larvae were identified with the keys of Rempel (1953) and Carpenter 
and La Casse (1955). 

Since the mouthparts a re ventral it was desirable to observe 
larvae from the ventral side; three methods were used for this . For 
all the methods a container was made by cutting a 1 in long piece of 
ap las t ic vial of 1 in diameter , and gluing it to a microscope slide which 
formed the bottom. The container was filled with either pond water or 
distilled water and food was added. Usually one larva was studied at 
a t ime, but sometimes two were observed in the same dish. 

By means of two concave m i r r o r s , light from two microscope 
lamps was directed on the larva through the bottom of the container. 
An image of the ventral surface of the larva was reflected by two plane 
m i r r o r s at 45 , one below the container and one below the objective of a 
s tereo-binocular microscope. A satisfactory view of the mouthpart 
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movements was obtained in this apparatus. The movements •were most 
clearly seen at magnifications of six or twelve d iameters . More detail 
was seen under 25X and 50X, but the images were blurred, especially 
at 5OX. 

A second method of observing the mouthparts was by turning the 
body and eyepiece of the binocular microscope upside down and focussing 
on the larva above the microscope. The best image was obtained by this 
method which was used most often. Fluorescent light from above and 
tocussed light from below were used separately and in combination. 

A third and most convenient method of observing the movements 
of larval mouthparts was through a metal lurgical binocular microscope 
with the stage above the objective lens . In this method it was possible 
to have the light coming only from above. 

Par t ic les of activated charcoal or methyl red were placed in the 
containers with the larvae to show the directions of the currents set up 
by the mouthparts . 

Observation of the Mouthparts in Action 

The operation of the la tera l labral brushes was studied by direct 
observation of living larvae and by manipulation of prepared mater ia l . 
The mechanism of action in each type of mouthpart is described sep
arately below. 

Browsers 

In this group contraction of the labral muscles exerts tension 
on the brush scler i te which in turn pulls the tessellated membrane 
and the cross bars by their hooks. This causes the ha i r s of the brush to 
move ventro-medially. The ha i rs spring back outwardly through the 
elasticity of the tessel lated membrane . The inward and outward move
ment of the ha i r s is thus caused by the differential elasticity of the 
tessellated membrane and the c ross b a r s . The bases of the ha i rs a re 
connected with the c ross ba r s , and fork on either side of them (fig. 5). 
The bifurcations are short, and their ends terminate in the tessel lated 
membrane below the c ross bars . The stretch of the tessel lated membrane 
allows the part of the hair which is attached to the rigid c ross bar to move 
more than the tips of the fork, so that the hair pivots about this attach
ment to the cross bar , and its tip swings ventro-medially. Relaxation 
of the labral muscles allows the ha i r s to re turn to their original positions 
through the elasticity of the tessel lated membrane . 

The angle through which a hair swings should increase -with i ts 
distance from the brush scler i te since it is separated from this by a 
greater length of the elastic membrane . This would have the effect of 
bunching the ha i rs together in the median position and allowing them to 
fanout inthe la teral position, which was repeatedly observed to happen. 

The main feeding current , produced by the la teral labral brushes , 
is directed toward the epipharynx and the mouth by the median labral 
brushes . When creating a current the la tera l labral brushes vibrate from 
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TABLE 4 - Mean frequency and duration of movements of the la teral 
labral brushes of larvae over one minute periods at 24 to 
27°C. 

4th instar 2nd and 3rd ins tars 4th ins tar 
means of 3 larvae means of 4 larvae means of 3 larvae 

Time Cycles Average Cycles Average Cycles Average 
in p e r duration p e r duration pe r duration 

min. sec . sec . sec . sec . sec . sec . 

5th 1.7 28.5 2 . 6 11. 0 2 . 0 30.0 
10th 2 . 7 17.7 3. 0 11. 0 3 .3 13. 0 
15th 3 . 3 37.0 2 . 4 62.5 1.8 8. 0 

20th 3. 1 35.5 3. 1 24. 0 1.8 7 . 0 
25th 3 , 4 65.0 2 . 8 16.4 1.8 7 . 0 
30th 3 . 5 27.0 2 . 6 31.0 1.8 4 . 0 

35th 4 . 0 25.0 3 . 0 11.7 
40th 3 .7 36.4 2 . 8 12. 0 
45th 3 . 6 68.0 2. 1 6 . 0 

50th 4 . 5 32.5 4 . 6 13.7 
55th 3 . 7 61.0 3 . 2 12.5 
60th 3 . 5 40 .3 3 . 4 16.6 

postero-medial ly to antero- la tera l ly . The brushes of A. aegypti may 
vibrate for as long as 2. 5 min -without stopping. Then they usually stop 
for 5 - 1 0 sec before resuming. The more usual timing is vibration for 
50 sec , stop for 5-10 sec . and then vibration again. In Culls eta inomata 
and in the browsing Aedes species the duration of movement is shor ter . 
Frequency and duration of movements for C. inomata and A. aegypti and 
indicated in table 4. Table 5 shows activity of individual 4th instar 
C. inomata la rvae , each of 'which was observed for 30 minutes. During 
each 30 minute period the activity of the whole body and of the mouthparts . 
was observed, and the percentage of t ime spent in each observable activity 
was calculated. 

Feeding and locomotory activities of approximately 50 C. inomata 
larvae •were observed individually for various periods of time throughout 
the period of the study, andmanymore were observed in group behaviour. 
Much s imilar i ty was noticed in the pattern of behaviour of the various 
individuals, and almost any larva could be chosen to represent the common 
sequence of act ivi t ies . The following is a summary of the activities of a 
4 th ins tar C. inomata actively browsing larva (no. 6 in table 5), observed 
for 20 min at a magnification of 25X. The container was filled with 
pond water . 
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Dur ing the f i r s t m i n u t e the l a r v a was s t a t i o n a r y ; i t was s u s p e n d e d 
f rom the w a t e r - s u r f a c e with l a b r a l b r u s h e s ex tended . F o r the next 10 
s e c the l a b r a l b r u s h e s , t he m a x i l l a e , and the m a n d i b l e s c r e a t e d a 
c u r r e n t , then a 10 sec p e r i o d of r e s t fol lowed with the m o u t h p a r t s 
r e t r a c t e d and the whole body s t i l l . D u r i n g the f i r s t 5 min p e r i o d 
such a s u c c e s s i o n of c u r r e n t s in which al l the m o u t h p a r t s p a r t i c i p a t e d 
was p r o d u c e d four t i m e s , and each t i m e the l a b r a l b r u s h e s m o v e d about 
15 t i m e s . The m a n d i b l e s and the m a x i l l a r y b r u s h e s a l s o m o v e d a p p r o x 
i m a t e l y a s m a n y t i m e s a s the l a b r a l b r u s h e s . 

T A B L E 5 - P e r c e n t a g e of t i m e spent by 4th i n s t a r C. inomata l a r v a e in 
di f ferent ac t i v i t y s t a t e s ove r a 30 m i n p e r i o d . 

Be dy of 1 arva Labral brug h e s 

Stationary Moving Retracted Extended Moving 

48 52 37 48 15 
52 48 18 59 23 
62 38 22 57 21 
44 56 0 63 37 
53 47 6 25 69 
12 88 35 29 36 
45 55 5 16 79 

The l a r v a b r o w s e d on a f i l amen tous p i e c e of p lant for ten 
s e c o n d s . The p i ece of p lant was e n c l o s e d by the l a b r a l b r u s h e s and 
the m a n d i b u l a r t ee th s t r u c k i t . Then the l a r v a m o v e d to a ch ickweed 
leaf and b r o w s e d on i t s edges for 18 s e c . The m e d i a n h a i r s (type 3) 
of the l a t e r a l l a b r a l b r u s h e s he ld the edges of the t i s s u e -while the m o r e 
l a t e r a l h a i r s (type 3) of the b r u s h e s p r o d u c e d a c u r r e n t which m o v e d the 
l a r v a f o r w a r d a long the leaf. The m a n d i b u l a r t ee th s t r u c k the t i s s u e . 
Then the t i s s u e was left and f u r t h e r c u r r e n t s w e r e p r o d u c e d by the m o u t h 
p a r t s . P i e c e s of d e b r i s p a s s e d into the c u r r e n t which was p r o d u c e d con
t inuous ly for a p p r o x i m a t e l y 20 s e c . Mand ibu l a r t e e th chopped off s m a l l 
p i e c e s of decayed m a t e r i a l , s o m e of which went into the m o u t h and the 
r e m a i n d e r m o v e d out with the c u r r e n t . Aga in a p i e c e of p lan t t i s s u e -was 
b r o w s e d upon, and was then p r o p e l l e d p o s t e r i o r l y . When one end of the 
plant was a t the s u b m e n t u m the a u l a e u m clung to i t for a few s e c o n d s , but 
with the s u b s e q u e n t c u r r e n t the t i s s u e w a s f o r c e d p o s t e r i o r l y and t o w a r d s 
the bo t tom of the c o n t a i n e r . 

