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Abstract: The present study attempts to improve the understanding of resident spider population and seasonal
variations in their diversity in the rice agroecosystem of Kuttanad, one of the “Rice Bowls of Kerala”. The
investigation was carried out for a period of 2 years from June 2001 to February 2003. Fortnightly sam-
pling was done in four cropping seasons viz., Rabi 1 (June 2001 to September 2001), Kharif 1 (November
2001 to February 2002), Rabi 2 (June 2002 to September 2002) and Kharif 2 (November 2002 to February
2003). Spiders were collected from quadrates in 8 sites by hand-picking method. Different indices were
calculated using the SPDIVERS.BAS programme. Spider population in Rabi and Kharif seasons exhibited
slightly different species abundance and composition. Among the 94 species of spiders collected during
the study, 70 species of 17 families were recorded in the Rabi season and 94 species of 20 families in the
Kharif season. All families except Amaurobiidae, Pisauridae and Pholcidae were present in both seasons.
A total of 68 species had common occurrence in both crop seasons. Results indicate that the interaction
of seasons on spider abundance/assemblage was significant for Shannon, Richness and Evenness indices,
but non-significant for Simpson’s index. Population fluctuation of spiders showed insignificant difference
between the two seasons.
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Introduction

Spiders are potential biological control agents in agroecosystems (RIECHERT, LOCKLEY 1984, TANAKA
1989, BisHor, RiEcHERT 1990). Many researchers have provided descriptions of spider species
abundance or composition in a variety of agroecosystems (WISNIESWKA, PrRokorPy 1997). Other
researchers provided quantitative observations on the abundance of spiders (CARROLL, HoyT 1984)
or recorded spider predation events (RIECHERT, BisHoP 1990). A rice (Oryza sativa L.) field is a
complex agroecosystem, containing many aquatic, semi-aquatic, and terrestrial species (ORAZE et
al. 1988). Spiders are well represented among the many predators found in this habitat. Numerous
surveys of spiders have been conducted in the rice growing regions of Asia (HEONG et al. 1991,
BARRION, LITSINGER 1995, Kim 1995, BARRION, ScHOENLY 1999). The spider fauna of the rice fields
in India has been studied by many authors. Basic studies were carried out by PATHAK, SAHA (1999)
and BraTTACHARYA (2000). However, it is a less common practice among workers to compare
spider abundance at different stages of crop growth with the exception of the work of BANERT
et al. (1993). ANBALAGAN, NARAYANASWAMY (1999) also analyzed the population fluctuation of
spiders in paddy fields. Most of these studies were just limited to the identification of spiders and
investigation of the dominant spider species. There has been no study on their seasonal variation
and their ecological impact. Here we present the data that compare the abundance and richness
of spiders between two cropping seasons and during different stages of the crop growth.
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Materials and Methods

Study Area: Kuttanad is rightly called one of the “Rice Bowls of Kerala”, contributing nearly
20% of the total rice production of the Kerala state of India. This wetland rice agroecosystem
extends from 9° 17° — 9° 40’ N and 76° 19’ — 76° 33’ E. It is a low lying area of costal Kerala
situated 0.6 — 2.2 m below mean sea level and formed by the confluence of 4 major river systems
viz., Meenachil, Manimala, Pamba and Achancoil draining into the Vembanad Lake. It measures
approximately 25 km east to west and 60 km north to south on the west coast of Kerala, in which
about 53,639 hectares are used for rice cultivation. This is a warm, humid region and the seasonal
variation in the temperature ranges from 21°C —38°C. Humidity is also showing seasonal fluctua-
tion and the average annual rainfall received is around 300 cm of which about 83% is received
during monsoon period, from June to October.

Study Period: The investigation was carried out for a period of 2 years from June 2001 to
February 2003. Sampling was conducted in four seasons; Rabi 1 (June 2001 — September 2001),
Kharif 1 (November 2001 — February 2002), Rabi 2 (June 2002 — September 2002) and Kharif 2
(November 2002 — February 2003) at the following randomly selected 8 sites located in the same
altitude: Krishnapuram, Vellisrakka, Edathua, Champakulam, Pallikoottuma, Pallathuruthy, Ne-
dumudy and Moncompu. Rabi season is characterized by heavy rain (South-West Monsoon) and
high humidity. More than 80% of the total annual rainfall is received during this season. Kharif
season is characterized by low rainfall and dry weather (MENON ef al. 2000).

