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ciated with ovarian development and with
the salivary glands.” Undoubtedly, further
investigation and more data are needed.

Summary. The extract of the adult
female Culex tarsalis has more antigenic
components than does that of the adult
male. The female extract formed 3 or
more precipitate lines in the reaction
against its homologous antiserum. Male
extract reacting against its homologous
antiserum produced only one or two lines.
But when reacting against the anti-female
serum, it elicited 2 or more lines. One
explanation for the additional line or lines
in this heterologous reaction is that possibly
some antigens in the male mosquito are
haptenes which are also parts of the com-
plete antigens of the female. These
haptenes react with the antifemale anti-
bodies having sites complementary to those
of the presumed haptenes and consequently
precipitate out as extra lines. Pigeon
antisera reacting with mosquito extracts
formed very faint and diffuse precipitate
lines.
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Naturally occurring populations of mos-
quito larvae are forced to develop in the
environment to which the female is
attracted for oviposition. Similar attract-
ants for different species frequently pro-
duce situations in which two species are
forced to live together. Personal observa-
tions of single species populations in some
situations and mixed populations in others
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led the authors to perform an experiment
to determine whether there are any mech-
anisms utilized by mosquito larvae to
eliminate or reduce competition from other
mosquitoes.

MErsops aNp MaTeriaLs, Larvae used
in the experiment were obtained from eggs
of Aedes aegypri (L.) and Culex pipicns
L. cultures maintained in our laboratory.
The experiment was begun when a large
number of C. pipiens egg rafts had pro-
duced larvae within a 1-hour period. At
this time, A. aegyps larvae were vacuum
hatched and were all within 1 hour of the
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same age as the C. pipiens. One hundred
larvae of A. aegypti and C. pipiens in vary-
ing proportions were counted into 50 ml.
of distilled water in each of 15 petri dishes
(100 mm x 15 mm). The dishes were
placed in a randomized block design
within a growth chamber maintained at
an average 81°F., w-5 78-83°F.,, and
photoperiod of 14L:roD. After one day
in which 50 mg. of dried brewer’s yeast
was supplied to each petri dish, the fol-
lowing feeding regime for each dish was
followed; day 3, 25 mg. yeast; day 4, 50
mg. yeast; day 5, 100 mg. yeast; day 6,
150 mg. yeast; day 7, 50 mg, yeast; day
9, 100 mg, yeast; day 10, 50 mg. yeast;
day 12, 50 mg. yeast. Water was changed
prior to feeding. Using 100 as the num-
ber of individuals per replicate, we varied
the proportion of C. pipiens to A. acgypti
into treatments of: o to 100, 25 to 75,
50 to 50, 75 to 25, 100 to 0. Data were
collected on the number of each species
pupating within all replicates at 6-hour
intervals starting with the appearance of
the first pupa in any replicate.

Possible changes in osmotic pressure of
the solutions were tested by freezing point
depression against 2 NaCl standard (ac-
curacy 0.01° C.). Solutions were made
with 2 mg. yeast/ml. distilled water and
incubated up to 36 hours at 80° F. before
testing, A Thomas freezing point ther-
mometer, scale —5 to 1°C. in 0.01° C.
(25 inch stem) was employed in a 16 x
100 mm test tube one-half filled with test
solution. The entire bulb was immersed
in the solution through a rubber stopper.
The system was rotated in an ice-salt
water solution at approximately —5°C.

Resurts anp Discussion. The percent-
ages of each species surviving to pupation
in the various treatments are presented
in Table 1. These results show some
interesting trends in interaction between
species that could, but usually do not
occur together. Analysis of C. pipicns
mortality using the binomial population
technique of i (1957) is presented in
Table 2, This shows a highly significant
difference between treatments, and a sig-
nificant difference in replicates within

TaBLeE 1.—Original population composition of
Culex pipiens L. and Aedes aegypti (L.) and
% of cach species reaching pupation. 100
larvae per replicatc.

% of each species

Original population reaching pupation

C. pipiens  A. aegypti C. pipicns  A.aegypti
100 0 66
100 0 83
100 0 81 ..
75 25 55 82
75 25 55 86
75 25 60 100
50 50 26 90
50 50 46 90
50 50 32 90
25 75 24 96
25 75 24 100
25 75 32 95
0 100 .. 100
0 100 .. 97
0 100 .. 93

treatments. The same type of analysis on
mortality of A. aegypti shows no signifi-
cant difference between treatments or be-
tween replicates within treatments (Table
3). Therefore, although the presence of
4. acgypti significantly affects C. pipiens
mortality at the population level and com-
positions tested, the presence of C. pipiens
at this level has no statistically significant
effect on A. acgypti mortality.

