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ABSTRACT

STUDIES ON SPIDERS IN COTTON PEST MANAGEMENT

By
VANITHA, K.

DEGREE :  Master of Science(Agriculture) in Agricultural Entomology

CHAIRMAN : Dr.P.SIVASUBRAMANIAN
Associate Professor
Department of Agricultural Entomology
Tamil Nadu Agricultural University
Coimbatore - 641 003

YEAR : 2000

Quantitative estimates of abundance of spiders in the cotton ecosystem
revealed the highest species richness in Coimbatore cotton fields. Twenty eight
species of spiders were recorded in the survey viz., Araneus sp., Argiope pulchella
(Thorell), Argiope sp., Bianor sp., Clubiona drassodes Cambridge, Clubiona
viridanus sp. nov, Crytophora citricola (Forskal), Gasteracantha unguifera
(Simon), Leucauge decorata (Black wall), Leucauge sp., Neoscona theis, (Walck),
Neoscona elliptica (Tikader), Neoscona spp., Olios sp., Oxyopes javanus
(Thorell), Oxyopes rufisternum (Thorell), Pardosa spp., Pardosa pseudoannulata
(Boes), Peucetia viridana (Stoliczka), Plexipus paykulli (Audouin), Salticus spp.,
Tetragnatha sp., Thomisus pugilis (Stoliczka), Thomisus cherapunjens (Tikader),
Vicaria preymandibularis and Vicaria monostriata sp. nov. and the host range of
the spiders were found to be all the sucking pests, some lepidopteran pests,
dipterans, hemipterans, hymenopterans and some other predators. The population
fluctuations of the pest and other predators had no impact on the population

dynamics of spiders, whereas the weather factors such as minimum temperature



and evening relative humidity were found to be detrimental. The spider
populations in the cotton ecosystems increased as the stage of crop advanced.
Among the sampling techniques, the whole plant sampling technique was found to
be efficient for sampling the spiders of cotton ecosystem followed by pitfall traps.
The predatory potential of the spiders was in increasing order from earlier to late
instars, where the adult consumed more number of prey insects. The prey
preference of the hunting spiders were in the order of leathoppers, aphids and
whiteflies among the sucking pests followed by caterpillar pests whereas web |
spiders preferred leafthoppers and whiteflies, also a negligible amount of aphids
and caterpillar pests. Studies on inter- predation among spiders and cross predation
indicated that the hunting spiders feed on the early instars of other spiders. Cross
predation by the three hunting spiders affected the population of Chrysoperia
carnea. The fully grown grubs of Chrysoperla consumed the spider egg masses
during the absence of the mother spider. Among the cultural practices, variety,
spacing and fertilizer levels were observed to influence the population density of

spiders.

Among the recommended chemicals for cotton, monocrotophos and methyl
demeton. showed more contact toxicity wher¢ s quinalphos and monocrotophos
were found to leave more residual toxicity towards the spider species tested. The
chemicals like imidacloprid and chlorpyriphos were safer to the spiders, whereas
B.t and neem oil did not show any adverse effects on spiders. The residual toxicity
affected the predation rate when treated with chemicals like monocrotophos and
quinalphos. Imidacloprid, chlorpyriphos and B.t affected the predation rate to a
minimum extent, whereas the neem oil did not affect the predation rate. The LCsg
values were less for monocrotophos and endosulfan and were more for acephate

and chlorpyriphos .



CONTENTS

CHAPTER TITLE PAGE NO.
|
I INTRODUCTION

I REVIEW OF LITERATURE 3

11 MATERIALS AND METHODS 23

IV RESULTS 38

\' DISCUSSION i

VI SUMMARY 110

REFERENCES




LIST OF TABLES

TABLE PAGE
NO. TITLE NO.
1. Fauna of spiders in cotton ecosystem. 55
2. Abundance of spiders under different cotton ecosystems. 60
3. Seasonal incidence of spiders in cotton ecosystem. 6
4. Multiple regression between the population of spiders and | ‘62
cotton pests.
4.1. | Multiple regression between the population of spiders and | .63

other predators.

5. Multiple regression between the population of spiders and | "6y
weather factors.

6. Standardisation of sampling technique for collection of | .65
spiders from cotton ecosystem.

7. Predatory potential of spider O. javanus on cotton pests. 67
Predatory potential of spider P. viridana on cotton pests. -b%

9. Predatory potential of spider C. drassodes on cotton pests. 1o

10. Predatory potential of spider 4. pulchella on cotton pests. =

11 Predatory potential of spider L. decorata on cotton pests. T

12. Prey preference of different spiders in mixed population of | <y
sucking pests.

13. Feeding preferences of spiders on other spiderlings in| -1¢
presence of alternate prey.

14. | Cross predation between C. carnea and spiders. 7

15. Impact of different cultural practices on spider population. 19

16. Persistent toxicity effect of insecticides on O. javanus. 8}




TABLE PAGE
NO. TITLE NO.-
17. Persistent toxicity effect of insecticides on P. viridana. 832
18. Persistent toxicity effect of insecticides on C. drassodes. 2y
19. Persistent toxicity effect of insecticides on A. pulchella. RS
20. Residual toxicity of insecticides to O. javanus. 89
21. Residual toxicity of insecticides to P. viridana. g8’
22. Residual toxicity of insecticides to C. drassodes. 9o
23. Residual toxicity of insecticides on predation rate of| q
O. javanus.

24. | Residual toxicity of insecticides on predation rate of| 92
P. viridana.

25. | Residual toxicity of insecticides on predation rate of| Qu
C. drassodes.

26. LCso values of different insecticides to O. javanus and | 96

P. viridana.




LIST OF PLATES

PLATE P
NO. TITLE PAGES
1. Pitfall trap. 23
2. Predatory potential studies of spiders. 2
3. Toxicology studies of spiders. i
4. | Araneus sp. 39
5. | Argiope pulchella (Thorell). “o
6. Argiope sp. “i
7. Bianor sp. H2
8. Clubiona drassodes Cambridge. “s
9. Crytophora citricola (Forskal). Hu
10. Gasteracantha unguifera (Simon). a4y
11. Leucauge decorata (Black wall). us
12. Leucauge sp. us
13. | Neoscona elliptica (Tikader). b
14. Neoscona sp. ul
15. Olios sp. w7
16. Oxyopes javanus (Thorell). ug
17. Pardosa pseudoannulata (Boes). uq
18. Pardosa sp. 50
19. | Peucetia viridana (Stoliczka). 50
20. | Plexippus paykulli (Audouin). a1
21. Tetragnatha sp. K2




PLATE BETWEEN
TITLE
NO. PAGES
22. | Thomisus cherapunjens (Tikader). 52
. \rs . ERN
23. Thomisus pugilis (Stoliczka).
5y
24. Vicaria monostriata sp. nov.
o . . ha,
25. Vicaria preymandibularis. f







CHAPTER
INTRODUCTION

Spiders are among the most abundant predators of insects of terrestrial
ecosystems (Edwards er al., 1976). Young and Edwards (1990) analysed 29
faunal surveys of spiders found in field crops of United States and revealed that
/rich spider fauna were monitored especially in cotton (> 300 species). Spiders
may play an important role as stabilizing agents or regulators of insect populations
in agro and forest ecosystems and other terrestrial ecosystems. Thus their presence
in an ecosystem may well influence the population dynamics of other arthropods

present.

In the persuit of the identification of selective biocontrol agents the spiders

can be considered for the control of insect pests because

1. They are natural entomophagous predators
They can kill a large number of insects per unit time

They have high searching ability (especially hunting spiders) and

ballb oA

They predate on a wide varieiy of insects.

Spiders as predators of cotton pests are the least studied arthropods, where
they are found in abundance. In past the reports of their actions were largely
anecdotal and studies were mostly confined to reports of occurrence and
construction of species lists. A very little quantitative information was generated
as predators. During last 20 years numercus studies on the spider fauna in
agricultural habitats have been published all over the world. (Nyffeler and Benz,
1987). Despite of their importance highlighted by several workers in India a few
workers have attempted the study of spiders. The occurrence of spiders in cotton

ecosystem was reported by Dhulia and Yadav (1991), but detail studies were not



carried out where these creatures are abundant. Keeping this lacunae in view, the

present study was carried out with the following objectives.

1. To identify and estimate the abundance of spider species in the cotton
ecosystem.

2. To study the seasonal incidence of spiders in cotton ecosystem.

3. To identify an effective sampling technique for collection of spiders from
cotton fields. |

4. To study the predatory potential of spider groups against different pests of
cotton.

5. To study the impact of different cultural practices on spider population in
cotton.

6. To study the impact of different insecticides on spider population in cotton.






CHAPTER II
REVIEW OF LITERATURE

There is a little rhyme of English origin, but of uncertain age and

derivation which says

“If you wish to live and thrive,
Let a spider run alive”.

2.1. Taxonomic status

After the five largest insect orders, the order: Araneae ranks seventh in

global diversity of animals among arachnids (Parker, 1982).

As reported by Mitter et al. (1988), spiders are exceptional among the other
taxa for their complete dependence on predation as a trophic strategy In contrast,
the diversity of insects and mites may result from their diversity in dietary
strategies, notably polyphagy and parasitism. In terms of species d :scribed and
anticipated, spiders are one among the most diverse groups on earth. The earliest
records date spiders to some 300 million years ago, 150 million years before flies

began buzzing around (Ranjit Lal, 1995).

Around 22,400 valid species of spiders were estimated by Bonnet (1960) in
which 400 valid genera and about 15 families of living spiders were described
upto 1939. About 4850 additional species were described between 1948 and 1958.
In the global scene United States of America leads the world on studies of Aranea,
both on systematics as well as applied research (Chamberlin and Ivie, 1945 and
Forster, 1967). The notable contributors are Kaston (1978 and 1981), Roth
(1985), Platnik (1989), Coddington et al. (1990) and Levi (1981, 1983 and 1991).

Spiders studies particularly on taxonomy is meagre in Asia. Tikader (1960-

1982) concentrated on spider studies in the Indian subcontinent. The proper



systematic studies were started by Tikader (1962) who published several books
viz., Spider fauna of Sikkim (1970), Key to Indian spiders (1977), The Fauna of
Indian spiders, Araneae Vol.I and II (1980 and 1982) and Hand Book of Indian
Spiders (1987). Various aspects like importance of spiders in agriculture,
taxonomic status, ecology, predator prey interactions, toxicity of chemicals etc
were studied by other Indian workers, Palanichamy (1980), Baldev Parshad
(1985), Rao et al. (1981), Gupta et al.(1986), Rajendran (1987), Nirmala (1990),
Vijayalakshmi and Preston Ahimaz (1993), Ganesh Kumar (1994) and Sanliayyan‘
(1996).

2.2. Ecology
2.2.1. Habitat selection

In all terrestrial environments, spiders occupied virtually every conceivable
habitat (Coppel, 1960 ;. Judd, 1970). Many weathér factors like humidity
(Jones, 1941) temperature (Barnes and Barnes, 1954) air currents or winds
(Cherrett, 1964) and sunlight (Pointing, 1965) were known to influence the choice
of website. Several authors studied the ecology of spiders in detail (Chant, 1956;
Specht and Dondale, 1960; Dabrowska Port et al., 1968; Dorris, 1969). Peck and
Whitcomb (1970) found that the relative humidity less than 45 per cent could
cause stress to early instars of Chiracanthium inclusum (Hent.). Dean et al. (1982)
reported that the spider Peucetia viridans (Hentz) was uncommon in semiarid

characteristics and found abundantly in Texas cotton fields having high rainfall.

Lowries (1948) and Duffy (1968) reported that the presence of certain
platforms as support will have an influence on distribution of spiders. The spider
distribution is also affected by substrate structure (Barnes and Barnes, 1955). Utez
(1975) has correlated the species diversity in guilds with that of the litter depth.
Nyffeler and Benz (1987) have reported that the spiders were abundant in grass



lands where they could feed and reproduce in vegetation without human

interference.

Architectural properties of habitat might be an important determinant of the
distribution and species diversity of predatory spiders (Hatley and Macmahon,
1980). The species diversity, number of species and guilds were positively
correlatgd with indicators of shrub volume and shrub foliége diversity.{ Similarly
crop stage also had an influence on the abundance of the spiders. Skinner (1974),
Dietz et al. (1976) and Lockley ef al. (1981) observed the increase in the density

of striped lynx spider as the cotton plant matures.

