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ABSTRACT 
  

Horticulture plays a pivotal role in enhancing the food security in our country through 

increased production of fruits, vegetables and spices. Spiders in the croplands helps in 

biocontrol of pests in crop fields and there by alleviate the problem of increased use 

of agrochemicals and health hazards due their residues in crops. This study was 

conducted or investigating the diversity of spiders within horticultural ecosystems 

across five different sites in Thrissur district, Kerala, India. The research spanned two 

years, from 2016 to 2018, focusing on croplands in Kuzhur, Narayanamangalam, 

Nenmanikkara, Bharata, and Chelakkara, all located in Thrissur district. 116 species 

of spiders from 75 genera and 21 families were found from the fields of horticultural 

crops in the Thrissur district. Salticidae and Araneidae were the predominant  

families, with Salticidae exhibiting the highest richness, comprising 25 genera and 30 

species, followed by Araneidae with 10 genera and 24 species. A noticeable difference 

in diversity, richness and abundance was observed among the habitat surveyed. 

Nenmanikkara ranked highest in case of richness and Narayanamangalam in case of  

abundance. An adequate sampling efficiency was reported as the species accumulation 

curves approached the plateau. On analysis of seasonal fluctuation of diversity, post 

monsoon season peaked in richness and abundance while in pre-monsoon season it 

reached to lowest value. Rank abundance curves for various habitats and seasons were 

plotted for visual comparison of diversity. Out of the seven feeding guilds reported, 

other hunters turned to be the dominant one. A preliminary analysis on the impact of 

two commonly used pesticides; quinalphos and lambda cyhalothrin on four dominant 

species of spiders, was conducted. It was found that both these pesticides adversely 

affect the feeding efficacy of all the four species of spiders under study. It was also 
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noteworthy that the impact of lambda cyhalothrin was significantly higher than 

quinalphos in all the cases. 

Key words: Diversity, horticulture, species accumulation curve, Rank abundance 

curve, feeding guild, feeding efficacy. 
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സം�ഹം 
 
��, ഫല, �ഗ�വ��ന��െട ഉൽപാദന�ി�െട ഭാരത�ിെ� 

ഭ���ര��് േഹാർ�ികൾ�ർ നൽകിയ സംഭാവന വളെര വ�താണ്. മ� 

പര�രാഗത �ഷി രീതികെള േപാെല�െ� േഹാർ�ികൾ��ം േനരി�� 

വലിയ ഒ� ��ം കീട��െട ആ�മണ�ം തദ�ാരാ ഉ�ാ�� �ഷി ന��ം 

ആണ്. കീടശല�ം നിയ�ി��തിനായി കീടനാശിനിക�െട അമിത 

ഉപേയാഗം ഉ�ായാൽ അത് ഭീതിദായകമായ ആേരാഗ����ളിേല�് വഴി 

െതളിയി�ക�ം െച�ം. ഇവിെടയാണ് ൈജവ കീട നിയ�ണ മാർഗ��െട 

�ാധാന�ം. ഷഡ്പദ കീട�െള ആഹരി�� �ധാന ജീവിവർ�ം എ� 

നിലയിൽ ചില�ികൾ ൈജവകീട നിയ�കരി�  ഗണ�മായ പരിഗണന 

അർഹി���്. ൈവവിധ��ിൽ ഏഴാം �ാന�് വ�� എ��ം 

ഇ�ാര��ിൽ ചില�ിക�െട �ാധാന�ം വർധി�ി���്. 

ഇേ�ാൾ നട�ിയിരി�� ഈ ഗേവഷണപഠന�ിൽ പഠനം �ധാനമാ�ം 

ഊ�ൽ നൽ��ത് ��ർ ജി�യിെല അ�് േഹാർ�ികൾ�ർ 

�ഷിയിട�ളിെല ചില�ിക�െട ൈജവൈവവിധ�ം, കാലാവ�യി��ാ�� 

മാ��ൾ, കീടനാശിനി �േയാഗ�ൾ എ�ിവ അതിെന സ�ാധീനി�� വിധം 

�ട�ിയവയാണ്. ഭരത, േചല�ര, ��ർ, െന�ണി�ര, നാരായണമംഗലം 

എ�ീ അ�് �ഷിയിട�ളിലായി 2016 �തൽ 2018 വെര നട�ിയ ��ത 

പഠന�ിൽ 21 ��ംബ�ളിൽെപ� ചില�ികളാണ് ആണ് റിേ�ാർ�് 

െച�െ��ി��ത്. ഇതിൽ 75 വിവിധ ജീന�കളിൽ െപ� 116 �ീഷീ�കൾ 

ഉൾെ���. ഏ��ം ഉയർ� ൈവവിധ�ം �കടി�ി��ത് സാൾ�ിസിെഡ, 

അരാനിെഡ എ�ീ ��ംബ�ളാണ്. 25 ജീന�കളിൽ ആയി 30 �ീഷീസ് 

സാൾ�ിസിെഡയി�ം 10 ജീന�കളിലായി 24 �ീഷീ�കൾ അരാനിെഡയി�ം 

വ��. ചില�ിക�െട എ��ിൽ നാരായണാമംഗലെ� കാർഷിക 

ആവാസ വ�വ��ം �ീഷീസ് ൈവവിധ��ിൽ െന�ണി�രയിെല 
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അവസാവ�വ��ം ഒ�ാം സ�ാന�് നിൽ��. �ീഷ�സ് 

അക��േലഷൻ കർ�കൾ ഉപേയാഗി�� പഠന�ി�െട സാം�ി�് 

��ിയയിെല കാര��മത�ം ഉറ�വ��ിയിരി��. െത�കിഴേ� 

മൺ�ണിെന അടി�ാനെ���ി പഠനകാലയളവിെന മൺ�ൺ 

�ർ�കാലം, മൺ�ൺ കാലം, മൺ�ൺ േശഷകാലം എ�ി�െന ��ായി 

തരം തിരി�ിരി��. ഏ��ം ഉയർ� ൈവവിധ�ം �കടമാ��ത് 

മൺ�ൺേശഷകാലഘ��ി�ം ഏ��ം �റവ് ൈവവിധ�ം മൺ�ൺ �ർ� 

കാലഘ��ി�മാണ്. ൈജവൈവവിധ� താരതമ�പഠന�ിനായി ഷാേനാൻ 

ൈഡേവ�ി�ി  ഇൻഡ�്, സിം�ൺ ൈഡേവ�ി�ി ഇന്ഡ�്, റാ�് 

ആബൻഡൻസ് കർവ്, ൈഡേവ�ി�ി െ�ാൈഫൽ  കർവ് എ�ിവ 

ഉപേയാഗെ���ിയിരി��. തിരെ��� നാല് �ീഷീസ് ചില�ികളിൽ 

കീടനാശിനികളായ ക�ിനാൽേഫാസ്, ലാംഡാൈസഹാേലാ�ിൻ എ�ിവ�െട 

ആഘാത�ം പഠന�ിൽ  ഉൾെ���ിയിരി��. നാല് �ീഷീസ് 

ചില�ികളി�ം ലാംഡാൈസഹാേലാ�ിൻെറ ആഘാതം ക�ിനാൽേഫാസിെന 

അേപ�ി�് ��തൽ തീ�മാെണ�് കെ��ിയിരി��. 

�ധാന പദ�ൾ: േഹാർ�ികൾ�ർ, ഷാേനാൻ ൈഡേവ�ി�ി ഇൻഡ�്, 

സിം�ൺ ൈഡേവ�ി�ി ഇൻഡ�്, റാ�് ആബൻഡൻസ് കർവ്, ൈഡേവ�ി�ി 

െ�ാൈഫൽ  കർവ്, �ീഷ�സ് അക��േലഷൻ കർവ്. 
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INTRODUCTION 

1.1. A prelude to the spider world 

Spiders (Phylum Arthropoda, Class Arachnida, Order Araneae) are an exceptionally 

unique group of animals with a remarkably complex niche structure. They are 

distributed all over the world except in Antarctica (Piel, 2018).Their presence can be 

traced in every imaginable habitat on earth, including the dwelling places of many 

other creatures. They play a key role in managing the population size of a large 

number of other arthropods to a lower level (Nyffeler & Birkhofer, 2017). They 

exhibit a wide variety of lifestyles, behaviours and adaptations. Being generalist 

predators, their role in the ecosystem is highly significant. As obligate carnivores, 

they assume the position of  second-order consumers in the ecosystems they live. 

They also act as the prey of many creatures, including insects, fishes, reptiles, and 

birds. Even though spiders are considered to be the generalist predators, many 

exceptions are there, like Bolas spiders which feed only on male moths (Stowe et al., 

1987), and some spiderlings that take their nourishment  from pollen grains (Smith 

& Mommsen, 1984; Taylor & Foster, 1996; Taylor & Pfannenstiel, 2008), 

Dolomedes triton (Walckenaer, 1837) subsists on the neustons of water bodies 

(Zimmermann & Spence, 1989). Nectivory and pollinivory can be seen in many 

spiders especially in salticids as a mechanism for nutrient supplementation. (Jackson 

et al., 2001). Bagheera kiplingi Peckham & Peckham, 1896 is reported to be 

herbivorous and feed mainly on selected leaf tips (Meehan et al., 2009). 

 By playing the role of both predators and prey, spiders facilitate nutrient 

cycling and energy transfer in their ecosystems. Spiders can function as a top-level 

consumer in the detritus food chain as the epigeal spiders feed on many detritivorous 
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insects like collembolans and mites (Wise et al., 1999; Shimazaki & Miyashita, 

2005). There are several documentations on their interactions such as intraguild 

competition with other arthropods, particularly ants (Gibb, 2003; Lenior et al., 2003; 

Sanders & Platner, 2007). Their trophic status in different ecosystems may also vary. 

Adult spiders are one level higher consumers than their juveniles, according to some 

research (Sanders & Platner, 2007). All of these suggests that their trophic 

interactions are complex, and they function as consumers of various levels of the 

grazing and detritus food chains. So, their  impact on the community structure of the 

habitat that they belong to, is substantial.  

Parasitic interactions also can be seen in many spiders. Several micro and 

macroparasites associated with spiders have been reported so far. Microparasites 

include Araneopathogenic fungi (Zare & Grams, 2001; Evan, 2013; Shreshtha et al., 

2019) bacteria (Tanaka & Watanabe, 2003, Gilbert et al., 2016), while 

macroparasites mainly include endoparasitic nematodes (Poinar, 2000; Hanelt et al., 

2005)   as well as ectoparasitic mites (Wunderlich, 2000; Bernardi et al., 2017) and 

wasps (Korenko, 2017; Nyffeler & Brikhofer, 2017). Spiders, being top-level 

predators in many ecosystems, their parasitic interactions play a crucial role in the 

population dynamics. 

Another important feature that helps spiders to thrive successfully on earth is 

their capacity to mimic. Different arthropods like ants, scorpions and 

pseudoscorpions function as the model for mimicry of spiders. The classical 

example of mimicry by spiders is myrmecomorphy. Several species of spiders, 

belonging to 13 different families show myrmecomorphy (Cushing, 1997; 2012). 

They imitate ants morphologically or/and behaviourally. The most striking ant 

mimics can be seen in the family Salticidae. Myrmaplata Prószyński, 2016, 
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Myrmarachne MacLeay, 1839, Toxeus C. L. Koch, 1846 etc. are some of the genera 

that include ant-mimicking spiders. Castianeira Keyserling, 1879 (family 

Corinnidae) is also a genus with ant-mimicking species. Many myrmecomorphic 

spiders will have a narrow and long body with long legs. They used to raise their 

legs and wave while walking to create an ‘antennal illusion’ (Ceccarelli, 2008). 

Besides getting protection from predators like wasps (Edmunds, 1993), mantises 

(Nelson et al., 2006) and other spiders (Durkee et al., 2011; Nelson, 2012) the 

association with ants provides them ample availability of food. Many spiders like 

Masoncus pogonophilus Cushing, 1995 (family Linyphiidae) feed on the materials 

that ants stored in their nest (Cushing, 1998), while some others like Cosmophasis 

bitaeniata (Keyserling, 1882) a spider that shows chemical mimicry of weaver ants 

(Allan et al., 2002; John, 2020) feeds on its larvae (Allan & Elgar, 2001). 

Myrmarachne melanotarsa Wesołowska & Salm, 2002 lives in aggregations, 

mimicking an entire ant colony (Nelson & Jackson, 2009). 

1.1.1. Morphology of spiders 

In spiders, the body may be divided into two tagmata: Prosoma and opisthosoma and  

are connected by a narrow pedicel. Prosoma bears 4 pairs of legs, 8-10 simple eyes 

and a pair of chelicerae and pedipalps. The number, position and arrangement of 

eyes and number of cheliceral teeth are of extremely high taxonomic importance. 

The terminal region of the pedipalp in male spiders is provided with a complex 

organ called the palpal organ. It is an intromittent organ and the species-specific 

structural peculiarities of these organs are also taxonomically important. 

Opisthosoma corresponds to the abdomen. Except in Mesothelae, the abdomen is 

externally unsegmented and bears 1-4 pairs of appendages called spinnerets which  
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are usually used for silk spinning. Each spinneret may have several small, 

translucent hair-like structures called spigots. 

1.1.2. A brief outline of spider taxonomy 

Despite their hyper-diverse nature, all spiders have some distinctive characteristics, 

like the chelicerae associated with venom glands and modified tarsi in the pedipalps 

which help the male spiders to transfer sperm to the epigyne of females (Wheeler et 

al., 2017; Wang et al., 2018). But of all their shared features, spiders are popular for 

their capability to produce silk and manipulate it according to the needs. The major 

synapomorphy of this clade is its spinning apparatus (Wheeler et al., 2017; Wang et 

al., 2018), formed by silk-producing glands that lead to appendages called 

spinnerets, present in the fourth and fifth opisthosomal (abdominal)  segments 

(Pechmann et al., 2010). Based on synapomorphies, the order Araneae is grouped 

into two distinct groups, Mesothelae and Opisthothelae. Mesothelae include 

primitive spiders with many plesiomorphic characters like visible external 

segmentation of opisthosoma and lack of venom glands. But their existence as a 

group of spiders is evidenced by certain synapomorphic characters like the presence 

of sternites and tibial spurs (Haupt, 2003; 2005). Opisthothelae include spiders with 

no external segmentation of opisthosoma. Apomorphic features like the presence of 

venom glands and the posterior position of spinnerets are also the characteristic of 

opisthothelae (Ax, 2000; 2012). Opisthothelae is classified into Mygalomorphae and 

Araneomorphae. Mygalomorphs are characterized by orthognathous chelicerae and 

the presence of two pairs of book lungs. The major families under this group include 

Theraphosidae, Ctenizidae and Atypidae. Araneomorphs, the most diverse group of 

spiders are characterized by apomorphies like paragnathous chelicerae, presence of 

cribellum and calamistrum (Ax, 2000; Coddington, 2005). Araneomorphs are further 

https://www.frontiersin.org/articles/10.3389/fevo.2020.00109/full#B39
https://www.frontiersin.org/articles/10.3389/fevo.2020.00109/full#B39
https://www.frontiersin.org/articles/10.3389/fevo.2020.00109/full#B39
https://www.frontiersin.org/articles/10.3389/fevo.2020.00109/full#B38
https://www.frontiersin.org/articles/10.3389/fevo.2020.00109/full#B38
https://www.frontiersin.org/articles/10.3389/fevo.2020.00109/full#B38
https://www.frontiersin.org/articles/10.3389/fevo.2020.00109/full#B38
https://www.frontiersin.org/articles/10.3389/fevo.2020.00109/full#B22
https://www.frontiersin.org/articles/10.3389/fevo.2020.00109/full#B22
https://www.frontiersin.org/articles/10.3389/fevo.2020.00109/full#B22
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classified into Haplogynae which lacks sclerotized epigynae and Entelegynae with 

hard sclerotized epigyne. 

1.1.3.  Spiders as biological indicators 

Organisms, species, or communities that indicate the existence of certain 

environmental conditions are often termed as biological indicators or bioindicators. 

They can be grouped into three classes, biodiversity indicators, environmental 

indicators and ecological indicators (Mc Geoch, 1998). Biodiversity indicators and 

environmental indicators are descriptive in nature. The former indicates the presence 

of some other species while the latter indicates the variations in the abiotic 

components of the ecosystem. The ecological indicators reveal how changes in the 

environment affect biotic systems. Many invertebrates, especially spiders and 

beetles can be employed as effective bioindicators (Werner & Raffa, 2000; 

Heyborne et al., 2003). Spiders can be considered to be good ecological indicators 

as they meet all the four major attributes that are essential for good ecological 

indicators, viz., feasibility of sampling, easy and reliable identification, consistent 

response to the disturbances and functional significance (Pearce & Venier, 2006). 