Sampling: Sampling was done every 15 days after transplantation (DAT) from quadrates.
Spiders were collected from 4 quadrates (1m x 1m) placed at four corners of 10m x 10m area by
visual search method between 9.30 — 11.30 hours. A sufficient core area was left to avoid edge
effects. All 4 quadrates were searched for a total of one hour. Seven visits were made per site
per season. A total of 28 quadrates were studied in each season per site. Spiders were collected
from the ground stratum and from the terminals of plants. Specimens from each quadrate were
preserved in 75% alcohol in the field and counted under a stereo-zoom microscope (Leica-MS5)
in the laboratory.

Identification of Spiders: The adult spiders were identified on species level and others on
genus or family level using available literature (TIKADER 1987, BARRION, LITSINGER 1995). Monthly
data were prepared for each season with detailed information on the occurrence of mature male,
female and juvenile spiders. Voucher specimens were preserved in 75% alcohol and deposited
in a reference collection housed with the Arachnology Division, Department of Zoology, Sacred
Heart College, Cochin, Kerala, India.

Data Analysis: The diversity indices like the Shannon-Wiener index (H'), which is sensitive
to changes in the abundance of rare species in a community, and the Simpson index (L), which
is sensitive to changes in the most abundant species in a community, Margalef Richness index
(R) and Evenness index (E) of spider communities were calculated using the SPDIVERS.BAS
program of LubwiG, REynoLDs (1988). Shannon-Wiener index is defined as:

H'=-} logp,
Where: p, = the observed relative abundance of a particular species (SoLow 1993).

Simpson index is defined as:
A=3n(n-1)/ [N (N-1)]
Where: n = the number of individuals of species i and N = }n (SoLow 1993)

Margalef richness index is defined as:
R =S-1/In (n).
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Where: S = total number of species in a community, and » = total number of individuals
observed.

Evenness index is defined as:

E =1In (N1)/In (NO).

Where: N/ = number of abundant species in the sample, and N0 = number of all species in
the sample. One tailed ANOVA tests were used to test the hypothesis that the crop growth stages

and seasons resulted in different abundance and composition of spider assemblages. Feeding guild
classification was done following Utz et al. (1999).

Results

Species Composition: A total of 17,717 individuals belonging to 94 species, 64 genera and 20
families were collected during the study (Table 1). In the Rabi season 70 species of 17 families
and in the Kharif season 94 species of 20 families were collected. The spider population in the
Rabi and Kharif seasons exhibited a slightly different species composition. The family level
composition also shows differences between the two seasons. All families except Amaurobiidae,
Pisauridae and Pholcidae were present in both seasons and species that commonly appeared in
both seasons numbered 68.

Table 1. List of spiders collected from the Kuttanad rice agroecosystem.

Family No. of genera No. of species No. of indi- Guild

viduals
Amaurobiidae 1 1 5 Sheet webs
Araneidae 5 11 2142 Orb weavers
Clubionidae 1 2 19 Foliage runners
Corinnidae 1 1 49 Ground runners
Gnaphosidae 1 1 11 Ground runners
Hersiliidae 1 1 8 Foliage runners
Linyphiidae 2 4 3576 Sheet webs
Lycosidae 4 9 3378 Ground runners
Miturgidae 1 1 11 Foliage runners
Oxyopidae 2 6 429 Stalkers
Philodromidae 2 2 14 Ambushers
Pholcidae 3 3 16 Space builders
Pisauridae 1 1 1 Ambushers
Salticidae 15 17 1625 Stalkers
Scytodidae 1 1 30 Ambushers
Sparassidae 2 3 42 Foliage runners
Tetragnathidae 6 12 4489 Orb weavers
Theridiidae 5 5 1760 Space builders
Thomisidae 6 75 Ambushers
Uloboridae 3 3 30 Orb weavers
Total 64 94 17717

