Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 100(8): 893-902, December 2005 893

Effect of food on immature development, consumption rate, and
relative growth rate of Toxorhynchites splendens (Diptera:
Culicidae), a predator of container breeding mosquitoes

D Dominic Amalraj™, N Sivagnaname, PK Das
Vector Control Research Centre, Pondicherry, India

Food utilization by the larvae of Toxorhynchites splendens (Wiedemann) was studied in the laboratory by
offering larvae of Aedes aegypti Linnaeus, Anopheles stephensi (Liston), and Culex quinquefasciatus (Say). Quan-
titative analyses of data indicated that immature development was significantly faster with increase in food avail-
ability. The regression analysis showed that the degrees of the relationship between immature duration (Id) and
food availability were higher when offered early instars of prey (first and second instars) than late instars. Con-
sumption rate (Cr) of the predator increased with increase in food availability and this relationship was highly
significant when larvae of An. stephensi were offered as food. Consumption rate to food level decreased with
increase in the age class of the prey. There was a significant negative correlation between 1d and Cr. This aspect
helps to increase population turnover of T. splendensin a shorter period when the prey is abundant. Conversely, the
predator compensated the loss in daily food intake at low food level by extending Id thereby attains the minimum
threshold pupal weight for adult emergence. Therewas an increase in the relative growth rate (RGR) of the predator
when An. stephensi was offered as prey and this was related to the high protein content of the prey per body weight.
There was a positive correlation between Cr and RGR. This adaptive life characteristic strategy of this predator is
useful for mass-rearing for large scalefield release programmesin the control of container breeding mosquitoesis
discussed.
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A self-sustained biological control method is yet to
be devised for mosquitoes. All available methods, includ-
ing larvivorous fish, require repeated releases or treat-
ments. Members of the genus Toxorhynchites were re-
leased in several Pacific islands to control container-
breeding mosquitoes such as Aedes aegypti Linnaeus
and Aedes albopictus (Garcia1982). All these studiesin-
dicated that both larvae and adults of the predator should
be released in large numbersto overcome the problem of
low egg production and low progeny found in the field
condition. Further, the low egg production in this genus
in spite of the provision of adequate larval food poses a
major drawback in mass production for field releases.
Blumberg and Swiraki (1974) pointed out theinfluence of
quality of food on food selection and feeding rate. Such
differencesinthe quality of food may also have consider-
able influence on growth and survival of insects. Growth
and development of T. rutilusrutiluswere studied inrela-
tion to quality and quantity of food (Crans & Slaff 1977,
Focks & Boston 1979). But there have been no studieson
quantification of nutritional ecology of Toxorhynchites.
Therefore, it is relevant to quantify parameters of nutri-
tional ecology (= bioenergetics) of the Toxorhynchites
that will help to overcome the problems associated with
their mass-production and sustainable control.
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Nutritional ecology isthe study of energy transforma-
tion in living systems. This information is essential for
the proper interpretation of feeding, reproduction, defense,
habitat selection and other life history phenomena in
arthropods (Scriber & Slansky 1981). Lower larval sur-
vival has been reported at the highest feeding levelswhen
Ae. aegypti was reared with excess of food in the labora-
tory (Arrivillaga& Barrera2004). Starvation or nutritional
deficiency is major cause of low egg production, defi-
ciency of growth and sexual maturity. When food quality
was changed, therate of development, body composition
and growth of arthropods differed significantly
(Waldbauer 1968). If the conversion efficiency of insects
wereto differ depending on the type of food and its nutri-
tional value, it would be of interest to know whether itis
reflected in the growth pattern (Lawton 1971,
Wigglesworth 1972, Cairns 1978, 1982). Thisstudy was
carried out to find the effect of quality and amount of
food offered on immature developmental duration, con-
sumption rate and therelative growth rate of the larvae of
T. splendens (Wiedemann).