Spiders can be effectively employed as bioindicators for assessing anthropogenic 

disturbances in natural as well as semi-natural ecosystems (Maelfait & Hendrickx, 

1998; Ossamy et al., 2016). There is a variety of spiders that can be used as 

bioindicators for identifying the presence and extent of disturbances in the 

ecosystems due to human occupation, agriculture, sand mining, etc. (De et al., 

2021).  

Webs of some spiders belonging to the family Agelenidae (Eratigena atrica 

(C. L. Koch, 1843) and Agelena labyrinthica (Clerck, 1757)) can be used as 

effective bioindicators for detecting heavy metal pollution (Cu, Zn, Ni and Pb) in 
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various ecosystems (Stojanowska et al., 2020). Genetic diversity, dispersal tactics 

and dispersion of two spiders Allocosa marindia Simó, Lise, Pompozzi & Laborda, 

2017 and Allocosa senex (Mello-Leitão, 1945) belonging to the family Lycosidae 

turned out to be good ecological indicators for ecosystem health (Batista et al., 

2017). Some studies suggest that many spiders belonging to the genus Ariadna 

Audouin, 1826   are also good bioindicators of pollution of ecosystems due to heavy 

metals (Conti et al., 2018). Semi aquatic spider Argyroneta aquatica (Clerck, 1757) 

is reported as a bioindicator for assessing the extent of pollution in wetlands (Seyyar 

et al., 2010). 

1.1.4.  Emergence of spiders as a successful animal lineage 

Spiders have been believed to be the predators of arthropods from the middle to late 

palaeozoic era since their evolution, approximately 400 million years ago. Even 250 

million years ago, opisthothelous spiders began to exist. They belong to the 

subphylum Chelicerata, along with sea spiders and horseshoe crabs, according to 

phylogenetic classification (Sharma, 2018).It is believed that spiders existed even 

before the evolution of dinosaurs and remained much unaffected by the mass 

extinction events which wiped off dinosaurs and many other animal groups from the 

earth. Many of the recent fossil studies reveal the existence of a large number of 

extant spider families before the cretaceous tertiary extinction, around 66 billion 

years ago (Selden & Penney, 2010). Polyphagy, the capacity to remain in reduced 

metabolic rate at times of food stress, higher diversity, etc. are considered to be 

some of the reasons for their successful survival (Penney & Selden, 2007).  

Even though there are few anatomical modifications that have occurred to 

spiders since their origin during the carboniferous period, the development of venom 

glands and silk glands helped them to emerge out as one of the most successful 
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animal lineages (Luddecke et al., 2022). The evolution of chelicerae as the venom 

injecting organs, is also very peculiar, as it is not common among other chelicerates. 

Spider evolution has been intimately related to the evolution of insects upon which 

they mainly prey. This is evidenced by the fact that many of the evolutionary 

improvements of spiders frequently follow preceding insect developments. For 

example, the development of aerial foraging webs corresponded with the emergence 

of insect flight (Bond et al., 2014; Garrison et al., 2016; Fernández et al., 2018). 

Predation by spiders has been reported as an impetus for the evolution of flight in 

insects (Vollrath & Selden, 2007). Even though several animal groups are capable of 

producing venom, the chemical complexity of spider venom is unique in the animal 

world (Pineda et al., 2020). As per the opinion of some araneologists, the venom of 

extant spiders has more than 10 million chemical components in total. The existence 

of sexually dimorphic venoms as an evolutionary adaptation for different lifestyles is 

also reported in the spider world. For example, in many Mygalomorph spiders, 

females with a burrow-dwelling lifestyle are less toxic when compared to the 

actively wandering males of the same species (Santana et al., 2017; Herzig et al., 

2020). Venom composition plasticity in spiders helps them to get adapted to a 

changing environment more easily and effectively. 

The evolution of trophic specialization is clear in the spider world. The 

majority of spiders feed on other arthropods, but some of them occasionally feed on 

small vertebrates too (Nyffeler & Gibbons, 2022). Many rare foraging strategies like 

araneophagy, myrmecophagy, oniscophagy and occasional herbivory are reported in 

the world of spiders. The feeding specializations also play a significant role in the 

successful thriving of spiders on almost every part of the earth. 

https://onlinelibrary.wiley.com/doi/10.1111/brv.12793#brv12793-bib-0062
https://onlinelibrary.wiley.com/doi/10.1111/brv.12793#brv12793-bib-0050
https://onlinelibrary.wiley.com/doi/10.1111/brv.12793#brv12793-bib-0152
https://onlinelibrary.wiley.com/doi/10.1111/brv.12793#brv12793-bib-0081
https://onlinelibrary.wiley.com/doi/10.1111/brv.12793#brv12793-bib-0125
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 Spiders can occupy every possible terrestrial habitat and microhabitats. They 

can be seen in natural and semi-natural habitats. The high diversity of spiders has 

been documented in different habitats like the forest, mangroves, grasslands, riparian 

ecosystems, etc. The semi-natural ecosystems like cereal croplands, horticultural 

fields, plantations, fruit orchards, etc. also possess considerably high faunal diversity 

of spiders.  

Seasonality must also be taken into consideration in research on species 

richness and abundance. Variation in abiotic factors including climatic parameters 

directly influences the diversity of spiders also. The seasonal variation in the 

diversity and abundance of ground-dwelling spiders is reported by Mineo et al. 

(2010). Bhat et al. (2013) in their study reported that spider diversity was higher in 

monsoon season in Karnataka state. The fluctuations in species diversity and 

abundance are related to resource availability and help to reduce competition and 

stabilize populations (Shimadzu et al., 2013).  

1.2. Agroecosystem - an overview 

An agroecosystem can be considered as a subset of a natural ecosystem. The core 

activity in it is agriculture. An agroecosystem can be considered as an ecosystem 

with its fauna, flora and environment that have undergone anthropogenic 

manipulations to produce food, fuel and other products for human consumption and 

processing (Maes et al., 2018). It is comparably less diverse than the natural 

ecosystems (Karuppuchamy et al., 2016). It contains one or more crops and a few 

pests associated with the crops. The environment of this type of ecosystems are 

highly manipulated by human beings and have undergone to drastic changes due to 

ploughing, usage of agrochemicals and other farming practises. Still, we can see that 

these ecosystems exist as stable units due to the presence of highly interactive food 
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chains and intricate food webs operating there. As agriculture is the most significant 

activity there, the crops cultivated, various farming methods adopted, agrochemicals 

used, etc. greatly influence the biodiversity of the agroecosystems.  

1.2.1. Horticulture 

Many Palaeo-anthropologists believe that the oldest fossils of modern humans 

obtained date back to 196000 years back (Trinkaus, 2005). He gathered his food by 

hunting. A change in his lifestyle from a hunter-gatherer to a cultivator happened 

around 11000 BCE. He started cultivating crops and rearing animals to meet his 

food needs. According to many studies, the main reasons for this shift in lifestyle 

were climatic changes and an increase in population density (Stuart, 2002; Dow et 

al., 2005; Montgomery & David, 2012). Early Holocene climatic conditions 

favouring the agriculture supported this lifestyle shift (Gupta, 2004). Since then, 

agriculture has undergone several significant transformations to attain the current 

status. Now it forms a diverse domain with large number sub-disciplines such as 

agronomy, horticulture, forestry, animal husbandry, and fisheries.  

Agriculture is incredibly significant in the economies of many emerging 

countries. Even though the contribution of agriculture to GDP is declining, its 

dominance is still significant in the economic scenario of India. Agriculture 

contributes around 16 percent of India's GDP and 10% of total exports (Wagh & 

Dongre, 2016). In India, rice, wheat, vegetables, fruits, spices, sugar cane, cotton, 

etc. are the major agricultural commodities with high economic value. The major 

livelihood of 58% of our rural population is agriculture. Globalization and 

liberalization have led to the modernization of our agriculture. Advancement in 

technology as well investments in agriculture and agro-based industries resulted in 

the diversification of our agriculture in an increased pace. Besides, agriculture and 
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related sectors are one of the high thrust areas of research in India. Production of 

new GM crops, innovative approaches for pest management and development of 

stress tolerant crops are a few among the in-vogue areas in agriculture related 

research in India.  

Integrated Pest Management is yet another subject of interest of agricultural 

researchers in India. IPM is a promising strategy to reduce crop loss and illegitimate 

pesticide usage (Akilandeswari, 2021). In IPM, a variety of managing approaches 

were applied, including chemical, biological, and cultural methods for effective 

regulation of pest.  

Horticulture is an important branch of agriculture that involves the 

cultivation of vegetables, fruits and ornamental plants. It includes branches like 

olericulture (cultivation of vegetables), floriculture (cultivation of flowering and 

ornamental plants) and pomiculture (cultivation of plants for fruits). The word 

‘horticulture’ has a Latin origin; from the words ‘Hortus' which means ‘garden 'and 

‘Colere’ which means ‘to cultivate.’  It involves cropping and sales of fruits, 

vegetables, flowers, and other ornamental plants. It is believed that horticulture 

originated in the temple gardens of Egypt approximately in 3000 BC, where fruit 

plants and grapevines were cultivated as a practice (Von Baeyer & Edwinna, 2010; 

Peter et al., 2015). Theophrastus, the Greek philosopher and a disciple of Aristotle is 

considered as the first one who practiced horticulture scientifically. Gardens of 

Versailles of France, and Mughal gardens in various parts of India are good 

examples of formal horticulture gardens built in the earlier periods (Peter et al., 

2015). Aztec gardens and farmlands of Mayans were considered as the examples of 

horticulture practices in ancient south and central America. 
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Horticulture became popular in India a few decades ago when it was found to 

be more remunerative than the cultivation of food grains. Currently, India is the  

second-largest producer of fruits and vegetables and ranks first in the production of 

fruits like banana, mango, lemon, papaya, and vegetables such as okra, on a global 

perspective. According to the Horticulture statistics (2018) of the Ministry of 

Agriculture and Farmers’ Welfare, a steady increase is reported in horticulture 

production in India over the last two decades. Since 2012-13, the production of 

horticulture crops has outpaced the production of food grain (Figure1.1). Lower 

requirement of water, flexibility in land use pattern, the possibility of cultivating 

more crops in the same area, etc. make horticulture a more promising area for the 

farmers of India. Easiness of storage and post-harvest processing of horticultural 

products along with increasing demand in the market enhanced the acceptability of 

horticulture among the farmers. 

 

Figure 1.1. Steady increase in horticulture production in India 
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1.2.2. Pests of major horticultural crops 

From a broad point of view, a pest can be defined as any biotic component that is 

harmful to crop plants and their products (Bos & Parlevliet, 1995). Pest attack is one 

of the most serious problems that the horticulture field faces. The major pests of 

horticultural crops include insects belonging to the orders Coleoptera, Diptera, 

Lepidoptera and Hemiptera (Jayanthi et al., 2015). The green revolution played a 

significant role in attaining self-sufficiency in food production, but eventually raised 

many problems that adversely affected the agricultural sector. Change of status of 

many minor pests to major pests, the resurgence of pests, the development of 

pesticide-resistant strains, etc. are a few of them (Dhaliwal et al., 2010). Increased 

monoculture practices, the introduction of exotic varieties of crops, and decrease in 

natural enemy population due to unscientific usage of pesticides worsen the current 

global pest problem scenario. The loss in agricultural commodities due to the pest 

attack is highly significant and may reach up to 40% of total crop production per 

year (Shivalingaswami et al., 2002). The highest contribution to this loss is caused 

by insect pests as they cause direct damage by feeding on the crops as well as acting 

as vectors of  different disease-causing pathogens (Muniappan et al., 2012). 

Widened spectrum of host preferences of pests is yet another significant issue that 

requires immediate attention (Durairaj et al., 2006; Patil & Jamadagni, 2008; Mahto 

& Yadav., 2009).  

 Kerala, the southernmost state of India was once an agriculture-based state. 

Changes in the pattern of land usage, increase in the labour costs and fragmentation 

of croplands have led to a significant decline in the production our agricultural 

sector. This has led to high food insecurity in the state. Horticulture dominates the 

traditional agriculture of food grains in Kerala also. Besides the increased labour 
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costs and insufficient technically skilled labourers, attacks by different pests (Table 

1.1) and related crop loss also make agriculture less profitable in Kerala. Chemical 

control of pests is practically less possible in Kerala, as the majority of our croplands 

are amidst the human habitations. 

 

Table 1.1. Important pests of selected horticultural crops of Kerala 

SL. 

No. Host plant Pest Damage caused 

Fruit crops 

1 

Banana 

Cosmopolites sordidus (Banana 

weevil) 

Grub feeds on rhizome and 

pseudo stem 

2 

Odoiporus longicollis (Banana stem 

weevil) 

Grubs burrow tunnel in the pseudo 

stem 

3 

Pentalonia nigronervosa (Banana 

aphid) 

Nymphs and adults suck the juice 

of pseudo stem 

4 

Spodoptera litura (Leaf eating 

caterpillar of banana) 

Scrapes and feeds the ventral side 

of the leaf 

5 

Mango 

Idioscopus sp. (Mango leaf hopper) 

Sucks sap of tender shoots and 

leaf) 

6 

Orthaga exvinacea (Mango leaf 

webber) 

Caterpillars make webs and feed 

the green matter of leaves causing 

defoliation 

7 Erionota thrax (Banana skipper) Causes severe defoliation 

8 Papaya 

Paracoccus marginatus (Papaya 

mealybug) Sucks juice from the stem 

9 

Pineapple 

Dysmicoccus brevipes (Pineapple 

mealybug) 

Suck the sap from leaves and 

tender fruits 

10 

Holopothrips ananasi (Pineapple 

thrips) Sucks sap from tender leaves 

11 

Strymon megarus (Pineapple fruit 

borer) Feed on fruits and inflorescence 

 Vegetable crops 

12 
Brinjal 

Leucinodes orbonalis (Shoot and 

fruit borer) 

Larvae bore into tender shoots and 

cause dead hearts 
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13 

Epilachna vigintioctopunctata 

(Ladybird beetle) Adults and grubs feed on leaves 

14 Antoba olivacea (Brinjal leaf roller) 

Larva feeds on leaf tissue and rolls 

the leaf 

15 

Okra 

Aphis gossypii (Aphid) Sucks sap and weakens the plant 

16 

Dysdercus cingulatus (Red cotton 

stainer) 

Adults and nymphs feed on the 

flower bud 

17 Amrasca biguttula (Cotton jassid) 

Feeds on the green tissue of leaves 

causing yellowing of leaves 

18 Legumino

us 

vegetables 

Aphis craccivora (Aphid) 

Sucks sap from the tender shoot, 

leaves and premature fruits 

19 Lampides boeticus (Pod borer) 

Bores into tender pods and feed on 

the seeds 

20 
Cucurbits 

Aulacophora foveicollis (Pumpkin 

beetle) 

Adults feed on leaves, fruits and 

flowers 

21 

Diaphania indica (Leaf eating 

caterpillar) 

Larvae feed on leaves, tender 

shoots and fruits 

22 
Spinach 

Cassida circumdata (Tortoise 

beetle) 

Grubs and adults feed on the 

upper surface of leaves 

23 

Hymenia recurvalis (Amaranthus 

leaf webber) 

Feeds on leaf tissue and causes 

defoliation 

24 

Chilli 

Polyphagotarsonemus latus (Chilli 

mites) Sucks sap from leaves and shoots 

25 Scirtothrips dorsalis (Chilli thrips) 

Sucks saps from leaves and other 

tender parts 

 

Chemical substances used to control pests are termed as pesticides. They are 

widely used in agricultural fields, private gardens, and other public areas (Grube et 

al., 2011). The earliest report of usage of pesticides dates to the period of ancient 

Romans who used salts and ashes to manage weeds and burn Sulphur to repel and 

kill pests. Insecticides, nematicides, fungicides, rodenticides and weedicides are 

different types of pesticides. India ranks third in Asia and twelfth globally in 

pesticide consumption (Nayak & Solanki, 2021). The most often used pesticides in 
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India include insecticides, fungicides, and weedicides. Insecticides contribute 56% 

of the total pesticide consumption (FAO, 2020). Based on chemical nature, the most 

used pesticides in India are organophosphates, synthetic pyrethroids, neonicotinoids 

and carbamates (Bera et al., 2022). Pesticide consumption in India is still in an 

increasing phase (Figure 1.2). But a positive correlation cannot be seen between the 

increased pesticide consumption and reduction in crop loss (Oerke, 2006). It is 

noteworthy that the increase in crop production over the last few decades is not due 

to the adoption of chemical pest management strategies, but due to the utilization of 

high-yielding varieties of crops, scientific usage of fertilizers, etc. 