The spiders collected in the largest numbers were Phycosoma martinae (ROBERTs, 1983)
(8.12% of total collection), Pardosa pseudoannulata (BOSENBERG, STRAND, 1906) (7.13%), Eri-
gone bifurca Locker, 1982 (7.07%), Tetragnatha andamanensis TIKADER, 1977 (7.05%). Atypena
adelinae BARRION, LITSINGER, 1995 (6.75%), Dyschiriognatha dentata Zuu, WEN, 1978 (5.97%),
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Araneus ellipticus (TIKADER, Bar, 1981) (5.26%), and Tetragnatha cochinensis GRAVELY, 1921
(4.77%). The major component of the spider population found in this ecosystem was the family
Tetragnathidae composed mainly of D. dentata, T. andamanensis, T. cochinensis and the fam-
ily Linyphiidae mainly composed of Atyepena and Erigone. Besides the above, Lycosidae and
Araneidae were found in relatively large numbers. The families Tetragnathidae and Linyphiidae
constituted 45%, while Lycosidae and Araneidae constituted 31% of the total collection.

In the Kharif season, Tetragnathidae and Lycosidae were the dominant families. However,
in the Rabi season the second dominant family was Linyphiidae. Lycosidae constituted 20% of
the Kharif spiders and 16.91% of the Rabi spiders. Eleven minor families constituted 1.163%
of the total collected spiders. Theridiidae (9.93%), Salticidae (9.17%), Oxyopidae (2.42%), and
Thomisidae (0.42 %) were also represented in the fauna from these sites.

Diversity, Evenness and Richness indices: There were some significant differences in Shan-
non index, Richness index and Evenness index between the two seasons. But the Simpson index
was not significantly different in the two seasons. The highest Shannon index value of the Kharif
season was 3.55 and the lowest was 2.95 with a mean of 3.32 & 0.04. But in the Rabi season, it
was 3.34 and 3.02 with a mean of 3.19 £ 0.02. The one way ANOVA showed that the Shannon
index showed significant variation (F, , =7.41, P = 0.01) between the two seasons. In the case
of the Simpson index, the maximum value of the Kharif season was 0.61 and the minimum was
0.37 with a mean of 0.46 = 0.01. In the Rabi season, it was 0.56 and 0.37 and 0.47 + 0.01. This
showed no significant difference between the two seasons (F, , = 0.61, P = 0.04). In the case
of the Richness index, the Kharif maximum value was 9.88 and minimum 4.63 and mean 7.61
+ 0.40. However, in the Rabi season, it was 7.75 and 4.40 and 5.80 + 0.27. This also showed a
significant difference between the two seasons (F, ;)= 34.70, P = 0.08). The average Evenness
value of the Kharif season was 0.85 £ 0.01 with a maximum of 0.90 and a minimum of 0.82. In the
Rabi season however it was 0.88 + 0.01, 0.91 and 0.83 respectively. The ANOVA result showed
a significant difference (F, ;)= 18.03, P =0.01). The above results indicated that the interaction
of seasons on spider composition was significant for Shannon, Richness and Evenness indices,
but was non-significant using the Simpson index.

Population: The population growth showed a gradual increase in the 15", 30" and 45" DAT
followed by a slight decrease in the 60" DAT. Then it continued to grow up to the 90" DAT and
reached the peak and then showed a sudden decline (Fig. 1). The number of species obtained during
the sampling showed a gradual increase in number as the growth of the plants advanced and the
maximum number of 86 species was collected on the 90" DAT sampling. The number of individu-
als also increased as the crop growth advanced and the maximum number (5442) was collected
in the 90 DAT. A doubling of individuals occurred between 60" and 75" DAT as shown in Table
2. The value of the Shannon index also showed a gradual increase except in the 60" DAT with an
average of 3.05 during the entire growth. But the Simpson index value registered an irregularity
and the maximum value was reached on the 15" DAT and the minimum on the 90" DAT with an
average of 0.60. The richness index value showed the same tendency as number of individuals
reached its peak during the 90" DAT. The value of evenness index showed more similarity in the
15", 30" 45" and 60™ DAT than 75", 90" and 105" DAT. Spiders of the family Corinnidae appeared
for the first time on the 45" DAT and Pholcidae with Pisauridae appeared in 75" DAT. No male
spiders were collected in the 15" DAT and a peak of M: F ratio occurred in the 45" DAT and then
declined. In the case of A: J ratio, peak value was obtained on the 30" DAT and then decreased.
The fluctuation in the population density showed a difference between the web builders and the
non-web builders. The density of web builders gradually increased and then decreased at the
time of harvest. But hunters showed a trend of continuous increase in population density towards
harvest (Fig. 1) and some families were present only at the final stage of crop growth. This study
reveals that non-web builders outnumbered the web builders in this rice ecosystem.
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Fig. 1. Population fluctuation of individuals of dominant families during DAT of crop growth.