MATERIALS AND METHODS

The experiment was conducted as a two-way design
by offering four different instars of A. aegypti, A. stephensi
(Liston) and C. quinquefasciatus (Say) to the predator at
densities 10, 20, 40, 80 and 160 prey/predator/day. Amount
of food offered in mg dry wt were treated as co-variatein
the analysis. A wild type of laboratory strain of T.
splendens bred from third and fourth instars collected
fromfieldin 1977 wasused throughout the study and was
in generation F, ., at the time of experimentation.
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The required numbers of prey were placed in rectan-
gular enamel trays, 45x40x5 cm (0.05 m?) containing 500
ml tap water with asingle newly hatched larvaof standard
laboratory reared T. splendens. The number of prey con-
sumed in 24 h period by apredator was estimated by sub-
tracting the number alive from the total number offered.
Theremaining alive larvae were removed and fresh ones
offered to the predator at respective densities. This was
done at theinterval of every 24 h until the predator larva
pupated. Since climatic variation might influence feeding
rate, all experiments were conducted in controlled tem-
perature (25-27°C) and relative humidity (60-70%). Each
test combination wasreplicated fivetimes (n=5).

To estimate the amount of food consumed (mg dry wt)
by the predator per day from the number eaten, dry weight
of the prey was estimated. To determine the dry weight,
thousand first and second instars and two hundred third
and fourth instars of prey species were placed separately
inside an oven with temperature maintained at 50°C for
24 h. Thedried larvae were allowed to cool in desiccators
and weighed with a Dhona chemical balance to the near-
est 0.1 mg precision (Table I). Number of prey eaten by
the predator was multiplied by their dry weight to get the
amount of food consumed. Dry weight of the predator
pupawas estimated following the same method. Estimated
dry weight of the first instar predator was used for com-
puting the weight gain (G). Weight gain is determined by
subtracting the dry weight of the first instar from the dry
weight of the pupa. In determining thetotal weight gain of
the predator the error contributed by gut contents was
negligible and may be neglected. Faeces collection was
done by drying the beaker in desiccators and subtracting
the previously weighted beaker from the one with dry
faeces. Although temperature of the rearing medium is
important influencing factor on the bioenergetics of the
predator, its effect was not investigated but blocked out
of the experiment by making the observations under iden-
tical temperature condition. From these measurements,
following bioenergetics indices were calculated follow-
ing Waldbauer (1968).
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Therate of food consumption (Cr) = Tc/(M xD)

where Cr = amount of food consumed (mg dry wt/preda-
tor/day); Tc = total mass of food consumed (mg dry wt)
during the entireimmature devel opment of a predator; M
=mid body weight; D = duration required for completing
the development. “Mid body weight” is defined as the
weight gained from first instar to pupa divided by the
duration of the development.

Assimilation efficiency (Ase) (%) = [(C—F)/C] x 100

where C = dry mass food consumed; F = dry mass of
faeces egested.

Relativegrowthrate (RGR) = In[(W,-W,)/(t,-t,)]

where W, = dry weight of thefirst instar; W, = dry weight
of the pupa; t, = age of thefirst instar (0); t, = age of the
pupa. RGR isthe per day body weight gain of the preda-
tor.

The effect of variables such as prey species, their in-
starsand their interactions were studied by an analysis of
co-variance in which food level was used as co-variate.
Slopes of the regression were tested for homogeneity
before performing ANCOVA on thedatafollowing the pro-
cedure of Sokal and Rohlf (1981). The coefficient of deter-
mination (r?) was computed for the linear regression of
each set of data to determine the fit achieved by the re-
gression. Immature duration and Cr were In transformed
before statistics being applied. Regression equationswere
tested for significant departure from zero using ANOVA
(Sokal & Rolf 1981). Sinceimmature duration and Cr of the
predator differed in response to food level, significant
differences among regression coefficients were tested by
T’ -method (Gabriel 1978) by setting 95% comparison in-
tervals to slopes. The preliminary ANCOVA on RGR
showed that groups were sampled from population of
equal slopes. The results were displayed by setting 95%
comparisonintervalsfor means. Therelationshipsbetween
immature duration and Cr as well as Cr and RGR were
studied by correlation analysis by using mean values of
amount of food offered to four instars of three prey spe-