 

Figure 1.2. Usage of pesticides in India for the last two decades 

 Chlorpyriphos and cypermethrin are the most abundantly used insecticides 

in India as per the recent statistical report of the Directorate of plant protection, 

quarantine and storage, Ministry of Agriculture and welfare of farmers, Govt. of 

India. When considering the commodity-wise consumption of pesticides, vegetables 

rank the second just after cotton. Brinjal, cabbage, cauliflower, cucumber, and okra 

are the vegetables reported with maximum pesticide residues (Bera et al., 2022). 
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Among the various states of India, Kerala stands in the twelfth position in the 

consumption of pesticides. Kerala and Karnataka show a decrease in consumption of 

synthetic pesticides over the last few years as biological control measures are getting 

increased acceptance in these states. 

 Among various pesticides, insecticides are causing the most severe problem 

to the environment as well as organisms. Almost all of synthetic pesticides affect the 

non-targeted flora and fauna seriously. Their contribution to the pollution of 

different realms of the environment is extremely high. The pesticides may reach 

water bodies and adversely affect aquatic flora and fauna. The three major ways of 

entry of pesticides into water bodies are leaching, runoff from the crop fields and 

spray drifts. These pesticides impact the groundwater quality remarkably making it 

not suitable for the optimal growth of flora and fauna (Warra & Prasad, 2020). There 

are several reports on the decline in the population of animals like fishes and 

amphibians due to the entry of pesticides into water bodies (Relyea & Hoverman, 

2005; Scholz et al., 2012). Many pesticides get amplified through various trophic 

levels and accumulate in animals of higher trophic levels, especially human beings. 

This is called biomagnification. Humans, being top-level consumers, will be the 

serious victims of this phenomenon (Wang et al., 2019; Guan et al., 2020; Jia et al., 

2020). 

 Prolonged exposure to pesticides causes a multitude of serious health 

problems in human beings like neurological disorders, diabetes, and several foetal 

abnormalities (Ntzani et al., 2013). The people who are exposed to pesticides 

relentlessly are more prone to malignancies like non-Hodkin lymphoma, brain 

tumours, breast cancer, prostate cancer, etc. (Bera et al., 2022). Organochlorines are 

reported to cause endocrine disorders (Mnif et al., 2011) and teratological effects 
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(Tiemann, 2008). Organophosphates impair cholinesterase function (Jaga & 

Dharmani, 2003) and insulin secretion (Karami-Mohajeri & Abdollahi, 2011). 

Synthetic pyrethroids are said to cause endocrine disorders (Pandey & Mohanty, 

2015).  

 Non-judicious usage of agrochemicals adversely affects the non-target 

organisms like natural enemies in the crop field which may sometimes lead to the 

emergence of newer pests. Like other natural enemies, spiders are also affected 

deeply by these chemicals. There is evidence for the effect of chemicals like 

pyrethroids (Hof et al., 1995), organochlorines (Pekar, 2012a) neonicotinoids (Rezac 

et al., 2021) and organophosphates (Niedobova et al., 2016) affect spiders adversely. 

In addition to the direct effect, intensive pesticide application in crop fields may 

cause spiders to run out of food (Harwood et al., 2001). The decline in spider 

population is reported in several different crop fields like cotton fields (Solanki & 

Kumar, 2014), apple orchards (Marko et al., 2009), and rice fields (Tahir & Butt, 

2009; Prabawati et al., 2019) shortly after the application of pesticides. Besides 

affecting the diversity in agroecosystems, the runoff pesticides reaching freshwater 

bodies, increase the toxicity of water and affect the riparian fauna adversely (Graf et 

al., 2019). 

 In recent days, a surprising paradigmatic shift from chemical control to 

biological control is witnessed all over the world. The concept of biological control 

involves the utilization of natural enemies for the management of pests of crops. 

Smith in 1919 used the word ‘biological control’ for the control of pests using 

natural enemies. The emergence of biological control as a scientific method for pest 

management initiated in the second half of the nineteenth century itself. The first 

successful evidence of biological control was the control of cottony cushion scale 
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Icerya purchasi by the coccinellid predator Rhodia cardinalis in California 

(Huffaker, 2012). The major advantage of biological control is that they are not 

adversely affecting the non-target flora and fauna. Several predatory insects and 

pathogens like bacteria and viruses that affect pests are effectively utilized in 

biological control. Spiders, being generalist predators, can be effectively employed 

here.  

1.3. Spiders in benefit to agriculture 

 Man has started his combat with different types of pests since he started the practice 

of agriculture in the prehistoric period itself. His battle with pests changed from time 

to time. He adopted various mechanical, physical, chemical and biological methods 

for the effective management of pests. Soon after the green revolution, chemical 

methods got greater acceptance for pest control. Global consumption of pesticides 

has increased severalfold since then. The current global consumption rate of 

pesticides is 2661124.23 tonnes (FAO, 2020). After the Stockholm convention for 

particulate organic pollutants came into force on 17.05.2004, the acceptance of 

chemical methods for pest management started to decrease tremendously. The 

voices against the indiscriminate use of chemical pesticides started to rise much 

before that. The book ‘Silent Spring’ by Rachel Louise Carson published on 

September 27, 1962, was one among such voices. The use of biological controls has 

attained unprecedented popularity since then. Research on the employment of 

natural enemies like predators and parasites for pest management increased. Natural 

enemies have proved successful in controlling many major agricultural pests.  

 Biological control may be achieved by the intentional introduction of exotic 

natural enemies to the crop field or by encouraging the assemblage of native natural 

enemies. In the former case, the application of a specialist or stenophagous predator  
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is practical but, in the latter, utilization of an assemblage of generalist predators will 

be practical and more effective (Symondson et al., 2002). Specialization in predation 

was of greater concern in biological control till the end of the twentieth century. The 

contribution of the group of generalist predators by exerting background level 

control was not given much importance. The research on the multitude of ecological 

interactions of native natural enemies that are helpful for managing the pests of a 

crop gained its momentum at the first half of the twenty-first century onwards. 

Spiders become a good model of biological control in this scenario, due to their  

predatory polyphagy. Spiders are one of the most abundant predators in 

agroecosystems (Hanna et al., 2003; Schweitz et al., 2005). Their diet principally 

includes insects and other arthropods. Hence, they can be employed to limit the pest 

populations as well as to stabilize their population at a low level. The following 

attributes of spiders make them suitable for functioning as effective biocontrol 

agents:1.The high degree of dispersal. 2. The predatory mode of nutrition throughout 

all the stages of life. 3. Capacity to resist starvation and desiccation. 4. Density-

dependent predation by spider assemblage. Numerous studies proved that spiders or 

groups of spiders contributed to the successful suppression of pest groups in 

agroecosystems (Table 1.2).  

 

Table 1.2. List of spiders and the pests controlled by them 

Pests controlled Host plant Spiders Reference 

Plutella xylostella Cabbage 
Pardosa astrigera 

(Family Lycosidae) 

Suenaga& Hamamura, 

2015 

Myzus persicae Cabbage 
Pardosa astrigera 

(Family Lycosidae) 

Suenaga & Hamamura, 

2015 



Ph.D Thesis  Introduction 

20 

 

Corcyra 

cephalonica 
Rice 

Cyrtophora citricola 

(Family Araneidae) 
Chauhan et al., 2009 

Poecilocapsus 

lineatus 
Mint 

Phidippus clarus 

(Family Salticidae) 
Hoefler et al., 2006 

Helopeltis theivora 
Tea, 

Cashew 

Oxyopes javanus 

(Family Oxyopidae) 
Basnet et al., 2014 

Nilaparvata lugens Rice 
Heteropoda venatoria 

(Family Sparassidae) 

Karthikeyani & Kannan, 

2012 

Diaphorina citri Citrus 

Cheiracanthium 

insulanum (Family 

Cheiracanthiidae) 

Vetter et al., 2013 

Corcyra 

cephalonica 
Rice 

Telamonia dimidiata 

(Family Salticidae) 
Chaubey, 2019 

Aphis gossypii Cotton 
Peucetia viridana 

(Family Oxyopidae) 
Jeyaparvathi et al., 2013 

Spodoptera litura Cotton 

Peucetia viridana 

(Family Oxyopidae) Jeyaparvathi et al., 2013 

Bemisia tabaci, 

Cotton, 

Cucurbits, 

Legumes 

Thyene imperialis 

(Family Salticidae) 
Ghavami, 2008 

 

1.4. Significance of the study 

Kerala is a coastal state located in the southwestern end of India. Due to 

geographical diversities, the presence of Western Ghats, availability of two major 

monsoons, rich lush vegetation, etc., Kerala harbours an affluent fauna including 

spiders which corresponds to more than 70% of the total families of spiders so far 

recorded in India. The exploration of spider fauna in Kerala is still in its infantile 

stage. Studies of P.A. Sebastian pioneered arachnology in Kerala. Despite the recent 

hike in spider research in Kerala, it is still lagging behind those other animal groups 
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like insects, fishes, birds, etc. Diversity, behaviour, biocontrol potential, toxicology, 

etc. are some of the fields of interest where the arachnological research in Kerala is 

focused currently on. 

 The record on agrobiont spiders in Kerala is a very less explored area so far. 

The diversity of spider assemblages in our agroecosystem can be considered as an 

indicator of the health and stability of our crop fields. A better knowledge of their 

ecological interactions helps us in several ways. It will be useful for the employment 

of spiders for biocontrol of pests in a more effective way. It also facilitates the 

conservation of the community. Assessment of the impacts of various pesticides on 

them will be helpful in the selection of agrochemicals comparatively less hazardous 

to the non-target organisms in the crop fields.  

 The present study is an attempt to record the diversity of spider fauna in 

selected horticultural ecosystems of Thrissur district, Kerala. The study sites include 

croplands adopting mixed cultivation of various vegetables and fruits, especially 

bananas. A preliminary assessment of the impact of various pesticides widely used 

in horticultural fields of Kerala on the dominant spiders, is also done. 

1.5. Objectives of the study 

1. Assessment of the diversity of spiders in various horticultural ecosystems in 

Thrissur District, Kerala. 

2. Preparation of check list of spiders of different horticultural ecosystems there. 

3. Study of various foraging guilds occupied by the spiders there. 

4. Study the seasonal fluctuations in the faunal diversity of spiders. 

5. Study of influence of pesticides on dominant spiders. 
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REVIEW OF LITERATURE 

A review of prior and relevant literature is inevitable for all academic research 

(Webster & Richard, 2002). It involves analysis, evaluation, and synthesis of 

existing knowledge relevant to the problem of study. It can be considered as the 

foundation for the study as subsequent works can be built up on the existing 

knowledge. It helps to locate the research gaps in study which can be filled by 

designing and executing new, apt research in the area. It also aids in the 

development of an acceptable approach by examining the strengths and weaknesses 

of previous research. 

 

2.1. Horticultural ecosystem  

According to the classification of Central Statistical Organization of India, 

horticulture includes the commercial cultivation of (i) fruits, vegetables, and flowers 

and (ii) spices and condiments. 30 % of India’s agricultural GDP is contributed from 

the horticultural sector. A diversification of agriculture in our country was turned up 

in the 1980s and horticulture was one among those diverse areas. Horticulture in 

India got a real boost in the 1990s (Chand et al., 2008) and it contributes a 

remarkable part of (37%) of our export of agriculture commodities (Sharma, 2015). 

The number of commodities and varieties produced and traded has drastically 

shooted up since then. Horticulture supports the economy of several developing 

nations because of the high export value of agricultural commodities, high yield and 

returns per unit area. It provides raw materials for several agro-based industries like 

coir, sago, rubber etc.  

https://paperpile.com/c/eI1W67/2oRm
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  According to the recent reports of FAO (2021), India ranks second in the 

production of fruits and vegetables. Still the productivity of most crops is not up to 

the mark here, mainly because of the unscientific usage of fertilizers (Malhotra & 

Srivastava, 2015) and fallacious pest management strategies (Peshin et al., 2014; 

Rathee & Dalal, 2018). In pest management, chemical control was given 

exceedingly high importance from the period of the green revolution itself. 

Incautious usage of pesticides is deleterious to the crops, those who consume it and 

the environment. It creates issues like resistance to pesticides, removal of non-target 

organisms including natural enemies, resurgence of pests, environmental pollution 

etc. (Shetty, 2004; Devine & Frurlong, 2007; Hayasaka et al., 2012; Shankar & 

Raju, 2012; Sanchez et al., 2013; Chagnon et al., 2015; Dubey & Thakur, 2020). 

Usage of pesticides in agriculture should be reduced without compromising in the 

effective management of pests. Studies of several researchers in this direction 

suggested biological control as an alternative for this. 

2.2. Explorations of spider diversity 

An analysis of discovery of new species among various groups of animals, since 

1758 showed that richness of birds, mammals, bees, and many other animals has 

almost reached to an asymptote. But it is noteworthy that discovery of spider species 

has been accelerating for the last 60 years (Agnarsson et al., 2013). This indicates 

that there does exist an ample scope for exploration in the field of spider diversity. 

Even though the research on spiders shows an unprecedented growth since the 1990s 

(Benjamin & Bambaradeniya, 2006) it will not be sufficient to meet the demand of 

taxonomists in the field of arachnology. Like all other hyper diverse groups, one of 

the most crucial factors that limits the study of spiders is the number of araneologists 

available (Cassis et al., 2007; Foord et al., 2011).  
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 Spiders rank second in contributing to the diversity of arthropods, next to 

insects (Dey et al., 2013). Taxonomic study with standardized techniques is 

comparatively easy in their case because of their abundance in almost all types of 

habitats and relative easiness in finding and collecting them (Coddington & 

Levi,1991; Cardoso et al., 2008). Their preservation is also easy when compared to 

that of many other invertebrates. Despite all these positive factors, the taxonomic 

study in spiders is still lagging. Presently there are several studies occurring on the 

diversity of spiders, their foraging guild, and their interactions in the ecosystems 

where they present, in various parts of the world. 

2.2.1. Spiders: Global status 

Spiders form one of the most abundant groups of invertebrates. Globally there are 

52048 species of spiders belonging to 4377 genera under 135 families. The number 

of new species of spiders recorded per year is in an exponential phase (WSC, 2024).  

 Faunistic surveys have been carried out to document the diversity of spiders 

in all the continents (except Antarctica) of the world vis., Africa (Whitmore et al., 

2002; Dippenaar- Shoeman & Wassenaar, 2006; Dippenaar-Shoeman et al., 2013), 

Asia (Tong & Li, 2014; Zhao  & Li, 2014., Wang et al., 2015; Wongprom et al., 

2016; Palem et al., 2017; Mehmood et al., 2021), Australia (Harvey et al., 2000; 

Harvey & Edward, 2007), Europe  (Scharff et al., 2003; Oxbrough et al., 2005; 

2007; Kiehorn, 2008; Polchaninova & Prokopenko, 2019; Polchaninova, 2021; 

Polchaninova et al., 2021), South America (Rubio et al., 2008; Armendano & 

Gonzalez, 2011; Lo-Man-Hung et al., 2011; Marquez et al., 2021), North America 

(Samu & Szinetar, 2002; Rendon et al., 2006a; 2006b; Corcuera et al., 2010; Slowik 

& Blageov, 2012; Ovtcharenko et al., 2014; Granados et al., 2019). 
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 Incredibly significant contributions have been made in the field of 

arachnology by several taxonomists by compiling all available publications on 

region wise spider distribution and preparing checklists, which will be helpful for 

future studies. Carl Friedrich Roewer won the credit of publishing the first catalogue 

of spiders, “Katalog der Araneae von 1758 bis 1940,” in 1942 (Mammola et al., 

2017). Komnenov (2010) congregated the published records of spiders of Bosnia & 

Herzegovina to a check list. A checklist of Belasurian spiders was prepared by 

Ivanov (2013). An annotated checklist of spiders of Turkey was drafted by Demir & 

Seyyar (2017). Blageov et al. (2018) made an updated check list of spiders of 

Bulgaria pooling together all available literature. Preparations and periodic 

updations of the check lists of spider fauna of various parts of different countries 

have contributed a lot to the growth of research of Araneology. Check lists of spider 

species of Britan (Merrett & Locket, 1985; Merrett & Murphy, 2000; Paquin et al., 

2010; Lavery, 2019), China (Song et al., 2020; Tang et al., 2021), North Korea 

(Marusik, 2009, Namkung et al., 2002; 2009; Yoo et al., 2015), Iran (Mirshamsi et 

al., 2015; Hosseini & Zamani, 2017) Bhutan (Nepal, 2005) etc. are some of them. 