D u r i n g t h e next t en m i n u t e s cont inuous m o v e m e n t s of the m o u t h 
p a r t s o c c u r r e d 15 t i m e s , each t i m e the d u r a t i o n of the c u r r e n t was 
a p p r o x i m a t e l y 15 s e c . 

The a m o u n t of b r u s h m o v e m e n t and body m o v e m e n t v a r i e s a m o n g 
l a r v a e of d i f ferent a g e s and d i f ferent s p e c i e s . F o u r t h i n s t a r l a r v a e a r e 
m o r e s lugg i sh than younger o n e s , and 4 th i n s t a r CuUseta inomata and 
Aedes fitchii l a r v a e a r e m o r e s l ugg i sh than the c o r r e s p o n d i n g i n s t a r s 
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of A. aegypti ( table 4) . Shannon (1931) and C h r i s t o p h e r s (1960) a l s o no t iced 
tha t A. aegypti l a r v a e m o v e d c o n s i d e r a b l y f a s t e r than the l a r v a e of m o s t 
o the r s p e c i e s of m o s q u i t o e s . F o u r t h i n s t a r A. aegypti l a r v a e can inges t 
c h a r c o a l p a r t i c l e s f a s t e r t h a n 4 t h i n s t a r C. inomata l a r v a e . When ac t iva t ed 
c h a r c o a l was p l a c e d in a con ta ine r with 3 A. aegypti l a r v a e and in ano the r 
c o n t a i n e r wi th 3 C. inomata l a r v a e (all 4th i n s t a r ) , the guts of the f o r m e r 
w e r e f i l led in f r o m 90 to 105 m i n , w h e r e a s the guts of the l a t t e r s p e c i e s 
w e r e only f i l led a f t e r 3 . 5 h r . L a r v a e of a l l the s p e c i e s o b s e r v e d m o v e d 
f a s t e r and m o r e f r equen t ly when they w e r e s t i m u l a t e d to ac t iv i ty by o ther 
o r g a n i s m s ( Daphnia , Cyclops e t c . ) . 

When the b r u s h e s a r e not r h y t h m i c a l l y bea t ing to c r e a t e a feeding 
or a l o c o m o t o r y c u r r e n t they r e m a i n extended and s e p a r a t e d into rows of 
four or five l a y e r s (fig. 7), or they a r e r e t r a c t e d (fig. 7) . P a r t i c l e s which 
h a v e been b rought c l o s e to the m o u t h by the c u r r e n t cont inue s t r e a m i n g 
t o w a r d s the m o u t h th rough the s p a c e s be tween the rows of h a i r s , or 
if the b r u s h e s a r e r e t r a c t e d the p a r t i c l e s c o m e to r e s t on the m a x i l l a r y 
b r u s h e s . If t h e s e a r e ex tended the p a r t i c l e s s t r e a m into the mou th and 
s o m e se t t l e on the h a i r s of the p h a r y n x , the m a n d i b l e s , the m a x i l l a e and 
the p r e m e n t u m . The s e p a r a t i o n of the l a b r a l b r u s h h a i r s into s e v e r a l 
r o w s (fig.7) i s p o s s i b l e b e c a u s e of the b a s a l s t r u c t u r e of the b r u s h . Each 
r o w of h a i r s can be m o v e d about the ax i s of i t s c r o s s b a r . S e v e r a l r ows 
c a n m o v e in one d i r e c t i o n t o g e t h e r , and thus w a t e r can flow th rough the 
s p a c e s be tween t h e s e g roup s of h a i r s . It a l s o s e e m s that the w a t e r c u r r e n t s 
can f o r c e the l a b r a l b r u s h e s to c l o s e . The m u s c l e s tha t i n s e r t on the 
t o r m a l a p o d e m e s (fig. 3) extend the b r u s h e s by c o n t r a c t i o n . Re laxa t ion 
of the l a b r a l m u s c l e s a l lows the h a i r s to r e t u r n to t he i r o r i g i n a l pos i t i ons 
t h rough the e l a s t i c i t y of the t e s s e l l a t e d m e m b r a n e . This can be d e m o n 
s t r a t e d in p r e s e r v e d s p e c i m e n s . The c o n t r a c t i o n of t h e s e m u s c l e s and 
of the e p i p h a r y n g e a l m u s c l e s was o b s e r v e d in l iving l a r v a e of a f i l te r 
f e e d e r , Culiseta morsitans . 

The feeding c u r r e n t s of Aedes and Culiseta b r o w s e r s a r e fas t and 
can c a r r y l a r g e a s we l l a s s m a l l p a r t i c l e s . Objec ts about one t h i rd the 
s i z e of a l a r v a l h e a d can be c i r c u l a t e d in the s t r e a m (fig. 8) , the c u r r e n t 
and the p a r t i c l e s r e a c h a s far p o s t e r i o r l y a s the four th and fifth abdomina l 
s e g m e n t s and ex tend about the s a m e d i s t a n c e in f ront of the l a r v a . Such 
c i r c u l a t i o n of p a r t i c l e s can be o b s e r v e d when the l a r v a i s su spended in 
w a t e r and a l s o when i t l i e s on i t s d o r s a l s ide in an o b s e r v a t i o n ce l l . 

When a l a r v a feeds j u s t above a l oose s e d i m e n t (fig. 8) or b r o w s e s 
i t s way f o r w a r d t h r o u g h d e b r i s in a c o n t a i n e r , the p a r t i c l e s tha t do not 
e n t e r the m o u t h fal l to the bo t tom of the c o n t a i n e r or c l ing to the b r u s h e s ; 
they do not r e t u r n to the feeding c u r r e n t . The feeding c u r r e n t i s effect ive 
only in f ron t of the l a r v a , and i t i s s lowed down behind the l a r v a l head . 
The w a t e r f lows v e n t r a l l y r a t h e r than p o s t e r i o r l y below the body of the 
l a r v a . When the l a r v a l e a v e s the b r o w s i n g a r e a m a n y p a r t i c l e s r e m a i n 
on i t s l a b r a l and m a x i l l a r y b r u s h e s , s i n c e what does not fa l l to the bo t t om 
of the c o n t a i n e r s t i ck s to the b r u s h e s . Some f i l t e r ing i s done by the l a b r a l 
b r u s h e s , e s p e c i a l l y by the m e d i a n s e r r a t e d ends of the l a t e r a l l a b r a l b r u s h 
h a i r s , qui te l a r g e p a r t i c l e s a r e found cl inging to t h e m . Since p a r t i c l e s only 
s l igh t ly s m a l l e r than t h e s e have been found in the p h a r y n x and in the 
intes t ine , and s ince m o s t food s e e m s to c o m e in to the mou th v ia the 
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l a b r a l b r u s h c u r r e n t , it s e e m s r e a s o n a b l e to a s s u m e tha t the p a r t i c l e s 
•which p a s s e d into the mou th and even tua l ly into the gut w e r e f i l t e r e d out 
by the b r u s h e s . The s e r r a t e d b r u s h h a i r s a r e usefu l in b r o w s i n g , for a s 
they m o v e a long s u r f a c e s they d e t a c h p a r t i c l e s f r o m t h e m , m a n y of which 
a r e c o n s u m e d . 

