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ABSTRACT A functional response study of the eight most common arthropod predators of cotton
bollworm, Helicoverpa zea (Boddie), eggs was conducted in the laboratory. Predators were starved
for 24 h, and single predators were exposed to different prey density treatments. Predation response
was observed at 6, 12, and 24 h after feeding trials began. At the highest prey density (150 eggs per
predator), Hippodamia convergens Guerin-Meneville and Collops quadrimaculatus (F.) adults and
Chrysopa oculata Say larvae showed the highest consumption rates (116, 85, and 119 eggs/24 h,
respectively), followed by H. convergens larvae (51 eggs/24 h), adult Geocoris punctipes (Say) (45
eggs/24 h), and adult Scymnus loewii Mulsant, Orius insidiosus (Say), Notoxus spp., and Nabis
capsiformis Germar (1, 1, 10, and 12 eggs/24 h, respectively). Adult Notoxus spp., N. capsiformis, and
O. insidiosus showed type 1 functional response, whereas adult C. quadrimaculatus, G. punctipes, H.
convergens, and larval H. convergens and C. oculata showed type 2 response. All predators consumed
the highest number of bollworm eggs at 35�C and the lowest numbers at 15�C; predation rate at 35�C
was four times higher than that at 15�C. The prey densityÐdependent behavior of predators and effect
of temperature on their predation behavior are discussed.
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THE COTTON BOLLWORM, Helicoverpa zea (Boddie), is a
key pest of cotton in Texas and throughout the cotton
belt (Parajulee et al. 1998, 2004, Williams 2004). Sev-
eral studies have shown the potential of naturally
occurring predator species in suppressing bollworm
eggs and larval infestations in cotton (Ewing and Ivy
1943, Lingren et al. 1968, Ridgway and Lingren 1972,
Bryson and Schuster 1975, McDaniel and Sterling
1979, Arnold 1999). However, the information on
functional response and comparative ability of boll-
worm predator species to consume the target pest is
lacking. This information is critical to implementation
of natural enemy conservation and augmentation of
natural biological control. The information on labo-
ratory functional response could be used to infer the
basic mechanism of the predatorÐprey interactions in
the Þeld (Houck and Strauss 1985). The number of
prey that an individual predator kills is a function of
prey density and is known as functional response
(Holling 1966). Effectiveness of a predator is directly
related to the type of their functional response.

Arthropod predators display one of three typical
functional responses, but the response may vary with
crop phenology, habitat heterogeneity, age of preda-
tor, and other biotic and abiotic factors. In a type 1
functional response, the number of prey killed in-
creases linearly at a constant rate up to a maximum and
remains constant as prey density further increases
(combination of density-dependent and density-inde-
pendent responses). The response is estimated by a
linear equation

Ne � � � �N [1]

where Ne � number of prey eaten, N � prey density
(number of prey offered), and � and � � the intercept
and slope of the prediction line, respectively.

In a type 2 functional response, the number of prey
killed approaches asymptote hyperbolically as prey
density increases (declining proportion of prey killed
or inverse density dependence). This type of response
is estimated most commonly by a curvilinear function
(Holling 1966),

Ne �
a N T

1 � a N Th

[2]

where Ne � number of prey eaten, a � the attack
constant or instantaneous search rate, N � initial prey
density, T � total available time, and Th � handling
time (or the time taken by the predator to search,
capture, consume, and digest one prey). In this model,
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prey density remains constant, and the handling time
limits the number of prey eaten within a Þxed time
period. However, because the experiment is usually
conducted without prey replacement, the prey den-
sity declines as the experiment proceeds. RogerÕs ran-
dom predator equation (Rogers 1972, Juliano 1993) is
generally used to overcome the prey replacement
problem in HollingÕs model as follows:

Ne � N {1 � exp[a(ThNe � T)]}, [3]

where Ne � number of prey eaten and N � initial prey
density.

