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With regard to the differentiation 6f
mosquito species, it has been based mainly
on the external features and/or on the charac-
-teristics of the male ‘genitalia of the adult.
The external features, particularly such as
scales and hairs, are removable or losable,

and often become unsuitable for differentiaﬁng

a number of closely related species. In these -

cases, investigations on the difference of in-
ternal structure will be necessary.

In 1927, Sinton and Covell®® pointed out
that there were certain definite differences in
‘the morphology of the cibarium of the female
mosquitos among various subgenera of Ano-

Dheles. In the following year, Barraud and

Covell® reported that females of certain

species of culicine mosquitos also differed
strikingly in the morphology of the cibarium.
‘Although these workers pointed out that the

different chqracteristics of the cibarium in

various groups of female mosquitos constituted

valuable aids in taxonomy, they did not make
clear of the signiﬁcaﬁt difference in each
species. Hence the results of their works are
of little help in the differentiation of allied
species.  On that account, the present study
is designed to investigate the morphological
differences of .the cibarium in 8 species of
culicines common in the Taipei area®:5-9, to
obtain a base-line information for identifica-
tion of the specieé.

The terms used in describing the cibariium
in this paper mainly follow that of Knight
and Laffoon {1970)®, and partly that of
Barraud and Covell (1928)®.

MATERIALS AND METHODS

The mosquitos were collected by aspirator
in dwelling houses in the Taipei area in Se-
ptember, 1971. Upon return to the laboratory
the mosquitos were pinned and identified
under stereoscopic microscope. The materials
which were collected in other occasions were
from Dr. J.C. Lien and Mr. C. 1L 'Cheng of U.
S. Naval Medical Research Unit No. 2 in
Taipei. Culex fuscocephalus and C. bitaenior-
hynchus which do occur in .the Taipei area
in summer(1.1® were not encountered during
a short period of collection in September last
year. Therefore the materials from Taichung
and Taitung were studied. The sources of
materials studied are shown below.

Culex vagans. 8 females, ex rice field,
Shihlin, April 6, 1968.

Culex mneovishnui. 10 females, ex toilet,
Taipei, September 4, 1971.

Culex pipiens quinquefasciatus. 12 females,
¢x storeroom, Taipei, September 11, 1971.

Culex fuscocephalus. 10 females, ex ground-

.pool, Taichung, November 17, 1971.

Culex fuscanus. 11 females, ex washroom,
Taipei, September 15, 1971.

Culex bitaeniorhynchus. 10 females, ex
ground-pool, Taitung, June 9, 1968.

Culex annulus. 12 females, ex classroom,
Taipei, September 27, 1971.

Culex tritaeniorhynchus. 4 females, ex sto-
reroom, Taipei, September 21, 1971.

The heads of the adult females were re-
moved from the body, and treated as follows:
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1) The mosquito heads were macerated
in 1022 KOH solution in vials that were
bathed in boiling water for about two minu-
tes. The KOH solution was then poured out,
and the heads with residual solution were
.washed with hot water (55°C).

2) After dehydration with 9525 alcohol
and clearing in xylene-creosote mixture, the
mosquito heads were dissected one by one in
thin Canada balsam with minute dissecting
needles under stereoscopic microscope. The
head was held at the either compound eye
with one needle, and at the clypeus with
another, and the clypeus was carefully and
slowl& pulled apart, so as to isolate the mouth
parts together with the cibarium and pharynx
from the rest of the head.

3) The phafynx was removed from the
'cibarjum, and the shagreened area which lies
over tne cibarial teeth was brushed aside.
The cibarium was arranged properly in the
mounting medium on the slide glass, and left
overnignt, then another drop of the medium
was added, and a cover glass lowered, so as
to avoid folding‘ or twisting of the dissected
specimen.