Figure 1 presents the regression lines
and equations for 4. aegypts and C. pipiens
survival. It shows the quantitative effects
that the percent of one species (abscissa)
in the population has on survival of the
other species (ordinate) in that population.
Inconsistency of slope sign is duc to the
mathematical methods used to simplify
computations. Regression analysis showed
the relationship between percentage sur-

TaBLE 2.—Analysis of variance of Culex pipicns
L. in mixed populations.

Source df 88, Ms. Fon
Total 734 178,09 ... ...,
Treatment 3 24.40 8.13 17.79%
Rep: Tri 8 3.66 0.457 2.20%%
Error 723  150.03 0.208 .....

“ Significant at the 1%, level.
#* Significant at the 5% level,
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vival of one species and percentage of the
other species present to be strictly linear.

This experiment demonstrates the classic
and widely accepted definition of inter-
specific competition in which both species
are inhibited when in contact as compared
to their biologies when isolated (Haskell,

1949). Although 4. segypti affects C.
pipiens survival much more, C. pipiens
does have an effect, though statistically
insignificant, on A4. acgypti survival as is
seen in Figure 1.

Differential survival is not the only
criterion we might have looked for in this
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Fig. 1.—~Larval survival as affected by the interaction between Culex pipens L. and
Aedes eegypti (L.) when reared at various population compositions.
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TasLe 3—Analysis of variance of Aedes acgypti
(L.) in mixed populations.

Source df SS. MS. Feoy
Total 754 20.93  iein evans
Treatment 3 0.54 0.180 0.031
Rep: Trt, 8 4.64 0.580 1.76
Error 743 24.55 0.033 .....

experiment. Others would be changes in
the rate of development, ultimate size or
weight/individual and a size or weight
related characteristic, fecundity.  The
only criterion, other than survival, that
we examined was rate of development
as affected by population composition.
Analysis of the data gathered at 6-hour
intervals over the duration of the experi-
ment showed no significant differences
in developmental rates for either species
regardless of the population composition.
This may have resulted from the intervals
selected by the authors since Christophers
(1960) and Haddow et al. (1959) have
shown that hourly observations are de-
sirable in studying developmental rates
in mosquito larvae.

Experiments in our laboratory subse-
quent to this experiment and to be reported
in the future, indicate that the feeding
regime provided food in great excess. This
usually leads to pollution and increased
osmotic pressure; factors that could dif-
ferentially affect the survival of 4. aegypii
and C. pipiens. Osmotic pressure as deter-
mined by the freezing point depression
technique showed less than o.or percent
depression when compared to distilled
water, This depression is well under the
1.5 percent sodium chloride equivalent
reported as adversely affecting develop-
ment (Wigglesworth, 1938). Another as-
pect of the pollution problem is that if
pollution were a factor, C. pipiens would
have shown proportionately greater mor-
tality in the treatments with greater per-
centages of that species. Since it consumed
food and used energy at a slower rate
than the rapidly developing A. acgypr,

there would have been more food present
in those treatments with a high proportion
of C. pipiens and therefore a greater chance
for pollution. However, Singh and Micks
(1957) report that C. pipiens tend to occur
more commonly in polluted water than
A. aegypr.

C. pipiens is a relatively inactive larva
rarely moving unless violently disturbed.
A. aegypti is easily disturbed as a larva
and aggregates in large groups probably
due to a strong negative phototaxis. The
general increase in mortality of C. prpiens
as it becomes a smaller part of the popula-
tion may be due to physical interference
by the continually active 4. aegypti. The
interference scemingly does not bother A.
aegypti at the population level tested.
Another possibility is that 4. aegypti pro-
duce metabolites which do not affect their
own mortality at the population level
tested, but do affect mortality of others,
at least C. pipiens, when in the environ-
ment.

The adverse effect of Aedes acgypri (L.)
larvae on those of Culex pipiens L. seems
to be established, but the exact mech-
anism, whether physical or chemical, has
not been demonstrated.
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