The type 3 functional response occurs when the
number of prey killed approaches asymptote as a sig-
moid function (increase in proportion of prey killed
up to inßection point and then decrease in propor-
tion). This is the density-dependent response. Type 3
functional response can be derived using HassellÕs
model (Hassell 1978) where the attack rate (a) is a
hyperbolic function of the prey density as follows:

a �
d � hN

1 � cN
[4]

and by substituting the value of a to the HollingÕs
equation, we get the type 3 model as:

Ne �
dNT � hN2 T

1 � cN � dNTh � bN2Th [5]

where Ne � number of prey eaten, T � total time, Th

� handling time, and b, c, and d are constants. After
using the integral of random predator equation (Rog-
ers 1972), the type 3 functional response can be esti-
mated as

Ne � N {1 � exp[(d � bN) (ThNe � T)/

(1 � cN)]}, [6]

where parameters were as described above.
Generally the average bollworm egg density in the

Þeld is less than one egg per cotton leaf because moths
rarely lay large numbers of eggs on the same leaf,
although four to Þve eggs on a single leaf is not un-

common under a heavy bollworm infestation or late in
the season. In general, it is not feasible to evaluate the
functional response of a predator in such a low egg
density either in the Þeld or in a laboratory. Never-
theless, it is important to understand the consumption
behavior of the predators when presented with a
greater prey density. The laboratory study of func-
tional responses to artiÞcially high prey densities gives
an indication of the potential of the predator to sup-
press the pest under conditions of high pest pressure
in the Þeld. Objectives of this study were to evaluate
the bollworm egg consumption efÞciency of common
predators, to determine their functional response to
varied prey densities under laboratory conditions, and
to quantify the effect of temperature on their preda-
tion efÞciency.

Materials and Methods

This study was conducted in the Cotton Entomol-
ogy Laboratory at the Texas Agricultural Experimen-
tal Station, Lubbock, TX. The functional responses of
10 commonly occurring arthropod predators [conver-
gent lady beetle, Hippodamia convergens Guerin-Me-
neville, green lacewing, Chrysopa oculata Say, red-
cross beetle, Collops quadrimaculatus (F.), big-eyed
bug, Geocoris punctipes (Say), Scymnus lady beetle,
Scymnus loewii Mulsant, insidious ßower bug, Orius
insidiosus (Say), hooded beetle, Notoxus spp., pale
damsel bug, Nabis capsiformis Germar, leafhopper as-
sassin bug,Zelus renardii (Kolenati), and crab spiders,
Misumenops spp.] were evaluated (Table 1). All pred-
ators were collected from several cotton Þelds using a
sweep net or beat bucket. Predators of mixed sex but
uniform size and vigor were sorted from the Þeld-
collected samples and held without food and water for
24 h. The second and third instars of convergent lady
beetle and green lacewing larvae were used for the
study, whereas the adult stage was evaluated for all
predators, except for the green lacewing. Bollworm
eggs were used as model prey and were obtained from
the USDA-ARS, SIMRU, Stoneville, MS.

Table 1. Total bollworm egg consumption in 24 h and the consumption rate (no. consumed per hour) of several arthropod predators
in a no-choice laboratory feeding trial

Predator species
Prey

density
Total eggs

eaten in 24 h
Consumption
rate (eggs/h)

Red-cross beetle (Collops quadrimaculatus) 150 85.1 � 10.29 3.5 � 0.43b
Insidious ßower bug (Orius insidiosus) 30 1.2 � 0.25 0.1 � 0.01d
Big-eyed bug (Geocoris punctipes) 100 44.7 � 5.48 1.9 � 0.23c
Convergent lady beetle (Hippodamia convergens)

Adult 150 116.0 � 10.66 4.8 � 0.44a
Larva 150 51.2 � 16.85 2.1 � 0.70c

Green lacewing (Chrysopa oculata) 150 119.3 � 29.11 5.0 � 1.21a
Hooded beetle (Notoxus spp.) 40 10.2 � 2.18 0.4 � 0.09d
Pale damsel bug (Nabis capsiformis) 30 11.8 � 4.51 0.5 � 0.19d
Scymnus beetle (Scymnus loewii) 30 1.0 � 0.77 0.04 � 0.03d
Leafhopper assassin bug (Zelus renardii)a 30 0 0
Crab spider (Misumenops spp.)a 30 0 0