TABLE
Prey dry weight conversion table

Prey Prey No. of individuals Replicates Mean dry weight of the
species instar weight/batch the larva (mg dry wt)(SE)(df)
Aedes aegypti 1 1000 10 0.07 (0.0002)(9)

2 1000 6 0.17 (0.006)(5)

3 200 6 0.99 (0.009)(5)

4 200 5 1.43 (0.001)(4)
Anopheles stephensi 1 1000 6 0.06 (0.0005)(5)

2 1000 6 0.11 (0.0008)(5)

3 200 6 0.55 (0.001)(5)

4 200 12 2.24 (0.008)(11)
Culex quinquefasciatus 1 1000 5 0.11 (0.0002)(4)

2 1000 6 0.12 (0.0004)(5)

3 200 6 0.57 (0.006)(5)

4 200 12 1.81 (0.008)(11)
Toxorhynchites splendens 1 40 5 0.03 (0.0009)(4)
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cies. Similarly, the correlation between Cr and assimila-
tion efficiency (Ase) was studied.

The amount of protein, steroids, vitamins, and sugar
inthefood largely determinethe devel opmental time, feed-
ing rate and growth rate of an organism. Hence, to ascer-
tain whether four instars of the three prey species differ
significantly from each other in the protein content of
their body, protein estimation was done following the
method of Lowry et al. (1951).

Protein estimation - One gm (wet weight) of second,
third and fourth instars of the three prey species was ho-
mogenized separately in 10 ml of Tris-HCI buffer (pH 6.8)
using a Potter’shomogeni zer. The homogenates were cen-
trifuged at 5000 rpm for 10 min and the supernatantswere
stored at 4°C until use.

The standard protein (BSA) solution was pippetted
out into a series of test tubesin the range of 0.1, 0.2, 0.3,
0.4, and 0.5 ml to obtain 100, 200, 300, 400, and 500 pg
respectively. The volume was made up to 2 ml with dis-
tilled water. A parallel tube with distilled water served as
blank. Thetest solutions contained 0.1 ml extractsin2ml
distilled water. To all thetubes, 4.5 ml akaline copper re-
agent was added, mixed thoroughly and allowed to stand
at room temperature for 10 min. Then, 0.5 ml diluted (2
times) Folin-Ciocalteau reagent was added rapidly with
immediate mixing. After 30 min, the colour devel oped was
read against the blank at 660 rm. The protein concentra-
tion of the test solutions was estimated after preparing
the standard graph. The same procedure wasfollowed for
estimating protein of instars of prey species and each set
wastriplicated (n=3).

RESULTS

Theresultsof protein analysis showed significant dif-
ferencein the amount of protein present (mg/gm body wt)
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among the prey species (Table I1). The protein content of
An. stephensi was significantly higher than Ae. aegypti
and Cx. quinquefasciatus (F =4.23; P <0.05). However,
there was no significant difference in the amount of pro-
tein present among the prey instars (F = 1.63; P> 0.05).

The results of the qualitative and quantitative effects
of food on bio-energetic parameters of the predator such
asld, Cr, assimilation efficiency (Ase), and relative growth
rate (RGR) aregiveninTablelll.

The basic analysis of regressions separately for sets
of dataof Id, Cr, and RGR showed good fit in most of the
cases(Tables1V, V, V). Slopeswerehighly significantin
all thecasesof Cr (Figs1, 2, 3). The slopes of RGR were
significant infirst, second and third instars of Ae. aegypti
(Fig.4) and the first instars of An. stephensi and Cx.
quinguefasciatus respectively (Fig.5).