2.2.2. Distribution

There are about 80 families of spiders recorded from all over the world,
and of these,43 families were reported in India (Tikader, 1987). Some of these are
true orb-web weavers, some make the irregular webs, a few make the umbrella
shaped inverted complicated webs and others make the sheet webs expanding on
ground with a funnel retreat. According to web building ability, the spiders are
generally considered as weavers or non weavers. Weavers make snares to trap
insects as food, while non weavers hunt the prey by chasing or stalking (Tikader,
1987).

2.2.3. Spiders recorded in cotton ecosystem

The predaceous insects of cotton have been well studied and catalogued,
but the spiders have received relatively little attention in cotton. At first the
occurrence of Green lynx spider (hunting spider), P. viridans was reported in
Arkansas cotton fields by Whitcomb et al. (1963) and also in Texas by Dean et al.
{1982). The jumping spider Oxyopes salticus (Hentz) was reported to be the most
abundant spider in cotton fields of Arkansas by Whitcomb et al. (1963) and also
by Dean et al. (1982) in Texas cotton fields. This spider was suspected to be a

major predator of insects in cotton habitats., Plagens (1983) estimated the



populations of Misumenops sp, (Araneida : Thomisidae) in the cotton fields of
Arizona, and concluded that the spiders form a major component of the general
predators contributing to 44.2 to 57.6 per cent. The araneid Tetragnatha laboriosa
(Hentz) was also one of the commonly encountered spider in cotton (Dean et al.,
1987).

Predators on cotton pests included 17 species of spiders in 11 families and
10 species of insects in 9 families (Breene et al., 1989). Muralidharan and Chari
(1992) recorded 17 species of spiders belonging to eight families in Gujarat.
Several groups of true spiders were identified and reported from the cotton fields
of Uganda by Heneidy and Sekamatte (1996).

2.3.Sampling technique
2.3.1. Foliar spiders

Extraction of arthropods from vegetation was first reported by Turnbull and
Nicholos (1966) with an air suction device and vacuum collector in flooded rice.
Utilisation of an aspirator containing a small amount of 70 per cent ethyl alcohol,
to inactivate the spiders was reported by Specht and Dondale (1960). Barrion and
Litsinger (1981) have compared four different sampling techniques viz.,
FARMCOP, D-VAC, sweep netting and hand picking or vial tapping and |
concluded that airsuction D-VAC and FARMCOP techniques were more
productive in collecting spiders. Perfect et al. (1983) have observed that when
D-VAC suction sampler was used in conjunction with enclosure, the productivity
was more. Easterbrook (1998) has utilised the suction traps to determine the

abundance of predators in strawberry fields along with the spiders.

Leigh and Hunter (1969) described the use of ground cloth method for
sampling of arthropods in cotton ecosystem. The use of waterpan and a
carbondioxide sampler for estimating the population of spiders and other natural

enemies in direct seeded and transplanted rice in Philippines was reported by



Ferrer and Shephard (1988). The whole plant bag sampling method for arthropods
in cotton ecosystem was mentioned by Vanden berg et al. (1990). Bishop and
Richert (1990) gave an account on sweep net and visual counting methods. Lewis
et al. (1996) have given a report on the utilisation of sweep, shake and whole piant
sampling methods to monitor the seasonal abundance of spiders along with other
insects in three cotton fields in Georgia. Costello and Daane (1997) compared the
three sampling techniques in vineyards viz., Drop cloth, funnel and D-VAC
methods and concluded that the funnel method was more efficient to estimate the

species richness of spiders.

The utilisation of plastic pitfall traps (10 cm diameter) with ethylene glycol
as killing solution was first reported by Morril (1975). Gravesen and Toft (1987)
and Nentwig (1988) reported that the pitfall trapping was the predominant method
of sampling the spider fauna. Bishop and Riechert (1990) have given an account
on use of pitfall traps and sticky traps to quantify the spider dispersal. Braman
and Pandley (1993) demonstrated the efficiency of pitfall traps in centipede grass
for monitoring the arthropod predators. The use of pitfall traps for assessing the
predator population was reported by Sivasubramaniam et al. (1995). The transects
of pitfall traps were found to be efficient in monitoring the densities of epigeal
arthropods like carabids and spiders (Lewis et al,, 1996). Hengmoss et al. (1998)
made comparative studies for sodplug samples and pitfall traps' and found that the

pitfall traps were more effective (>2.5 times).

2.4. Development, Dispersal and Movement

Spiders like other arthropods, develop. by passing through number of
stages or instars. The first juvenile stage is similar in the form to the parent, but
changes in the proportion of parts, spination and colouration took place as the

spider matured (Peck and Whitcomb, 1968). Spiders are oviparous. The



impregnated female deposits her eggs in a silken sac, a week after copulation. The

egg sacs are cared for, in various ways (Tikader, 1987).

Studies were conducted by Bilsing (1920), Deevy (1949), Bonnet (1960)
and Turnbull (1960) for correlating the quantity of food and rate of development.
Juveniles of many species disperse by a process known as ballooning (Gardner,
1965). The spiderlings will climb on the tip of plant where they stand with
abdomen uplifted and ejected out silken strands which cast on to air currents,
when enough silk is airborne to provide sufficient lift, the spider releases it’s hold
on substratum and soars up away to be carried by the air current. The spiders were
capable of ballooning both in the juvenile as well as in adult stage. Horner (1972)
and Greenstone (1982), reported that spider ballooning is elicited by warm

ambient temperatures and moderate intermittent breezes.

2.5. Spiders in Natural Pest Control

Spiders are the most abundant predators of insects of terrestrial ecosystems
(Van Hook, 1971; Moulder and Reichle, 1972; Schaefer, 1974; Edwards et al.,
1976). Under favourable conditions they can reach a maximal densities of
approximately 1000 nos./m? (Widemann, 1978). Therefore spiders play an
important role as stabilizing agents / population regulators in agro and forest
ecosystems and other terrestrial ecosystems. (Moulder and Reichle, 1972 ;
Nyffeler, 1982, 1983). In the pursuit of the identification of selective biological
control agents, the spiders can be given due consideration because of their
efficiency in hunting large number of insects and polyphagous nature. They are
curious animals and kill more number of insects than what they actually consume
(Greenstone, 1978; Palanichamy, 1983).

Spiders have several adaptations associated with phylogeny and life style
like, low maintenance energy requirements (Anderson, 1974), ability to store large
amount of fats (Collatz and Mommsch, 1975), ability to lower metabolic rates

m
t



¢

during periods of starvation (Namakura, 1972; Anderson, 1974) and ability to
gorge during prey abundance because of highly distensible abdomen
(Palanichamy,1980) thus surviving for a longer period. The regulation of insect
populations by spiders in agricultural and epidemiological settings is receiving
more attention as integrated pest management (IPM) replaces the chemical control
( Nyffeler and Benz, 1987; Breene et al., 1988; Riechert and Bishop, 1990).

2.5.1. Spiders as predators of insect eggs

The phenomenon of oophagy was more common in spiders than previously
thought. In majority of the cases spiders were found preying upon eggs of
lepidopteran pests. However an evidence was provided by Richman et al. (1983)
for spiders feeding on coleopteran eggs also. Examples of oophagy of spiders are

given below.
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Oophagy by spiders upon eggs of insects

Egg Habitat Method

Spider Taxa Area Authors
Metaphidippus CF Fir C USA Jenings and
flavipedes (G and E. House Weart
Peckham) (1978)
Chiracanthium HS Cotton a,c Australia Room (1979)
diversum L.koch
Thomisidae NO Soybean a USA Mc Carty et al.
(1980)
Lycosidae Lycosa NO Soybean a USA Mc Carty et al.
antelucana (1980)
(montgomery)
Thomisidae HV  Cotton c USA Mc Daniel and
Misumenops sp. Sterling (1982)
Oxyopidae HV  Cotton a USA Mc Daniel and
O.salticus (Hentz) Sterling (1982)
Trachelas deeptus DA Citrus c USA Richman et al.
(Banks) (1983)
Anyphaenidae Aysha DA Citrus c USA Richman et al.
velox (Becker) (1983)
P. viridans AA  Cotton a USA Gravena and
Sterling (1983)
" Phidippus audax HZ Cotton a USA Nuessely (1986)
(Hentz)

a - Radio isotope studies; c - Direct observation;
'Egg Taxa - AA Alabama agrillaceae (Hiibner);
NO - Noctuidae;
HV - Heliothis virescens (Fab.); MS - Manduca sexta (L.),
HS - Heliothis sp.; HZ - Heliothis zea (Boddie);
CF - Choristoneura fumiferana (Celemes); DA - Diaprepes abbreviatus (L)

2.5.2.Food preferences
Spiders have no discriminatory reaction and consume whatever prey is

offered. However spiders do have preferences indicated by disagreeable odours



and tastes, which cause them to reject many of the potential preys. Turnbull
(1960, 1962) has given a hypothesis which states that spider food preferences are
based on morphological and seasonal factors in prey that cross species, genus,
family and even order boundaries and incorporate large number of diverse animals
which vary as their abundance varies seasonally. He found an evidence that
spiders preferred prey with which it had previous experience. Most of the spiders
are polyphagous insectivores (Wise, 1993). As such they constitute a significant
portion of the beneficial natural enemy complex in agro ecosystems (Nyffeler
et al., 1992; Riechert and Bishop, 1990; Plagens, 1983).

Peck and Whitcomb (1970) reported that the readiness with which a spider
takes food is apparently based on several factors other than preference i.e. it’s
physiological state of hunger, strength, rate of growth, proximity to ecdysis, etc.

Spiders are considered to be predators of live and moving prey only (Tumbixll,

1960, 1973). According to Nentwig (1987), the optimal prey length of a spider

ranged from 50-80 per cent of the spiders own length. During the severe outbreak
of pests, spiders can increase their predation rates (i.e. functional response).
Breene et al. (1990) and Pasquet and Leborgne (1990) have studied the prey
intercepted by the orbwebs of four species of spiders and reported that Araneus
marmoreus and Argiope brunnichii (Scop) have attempted to capture only large
insect (more than 2 mm). Similarly 4. brunnichii has been reported to prey
selectively on insects with a body length of more than 10 mm, approximately 86
per cent of the biomass of total prey (Malt ef al., 1990). Wise (1993) reported that

most of the spiders feed on prey that are small relative to their own size (Prey

length < Spider length).

2.5.3 Strategies

According to Rovner and Knost (1974), lycosids were also known for post

immobilization prey wrapping, an adaptive character for retention of the captured

11
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prey. Nyffeler et al. (1990) reported that spiders adopted much broader range of

foraging strategies including oophagy, scavenging, feeding on pollen and artificial
diets.

Since the spiders were not capable of feeding on solid food, the prey body
was first digested by the enzymes, secreted from mouth and then consumed by
pharyngeal pump (Turnbull, 1973). This process was also assisted by crushing the
prey in some spiders. Baldev Parshad (1985) studied the qualitative feeding

preferences for about 40 spider species.