Numbers followed by the same letter were not signiÞcantly different (� � 0.05, LSD).
aNo eggs were consumed during the 24-h exposure.
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Cotton Bollworm Egg Consumption Rate. Because
research information was unavailable on the bollworm
egg consumption rate of most of the selected predator
species at different prey densities and under labora-
tory conditions with the exception forH. convergence,
G. punctipes, O. insidiosus, and Z. renardii (Ewing and
Ivy 1943), a preliminary feeding test was conducted to
examine if the predator would use bollworm eggs as
preyand todetermine themaximumconsumptionrate
per 24 h. Predators were starved for 24 h, and 100
bollworm eggs were offered per predator, replicated
Þve times. The treatment arena consisted of bollworm
eggs arranged singly in rows and glued with tap water
on a fresh cotton leaf in a plastic petri dish (100 by 15
mm). The eggs were arranged in rows to facilitate
counting. Frequent observations were made to ensure
that bollworm egg density of 100 per predator was
sufÞcient for 24-h consumption. Predators that con-
sumed at least one egg were considered a potential
predator and the total number of eggs eaten by each
successful predator in 24 h was recorded.

After the preliminary experiment, eight species
were identiÞed as potential bollworm egg predators
(Table 1). These were collected from the Þeld and
starved for 24 h before initiating the study, conducted
at 29 � 2�C and 12:12 (L:D) h. Ten individuals from
each predator species or stage were conÞned sepa-
rately and provided with prey eggs ad libitum (Table
1). The numbers of eggs eaten per predator were
recorded 24 h after feeding began. Prey consumption
rate (number eaten per hour) for each predator was
calculated, and data were analyzed using analysis of
variance (ANOVA; PROC GLM; SAS Institute 2002)
with predator species as a source of variability.
Functional Response Study. The functional re-

sponse study was conducted with the eight most com-
mon predator species selected from the preliminary
feeding test (Table 1). Response was measured by
randomly assigning different densities of bollworm
eggs (1Ð150 eggs per density treatment) to each pred-
ator species in a petri dish. Density treatments ranged
from Þve to eight depending on predator species (Ta-
ble 2). Each treatment was replicated 5Ð10 times. The
maximum and minimum prey densities for each pred-

ator were determined based on a preliminary feeding
study as described previously. The treatment arena
consisted of bollworm eggs arranged singly in rows
and glued with tap water on a fresh cotton leaf in a
plastic petri dish (100 by 15 mm). The eggs were
arranged in rows to facilitate counting. The experi-
ment was conducted at 29�C and a photoperiod of
12:12 (L: D) h. Moist cotton swabs and Þlter papers (9
cm) were used to keep the bollworm eggs and cotton
leaf moist during the experiment. Predators conÞned
with Þxed numbers of egg densities were kept undis-
turbed until the response was measured. The prey
consumption was recorded at 6, 12, and 24 h after the
predator was released to the experimental arena. The
12-h data were used to analyze the functional response
of most of the predators. Because convergent lady
beetles consumed all eggs at lower densities in 12 h,
the 6-h data were used to derive the functional re-
sponse parameters. The 24-h data were used for slower
feeding insidious ßower bugs, Scymnus beetles,
hooded beetles, and pale damsel bugs.

The polynomial logistic regression of proportion of
prey consumed versus initial prey density was per-
formed using a categorical data modeling program
(CATMOD; SAS Institute 2002) to determine the type
of functional response (Juliano 1993). If the linear
parameter calculated by logistic regression was not
signiÞcantly different from zero, there was no inßu-
ence of increased prey density on the proportion of
prey consumption and the type 1 functional response
(equation 1) was Þtted to that data. If the linear pa-
rameter was signiÞcant and negative, a negative rela-
tionship between the increased prey density and prey
consumption rate occurred, and the type 2 functional
response (equation 3) was selected for those data. If
the linear parameter was signiÞcant and positive, in-
creased prey density would result in positive preda-
tion response, and the type 3 functional response
(equation 6) model was chosen for that data set.