Results of regression of immature duration on food
level indicated that immature developmental period of the
predator decreased significantly withincreaseinfood level
(F=2.96-34.69; P0.001 < 0.05; TablelV). Sincethe sl opes
were unequal, the differences among slopes were tested
following the method of Sokal and Rohlif (1981). There-
sults showed that variation among nine regressions was
highly significant (F = 7.35; df = 27; P <0.001). Therewas
an inverse relationship between the time taken by the
predator to complete its immature development and the
amount of food offered with type of prey (species and
size) acting as influencing factors. Unplanned compari-
son among regression coefficients by setting 95% com-
parison intervals indicated that the degree of the slopes
was not a function of prey species but differed among
prey instars. The specific characteristic of Tx .splendens
isthat even without food (prey), it can withstand starva-
tion and go for dormancy

Results of regression of Cr on food level indicated
that Cr of the predator increased significantly with in-

TABLE Il
Protein estimation (mg/g) of intars of three prey species (n = 3)
Mean (SE)
Prey instars df =2
Prey species 2 3 4
Aedes aegypti 20.97 (2.75) 23.33 (1.66) 21.60 (4.82)
Anopheles stephensi 21.93 (1.28) 30.20 (3.47) 26.97 (0.22)
Culex quinquefasciatus 18.27 (0.92) 15.77 (0.90) 25.03 (0.44)
TABLE Il
Quialitative and quantitative effects of food on the bioenergetic parameters of the predator Toxor hynchites splendens
Amount of food offered  Immature duration 2 CRP Ase RGR P
Prey species (mg. dry wt.) (range) (days) (range) (range) (range) (range)
Aedes aegypti 0.7-228.8 7.6-162.8 0.4-55.6 0.01-0.04 0.03-0.82
Anopheles stephensi 0.6-358.4 8.4-118.8 0.4-89.9 0.01- 0.09 0.03-0.75
Culex quinquefaciatus 1.1-289.6 10.0-193.4 0.7-38.3 0.01-0.04 0.02-0.59

a: negatively correlated with food level; b: positevely correlated with food level; CR: consumpition rate; Ase: assimilation efficiency;
RGR: relative growth rate; range is given as the predator (I- IV instar) was exposed to wide range of prey density to see the bio-

energetic parameters of the predator.
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creaseinfood level (Table V). Since the slopes were un-
equal, the differences among slopes were tested. The re-
sults showed that variation among twelve regressionswas
highly significant (F = 11.22; df = 36; P < 0.001). All the
slopes of the regression were highly significant in the
case of Cr with respect to four instars of three prey spe-
ciesoffered asfood (Figs 1-5).

The results of regression of RGR on food level indi-
cated that RGR increased significantly with increase in
food level (TableV1). There were significant regressions
of RGR onfood level for first, second and third instars of
Ae.aegypti as prey whereas the slope of the fourth instar
was not significant (Fig. 4). Only the slopesof firstinstars
of An. stephensi and Cx. quinquefasciatus were found
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significant (Fig. 5). Sincethe slopeswereequal (F =2.21;
P > 0.05), differences among adjusted means were tested
using the average regression co-efficient in a 2-way
ANOVA (Soka & Rohlf 1981). The common regression
co-efficient washighly significant (F = 317.32; P <0.001).
Results of the significance tests indicated that there was
ahighly significant prey species and prey instar interac-
tion (F =13.36; P =<0.001). Hence, differencesin RGR
depended on the prey species and prey instars. Multiple
comparison by setting 95% comparison intervals to ad-
justed means showed significant increasein the RGR when
An. stephensi was offered. Therelative growth rate of the
predator did not differ significantly when prey were either
Ae. aegypti or Cx. quinquefasciatus. Therewasasignifi-

TABLEIV

Regression statistics for immature duration (days) (In'Y) of Toxorhynchites splendens as a function of amount of food offered (x)
(instars of Aedes aegypti, Anopheles stephensi, and Culex quinquefasciatus at different densities (n = 5)