Several studies reveal that spiders can thrive successfully in natural 

ecosystems with comparatively less human interference as well as in the crop fields, 

where periodic anthropogenic disturbances are remarkably high. Rubio et al. (2008) 

compared the diversity of spiders in hygrophilous woodland and savannah parkland 

of the Mburucuya National Park, Humid Chaco ecoregion, Argentina and reported 

more diversity in hygrophilous wood land. Spider diversity of habitats with varying 

degree of human disturbances were recorded from Orchid Island, Taiwan by Chen & 

Tso (2004) and reported more or less similar species richness values even though the 

spider assemblage of each habitat differed from other. But evenness index was lower 
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in the habitats with lower human disturbances because of the increased relative 

abundance of dominant species there.  

Clough et al. (2005) studied the impacts of region, terrain heterogeneity, 

management practices (organic and conventional), location within the field of study 

(edge of the field and centre of the field) on the abundance and species richness of 

spiders in wheat fields of Central Germany and reported that management practices 

had very less impact on spider fauna while regional characteristics and heterogeneity 

of landscape influences the fauna very much. Location within the field also affects 

the abundance of spiders. Edges of the field were found to be more densely 

populated by spiders than in the centre. Oberg et al. (2007) studied how the habitat 

type and adjoining landscape influence the diversity of Lycosid and Linyphiid 

spiders in organically cultivated cereal fields in Sweden. They revealed that activity 

density of Lycosids with smaller area of dispersal was significantly affected by 

habitat type while in Linyphiids with a different mode of dispersal, the activity 

density was much more influenced by the surrounding landscape parameters. 

Despite the comparable species richness of spider fauna, dominance structure varies 

significantly between  natural and agroecosystems. The most dominant one will 

have greater impact on  the community of agricultural ecosystem(Samu & Szinetar, 

2002). 

An exploration on spiders of Black Rock Forest of Orange County, USA 

recorded 27 families, 121 genera, and 279 species of spiders there. Linyphiidae was 

reported as the dominant family followed by Theridiidae and Salticidae. 

Pityohyphantes subarcticus Chamberlin & Ivie, 1943, Tenuiphantes tenuis 

(Blackwall, 1852), and Erigone dentosa O. Pickard-Cambridge, 1894 were found for 

first time in the New York State region (Ovtcharenko et al., 2014). In total, spiders 
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of 15 families and 94 species were collected from rye fields and fallow strips of land 

adjoining it in Eastern Poland (Wolak, 2002). Sorenson, (2004) documented 149 

species of canopy dwelling spiders belonging to 28 families from the Montaneforest 

of Tanzania (2004). Campuzano et al. (2019) recorded 28 families, 78 genera and 

111species of spiders from the tropical mountain cloud forest from El Triunfo 

Biosphere Reserve, Mexico. Three new species (Anapistula choojaiae Rivera-

Quiroz, Petcharad & Miller, 2021, Crassignatha seeliam Rivera-Quiroz, Petcharad 

& Miller, 2021., and Crassignatha seedam Rivera-Quiroz, Petcharad & Miller, 

2021) of Family Symphytognathidae was described by Rivera-Quiroz et al. (2021). 

A new species Harpactea konradi Lazarov, 2009 was reported from South Bulgaria 

by Lazarov, 2009. Two new species, (P. kovblyuki Zamani & Marusik,2018 and P. 

montana Zamani & Marusik, 2018) of genus Ptertricha Kulczynski, 1903 and 

Family Gnaphosidae was described for the first time by Zamani et al. (2018) from 

Iran. Zhu & Ono (2007) reported a new species of spider Talus xiphosus Zhu & 

Ono, 2007 from Southern China. Jastrzebski (1997, 2007, 2010) studied salticids of 

Himalya region of Nepal and Bhutan and described/redescribed  three species (R. 

falvigera (c. L. Koch l846), R. flavicomans (Simon 1902) and R. phuntsolingenis 

Jastrzebski, 2007) from the  Genus  Rhene Thorell, 1969, two species (E. 

chimakothiensis Jastrzebski, 2007, E. praetextata Thorell, 1887) from the genus 

Epocilla Thorell, 1987 and two species (H. Adansonia (Audouin,1826), H. tropicus 

Jastrzebski, 2000) from genus  Hasarius Simon, 1871.   

2.2.2. Spider fauna: An Indian perspective 

The pioneering research on spiders in India date back to the late 19th century. The 

works of John Blackwall laid the foundation to arachnology in India. Indian 

arachnology gathered its momentum through the contributions of Karsch, Simon, 
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Tikader etc. Presently faunal diversity of spiders in India is rich with 1988 species 

belonging to 501 genera and 62 families (Caleb & Sankaran., 2024).  

Several serious efforts have been so far made to document the spider 

diversity of natural ecosystems and crop fields in India. Siliwal et al. (2005) 

explored the diversity of spiders in Purna Wildlife Sanctuary, Dangs, Gujarat and 

documented 116 species of spiders of 25 families. An investigation of the spider 

fauna in Nawabganj Bird Sanctuary, a large wetland of Unnao district, Uttar Pradesh 

recorded 55 Spider species belonging to 41 genera & 14 families (Kumar et al., 

2017a). In one of the explorative studies in Vansda National Park, Gujarat has 

reported 124 species of spiders belonging to 67 genera and 22 families (Patel, 2003). 

37 species of spiders belonging to 12 families were documented from Matia, 

Goalpara District, Assam through a preliminary exploration of five months duration 

(Ahmed, 2018). Palem et al. (2017) documented the spider fauna of Eastern Ghats 

region of southern Andhra Pradesh. Pandit & Pai (2017) revealed the existence of 74 

species of spiders belonging to 17 families Taleigao Plateau, Goa. Deshpande & 

Paul (2016) recorded the diversity of spiders in Gulbarga (now known as 

Kalaburagi), Karnataka. Parmar (2020) recorded 142 species of spiders belonging to 

86 genera and 25 families from Dharoi Reservoir, North Gujarat. Malhotra et al. 

(2019) compared the spider assemblage of four different habitats - semi-arid 

grassland, scrubland, open forest land, and riparian land of upper northern Rajasthan 

and found that population density is higher in riparian land. 70 species of spiders 

belonging to 58 genera and 21 families were recorded from Araabath Lake and 

neighbouring areas (Caleb, 2020a). Spider fauna of Eastern Rajasthan in monsoon 

was studied by Lawania & Mathur (2018) and recorded 43 species from 35 genera 

16 families. Jangid et al. (2019) assessed the faunal diversity of spiders in Central 
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Aravlli ranges of Pali and Ajmer Districts of Rajasthan. Patil et al. (2013) 

documented the diversity and abundance of spiders in Singhori Wildlife Sanctuary, 

Madhya Pradesh, India.  

 Kashmeera et al. (2020) reported 59 species of spiders from the rocky Thar 

desert in Kailana, Rajasthan. Kumari et al. (2017) studied the diversity of arid and 

semi-arid regions of Jodhpur and Ajmer Districts of Rajasthan and reported 

Araneidae and Oxyopidae as the most dominant family there. A survey of spiders in 

different ecosystems of Nilgiris (grass land, plantations and shola forest), Tamil 

Nadu revealed that Araneidae was the family with highest species richness in all the 

types of habitats. Shola Forest was the habitat where maximum number of species 

was reported, among the three (Dharmaraj et al., 2018). Several explorations have so 

far been conducted to record of faunal diversity of several natural ecosystems of 

various parts of Tamil Nadu. Survey of the spiders of Mangroves at Adirampattinam 

coast (Muthukumaravel et al., 2013) study on spiders of Sirumalai hills, Dindigul 

(Krishnaveni & Kandeepan, 2017) are a few among them. Documentation of spider 

diversity and their microhabitat preference in the forest of Nilgiris, Tamil Nadu was 

done by Dharmaraj et al. (2017). 61 spider species were identified belonging to 45 

genera & 16 families were reported from Kukrail Reserve Forest, Lucknow, Uttar 

Pradesh (Kumar et al., 2017b). Deshmukh & Raut (2014) documented 104 species 

of spiders of 18 families from Salbardi forest, Maharashtra, India. Several studies 

explored the spider assemblage of various parts of Assam also (Chetia & Kalita, 

2012; Anindita et al., 2017; Basumatary & Brahma, 2017; Pandit, 2019). Salticidae 

was reported as the most abundant family in arid and semi-arid regions of Sirsa, 

Fatehabad and Hisar districts of Haryana followed by Araneidae and Thomisidae 

(Malik & Goyal, 2017). 



Ph.D Thesis  Review of Literature 

30 
 

An updated checklist of spiders of Jabalpur district, Madhya Pradesh was 

prepared by Patil (2012). A check list of spider fauna of various parts Rajasthan was 

prepared by compiling available literatures (Kaur et al., 2014; Kashmeera & 

Sudhikumar, 2019). An updated catalogue of spiders of family Philodromidae was 

made by Singh & Singh (2021) incorporating all the published records on 

Philodromid spiders of India. Check lists of spiders of families Cheiracanthiidae 

(Singh et al., 2020), Scytodidae (Singh et al., 2021) Dictynidae, Dysderidae, 

Eresidae and Filistatidae (Sharma et al., 2021) were prepared and their distribution 

in various states and union territories of India was traced. Diversity of clades 

Amycoida and Astioida (Salticidae: Salticinae) in various states of India was also 

traced recently (Singh et al., 2020). Preliminary checklists of spiders of Odisha 

(Choudhury et al., 2019), Tamil Nadu (Karthikeyani et al., 2017) and Gujarat 

(Yadav et al., 2017) were worked out incorporating various publications in the 

respective fields. 118 species of mygalomorph spiders under 31 genera and 9 

families was reported in India by Singh & Singh (2020). The highest number of 

species of mygalomorph spiders reported in in India belongs to Tamil Nadu (29) 

followed by Kerala (23) (Dhali et al., 2016; Singh & Singh, 2020). Theraphosidae 

ranks first in India, in the number of species of mygalomorph spiders, followed by 

Idiopidae (Dhali et al., 2016). 

Being a biocontrol agent, spiders, and their diversity in croplands, their 

ecological interactions there etc. have always been a question of curiosity since the 

burgeoning of research in applied arachnology. In India major part of studies on 

spiders in agroecosystem is from the cereal fields. Khan (2006) Surveyed rice fields 

of six districts of Uttar Pradesh and reported 39 species of spiders under 9 families. 

As per his report Lycosidae and Salticiade ranked first and second in abundance. 
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Khan (2011) reported 40 species under 29 genera and 13 families of spiders from 

temperate rice fields of three districts of Kashmir. Diversity and guild structure of 

spiders was analysed in temperate maize ecosystem of Kashmir by Khan & Rather 

(2012). In a study of spider assemblage in rice ecosystems of Rajendranagar, 

Telangana, Tetragnathidae was turned up to be the most abundant family (Anitha & 

Vijay, 2016). Assessment of diversity of spiders of rice land spiders of four districts 

of Uttar Pradesh was conducted and Tetragnatidae and Lycosidae came in the first 

and second rank in abundance (Singh & Singh, 2014). Species composition of 

spiders of rice fields in Kolasib district of Mizoram was studied and reported that 

Lycosidae dominated in the ground samples while Tetragnathidae dominated in 

foliage samples (Chowdhury et al., 2017). Saha et al. (2020) conducted an 

explorative survey on the spider fauna associated with rice fields of South 24 

Praganas, west Bengal and reported Salticidae as the most abundant family.  

Spiders belonging to 117 species under 63 genera and 18 families were 

reported from cashew plantations of Puthur and Shanthigodu, Karnataka. Salticidae 

turned up the most dominant family there (Bhat et al., 2013). A survey of spider 

diversity was conducted in the tea plantations of Darjeeling, West Bengal. (Saha et 

al., 2016). Spiders belonging to 40 species, 23 genera under 11 families were 

recorded from fruits and vegetable crop fields of Srinagar, Jammu & Kashmir 

(Khan, 2009). Sugumaran et al. (2007) studied the spider diversity of vegetable and 

fruit orchards of Yercaud hills of Tamil Nadu and recorded 56 species under 18 

families. Sugumaran & Duraimurugan (2019) analysed the spider fauna of different 

horticultural ecosystems of Nagapattinam district, Tamil Nadu and reported that 

abundance of spiders was highest in fruit crops followed by vegetables and lowest in 

flowering crops. Pillai et al. (2017) in their field investigation for computation of 
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arthropod diversity in vineyards of Coimbatore, Tamil Nadu, reported spiders as the 

second most abundant group after insects. Lycosidae and Salticidae were reported as 

the most abundant families there. Keswani & Vankhede (2014) reported 50 species 

belonging to 39 genera under 15 families from banana croplands of Purna river 

basin, Maharashtra. Araneidae was the dominant family there. Mahalakshmi & 

Jeyaparvathi (2014) documented the diversity of spiders and their seasonal variation 

in cotton fields of Virudhunagar district, Tamil Nadu. Family Salticidae turned out to 

be the most abundant family there. Gogoi & Ningthoujam (2021) compared the 

faunal diversity of spiders in agricultural (rice and other cereals), horticultural 

(vegetables and fruits) and sylvicultural (trees) ecosystems of mid-hills of 

Meghalaya and reported that diversity is greater in sylvicultural fields followed by 

horticultural field and least in agricultural field. Araneidae came out as the most 

abundant family in all types of ecosystems under the study. 

 The genus Scoloderus Simon 1887 (Araneidae) was reported first by 

Patel(2003) in Vansada National Park in Gujrat. In a survey of spiders in Manipur, 

Myrmarachne kiboschensis Lassert, 1925, Latrodectus elegans Thorell 1898, 

Epocilla praetextata Thorell 1887 were recorded for the first time in India by 

Kananbala et al. (2018). A new species, Conothele khunthokhanbi Kananbala, 

Bhubaneshwari & Siliwal, 2015 (Halonoproctidae) was also described in the same 

study. In an exploration of spider fauna of Keoladeo National Park, Bharatpur 

district, Rajasthan Ptocasius strupifer Simon, 1901 (Salticidae) was reported first 

time in India (Kaur et al., 2014). Argyrodes bonadea (Karsch, 1881) (Theridiidae) 

was first reported in India, in a survey of spiders in Delhi (Malik et al., 2015). 

Menemerus nigli Wesolowska & Freudenschuss, 2012 (Salticidae) and Psechrus 

inflatus Bayer, 2012 (Psechridae) were reported for first time in India by Chatterjee 
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et al. (2017a & 2017b). Pagida salticiformis (O. Pickard- Cambridge, 1883) 

(Thomisidae) was recorded for the first time in India and Langona tigrina (Simon, 

1885) was redescribed after 135 years in India by Caleb (2020b). Pritha nana 

(Simon, 1868) (Filistatidae) was recorded for the first time in India from Amaravati 

district, Maharashtra (Kamble et al., 2020). 

Several studies reveal that Indian subcontinent is rich of spider fauna and a 

considerable proportion of the total number of species of spiders reported in India 

exhibits varying level of endemism. Siliwal et al. (2005) reported a total 1002 

species of spiders are endemic to Indian mainland and later updated to 1053 (Siliwal 

& Molur, 2006). Keswani et al. (2012) updated the number of species endemic to 

India to 1238 under 340 genera and 58 families. Extremely high degree of endemism 

(62.5% of species reported are endemic to India) was reported in the families of 

spiders, viz. Palpimanidae, Pimoidae, Psechridae, Psilodercidae, Segestriidae, 

Selenopidae, Sicariidae, Stenochilidae, Symphytognathidae, Tetrablemmidae and 

Theridiosomatidae (Tiwari et al., 2021). Pandit & Pai (2017) reported that 5 out of 

the 74 species of spiders collected Taleigao Plateau, Goa are endemic to India, 4 

species are endemic to South Asia. There are several explorations documenting 

numerous mygalomorph spiders endemic to India (Dhali et al., 2016; Singh & 

Singh, 2020). Caleb (2020a) reported 7 species of spiders endemic to India and 6 

species endemic to India and Sri Lanka during his survey of spiders from the 

vicinity of Araabath Lake, Chennai, Tamil Nadu. Adarsh & Nameer (2016) had put 

down that, 34 out of the total 101 species of spiders collected from Chinnar wildlife 

Sanctuary, Kerala, were endemic to India. 
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2.2.3. An overview of spider diversity in Kerala 

Despite the rich diversity of spider fauna, arachnology in Kerala is still in its 

infantile stage. Very few works have been done to record the diversity of spiders in 

Kerala. The study of spiders in Kerala started in the 1990s with the works of P.A. 