2.5.4. Predatory potential of spiders in cotton ecosystem

The spiders and their host range identified so far in cotton ecosystem in

overseas and India are presented in following table

Spider Host range Author

1. Clubionidae, Ctenidae  Pink bollworm Clark and Glick
Gnaphosidae (1961)
Lycosidae
Pisauridae

2.  Clubionidae Spodoptera littoralis(Boisd)  Mansour et al.

(1980)
3. P. audax Heliothis virescens(Fab) eggs McDaniel and
1 spider - 5.9 eggs/24 hrs Sterling (1982)

Misumenops spp. 0.4 eggs/24 hrs
C. inclusum(Hentz) 14.2 eggs/24 hrs
Araneidae 1.9 eggs/24 hrs
Erigonids 0.1 eggs/24 hrs

Salticids 3.2 eggs/24 hrs
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Spider Host range Author
4.  Misumenops sp Lygus, Nabis nymps, Plagens (1983)
(Thomisidae) Orius, Fleahoppers,
Geocorids, Chrysoperla,
Leafhoppers and other
spiders
5.  P.viridans Bollworm, Leafworm, Whitcomb et al.
Moths, Looper, (1963)
Fleahoppers (29% of
prey). Prey includes
Hymenoptera (41%),
Heteroptera (9%),
Coleoptera (4%), Diptera
(15%), Lepidoptera
(15%), Araneae (7%)
6. Stirped lynx spider Leafhoppers, Aphids, Nyffeler et al. (1987)
O. salticus workers of red imported
fire ant, Spiders,
Chrysoperla and
Syrphids.
7. O. salticus Heliothis Agnew and Smith
(1989)
8. 0. salticus Cotton fleahopper Breene et al. (1989)
P.viridana ,P. audax
Metaphidippus galathea
(Walckenaer)
Hentzia palmarum
M. celer
9.  Pisaurid spider Lygus sp Young (1989)
Pisaurina mira
10. Lycosid spider Heliothis ,Aphids Zhao et al. (1989)
Pardosa astrigera :
11. O. salticus (42%) Cotton fleahopper Breene et al. (1990)

P.audax (66%)
M.celer(32%)
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Spider Host range Author
12. Theridion volubile Cotton leafworm Gravena and Da
(Keyserling) cunha (1991)
Chrysso pulcherrima
(Mello - Leitao)
Misumenops sp,
Chiracanthium sp
13.  Oxyopes Jassids, Heliothis larvae ~ Dhulia and Yadav
Clubiona Bollworms, leafrollers (1991)
Argiope Earias and Bemesia
tabaci (Gen)
Neoscona Earias and Anomes flava
(Fb)
Thomisus A. flava, Heliothis
15. Striped lynx spider Other spiders like Nyffeler et al. (1992)
Oxyopids, Salticids,
Thomisids, other web
building Spiders, Ants,
Damsel bugs, etc.
16. O. salticus Polyphagous (Feeds on Nyffeler et al. (1992)
P. viridana pest, and beneficials) ,
17. Oxyopes Polyphagous Nyffeler et al. (19944)
2.5.4.1.Cannibalism

The worst enemies of spiders were the other spiders. Cannibalism often

occurred among the spiders whenever the food available was inadequate and it

was proved by Chiu er al. (1974) with dwarf spider Oedothorax insecticepts

(Black wall).

Barrion and Litsinger (1981) opined that spiders were highly

cannibalistic. Baldev Parshad (1985), Nirmala (1990) and Ganesh Kumar (1994)

have observed that the female spider was prone to attack and prey upon male of

it’s own species especially during mating.



2.5.4.2. Intraguild predation

Spiller (1986) had investigated the interspecific competition between two
orbweb spiders Metapeira grinelli (Coolidge) and Cyclosa turbinata (Walckenaer)
which influenced the effective control of pest. Guillebeau and All (1989)

confirmed the cross predation among geocorids and striped lynx spiders in

15

laboratory experiments. Geocorids consumed a negligible number of spiders

whereas spiders consumed all the stages of Geocorids. Dinter (1998) reported that
the female erigonid spiders had significantly higher effect on lacewing larvae in

the absence of alternate prey, causing 98 per cent mortality.

2.6. Impact of ﬁ&;zru\éa.varieties and cultural practices

Schuster et al. (1976) evaluated the influence of nectariless cotton on
natural enemies and reported that the spiders of families Thomisidae, Lycosidae,
Oxyopidae and Araneae were reduced by 17 per cent in nectariless cotton. Myint
et al. (1986) reported that the varietal resistance enhanced the activity of natural

enemies by reducing the pest vigour and played as an additive character.

Hatley and Macmahon (1980) opined that the planting and harvesting
procedures utilized in agricultural systems are perhaps the disruptive sources for
the spider community than that of pesticidal use. Riechert and Lockley (1984)
have suggested that maintaining the compost heaps in the fields would attract
beneficial arthropods and enhance spiders an abundance of prey when the pest is
present in limited number. Mangan and Byers (1989) reported that minimum
tillage will conserve the spider species. Gluck and Ingrish (1990) concluded that
the occurrence of lycosids in arable land depends on agricultural management as
well as on the presence of undisturbed areas nearby. Mowing the medows had an
adverse effect on the spider fauna ranging from mild to massive. However, it

could promote the migration to nearby areas.



16

The augmentation of beneficial arthropods by strip management in wheat
fields and by artificial introduction of orbweb spiders was reported by Nentwing
(1988). Artificial habitat manipulations like making holes of 5 cm to 9.5 c¢m
diameter can cause a spectacular increase in spider densities. Alderweireldt
(1994); Costello and Daane (1998) reported that the maintenance of ground cover

in grape vineyards increased the species diversity of spiders.

2.7.Effect of pesticides on spiders

Selective use of pesticides is the first step in developing an integrated pest
control programme. Employing the pesticides which are relatively harmless to
spiders could increase the effectiveness of natural predation and thus reduce the
population of injurious insects in agro ecosystems. Various authors have pointed
out that pesticides and botanicals used to control insect pests are detrimental to.
spider populations in cotton. The toxicity levels indicated by them are presented in

the following table .
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CHAPTER III
MATERIALS AND METHODS

Field, pot culture and laboratory studies were conducted at the Department
of Agricultural Entomology and Department of Cotton, Tamil Nadu Agricultural
University, Coimbatore from 1998-2000. Survey was conducted in predominantly

cotton growing tracts of Coimbatore district.

3.1. Survey, collection and identification of spiders under different
cotton ecosystems

3.1.1 Survey of spider population at cotton breeding station

Two different cotton fields were selected at cotton breeding station, Tamil
Nadu Agricultural University, Coimbatore and the collection was done randomly
from 100 plants in each field, at different stages of crop growth. Both foliar as
well as the ground spiders were collected. The methods followed for collecting
foliar spiders were the visual searching and hand picking, collecting in test tubes
and polybags by shaking the foliage. Very small spiders were collected by using a

camlin hair brush dipped in alcohol, and later transferred in to the vials.

Pitfall traps were used for the collection of ground spiders. The arthropods
were collected by using plastic pitfall traps of size 4.5 cm diameter and 9 cm
height containing 70 per cent ethyl alcohol, the killing solution added by a little
amount of liquid soap to reduce the evaporation. These pitfall traps were placed at
the centre of each 1 m® marked plot. These traps were operated continuously for

one week in a month. The collected spiders were recorded daily.

3.1.2.Survey of spiders in Coimbatore
The spider fauna from different cotton growing tracts in Coimbatore district

was surveyed at Alanthurai, Annur, Coimbatore and Kinathukadavu. The samples
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were collected from cotton fields of Coimbatore district representing all the four
directions. The cotton fields as well as the bunds were observed for the spider
population.. During the survey, the spider population per plant was recorded and
the dominant species in each locality were recorded. The new species found were

preserved in 70 per cent alcohol and identified.

3.1.3. Preservation and identification of spiders
‘ The method described by Tikader and Bal (1981) was followed for the
preservation of the field collected spiders. The spiders collected by various
methods were brought to the laboratory and killed by placing a small cotton swab
dipped in ethyl acetate or chloroform side the polythene bags. Care was taken to
avoid over flooding of the killing solution in the bags. After killing, the specimens
were preserved in 70 per cent ethyl alcohol in glass vials individually. The
preserved specimens were photographed and identified based on the taxonomic

characters.

3.2. Estimation of species richness and seasonal abundance of spiders
in cotton ecosystem

3.2.1. Species richness

The quantitative estimation of species abundance of spiders was computed
in different environments which varies with the season. The data obtained from
surveys were made use to estimate the species richness. The species richness was

computed based on Shannon - Wiener formula,

Richness (ma) was computed using the formula

S-1

ma S=——c=8
wog 10

where,

N e i

'MBATORE

o
N

S = Total number of species collected
N= Total number of individuals in all the species




The population of spiders was recorded twice a week from the selected
cotton fields, bunds and adjoining weedy fallow. The collections were made by

following hand picking, net sweeping and pitfall trapping methods.

3.2.2. Estimation of seasonal abundance

The spider population of cotton fields along with other insects was recorded
once in a fortnight from the selected cotton fields, by following whole plant
(counting) sampling method. The observations were taken on 25 plants selected
randomly, starting from 45 days after sowing upto harvest. The population levels
were correlated with available meteorological data like maximum temperature,
minimum temperature, sunshine, rainfall and relative humidity prevailed during
the period. To find out the relationship between spiders and other insect pest
(sucking complex), predators (Chrysoperla, coccinellids) and weather factors, the

regression analysis was worked out.

(\

3.3. Standardisation of sampling technique -

For standardisation of an effective sampling technique for spiders in cotton

ecosystem, some of the proposed sampling techniques were tested and compared
for the sampling of spiders. Various methods like sweepnet sampling (Howell
and Pienkowski, 1971), counting the websites, (Nyffeler et al., 1986), whole plant
sampling method (Lewis et al., 1996) and utilization of pitfall traps (Volkmar and
Schutzel, 1997) were tested in the same field for their efficiency in trapping the
spider population over a period of time. Later the comparison was made to

standardise an effective one.

3.3.1. Net sweeping
In case of net sweeping, in each sampling two successive double strokes
were made, at the top of canopy. The number of spiders attained by each stroke

were counted, on 10 randomly selected plants.



3.3.2. Counting the websites

The number of webs per each plant and between adjacent plants were

counted for 10 randomly selected plants?

3.3.3. Whole plant sampling method
The number of spiders on each plant were counted visually, in 10 plants

selected randomly.

-

3.3.4. Pitfall traps

In this method small plastic cups of size (height 9 cm diameter 4.5 cm)
were kept buried in the ground upto its brim in between the rows in cotton fields,
at the rate of 1 per mt’ area (Plate 1). The cups were filled with 70 per cent ethyl
alcohol upto three fourth level, and a little amount of liquid soap was added. These
traps were operated continuously for one week, and the number and type of the
spiders collected in each cup were recorded daily. The alcohol was replaced at

regular intervals.

3.4. Mass culturing techniques for predator and prey

3.4.1. Mass culturing of spiders

The adult female spiders with ¢gg sacs were collected from the insecticide
exposure free cotton fields. They were kept in the plastic cups with lids (7 cm ht
and 6 cm diameter) and fed with rice moths. After hatching out the spiderlings
were separated from the mother and maintained in separate test tubes. Immediately
after emergence they were fed with the eggs of rice moth. Right from the third
moult, the larvae of second to final instar and adult moths were given as feed.
After fully grown they were transferred in to plastic cups with lids containing
pores for aeration. This process was continued for entire period of mass culturing.
The mass cultured spiders were utilized both for experimental and further for
multiplication purpose. The plastic cups and test tubes were cleaned twice mn a

week to remove the dead prey and the webbing.



Plate 1

Pitfall trap



3.4.2. Mass culturing of Chrysoperla carnea (Stephens) grubs ‘\_/
The Chrysoperla grubs required for various experiments were mass

cultured under laboratory conditions by the standard technique developed by
TNAU (1992).

3.4.3 Mass culturing of prey insects
3.4.3.1. Sucking pests

The sucking type prey insects of spiders of cotton ecosystem viz., the leaf
hopper Amrasca bigittula bigittula (Ishida), aphid. Aphis gossypii G., and whitefly
Bemisia tabaci Gen. were also mass cultured in laboratory. But often the required

prey insects were collected from the unsprayed cotton fields.

3.4.3.2. Mass culturing of lepidopteran caterpillars Corcyra cephalonica (Staint),
Helicoverpa armigera (Hub) and Spodoptera litura (Fab).

The larvae and moths of C. cephalonica, H. armigera and S. litura were
mass cultured under laboratory conditions by the standard techniques developed
by TNAU (1992).

3.5.Prey preference and predatory potential of spiders
The predatory potential and prey preferences were studied under

greenhouse conditions.

3.5.1.Finding the host range

Out of 28 species of spiders collected, host range was found out for each
spider by offering all the cotton pests. The spiders were released into the plastic
cups along with the known number of pest insect and the number of insects killed

or fed were noticed after 24 hours.



3.5.2.Predatory potential of spiders

The predatory potential of spiders was studied both for, sucking pests and
lepidopteran caterpillars of cotton. Five predominant spider species viz.,
().javanus, P.viridana, (. drassodes, A. pulchella and L. decorata were used
separately. For all the predatory potential studies the spiders were prestarved of
24 hrs. All the following predatory potential experiments were conducted in

completely randomized design replicated three times (Plate 2).

3.5.3. Sucking pests

The required instars of the each species of spiders were collected from the
culture and released on to the caged plants along with 10 number of each insect
type separately. The second to fourth instars of spiderlings were released with
first and second instars of leathoppers. Similarly for fifth to seventh instars of
spiderlings, third and fourth instars of leathoppers and for eighth instar and adult

spiders, fifth instar leafhoppers were provided.

