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Abstract

Predation is of great ecological, evolutionary and behavioral interest. Spider has a wide insect host range and thus can act as
biological control agents of insect pests in agro ecosystems. An experiment was conducted in Biocontrol Research and Production
Centre, Department of Entomology, College of Agriculture, Jawaharlal Nehru Agricultural University, Jabalpur (M.P.) India to
determine the functional response of spider, Hyllus semicupreus (Araneae: Salticidae) as test predator on different densities of
aphid, Aphis craccivora (Homoptera: Aphididae). The results indicated that the consumption rate of spider, Hyllus semicupreus
ranged from 8+1 on an average; whereas maximum predation of A. craccivora recorded in 24 h was 91% with type Il response.
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1. Introduction

Spiders, the most common ubiquitous animal on land
constitute an essential portion of predaceous arthropods
residing in almost all agro ecosystem and there by maintaining
ecological equilibrium (Bastistas et al. 1993 and Hodge 1999)
[3. 91 Spider belongs to phylum Arthropoda, class Arachnida
and order Araneae. Over 46967 spider species belonging to
112 families and 4078 genera are known currently
(Anonymous, 2017) M. This natural control is an
implementation of an ecological concept known as
"community stability". Spiders of several families are
commonly found in agro ecosystems, and have been
documented as general predators of major crop pest species
and families (Geetha and Gopalan, 1999) Bl Their soft
abdomen enables them to consume large amounts of food in
relatively short period of time (Umarani and Umamaheswari,
2013) B4, The laboratory studies provide some uniquely
useful Kkinds of information on the ‘biological control
potential’> of spiders against given pests such as aphids,
leafhoppers, plant hoppers, flea hoppers and Lepidoptera
larvae (Greenstone, 1999 and Jeyaparvathi et al., 2013) [7 11,
The aranied fauna could be used as an efficient predator of
sucking pest for the suppression of insect pests (Khuhro et al.
2012) 81 The increased awareness of the negative side effects
of chemical insecticides, use of the predators in insect pest
management programs has been receiving increased attention
for pest control (Atlihan and Bora, 2010) 2. Despite of its
importance, the role of spiders in regulation of insect pest
population, their feeding potential in agricultural fields has not
been systematically investigated (Khan and Rather, 2012) [X7],
The aim of conducting the present study is to explore the
functional response through studying the predatory potential
of spider (Hyllus semicupreus) which is considered as a
generalist predator of pests and to what extent it can be

considered as an efficient biocontrol agent for pest
management.

2. Materials and Methods

The present study was conducted in the Biocontrol Research
and Production Centre, Department of Entomology, College
of Agriculture, Jawaharlal Nehru Agricultural University,
Jabalpur (M.P.), India. The experiments were conducted
during 2016-17 and 2017-18 in completely randomized
design, replicated ten times, as proposed by Khan (2016) [6],
Aphid (nymph) density of 10, 20, 40, 80, 160 and 320 per jar
were released on excised cowpea leaves (Table 1). The test
predators were randomly assigned to the jars and one
treatment (control) was also designed for calculation of
natural mortality of aphids. After 24 hours, the numbers of
preys consumed by the spiders were recorded by counting the
remaining live aphids present in each jar.

Table 1: Treatment details

Treatment code | Aphid density (nymph /jar)
T1 10
T2 20
T3 40
Ts 80
Ts 160
Ts 320

2.1 Experimental procedure

The spiders (Hyllus semicupreus) Araneae: Salticidae were
collected from fields of J. N. Agricultural University farms
during 2016-17 and 2017-18 in the month of September-
October and maintained in cages (Plate 1a). Simultaneously
prey aphid, Aphis craccivora Koch was reared on potted
cowpea plants, under caged condition (plate 1b). Spiders of
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about similar size and weight were used for the study as test
predators. The cut end of the cowpea twigs was wrapped with
moist cotton to protect the leaf from desiccating (plate 1c).
Newly emerged nymphs of aphids (0-24 hours age) were used
as prey of the spiders. The twigs were kept on petriplates
which were further kept in plastic jars separately. After 24
hours of starvation, single predator per jar was assigned to
different prey density treatments (Plate 1d). The number of
prey consumed by the predator was recorded after 24 hours of
their release.