Sebastian. 

 A diversity of spiders with 72 species, 57 genera and 20 families were 

recorded from Mannavan Shola forest (Sudhikumar et al., 2005a). About 21% 

species record from there are endemic to Western Ghats, Kerala. An exploratory 

survey in Mangalavanam mangrove forest yielded 51 species of spiders belonging to 

40 genera and 16 families (Sebastian et al., 2005). Sudhikumar et al. (2006) studied 

the diversity of synanthropic spiders in various parts of Kerala. Jose et al. (2008) 

documented the diversity of spiders in Parambikulam Wildlife Sanctuary. Adarsh & 

Nameer (2016) explored the diversity of spiders in Chinnar Wildlife Sanctuary and 

recorded 101 species of spiders belonging to 65 genera and 29 families which 

accounted for 6.98% of Indian spider species. Jose et al. (2018) recorded 112 

species of spiders belonging to 82 genera under 21 families form Kavvayi river 

basin. Sumesh & Sudhikumar (2020a) reported 84 species of spiders under 64 

genera and 20 families from the sacred groves of Thrissur district Kerala. Araneidae 

was reported to be the most dominant family there. Peedikayil et al. (2021) reported 

102 species of spiders belonging to 73 genera and 18 families from various sacred 

groves of Kannur. An exploration of spider fauna in Poovar mangrove forest 

recorded 70 species, 45 genera and 14 families of spiders (Vishnudas et al., 2021). 

Survey of spider fauna in campuses of Kerala Agricultural University, Thrissur 

(Adarsh & Nameer, 2015), Kerala University, Thiruvananthapuram (Asima et al., 
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2020) reveals that moderately high faunal diversity of spiders can be seen in the 

places where anthropogenic disturbances are high.  

Mathew et al. (2014) studied the distribution of spiders in respect to the 

vertical strata of in rice agroecosystem of Kuttanad, Kerala. A quantitative survey of 

araneofauna along the elevation gradient from Nelliyampathy hills by Sudhikumar 

(2015) revealed that the elevation influences species richness of spiders. Sudhin et 

al. (2020) studied the effect of altitudinal gradient on spider diversity during their 

explorations in Wayanad Wildlife Sanctuary and reported that the diversity of 

spiders decreases with elevation. The diversification of arachnological study to 

behavioural aspects of spiders and their ecological interactions has been started 

recently in Kerala. Behaviour of social spider Stegodyphus sarasinorum Karsch, 

1892, impact of kleptoparasitic spiders and ants on their behaviour, relationship 

between prey size and their cooperative behaviour for prey capture was studied in 

detail by Drisya-Mohan et al. (2019). 

A check list of spiders of 257 species belonging to 130 genera under 28 

families from sacred groves Northern Kerala was prepared by Sumesh & 

Sudhikumar (2020). This was one of the pioneering works in this direction in 

Kerala. 275 species of spiders under 139 genera and 39 family are catalogued from 

Western Ghats by Sebastian et al. (2012). 

 Jose & Sebastian (2001) reported three species of crab spiders (Thomisidae) 

Mitsumune mridulai Tikader, 1962, Runcinia insecta (L. Koch, 1875) (Synonym: 

Thomisus cherapunjeus Tikader, 1968) and Thomisus lobosus Tikader, 1965 for the 

first time in Kerala. Two species - Oedignatha carli Reimoser, 1934 (Liocranidae) 

Hyllus diardi (Walckenaer, 1837) (Salticidae), and two genera -Coleosoma O. 

Pickard-Cambridge, 1882 (Theridiidae) and Neriene Blackwall, 1833 (Linyphiidae) 



Ph.D Thesis  Review of Literature 

36 
 

were recorded from Mannavan Shola forest first time in India (Sudhikumar et al., 

2005b). A new species Suffasia keralaensis Sudhikumar, Jocqué & Sebastian, 2009 

(Zodariidae) was described from the Western Ghat region of Kerala (Sudhikumar et 

al., 2009). Davis et al. (2005) recorded Thiania bhamoensis Thorell, 1887 

(Salticidae) for the first time in Kerala. A new species Haploclastus devamatha 

Prasanth & Sunil Jose, 2014 (Theraphosidae) was described by Prasanth & Jose 

(2014). Three new species Marengo zebra Sudhin, Nafin, Benjamin & Sudhikumar, 

2019, Marengo batheryensis Sudhin, Nafin, Benjamin & Sudhikumar, 2019 and 

Cocalus lacinia Sudhin, Nafin, Sumesh & Sudhikumar, 2019 (Salticidae) were 

reported from Wayanad Wildlife Sanctuary (Sudhin et al., 2019). Dolichognatha 

longiceps (Thorell, 1895) (Tetragnathidae) was reported from Western Ghats for the 

first time in India by Jose (2014). Female of Micropholcus fauroti (Simon, 1887), a 

daddy long leg spider (Pholcidae) was reported for the first time in India from 

Poovar mangrove forest (Vishnudas & Sudhikumar, 2021). 

 Mathew et al. (2014) recorded 69 species of spiders under 49 genera and 17 

families from rice fields of Kuttanad. Diversity of spiders and their variations in 

different cropping seasons in Kuttanad paddy fields was documented by Sudhikumar 

et al. (2005b). Explorations on the spider diversity of paddy fields of Ernakulam 

(Sebastian et al., 2005; Ambili & Antony, 2016), Idukki (Sebastian et al., 2005) and 

Thrissur (Sudhikumar & Nafin, 2020) districts have been extensively done. A few 

preliminary studies have been conducted on spider diversity associated with cashew 

plantations of Thrissur district (Beevi & Mahapatro, 2008; Smitha & Sudhikumar, 

2020). Spider fauna associated with vegetables and other horticultural crops of 

Kerala are remaining a highly unexplored area. 
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2.3. A compendious account of spider guilds 

Earlier the research on spiders in India focused greatly on taxonomic descriptions 

and inventories. Its diversification to other fundamental (ecology, phylogeny, 

biogeography, etc.) and applied (agriculture, medicine, conservation, etc.) research 

started very recently. Spiders being polyphagous predators, their role in the habitats 

is extraordinarily complex. Feeding guilds of spiders have been an area of interest of 

arachnologists for a few decades. Ecological guild can be defined as the group of 

unrelated species that thrive on same resources or make use of different resources in 

comparable way (Root, 1967). The study of ecological guild is important as it helps 

to understand the assemblage responses to disturbances in the habitat, climatic 

changes etc. (Cardoso et al., 2011). The major criteria for grouping spiders into 

different feeding guilds are the foraging patterns in their habitats (Uetz et al., 1999). 

Bhat et al. (2013) had studied the guild structure of spiders of cashew 

plantations of Puthur, Karnataka. Seven feeding guilds were reported from Chinnar 

Wildlife Sanctuary (Adarsh & Nameer, 2016). Kashmeera et al., (2020) reported 

stalkers as the dominant guild out of the six feeding guilds recorded from rocky 

desert in Kailana, Rajasthan. Ambush hunters were reported to be the most abundant 

type of guild in the sacred groves of northern Kerala (Sumesh & Sudhikumar, 2020). 

Smitha & Sudhikumar (2020) reported six feeding guilds from cashew plantations of 

Thrissur District, Kerala. 

2.4. Spiders and their role in the agroecosystems 

 Fritz et al. (2011) in their studies on arthropod diversities in rice fields of 

Brazil describes spiders as one of the most important predators of insect pests there. 

Jauharlina et al. (2019) accounts for four families of spiders (Tetragnathidae, 

Araneidae, Linyphiidae and Oxyopidae) as the potential natural enemies in the rice 
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fields of Indonesia. Saengyot & Napompeth (2008) also reported spiders as the 

significant generalist predator that regulate the pest species in organic paddy fields 

of Thailand. Bambaradeniya & Edirisinghe (2009) documented the diversity and 

assemblage of arthropods in rice agroecosystems of Sri Lanka and reported spiders 

as the most significant predators there followed by beetles. Spiders came out as the 

most important predator group along with damselflies and dragon flies in an 

exploration of predators and parasitoids of rice pests in four districts of Manipur 

(Devi et al., 2018). Moses et al. (2019) also described spiders as one of the most 

effective predators in rice ecosystems. According to Maloney et al. (2003), spiders 

can not only lower the pest population, but also stabilize them at low density, by 

virtue of which spiders can function as good bio control agent. Costello & Daane 

(1999) reports spiders as the most abundant predator group of insect pests in 

vineyards of California.  

 Spiders can be used as good biocontrol agents as they have consumptive and 

non-consumptive effect on prey populations (Cronin et al., 2004; Schmitz, 2005; 

Bucher et al., 2014; Beleznai et al., 2017). Predation causes physiological and 

behavioural stress in prey which slows down their development, reduces fecundity 

rate and there by retards the establishment of pest population (Hawlena & Schmitz, 

2010). To escape from getting detected by the spiders, a reduction in pest 

movements occurs which also adversely affect the growth of pest population 

(Rypstra & Buddle, 2013; Bucher et al., 2014; Beleznai et al., 2015). Several factors 

like size and nutritional composition of prey, availability of alternate prey, intraguild 

predation, predator switching, hunting strategy of spiders etc. also affect biocontrol 

efficacy of spiders in our agricultural croplands (Michalko et al., 2019). Biocontrol 

potential of spiders in paddy fields have been studied extensively (Rajeswaran et al., 
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2005; Tahir & Butt, 2009; Kobayashi et al., 2011). Many efforts have so far been 

made to document the effect of spiders on horticultural croplands (Hanna et al., 

2003; Rajeswaran et al., 2005; Liu et al., 2015; Michalko & Pekar, 2015). 

Deploying spiders in combination with specialist natural enemies in the crop field 

prevents the resurgence of pests besides reducing pest population (Sunderland, 

1999). Norma et al. (2014) had opined that the spider belonging to the families 

Araneidae, Lycosidae, Oxyopidae, Tetragnathidae, Thomisidae and Salticidae are 

the most effective bio control agents in agroecosystems. Suenaga & Hamamura 

(2015) suggested Pardosa astrigera L. Koch, 1878 as an efficacious biocontrol 

agent against cabbage pests Plutella xylostella and Myzus persicae. Jeyaparvathi et 

al. (2013) reported Peucetia viridana (Stoliczka, 1869) as potent biocontrol agent 

for cotton pests Aphis gossypii and Spodoptera litura. Oxyopes javanus Thorell, 

1887 was reported to be a powerful biocontrol agent against tea mosquito bug 

Helopeltis theivora (Basnet & Mukhopadhyay, 2014). Spiders, especially those who 

belong to the genus Philodromus Walckenaer, 1826 were recorded to be effective in 

controlling rosy apple aphid Dysaphis plantaginea (Lefebvre et al., 2017). 

Kobayashi et al. (2011) reported Pirata subpiraticus (Bosenberg & Strand, 1906) a 

fruitful biocontrol agent against Stenotus rubrovittatus, a mirid pest of rice. 

Telamonia dimidiata (Simon, 1899) and Oxyopes shweta Tikader, 1970 were stated 

to be effective in managing tea mosquito bug in cashew fields in Karnataka (Bhat et 

al., 2013). Cyclosa insulana (Costa, 1834) reported to be powerful biocontrol agent 

of whiteflies and Plexippus paykulli (Audouin, 1826) against thrips, in cotton fields 

(Mohsin et al., 2015). Evarcha albaria (L. Koch, 1878) was suggested to be 

efficient in shrinking down the population size of Empoasca vitis, a serious pest of 

tea. Saqib et al. (2021), through molecular gut content analysis revealed that there 
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are clear prey preferences among spider taxa. Salticids prefer lepidopterans while 

Pisaurids opt for dipterans and Thomisids for coleopterans. Thorough knowledge of 

such food preferences, foraging tactics and other trophic interactions of spiders will 

help in the effective utilization of their feeding potential in biological pest control in 

a more fruitful manner. 

2.5. Impact of man-made disturbances on spiders 

Like all other animals on earth, disturbances created by human beings affect spiders 

also. Most of these anthropogenic disturbances create negative impact to the spider 

populations in natural as semi natural ecosystems. Deforestation and urbanization 

had led to modification and fragmentation of habitats. It is noted that interfering 

noises induce physiological stress in the animals (Brumm & Slabbekoorn, 2005). 

Wu & Elias (2014) proved that amplitude of man-made vibratory noises affects the 

sensitivity of prey detection of orb weaver. In many spiders, a decrease in web size 

and prey capture rate with increasing noise level was observed (Gomes et al., 2020). 

Agroforestry, unscrupulous urbanisation, and environmental defilement are the 

major man-made threats that spiders have to come across (Branco & Cardoso, 

2020). Vergnes et al. (2014) reported that urban densification impacts negatively on 

ground dwelling spiders and other arthropods. 

Irrational usage of agrochemicals is another man-made disturbance that 

affects spider fauna adversely. Graf et al. (2019) reported that abundance and 

species richness of riparian spider fauna decreased with an increase in the toxicity of 

the river water. A similar decrease is abundance and species richness were reported 

in terrestrial spider fauna also due to traditional chemical management of 

agricultural fields (Park et al., 2007; Devotto et al., 2007).  
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It is noted that the effect of pesticide on the spider community depends on 

the community structure, area of the cropland and timing and frequency of the 

pesticide application (Pekar, 2012a). Generally, all biocides except herbicides affect 

the canopy dwelling spiders than the epigeic ones. Some pesticides show guild 

specific impacts while some show negative effect to entire community. Formothion, 

carbaryl, hexaflumuron, cycloxuron etc. applied in fruit orchards adversely affect 

entire spider community there (Mansour, 1987; 1988; Pekar, 1998), while 

phenthoate, deltamethrin, ethofenprox etc. show guild specific effects (Tanaka et al., 

2000). It is found that the adverse effect of the pesticide is stronger if the application 

is at the time of immigration of spiders to the field or at the time their reproduction 

(Volkmar et al., 2008). Many biocides, especially herbicides which have 

comparatively low direct lethal effects, have many indirect effects like reduction in 

web attachment sites, space for shelter, humidity, and prey availability (Sunderland, 

1999). Direct lethal effect of neurotoxic pyrethroids on Oedothorax apicatus 

(Blackwall, 1850) was studied and found that ataxia, tetani, and convulsions were 

observed before the final paralysis and death (Jager et al., 1995). It was noted that O. 

apicatus preferred moist substrate after exposed to deltamethrin which may be for 

avoiding pesticide induced water loss (Everts et al., 1991). The direct lethal effect 

pesticide application through different routes had been examined using 14C labelled 

deltamethrin exposure and found that contact to pesticide residue is the most 

detrimental route of exposure (Mullie & Everts, 1991). The structure of web 

constructed by spiders also influence the extent to which they are exposed to 

pesticides as webs act as an effective collector of insecticide sprays (Samu & 

Vollrath, 1992). Spiders building three-dimensional web with a retreat inside are 

found to be less exposed to insecticide droplets than the one which makes orb webs 
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(Pekar, 2012b). The age, sex and nutritional status of spiders also affected the degree 

of stress created by insecticides on them (Hof et al., 1995; Dinter et al., 1998; 

Pedersen, 2002; Van Erp et al., 2002).  