RESULTS

For a general desciption of the morphology
of the cibarium, it is suggested to refer to
papers reported by Sinton and Covelld®, and
Barraud and Covell®. The structure of the
cibarium is highly complex, and can be best
understood by a reference to Plate I, Figs. 1
and 2. These two drawings are given as a
guide to the morpholdgy of the various parts
referred in the following description. It
must be noted that no cibarial teeth are
present on thé posterior border of the ciba-
rium in males (compare Plate I, Fig. 3 with
Plate II, Fig. 7). Results obtained from the
examinations of the 8 species of female
culicines are given below. .

It was found that the size of the cibarium,

the characteristic of the lateral flange, the

width between the posterior ends of the two
lateral flanges, the size and number of the
cibarial teeth, t_he length and distribution of
the palatal papillae, and the number: of the
smaller dorsal papillae constitute valuable
aids in specific diagnosis of the species.

1) Culex (Culex) vagans Wiedemann, 1828.
(Plate II, Fig. 4).

Cibarium 222 to 249 r long, 93 to 110 n
wide; shape of lateral flange somewhat strai-
ghtened; the portion of clypeal phragma
beside lateral flange well developed; width
between the posterior ends of the two lateral

flanges- 86 to 94 u; cibarial teeth short, blunt,

- about 7 to 9 u long, arranged in one row, 23

to 26 in number; teeth arising from the pos--

teromedial side of lateral flange poorly deve-
loped; the four palatal papillae at most 2
times as long as the width of their basses,
grouped in two widely separated pairs, usually

set close to lateral edge of anterior hard

palate, the two papillas of the same pair-

either approximated to or separated from each
other; the smaller dorsal papillae usually 6
in number, grouped in two rows, 3 in eacl.
row, set along both sides of anterior h-
palate.

2) ‘Culex (Culex) neovishnui Lien, 1965
(Plate II, Fig. 5).

Cibarium 232 to 263 . long, 94 to 1G9 12
wide; shape of lateral flange more or less
curved; width between the posterior ends of
the two lateral flanges 96 to 107 p; cibarial
teeth short, relatively pointed, about 7 to 9 W
long, arranged in one row, 27 to 35 in number;
teeth arising from the posteromedial side of
lateral flange well developed; the four palatal
papillae at most 2 times as long as the widtin

of their bases, ‘widely sesparated from one

another, rarely set close to either edge of

anterior hard palate; the smaller dorsal
papillae variable in number, 4 to 6, grouped
in two rows, usually 2 or 3 in each row, set

along both sides of antério; hard palate.’




J.F.M.A., May 28, 1972

The Cibarium in Culicine Mosquitos

3) . Culex (Culex) pipiens quinquefasciatus

Say, 1823. (Plate 11, Fig. 6).
" Cibarium 238 to 279 p’ long, 100 to 117 p
wide;, lateral flange comparatxvely stout,
strongly sclerotized; width between the pos-
terior ends of the two lateral flanges 98.to
111 ;- cibarial teeth short, blunt, about 9 to
10 w long, arranged. in one row, 27 to 32 in
number; teeth arising from the posteromedlal
side of lateral flange well developed; the f_our

palatal' papillae at most 2 times as long as

the width of their bases, more or less separ-

‘ated, somewhat kept apart from both edges
of anterior hard palate; the smaller dorsal
papillae usually 5 to 6 in number, grouped in
two rows of almost equal number, set along
poth sides of anterior hard palate.

4) Culex (Culex) fuscocephalus Theobald,
1907. (Plate II, Fig. 7).