With i t s l a b r a l b r u s h e s a b r o w s i n g l a r v a can a t t a c h i t se l f to a g r a s s 
s t e m , to the s ide of a c o n t a i n e r , o r to a body of a pupa or ano the r l a r v a . 
While the l a b r a l b r u s h e s c l ing to s u r f a c e s the m a x i l l a r y b r u s h e s p r o d u c e 
a c u r r e n t . The b r o w s e r 's m a x i l l a r y b r u s h e s can c r e a t e c u r r e n t s tha t a r e 
a s s t r o n g a s t h o s e of the l a b r a l b r u s h e s . Th i s was o b s e r v e d in four th 
i n s t a r l a r v a e of the following species:/4e</es cataphyllaDy&r ,A. sticticus[M.eigen), 
A. communis (De Geer),A. fitchii .A. functor,A. riparius.A. canadensis , Culiseta inornata a n d 
C. impatiens . The l a r v a e can a l s o b r o w s e on p a r t s of t h e i r own body, 
e s p e c i a l l y on the p o s t e r i o r r e g i o n s of the a b d o m e n . Th i s was o b s e r v e d 
p a r t i c u l a r l y in c o n t a i n e r s 'where Aedes and Culiseta l a r v a e w e r e c rowded . 
Many t i m e s l a r v a e , e s p e c i a l l y C. inornata a.nd Aedes canadensis , w e r e s e e n 
b r o w s i n g on the t ips of t he i r own a b d o m e n s and c r e a t i n g c u r r e n t s 
a t the s a m e t i m e . They w e r e in l o o p - l i k e pos i t i ons and m o v e d in 
c i r c u l a t i n g pa ths of the w a t e r s u r f a c e . This 'was p a r t i c u l a r l y n o t i c e 
ab l e in the l a b o r a t o r y with the l a r v a e of A. canadensis; on one o c c a s i o n in 
June I960, 20 to 30 l a r v a e t u r n e d in th is m a n n e r for s e v e r a l m i n u t e s , 
ind iv idua l l a r v a e t u rn ing for a s long a s five to s ix m i n u t e s . C h r i s t o p h e r s 
(1960) s t a t e s tha t l a r v a e b r o w s e on p a r t s of t h e i r own b o d i e s , e s p e c i a l l y 
on the p o s t e r i o r p a r t s , when they a r e s t a r v i n g . My o b s e r v a t i o n s 
a g r e e , for in s i t ua t i ons w h e r e th is behav iou r took p l a c e l i t t l e food was 
p r e s e n t . 

I n t e r f a c i a l feeding (Renn 1941, and fig. 8) i s a c o m m o n m e t h o d of 
feeding in the Anopheles f i l te r feeding l a r v a e . T h i r d and four th i n s t a r 
C. inornata , A. aegypti , A. fitchii , A. punctor , a n d A. riparius l a r v a e a l s o b r o w 
sed a t the w a t e r s u r f a c e without b r o w s i n g on t he i r s iphons a t the 
s a m e t i m e . In th is s econd type of f i l t e r feeding only the head of the 
l a r v a was a t the w a t e r s u r f a c e and the r e s t of the body r e m a i n e d unde r 
w a t e r . 

In m o s t b r o w s i n g a c t i v i t i e s a l l o r m o s t of the m o u t h p a r t s a r e 
employed . When an object such a s a long th in p i ece of decay ing g r a s s 
c o m e s into the feeding c u r r e n t , i t c o m e s in con tac t with the m o u t h p a r t s 
a s fo l lows : f i r s t l y , the s e r r a t e d l a t e r a l l a b r a l b r u s h h a i r s (med ian type 3) 
hold a p a r t of i t , and push the r e m a i n d e r p o s t e r i o r l y ; s econd , i t s l i de s 
over the c e n t r a l l a b r a l b r u s h ; t h i r d , it p a s s e s b e t w e e n the e p i p h a r y n g e a l 
b r i s t l e s ; four th , the m a n d i b u l a r d e n t i c l e s s t r i k e i t a s it p a s s e s by, and 
if a s m a l l p i ece of i t i s thus t o r n off i t m a y go p o s t e r i o r l y with the c u r r e n t , 
i t m a y be d r a w n into the mou th , or i t m a y s e t t l e on the p r e m e n t u m ; fifth, 
i t p a s s e s be tween the m a x i l l a r y b r u s h e s ; s ix th and f inal ly , the p a r t i c l e 
of g r a s s t ouches the s u b m e n t u m and the a u l a e u m . Dur ing th i s p r o c e s s 
s o m e of the m e d i a n l a b r a l b r u s h h a i r s hold the p a r t i c l e whi le the r e m a i n i n g 
h a i r s of the b r u s h p r o d u c e c u r r e n t s . 

S o m e t i m e s p a r t s of the l a t e r a l l a b r a l b r u s h e s m o v e only s l igh t ly 
(median type 3 h a i r s ) w h e r e a s the h a i r s of t h e i r m o s t p o s t e r i o r ( types 
2 and 3) m o v e m o r e a c t i v e l y . M o r e c o m m o n l y , a l l the h a i r s on the 
b r u s h e s m o v e s i m u l t a n e o u s l y when p r o d u c i n g a c u r r e n t . "When a l a r v a 
c o m e s to a s top af ter mov in g about in a c o n t a i n e r , i t wi l l g r a d u a l l y extend 
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F i g . 8. Movements of l a b r a l b rush c u r r e n t s of browsing l a r v a e ; (a) interfacial s u r 
face feeding cur ren t , (b) cu r r en t produced under the water surface, (c) cu r r en t used 
to s t i r up debr i s f rom the bottom. 
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or c o n t r a c t the b r u s h e s . 
Mos t of the o b s e r v a t i o n s on the c o o r d i n a t i o n of mo v in g m o u t h p a r t s 

w e r e on. Aedes aegypti. and A. fitchii l a r v a e which had been s lowed down in a 
20 to 3 0% solu t ion of m e t h o c e l of 400 c e n t i p o i s e s . The l a r v a e w e r e wa tched 
in white p o r c e l a i n spot p l a t e s with t h e i r v e n t r a l s i d e s t u r n e d up . The 
following combina t ions of m o u t h p a r t s w e r e o b s e r v e d in ac t ion : 1. The 
l a t e r a l l a b r a l b r u s h e s m o v e d in t h e i r u s u a l a n t e r o - p o s t e r i o r obl ique 
d i r e c t i o n , and the long a p i c a l s e t a e of both m a x i l l a e m o v e d b a c k w a r d s 
a n d f o r w a r d s a t the s a m e t i m e . 2. The l a t e r a l b r u s h e s m o v e d in t he i r 
u s u a l d i r e c t i o n whi le the s e t a e of one m a x i l l a r e m a i n e d s t a t i o n a r y , 
d i r e c t e d p o s t e r i o r l y , and the s e t a e of the o the r m a x i l l a cont inued the i r 
a n t e r o - p o s t e r i o r m o t i o n . The e p i p h a r y n g e a l b a r s a l s o m o v e d . 3 . 
The l a t e r a l l a b r a l b r u s h e s w e r e m o t i o n l e s s . At the s a m e t i m e e i t h e r one 
or both m a x i l l a r y b r u s h e s waved and thus kep t the c u r r e n t in mo t ion . 
4 . The l a t e r a l l a b r a l b r u s h e s c a m e to r e s t on the ep ipha rynx and a t the 
s a m e t i m e the o the r m o u t h p a r t s m o v e d in one of the following w a y s : one 
or both m a x i l l a e m o v e d in the t r a n s v e r s e p l ane ; one or both m a n d i b l e s 
m o v e d in the t r a n s v e r s e p l ane , s t r i k i n g a g a i n s t the hypopharynx ; o r , 
one m a n d i b l e and one m a x i l l a on the s a m e or the oppos i te s ide m o v e d . 
The s a m e type of combina t ion of m o u t h p a r t m o v e m e n t s was o b s e r v e d in 
t h e l a r v a e of t h e f o l l o w i n g s p e c i e s : Aedes cataphylla, A. excrucians ,Aedes fitchii, 
A. fiexodontusDya.r, A. pane tor , A. riparius, A. sticticus , A. vexans , SindCuliseta inornata, 

Aedes aegypti l a r v a e a l s o b r o w s e d on pop l a r and e lm l e a v e s in 
the l a b o r a t o r y . F o r two weeks t en l a r v a e w e r e given no o the r food but 
d r i e d l eaves of Ulmus s p . and no m o r t a l i t y o c c u r r e d . At the end of the 
two week p e r i o d a l l the l a r v a e had pupa ted . The l a r v a e of th is s p e c i e s 
a r e a l s o r e a r e d on l e a v e s of a s p e c i e s of pop la r in South Af r i ca (Hocking, 
p e r s o n a l c o m m u n i c a t i o n ) . 