Species Instar Source SS] df MS r2 F
Ae. egypti 1 a 11.47 1 11.47 0.92 27.42
b 1.25 3 0.41
c 12.72 4 3.18
2 a 15.05 1 15.05 0.83 12.64
b 3.59 3 1.19
c 18.64 4 4.67
3 a 10.43 1 10.43 0.95 25.44
b 1.23 3 0.41
c 393 4 2.95
4 a 114 1 114 0.28 1.22
b 2.79 3 0.93
c 393 4 0.98
An. stephensi 1 a 9.51 1 9.51 0.94 35.22
b 0.82 3 0.27
c 10.33 4 2.58
2 a 335 1 3.35 0.61 5.40
b 1.86 3 053
c 5.20 4 1.32
3 a 1.93 1 1.93 0.52 3.64
b 1.59 3 053
c 352 4 0.88
4 a 0.01 1 0.01 0.02 0.07
b 0.44 3 0.15
c 0.45 4 0.11
Cx. quinqufasiatus 1 a 14.38 1 14.38 0.85 17.32
b 2.49 3 0.83
c 16.87 4 422
2 a 8.10 1 8.10 0.83 11.25
b 2.16 3 0.72
c 10.26 4 257
3 a 6.79 1 6.79 0.49 294
b 6.92 3 231
c 13.71 4 343
4 a 0.01 1 0.01 0.06 0.25
b 011 3 0.04
c 0.12 4 0.03

a: explained; b: unexplained; c: total variation



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 100(8), December 2005

cant decreasein RGR with firstinstar prey (F =24.17; P <
0.001). However, RGR was equally morewith second and
third instar prey.

The functional relationship between food level and
Ase could not be established as there were no evidence
of regression (P > 0.05). Therewas no significant correla-
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tion between Cr and Ase (P > 0.05). The Cr and RGR were
correlated significantly in mgjority of the cases (P < 0.001
-<0.01). Testsof homogeneity among correl ation coeffi-
cients showed heterogeneity among ther’s (x2 = 66.52; df
=11; P<0.001). So, Cr and RGR differed in their degree of
relationship among prey species and prey instars.
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and 4th instars of Anopheles stephensi respectively at various den-
sities (x).



898

DISCUSSION

The results suggest that both quality and quantity of
the food influence the life characteristics of T. splendens
during itsimmature development. However, the age of the
predator could influence the food intake and subsequent
growth rate. As the fourth instar of the predator is the
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gradual non-feeding stage, the regression models fit so
poorly when compared to other instars of the predator.

Increase in consumption rate resulted in reduction in
immature duration. Thisis considered an adaptive char-
acter of the predator asthisresultsin increase in popula-
tion turnover in a reduced time when the prey is abun-
dant.

When prey was abundant there was an increasein the
rate of predation. Thisresulted in reduced devel opmental
timewith increasein relative growth rate. The decreased
growth rate of the predator with first instar prey might be
due to high-energy utilization for capturing small prey.
However, energy required for capturing thefirst instar of
An. stephensi and Culex or Aedes may not be the same.
This was more pronounced when the prey constituted
larvae of An. stephensi asaresult of more nutritional value
of this prey species. Further, the encounter between the
predator and the larvae of An. stephensi is ensured be-
cause of similarity in their mobility, use of foraging area

[

Slope = 0.01998

o
w

= o
o o4 2 0N
Ton N o

Relative growth rate
g

o

10 12

o
[a%]
a~
[}
@

Slope = 0.01739

e
o

0.7
0.6
0.5 o
0.4 L 4

0.3
0.2

Relative growth rate

0.1

1 Slope = 0.01439

[
3

14+

rowth rate
-5

4
L 2

08
0.6

Relative g
N

o
[}

o
O e

50 100 150 200
Amount of food offered {(mg.dry.wt.of prey)

‘ € Observed —@— Fitted ‘

Fig. 4: relative growth rate (RGR) of Toxohynchites splendens as a
function of amount of food offered (mg.dry.wt.of 1st, 2nd and 3rd
instars of Aedes aegypti respectively at various densities (%).