Because the experiment was conducted without
prey replacement, the integral of random predator
equation (Rogers 1972, Juliano 1993) model was used
to estimate the parameters for both type 2 and type 3
functional responses. The functional response models
were Þtted by the maximum likelihood method in the
nonlinear regression procedure (NLIN; SAS Institute
2002). The functional response parameters, search
rate (a) and handling time (Th), were calculated for
each predator.
Effect of Temperature on Prey Consumption Rate.

Five predator species were evaluated for their func-
tional response as affected by temperature. Temper-
ature treatments included 15, 20, 25, 30, and 35�C
maintained in growth chambers with 12:12 (L: D) h
photoperiod. The predators included red-cross bee-
tles, big-eyed bugs, convergent lady beetles (adult and
larva separately), insidious ßower bugs, and green
lacewing larvae. For each temperature treatment and
predator species or stage, a single predator was con-
Þned in a petri dish with prey eggs provided ad libitum
and replicated 10 times. The number of prey con-
sumed per predator was recorded at 12, 24, 36, and 48 h

Table 2. Arthropod predator species and prey (bollworm eggs)
density treatments used in the laboratory functional response study

Predator species Prey density treatments

Red-cross beetle 5, 10, 25, 50, 75, 100, 150
Insidious ßower bug 1, 2, 4, 6, 8, 10, 20, 30
Big-eyed bug 5, 10, 25, 50, 75, 100
Convergent lady beetle adult 10, 25, 50, 75, 100, 150
Convergent lady beetle larva 5, 10, 25, 50, 75, 100, 150
Green lacewing 10, 25, 50, 75
Hooded beetle 5, 10, 20, 40
Pale damsel bug 5, 10, 15, 20, 30
Scymnus beetle 5, 10, 15, 30
Leafhopper assassin buga NA
Crab spidera NA

aNo functional response was conducted because of no feeding
response (see Table 1).

NA, not applicable.
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after predator introduction to the prey. Response data
for each predator were analyzed using a repeated
measures ANOVA (PROC GLM; SAS Institute 2002)
with temperature and predation duration as sources of
variability. Also, the rate of change in bollworm egg
predation in relation to temperature was calculated
for each predator using a linear regression analysis of
number of eggs consumed per predator per 24 h as a
function of temperature.

Results

Cotton Bollworm Egg Consumption Rate. Labora-
tory no-choice feeding trials showed that 10 of the 15
predatory arthropods commonly encountered in
Texas High Plains cotton could serve as bollworm egg
predators. The green lacewing larva and convergent
lady beetle adult showed the highest consumption
rates (119 and 116, eggs/24 h, respectively) followed
by the adult red-cross beetle (85 eggs/24 h), conver-
gent lady beetle larvae and big-eyed bugs (51 and 45
eggs/ 24 h, respectively), and pale damsel bug, hooded
beetle, insidious ßower bug, and Scymnus beetle (12,
10, 1, and 1 eggs/24 h, respectively; df � 9,47; F� 21.9;
P � �0.0001; Table 1). The leafhopper assassin bug
and crab spider did not consume bollworm eggs in our
repeated laboratory evaluations.
Functional Response. The logistic polynomial re-

gression analysis (Table 3) showed that the four
slower feeding predators (pale damsel bug, hooded
beetle, Scymnus beetle, and insidious ßower bug)
displayed the type 1 functional response (Tables 3 and
4; Fig. 1) as indicated by nonsigniÞcant linear param-
eters. Those predators showing the type 1 response
had no change in feeding behavior with the change in