B r o w s i n g l a r v a e of Aedes and Culiseta w e r e o b s e r v e d in deep w a t e r 
pools ( a p p r o x i m a t e l y 1. 5 to 2. 5 ft. deep) and in sha l low pools (four to 12 
in . deep ) . In sha l low pools wi th c l e a r w a t e r i t w a s p o s s i b l e to s e e l a r v a e 
b rows ing on s u b m e r g e d ro t t i ng l e a v e s and o the r ob jec t s for a s long a s 
t h r e e m i n u t e s without c o m i n g to the s u r f a c e for a i r . When the l a r v a e 
c a m e to the s u r f a c e they s o m e t i m e s r e m a i n e d t h e r e for one to five 
m i n u t e s and they e i t he r m o v e d s lowly or cont inued in one pos i t ion b e f o r e 
s u b m e r g i n g aga in . S o m e t i m e s the wind d i s t u r b e d the s u r f a c e of the pool 
and s o m e of the l a r v a e that w e r e a t the s u r f a c e m o v e d with the wind, while 
o t h e r s swam a g a i n s t t h i s . In s i t ua t ions of th i s type , h o w e v e r , m o s t 
l a r v a e went to the edge of the pool , w h e r e a s t ab l e r e s t i n g pos i t ion was 
found. 

S e v e r a l o b s e r v a t i o n s of l a r v a l ac t i v i t y w e r e m a d e a t a pool 1. 5-
2 ft. d e e p , and the c o u r s e s of l a r v a l m o v e m e n t s w e r e r e c o r d e d . 
Aedes excrucians and Culiseta inornata l a r v a e w e r e ab le to r e m a i n in a s t a t i o n a r y 
pos i t ion a t the s u r f a c e for f r o m a few s e c o n d s to four m i n u t e s . Dur ing 
this t i m e they p r o b a b l y p r o d u c e d c u r r e n t s with t he i r m o u t h p a r t s a s did 
the l a r v a e of t h e s e and o the r b r o w s e r s when o b s e r v e d in a g l a s s c o n t a i n e r 
in the l a b o r a t o r y . The a p p r o x i m a t e m e a n d i s t a n c e tha t any one l a r v a 
c o v e r e d in four m i n u t e s was be tween four and five feet . In a l a r g e r pool 
s o m e l a r v a e c o v e r e d m o r e s p a c e than th i s be fo re s u b m e r g i n g . The l a r v a e 
went u n d e r e i t he r of t h e i r own a c c o r d , or wehn they c a m e in con tac t with 
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a n o t h e r a n i m a l in the w a t e r such a s a sna i l , a w a t e r b e e t l e , a c r u s t a c e a n , 
or a dead i n s e c t f loat ing on the s u r f a c e . When l a r v a e s u b m e r g e d without 
c o m i n g in con tac t with some th ing f i r s t , a f te r de tach ing t h e i r s iphons f rom 
the s u r f a c e f i lm, they w e r e pul led downward by the c u r r e n t s of t he i r 
m o u t h p a r t s . 

In pools popula ted with b r o w s i n g l a r v a e and loca t ed in a r e a s which 
w e r e p a r t l y s h a d e d , the shaded a r e a s w e r e m u c h m o r e c rowded with r e s t 
ing l a r v a e , a l though the sunny a r e a s w e r e u s e d f o r mov ing about and b r o w 
s ing fay a few l a r v a e . Th i s behav iou r c a n be i n t e r p r e t e d a s o r thok ine t i c 
( F r a e n k e l and Gunn I960) . 

Filter Feeders 

T h r e e f i l t e r feeding s p e c i e s a r e a t p r e s e n t known in A l b e r t a , 
r e p r e s e n t i n g t h r e e g e n e r a ; Anopheles earlei V a r g a s , Culiseta morsitans, a n d 
Culex territans , A l l of t h e s e s p e c i e s a r e u n c o m m o n , hence it was not p o s s i b l e 
to s tudy the m o r p h o l o g y and function of the m o u t h p a r t s of t he i r l a r v a e 
in m u c h d e t a i l . 

F e e d i n g l a r v a e of Anopheles earlei w e r e o b s e r v e d in the l a b o r a t o r y , 
but m o s t w e r e r e a r e d into adu l t s and none was p r e s e r v e d for m o r p h o l o g 
i c a l s tudy . Anopheles earlei l a r v a e a r e s m a l l and a r e u s u a l l y found in deep 
w a t e r , h e n c e i t i s difficult to o b s e r v e the ac t i on of t he i r m o u t h p a r t s in 
t h e i r n a t u r a l h a b i t a t . In the l a b o r a t o r y a l l w e r e u s u a l l y a t the 'water 
s u r f a c e It was c o m m o n to see s o m e l a r v a e r e s t i n g with p a r t s of the 
a b d o m e n or t h o r a x or both a g a i n s t the s ide of the c o n t a i n e r , whi le o t h e r s 
m o v e d in c i r c u l a r pa th s a round the c o n t a i n e r . Often two or t h r e e l a r v a e 
m o v e d s ide by s ide in one d i r e c t i o n , whi le one o r m o r e o the r l a r v a e 
m o v e d in an oppos i t e d i r e c t i o n . S o m e t i m e s two l a r v a e , mov ing t o w a r d s 
each o t h e r , co l l ided and then both m o v e d toge the r in the d i r e c t i o n in i t i a l ly 
t r a v e l l e d by one o r the o t h e r . It i s not known -what d e t e r m i n e d the final 
d i r e c t i o n of m o v e m e n t ; p e r h a p s the l a r v a p r o d u c i n g the s t r o n g e r c u r r e n t 
o v e r r o d e the o t h e r . Anopheles l a r v a e t u r n e d t h e i r h e a d s th rough 180 d e g r e e s 
so tha t the v e n t r a l s ide of the h e a d was a t the s u r f a c e for p e r i o d of 
25 to 30 s e c a t a t i m e a s c o m p a r e d wi th a p p r o x i m a t e l y 10 s e c p e r i o d s 
in the n o r m a l pos i t i on . 

A c c o r d i n g to C l e m e n t s (1963), The a r e a of s u r f a c e tha t can be 
c l e a r e d of p a r t i c l e s by an Anopheles l a r v a in a given t i m e v a r i e s with the 
s i z e of the l a r v a , d e n s i t y of p a r t i c l e s , and the r a t e of f i l t r a t i on , which 
i s af fected by t e m p e r a t u r e . The effect of t h e s e f a c t o r s on l a r v a l m o v e 
m e n t was not c o n s i d e r e d in th is s tudy . 

The m o v e m e n t s and feeding behav iou r of Culex territans and Culiseta 
morsitans a r e s i m i l a r . The two s p e c i e s a r e found in the s a m e type of 