Cibarium smaller than in other species,
only 195 to 236 g long, 82 to 104 p wide;
lateral flange strongly sclerotized; the apex
more or less blunt; the portion of clypeal
phragma beside lateral flange poorly develo-

ped; the portion of dorsal plate between the

two lateral flanges much more strongly scl- -

erotized except for a clear small oval region
just behind dorsal apodeme; width between
the posterior ends of the two lateral flanges
85 to 96 p; cibarial armature composed of
two rows of slender cibarial teeth, 23 to 32
teeth in each row; teeth-of the second row
more or less fine: each tooth measuring 11
to 13 p in length; teeth arising from the
' posteromedial side of lateral flange well de-
veloped; cibarial bar poorly developed; the
four palatal papillae at most 2 times as long
as ‘the width of their bases, more oOr less
separated, somewhat kept apart from both
edges of anterior - hard palate; the smaller
dorsal papillae variable in number, 5 to 7,
usually 6, grouped in two rows of 2 to 4, set
along Loth sides of anterior hard palate.
5) Culex (Lutzia) fuscanus Wiedemann,
.1820. (Plate III, Fig. 8).

- Cibariu}n large, 304 to 371 p long; 129 to
168 p wide; lateral flange and the portion of
dorsal plate between iwo lateral flanges fairly. :
strongly sclerotized except for a clear small
oval region behind dorsal apodeme; width

between the posterior ends of the two lateral

“ flanges 132 to 150 p; cibarial teeth remarkably
~ developed, fairly long, about 11 to 13 ¢ in

length, arranged in one row, 21 to 26 1n

" pumber; teeth arising from the concave aspect

of the cibarial bar cone-shaped, those from
the convex part more or less rod-shaped;
teeth arising from the posteromedial side of
lateral flange poorly developed; the four
palatal papillae arising together from a clear
area on medioposterior part of anterior hard
palate, very much like long spines; the papillae
about 4 times as lopg as the width of their
bases; the smaller dorsal papillae variable
in number, 8 to 12, usually 10, grouped in
two rows of 4 to 6, set along both sides of
anterior hard palate.

6) Culex (Culex) bitaeniorhynchus Giles,
1901 (Plate III, Fig. 9). ;

Ciba{lum considerably large, 271 to 292 p
long, 105 to 132 p wide; width between the
posterior ends of the two lateral ﬂangés 115
to 130 p; cibarial teeth relatively long, about
11 to 12 u in'lengtfx, arranged in one row, 22
to 26 in number; bases somewhat thick- and
enlarged, tapering towards the apical ends;
several teeth at center much more yod-shaped
than those at sides; teeth arising. from the
posteromedial,side of lateral tlange well' de-
veloped; posterior hard palate embellished:
with many minute spines; the four palatal
papillae approx1mated together on central
part of anterior hard palate; the papillae
somewhat long, spine-like, about 3 times as
long as the width of their bases; the smaller
dorsal papillae variable in number, occasion-
ally 6, usually 7 to 10, grouped in two rows,
mostly equal in number, set along both sides

of anterior hard.palate.
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7) Culex (Culex) annulus Theobald, 1901.
(Plate III, Fig. 10).

Cibarium 207 to 244 u long, 90 to 121 u
wide; the portion of dorsal plate between the
two.iateral flanges slightly - sclerotized; the
four ventral papillae usually arranged. in a
transverse line close to and behind the ventral
flange; wbidth between the posterior ends of
the two lateral flanges 85 to 104 p; pointed
rod-like cibarial teeth arising ‘from thin
cibarial bar; the teeth somewhat long, about
10 to 12 p in length, arranged in one row,
24 to 29 in number; teeth arising from the
posteromedial ‘side of lateral flange poorly
developed; the four palatal papillae about 3
times as long as the width of their bases,
concentrated in the middle part nearby the
nar:ow extension of anterior hard palate;
the smaller dorsal papillae also variable in
number, occasionally 6, usually 7 to 11, grou-
pad in two rows, mostly equal in~-number,
set along both sides of anterior hard palate‘.-

8) Culex (Culex) tritaeniorhynchus sum-
niorosus Dyar, 1920. (Plate III, Fig. 11).