Treatment 1 - | spiderling/adult + 10 leafthoppers
Treatment 2 - | spiderling/adult + 10 aphids
Treatment 3 - | spiderling/adult + 10 whiteflies

In case of aphids only two stages of pest were considered, nymph and adult.
Spiderlings from second to fouqh instar were provided with nymphs and from
fifth instar to adult, adults” v\&"eré guven In case of whiteflies only adults were
taken. Control was also mamtamed with 10 number of each prey insect alone to

determine any natural mortality.

5.4. Lepidopteran pests

First to early third instars of S. /itura and H. armigera were used as prey
for this experiment. The spiderlings of second to fourth instars were given the

neonates and fifth to last instars of spiders were provided with second instar larvae

30



Plate 2

Predatory potential studies of spiders
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whereas adult spiders were fed with early third instar larvae. For each stage of

spider 10 prey insects were released separately into the caged cotton along with

the required instar of the spider, and the consumption was recorded after 24 hrs.
Treatment 4 - 1 spiderling /adult + 10 H. armigera larvae

Treatment 5 - 1 spiderling /adult + 10 S. /itura larvae

3.6. Prey preference in mixed population of sucking pests

The prey preference studies were conducted for six predominant species
viz., O. javanus, P. viridana, C. drassodes, Salticus sp, A. pulchella and
L. decorata of spiders in cotton ecosystem. The adult spiders of each species were
introduced separately along with the mixed population of sucking pests on 60 days
old potted cotton plants covered with mylar cages. Five number of each sucking
insect as prey viz., leafhopper, aphid and whiteflies were released into the cage,
thus 15 insects were maintained in each. The observations were taken daily and
the experiment was continued for one week. Five replications were maintained for

each species of spiders.

3.7. Cross predation in spiders

The Chrysoperla grubs were obtained from the culture maintained in the
laboratory. The required spiders were collected from the field along with egg
sacs. The experiment was conducted as per the methods suggested by Guillebeau
and All (1989). The predators (spiders) were starved for 24 hrs before each

experiment to ensure a better feeding response.

The following spider-prey combinations were investigated.

¥ One female of O. javanus with five C. carnea grubs.
% One female of P. viridana with five C. carnea grubs.

" One female of C. drassodes with five C. carnea grubs.
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The following combinations of spider-prey (spiderlings) were studied in

presence of alternate prey (leafhopper).

* One adult female spider of O. javanus + five leafhopper nymphs + five
spiderlings of P. viridana.

* One adult female spider of O. javanus + five leathopper nymphs + five
spiderlings of C. drassodes.

* One adult female spider of C.drassodes + five leathopper nymphs + five
spiderlings of P. viridana.

* One adult female spider of C.drassodes + five leafhopper nymphs + five
spiderlings of O. javanus.

* One adult female spider of P. viridana + 5 leathopper nymphs + five
spiderlings of C. drassodes

* One adult female spider of P. viridana + five leafhopper nymphs + five

spiderlings of O. javanus.

The following Chrysoperla - spider (prey) combinations were also
investigated.

* Two fully grown grubs of C. carnea + one egg sac of O. javanus along with

mother.
* Two C. carnea grubs with 5 spiderlings of O. javanus.

* Two C. carnea grubs with O. javanus egg sac with mother excluded.

Same procedure was followed for the spider P. viridana and C. drassodes

also. Newly hatched spiderlings were used in all the experiments.

The subjects of each experiment were placed in petridishes (60 x15 mm)
with a moistened filter paper rolled into a ball. Petridishes with prey alone served
as control. Any dead prey was assumed to have been killed by the predator unless
mortality was observed in corresponding control. The results were recorded after

24 hrs. Egg sacs of spiders were opened and examined under a dissecting
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microscope at the end of each experiment to determine the number of eggs per sac
and number that had been consumed by predator. Any egg that appeared deflated

was counted as consumed. Each experiment was replicated 15 times.

Data from two choice experiments was subjected to a students ‘Z’ test
(Gomez and Gomez, 1984) to determine significant differences (P = 0.05) in the

proportions of diet made up of each prey insect.

3.8. Studies on impact of cultural practices on spider population

The field trial was conducted during kharif '99 to study the impact of
cultural practices on spider population, with four varieties viz., MCU 5, TCH
1569, CW ROCK, CNH 120 MB, two spacings viz., (S; - 75 x 30 cm; S; - 75 x 45
cm) and three levels of fertilizers viz,, (F, - 40:20:20; F, - 80:40:40; F; -
120:60:60). The predator count was taken on 5 plants in each treatment and mean

was worked out.

3.9. Toxicity of insecticides to spiders

3.9.1. Studies on effect of persistent toxicity and residual toxicity on mortality
per cent and effect of residual toxicity on predation rate of spiders

The methodology suggested by Ganesh Kumar (1994) was followed for -

studying the persistent and residual toxicity of selected insecticides to spiders.

3.9.1.1. Persistent toxicity of insecticides

60 days old potted cotton plants were sprayed witl'\the following chemicals

Chemicals Concentration
Chlorpyriphos 25EC 1.25 mi/lit
Endosulfan 35EC 4 ml/lit
Imidacloprid 200SL 0.2 ml/lit

Methyl demeton 35EC 1 ml/lit
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Monocrotophos 36EC 2 ml/lit

Quinalphos 25EC 2 ml/lit
B.1 2 g/lit
Neem oil 3%

The experiment was conducted in a factorial completely randomized design

for four species of spiders (O. javanus, P. wrzdana C. drassodes and A. pulchella)
A i

with an untreated control, replicated three tl_meS/(Plate #). The insecticides were

sprayed using an atomizer and allowed to dry in shade. The plants were caged

with adults along with 10 nymphs and adults of leathoppers released at 1, 3, 7, 10

and 15 days after spraying. The survival of predator was observed at 24 hrs after
caging. The dead ones were replaced with fresh predators and prey. The mortality
was corrected as per Abbot (1925).

3.9.1.2. Effect of Residual toxicity on percent mortality and predation rate of

spiders

The recommended doses of insecticides were sprayed on potted cotton
plants and allowed to dry in the shade for one hour. The 60 nymphs and adults of
leathoppers / aphids / whiteflies were released on to the treated plants and covered
with a mylar film cage. Experiment was conducted for three hunting spiders
O.javanus, P.viridana, and C.drassodes. Each treatment was replicated thrice with
three spiders per replication. Twenty four hours after spray, the live spiders from
each cage were collected and introduced onto untreated plants in separate pots and
covered with mylar film cage. These spiders were fed with untreated prey daily
for observing mortality. The predation rate was worked out as follows (Thang
el al., 1985).

Number or per cent of prey consumed by treated spiders
Number or per cent of prey consumed by untreated spiders

PR
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3.9.1.3. Determination of LCs of certain insecticides for spiders O. javanus
and P.viridana

The method described by Ganesh Kumar (1994) was followed. The LCsy
for insecticides in cotton like acephate, endosulfan, monocrotophos, quinalphos
and chlorpyriphos were determined for two lynx spiders O.javanus and
P.viridana ., using five graded concentrations of each insecticide in acetone. One
microlitre of each concentration with the help of microsyringe was placed over the
cephalothoracic region of each spider. Three replications were maintained.
Acetone alone was used for control. Mortality was corrected as per Abbot (1925).

Probit analysis was done as suggested by Finney (1962).

Statistical analysis
For the purpose of statistical analysis, the data with percentage values were
subjected to angular transformation. Duncan’s multiple range test was applied for

comparing treatment means (Gomez and Gomez, 1984).

37






CHAPTER VI
RESULTS

4.1. Collection and identification of spiders under cotton ecosystems

The survey conducted during kharif 99 in four directions of Coimbatore
viz., Alanthurai, Annur, Coimbatore and Kinathukadavu to collect the spider fauna
existing in the cotton ecosystem has revealed a wide array of species with 28

species under 17 genera and 8 families. Plates (5-26).

The spider species dominating in the cotton ecosystem of Coimbatore .
mcluded Araneus sp., A. pulchella, Argiope sp., Bianor sp., C. citricola,
(. drassodes, C. viridanus, L. decorata, Neoscona sp., N. theis, O. javanus,
O. rufisternum, Olios sp., P. paykulli, Pardosa sp., P. pseudoannulala,
P. viridana, Salticus sp., T. cherapunjens, Tetragnatha sp., V. preymandibularis,
and V.monostriata. From the cotton ecosystem of Kinathukadavu the species
namely C. citricola, C. drassodes, N. theis, N. elliptica, Neoscona sp.,
O. javanus, P. paykulli, Pardosa sp., P. pseudoannulata, Salticus sp.,
T. cherapunjens and Tetragnatha sp., were collected. Seventeen spider species,
Argiope sp., A. pulchella, Bianor sp., C. citricola, C. viridanus, Leucauge sp.,
N. theis, N. elliptica, Neoscona spp., Olios sp., O. javanus, O. rufisternum,
P. paykulli, Pardosa sp:, P. viridana, T. pugulis and T. cherapunjens were
collected from the cotton ecosystems of Annur and the species namely Araneus
sp., Argiope sp., Bianor sp., C. citricola, G. unguifera, L. decorata, Leucauge
sp, Neoscona spp., O. javanus, O. rufisternum, Pardosa sp., P. viridana, Salticus
sp., T’ pugilis, T. cherapunjens, Tetragnatha sp., and V. preymand'ibularis were
collected from the cotton ecosystem of Alanthurai. These spiders were reported for

the first time in cotton fields of Tamil Nadu.



Plate 4

Araneus sp.
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Plate 5

Argiope pulchella (Thorell)
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Plate 6

Argiope sp.
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Plate 7

Bianor Sp-
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Plate 8

Clubiona drassodes cambridge
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Plate 9

Crytophora citricola (Forskal)

Plate 10

Gasteracantha unguifera (Simon)
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Plate 11

Leucauge decorata (Black wall)

Plate 12

Leucauge sSp.




Plate 13

Neoscona elliptica (Tikader)
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Plate 14

» '_ \
f

Neoscona Sp

Plate 15

Olios sp.
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Plate 16

Oxyopes javanus (Thorell)
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Plate 17

Pardosa pseudoannulata ( Boes)
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Plate 18

2

Pardosa spp.

Plate 19

Peucetia viridana (Stoliczka)
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Plate 20

o1




Plate 21

Tetragnatha sp.

Plate 22

Thomisus cherapunjens (Tikader).
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Plate 23

Thomisus pugilis (Stoliczka)
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Plate 24

*
e

Vicaria monostriata Sp. nov.

Plate 25

Viearia prevmandibularis
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Cb
Kk
An
Al

LH
AP
DP
Hym
HEL
SPD
CL

Er
Spi

Hunting spiders

others are webbing spiders
Coimbatore
Kinathukadavu

Annur

Alanthurai

Whiteflies

Leathoppers

Aphids

Dipterans

Hymenopterans

Helicoverpa armigera (Hubner)

Spodoptera litura (Fab)
Coleopterans
Hemipterans

Earias

Spiders

+ present

- absent
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4.1.1 Host range and seasonal abundance
For all the spider species identified, the host range was found by offering
different prey insects available in the cotton ecosystem and also through the

observations made under field conditions.

The species under family Araneidae were observed to prey upon aphids
whiteflies, leathoppers, dipterans, hymenopterans, Helicoverpa, Spodoptera and a
few on coleopterans also. Dipterans, leathoppers and a few moths were observed
forming food source for spiders belonging to family Heteropodiae. The Clubionids
were observed feeding on aphids, leathoppers, whiteflies, Helicoverpa,
Spodoptera and also on dipterans whereas the Salticids were observed feeding on
aphids, leathoppers whiteflies, Helicoverpd, Spodoptera, hemipterans and other
spiders. The Tetragnatha was feeding on aphids leathoppers and hemipterans,
wheras spiders belonging to the family Argiopidae were feeding on whiteflies,
aphids, Helicoverpa, Spodoptera, Earias and dipterans. The wolf spiders
(Lycosids) were feeding exclusively on aphids whereas the lynx spiders
(Oxyopids) were feeding on a wide array of prey such as aphids, leathoppers,

whiteflies, Helicoverpa and Spodoptera.

The spider species under family Araneidae and Salticidae were observed at
the peak during the months October’99 to March 2000. The family Heteropodiae
was occurring for a very short period from January to March 2000. From October
to December’99 the spiders under the family Tetragnathidae were observed in
abundant. The peak time for Argiopids was from November’99 to February 2000
and for Lycosids from August to October’99. The spiders belonging to the
families Oxyopidae Salticidae and Clubionidae were noticed throughout the

growing season.