2.2 Statistical Analysis

The data were subjected to statistical analysis as proposed by
Gomez and Gomez (1984) and Steel and Torrie (1997) [*2,
The type of functional response was determined by using
logistic regression analysis. For this purpose, the data were
fitted to polynomial logistic regression equation as proposed
by Khan (2016) 61 as mentioned below:

N,  B+BN,+PBN;+FN,
N, l+exp(P+PN,+PN;+PN;)

Where,
Na = Number of prey eaten

No = Number of prey offered
PO = Intercept

P1 = Linear coefficient

P2 = Quadratic coefficient
P3 = Cubic coefficient

3. Results

Studies on predatory potential provide insights into the
suitability of a predator as a biocontrol agent. Aphids can be
considered to be the major food source for the spider
(Provencher and Coderre, 1987) 2. The impact of A.
craccivora population densities had a significant impact on
the predation. Among the treatments, T (10 aphids/twig) was
found to be most effective prey density as it recorded highest
predation (91.46%) followed by T, (47.96%), Ts (22.65%)
and T. (11.67%) and they differed significantly from each
other. The least effective treatments were Ts and Tg as the
recorded 5.88 and 3.03% predation respectively, but both were
at par with each other. Similar trend was recorded in the
second year also (Table 2 and Figure 1).

However, irrespective of the prey population density, the
consumption rate of Hyllus semicupreus was 8+1 aphids per
day but non-significant differences were observed

Table 2: Impact of A. craccivora population density on predation by spider, Hyllus semicupreus under in vitro conditions

Mean predation of aphids by spiders (%)*
Treatments 2016-17 2017-18 Pooled
T1 91.46 (76.86) a 90.48 (74.99) a 90.74 (72.28) a
T2 47.96 (43.83) b 48.49 (44.13) b 48.22 (43.98) b
T3 22.65 (28.35) ¢ 21.98 (27.92) ¢ 22.31(28.19) ¢
Ts 11.67 (19.95) d 11.09 (19.43) d 11.38 (19.71) d
Ts 5.88 (13.91) e 5.54 (13.52) e 5.71 (13.82) e
Ts 3.03(9.89) e 3.37 (10.54) e 3.20 (10.31) f
SEm+ 1.64 1.49 1.10
CD at 5% 4.66 4.23 3.13

*Temperature 25+2 °C RH 80+10 % ( ) Figures in parentheses are arcsine transformed values
Means in a column followed by same letter do not differ statistically (DMRT; P < 0.05)

It can be inferred that the consumption rate of spider remained
same irrespective of the numbers of aphids provided, as the

spider could feed according to its feeding capacity depending
upon its abdominal size.

Fig 1: Impact of A. craccivora population density on predation by spider, Hyllus semicupreus in vitro conditions
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3.1 Correlation studies
Correlation studies revealed that prey density showed

significant negative impact on predation of Hyllus
semicupreus (r=-0.66)
The linear regression equation being:

N

Y =50.76-0.19x (R? = 0.44)

From the above equation it may be expressed that with every
unit increase in prey density, there was a decrease in 0.20%
predation (Figure 2) and the coefficient of predation R? was
found to be 44%.
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Fig 2: Linear regression of prey density on predation of Hyllus
semicupreus

The polynomial quadratic (order two) equation computed was:
AN

Y =72.52 - 0.80x + 0.001x? (R? = 0.72)

The above equation indicates that it is a better fit than the
linear regression as the coefficient of predation R? was found
to be 72% (Figure 3).
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Fig 3: Quadratic regression of prey density on predation of Hyllus
semicupreus

The polynomial cubic (order three) equation computed was:
N

Y =99.22 - 2.23x + 0.01x%*- 2.74x3(R? = 0.89)

The above equation indicates that it is the best fit as the
coefficient of predation RZwas found to be 89% (Figure 4).
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Fig 4: Cubic regression of prey density on predation of Hyllus semicupreus