Cibarium 214 to 250 p long, 103 to 129 p
wide; width between the posterior ends of
the two lateral flanges 94 to 104 p; cibarial
teeth very numerous, 30 to 34, arranged in
one row; each tooth filamentous except for a
thick base, about 18 to 19 u in length; teeth
arising.from the posteromedial side of lateral
flange well-developed; the four palatal papillae
about 3 to 4 times as long as the width of
their bases, sometimes separated from one
another, usually approximated together; the
smaller dorsal papillae occasionally 6, usually
7 to 8 in number, grouped in two. rows,
mostly equal in number, set along botih sides
of anterior hard palate.

It must be noted that the number of the
cibarial teeth does not include the thin tufted
teeth which can be seen on the posteromedial
side of the lateral flange in any species men-
tioned above. ‘

For an easy reference and practical use,

a key to. these 8 species of culicine mosquitos
based on the morphology of the cibarium of
females is given below. :
i1 Palatal papillae short, at most 2 times
. as long as the width of their bases;
the bases separated from one another;

smaller dorsal papillae usually less

than 6 in total number........... B

Palatal papillae long, usually 3 to 4
times as long as the width of their

bases; the bases approximated togc:

ther; smaller dorsal papillae usually

more than 7 in total number....... 5.

. 2(1). Lateral flange usually weakly sclero-

tized; palatal papillae set close to the
edge of anterior hard palate........ 3.
Lateral flange usually strongly sclero-
tized; palatal papillae set apart from
_ the edge of anterior hard palate ...4.
3(2). The portion of clypeal phragma beside
lateral flange well developed; width
between the posterior ends of, the two
lateral flanges 86° to 94 u; cibarial
teeth usually 23 to 26 in number.....
C. vagans
The portion of clypeal phrégma beside
lateral flange poorly developed; width
between the posterior ends of the two
lateral flanges 96 to 107 u; cibarial
teeth usually 27 to 35 in number ....
“C. neovishnui
4(2). Width between the posterior ends of
the two lateral flanges 98 to.111 p;
“ cibarial teeth 9 to 10 p-in length, ar-
ranged in one row ...... C. P. quingu-
efasciatus :
Width between the posterior ends of the
two lateral ﬂanges 85 to 96 p; cibarial
teeth 11 to 13 p in length, arranged

in tWo TOWS: ... :coius C. fuscocephalus
5(1). Cibarium above 266 u in length...... 6.
Cibarium. below 265 p in length...... A

6(5). Cibarium above 300 p in length; bases
of cibarial teeth relatively wide; the

region, where the palatal papillae
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grises cleay tim A0 000 5N C. fuscanus

Cibarium below 299 p in length; bases

of cibarial teeth relatively narrow;.

the region, where the palatal papillae

arise, cloudy ...... C. bitaeniorhynchus

7(5). Cibarial teeth thick and short, 10 to 12
p in length, 24 to 29 in number;
ventral papillae usually arranged in

a transverse line........... C. annulus.
Cibarial teeth thin and long, 18 to 19 p

in length, 30 to 34 in number; ventral
paipillae usually arranged in an irre-

gular line C. tritaeniorhynchus

SUMPMOTOSUS

DISCUSSION

As may be secen from the description
given above, the possibility of using morpho-
logical characteristics of the female cibarium
for specific identification of culicine .species
is positively confirmed in the present study.

The size of the cibarium among the
culicines examined was found somewhat
variable even in the same species, however,
they still bear some diagnostic value. For
example, the cibarium of C. fuscanus is obviou-
sly larger‘than that of other species. On the
contrary, that of C. fuscocephalus -is the
smallest among the 8 species. .

The cibarial teeth forming an armature

at the posterior border of the females of C

fuscocephalus, C. bitaeniorhynchus, C. P. quin-

quefasciatus, and C. tritaeniorhynchus have been
described by Barraud (1934)(, Barraud and
Covell (1928)®, and Bram (1967)®. The
present study not only confirmed their find-
ings, but also further demonstrated the
presence of the second row of fine and slender
teeth beneath the first row in C. fuscocephalus
(Plate II, Fig. 7), and the apically pointed
teeth in C. bitaeniorhynchus (Plate III, Fig. 9).