h a b i t a t , and t h e i r m o u t h p a r t s a r e s i m i l a r in f o r m . Since the l a b r a l 
b r u s h e s in t h e s e s p e c i e s a r e longer than in the Aedes or Culiseta b r o w s e r s , 
the c u r r e n t s t hey c r e a t e c o v e r a l a r g e r a r e a t han do t h o s e of the b r o w s e r s . 
A l s o t h e s e f i l t e r f e e d e r s extend t h e i r l a b r a l b r u s h e s m a i n l y l a t e r a l l y , 
•whereas the b r o w s e r s ex tend t h e i r s a n t e r o - l a t e r a l l y . S e v e r a l Culiseta 
morsitans l a r v a e w e r e o b s e r v e d in a g l a s s j a r in the l a b o r a t o r y . 
They m o v e d r a p i d l y by m e a n s of the l a b r a l c u r r e n t s and fed a t the s a m e 
t i m e ; the p h a r y n g e a l m o v e m e n t s could be s e e n th rough the head c u t i c l e . 
S o m e t i m e s m i n u t e c r u s t a c e a n s w e r e b rough t to the m o u t h wi th the c u r r e n t , 
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but they 'were not i n g e s t e d . The food of the l a r v a e c o n s i s t e d m a i n l y of 
m o s s p a r t i c l e s ' w h i c h f loated in the pool w a t e r , and s e t t l e d on the bo t tom 
of the j a r . The p a r t i c l e s on the bo t tom of the j a r w e r e ag i t a t ed by b rows ing 
Aedes cinereus or Culiseta inornata l a r v a e often co l l ec t ed with C. morsitans. 
O c c a s i o n a l l y the C. morsitans m o v e d the i r l a b r a l b r u s h e s j u s t above the 
s e d i m e n t e d p a r t i c l e s on the f loor of the j a r in the s a m e m a n n e r as the 
b r o w s i n g s p e c i e s . S o m e t i m e s two, t h r e e , or m o r e of t h e s e f i l t e r feed
ing l a r v a e r e s t e d in one loca t ion c lo se to each o t h e r , c l inging to the w a t e r 
s u r f a c e film with the i r s i p h o n s , and mov ing the i r l a b r a l b r u s h e s . Mos t 
f r equen t ly the larvjie s t ayed in such a pos i t i on be tween two and t h r e e 
m i n u t e s be fore being d i s t u r b e d by a mov ing l a r v a or c r u s t a c e a n . When 
d i s t u r b e d , the l a r v a e e i t he r s u b m e r g e d , or m o v e d h o r i z o n t a l l y on the 
w a t e r s u r f a c e to ano the r loca t ion . The f i r s t c o u r s e was followed by about 
two t h i r d s of the l a r v a e . Af ter s u b m e r g i n g , each l a r v a went in a d i f ferent 
d i r e c t i o n and s t ayed under the •water s u r f a c e f o r l 0 t o l 5 s e c . Upon coming 
to the s u r f a c e the l a r v a e e i t he r r e s u m e d the i r s t a t i o n a r y pos i t i ons for two 
to t h r e e m i n u t e s or unt i l d i s t u r b e d , or they m o v e d h o r i z o n t a l l y , p r o p e l l i n g 
t h e m s e l v e s by the feeding c u r r e n t . In s u b m e r g i n g when d i s t u r b e d and in 
r e t u r n i n g to the w a t e r s u r f a c e the c h a r a c t e r i s t i c wr igg l i ng m o t i o n of the 
abdomen was used . 

In the l a b o r a t o r y C. morsitans l a r v a e a s s e m b l e d in the shady r a t h e r 
t h a n t h e s u n n y p a r t of a c o n t a i n e r . This o b s e r v a t i o n i s in a g r e e m e n t with 
that of Hocking (1953) on Aedes communis. 

Predators 

T h r e e s p e c i e s of p r e d a t o r y l a r v a e , Chaoborus americanus , Mochlonyx 
velutinus, Eucorethra underwoodi Underwood w e r e co l l ec t ed n e a r F l a t b u s h , 
A l b e r t a du r ing the s u m m e r s I960 and 1961. C. omericnniislarvae w e r e ob 
s e r v e d feeding on the l a r v a e of s e v e r a l s p e c i e s of Aedes in the l a b o r a t o r y . 
The feeding behav iou r of Chaoborus s p e c i e s h a s been s tudied in de ta i l by 
Mon tchadsky (1945) and by S c h r e m m e r (1950). Both a u t h o r s d i s c u s s e d 
the modi f i ca t ion of the l a r v a l m o u t h p a r t s for t he i r p r e d a t o r y funct ion. The 
m a n d i b l e s in the l a r v a e of this genus a r e the i m p o r t a n t m o v a b l e m o u t h -
p a r t s . The m a x i l l a e a r e fused with the v e n t r a l p a r t of the c r a n i u m , and 
p r e m e n t u m i s r e d u c e d to a w e d g e - l i k e p l a t e . The m a n d i b l e s do not have 
a p r i m a r i l y c r u s h i n g function, but t h e i r s h a r p s t r o n g l y ch i t in ized tee th 
have a holding and push ing function ( S c h r e m m e r 1950). T h e s e l a r v a e 
a l s o u s e the i r p r e h e n s i l e an t ennae for ca t ch ing p r e y . They inges t t he i r 
p r e y whole . The m a i n f e a t u r e s of the m o u t h p a r t s of Chaoborus americanus a r e 
ind ica ted in tab le 3. The p o s t e r i o r occ ip i t a l p a r t s of the h e a d c a p s u l e of 
Chaoborus l a r v a e a r e connec ted to the subgena by m e m b r a n e s (Cook 1956) ; 
this p e r m i t s the mou th opening to b e c o m e e n l a r g e d wheneve r n e c e s s a r y . 

In Mochlonyx velutinus l a r v a the v e n t r a l p a r t of the head i s s c l e r o -
t ized, but a l a r g e mou th opening i s p r e s e n t , a s the h e a d c a p s u l e i s w ide r 
than in Chaoborus . Canniba l i s m was o b s e r v e d a m o n g the M. velutinus l a r v a e 
in a j a r in the l a b o r a t o r y . The r a p t o r i a l function of the m a n d i b l e s and 
an tennae was o b s e r v e d when the l a r v a e caught t h e i r p r e y ta i l f i r s t . Then 
the p r e y s e e m e d to be he ld by the m a x i l l a e whi le the m a n d i b l e s cont inued 
s t r i k i n g it and pushing i t f u r t h e r in to the m o u t h . In the s p e c i m e n s tha t 
I o b s e r v e d the p r o c e s s of i n g e s t i o n l a s t e d a p p r o x i m a t e l y two h o u r s . 
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Diges t ion m a y take a s long a s t h r e e h o u r s (Montchadsky 1945). S o m e 
t i m e s a feeding l a r v a los t i t s p r e y , even if th is was half i n g e s t e d , if i t 
was d i s t u r b e d by o the r o r g a n i s m s . J a m e s (1957) o b s e r v e d that U.velutinus 
l a r v a e a r e o c c a s i o n a l p r e d a t o r s on o ther m o s q u i t o l a r v a e . I o b s e r v e d 
M. velutinus feeding on l a r v a e of v a r i o u s Aedes s p e c i e s . A s i m i l a r hab i t 
was o b s e r v e d in M. culiciformis De Geer by Montchadsky (1953) and 
Mon tchadsky and B e r z i n a (1959). C a n n i b a l i s m was a l s o o b s e r v e d in 
Cryophila lapponica M a r t , by Mon tchadsky (1953). 

Discussion 

The l a r v a e that I s tud ied in th is i nves t i ga t i on can be c l a s s i f i ed 
a s f i l t e r f e e d e r s , b r o w s e r s , and p r e d a t o r s . T h e r e a r e m o r e s i m i l a r i t i e s in 
the s t r u c t u r e and in the function of the v a r i o u s m o u t h p a r t s of f i l te r f e e d e r s 
and b r o w s e r s than be tween e i t he r one of t h e s e types and the p r e d a t o r s . 

The l a b r a l b r u s h e s of f i l ter f e e d e r s and b r o w s e r s a r e u sed for 
b r ing ing food to the l a r v a e by m e a n s of c u r r e n t s which they p roduce by 
v i b r a t i o n s . By m e a n s of t h e s e v i b r a t i o n s the l a r v a e a l s o m o v e th rough the 
w a t e r . The l a b r a l b r u s h e s of the p r e d a t o r y l a r v a e a r e r e d u c e d to a fe'w 
b r i s t l e s and do not p r o d u c e c u r r e n t s . 

The e p i p h a r y n x of the b r o w s i n g and f i l t e r feeding l a r v a e i s be l ieved 
to ha ' /e the function of co v e r in g the mou th opening ( S c h r e m m e r 1950). 
Th i s was not o b s e r v e d in the l a r v a e that w e r e s tudied in this p r o j e c t . 
The e p i p h a r y n g e a l h a i r s w e r e e r e c t e d by the m u s c l e 'which m o v e s the 
e p i p h a r y n g e a l b a r , and when the se h a i r s c a m e in con tac t with the l a b r a l 
b r u s h h a i r s , food f r o m the b r u s h h a i r s was t r a n s f e r r e d to t h e m . The 
e p i p h a r y n g e a l h a i r s w e r e in t u r n s c r a p e d by the m a n d i b u l a r h a i r s , and 
th is food was thus p a s s e d t o w a r d s the mou th opening. If the food did not 
go in to the m o u t h , a s often happened , p a r t i c l e s of it r e m a i n e d on the p r e -
m e n t u m and on the h a i r s of the l a c in i a . 