Besides the direct lethal effects, numerous sublethal effects were recorded in 

spiders due to exposure to pesticides. These effects lowered the prey capture, 

reproduction rate, defence, and dispersal of spiders (Pekar, 2012b). The exposure to 

cypermethrin tropically caused ataxia and paralysis of legs in Pardosa amentata 

(Clerck, 1757) (Shaw et al., 2006). Several laboratory studies indicated that different 

pesticides may affect the stages of reproduction of spiders (Dinter et al., 1998; Deng 

et al., 2006; Tietjen, 2006; Benamu et al., 2010; Peng et al., 2010). Mansour (1987) 

found that spiders in areas where sublethal doses of pesticides were applied more 

frequently, were more tolerant to pesticide than those in untreated fields. This 

indicated that spiders have developed a level of resistance to pesticides. An overall 

reduction in haemocytes in the lycosid Schizocosa humilis (Banks, 1892) was 

observed after oral azadirachtin administration, indicating a reduction in immunity. 

A shift from conventional chemical management to IPM and organic 

cultivation practices has impacted the spider community positively in several 

agroecosystems like tea plantations (Bao-Yu, 2005), vegetable croplands (Sengonca 

& Liu, 2002), wheat fields (Feber et al., 1998), olive groves (Santos et al., 2007), 

and fruit orchards (Pekar, 1999; Pekar & Kocourek, 2004; Marko et al., 2009).   

 
2.6. Breakthroughs in applied Araneology 

A surge in applied research in arachnology has been seen in the recent decades only. 

Many studies have been conducted so far on the use of spider venom, spider silk, 

and other spider-related materials. Spider venom can be utilized to make effective 

bio pesticides since spiders employ it to catch insect prey. Different voltage gated 
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ion channels and presynaptic nerve terminals are the most well-known insecticidal 

targets of spider venom (Vetter, 2011). Polypeptides that target NaV channels are 

produced by most spiders in their venom. Toxins from spiders affect neural 

excitability, causing insects to become paralysed and eventually die (Catterall et al., 

2007). So, spider venom toxins may emerge as potential bio insecticides in near 

future. 

Spider venom can be used in medicine and related studies because it targets 

certain ion channels or receptors in the body. They can be effectively utilized in the 

treatment of diseases caused by impaired function of these receptors or ion channels 

(Saez et al., 2010). Spider venom peptides, like other venom peptides, are renowned 

for their efficacy and selectivity when compared to typical small molecule 

medicines, making them attractive for biomedical research (Pennigton et al., 2018). 

Selectivity of spider venom peptide confers it a capacity to minimise off target 

activity and thereby reduce side effects of drug. Many spider venom peptides are 

employed in medical research to figure out how ion channels work and how their 

malfunction leads to ailments (Liu & Bean, 2014; Bishop et al., 2015). Novak 

(2001) reported that polypeptides from spider venom can be used to cure cardiac 

arrhythmia. Lycosin-I, derived from Lycosa singoriensis (Laxmann, 1770) venom, 

has been shown to inhibit tumour growth in vivo (Liu et al., 2012). Lycosin-I is a 

prospective option for anticancer treatment development, as it can both trigger 

cancer cell apoptosis and reduce the risk of subsequent metastasis (Gartrell et al., 

2015; Pascale et al., 2017). 

 Due to its low degradation rate and exceptional mechanical qualities, spider 

silk can be used as a suture for fixing tendon ruptures (Hennecke et al., 2013). 

According to Allmeling et al. (2006) and Roloff et al. (2014) dragline silk fibres 
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from Nephila may be used as a scaffold for human neurons and cell bodies of 

neurons touched with spider silk scaffold grow into ganglia-like structures. Spider 

silk has been proposed by Wendt et al. (2011) as a new matrix for skin repair in 

reconstructive surgical procedures. Recombinant spider silk has been reported to be 

useful for wound healing and regeneration of skin (Baoyong et al., 2010; Chouhan et 

al., 2018; 2019) and peripheral nerve (Pawar et al., 2019; Aigner et al., 2020). 

Spider silk also has a multitude of uses in optics and photonics (Huby et al., 2013). 
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MATERIALS AND METHODS 

Research methodology is the system of methods adopted to scientifically address the 

topic of research. It is the way followed by the researcher to solve his research 

problem. It involves the collection of data, rigorous analysis and drawing reliable 

conclusions. It also clarifies the reason for adoption of specific methods. The 

research methodology directs the researcher in the appropriate direction from topic 

selection to study execution. The methodology of the current study is outlined here. 

3.1. Study area 

Kerala, popular for its coconut groves, is located on the southwest tip of India. It is 

located between latitudes 8°18' and 12°48' and longitudes 74°52' and 72°22'. The 

state has a 38,86,300 hectares total land area. Kerala is located between the Western 

Ghats in the east and the Arabian Sea in the west. Kerala can be classified into three 

regions topographically - lowlands, midlands, and highlands. High land has an 

average height of 900 meters and it includes the slope of Western Ghats. 

Agricultural products there include tea, coffee, rubber, and spices like cardamom. 

Midlands lie between highlands and lowlands and constitute around 40 

percent of land area of Kerala. Cashew, coconut, banana, vegetables etc. are grown 

richly in the midlands. Lowlands comprise river deltas, lagoons and coastal shores 

of Arabian Sea. The major crops in these parts include paddy and coconut. 

According to Koppen’s climatic classification Kerala experiences tropical monsoon 

(all parts of Kerala except Thiruvananthapuram district) tropical savannah 

(Thiruvananthapuram district) climates (Nathan, 2000). The state has summer 

temperatures between 32°C and 36°C, monsoon temperatures between 18°C and 

30°C, and average annual rainfall of around 3000 mms. 
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 Crops grown in Kerala include rice, banana, mango, papaya, and a wide 

variety of vegetables like brinjal, lady's finger, spinach, peas, pumpkins, ash gourds, 

and many others. Plantation crops such as coconut, rubber, tea, coffee, ginger, etc., 

as well as spices like pepper, cardamom, cinnamon, and nutmeg, are all farmed here 

with great success. 

 Thrissur, popularly known as ‘the cultural capital of Kerala’ is the anglicised 

form of the Malayalam phrase 'Thrissivaperur,’ which translates as ‘town of the 

sacred Siva’. It is a revenue district of Kerala located in the geographic centre of the 

state. Thrissur district encompasses around 3,032 km
2
 and accommodates nearly 

10% of Kerala's population. The district is bounded to the north by Palakkad and 

Malappuram districts, and to the south by Ernakulam and Idukki districts. The 

Arabian Sea is to the west, while the Western Ghats are to the east.  

  The crops cultivated in Thrissur include rice, tapioca, fruits such as mango, 

banana, papaya, vegetables such as drumstick, brinjal, bitter gourd, cucumber, 

pumpkin, ash gourd, chilies, and spices such as pepper, nutmeg, turmeric, etc. The 

average highest summer temperature in the city is 35 degrees Celsius, while the 

minimum temperature is 22.5 degrees Celsius. The average maximum temperature 

during winter is 32.3 degrees Celsius, while the average minimum temperature is 20 

degrees Celsius. The average annual precipitation in the region is 2037mm. The 

current study includes the study of the diversity of spiders associated with the 

horticultural fields of five major vegetable belts of Thrissur district, Kerala (Figure 

3.1).  
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Figure 3.1. Location map of the study sites 

3.1.1. Kuzhur (KZR) 

Kuzhur is a village of 11.91 square km in the Mala block of the Thrissur district. It is 

41km south of the district capital, Thrissur, and 4km from Mala (Table 3.1). Kuzhur 

is on the southern edge of the district of Thrissur. The study was conducted on an 

agrofarm in Kuzhur with mixed horticultural crops. Paddy fields, coconut farms, 

dwelling area, and road bordered the cropland. 

3.1.2. Narayanamangalam (NGM) 

Narayanamangalam is a village in Kodungallur municipality of Thrissur district. The 

location of Narayanamangalam is east of Pullut. It is 6km from the town of 

Kodungallur and 39.5km from the town of Thrissur. The study site selected in the 

village was a privately owned farm which adopted agriculture as well as animal 

husbandry practices in the plot. The site is bordered by roads on either side, a low-
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lying watershed on one side and housing area on the fourth side. Organic cultivation 

was practiced there. 

3.1.3. Nenmanikkara (NKR) 

Nenmanikkara is a village in Kerala. It is part of the Kodakara block panchayath of 

Thrissur district and has a land area of 11.41km
2
.  It is closer to NH544 and is near 

the town of Amballur. The cropland for study is an traditionally cultivated area with 

a number of various horticultural crops being cultivated. The field was surrounded 

on all sides by paddy fields, a road, and banana crop lands. 

3.1.4. Bharata (BTA) 

Bharatha is a tiny village in the Kodakara block panchayath of the Thrissur district. 

It is governed by Thrikkur panchayath. It is 11km south of the district headquarters 

in Thrissur and 9km away from Kodakara. Bharatha is bordered to the north by 

Ollukkara block, to the south by Kodakara block, to the north by Thrissur block, and 

to the south by Irinjalakuda block. The study in the village was concentrated on 

banana cropland showing organic farming practice. It was surrounded by vegetable 

crop fields, roads and housing areas as the borders. 

3.1.5. Chelakkara (CRA) 

Chelakkara is a village that covers 59.8 square kilometres. It is in the Pazhayannur 

block of the Thrissur district. It is 27km north of Thrissur, which is the district 

capital and 6km from Pazhayannur. This place is on the border between the districts 

of Thrissur and Palakkad. A mixed cropping horticultural field in the village was 

selected for the study. A cropland with mixed cropping practice was selected for the 

sample collection. Paddy field, fallow land, housing area and an irrigation canal 

were located near to the plot under study. 
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Table 3.1. Characteristics of study sites 

Site Area (m
2
) Geographic coordinates Major crops cultivated 

KZR 4 x10
4  

10.2115
o
 N, 76.2914

o
 E 

Banana, Chilli, Tapioca, Pea 

Yam, Nutmeg, Mangostein, 

Rambutan 

NGM 2.5 x10
4 

10.2492
o
 N, 76.2064 

o
E 

Banana, Plantain, Brinjal, 

Ladies finger, Yam, pulses,  

Nutmeg, Tapioca 

NKR 3.8 x10
4 

10.4376 
o
 N, 76.2490

o
 E 

Banana, Plantain, Brinjal, Pea, 

Spinach, Yam, Cucurbits, 

Ladies finger, Tomato. 

BTA 2 x 10
4 

10.4529
o
 N, 76.2971

o
 E Banana, Plantain 

CRA 3.8 x 10
4 

10.6941
o
 N, 76.3464

o
 E 

Banana, Plantain, Yam, 

Spinach, Pepper, Nutmeg 

  

3.2. Sampling methods 

3.2.1. Period of sampling 

The time frame covered by the investigation was from 2015 to 2022. The selection 

of study plots and the pilot study comprised the first phase of the investigation, 

which took place in 2015-2016. Between 2016 and 2018, samples were taken from 

each of the study locations at regular intervals. Every season, each field was visited 

three times for sampling. Between 2018 and 2022, the identification of spiders, data 

analysis, and laboratory studies to determine the impact of some commonly used 

pesticides on the dominant spiders were conducted. 
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3.2.2. Sampling techniques 

Sampling procedures and duration for each field are identical. Samples were 

gathered from each field three times per season. Every day of the collection, samples 

were taken from 7:00 am to 1:30 pm. Primarily, handpicking and sweep netting were 

employed for the collection process. Methods such as the beating stick technique 

and pitfall traps are not used since they are practically unfeasible in the study region, 

which consists of horticultural croplands. Samples were collected from a fixed 

number of 5m
2
 quadrats. The key criterion for deciding the number of quadrats per 

plots for the study is the total area of the croplands selected for the exploration. The 

quadrats were chosen at random and were placed far enough from each other. All the 

quadrats were in sufficiently interior regions of the area to prevent the edge effect. 

Hand picking 

Active searching and hand picking was the most common method adopted for the 

sampling at all the five sites of study (Mukhtar & Mushtaq, 2005; Sudhikumar et al., 

2005a; Sial et al., 2012; Kashmeera et al., 2020). Spiders living in the soil were 

gathered from the upper layer of the soil after it had been thoroughly inspected. 

Spiders were collected either by hand picking or by using the kerchief method 

(Rajeevan et al., 2019; Sebastian et al., 2005; Jose & Sebastian, 2001). The foliage 

of the shrubby vegetables was checked on both the upper and below surfaces. Active 

searching was performed on the surface of both green as well as on dried leaves, the 

leaf axil, and the space between the stem and the leaf sheaths of the plantains in the 

field. Flowers and fruits of vegetable crops were also examined thoroughly. Spiders 

of a smaller size were collected using a brush dipped in alcohol or by leading them 

into small specimen vials and closing the lid suddenly. Spiders located on webs were 
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captured inside the jar by keeping it open below them and rapping the lid of the jar 

over them. When the spider entered the jar, the jars were closed tightly with the lids. 

Sweep netting 

Sweep nets are strong nets in the shape of a bag that are attached to a long handle. 

They are used to collect insects and spiders out of long grasses and other plants. Its 

benefits are that it is simple, quick, and easy to use, and that it can collect insects 

that are spread out on top of the plants of moderate heights. 

Sweep nets are used to catch aerial spiders on top of plants, which can't be 

found by visual searching. Standard-sized sweep nets are quickly wiped over the 

plants to catch the spiders in the net. Carefully, the spiders that are caught in the net 

are moved to the storage vials. This is the principal method adopted to collect 

spiders from the top portions of plantain as methods like beating are not possible in 

the agricultural fields. 

3.2.3. Preservation of specimen 

Specimens were taken back to the lab where they were photographed with a Nikon 

DSLR 5200 and a Tamron AF 90mmF/2.8 macro lens. The samples were then 

placed individually into polypropylene vials for long-term preservation. For 

specimens of different-sized spiders, different-sized vials are employed. The 

preservative   used was 70% ethanol. The vials are filled with the alcohol in such a 

way that the specimen was fully immersed in it. Each vial is labelled with the place, 

date, collector's name, and other relevant taxonomic remarks. Alcohol is refilled to 

maintain the optimum preservation strength. 
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3.2.4. Identification 

The specimens were observed under the stereo zoom microscope (Leica-M205C) for 

identification. Identification was mainly based on morphological features. The 

number, nature, relative size, and distribution of eyes, the number of cheliceral teeth, 

and the presence or absence of a cribellum are a few of the taxonomically significant 

characteristics. For correct identification, a microscopic examination of the structure 

of the male and female genitalia (palp in the case of males and epigyne in females) 

was done. The genitalia were meticulously dissected using needles with pointed tips, 

washed with 10% KOH, and viewed using a stereo zoom microscope. The World 

spider catalogue (2024) was the source of literature for the identification. Some of 

the collected specimens, particularly juveniles, could not be identified to the species 

level. They have been identified to the level of genus or family. 

3.2.5. Data analysis 

Data analysis is a standardised procedure for conducting precise and unbiased 

assessments of research data. It involves using statistical and logical tools in a 

planned way to describe and evaluate the data. Data analysis is essential to research 

since it simplifies and improves the accuracy of data study. It helps the researchers 

derive inferences from it. All statistical analysis of the present study is done with the 

help of statistical and computation software R (R Core Team, 2020) and Microsoft 

Excel 365. 

Diversity indices 

Diversity indices are the quantitative measures that indicate the number of distinct 

species in a community. In other words, diversity indices are mathematical measures 

of species diversity of the community. It represents various aspects of diversity like 

richness, dominance and evenness in a statistical way. 
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Shannon-Weiner diversity index (H) is a measure of the diversity of species 

in a community. It is one of the most used indices for estimating biodiversity in 

ecological studies. It is affected by both the number of species and evenness. The 

values might vary from 0 to ln (S) where S is the number of species in the 

community. Greater values of H indicate increased diversity. It can be calculated as,  

                

Where Pi is the proportion of individuals in a species in the whole 

community (n/N; n is the number of individuals in the given species and N is the 

total number of individuals in the community). 

Simpson’s index (D) (Simpson’s Concentration Index) is a measure of 

dominance. It gives an idea on the chance of two individuals selected randomly from 

an infinitely sized population belonging to the same species. It is calculated as,  

D = 
 ∑      

      
 

Where n is the number of individuals in a particular species and N is the total 

number of individuals in the whole community. It can take any value between 0 and 

1. If D is 0 then the community is of infinite diversity and if it is 1, it indicates no 

diversity at all.  

The value 1-D is often considered as Simpson’s diversity index (Gini 

Simpson index). It indicates the probability of two randomly selected individuals 

from a community belonging to two distinct species. If its value is 0, there is no 

diversity and if its value is 1 it indicates infinite diversity. Both the Shannon and 

Simpson indices were calculated using the vegan package of R. 