prey population. Although the total number of prey
consumed by the pale damsel bug (R2 � 0.93), hooded
beetle (R2 � 0.97), Scymnus beetle (R2 � 0.90), and
insidious ßower bug (R2 � 0.25) increased linearly
with increase in prey population, the rate of change in
consumption rate was near constant (Table 4), except
in case of insidious ßower bug, which showed a weak
relationship between predation rate and prey density.
Convergent lady beetle larvae, green lacewing larvae,
convergent lady beetle adults, red-cross beetles, and
big-eyed bugs had a signiÞcant, negative linear pa-
rameter, indicating a type 2 functional response (Ta-
bles 3 and 5; Fig. 1). These predators consumed higher
number of prey with higher prey availability, but the
rate of consumption decreased with increasing prey
density. None of the predators evaluated in this study
displayed the type 3 functional response.
Effect of Temperature on Predation Rate. All Þve

predators consumed signiÞcantly the highest numbers
of bollworm eggs at 35�C and signiÞcantly the lowest
numbers of bollworm eggs at 15�C (Fig. 2). Consump-
tion rates of red-cross beetles were similar at 25 (91 �
9.4 eggs), 30 (98 � 9.2 eggs), and 35�C (105 � 7.9 eggs)
treatments. The predation rate of big-eyed bugs in-
creased signiÞcantly at 25 and 30�C compared with
that at 20�C, whereas the feeding rate at 35�C was
signiÞcantly higher than at lower temperatures. Both
convergent lady beetle adults and larvae had a fairly
continuous increase in bollworm egg consumption
rate as temperature increased from 15 to 35�C (Fig. 2).
Consumption rates of green lacewing larva were lower
at 20 (36 � 6.3 eggs), 25 (31.3 � 4.5 eggs), and 30�C
(44.6 � 7.5 eggs), but the rate increased signiÞcantly
at 35�C (59.7 � 6.4 eggs). The insidious ßower bug
consumed a lower number of eggs at all temperatures

Table 3. Selection of functional response model based on analysis of maximum likelihood estimates of parameters (�SE) using
proportion prey eaten as a polynomial function of prey density

Predator Linear Quadratic Cubic Best-Þt model

Hooded beetle �0.7962 � 0.3644 0.0430 � 0.0204 �0.00064 � 0.000309 Type 1
Pale damsel bug 1.0255 � 0.6513 �0.0468 � 0.0358 0.000687 � 0.000610 Type 1
Insidious ßower bug �0.1088 � 0.1467 0.00721 � 0.0103 �0.00020 � 0.000206 Type 1
Scymnus beetle �2.3618 � 2.1800 0.2105 � 0.1810 �0.00536 � 0.00454 Type 1
Red-cross beetle �0.1285 � 0.0248a 0.00103 � 0.000301a �2.84E�6 � 1.092E�6a Type 2
Convergent lady beetle adult �0.0296 � 0.0145a 0.000255 � 0.000198 �1.07E�6 � 7.732E�7 Type 2
Convergent lady beetle larva �0.0834 � 0.0224a 0.000781 � 0.000303a �2.46E�6 � 1.17E�6 Type 2
Green lacewing �0.3457 � 0.0977a 0.00833 � 0.00232a �0.00006 � 0.000016a Type 2
Big-eyed bug �0.1541 � 0.0508a 0.00174 � 0.000857 �7.55E�6 � 4.45E�6 Type 2

a SigniÞcant at P � 0.01.