Mand ib l e s of the b rows ing l a r v a e w e r e o b s e r v e d i n a c t i o n s of bi t ing 
whi le the l a r v a e b r o w s e d . T h o se of p r e d a t o r s w e r e seen g r a s p i n g and 
push ing the c a p t u r e d p r e y into the m o u t h . The m a n d i b l e s of the f i l te r 
f e e d e r s and the b r o w s e r s m o v e in a dor s o - v e n t r a l p l ane , but those of 
the p r e d a t o r s move in an obl ique p lane which is n e a r l y p a r a l l e l to the long
i tud ina l ax i s of the body. 

LARVAL FOOD AND MOUTHPARTS 

A s a f inal s t e p in i nves t i ga t i ng the function of the m o u t h p a r t s the 
n a t u r e of the food of the funct ional g ro u p s of l a r v a e and the r e l a t i o n s h i p 
be tween the s i z e of the food p a r t i c l e s and the d i m e n s i o n s of the m o u t h 
p a r t s w e r e s tud ied . 

Procedures 

The gut con ten t s of s e v e r a l s p e c i e s of Aedes, Culiseta , and Culex l a r 
vae w e r e e x a m i n e d a n d m e a s u r e d . M o s t of t h e s e con ten t s w e r e d i s s e c t e d 
out and m o u n t e d in g l y c e r i n e jelly, a su i t ab le p r e s e r v a t i v e for p lant m a t e r -
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ials (Sass 1940). Par t ic les of activated charcoal were made available to sev
eral A. fitchii and C. inornata larvae, and ingested as well as uningested 
part icles were measured. 

The following measurements were taken of the larvae of available 
species,including Anopheles, Chaoborus , and Uochlonyx: head width (between 
the bases of the antennae), head length (between the median labral brush 
and the occiput), mean length of the right la teral labral brush (at .the center 
of the brush), width of the right la tera l labral brush (width at the 

base of the brush), and the width.of the epipharyngeal constriction (space 
between the most poster ior , longest teeth on the t ransverse bars of the 
epi pharynx). 

An examination was also made of the mater ia l suspended in the 
water of a larval habitat. Ten l i t res of water was taken from a pool near 
Edmonton where C. inornata larvae were collected in September, 1961. 
This water 'was passed through a ser ies of s ieves. Material that did not 
go through the first sieve was examined, and a rough estimate of its comp
osition was made. These fractions of mater ia l were then dried at 100 C 
to constant weightjthey were ashed in a muffle oven at 575°C; the ash was 
weighed and the percentage loss was calculated. 

Results 

Table 6 contains a summary of the sizes of part icles that were found 
in the guts and in the environment of the larvae of Aedes fitchii, Culiseta inornata 
and Culex territans . Par t ic les that were identified from the guts of 4th 
instar larvae of these species a r e listed in table 7. F rom this 
table it is seen that the gut contents in the three species were s imi lar . 

The relationship between the s tructure of some mouthparts and 
the feeding habits of larvae is shown in fig. 9. The points on the graph 
were derived in the following manner:( l ) for the position on the abscissa 
the mean length of the right labral brush was multiplied by its mean'width 
to give the area swept by the brush. This product was divided by the pro
duct of the head lenght and the head width, to relate this to the size of the 
larva. (2) for the position on the ordinate the width of the epipharyngeal 
constriction was divided by the head width to represent the maximum 
relative size of part icles which could be swallowed. Each point represents 
the mean value for a species. A separation between filter feeders and 
browsers is shown on this graph. 

Infig. 9 the intermediates fall closer to the browsers than to the 
filter feeder s. Typical filter feeders may be tentatively defined as larvae 
inwhichboth the ratio of the epipharyngeal constriction to the head width 
and the relative area sv/ept by the la teral labral brushes exceed 0. 14. In 
browsers and intermediates both of these rat ios a re less than 0.14. In 
typical predators the f irs t rat io is more than 0.14, but the second is l ess . 
On the basis of morphology representat ives of all types of feeders fall 
within the range of b rowsers . 

F rom table 7 it is seen that the gut contents were similar in the 
t h r e e s p e c i e s , Aedes fitchii , Culiseta inornata , a n d Culex territans . T h e g u t s of 
a few Chaoborus americanus larvae that were examined were filled with mus
cle t issue; some of this was from other mosquito larvae. 
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T A B L E 6 - S ize r a n g e s of p a r t i c l e s in the guts and in the e n v i r o n m e n t s 
of 4th i n s t a r m o s q u i t o l a r v a e . P e r c e n t a g e by n u m b e r . 

Max . l i n e a r 
d i m e n s i o n 
i n m i c r o n s 

Aedes fitchii Culiseta inornata 
C h a r c o a l in Nat . N a t u r a l 
Wa te r Gut food food in 

in gut Water Gut 

Culex territans 
C h a r c o a l 

in Gut Nat . food 
in gut 

< 7. 5 
- 9 .9 
- 14. 9 
- 1 9 . 9 
- 24. 9 
- 2 9 . 9 
- 34. 9 
- 3 9 . 9 
- 4 4 . 9 
- 71 

4 . 3 6. 1 3 . 1 2, 7 4 . 0 
7 .2 10 .2 7 . 4 9 . 8 5 .7 

2 9 . 5 3 1 . 7 6 . 3 6 . 0 1 0 . 1 
1 1 . 1 10 .0 2 7 . 2 3 5 . 6 3 0 . 3 

9 . 0 8 .0 11 .5 9 .0 12 .0 
13 .0 9 .8 9 .3 10 .0 11 .7 

6 . 0 9 .2 13 .6 11 .0 6 .2 
4 . 9 5 .6 1 0 . 1 8 . 5 4 . 0 

11 .0 5 . 0 6 .7 6 . 0 5 . 0 
5 . 0 4 . 0 5 .3 2 . 0 10 .0 

4 . 0 12 .0 
8 .2 3 5 . 4 

27. 1 40 . 1 
9. 1 7 . 2 
9 .5 6 . 3 

12 .2 
9 . 4 
3 . 9 

10. 0 
8. 0 

Nos of 500 500 400 120 500 500 300 
m e a s u r e m e n t s 

T A B L E 7 - O r g a n i c p a r t i c l e s in l a r v a l hab i t a t and gut con ten t s of 4th i n -
s t a r l a r v a e of Culiseta, Aedes , and Culex ;x s c a r c e , xx c o m m o n , 
xxx abundant , xxxx v e r y abundant . 

Culiseta inornata Aedes fitchii Culex territans 

Habi ta t Gut Gut Gut 

D i a t o m s 
Fragilaria sp . 
Gomphonema s p . 
Navicula s p . 
Pinnularia s p . 
Stauroneis s p . 

XX XX XX 

XX XX XX 

XX XXXX XX 

XX XX 

XX XX 

G r e e n A l g a e 
Ankistrodesmus s p . 
Geminella Sp. 
Microspora s p . 
Scenedesmus s p . 
Spirogjra sp . 

XX XX 

XX XX XX 

xx xxx 
XX XX 

XXXX XX XX 

Blue G r e e n Algae 
Anabaena s p . 
Gleocapsa s p . 

Fung i 
Cladosporium s p o r e s 

R u s t - t e l o s p o r e s 

XX 

XX 

XX XX XX 
XX XX 



Pucat 77 

Fungi 
Rust - uredospores 
Smut spores 

xx 
xx 

Fung i I m p e i fec t i , hyph a e X X 

P o l l e n of: 

Pinus X X 

Populus X X x x X X 

C o m p o s i t a e X X X X X X X X 

P l a n t F i b e r s 
x y l e m X X X X X X X X 

t r a c h e i d s X X X X X X X X 

F l a g e l l a t e s 
Chlamydomonas s p . X 

Euglena s p . X X xx a l ive 
Phacus s p . X X X xx a l ive 

A r t h r o p o d m a t e r i a l 
P i e c e s of cu t i d e X X X X X X 

L a r v a l cu l i c ine 
sp ines h a i r s X X x x X X 

TABLE 8 - Par t ic le size and weight in mg of suspended matter in 10 1 
of water from a pool occupied by C. inornata larvae. 