The number of the smaller dorsal papillae
and the distribution of the palatal papillae,
which were qverlooked by the previous wor-

kers, are particularly of great diagnostic im-

features.

portance. Four of the 8 species examined
usually possess no more than 6 smaller dorsal
papillaé and 4 widely separated short palatal -
papillae; while the other 4 species usually
possess no less than 7 smaller dorsal papillae
and 4 closely approximated long palatal papillae
(compare Plate II, .Figs. 4 to 7 with Plate III,
Figs. 8 to 11). It is worthy to mentibn that
C. neovishnui and C. annulus were apparently
treated as the same species® in the past on
Taiwan. Although these two species were
identified as two separate species later(.®),
they are still occasionally confused when
identification is made only by the external. A
The problem can be satisfactorily
solved, because the two species are found
significantly different from each other in the
morphology of the cibarium (compare Plate -
II, Fig. 5 with Plate III, Fig. 10).

On the whole, it seems possible 't_hat the

study of the morphology of the cibarium may

‘render valuable. assistance in taxonomy of

the culicine mosquitos, and further work on

these lines is in progress.

SUMMARY

The morphology of the cibarium of. 8

species of the female culicine mosquitos was

'studied. It was found that the size of the

cibarium, the characteristic of the lateral

flange, the width between the posterior ends

‘of the two lateral flanges, the size and number

of .the cibarial teeth, the size and distribution
of the palatal papillae and the number of the
smaller dorsal papillae possess demonstrable
specific differences in &ach species.

The key for the differentiation of female
culicines based upon -the morphology of the
cibarium is given.

In view of these findings, it seems possible

‘that the study of the morphology of the

cibarium will become acceptable as aid for

identification of the culicine species. -
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Fig. 1.

Fig. 2.

Fig. 3.
Fig. 4.
Fig. 5.
Fig. 6.
Fig. 7.
Fig. 8.
Fig. 9.
Fig. 10.

Fig. 11.
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Explanation of léttering on plates:

AHP: Anterior hard palate
' CA: Cibarial armature
CB: Cibarial bar
Clp: Clypeus
CPh: Clypeal phragma
CSD: Commen salivary duct
CT: Cibarial tooth
DA: Dorsal apodeme
LDP: Larger dorsal papilla
LF: Lateral flange
Ll Labral' lever
(M): Mouth (in outline only)
MDP: Membranous dorsal plate
PA: Pigmented area
(Ph): Pharynx (in outline only)
PHP: Posterior hard palate
PPa: Palatal papilla
SA: Shagreened area
SDP: Smaller dorsal papilla
‘SP: Salivary pump
SVP: Sclerotized ventral plate
VF: Ventral flange
VP: Ventral papilla

Explanation of Plates I. to III.:

J.F.M. A., May 28, 1972

Culex pipiens quinquefasciatus. Lateral view of the cibariurri_and part of the pharynx
of the female (the latter indicated in dotted line).

Culex pipiens quinquefasciatus. Dorsal view of the cibarium of the female (the shagre-

ened area unremoved).

Culex fuscocephalus. Dorsal vievs} of the cibarium of the male.

Culex vagans. Dorsal view of the cibarium of the female.

Culex neovishnui. Dorsal view of the cibarium of the female.

Culex pipiens qu_z'nquefasciatus. Dorsal view of the cibarium of the female.

.

Culex fuscocephalus. Dorsal view of the cibarium of the female.

Culex fuscanus. Dorsal view of the cibarium of the female.
Culex bitaeniorhynchus. Dorsal view of the cibarium of the female.
Culex annulus. Dorsal view of the cibarium of the female.

Culex tritaeniorhynchus summorosus. Dorsal view of the cibarium of the female.
(The shagreened area not shown in Figs. 4 to 11)
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