Among the spiders belonging to 8 families the family Araneidae was

observed to be predominant in cotton ecosystem comprising 11 species of spiders,
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each, Clubionidae and Argiopidac with 2 species each, Heteropodiae and

Tetragnathidae each with one species.

4.1.2. Abundance of spiders in agro-ecosystems

Quantitative estimates of abundance of spiders in the cotton agro-
ecosystem was carried out in Coimbatore district. The results of the survey
conducted in four different cotton growing locations viz., Alanthurai, Annur

Coimbatore and Kinathukadavu are presented in the table 2.

Among the different locations, « . Coimbatore registered maximum species
richness of 6.1145 as well as maximum population of 3806 per ha. This was
followed by 5.5346 species richness at Alanthurai and 5.4472 at Annur. The
Kinathukadavu has recorded the lowest species richness of 3.7006. The overall
result indicated that the cotton fields have more diverse and richer population of
spiders. The border weeds also contain relatively less spider population in all the

surveyed areas (Table 2).

4.1.3 Seasonal incidence of spiders along with other pest and predators

Seasonal incidence of spiders in cotton during the cropping season was
assessed and the results are given in the table 3. Initially during the month of
August 1999 at square initiation stage, the spider population was maintained at
constant level of 0.8 / plant and by September, the population -  decreased
further to 0.68 / plant. From the middle of September the population increased
constantly upto the end of January 2000, (boll matﬁrity stage) from 1.32 to 3.32

99

spider / plant. At boll bursting stage it was decreased slightly to 3.04 / plant

(Table 3).

4.1.4. Inter-predation studies
Population of spiders along with other insect pests and predators were

assessed in the cotton field at different periods to study the influence of them on



Table 2. Abundance of spiders under different cotton

. ecosystems

60

Situation

No. of individuals in all

No. of species

Species

species (N) (S) richness (ma)
Coimbatore |
Cultivated field 3806 22 6.1445
Border weeds 900 7 2.7080
Alanthurai
Cultivated field 1785 19 5.5346
Border weeds 376 7 2.3300
Annur
Cultivated field 2016 19 5.4472
Border weeds 965 9 3.0155
Kinathukadavu
Cultivated field 1749 13 3.7006
Border weeds 860 8 2.3854




Table 3. Seasonal incidence of spiders in cotton ecosystem

Stage of the crops (DAS) Spider population per plant *
October 65 0.8"
(1.05)
October 80 0.8"
(1.05)
November -9 0.68i
(1.10)
November 110 1328
(1.39)
December 125 | ’4gf
(1.31)
December 140 1.76°
(1.82)
January ’ 155 2.04d
(1.91)
January 170 2.8¢c
. (1.96)
February 185 3.32a
(1.97)
February 200 3.04b
(1.83)

* Mean of five replications

Values in the parenthesis are (Vx + 0.5) transformed values

In a column, means followed by same alphabet (lower case) are not significantly
different (P = 0.05) by DMRT.
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spider population. The multiple regression was worked out between the population
of spiders and sucking pests namely, aphids, leafhoppers and whiteflies. The
analysis (Table 4) indicated that the pest population was not having any influence
on the population dynamics of spider. Similarly another multiple regression was
worked out between the population of spiders and other predators namely
Chrysoperla and coccinellids. The anlaysis indicated that both the predators were |

not having any influence on the population dynamics of the spider (Table 4.1).

4.1.5 Influence of weather factors on the spider population

The weather parameters such as minimum temperature, maximum
temperature, relative humidity (morning and evening), rainfall and sunshine hours
were correlated with spider population during the cropping period to study the

influence of weather factors on spider population.

None of the weather factors except minimum temperature and relative
evening humidity had influenced the population of spiders. The minimum
temperature and relative evening humidity had correlation with spiders. For every
1°C decrease of minimum temperature there would be an increase of 4.54 spiders.
Similarly for every unit increase in relative evening humidity there would be 3.29

decrease in the spider population(Table 5).

4.2. Standardization of sampling technique
Four different sampling methods / techniques viz.,, net sweeping, counting
the web sites, whole plant sampling and pitfall trapping were tested in the cotton

field to assess the sampling efficiency.

Of the four different sampling techniques tested, the whole plant sa;mpliné
technique has recorded maximum collection of 2.2 spiders/plant. This was

followed by pitfall trapping (1.4), net sweeping (1.2) and counting the web sites



Table 4. Multiple regression between the population of spiders and cotton pests

Variable Partial regression Standard error t
coefficient (b) (SEd)
Pest
X1 (leafthoppers) 0.02 0.01 241 ns
X2 (aphids) -0.14 0.14 1.01 ns
X3 (whiteflies) -0.46 0.17 2.66 ns

ns = not significant
R? =0.70 ns A=055

Regression equation Y = 2.24 + (0.02) (leathoppers) -0.1 (aphids) -0.5 (whiteflies)

Table 4.1 Multiple regression between the population of spiders and other
predators

Variable Partial regression Standard error t
coefficient (b) (SEd)
Predators
X1 (coccinellids) -0.25 0.51 -0.49 ns
X2 (Chrysoperla) 4.00 2.28 1.75 ns

ns = not significant
R* =047ns A=032
Regression equation Y = 1.20 - 0.2 (coccinellids) + 0.4 (Chrysoperla)
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Table 5. Multiple regression between the population of spiders and weather

factors .
Variable Partial regression Standard error t
coefficient (b) (SEd)
X1 (min. temperature °C) -0.46 0.10 4.54*
X2 (max. temperature °C) =005 0.09 -0.60 ns
X3 (Relative morning 0.20 0.07 2.97 ns
humidity %)
X4 (Relative evening -0.06 0.02 -3.29*
humidity %)
X35 (Rainfall, mm) -0.00 0.03 -0.24 ns
X6 (sunshine, h) -0.00 0.00 -0.54 ns
ns = not significant
R* =0.98
A =093

Regression equation
Y =-1.74-0.5(X1)-0.1 (X2)+ 0.2 (RH, M)-0.1 (RH, E)-0.001 (R.F) - 0.002
(Ss.h) '
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Table 6. Standardisation of sampling technique for collection of spiders from

cotton ecosystem

S. No. Method followed No. of spiders obtained per
method*
1.  Net sweeping 12°
2. Counﬁng web sites 0.5 d
3.  Whole plént sampling 22%
19°

4,  Pitfall traps

65

* Mean of 5 observations and 10 replications



(0.5). Among the methods tested, the whole plant sampling technique was
significantly superior to the other three methods tested (Table 6).

4.3. Predatory potential of spiders on cotton pests

The predatory potential of five commonly occurring spiders viz,

O. javanus, P. viridana, C. drassodes, A. pulchella and L. decorata and at
different stages over a period of 24 hrs was studied under green house conditions
against sucking pests viz., aphids, leafhoppers and whiteflies and caterpillar pests

S. litura and H. armigera.

4.3.1. O. javanus

Among the sucking pests the adult of this lynx spider consumed more
number of leafhoppers per day (6/day) while aphids were given the next
preference consuming 5.34/day, followed by whiteflies 4.34/day. Among the
lepidopteran pests H. armigera was preferred more where the consumption rate
was 4.34/day; whereas for S. litura it was 3/day. The predatory potential has
increased with the stage of spider for all the pests i.e. from II instar to adult and

the predation rate of V and VI instars was on par(Table 7).

4.3.2, P. viridana

The predatory potential of the green lynx spider followed an increasing
order with the stage of the spider for all the pests. An)ﬁhow the predation rate of
IV and V instars was statistically on par with each other. Among the sucking pests
tested the P. viridana showed almost equal preference to aphids and leathoppers
consuming 7.0 and 6.0 respectively, whereas the whitefly consumption was only
3.34. Among the lepidopteran pests,H. armigera was consumed at the rate of

3 larvae/day whereas S.litura was preferred less (2 larvae/day) (Table 8).
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4.3.3. C. drassodes

Aphids were the major food source for this spider, where the adult was
consuming 7.34 aphids/day, followed by leathopper (6.34/day) and whiteflies
(3.34/day). H. armigera was the most preferred one among the caterpillar pests,
where it was consumed at the rate of 4.34 / day and was statistically superior to
the consumption of S. litura (3 / day). The feeding potential of all the instars
differs significantly and was in increasing order with the stage of the spider
(Table 9).

4.3.4. A. pulchella

This web spider has shown priority to whiteflies where the adult consumed
9 insects / day, next to the leafhoppers where it consumed 8 insects / day. The
consumption of aphids was negligible accounting for 1.34 / day. Both of the
lepidopteran pests also were preferred at negligible rates 0.67 and 0.34
respectively. When the instar wise consumption rate was observed it followed the
increasing order for all the prey insects offered and the consumption rate of V and

VI instars was on par (Table 10).

4.3.5. L. decorata

Among the sucking pests major predation was observed on leafthoppers
5.34 / day, followed by whiteflies 5 / day. The preference shown to aphids, was
negligible 0.34 / day and the consumption of éaterpillar pests was nil during all

the instars. The instar wise consumption rate followed the increasing order.

Among the five species tested,three hunting spiders were observed showing
more preference to aphids except O. javanus (which preferred leafthoppers) and
then to leafhopper nymphs, where the web spiders preferred adults of leafthoppers.
In all the spiders,as the stage of spider~ - advanced the consumption of prey also

increased, until the stage of the prey insect was altered.
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4.3.6. Prey preference of spiders in mixed population of sucking pests

The prey preference of the six spiders viz, O. javanus, P. viridana,
C. drassodes, A. pulchella, L. decorata and Salticus sp was studied by providing
adult spiders with mixed population of sucking pests, and the results are given in
the Tablel2.

The maximum predation was observed in case of O. javanus (50.35%)
which was statistically on par with lynx spider P. viridana (49.175%) where both
preferred aphids (60 and 65.0% respectively) and leathoppers (51.42% and 50.0%)

respectively as major food.
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The other two hunting spiders C. drassodes and Salticus sp preferred aphids-

(68.57% and 65.71%) followed by leathoppers (51.42% and 60.0%) and whiteflies
(42.85% and 20.0%).

The preference by two web spiders 4. puchella and L. decorata has shown
towards leafthoppers (71.30% and 68.57% respectively) and whiteflies (60.0% and
60.0% respectively), whereas aphids were preferred only to an extent of 12.85
and 8.57 percent (Table 12 ).

The over all result indicated that aphids and leafhoppers were preferred by
all the spiders,and the preference was on par. Among the six spiders the prey
preference of the two lynx spiders O. javanus (50.35%) and P. viridana (49.175%)
was on par. Similarly there was no significant difference observed between the
preferences by C. drassodes and Salticus sp (43.12% and 41.42%) and also for the
two web spiders (38.53% and 36.785%) (Table 12 ).
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4.3.7. Inter - predation among spiders
Cannibalism among spiders in presence of alternate prey was studied using
all the three species of hunting spiders viz., O. javanus, P. viridana and

C. drassodes in different combinations as indicated in the Table 13.

It is evident from the observations that cannibalism was less (0.89 + 0.76 to
2.86 + 0.88) among the spiders in the presence of alternate prey offered as choice.
Anyhow the spider C. drassodes was observed to have more cannibalistic
behaviour on P. viridana and O. javanus (2.12 £ 0.79 and 2.09 £ 0.68) when
compared with other two spiders O. javanus (1.12 £ 0.78 on P. viridana and 1.60

+ 093 on C. drassodes) and P. viridana (0.89 t 0.76 and 1.02 + 0.65 on

O. javanus and C. drassodes respectively(Table 13).

4.3.8. Cross predation
The cross predation between spider species and C. carnea was studied,

under laboratory condition.

The two spiders O.javanus and C. drassodes consumed 2.46 + 1.36 and
3.15 + 1.62 grubs of Chrysoperla respectively in 24 hours, whereas the P.viridana
did not prefer Chrysoperla as prey. But when the egg sacs were offered as prey to
fully grown grubs of Chrysoperla consumed 31 + 12.2 the eggs of O. javanus,
27 + 10.8 of C.drassodes and nil of P. viridana in the absence of mother, whereas

no consumption was observed when mother was present. (Table 14).