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 100(8), December 2005

and the position on the water surface (niche overlap)
(James & Liston 1985). This could be areason for high
rate of predation on An. stephensi than on the other prey
species. However, the co-occurrence of the larvae of these
two speciesin the same containersis seldom observed in
nature. The significant correlation between Cr and RGR
indicates that the predator converts the food into body
substance efficiently. The high protein content of the lar-
vae of An. stephensi makes the processes of conversion
of food into body substance energetically less expensive
and therefore elevates RGR. Earlier studies showed that
the quality of food consumed could influence the total
body length and allometric growth of various organs
through energetic-the conversion efficiency, conversion
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rate, assimilation efficiency and assimilation rate in the
experimental population (Slanky & Scriber 1985). It was
also suggested that the type of food had an impact on the
life span and survival value of the animal (Madhavan &
Bhaskaran 1975, Venkatesan & RaghunathaRao 1979).
The predator compensated the loss in daily food in-
takeat low food level by extending itsimmature duration
thereby increasing its total food intake during its devel-
opment period. This is an important adaptive character
for the predator to cross the minimum threshold pupal
weight for adult emergence during scarce prey availabil-
ity. Studies of Lounibos et al. (1979) showed that these
adaptations of a predator would help in increasing its
population turnover in a reduced time when the prey is

TABLEV

Regression statistics for consumption rate (Cr) (In'Y) of Toxorhynchites splendens as a function of amount of food offered (%)
(instars of Aedes aegypti, Anopheles stephensi, and Culex quinquefasciatus at different densities (n = 5)

Species Instar Source S of MS r2 F
Ae. egypti 1 a 27.56 1 27.56 0.85 16.41
b 5.04 3 1.68
c 32.60 4 8.15
2 a 19.69 1 19.69 0.83 15.26
b 3.86 3 1.29
c 23.55 4 5.89
3 a 17.08 1 17.08 0.78 10.67
b 481 3 1.60
c 21.89 4 5.47
4 a 8.25 1 8.25 0.79 11.00
b 2.79 3 0.93
c 3.93 4 0.98
An. stephensi 1 a 28.10 1 28.10 0.87 20.22
b 4.16 3 1.39
c 32.26 4 8.06
2 a 15.72 1 15.72 0.81 12.19
b 3.88 3 1.29
c 19.60 4 4.90
3 a 10.53 1 10.53 0.81 12.84
b 2.46 3 0.82
c 12.99 4 3.25
4 a 6.82 1 6.82 0.86 16.63
b 1.23 3 041
c 8.06 4 2.02
Cx. quinqufasiatus 1 a 28.02 1 28.02 0.89 23.95
b 3.52 3 117
c 31.54 4 7.89
2 a 23.15 1 23.15 0.82 12.72
b 5.46 3 1.82
c 28.61 4 7.15
3 a 13.94 1 13.94 0.68 6.57
b 6.36 3 212
c 20.31 4 5.08
4 a 5.30 1 5.30 0.83 13.59
b 1.18 3 0.39
c 6.48 4 1.62

a: explained; b: unexplained; c: total variation
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abundant. Further, they added that the prolongation of
developmental time of aguatic stages of insect predators
at thetime of less prey availability would help the preda-
tor to acquire the minimum energy reserve for attaining
the minimum threshold pupal weight required for adult
emergence. This physiologica adaptation hel psthe preda-
tor population to survive till the time of availability of
abundant food.

Growth in animalsinvolves conversion of extraneous
matter into live tissue through the process of ingestion,
absorption, assimilation and synthesis. Besides energy
spent in capturing the prey, conversion of food into body
substance requires energy. The balance of energy that
remains after these expensesis used in growth. The loss
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indaily food intake at low food level istherefore compen-
sated by delay in the pupation. This is found to be an
another important adaptive character of the predator to
acquire the minimum energy reservefor thefull devel op-
ment of gonads in the adults (Marshall & Kevan 1962,
Murdoch 1966, Campbell & Sinha 1978).