Table 3: Logistic regression analysis of the proportion of cowpea aphid (A. craccivora) devoured by spider
against initial number of aphids offered

Spider species Coefficient | Estimate | SD | Chi-Square value | Pr(>|Chi?)
Constant (Po) 0.818 | 0.207 15.630 <0.0001
Hyllus semicupreus Linear (P1) -3.773 | 0421 80.208 <0.0001
Quadratic (P,) | 18.001 | 1.260 204.233 <0.0001
Cubic (P3) -13.895 | 0.851 266.844 <0.0001

The results revealed that the number of aphids consumed by

together with a positive quadratic parameter (P2) which

spider, Hyllus semicupreus decreased with increase in the prey
density (Tables 3). The linear coefficient (P1) in the
polynomial logistic regression of the proportion of aphid
consumed versus initial density was negative for predator

indicated a type 1l functional response.

4. Discussion
In the resent study the predatory potential of spider Hyllus
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semicupreus on aphid A. craccivora ranged from 3% to 91%,
which is in accordance with the finding of Khan A.A. (2016)
[16], Better adaptations of body parts of spider proved them as
better predators for their prey. Three commonly accepted
types of functional response that depict how capture rate is
influenced by prey density (Holling, 1966) 1%, In type |
response, prey consumption is proportional to the prey density
until satiation. This type of response is representative of filter
feeding organism and is not seen in spiders (Richert and
Lockely 1984, Richert 1999) [?61. Predation appears to rise
exponentially above a certain threshold of prey density, thus
producing the characteristic lag and acceleration response
(Riechert and Lockley 1984, Provincher and Coderre 1987) 26
231 Functional response of spider often has a very high
plateau, since often the spiders will kill many prey before the
first one is digested. Numbers of prey killed may be much
greater than the amount needed for the spider to reach
satiation (Riechert and Lockley 1984, Nyffeler et al. 1994,
Persons 1999) [2% 261 The estimates of linear regression
between the predation of spider on aphid versus density were
negative. The polynomial logistic regression demonstrated
that spider exhibited type Il functional response as there was
decrease in the proportion of the prey consumed with increase
in the prey (aphid) density. These findings are in conformity
with the findings of Khan A.A. (2016) (6. This type of
response is often called ‘invertebrate curve’ and indeed seems
to be common in spiders (Smith and Wellingoton 1983,
Riechert and Harp 1987, Heong and Rubia 1989, Samu and
Biro 1993, Khan and Misra 2009) [?4 8 27. 151 |n the present
findings at higher prey densities, a significant decline in the
consumption rate was observed which might be attributed to
the attainment of satiation and commemorates the findings of
Mills (1982) 1, Spiders have highest host finding ability and
capacity to consume greater number of prey (aphids) than
other field inhabiting predators (Kamal et al., 1990) 4 and
maintain the insect pest population below the economic injury
level (Sherawat and Butt 2014) %61, The role of predatory
spider species for the consumption of insect pests are in
agreement with those of Sebastian and Sudhikumar (2003) 2!
and Khuhro (2012) 12,

However, other factors, such as biology of prey and predator,
including host preference, switching behaviour, intrinsic
growth rates, consumption rate of predator, preying nature,
prey patchiness, host plant, effect of biotic and abiotic factors,
intra and inter specific competition could be important effects
on the ability of a biological control agent in managing the
prey population (Sunderland et al.1986, Snyder and Wise
1999, Nilsson 2001, Farhadi et al.2010, Khan 2012a, b) 16171,

5. Conclusions

Laboratory experimental provide the most powerful
demonstrations of the efficacy of spider species as biological
control agents, and they can also serve as realistic trials for
proposed management approaches. Direct observation is a
powerful tool that will continue to provide useful information
on prey spectrum and feeding rates. The results indicated that
the consumption rate of spider, Hyllus semicupreus ranged
from 81 on an average; whereas maximum predation of A.
craccivora recorded in 24 h was 91% with type Il response.
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