P a s s i n g 4 5 8 0 2 3 0 

M e s h e s / i n 
R e t a i n e d by 4 5 80 2 3 0 3 2 5 

D r y weight (mg) 2 6 . 4 7 4 . 8 434 . 0 156. 0 

A s h weight (mg) 1 2 . 9 4 9 . 4 333 . 0 124. 0 

% o r g a n i c m a t t e r 50 31 2 3 2 0 

The following i tems were retained from the 'water taken from a 
pool wereC. inornata larvae were collected by a sieve 'with 45 meshes 
per inch: 60% Cyclops sp. and other copepods, alive;20% decaying animal 
and plant mater ia l including mosquito eggs, egg cases beetle abdomens, 
and mosquito wings; 20% algae, mainly Spirogyra sp. The dry and ash 
weights and percentage of organic mat ter in the mater ia l held by sieves 
of finer mesh are given in table 8. 

Discussion 

In examining the gut contents of browsing, filter feeding, and p re 
datory larvae it was found that the browsing Aedes and CuUseta larvae 
ingest i tems of similar types and s izes . The approximate proportions of 
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the n u m b e r s of food p a r t i c l e s of the d i f fe ren t s i z e s in the guts of Aedes 
fitchii and Culiseta Inomata l a r v a e a r e : l e s s than 15(1, one - s i x t h , 15 - 2 2(0, 
o n e - t h i r d , 22-40}i, o n e - t h i r d , 4 0 - 7 1|1, o n e - s i x t h of the m e a s u r e d p a r t i c l e s . 

In the l a r v a e of A. fitchii 58% of the c h a r c o a l p a r t i c l e s i n g e s t e d 
w e r e found to be l e s s than 20 m i c r o n s wi th the l a r g e s t p e r c e n t a g e (31.7) in 
the 10-15(1 r a n g e ; only 6. 3% of the n a t u r a l food p a r t i c l e s fe l l in the 10-15 |i 
r a n g e with the l a r g e s t p e r c e n t a g e (27.2) o c c u r r i n g in the 15-20(1 r a n g e . 
A s i m i l a r r e l a t i o n s h i p was found in C. inomata ( table 6). 

Some p lan t and a n i m a l p a r t i c l e s w e r e folded b e f o r e e n t e r i n g the 
mou th of the l a r v a . A l s o when the l a r v a e b r o w s e d on p lant s u r f a c e s they bi t 
p i e c e s off p l a n t s , s c r a p e d s u r f a c e s , and thus ob ta ined soft p a r t i c l e s of 
v a r i o u s s i z e s and s h a p e s . Many p lan t p a r t i c l e s ea t en w e r e long, n a r r o w , 
and f lat , so they w e r e e a s i l y c a r r i e d in to the m o u t h by the feeding c u r r e n t . 
H o w e v e r , when a c t i v a t e d c h a r c o a l w a s p l a c e d in the w a t e r , the l a r v a e 
i n g e s t e d the s m a l l p a r t i c l e s tha t w e r e b rough t to the m o u t h with the feeding 
c u r r e n t , but did not t ake in the l a r g e ones 'which r a p i d l y s e t t l e d on the 
bo t t om of the c o n t a i n e r . C h a r c o a l p a r t i c l e s a r e d e n s e r than n a t u r a l food 
and the b r o w s e r s ' c u r r e n t s cannot s t i r up p a r t i c l e s l a r g e r than 15 m i c r o n s . 
The p a r t i c l e s a r e f i l t e r e d b y the l a b r a l b r u s h e s ; l a r g e h a r d p a r t i c l e s a r e 
r e j e c t e d , 'whereas soft food i s a c t i v e l y t aken in . O c c a s i o n a l l y I s t i r r e d 
the c h a r c o a l in the c o n t a i n e r s . S o m e t i m e s the l a r v a e b r o w s e d on the 
bo t tom of the c o n t a i n e r , but long, f lat p a r t i c l e s w e r e difficult to obta in . 
Thus m o s t l y s m a l l c h a r c o a l p a r t i c l e s -were s c r a p e d into the m o u t h s . 

S ince the c h a r c o a l p a r t i c l e s did not r e m a i n in 'water s u s p e n s i o n 
v e r y long , they w e r e not fed to the f i l t e r f e e d e r s . Pond food f r o m the 
guts of t h e s e l a r v a e was m e a s u r e d ( table 6) . A l s o m e a s u r e d -were the 
s p a c e s be tween the g roup s of l a b r a l b r u s h h a i r s t h rough which the feeding 
c u r r e n t p a s s e s . The s i z e of t h e s e s p a c e s was found to be s i m i l a r to tha t 
of the p a r t i c l e s in the g u t s . Thus f i l t e r feeding i s p o s s i b l e a m o n g t h e s e 
l a r v a e , for if the i n g e s t e d p a r t i c l e s w e r e l a r g e r than the s p a c e s be tween 
the h a i r s , they would not be t r a p p e d in the b r u s h e s , but would r e m a i n on 
the s u r f a c e of the b r u s h . On the o the r hand , v e r y s m a l l p a r t i c l e s would 
p a s s th rough the b r u s h with the w a t e r c u r r e n t wi thout b e c o m i n g en tangled 
in i t . 

A l s o , m o s t of the food p a r t i c l e s found in the guts of f i l t e r f e e d e r s 
w e r e of the s a m e o r d e r of s i z e a s the c h a r c o a l p a r t i c l e s i n g e s t e d by the 
b r o w s e r s , and s m a l l e r than the food p a r t i c l e s of b r o w s e r s tha t fed in the 
f ie ld . The e p i p h a r y n g e a l c o n s t r i c t i o n width in f i l t e r f e e d e r s i s g r e a t e r 
than in b r o w s e r s, t h e r e f o r e i t should p e r m i t l a r g e r p a r t i c l e s to p a s s t o 
w a r d s the m o u t h . H o w e v e r , the m a n d i b u l a r t e e t h of f i l t e r f e e d e r s a r e 
weak ly s c l e r o t i z e d and cannot c r u s h o r " s q u e e z e " l a r g e p a r t i c l e s in the 
feeding c u r r e n t . Thus l a r g e soft p a r t i c l e s by—pass the mou th openings of 
f i l t e r f e e d e r s , •whereas they a r e pushed into the m o u t h s by the m a n d i b u l a r 
t e e th of b r o w s e r s . But the -wide e p i p h a r y n g e a l s p a c e of f i l t e r f e e d e r s 
a l lows the p a s s a g e of m o r e p a r t i c l e s in a given t i m e . 

A c c o r d i n g to B a t e s (1949), Sh ip i t z ina in 1935 found tha t 4 th i n s t a r 
la r v a e of Anopheles messeae F a l l , w e r e ab l e to swal low sand p a r t i c l e s f r o m 
68-165(1 wide . The m o u t h openings of th i s s p e c i e s m u s t be l a r g e r than 
those of the cul ic ine larvae I s t ud i ed . The s i z e r a n g e of food p a r t i c l e s 
found in the guts of t h r e e E n g l i s h s p e c i e s of Simulium l a r v a e 'was found 
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to be 1. 7- 15. 1|_L by Wi l l i ams et al (1961), the s i z e of the mou th openings 
of t h e s e l a r v a e w a s not g iven. 

M c G r e g o r (1963), work ing with l a r v a e of Opifex fuscus found that 
f i r s t i n s t a r l a r v a e did not deve lop s e r r a t i o n s on the i r l a b r a l b r u s h e s if 
they w e r e fed on m i n u t e p a r t i c l e s of d e h y d r a t e d blood s e r u m . S e r r a t i o n s 
did deve lop when they w e r e given f ish food r a n g i n g in p a r t i c l e s i z e 0. 1-
0. 6 m m . S i m i l a r e x p e r i m e n t s with l a r v a e of o the r feeding types should 
be r e v e a l i n g . 