The results show that T. splendensis well adapted to
continuous insectary conditions. It has evolved different
life characteristic strategies such asdifferencein thetime
taken to become pupa, different feeding and growth rates
in response to food availability both in quality and quan-
tity. These biological characteristicshelp in mass produc-
tion of the predator for field rel eases. Devel opmental pe-
riod depends on number and nutrient value of prey of-

TABLEVI

Regression statistics for relative growth rate (RGR) (Y) of Toxor hynchites splendens as a function of amount of food offered (x)
(instars of Aedes aegypti, Anopheles stephensi, and Culex quinquefasciatus at different densities (n =5)

Species Instar Source s df MS r2 F
Ae. egypti 1 a 0.08 1 0.08 0.99 40.00
b 0.006 3 0.002
c 0.09 4 0.022
2 a 0.63 1 0.63 0.89 21.00
b 0.09 3 0.03
c 0.72 4 0.18
3 a 1.62 1 1.62 0.98 162.00
b 0.04 3 0.01
c 1.66 4 0.42
4 a 0.29 1 0.29 0.37 171
b 0.51 3 0.17
c 0.80 4 0.20
An. stephensi 1 a 0.10 1 0.10 0.91 33.33
b 0.01 3 0.003
c 011 4 0.28
2 a 0.18 1 0.18 0.60 4.50
b 0.12 3 0.04
c 0.30 4 0.08
3 a 041 1 0.41 0.60 4.60
b 0.28 3 0.09
c 0.69 4 0.17
4 a 0.004 1 0.004 0.01 0.57
b 0.18 3 0.007
c 0.19 4 0.05
Cx. quinqufasiatus 1 a 0.06 1 0.06 0.87 20.00
b 0.01 3 0.003
c 0.07 4 0.02
2 a 0.10 1 0.10 0.75 10.00
b 0.03 3 0.01
c 0.13 4 0.03
3 a 0.69 1 0.69 0.75 8.63
b 0.23 3 0.08
c 091 4 0.23
4 a 0.004 1 0.004 0.21 0.40
b 0.04 3 0.01
c 0.05 4 0.01

a: explained; b: unexplained; c: total variation
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Fig. 5: relative growth rate (RGR) of Toxohynchites splendens as a
function of amount of food offered (mg.dry.wt.of 1st instars of
Anopheles stephensi (a) and Culex quinquefasciatus (b) at various
densities (x).

fered to the predator. Such an active feeding on more
protein diet helpsin storing more nutrients and energy to
tide-over the non-feeding pupal and comparatively less
activefeeding adult period. Nutrient reserve also increases
fecundity and survival of the adult (Dominic Amalrgj &
Das 1996). Thisfacilitatesthe production of larvanumber
of T. splendens for field release at the time of onset of
monsoon prior toincreasein Ae. aegypti population. Con-
versely, during other periods of the year, T. splendens
could be maintained inlessnumber on lessprey diet. Since
T. splendensisfound to prolong itsimmature duration at
timeswhen prey islessin number, the generation timeis
extended till the time of availability of enough food. The
overall significant negative correlation between immature
duration and Cr (r =—0.89, df =60, p < 0.001) was ex-
pected since increase in daily food intake will accelerate
the instar development thereby reducing the duration of
the immature devel opment, resulting in reduced genera-
tion time. When abundant prey becomes available, the
generation timeis reduced. Thisfacilitates mass-rearing
of the predator in large numbers. The ability of the preda-
tor tosurviveat low feedingrate (Cr, ;) isan appreciable
adaptation to tide over the period of the low prey avail-
ahility.
ACKNOWLEDGEMENTS

To MPPrasad and K Sathianathan for their technical assis-
tance. To Ms R Sundarambal for the literature survey.

901

REFERENCES
ArrivillagaJ, BarreraR 2004. Food asalimiting factor for Aedes
aegypti in water- storage containers. J \ect Ecol 29: 11-20.

Cairns SC 1978. Growth, respiration and the utilization of as-
similated energy in the larvae of Sericesthis nigrolineata
(Coleoptera). Oikos 31: 142-152.