4.4. Impact of cultural practices on spider population

When the impact of cultural practices like growing of resistant varieties,
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fertilizer and spacings on the spider population was studied (Table 15),. = the o

result indicated that the var MCU 5 at spacing 75 x 45 cm and fertilizer level



Table 13. Feeding preferences of spiders on other spiderlings in presence of
alternate prey

Predator (Adult) Prey insects offered Prey consumed /24 h
mean + SD
O.javanus 5 nympbhs of leafhoppers 1.15+0.82
+ .

5 spiderlings of P. viridana 1.12+£0.78

O. javanus 5 nymphs of leafthoppers 1.89+£0.96
+

5 spiderlings of C. drassodes 1.60 + 0.93

C. drassodes 5 nymphs of leathoppers 2.96 £0.92
+

5 spiderlings of P. viridana 2.12+0.79

C. drassodes 5 nymphs of leafhoppers 2.86 +0.88
+

5 spiderlings of O. javanus 2.09 +£0.68

P. viridana 5 nymphs of leathoppers 1.24 +0.68
+

5 spiderlings of C. drassodes 1.02 £ 0.65

P. viridana 5 nymphs of leathoppers 2.88 £0.93
+

5 spiderlings of O. javanus 0.89 + 0.76




Table 14. Cross predation between C. carnea and spiders
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Prey consumed /

Predator (Adults) Prey (n) Prey 24h mean + SD
Spider

C. drassodes 10 Chrysoperla grub 2.46 +1.36
P. viridana 10 Chrysoperla grub  No consumption
O. javanus 10 Chrysoperla grub 3.15+1.62
Chrysoperla grub O. javanus

Chrysoperla grub. 1 Egg sac + mother No consumption

Chrysoperla grub

Egg sac alone

P. viridana

Egg sac + mother
Egg sac alone

C. drassodes
Egg sac + mother
Egg sac alone

31+£12.2

No consumption
No consumption

No consumption
271+ 10.8




40:20:20 kg NPK/ha was contributing for the increased population of spiders per

plant (2.2/plant) and was statistically superior to all other combinations. -

The number of spiders per plant are less (0.2 / plant ) in the combinations of
var TCH 1569 with spacing 75 x 30 cm and fertilizer level 40:20:20 and also with
spacing 75 x 45 cm and fertilizer level 120:60:60 NPK/ha and var CNH 120 MB
at spacing 75 x 45 and fertilizer level 40:20:20 NPK/ha (Table 15).

Toxicity studies

4.5. Persistent toxicity of insecticides on the mortality rate of different
spiders

The persistent toxicity of six insecticides viz., chlorpyriphos, methyl

demeton, endosulfan, monocrotophos, quinalphos and imidacloprid along with
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neem and B.f. was studied through five intervals (1, 3, 7, 10 and 15 days after

treatment) for four spiders O. javanus, P. viridana, C. drassodes and A. pulchella.
The results are given as per cent mortality for each chemical at different intervals.
The experiments were restricted to four spiders due to non availability of sufficient

populations in web spider groups.

4.5.1. O. javanus

Of the six chemical insecticides tested on spiders,the monocrotophos was
observed to be more toxic causing highest mortality of 62.22 per cent, followed by
methyl demeton (48.88%). Imidacloprid was safest of all causing only 31.1
per cent mortality followed by quinalophos (35.54%). '

Between neem and B.f.there was no mortality in case of neem, whereas B.¢
(28.89%) was statistically on par with imidacloprid, causing 28.89 per cent
mortality (Table 16).



Table 15. Impact of cultural practices on population of spiders

VSF No. of Spiders/plant
ViSiFy 124
(1.32)
ViSiF; 129
(1.32)
V1S:F; 129
(1.32)
ViS2Fy 2.2°
(1.55)
ViS:F; 1.6°
(1.33)
VS;F; 1.0 ¢
(0.82)
VaSiFy 1.4°
(1.15)
V1S(F; O.Sf
(1.26)
VaSiF3 02"
(0.92)
VaSoFs 0.6 %
(1.02)
VaS:F, 0.4"
(0.91)
VaS:Fs 02
(0.71)
V3SF; 0
| (0.71)
ViSiFa 0.0
(0.71)
ViSiFy 02!
(0.82)

Contd.



VSF Spiders

VaSaF 0.0’
(0.71)
ViS,F, 00’
0.71)
V3S,F; 0.0}
(0.71)
VaSiFy 0.0’
(0.71)
VaSiF, 0.0’
(0.71)
ViSiFs | 0.0
(0.71)
VaS,F, (),oj
(0.71)
ViS:Fa 0.2i
(0.71)
VaSaFs 0.0j
(0.71)
V- Variety V,-MCU S
V; - TCH 1659
Vi - CW ROCK
V4 - CNH 120 MB
S - Spacing $1-75%x45cm
S2-75x30cm
F - Fertilizer level Fi-40:20:20
F,-80:40:40
F3:-120:60:60

* Mean of five replications

Values in the parenthesis are (Nx + 0.5) transformed values

In a column, means followed by same alphabet (lower case) are not significantly
different (P = 0.05) by DMRT.
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4.5.2. P. viridana

All the synthetic chemical insecticides were toxic to spiders and the
maximum per cent mortality of P. viridana was caused by methyl demeton
(48.88%) followed by monocrotophos (46.66%), quinalphos (46.65%) and
endosulfan (40.0%).

Imidacloprid and chlorphyriphos were recorded as safer chemicals causing

2443 and 15.57 per cent mertality respectively, which were on par with B.r.

(19.95%).No mortality was observed in neem.

The mortality per cent at 10™ and 15" days after treatments was not

significantly different (Table 17).

4.5.3. C.drassodes

The maximum mortality of C.drassodes was observed due to quinalphos
(51.22%) followed by monocrotophos (51.114) which were statisticaly superior to
the other chemicals namely, methyl demeton (42.23%), endosulfan (42.18%)
which were on par with each other. The chlorpyriphos and imidacloprid were
observed to cause reduced per cent mortality, 37.80 per cent and 35.55 per cent

respectively and were on par with each other.

There was no mortality due to neem whereas B.t.recorded 19.94 per cent
mortality. The mortality per cent at 1 day and 3 days after treatment as well as 10
days and 15 days after treatment was on par (Table 18) .

4.5.4. A.pulchella
Chlorpyriphos was found to record minimum per cent mortality among all
chemicals causing only 22.21 per cent mortality, which was followed by

imidacloprid (33.32%). The maximum per cent mortality was caused by
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monocrotophos (59.98%) followed by endosulfan (55.78%), methyl demeton
(55.55%) and quinalphos (50.88%) and were on par with each other.

Neem recorded nil mortality whereas B.t, caused 13.32 per cent mortality

and both were on par with each other (Table 19).

4.6. Residual toxicity of insecticides on mortality percent

The residual toxicity of eight selected insecticides viz., chlorpyriphos,
methyl demeton, monocrotophos, endosulfan, quinalphos, neem and B.r were
tested against the three spiders O. javanus, P. viridana and C.drassodes by
offering three types of prey insects (Aphids, leafhoppers, whiteflies). The results
indicated that quinalphos (55.56 - 70.45%) and monocrotophos (55.51 - 63.02%)

caused maximum residual toxicity.

4.6.1. O. javanus
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Of the six chemicals tested, the quinalphos was observed to be more toxic

causing highest mortality of 59.28 per cent, followed by endosulfan (55.62%) and
monocrotophos (55.51%), which were statistically on par with each other. The
residual toxic effect of neem and B.r. was less 8.0 per cent and 0.0 per cent

respectively and both were on par.

The mortality rate was comparnitively high when treated leafhoppers

(44.47%) were offered as prey (Table 20).

4.6.2. P. viridana

Maximum per cent mortality (70.45%) was caused by quinalphos followed
by monocrotophos (63.02%) which were on par but superior to other treatments.
Minimum per cent mortality was caused by chlorphyriphos (22.20%) followed by
imidacloprid (33.30%) which were statistically on par with each other. The

residual toxicity was maximum when aphids were offered as prey (50.04%).
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The mortality due to B.z.was 18.5 per cent whereas it was found to be only

3.7 per cent in neem (Table 21 ).

4.6.3. C.drassodes
The safest chemical was found to be chlorpyriphos causing 22.20 per cent
mortality, followed by imidacloprid (37.02%). All the other chemicals were highly

toxic and were statistically on par with each other.

B.t caused 11.10 per cent mortality which was on par with chlorpyriphos,
whereas neem caused only 3.7 per cent mortality and both were on par with each
other (Table 22).

4.7. Residual toxicity effect of different insecticides on the predation
rate of spiders

&9

When the spiders were exposed to the six chemicals viz.,, chlorphyriphos,

methyl demeton, monocrotophos,endosulfan, quinalphos and imidacloprid and -

also B.t and neem, through the prey released on to sprayed plants, the result
indicated that the reduced predation rate of spiders was because of residual

toxicity.

4.7.1. O. javanus

When O. javanus was exposed to plants treated with different chemicals

and offered with aphids and leafhoppers, the predation rate was found to be -

affected. Quinalphos was found to affect the predation rate to maximum extent
(0.18) followed by chlorphyriphos (0.21). the predation rate was least effected by
B.t (0.90) imidacloprid (0.80) and monocrotophos (0.70) which were statistically
on par with each other. The predation rate was not affected by neem. The

maximum decrease in predation rate was observed when leathoppers were
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provided as prey,(0.68) except for methyl demeton where aphids as prey affected

the predation rate to maximum extent (0.22) (Table 23 ).

4.7.2. P. viridana

The predation rate of P. viridana decreased to a maximum extent when the
aphids on plants treated with quinalphos were offered as prey (0.17) followed by
leathoppers on plants treated with chlorpyriphos (0.18). The predation rate was
least affected when the plants were treated with neem for all the insects as prey
(0.93). When leathoppers were offered as prey the predation rate values of
chemicals, chlorpyriphos (0.18), monocrotophos (0.22) and quinalphos (0.22)
were on par with each other. Similarly when whitefly was offered as prey the
predation rate was affected to a maximum extent by chlorphyriphos (0.28) and

methyl demeton (0.29) which were statistically on par with each other (Table 24) .

4.7.3. C.drassodes

The maximum reduction in the predation rate was found when the.
leafthoppers and aphids were offered as prey with the quinalphos (0.20) and -
chlorpyriphos (0.20) treatments, which were statistically on par followed by

whiteflies as prey (0.29 and 0.29 respectively). These were followed by methyl
demeton, monocrotophos and endosulfan. The predation rate was least affected by
neem (0.89 - 0.90) followed by B.7 (0.78 - 0.81) when different prey insects were
offered (Table 25). ,

4.8. Determination of median lethal concentration values for different

insecticides

The LCs, values, fiducial limits, Chi® values and slope for five insecticides

are summarized in Table 26 for the two commonly available species.