Table 4. Estimated intercept and slope parameter coefficients of the type 1 functional response displayed by the four slow-feeding
arthropod predators in the laboratory studya

Predator species
Intercept (�) Slope (�)

R2
Parameter SE P � /t/ Parameter SE P � /t/

Pale damsel bug �1.54 �0.88 0.18 0.302 �0.05 0.01 0.93
Insidious ßower bug 0.765 �0.43 0.13 0.045 �0.03 0.20 0.25
Hooded beetle 0.257 �0.73 0.76 0.246 �0.03 0.01 0.97
Scymnus beetle �1.00 �0.56 0.21 0.172 �0.04 0.05 0.90

a Total time available for predation was 24 h for all predators.
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compared with other predators tested. Consumption
was lowest at temperatures from 15 to 25�C and sig-
niÞcantly higher at 30 and 35�C. The increase in con-
vergent lady beetle adult consumption rate from 15 to
35�C was 655% followed by big-eyed bug (444%),
convergent lady beetle larva (383%), insidious ßower
bug (356%), green lacewing (336%), and red-cross
beetle (244%). The convergent lady beetle adult
(slope � 8.2) and larva (slope � 5.7) were most
sensitive to change in temperature, followed by the
red-cross beetle (slope � 3.5), big-eyed bug (slope �
3.4), green lacewing (slope � 0.6), and insidious
ßower bug (slope � 0.1; Table 6).

Discussion

This study indicated that Texas High Plains cotton
agroecosystems support a diverse complex of cotton
arthropod predators with a signiÞcant potential to
suppress bollworm eggs. The green lacewing, conver-
gent lady beetle, red-cross beetle, big-eyed bug, pale
damsel bug, hooded beetle, insidious ßower bug, and
Scymnus beetle showed a considerable potential to
serve as bollworm egg predators, in that order. A
preliminary, exploratory work of Ewing and Ivy
(1943) suggested that Chrysopa rufilabris (Burmeis-
ter) consumed the highest number of bollworm eggs

Fig. 1. Functional response of eight cotton arthropod predators to bollworm eggs. Closed circles (�SE) represent the
averaged observed response, and the solid line represents the model prediction. Total time available for predation was 24 h
for predators that displayed type I responses and 12 h for predators that displayed type II responses, except for convergent
lady beetle adult (6 h).
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(27.4 eggs/d), followed by H. convergens adults (24.5
eggs/d) and larvae (14.1 eggs/d), Collops balteatus
(LeConte) (8.8 eggs/d),G. punctipes (2.7 eggs/d),O.
insidiosus (2.3 eggs/d), and Z. renardii (1.8 eggs/d).
These data suggest that the consumption rates of the
predators evaluated in our study followed a similar

trend as suggested by Ewing and Ivy (1943). Although
EwingandIvy(1943) reporteda low levelofbollworm
egg consumption by Z. renardii, it did not consume
bollworm eggs in our repeated laboratory evaluations.
Crab spiders also did not consume bollworm eggs in

Table 5. Estimated handling time and attack rate for cotton
arthropod predators that displayed type 2 responses in the labo-
ratory studya

Predator species
Attack rate (a) Handling time (Th)

Parameter SE Parameter SE

Convergent lady beetle
Adult 0.2917b �0.1427 0.1200b �0.0261
Larva 0.0759b �0.0304 0.3432b �0.0732

Green lacewing 0.2200 �0.2583 0.3053b �0.1403
Red-cross beetle 0.2074b �0.0766 0.2225b �0.0275
Big-eyed bug 0.4896 �0.3807 0.3049b �0.0362

a Total time available for predation was 12 h for all predators, except
for lady beetle adult (6 h).
b SigniÞcant at 95% conÞdence interval.

Table 6. Rate of change in bollworm egg predation in relation
to temperature by selected arthropod predators

Predator
Rate of change

in predation
(eggs � SE/�C)a

Convergent lady beetle adult 8.20 � 0.61a
Convergent lady beetle larva 5.68 � 1.61ab
Red-cross beetle 3.54 � 0.59b
Big-eyed bug 3.40 � 0.87b
Green lacewing 0.59 � 0.54c
Insidious ßower bug 0.11 � 0.07c

Numbers followed by the same letter were not signiÞcantly dif-
ferent (� � 0.05, LSD).
a Rate of change in predation � slope of the regression where no.

of eggs consumed per 24 h � f(temp).