Cairns SC 1982. Thelifecycle energetics of Rhopae verreauxi
(Coleoptera:Scarabeidae). Oecologia 55: 62 -68.

CransWJ, Slaff ME 1977. Growth and behaviour of colonized
Toxorhynchites rutilus septentrionalis. Mosg News 37:
207-211.

Blumberg D, Swirski E 1974. Prey consumption and preying
ability of three species of Cybocephalus (Coleoptera:
Cybocephalidae). Phytoparasitica 2: 3-11.

Campbell A, SinhaRN 1978. Bioenergetics of the granivorous
beetles Criptol estes ferrugineus and Rhyzopertha dominica
(Coleoptera: Cucujida and Bostrichidag). Can J Zool 56:
624-633.

DominicAmalraj D, DasPK 1996. Life-table characteristics of
Toxorhynchites splendens (Diptera: Culicidae) cohortsreared
under controlled food regimens. J Veector Ecol 21: 136-145.

Focks DA, Boston MD 1979. A quantified mass-rearing tech-
nique for Toxorhynchites rutilus rutilus (Coquillett). Mosg
News 39: 616-619.

Gabriel KR 1978. A simple method of multiple comparison of
means. J Amer Statis Assoc 73: 724-729.

Garcia R 1982. Arthropod predators of mosquitoes. Bull Socr
Vector Ecol 7: 45-47.

James SP, Liston WG 1985. A Monograph of the Anopheles
Mosquitoes of India, International Books and Periodical
Supply Service, New Delhi.

Lawton JM 1971. Ecological enrgetics studies on larvae of the
damselfly Pyrrhosoma nymphula (Sulzer) (Odonata:
Zygoptera). J Anim Ecol 40: 385-423

Lounibos LP 1979. Temporal and special distribution, growth,
and predatory behaviour of Toxorhynchites brevipalpis
(Diptera: Culicidae) on the Kenya coast. Anim Ecol 48:
213-236.

Lowry DH, Rosebrough Farr AL, Randall RJ 1951. Protein
measurement with the Folin phenol reagent. J Biol Chem
193: 265-295.

Madhavan S, Bhaskaran R 1975. Food selection and utilization
in adanid butterfly. Oecology 18: 55-62.

Marshall VG, Kevan M 1962. Preliminary observations on the
biology of Folsomia candida Willem (Collembola:
Isotomidae). Can Entomol 94: 575-596.

Murdoch WW 1966. Aspects of the population dynamics of
some marsh Carabidae. J Anim Ecol 35: 127-156.

Pandian TJ, Mathavan S 1974. Attempt of energy utilizationin
the tropical dragon fly Diplocodes trivialis (Rambur) and
some other aquatic insects (Anisoptera: Libelludidae).
Odonatol 3: 241-248.

Scriber M, Slansky F 1981. The nutritional ecology of imma-
ture insects. Ann Rev Entomol 26: 183-211.

Slansky F, Feeny PP 1977. Stabilization of the rate of nitrogen
accumulation by larvae of the cabbage butterfly on wild and



902  Effect of food on the bioenergetics of T. splendens « D Dominic Amalraj et al.

cultivated food plants. Ecol Mono 47: 209-228.

Slanky F, Scriber JM 1985. Food consumption and utilization.
In GA Kerkuit, LI Gilbert (eds.), Comprehensive |nsect
Physiology, Biochemistry, and Pharmacology, Pergamon
Press, Oxford, p. 87-164.

Sokal RR, Rohlf FJ1981. Biometry. The Principlesand Prac-
tice of Satisticsin Biological Research, 2nd ed., WH Free-
man, New York, p. 1-859.

Venkatesan P, Raghunatha Rao TK 1979. Effect of food quality
and rate of conversion on growth of Sphaerodema
annulatum Fabr. fed with larvae of Culex. Entomon 4: 277-
280.

Waldbauer GP 1968. The consumption and utilization of food
by insects. Ad Insect Physiol 5: 229-288.

Wigglesworth VB 1972. Principles of Insect Physiology,
Methuen, London.