Shannon-Wiener and Simpson indices are not themselves diversities. These 

indices are typically connected with measures of true species diversity, although 

their properties differ from those of true species diversity. Jost (2006, 2007) 
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suggested that the effective number of species or Hill Numbers can be employed to 

circumvent these scaling concerns. True diversity in the community may be 

expressed as effective numbers. Effective number is the number of equally abundant 

species in a community (Jost, 2007; Tuomisto, 2010; 2011). For a perfectly even 

community, it is equal to species richness. For normal communities it is always less 

than the species richness. The values of effective numbers are less dependent on 

sampling effort than species richness (Beck & Schwanghart, 2010) and under 

sampling can be corrected for more easily compared to species richness and indices 

such as Shannon's H′ and Simpson's D (Chao et al., 2014). These properties of 

effective numbers should provide more interpretable and comparable assessments of 

biodiversity (Jost, 2007). 

Effective numbers or Hill numbers (
q
D) can be calculated as follows, 

q
D =  ∑      

            

Hill numbers for q=0 indicates species richness, for q=1 Shannon diversity 

(Exponential of H) and for q=2 indicates Simpson diversity (reciprocal of Simpson 

index). 

I.e., 
0
D=S, 

1
D= e

H
,
2
D= 

1/
D. 

Diversity profile curves can be plotted when effective numbers are 

represented as a function of coefficient q. The shape of the curve gives information 

on the diversity and evenness of the community (Figure 3.2).  
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Figure 3.2. Diversity profile curves showing same species richness and different 

evenness 

 

Kruskal Wallis Test 

Kruskal Wallis test is a non-parametric test used to test the difference between 

multiple samples when the underlying population distributions are non-normal or 

unknown. It can be used to compare species abundance of different habitats and 

during different seasons. It is employed to test the null hypothesis, which states that 

k samples were drawn from the same or identical population with the same median. 

It confirms whether there exists a statistically significant difference between 

different samples. 

Dunn’s Test 

The Dunn’s test is a nonparametric statistical test that compares two paired groups. 

The test compares sets of pairs by determining if their differences are statistically 

significant. In the present study Dunn’s test with Bonferroni correction is used for 

the pair wise comparison of abundance between different habitats. It tests the null 
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hypothesis that the two samples under investigation have the same median. It is used 

as a post-hoc test to identify which groups are statistically different from other 

groups. 

Analysis of Beta diversity 

Beta diversity quantifies the extent of dissimilarities between the communities in 

relation to a complex gradient of environments. It can be considered as the ratio 

between gamma diversity and alpha diversity. The diversity among the units of 

study (Beta diversity) was studied using Bray Curtis dissimilarity measure. For this 

Vegdist function of the Vegan package is used (Jost, 2007). A PERMANOVA test 

was run using the Adonis function of the Vegan package, and the results were 

interpreted with the help of a nMDS plot based on the BC distance. The SIMPER 

analysis was carried out with the help of the Simper function in Vegan in order to 

determine the contribution made by each species to the average Bray Curtis 

dissimilarity shared by each set of habitats. 

Rank Abundance Curve 

The Rank Abundance Curve, also called the Whittaker curve, is a two-dimensional 

chart with the abundance rank on the X-axis and the relative abundance on the Y-

axis. It is a method for assessing diversity. It can be used to describe species 

abundance and species evenness, two elements of biodiversity. In the horizontal 

direction, the width of the curve corresponds to the abundance of species; the greater 

the abundance of species, the greater will be the width of the curve. The smoothness 

of the curve indicates the species evenness; the smoother the curve, the more evenly 

distributed the species. Rank abundance curve compensates for the inability of the 

biodiversity indices to illustrate the relative importance of different variables in its 

calculation. 
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3.3. Seasonality of spider diversity 

The time frame of the study was divided into three seasons. Pre-monsoon, monsoon 

and post-monsoon are based mainly on the monsoon period in Kerala. The seasonal 

fluctuations in Kerala are very heavily related to the monsoon fall. Biodiversity, 

especially invertebrate diversity in Kerala is also highly influenced by these 

rainfalls.  Kerala receives two monsoons: south-west monsoon (Edavappathi) and 

north-east monsoon (Thulavarsham). Southwest monsoon ranges from June to 

August and north-east monsoon between mid-October to the end of November. 

Around 70% of the total rainfall in Kerala is contributed by southwest monsoon, 

18% by north-east monsoon contribution and the rest is pre-monsoon falls. So, the 

division of study period to different seasons mainly depended on the south-west 

monsoon period. A period of four months (February to May) prior to the onset of 

Southwest monsoon is considered as pre-monsoon period. Four-month period (June 

to September) which includes the time of south-west monsoon is considered as 

monsoon period and the remaining four months (October to January) is selected as 

post-monsoon. 

 The abundance of spiders during different seasons was compared by Kruskal 

Wallis test to find out which pair of seasons contribute maximum to the significant 

difference. 

3.4. Guild structure analysis 

A guild is a group of organisms that exploit the same or related category of natural 

resources in a comparable manner (Root, 1967). It is also considered as a non-

phylogenetic assemblage of species that share one or more significant resources. The 

concept of guild refers to how the resources are shared by different species in an 

ecosystem. Information regarding the foraging strategy, type of web constructed, 
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prey range, vertical stratification and circadian activity are used for designating the 

guild for each family (Cardoso et al., 2011). The guild composition of spiders of 

various horticultural ecosystems of Thrissur district is done according to the 

classification of Cardoso et al. (2011). According to them different families of 

spiders are assigned to eight different feeding guilds (Table 3.2). The absence or 

over-existence of any one or a few of these guilds in habitat throws light on the 

dominance structure of the community and various external disturbances pertaining 

there. 

Table 3.2. Different guilds of spiders 

Guild name  Foraging strategy 

Ambush hunters ‘Sit and wait’ strategy of prey capture 

Ground hunters Capture preys mainly from ground layer 

Orb web builders Construct perfect orb web for prey capture 

Sensing web builders Construct webs with sensing threads for prey capture 

Sheet web builders Construct sheet like web for prey capture 

Space web builders Construct irregular space webs for prey capture 

Specialists Feed on one or very few prey 

Other hunters Captures prey through alternative methods especially 

chasing and catching 

 

3.5. Study of impact of insecticides on the selected spiders 

Effects of persistent pesticides on non-target and beneficial fauna, such as predators, 

parasites, and pollinators, are triggering the emergence of various small pests in 

epidemic proportions. Evaluation of the impacts of pesticides on beneficial 
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arthropods has garnered an increasing amount of interest from experts throughout 

the globe.  

 The residual toxicity approach proposed by Rezac et al. (2010) was 

employed to study the impact of pesticides on spiders. The spiders chosen for the 

study were Myrmaplata plataleoides (O. Pickard-Cambridge, 1869), Indopadilla 

insularis (Malamel, Sankaran, & Sebastian, 2015) (Salticidae), Argiope pulchella 

Thorell, 1881 (Araneidae), and Oxyopes javanus Thorell, 1881 (Oxyopidae). Ekalux 

(Quinalphos 25% EC - an organophosphate), and Karate (Lambda cyhalothrin 5-% 

EC - a pyrethroid) were used for poisoning spiders, as they were widely used on 

vegetable crops in Kerala. Quinalphos (C12H15N2O3PS- diethoxy-quinoxalin-2-

yloxy-sulfanylidene-5-phosphane) is an agrochemical recommended by the 

department of agriculture, Kerala, as a substitute for the deadly poisons like 

carbofuran, endosulfan and parathion in our agricultural and horticultural fields. 

This organophosphate is a cholinesterase inhibitor. It has a molecular weight of 

298.30 and is a colourless crystal. Its exposure can occur through direct contact, 

ingestion, or inhalation. It is widely used in Kerala against stem borers, leaf rollers, 

gall midges, Hispa, nematodes etc in rice as well as vegetable crop fields. It 

irreversibly binds with AchE and prevents the breakdown of Ach. It leads to the 

longer existence of Ach in the synapses which may cause hyper excitation and leads 

to the death (Siegfried & Scharf, 2001). Lambda cyhalothrin is a colourless and 

odourless synthetic pyrethroid which disrupts the nervous system functions of 

arthropods and cause paralysis and death in them. In Kerala, it is commonly 

employed against stem borer and leaf folder in paddy, shoot and fruit borer in 

brinjal, fruit borer in okra and tomato. 
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3.5.1. Rearing of spiders 

The spiders which have been caught were kept in a glass jar that was congruent to 

their webs. The bottom of the jar was filled with clean, sterile, and moist sand, and 

the top was covered with a thick paper board, which was attached to the mouth of a 

rectangular jar. The paper lid had a hole in the middle that could be closed or opened 

as needed. Water was sprayed into the jar occasionally in order to keep the sand 

moist and keep the humidity at the right level. Small profusely branched twigs were 

also inserted in the jar so as to provide resting place to the spiders. These twigs also 

act as the substrate for making web as well as for hiding themselves from the prey 

given. Since all spiders are carnivores, they consume only living prey. To promote 

optimal growth, they must consume a variety of insects so that the nutritional 

requirements might be satisfied. Drosophila, odonates, beetle larvae, and small 

grasshopper nymphs were the most frequently used insects as prey. The live prey 

was introduced to the glass jar, and every day after the meal, any leftovers were 

removed. This helped the spiders to get acclimated to the lab condition. 

3.5.2. Study of avoidance response 

The ecological effects of commercial pesticides on living organisms, particularly 

non-target species, have been a global concern. To reduce the most severe effects of 

pesticides, it is very crucial to understand the species-specific responses of 

organisms to various pesticides. Avoidance response is the ability of organisms to 

move away from the potential hazards in a free environment. The avoidance 

response can be used to assess the hazards posed by pesticide-caused pollution 

(Rosa et al., 2012). 

 Avoidance response of selected spiders (A. pulchella, I. insularis, M. 

plataleoides, O. javanus) against Quinalphos 25% EC and Lambda cyhalothrin 5% 
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EC was assessed in lab conditions. Twelve filter papers with a 10-centimeter 

diameter were taken. One end of four papers was dipped in a 1 ml/L concentration 

of 25% EC Quinalphos. The papers were carefully watched and removed from the 

pesticide solution when exactly half of them were wet with the solution. The 

portions of the papers up to where the pesticide solution reached were marked 

correctly. Then, one half of the strip was with insecticide residue, while the other 

half was not. A set of four filter papers were made with Lambda cyhalothrin 5-% EC 

solution also in the similar way. As a control, the identical procedure was performed 

with distilled water instead of pesticide solution. The filter papers were allowed to 

dry. Four petri dishes of similar dimensions were prepared for the experiment with 

each pesticide and four for the control. One each of the above prepared filter papers 

was inserted to the bottom of the petri dishes. Each acclimatized spider was 

introduced to all the petri dishes in such a way that one individual of same age, sex 

and size from each species was introduced to the both the pesticide treated as well as 

the control petri dishes. The top of each petri dish was closed with a lid allowing the 

spider to travel easily from one end to the other. Half an hour was devoted to 

observing the setup. It is recorded how long the spiders remain in the pesticide-

treated portion of the filter paper. The Kruskal Wallis test was conducted to find out 

whether there is a significant difference between time of exposure and avoidance. 

3.5.3. Effect of pesticides on the feeding efficacy of spiders 

While our knowledge regarding the deadly effects of pollutants on organisms is 

solid, our knowledge of how these contaminants might impact creatures by 

modifying their interactions with various other species of their own community is 

limited. The effects of potent pesticides on prey-predator interactions are complex.  
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The feeding efficacy of a predator is the rate at which it consumes the prey 

under a specific set of conditions. The feeding of polyphagous predators plays an 

incredibly significant role in the management of the pest populations in the 

croplands. Predatory capacity of sensitive organisms like spiders may be adversely 

affected by the exposure to commercial pesticides. 

 The effect of toxicity of sublethal concentrations of organophosphate and 

pyrethroid pesticides on the feeding efficacy of A. pulchella, I. insularis, M. 

plataleoides and O. javanus against fruit fly, Drosophila melanogaster was 

calculated in the laboratory. The residual toxicity method was selected for the study. 

Twelve filter papers (10 cm in diameter) were taken for exposing the spiders to 

pesticides. Four filter papers were immersed in a solution of Quinalphos 25% EC 

with a concentration of 0.5 ml/L, i.e., one fourth of field dosage, four in the solution 

with the 0.5ml ml/L concentration of Lambda cyhalothrin 5-% EC, (one fourth field 

dosage). The remaining four papers were selected as control and immersed in 

distilled water. The filter papers were allowed to dry and then placed one each in a 

petri dish. One member of each species was introduced to the petri dish containing 

filter paper impregnated with pyrethroid, one to that with organophosphate. For the 

control group, the same experiment was performed, but subjects were exposed to 

filter papers which are dipped in distilled water. All the spiders selected for this 

study were previously starved for 24 hours. They were allowed to remain there for 

one hour. They were then transferred to another petri dish containing moist cotton 

and kept there for 30 minutes. 

 Feeding efficacy was calculated using adult D. melanogaster as the prey. 

For calculation of feeding efficacy the spiders were transferred to rectangular glass 

jars and a definite number of preys were added to it. The numbers of dead were 



Ph.D. Thesis  Materials and Methods 

63 

 

recorded every 2 hours and new individuals were added so as to maintain the density 

of living prey in the glass jar constant. The number of preys consumed per twenty-

four-hour period was recorded. The same number of preys introduced to the glass jar 

with spider which is not exposed to pesticides is taken as control. 

To make sure that the difference in the feeding capacity between the 

pesticide exposed groups and control group is significant, the Kruskal Wallis test 

was employed.   

3.5.4. Assessment of vulnerability of spiders to the pesticides 

Susceptibility of spiders to the pesticide was assessed using the protocol of Tahir et 

al. (2019). A. pulchella, I. insularis, M. plataleoides and O. javanus were selected 

for the study of vulnerability of spiders to pesticides. The direct lethal effect of 

Quinalphos 25% EC and Lambda cyhalothrin 5% EC on all the spiders were 

assessed. Spiders of same age, sex and size were selected and were anesthetized by 

placing them in refrigerator for five minutes. Four filter papers (10 cm in diameter) 

were dipped in 1ml/L (half the field dosage) Lambda cyhalothrin 5-% EC, four in 

same concentration of Quinalphos 25% EC and four in distilled water. The filter 

papers were allowed to dry at room temperature. Pre-anesthetized spiders of each 

species was introduced into these filter papers kept in petri dishes so that one 

member of each species was exposed to both the pesticides and one to the control. 

After an exposure period of one hour the spiders were transferred to clean glass jars 

and mortality was recorded every six hours till 24 hours. The Kruskal Wallis test 

was performed to understand whether the difference in the susceptibility of different 

spiders to different pesticides was statistically significant. 
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RESULT 

 
 

4.1. Araneofauna associated with horticultural crops: a comprehensive 

study 

Understanding the composition and abundance of araneofauna in horticultural 

crop fields and  their interaction with various insects including pests enables 

the farmers to adopt sustainable agricultural practises. A proper knowledge on 

different types of foraging guilds of spiders, their feeding preferences and 

feeding efficacy helps in reducing reliance on chemical pesticides. The 

complexity of species composition of spiders can be considered as an 

indicator of health of that agroecosystem. 

4.1.1. Overall spider diversity of the horticultural fields  

In the present study, 116 species  from 75 genera and 21 families were found from 

the fields of horticultural crops in the Thrissur district (Table 4.1. & 4.2.).Out of the 

total 116 species 15 species could be  identified only up to the genus level. 