Fig. 2. Effect of temperature on bollworm egg consumption by different arthropod predators. Means followed by the same
letter were not signiÞcantly different (P � 0.05).
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our study. This study clearly indicated that most pred-
ator species evaluated in this study consumed and
showed potential to suppress bollworm eggs in the
Þeld, but a Þeld predation study is still needed to
quantify their actual pest suppression ability. Sansone
and Smith (2001) reported that 70Ð95% bollworm
mortality caused by predation could be expected in
the egg and Þrst-instar stages. Our study estimated that
O. insidiosus consumed 1.2 bollworm eggs per day,
which is similar to that reported by Lingren et al.
(1968) and McDaniel and Sterling (1979), who esti-
mated thatOrius spp. consumed one bollworm egg per
day. Predation, especially by the numerically domi-
nant Orius spp., was suspected to be contributing to
the disappearance of eggs and Þrst-instar bollworm
larvae in Brazos Valley cotton (McDaniel and Sterling
1979). Green lacewing larvae and convergent lady
beetle adults were the most voracious predators of
bollworm eggs in our study, with 119 and 116 eggs
consumed per predator per day, respectively. Ewing
and Ivy (1943) reported an average of 24.5 eggs con-
sumed per convergent lady beetle per day, but a single
predator consumed as many as 275 eggs in a 24-h
period. Although the average consumption rate re-
portedbyEwingand Ivy(1943) ismuch lower thanwe
found in this study, it is clear that they also recognized
that the convergent lady beetle and green lacewing
larva were the most voracious predators of bollworm
eggs. However, the feeding preference of these pred-
ators may change when alternate prey such as the
cotton aphid,Aphis gossypiiGlover, is available. Ewing
and Ivy (1943) reported that convergent lady beetles
consumed 13 bollworm eggs and 9 cotton aphids per
predator per day when both prey were available ad
libitum simultaneously.

The functional response study also indicated that
the convergent lady beetle, green lacewing, and red-
cross beetle were the most voracious predators of
bollworm eggs. The increment in prey consumption
rate was constant for the pale damsel bug, hooded
beetle, and insidious ßower bug. The prey mortality
caused by predation by the convergent lady beetle,
green lacewing, red-cross beetle, and big-eyed bug
increased, but at a decreasing rate with an increase in
prey density. A predatorÕs functional response may
vary with sex and developmental stages of the pred-
ator as well as that of prey, searching arena, and the
abiotic environment (Parajulee et al. 1994, OÕNeil
1997, Donnelly and Phillips 2001, Stewart et al. 2002,
Allahyari et al. 2004). The actual Þeld environment is
much different than the laboratory setting because of
the variation in factors such as temperature, wind,
rain, surface area, prey type, and biotic complex, so
that the functional response in the Þeld or simulated
Þeld is expected to be different than that in the lab-
oratory (Wiedenmann and OÕNeil 1991, Parajulee et
al. 1994). Also, the impact of a particular predator
species on prey suppression depends on the predatorÐ
prey ratios and the intraguild predation (Rosenheim
et al. 1995). Nevertheless, the information from lab-
oratory functional response studies can be used to

narrow down the selection of effective predators for
more detailed Þeld studies.

Fluctuations in the environment, particularly the
temperature, can inßuence the predation behavior of
arthropod predators. Therefore, it is one of the im-
portant factors to be considered while estimating the
prey suppression by different predators in natural bi-
ological control (Frazer and Gilbert 1976). Xia et al.
(2003) reported a direct relationship between tem-
perature and prey searching rate of a lady beetle
where the search rate of Coccinella septumpunctata L.
increased signiÞcantly for each 5�C temperature in-
crease from 15 to 35�C. A strong positive relationship
between consumption rates and temperature for all
predator species evaluated in this study suggests that
cotton arthropod predators in general are more active
and have higher predation potential during the mid
and late summer period in the Texas High Plains when
average daily temperatures are �30Ð35�C. However,
simulated Þeld studies should be conducted for better
understanding of the mechanism of higher rates of
predation in a ßuctuating high temperature regimen.
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