Table 2. N - Number of individuals, S - Number of species, H' - Shannon index, A - Simpson index,
R - Richness index, E - Evenness index, M:F - Male to Female ratio and A:J - Adult to Juvenile ratio during
DAT of crop growth in Kuttanad rice agroecosystem during the study.

DAT N S H' by R E M:F A:J
15 0178 15 2.53 0.95 2.75 0.92 0.00 12.46
30 0544 19 2.68 0.76 2.95 0.89 6.33 23.81
45 1533 31 2.99 0.57 4.16 0.86 7.00 06.11
60 1542 38 2.96 0.64 5.10 0.80 2.38 02.21
75 3595 64 3.27 0.49 7.74 0.78 2.62 02.25
90 5442 86 3.56 0.37 9.92 0.79 221 01.77
105 4883 74 3.38 0.46 8.62 0.78 2.15 01.98
Total 17717 94 3.05 0.60 5.89 0.83 3.24 07.22
Discussion

Twenty spider families recorded from Kuttanad rice agroecosystem represent 43% of the families
reported from the country (PLatnick 2005). The number of families found here is as high as or
higher than the number recorded for other biomes surveyed in India (JosE et al. 2006). The numbers
of taxa recorded are generally higher than those reported for other surveys of rice ecosystems.
Barrion, LITSINGER (1984) collected 13,270 specimens belonging to 51 species under 64 genera
and 16 families during a 3-year study. This difference in quantity and quality of spider fauna is
related to the time of the collection and method of sampling. There are many environmental fac-
tors like seasonality, spatial heterogeneity, competition, predation, habitat type, environmental
stability and productivity that can affect species diversity (RiecHErT, Bisnor 1990). We found
overall significant differences in the diversity, evenness and richness between the two seasons. The
results indicate that both seasons show different species composition. It might be expected that
climatic changes through seasons would influence the abundance of spiders (Kato ef al. 1995).
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Studies of RusseLL-SmiTH (2002) established the importance of rain fall in the regional spider
diversity. In the tropics, a continuum of species with extended seasonal ranges has been found
(Basset 1991), which would give rise to variable samples at different times of the year. Most
spiders are limited to a certain extent by environmental conditions. In general, different species
have varying humidity and temperature preferences and are limited to those seasons which offer
a microclimate within the range of their physiological tolerances. So the difference in species
diversity between the two seasons is likely to be due to the difference in the amount of rainfall
and temperature in the two seasons.