The b r o w s i n g l a r v a e whose guts I e x a m i n e d fed on p lant p a r t i c l e s 
and on m i c r o s c o p i c a n i m a l s , w h e r e a s the f i l te r f eede r Culex territans had 
fed only on p lan t p a r t i c l e s ( table 7). A l s o , a l l the t ypes of p a r t i c l e s that 
w e r e p r e s e n t i n the pool w a t e r w h e r e the C. inornata l a r v a e w e r e co l l ec t ed 
w e r e found in the i n t e s t i n e s of t h e s e l a r v a e . It can be sa id then tha t t h e s e 
l a r v a e do not d i s c r i m i n a t e in the type of food they i n g e s t . Other w o r k e r s 
have c o m e to s i m i l a r c o n c l u s i o n s : Coggesha l l in 1926 a s r e p o r t e d by 
B a t e s (1949), Howland (1^30), and Jones (I960) who w o r k e d with anophe l ine 
l a r v a e , and B e c k e r (1958) who w o r k e d with l a r v a e of Culicoides circumscriptus 
Kieff. T h e s e a u t h o r s have found a l g a e , d i a t o m s , and o ther p lan t p a r t 
i c l e s in the guts of Anopheles and Culicoides l a r v a e . R e m p e l (1936) found 
s i m i l a r food m a t e r i a l s in l a r v a e of Chironomus hyperboreus S t aeg . (= C. rempelii 
T h i e n e m a n n , R e m p e l 1962), Other cu l i c ine l a r v a e a l s o i n g e s t e d 

s i m i l a r food (Hors fa l l 1955). B e k k e r (1938b) found l iv ing Euglena in the 
gu t of Anopheles maculipennis 

The Aedes and Culiseta b r o w s e r s show s i m i l a r i t i e s in both function 
and m o r p h o l o g y . The r a n g e of the r a t i o of e p i p h a r y n g e a l c o n s t r i c t i o n to 
h e a d width is f r o m 9 to 12. 7, and the r a t i o of the a r e a swept by the l a t e r a l 
l a b r a l b r u s h e s to the h e a d s i z e r a n g e s f r o m 4 to 11 .8 (fig. 9). Two 
Anopheles f i l t e r f e e d e r s , one Aedes i n t e r m e d i a t e , and two Culex i n t e r m e d 
i a t e s a l s o fall wi thin t h e s e r a n g e s . The second r a t i o is even h ighe r for 
a n o t h e r i n t e r m e d i a t e f eede r ; i t i s 13 for Aedes cinereus 

Of the s p e c i e s I examined , two s p e c i e s of Culex and one of Culiseta 
a r e f i l t e r f e e d e r s in function and m o r p h o l o g y . The s p e c i e s of Chaoborus 
and Moehlonyx a r e p r e d a t o r s both funct ional ly and m o r p h o l o g i c a l l y . The 
r e m a i n d e r of the s p e c i e s r e p r e s e n t e d in fig. 9 r a n g e be tween t h e s e two 
types e i t h e r in funct ion, m o r p h o l o g y , or bo th . Thus the Aedes and Culex 
s p e c i e s l a b e l l e d a s i n t e r m e d i a t e s obta in t h e i r food by f i l t e r ing , but the 
s t r u c t u r e of t h e i r m o u t h p a r t s i s i n t e r m e d i a t e be tween the typ ica l f i l te r 
f e e d e r s and t y p i c a l b r o w s e r s . The Anopheles s p e c i e s a r e a l s o f i l t e r 
f e e d e r s . T h e i r m o u t h p a r t s fit the g e n e r a l d e s c r i p t i o n for f i l t e r f e e d e r s 
but the s i z e s of the m o u t h p a r t s m e a s u r e d , upon which the d i v 
i s i o n in fig. 9 i s b a s e d , a r e p r o p o r t i o n a t e l y s m a l l e r t h a n t h e s i z e s of 
c o r r e s p o n d i n g m o u t h p a r t s of Culex and Culiseta f i l t e r f e e d e r s . 

While th i s m e t h o d of s e p a r a t i n g l a r v a e of Aedes , Culex , and 
Culiseta , in to f i l t e r f eede r s and b r o w s e r s i s s a t i s f a c t o r y and can be u s e d 
to c a t e g o r i z e the p r e d a t o r y s p e c i e s of Chaoborus and Moehlonyx; i t is not 
r e l i a b l e for Anopheles . The f i l t e r feeding l a r v a e a r e c o n s i d e r ed to be the 
m o s t p r i m i t i v e and the p r e d a t o r y l a r v a e the m o s t advanced (Montchadsky 
1 9 3 7 , S u r t e e s 1959). Thus the l a r g e s t n u m b e r of the s p e c i e s s tud ied a r e 
in a t r a n s i t i o n a l s t age of evolu t ion . 
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GENERAL CONCLUSIONS AND DISCUSSION 

A c c o r d i n g to the funct ions of the m o u t h p a r t s t h r e e types of m o s 
quito l a r v a e c a n b e r e c o g n i z e d : f i l t e r f e e d e r s , r e p r e s e n t e d in A l b e r t a by 
Anopheles earlei , Culex territans , andCuliseta morsitans; b r o w s e r s , i n c l u d i n g 
m o s t of the Aedes and Culiseta s p e c i e s ; and p r e d a t o r y , r e p r e s e n t e d by 
s p e c i e s of Chaoborus, Mochlonyx , a n d Eucorethra. T h e Culex a n d Culiseta f i l t e r 
f e e d e r s a r e c h a r a c t e r i z e d by l a b r a l b r u s h e s c o n s i s t i n g of long, th in , 
s i m p l e h a i r s , and by l ight ly s c l e r o t i z e d m a n d i b l e s . The Anopheles l a r v a e 
have thin, s i m p l e l a t e r a l l a b r a l h a i r s which a r e s h o r t e r than t h o s e of 
Culex and Culiseta, s l igh t ly s c l e r o t i z e d m a n d i b l e s , and l a r g e r e c t a n g u l a r 
m a x i l l a e with s h o r t thin h a i r s. The b r o w s e r s have s h o r t e r l a b r a l b r u s h e s 
wi th s o m e s e r r a t e d , th ick h a i r s , r e c t a n g u l a r m a x i l l a e wi th s h o r t e r , 
t h i cke r b r u s h e s , and m o d e r a t e l y s c l e r o t i z e d m a n d i b l e s . The p r e d a t o r s 
b e a r only a few s e t a e on t he i r r e d u c e d l a b r a l a r e a s and on t h e i r m u c h m o r e 
fused m a x i l l a e , and they have h e a v i l y s c l e r o t i z e d m a n d i b l e s . 

A m o n g the b r o w s e r s m o r p h o l o g i c a l i n t e r m e d i a t e s o c c u r . Aedes 
canadensis and A. cinereus, have s h o r t l a b r a l b r u s h e s wi th s i m p l e h a i r s , 
b r o w s e r - l i k e m a n d i b l e s , and m a x i l l a e s i m i l a r to t hose of the f i l t e r 
f e e d e r s , Culiseta impatiens and Culiseta inornata, have t yp i ca l b r o w s i n g l a b r a l 
b r u s h e s and m a n d i b l e s , but have m a x i l l a r y s t r u c t u r e s c l o s e l y r e l a t e d to 
those of p r e d a t o r s . 

Not m u c h v a r i a t i o n was o b s e r v e d in the s t r u c t u r e s of the l a b r a l 
b r u s h e s , m a n d i b l e s , or m a x i l l a e a m o n g m o s t of the b r o w s i n g Aedes l a r v a e 
s tud ied . H o w e v e r , spec i f ic d i f f e r ences w e r e found in the n u m b e r s of 
s e r r a t i o n s on the s c l e r o t i z e d p l a t e s of the p r e m e n t u m , and on the t r i a n g 
u l a r s u b m e n t u m . T h e s e c h a r a c t e r s m a y be t a x o n o m i c a l l y use fu l . 

By s ta in ing with M a l l o r y ' s t r i p l e s t a i n i t was found tha t the cu t i c l e 
of the m o u t h p a r t s v a r i e s in h a r d n e s s and f lex ib i l i ty . The m e d i a n h a i r s 
of the l a t e r a l l a b r a l b r u s h e s of the b r o w s e r s have h a r d b a s a l and c e n t r a l , 
p a r t s , and f lexib le p a r t s j u s t above the b a s e s , and a t the t i p s . 

An e x a m i n a t i o n of l a r v a l food r e v e a l e d tha t the b r o w s i n g and f i l t e r 
feeding l a r v a e a r e not d i s c r i m i n a t o r y in the type of food they a c c e p t , but 
t h e r e a r e l i m i t s in the s i z e of p a r t i c l e s they can i n g e s t . 
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