92



33

"LINA 49 (S0°0 = d) WaI9y1p Apyuesyudis

j0u are (aseo 1addn) 1oqeydye sures Aq pamo[|o] SUBIWI MOI & Ul pue (3sed Jomo]) 19qeydie sures £q pamo[[0] SUBIW ‘UUWN{od © U]
suoneoifdos 201y} JO UBIA 4

58090 090 190 090 g9Y0 6¥y0 80 TS0 yESO0 ¢s0 150 050 uea]y
5860 760 960 T60 830 880 €80 60 ;960 01 60 60 %E€ 110 WIdN
g380 830 680 630 890 990 990 €L0 oy990 1L0 990 190 rqg
00 6v0 650 6v0 gCC0 1T0 €70 I1T0 oyt10 810 10 810 0dst soydreumg
SE0 660 670 650 V0 b0 O 650 oyI€0 zE0 TEO 820 OHYE soydojoiouop
000 870 0£0 0£0 qgtt0 8€0 €€0 8TO qytP0 Lt'0 THO THO OHST UOWSp [AYRW
vE90 790 090 690 g"$0 050 TS0 090 ﬁs.c 990 190 LSO  1S00T prdooepruy
et 0 650 650 6V0 £gfC0 910 910 ¥EO y0C0 TEO 8TO 8TO OS¢ uej[nsopuy
o800 LT0 620 6T0 o810 1T0 910 LI'0 oy8C0 €0 80 €20  OAST soyduidiopyd
«TBSN 0 S I #U 0l S I sUN 01 S I
jusunesn 1oye skeg [esrusy)
SOIFeNYM sioddoyjea] spiydy

puppLAA g U0 3Rl Uoiepaid uo SIPIONOISUI JO AJIDIX0] [eNPISay "$7 21qel



94

"LYNA 49 (S0°0 = &) 1a131p Apueoyrudis
10U are (ased Joddn) Joqeydie swres Aq pamo[[o] SUBSW MOI B Ul pue (3582 1oM0J) Joqeydle sures £q pamo[[o] SUBSW ‘UUM{OD € U]
suoryestjdol 25113 JO UBSA

5190 190 190 190 glSO0  L§0 LSO LSO SO $S0  sS0 ¥S0 uedN
80 o060 680 680 060 060 680 630 060 060 060 060 %€ [10 W3aN
030 080 080 080 3.0 8,0 8.0 8.0 80 180 180 180 rqg
2000 670 6T0 670 oglT0 LTO LTO LTO y0C0 o0TO 0TO 0TO Dds¢ soydreumng

w80 Y50 PS50 ¥S0 qg?S0 S0 ¥S0 S0 OS50 650 650 650 DH9E soydojorouopy
S0 50 50 t50  gOE0 0g0  0£0 0£0 w0 TTO TT0 ZT0 OHST UORWP KWIWN
650 650 090 090 gf90 €90 €90 €90 190 €90 790 090  TS00T prdojoepru]

ag’®0 S0 S0 ¥S0  og"$0 ¥S0 S0 S0 OVO0  ov0  o0v0  Ov0 DdS¢ uej[nsopuy
000 00 670 670 eglT0 LTO LTO LTO »y0C0 0z0 0T0 0T0  OdIsTsoyduidiory)
TN 01 S I #UBW Ol S I U 01 S I
jusuea] Isyje sAeq [Borway)
SOI[JOIYM , saddoygea] sprydy

sapsso.4p ") uo ajel uonepaxd Uo SIPISIIOASUL JO AIOIXO] [eNpISIY "GT S[qel



4.8.1. O. javanus

Among the insecticides tested, acephate was observed to be safest of all
(0.021) followed by chlorpyriphos (0.016) whereas, monocrotophos (0.011),
quinalphos (0.012) and endosulfan (0.016) were observed to be more toxic to thié
spider. _(Table 26)-

4.8.2. P. viridana

Among the five insecticides tested against the adults of P. viridana,
acephate was safest of all (0.047) followed by chlorpyriphos (0.045), whereas the
chemicals' monocrotophos (0.041), quinalphos (0.041) and endosulfan (0.044)

were observed to be more toxic. (Table 26)-
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CHAPTER YV
DISCUSSION

Spiders are one of the most abundant predators regulating insect
populations in terrestrial agro ecosystems (Schaefer, 1974, Edwards ef al., 1976).
Young and Edwards (1990) found the presence of rich spider fauna especially in

_cotton (>300 species), which feed heavily on sucking insects. Not only this but in
ecotoxicological studies, spiders were acknowledged as sensitive bio indicators of

pesticide side effects (Everts 1990).

From this view point studies were concentrated on the distribution,
abundance, seasonal incidence, prey preferences of spiders of cotton ecosystem,
standardisation of sampling technique, predatory potential, impact of cultural
practices on spider population and the relative toxicity of recommended

insectictdes to spiders were also carried out.

5.1. Collection and identification of spiders under cotton ecosystems

Survey on spider fauna in different cotton ecosystems revealed a wide array
of 28 species under 17 genera and 8 families. The abundance of the spider species
in cotton ecosystem has been earlier documented by Young and Edwards (1990)

who monitored the rich spider fauna especially in cotton (>300 species).

The spider under genera Argiope, Bianor, Leucauge, Neoscona, Oxyopes,
Pardosa, Peucetia, Salticus, Tetragnatha and Thomisus, were reported in almost

all the cotton ecosystems under survey.

The spider species Araneus sp., Argiope sp., A. pulchella, Bianor sp.,
C. citricola, C. drassodes, C. viridanus, G. unguifera, L. decorata, Leucauge sp.,
N. elliptica, Neoscona spp., Olios sp., O. javanus, O. rufisternum P. paykulli,

Pardosa spp., P. pseudoannulata, P. viridana, T. cherapunjens, T. pugilis,



Tetragnatha sp., V.preymandibularis and V. monostriata were reported from the
cotton fields of Tamil Nadu.

5.1.1. Host range and seasonal abundance

When the host range was tested,the studies indicated that the spiders in
cotton ecosystem will prey upon almost all the insects present in the cotton
ecosystem, including some other predators. The spiders preying on cotton pests
was reported previously Dhulia and Yadav (1991). Breene et al. (1990) reported

spiders preying upon cotton leathoppers.

Most of the spider species were found to be abundant in the winter months
(October to February) which provides congenial climate for the development and
reproduction of spiders as eévidenced by the correlation studies carried out in the
present investigation, which showed one degree decrease in temperature will

increase the spider population by 4.54.

5.1.2. Abundance of spiders in cotton agro ecosystems

Quantitative estimates of spiders in different cotton ecosystems revealed
that the species richness was more in the cotton fields of Coimbatore than other
three areas viz., Kinathukadavu, Annur and Alanthurai. But in all the four cotton
ecosystems, the species richness was found to be more than that of border weeds.
This density variations between cotton field and border weeds can be attributed to
the fact that in case of cultivated fields the food availability is plenty and
continuous throug@ut the season. Similarly,Kamal et al. (1992) reported that the

species richness was more in rice field than that of the weedy fallow.

5.1.4. Influence of pest abundance, population levels of other groups of

predators

The multiple regression worked out between the population of spiders and

the sucking pests revealed that the spider population was independent of the
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population fluctuations of sucking pest. This is due to the fact that the spiders may
possibly limit their ability to regulate a given prey since it fails to respond
numerically to the increasing densities (Richert and Lockley, 1984). Another
reason might be that the spiders prefer other spiders, followed by dipterans even in
the presence of potential prey as reported by Nyffeler et al. (1987a). In contrary to
the above findings, Breene et al. (1988) also reported that the leathopper number

decreased as the population of spiders number increased.

The multiple regression analysis between population of spiders and other
predators indicated that there is no correlation between the existing spider
population and population of other predatorcs (coccinellids and chrysopids). The
plausible reason for this might be that the competition between spiders and other
predators was very meagre for the common prey as the spiders are polyphagous

insectivores (Wise, 1993).

5.1.5. Influence of weather factors on population dynamics of spiders

For evaluating the influence of weather factors on spider population, the
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multiple regression analysis was worked out which revealed that the spider

population was influenced by weather parameters such as minimum temperature -

and evening relative humidity. However, according to the findings of Kessler ef al.

(1984), the spiders in coastal plains aggregated during winter in tussocks of

‘sedges to protect themselves against adverse meteorological conditions like

reduced temperatures. The evening relative humidity was observed to be

negatively correlated with spider population. The relative humidity was negatively

correlated with the number of species reported by Hatley and Macmahon (1980). .

5.1.3. Seasonal incidence of spider population
The studies conducted on the seasonal incidence of spiders revealed that the

spider population increased gradually as the stage of crop advanced. However
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during earlier stages of crop growth (September to October) the spider population
fluctuated without showing any distinct trend, but after square formation it
increased steadily. This may be due to the availability of prey and slow increase in

the population of spider without any external interruptions.

This is in accordance with the findings of Nyffeler et al. (1987) where in

early season the spider numbers tend to be very low.

5.2. Standardisation of an effective sampling technique
The four commonly used sampling techniques for collection of spiders in

cotton ecosystem were compared to identify an effective method.

Among the four sampling methods compared viz,, net sweeping, counting
the websites, pitfall trapping and whole plant sampling; the whole plant sampling
method was found to be effective in yielding more number of spiders per plant
whereas the net sweeping method yielded less nﬁmber of spiders., However Bayot
et al. (1990) reported that net sweeping was easy to adopt and fast to execute than
other techniques in rice ecosystem. But in case of cotton, efficiency of net
sweeping was limited during the later stages, because of profuse branching and
boll formation. But Howell and Peinkowski (1971) and wheeler (1973) reported
that sampling of spiders of many systems was made difficult, because of plant
architecture which limited the access to portions of plant and preclude use of some

of more common sampling methods such as net sweeping.

Pitfall trapping was the another effective method which extracted
comparitively more number of spiders per plant next to the whole plant samplin;g,
method. Graveson and Toft (1987) also reported that pitfall trapping was the
predominant method of sampling the spider fauna in managed systems. According
to Hengmoss et al. (1998) pitfall traps were able to collect largest number of

beneficial arthropods, and it was more effective in capturing highly mobile,
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surface dwelling arthropods. In contrary, Topping and Sunderland (1992) stated
that pitfall data not necessarily represent real species compositions in the field. In
addition it reflect only the activity density of species but not absolute densities.
The least number of spiders per plant were collected in counting the web sites as it

over looks hunting spiders from sampling.

5.3. Predatory potential of spiders on cotton pests

In the present investigation, the predatory potential studies were conducted
for five predominant species of spiders occurring in cotton ecosystem. Among
these three were hunting spiders viz., O. javanus, P. viridana and C. drassodes and
two were web spiders viz., 4. pulchella and L.decorata. The predation rate was

tested on both sucking pests and caterpillar pests.

The results revealed that the O. javanus was able to consume more number
of leathoppers through all the instars where the adult was consuming more number
of leafhoppers per day, whereas aphids were preferred next, followed by
whiteflies. Among the lepidopreran pests it consumed more number of

H. armigera larvae followed by larvae of S. litura per day.

The predatory potential studies on the spider P. viridana inferred that the
adult P. viridana was capable of consuming aphids, leafhoppers, whiteflies, larvae
of H. armigera, S. litura as food in order of preference. When the instar wise

consumption of spider was considered it was in increasing manner.

The adult C. drassodes consumed aphids, leafthoppers and whiteflies, larvae
of H. armigera and S. litura. The consumption rate of spider increased gradually

from II instar to adult.

The studies on the predatory potential of web spiders revealed that the

A. pulchella consumed majority of leafthoppers followed by whiteflies and aphids
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larvae of Helicovernand Spodoptera respectively at the adult stage, where as adult
of L. decorata observed to consume more number of leathoppers whiteflies
followed by aphids, and larvae ofHelicoverpaThis spider did not show any
preference for Spodoptera larvae. For both of these spiders the predation rate

followed an increasing trend as the instar of spider advanced.

The predatory potential studies conducted on different spiders at different
stages inferred that the consumption rate of all spiders on a prey was increased
slowly as the stage of the spider advanced. This was proved by consumption rate -
of later instar spiderlings which devoured more number of prey insects when
compared to earlier instars. Also the consumption rate of adult was more when
compared with the developing stages. Similar trend was noticed in Rice
ecosystem by Chiu et al. (1974) in which fourth instar spiderlings Oxyopes
insecticeps Boes consumed more of BPH when compared to the predation by
their spiderlings on BPH. However this study has indicated high consumption rate.
of the adult spider than by the eighth and ninth instar spiderlings which might be
due to the larger size of adult predators, which requires more amount of food
compared to spiderlings. This type of possibility was also reported by several
workers (Nyffeler and Benz, 1981; Nentwig, 1987 - 5- Wise, 1993). According to
these reports the spiders feed predominantly on small size prey relative to their
own size (Prey length < predator length) and optimal prey length ranges from
50 - 80 per cent of spider length.

When the consumption rate on sucking complex was compared with that of
lepidopterans (caterpillars), all the spiders preferred mostly the sucking type of
insects as major food source than lepidopterans. This observations holds true with
the statement given by Turnbull (1960) which says that the lepidopterans and
coleopterans often escape from fragile sheet webs and thus compose an

insignificant fraction of the spiders diet. However at the adult stage the spiders
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preferred the larvae of lepidopterans compared to the earlier stages. But there -are
several reports on the spiders feeding on lepiopteran caterpillars. Mansour ez al.
(1980) reported that Chiracanthium mildei (Clubionidae) was observed feeding on
Spodoptera littoralis (Boisd). Similar report was made by Dhulia and Yadav
(1991) where Clubiona sp. was feeding on H. armigera and S litura. Rao et al.
(1981) reported the O. salticus consuming second instar of Heliothis and first and

fourth instars of §. litura.