Diversity analysis determines the significance of observed differences in community structure
between different crop growth stages and two seasons based on the species abundance distribu-
tions (SoLow 1993). A diversity index incorporates both species richness and evenness in a single
value (MAGURRAN 1988). Two diversity indices used here are Shannon-Wiener index (H'), which
is sensitive to changes in the abundance of rare species in a community, and Simpson index (),
which is sensitive to changes in the most abundant species in a community. In the present study, the
value of H' increased as crop growth advanced. This indicates the presence of some rare species in
the spider community as crop growth advanced. A decline in the value of A as crop growth in the
present study indicates the dominance of some spiders like tetragnathids and lycosids in the initial
period of crop growth. A diversity index allows comparisons to be made between two conditions.
This index is more easily interpreted than other diversity indices. If values for diversity indices are
often difficult to interpret, species richness and evenness are often presented as separate values. In
this form they provide important insights into the ecological changes that occur over time or the
differences between ecological communities (BisBy 1995). It would appear that an unambiguous
and straight forward index of species richness would be Richness index (R), the total number of
species in a community. Species richness examines the number of species occurring in a habitat.
Overall species richness is the most widely adopted diversity measure. However, since R depends
on the sample size, it is limited as a comparative index. Hence, a number of indices have been
proposed to measure species richness that is independent of the sample size. They are based on
the relationship between R and total number of individuals observed, n, which increases with
increasing sample size. When all species in a sample are equally abundant an evenness index will
be at its maximum, decreasing towards zero as the relative abundance of the species diverges away
from evenness. Probably the most common evenness index used by ecologists is E. An evenness
index should be independent of the number of species in the sample. It has shown that the addition
of a rare species to a sample that contains only a few species greatly change the value of E.

Additionally, there are many factors that determine the species composition. This may be
related to the changes in the vegetation structure of the habitat. Kaiak (1965) found that relative
spider and prey densities were related to the structural diversity of the habitat, and TURNBULL (1966)
attributed similar relative predator and prey densities to environmental conditions operating in
both groups. According to TurNBULL (1973), most webs have specific attachment and space re-
quirements. CHERRETT (1964) found that adult orb weavers in a grass land habitat needed a vertical
space of at least 25-30cm? for web placements, a factor which strongly limited those spiders to
certain habitats. Other workers have also found the availability of specific structural features to
limit the habitats occupied by various web-builders (Durrey 1962). Structurally complex crops,
providing a wider assortment of resources, would be predicted to support a more diverse spider
assemblage, thus increasing the chances of the “best” match between spiders and insect pests. The
results of this study also indicate the influence of vegetation structure on the diversity of resident
spider community. The web building and plant wandering spiders rely on vegetation for some part
of their lives, either for finding food, building retreats or for web building. The structure of the
vegetation is therefore expected to influence the diversity of spiders found in the habitat. Studies
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have demonstrated that a correlation exists between the structural complexity of habitat and species
diversity (UeTz 1979, Anpow 1991). Utz (1991) suggests that structurally more complex plants can
support a more diverse spider community. DowNIE ef al. (1999) and New (1999) have demonstrated
that the spiders are extremely sensitive to small changes in the habitat structure; including habitat
complexity and microclimate characteristics. Thus the physical structure of the environments has
an important influence on the habitat preferences of spider species especially web-building species
(Hurp, FaGaN 1992). Vegetation structure seems to influence the spider composition on family
level because similar families cluster within a similar habitat type. The result also indicates that
similar species are present at specific stage of crop growth. Thus, vegetation structure may be a
more important determinant than the seasonal variation alone. This provides valuable insights
as to why certain species may dominate at different times of the season. Vegetation architecture
plays a major role in the species composition found within a habitat (GREENSTONE 1984, SCHEIDLER
1990), and vegetation which is structurally more complex can sustain higher abundance and diver-
sity of spiders (HATLEY, Mac MaHoN 1980). The final stage of the crop results in a habitat that is
more complex and can support higher diversity. Surveys have demonstrated that spiders respond
numerically to the diversity and complexity of the vegetation (RypsTrA 1983, HaLaj et al. 1998).
Difference in vegetation architecture during crop growth accounts for the different community
structure of spiders in the present study. In addition, the difference in the seasonal abundance of
spiders may be due to the variation in patterns of activity of individual spiders and the phenology
of total spider community (Corey et al. 1998).