5.3.1. Prey preference of spiders in mixed population of sucking pests

The prey preference studies conducted for the six predominant spider
species of cotton (four hunting and two web spiders) revealed that the hunting
spiders showed similarity in their prey preferences. These hunting spiders
preferred leathoppers , aphids, as major food followed by whiteflies. This was in
agreement with the findings of Alderweireldet (1994) who reported that the
aphididae can make 55 per cent of spiders prey. Nyffeler et al. (1987a) also
reported that P. viridana prey on leathoppers.

Similar trend of prey preference was also observed in the two web spiders
viz., A. pulchella and L.decorata tested. Both the spiders preferred more of
leafthoppers followed by whiteflies. Dhulia and Yadav (1991) also observed the

feeding of whiteflies by A. pulchella in cotton ecosystem.

The differences in prey preferences can be attributed to the habitat of
spiders, where the O. javanus move all over the plant and search for the prey
whereas P. viridana waits on the surface of leaf in cryptic manner and feeds on
prey whatever is encountered. The other spider C. drassodes rolls the leaf and
forms a dense web where aphid infestation 1s more, while the Salticus sp., were
present near the twigs infested with aphids. The web spiders can consume only

those insects got trapped in the web.
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5.3.2. Cross predation between spiders

The predation of spiders on other spiders was investigated under laboratory
conditions, which inferred that the adult non web spiders were feeding on other
spiders, especially in the absence of the alternative prey. This results can be
supported by the findings of Jackson (1977) who reported that the jumping spiders
frequently eat other spiders. Similar report was given by Nyffeler and Breene
(1990), Nyffeler et al. (1992), where higher levels of cannibalism was observed in
hunting spiders which may be crucial for survival under conditions of food
limitations. Nirmala (1990) also reported similar trend for L. pseudoannulata and

T. javana.

5.3.3.Cross predation between spiders and other predators

The predation of spiders on other predators was investigated under
laboratory conditions. These studies revealed that the adult hunting spiders were
feeding on fully grown grubs of Chrysoperla especially when the alternate prey
was absent. Where as P. viridana does not show any preference. This result can be
supported with the findings of Nyffeler ef al. (1987) who reported that O. salticus
includes Chrysoperla .as its prey in the field upto 42 per cent. Agnew and Smith
(1989), Guillebeau and All (1989) also indicated that the striped lynx spider
predates on Chrysoperla. Similar report was given by Dinter (1998). According to
him the larvae of Chrysoperla was highly acceptable by erigonids.

Also the fully grown grubs of Chrysoperla were observed to feed on spider
eggs in the absence of mother spider. The Chrysoperla grub consumed eggs of
O. javanus and C. drassodes. Similar report was given by Ganeshkumar (1994)
where Cyrtorhinus lividipennis (Reuter) consumed eggs of O. javanus in the

absence of mother spider.
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5.4. Impact of cultural practices on spider population

The impact of different cultural practices such as growing of resistant
varieties, fertilizer levels and spacing on spider population was investigated. The
results indicated that all these three practices were found to influence the
population density of spiders. Among the varieties MCU 5, TCH 1569, CNH - 120
MB and CW ROCK at two spacings (75 x 30 and 75 x 45 cm) and three fertilizer
levels tested (40 : 20 : 20, 80 : 40 : 40 and 120 : 60 : 60), the variety MCU 5 at
spacing 75 x 45 cm and fertilizer level 40 : 20 : 20 was observed to support more
number of spiders per plant. This can be supported by finding of Dekeer er al.
(1989) where day active spiders prefered short vegetation as the spiders are quick
hunters with excellent vision, dense foliage may obstruct their vision and impair

rapid jumping movements used to capture prey.

5.5. Toxicity of different insecticides to spiders

Pot culture experiments were conducted with the insecticides viz.,
chlorpyriphos, methyl demeton, endosulfan, monocrotophos, quinalphos,
imidacloprid, B.tr and neem, recommended for cotton, to assess the contact
toxicity, residual toxicity it’s effect on predation rates of the four spider species
(O. javanus, P. viridana, C. drassodes and A. pulchella). The residual toxicity
studies were restricted to the first three species only. Whereas the LCs, was
restricted to first two species only, which was conducted under laboratory

conditions.

The results of these experiments for contact toxicity at five different
intervals revealed that of all the chemical insecticides used monocrotophos caused
maximum mortality of the spiders followed by methyl demeton. The toxicity of
moncrotophos against the spiders was previously reported by Saxena ef al. (1989)
and Vanden berg et al. (1998) who claimed that the monocrotophos adversely

affected the spiders after first and second sprays. The toxicity of methyl demeton



was against the finding of Easterbrook (1997) where insignificant reductions in
numbers of spiders was observed due to this chemical. Other chemicals such as
endosulfan and quinalphos were also observed to be toxic. These observations can
be supported by the experimental results obtained by Ganesh Kumar and
Velusamy (1996) who reported toxicity of quinalphos against T. javana. High
persistency of monocrotophos and quinalphos was previously reported by
Nirmala (1990) against wolf spider. Toxicity of endosulfan was also reported by
Vanden berg et al. (1990) who observed reduction in spider population followed

by ils application,

The other two chemical insecticides viz., chlorpyriphos and imidaclbprid
were observed to be considerably safe. The results can be supported by the
findings of Curtis and Horne (1995) who reported that chlorpyriphos is not having
any effect on lycosids. Similar report was also given by Easterbrook (1997).
stating that no significant reduction in numbers of spider was observed followed
by the application of chlorphyriphos. However the safety of chlorpyriphos to
spiders was not in concordance with the reports of Thang et al,(1987};and
Nirmala (1990).But the safety of the chemical imidacloprid was in concordance

with the observations made by Lixin and Liang (1995) where imidacloprid used

for control of leafthoppers had no significant effect on spiders. Guifen ez al. (1996)

observed that the spider prey ratio was 1:0.23 indicating the safety of imidacloprid

to spider.

When neem and B.t were observed for contact toxicity, the toxicity of neem
was nil for all the spiders at all the intervals, whereas B.t, toxicity ranged from
13.32 to 28.89. Kareem et al. (1988, 1988a,1988b) reported the safety of neem oil
for rice spiders. The safety of neem against spiders was similar to the observations
of Dash et al. (1996) where the natural enemy population was greatest in NO 3 %
sprays. Raguraman and Rajasekaran (1996) also reported that a better
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recolonisation of predatory wolf spider was observed in neem treatments.. The

reason for safety of neem might be the quick degradation property.

In all the treatments the persistent toxicity decreased with the time interval.
Similar type of observations were also made by Nirmala (1990) and Ganesh
Kumar (1994).

5.6. Effect of residual toxicity of insecticides on mortality per cent

Among the chemicals, quinalphos and monocrotophos were observed to be
more toxic, when treated prey was offered to spiders whereas imidacloprid and
chlorpyriphos were observed to be safe. The B.7 was also observed to be safe and
neem was safest of all. Kiritani and Kawahara (1973), Chiu and Cheng (1976) and
Thang ef al. (1985) also observed significant mortality in predators not only from

direct toxicity but also from ingestion of prey that had taken up the insecticide.

The residual toxicity of chlorpyriphos was observed to be less. The reason
might be that it is rapidly detoxified in the animal body. And the higher residual
toxicity of monocrotophos observed might be due to the systemic nature of this

chemical.

The mortality percentage due to the residual toxicity was less when
compared with that of persistent toxicity ,the plausible reason might be that in case
of residual toxicity since the spiders were provided only with treated prey the
spiders did not have chance of experiencing contact effect, as well as insecticides
were probably converted to less toxic metabolites in body before being ingested by

the predator.

Among the treated prey offered, leafhoppers caused maximum mortality

for O. javanus whereas for P. viridana and C. drassodes, treated aphids as prey
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caused maximum mortality. This was in concordance with the prey preference of

the respective spiders

5.7. Effect of residual toxicity on predation rate
The effect of residual toxicity of monocrotophos and quinalphos on the
predation rate was observed to be a maximum extent, when sucking pests were

given as prey.

The minimum effect on predation rate was observed in case of

chlorpyriphos and imidacloprid respectively.

The residual toxic effect of monocrotophos, and quinalphos- on
L. psuedoannulata and on O. javanus was reported before by Ganesh kumar
(1994) where for chlorpyriphos the effect was less. The B.z.and neem observed to

affect the predation rate to a minimum extent.

5.8. LCsq values of certain insecticides for O. javanus and P. viridana

Studies on determination of median lethal concentration values for different
insecticides to the spiders O. javanus and P. viridana showed that acephate was
the safest chemicals followed by chlorpyriphos whereas the other three chemicals

monocrotophos, quinalphos and endosulfan were proved to be toxic.

The safety of acephate and chlopyriphos as well as the toxicity of
moncrotophos for the spider O. javanus was previously reported by Ganesh
Kumar (1994).
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The present studies were focused on identification, sarhpling and
predatory potential of spiders and impact of cultural practices and insecticides, on
spiders. Even though the investigations have proved spiders as potential predators
on cotton pests, this area was not exploited so far hence the future research can be
concentrated on

1. Development of appropriate mass culturing techniques for field release
of spiders.

2. Studies on conservation of spiders at field level can be carried out,
since they are sensitive to some cultural practices.

3. Interactions with other natural enemies should be studied as they are

generalist predators.

4. Studies on impact of other pesticides such as herbicides and fungicides

can be carried out.






CHAPTER VI
SUMMARY

Investigations on identification of the spider species existing in cotton
ecosystem, host range, their abundance and seasonal influence, standardisation of
an effective sampling technique, predatory potential, prey preferences, impact of
cultural practices and relative toxicity of various insecticides to spiders revealed

the following.

*  The survey conducted in 4 directions of Coimbatore yielded in 24species of
spiders from cotton fields and border weeds of Coimbatore, 19 from Annuf,
19 from Alanthurai and 13 from Kinathukadavu. The species richness in all

the places was more in cultivated fields than that of the border weeds.

*  Of the different spiders, the spiders under genera Argiope, Bianor, Leucauge,
Neoscona, Oxyopes, Pardosa, Peucetia, Salticus, Tetragnatha and Thomisus

were observed in almost all the places.

*  The survey revealed the occurrence of Araneus sp., Argiope sp., Clubiona
drassodes, Clubiona viridanus, Crytophora citricola, Gasteracantha
unguifera, Leucauge decorata, Leucauge sp., Neoscona ellipitica, Neoscona
sp., Olios sp., Oxyopes javanus, Oxyopes rufisternum, Pardosa spp.:
Pardosa pseudoannulata, Peucetia viridana, Plexipus paykulli, Salticus sp.,
Tetragnatha sp., Thomisus pugilis, Vicaria preymandibularis and Vicaria
monostriata which are being reported for the first time from cotton ecosystem
of Tamil Nadu, India.

*  The host range of the identified spiders includes homopterans, hemipterans,
lepidopterans, dipterans, coleopterans, hymenopterans and some other

predatory insects.
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The spider population was not influenced by the fluctuations of pest and other
predatory population. Whereas the weather factors like minimum temperature

and evening relative humidity were observed to have an impact.

Studies on seasonal incidence of spiders indicated that the population density

of the spiders increases as the crop stage advances.

Among the four sampling techniques tested, the whole plant sampling
technique was the most efficient one for the collection of spiders followed by

pitfall trapping and net sweeping.

The predatory potential studies on spiders revealed that as the stage of spider
advanced, the consumption rate also increased for all the spiders. The
sucking pests were consumed by all the instars whereas caterpillars were fed

only by late instar and adult spiders.

All the hunting spiders preferred the prey insects in the order of leathoppers >
aphids > whiteflies > where as web spiders preferred the prey insects in the

order of leafhoppers > whiteflies > aphids.

The interpredation studies of spiders revealed that hunting spiders will feed on

young ones of other spiders.

The cross predation studies indicated that the spiders were capable of feeding
on Chrysoperla grubs whereas the Chrysoperla grubs were feeding on spider

egg masses.

Among the cultural practices, variety, wider spacing anilower fertilizer levels

were found to have influence on the spider population density per plant.



112

Persistent toxicity studies showed that monocrotophos, methyl demeton were
toxic to spiders, chorpyriphos and imidacloprid were proved to be safe,

whereas B.t,and neem were safer among all.

Quinalphos and monocrotophos caused maximum mortality of spiders due to
residual toxicity followed by other chemicals when different prey insects

were offered. B.t.and neem oil were showing least residual effect on spiders.

The predation rate of the spiders was affected to 2 maximum extent when
treated with monocrotophos and quinalphos, whereas B.t.and neem oil were

having negligible effect.
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