An increase in the spider population according to the plant growth tends to depend on prey
availability and, if the density of prey becomes higher, spiders are expected to increase proportion-
ally to some extent. The peak of population density of spiders coincides with an increase of insect
pests (KiriTant ef al. 1972). It has already been pointed out by KoBayasti (1961) that the values of
correlation coefficients between the population density of insect pests and that of spiders tend to
increase from negative to positive form as crop growth advanced. As no quantitative evaluation
was done on the insect pest density during this study, further investigations should be carried out
to reveal the influence of insect pests on the resident spider community. The amount of preys alone
does not affect the density of spiders. What can be cited as other important factors is the number
of surviving individuals after hibernation and other repair works related to agriculture. The halter
often deals a heavy blow up on spiders because it destroys the vegetation on the ground surface.
The growth of weeds quickens the time of draining water from paddy fields and this is considered
to promote migration of spiders from dikes to paddy fields and dikes can act as an over wintering
place of pests and as a source of spiders (vaN DEN BosH, TELFORD 1964)

The changes noted in spider association with specific crop stage at different sampling times
were related to the flowering state of the crop. A multiple regression analysis of prey density
versus various conditions of the physical environment and habitat features revealed the presence
of a significant relationship between high insect density and the presence of flowering herbs and
shrubs in the vicinity of the web (RiecHERT 1981). Although it is reasonable to expect a significant
influence of crop characteristics on structuring the resident spider community, the importance
of adjacent habitats must also be considered (DUELLI et al. 1990). Selective forces of the crop
environment can act only on “what is available” i.e., sets of species colonizing in the fields from
the neighbouring habitats. Neighbouring habitats may also influence the composition of crop
spider fauna indirectly by modifying the dispersal of potential spider prey and predators in the
patchy agricultural landscapes (PoLis ef al. 1998). The quality of the adjacent habitats influences
the spider composition of the focal habitat via multitudes of direct and indirect channels. Since
no data were collected from the adjacent habitats and bunds, more studies should be carried out
to reveal the influence of these habitats on the occurrence of spiders in the rice field proper.
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Ce30HHA U3MEHUMBOCT Ha masiuTe (Araneae) B Opu30Ba
arpoexkocucteMa B Kyranan (Kepama, Muaus)

A. Cyoxukymap, M. Mamio, E. Cynuw, I1. Cebacmuan

(Pe3rome)

[Ipoyuen e BUIOBHAT ChCTAB U CE30HHATA JMHAMMKA Ha MasIIUTE B OPU30Ba arpoOCKOCHUCTEMA B
Kyranan. M3cnenBanero e mposeaeno ot 1ouu 2001 o despyapu 2003 . MaTtepnansT € yaaBsH
ype3 phUeH cOOp JBa ITBTH B MecCeIa 10 BpeMe Ha YEeTHUPH KBTBEHH ce30Ha — Pabu 1 (1oHu -
cenremBpu 2001), Kapud 1 (moemspu 2001 - peBpyapu 2002), Padu 2 (ronu - cenremspu 2002)
u Kapugd 2 (moemspu 2002 - deBpyapu 2003). Ot crbpanure 94 Buna masmu, 70 Buma ot 18
cemeiicTBa ca ycTaHOBEHH Ipe3 ce3oHa Rabi, a 94 Buma ot 21 cemeiictBa mpe3 cezona Kapud.
HaOntonaBar ce He3HaYMTEIHM Pa3IMKU B IUNIBTHOCTTA W BUJIOBUSI ChCTAB HA IOIMYJIALMHUTE B
cesonnte Pabu u Kapud. Becnuku cemetictsa, 6e3 Amaurobiidae, Pisauridae u Pholcidae, nim 06110
68 BH/Ia masiiy, ca yCTAHOBEHHU U B JIBaTa ce30Ha. Pe3yararure, aHaIu3upaHu upe3 ImporpaMara
SPDIVERS.BAS u naaexcure Ha Shannon, Richness u Evenness moka3sar, 4e BIMSHHETO Ha
Ce30Ha BbPXY IUTBTHOCTTA Ha MOMYJIAMKUTE W BUJOBOTO Pa3HOOOpa3ue € 3HAYMTEIHO, JJOKATO
MpHJIaraHeTo Ha WHAECKCAa Ha Simpson Mokas3Ba oOpaTHOTO. ABTOPHTE CTHTaT J0 M3BOJAA, 4Ue
(urykTyalMuTe B MOMYJIAlMKTE ITPE3 ABaTa OCHOBHHU CE30HA ca He3HAUUTEIIHHU.
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