Salticidae and Araneidae were the most abundant families. Salticidae was the most 

prolific family in terms of richness (with 25 genera & 30 species,), followed by the 

Araneidae (with 10 genera & 24 species). 
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Table 4.1. Genus and species, recorded in different families 

Sl. No. Family No. of Genera No. of Species 

1 Araneidae 9 24 

2 Cheiracanthiidae 1 2 

3 Clubionidae 1 1 

4 Corinnidae 3 3 

5 Ctenidae 1 1 

6 Gnaphosidae 1 1 

7 Hahniidae 1 1 

8 Hersiliidae 1 2 

9 Lycosidae 4 6 

10 Nephilidae 1 1 

11 Oxyopidae 2 10 

12 Philodromidae 2 2 

13 Pholcidae 2 2 

14 Pisauridae 1 1 

15 Salticidae 25 30 

16 Scytodidae 1 2 

17 Sparassidae 3 3 

18 Tetragnathidae 3 9 

19 Theridiidae 5 7 

20 Thomisidae 6 6 

21 Uloboridae 2 2 
  

A comprehensive inventory of the spiders recorded from the study areas has 

been meticulously formulated (Table 4.2.). The checklist can be used as a baseline 

for future studies and as a reference for scientists, conservationists etc. 
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Table 4.2. Checklist of spiders recorded from the study area 

No. SPECIES 

 Araneidae Clerck, 1757 

1 Anepsion maritatum (O. Pickard-Cambridge, 1877) 

2 Araneus sp. 

3 Argiope aemula (Walckenaer, 1842) 

4 Argiope anasuja Thorell, 1887 

5 Argiope catenulata (Doleschall, 1859) 

6 Argiope pulchella Thorell, 1881 

7 Bijoaraneus mitificus (Simon, 1886) 

8 Cyclosa bifida (Doleschall, 1859) 

9 Cyclosa confraga (Thorell, 1893) 

10 Cyclosa hexatuberculata Tikader, 1982 

11 Cyclosa sp. 

12 Cyrtophora cicatrosa (Stoliczka, 1869) 

13 Cyrtophora citricola (Forsskal, 1775) 

14 Cyrtophora moluccensis (Doleschall, 1857) 

15 Cyrtophora sp. 

16 Eriovixia excelsa (Simon, 1889) 

17 Eriovixia laglaizei (Simon, 1877) 

18 Gasteracantha geminata (Fabricius, 1798) 

19 Gea subarmata Thorell, 1890 

20 Neoscona elliptica Tikader & Bal, 1981 

21 Neoscona inustua  (L. Koch, 1871) 

22 Neoscona mukerjei  Tikader, 1980 

23 Neoscona sp. 

24 Neoscona vigilans (Blackwall, 1865) 

  Cheiracanthiidae Wagner, 1887 

25 Cheiracanthium danieli Tikader, 1975    

26 Cheiracanthium melanostomum (Thorell, 1895) 

  Clubionidae Wagner, 1887 

27 Clubiona drassodes O.P. Cambridge, 1874 

  Corinnidae Karsch, 1880 
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28 Apochionomma sp. 

29 Castianeira zetes Simon, 1897 

30 Corinnomma sp. 

  Ctenidae Keyserling, 1877 

31 Bowie cochinensis (Gravely, 1931) 

  Gnaphosidae Banks, 1892 

32 Drassodes sp. 

  Hahniidae Bertkau, 1878 

33 Hahnia mridulae Tikader, 1970 

  Hersiliidae Thorell, 1869 

34 Hersilia savignyi Lucas, 1836 

35 Hersilia sumatrana (Thorell, 1890) 

  Lycosidae Sundevall, 1833 

36 Hippasa agelenoides (Simon, 1884) 

37 Lycosa mackenziei Gravely, 1924 

38 Lycosa tista Tikader, 1970 

39 Pardosa pseudoannulata (Bosenberg& Strand, 1906) 

40 Pardosa sumatrana (Thorell, 1890) 

  Nephilidae Simon, 1894 

41 Nephila pilipes (Fabricius, 1793) 

 Oxyopidae Thorell, 1869 

42 Hamadruas sikkimensis (Tikader, 1970) 

43 Oxyopes bharatae Gajbe, 1999 

44 Oxyopes birmanicus Thorell, 1887 

45 Oxyopes hindostanicus Pocock, 1901   

46 Oxyopes javanus Thorell, 1887 

47 Oxyopes lineatipes (C L Koch, 1847) 

48 Oxyopes shweta Tikader, 1970 

49 Oxyopes sunandae Tikader, 1970 

50 Oxyopes sp. 

51 Peucetia viridana (Stolczka, 1869) 

52 Peucetia ananthakrishnani Murugesan et al.,  2006 
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Philodromidae Thorell, 1869 

53 Psellonus sp. 

54 Thanatus parangvulgaris Barrion & Litsinger, 1995 

 Pholcidae C. L. Koch, 1850 

55 Crossopriza lyoni (Blackwall, 1867)  

56 Pholcus phalangioides (Fuesslin, 1775) 

 Pisauridae Simon, 1890 

57 Dendrolycosa gitae (Tikader, 1970) 

 Salticidae Blackwall, 1841 

58 Asemonea tenuipes (O. Pickard-Cambridge, 1869) 

59 Bianor angulosus (Karsch, 1879) 

60 Brettus cingulatus Thorell, 1895 

61 Carrhotus viduus (C. L. Koch, 1846) 

62 Chalcotropis pennata Simon, 1902 

63 Chrysilla volupe (Karsch, 1879) 

64 Epeus indicus Proszynski,1992 

65 Epeus sp. 

66 Epeus tener (Simon, 1877) 

67 Evarcha falcata (Clerck, 1757) 

68 Evarcha sp. 

69 Hasarius adansoni (Audouin, 1826) 

70 Hyllus semicupreus (Simon, 1885) 

71 Indopadilla insularis (Malamel et al., 2015) 

72 Menemerus bivittatus(Dufour, 1831) 

73 Myrmaplata plataleoides (O. Pickard-Cambridge, 1869) 

74 Myrmarachne melanocephala MacLeay, 1839 

75 Phaeacius lancearius (Thorell, 1895) 

76 Phidippus yashodharae Tikader, 1977 

77 Phintella vittata C.L. Koch 1846 

78 Plexippus paykulli (Audouin, 1826) 

79 Plexippus petersi (Karsch, 1878) 

80 Portia fimbriata (Doleschall, 1859) 

81 Rhene flavigera (C. L. Koch, 1846) 
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82 Siler semiglaucus (Simon, 1901) 

83 Stenaelurillus lesserti Reimoser, 1934 

84 Stenaelurillus sp. 

85 Telamonia dimidiata (Simon, 1899) 

86 Thiania bhamoensis Thorell, 1887 

87 Thyene bivittata Xie & Peng, 1995 

 Scytodidae Blackwall, 1864 

88 Scytodes fusca Walckenaer, 1837 

89 Scytodes sp. 

 Sparassidae Bertkau, 1872 

90 Heteropoda venatoria (Linnaeus, 1767) 

91 Olios milleti (Pocock, 1901 ) 

92 Thelcticopis moolampilliensis Jose & Sebastian, 2007 

 Tetragnathidae Menge, 1866 

93 Leucauge decorata (Blackwall, 1864) 

94 Leucauge dorsotuberculata Tikader, 1982 

95 Tetragnatha cochinensis Gravely, 1921 

96 Tetragnatha javana (Thorell, 1890) 

97 Tetragnatha keyserlingi Simon, 1890 

98 Tetragnatha mandibulata Walckenaer, 1842 

99 Tetragnatha viridorufa Gravely, 1921 

100 Tylorida striata (Thorell, 1877) 

101 Tylorida ventralis Thorell, 1877 

 Theridiidae Sundevall, 1833 

102 Argyrodes kumadai Chida & Tanikawa, 1999 

103 Argyrodes sp. 

104 Ariamnes flagellum (Doleschall, 1857) 

105 Meotipa argyrodiformis (Yaginuma, 1952) 

106 Meotipa sp. 

107 Phoroncidia septemaculeata O. Pickard-Cambridge, 1873 

108 Theridion manjithar Tikader, 1970 

 Thomisidae Simon, 1881 

109 Thomisus projectus Tikader, 1960 
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110 Amyciaea forticeps (O. Pickard-Cambridge, 1873) 

111 Indoxysticus minutus Tikader, 1960 

112 Oxytate virens (Thorell, 1891) 

113 Runcinia insecta (L. Koch, 1875) 

114 Strigoplus netravati Tikader, 1963 

 Uloboridae Thorell, 1869 

115 Miagrammopes extensus Simon, 1889 

116 Uloborus krishnae Tikader, 1971 

4.1.2 Description of families collected from the study area 

1. Family: Araneidae Clerck, 1757 

Common name: Orb web spiders 

Araneidae is one of the largest spider families with 3128 species so far reported 

under 191 genera. The family includes small to large sized spiders. The members 

possess eight eyes with medial for arranged in a trapezoid manner and are widely 

separated from laterals. Labium fully rebordered. Chelicerae strong and vertical. 

Maxillae are not longer than wide. Strong legs with numerous spines and hairs. 

Complex partially or fully sclerotised epigyne in females, epigynal plate with 

transverse furrow. In males, palps with median apophysis and bulbous cymbium. 24 

species of spiders belonging to this family were reported from the selected 

horticultural fields of Thrissur District, Kerala. 

The species included:  

Anepsion maritatum (O. Pickard-Cambridge, 1877) 

Araneus sp. 

Argiope aemula (Walckenaer, 1842) 

Argiope anasuja Thorell, 1887 

Argiope catenulata (Doleschall, 1859) 

Argiope pulchella Thorell, 1881 
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Bijoaraneus mitificus (Simon, 1886) 

Cyclosa bifida (Doleschall, 1859) 

Cyclosa confraga (Thorell, 1893) 

Cyclosa hexatuberculata Tikader, 1982 

Cyclosa sp. 

Cyrtophora cicatrosa (Stoliczka, 1869) 

Cyrtophora citricola (Forsskal, 1775) 

Cyrtophora moluccensis (Doleschall, 1857) 

Cyrtophora sp. 

Eriovixia excelsa (Simon, 1889) 

Eriovixia laglaizei (Simon, 1877) 

Gasteracantha geminata (Fabricius, 1798) 

Gea subarmata Thorell, 1890 

Neoscona elliptica Tikader & Bal, 1981 

Neoscona inustua  (L. Koch, 1871) 

Neoscona mukerjei  Tikader, 1980 

Neoscona sp. 

Neoscona vigilans (Blackwall, 1865) 

2. Family: Cheiracanthiidae Wagner, 1887 

Common name: Yellow sac spiders, Black footed spiders. 

Ecrebellate, entelogyne spiders with medium sized body. Legs relatively long and 

first pair being longer than the rest. Tarsi provided with tufts of darks hairs. Eyes 

eight in number and nearly similar sized and arranged in two more or less parallel 

rows. Chelicerae strong and intimidating. They are nocturnal spiders and retain in 

silken ‘sleep sacs’ build inside the rolled leaves during daytime. There are 371 
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species of spiders belonging to 14 genera worldwide. Present study reported 2 

species of spiders of this family. 
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Cheiracanthhium melanostoma (Thorell, 1895) 

Cheiracanthhium danielli Tikader, 1975   

3. Family: Clubionidae Wagner, 1887 

Common name: Sac spiders 

Eight eyed spiders. Eyes arranged in two rows. The posterior row is slightly wider 

than the anterior. Anterior row is straight or slightly downcurved. Chelicerae oblique 

and provided with 2-7 promarginal teeth and 2-4 retro marginal teeth. Long legs 

with spines and two terminal claws. Maxillae longer than wide. Anterior spinnerets 

are conical and posterior one is small and rounded. Makes sac like silken retreats on 

foliage. Epigynal plates, in females are convex and scerotised. Retro lateral 

apophyses, embolus and cymbium are present on male palp. There are 665 species 

of spiders coming under 18 genera were reported in this family till the date. In the 

present study this family is represented by a single species. 

Species included: 

Clubiona drassodes O.P. Cambridge 1874 
 

4. Family:  Corinnidae Karsch, 1880 

Common name: Ant-mimicking sac spiders 

Small to medium sized spiders with slender and elongated body shape in ant-

mimicking forms. Eight eyes arranged in two rows. Strong convex chelicerae with 

curved setae on the upper edge and both rows with teeth. Epigyne is complex. Male 

palp with bulbus devoid of median apophysis. 
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Ant mimics shows ant like movements with first pair of legs raised in air to 

resemble the antennae of ants. They build silken retreats in rolled up leaves. There 

are 867 species of spiders under 76 genera in this family. The present study reported 

3 species of spiders in this family. 

Species included: 

Apochionomma sp. 

Castianeira zetes Simon, 1897 

Corinnomma sp. 

5. Family: Ctenidae Keyserling, 1877 

Common name: False lycosids / wandering spiders. 

Medium to large sized body. Eyes eight in number, arranged in three rows (2,4,2). 

Anterior medians are smaller than laterals. Anterior laterals much closer to posterior 

laterals than to anterior medians. Strong chelicerae with at least three retro marginal 

teeth. Maxillae slightly converging and provided with dense setae. Strong two 

clawed legs with spines. Complex epigyne with laterals horns in females. Palps, in 

males with dorsal median apophyses which is cup shaped. Spiders of this family is 

one of the most dangerous because of their aggressive nature and highly toxic 

venom. Presently this family comprises 612 species of spiders under 49 genera. The 

family is represented by one species in the current study. 

Species included: 

Bowie cochinensis (Gravely, 1931) 
 

6. Family: Gnaphosidae Banks, 1892 

Common name: Mouse spiders. 

Eyes eight in number, heterogenous and situated as two rows. All other eyes are paler than 

to anterior median eyes, which are the darkest. Posterior median eyes irregularly in shaped. 

Broad cephalothorax with a clear-cut fovea. Legs short and stout with spines, two claws and 



Ph.D. Thesis  Result 
 

74 
 

claw tufts. Tarsi I and II with scopulae. Abdomen usually long and narrow behind with 

cluster of setae at anterior edge. Anterior lateral spinnerets large cylindrical and well 

separated. In females, epigyne is complex and its margin is prominently cuticular. In males, 

palps with retro lateral tibial apophyses, large tegulum and slender embolus. Majority are 

ground dwellers. Many build tubular retreat under stones or rolled up leaves. There are 2474 

species belonging to 153 genera in this family worldwide. Present study recorded only one 

species under this family. 

Species included: 

Drassodes sp.  

7. Family: Hahniidae Bertkau, 1878 

Common name: Comb-tailed spiders 

Small sized spiders with eight homogenous eyes arranged in two procurved rows. 

Chelicerae with two teeth at both margins of its furrow. Legs short and stout with 

three claws. Six spinnerets in single transverse rows. Tracheal spiracles located 

away from the spinnerets. In females epigyne is complex with strongly coiled ducts. 

Male palp with long curved tibial apophyses, thin embolus and reduced median 

apophyses. The family comprise 249 species of spiders under 29 genera. A single 

species under this family is recorded from selected horticultural crop fields under 

study. 

Species included: 

Hahnia mridulae Tikader, 1970 

8. Family: Hersiliidae Thorell, 1870  

Common name: Two-tailed spiders/ bark spiders. 

Small to medium sized. Eyes eight in number and mounted on prominent tubercles. 

Arranged in two strongly recurved rows. Middle eyes in the anterior row are larger 

than that in the posterior row. Shape of sternum resembles the shape of heart. The 
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chelicera is weak, and the fangs are small. Furrow is either devoid of teeth or small 

teeth are present on the margins. Legs with three claws, the third pair the smallest. 

Complex epigyne having distinctive septum. Male palp without tibial apophysis, and 

with tubular, circular or ovoid bulb. The flattened body and apt colouration help 

them to camouflage on the bark of trees. They are active hunters. There are 188 

species coming under 16 genera worldwide. Present study reported 2 species 

belonging to this family. 

 Species included: 

Hersilia savignyi Lucas, 1836 

Hersilia sumatrana (Thorell, 1890) 

9. Family: Lycosidae Sundevall, 1833 

Common Name: Wolf spiders 

Ground dwelling spiders with size varies from small to large. Eyes eight in number 

arranged in two rows (4,2,2). Anterior row is straight or slightly curved with four 

small eyes. The middle row consists of two widely separated and large eyes. The 

posterior row consists of two intermediates sized eyes which are separated wider 

than that of the second row. Legs three clawed with spines and scopulae. Abdomen 

covered with dense setae. Strong, stout chelicera with toothed furrow. In females 

epigyne is complex in structure and have a highly sclerotised septum. Male palp 

lacks tibial apophyses and have embolus of varying shape. They are active hunters. 

Females carry egg sacs attached to the spinnerets. There is 2473 species belonging 

to 134 genera have been reported till date, in this family worldwide. In the present 

study the family is represented by 5 species. 

Species included:  

Hippasa agelenoides (Simon, 1884) 
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Lycosa mackenziei Gravely, 1924 

Lycosa tista Tikader, 1970 

Pardosa pseudoannulata Bosenberg & Strand, 1906 

Pardosa sumatrana (Thorell, 1890) 

10. Family: Nephilidae Simon, 1894 

Common name: Golden orb weavers 

Cephalic region elevated than thoracic region. Eyes eight in number, small and 

similar. Anterior median eyes separated widely, and anterior laterals are nearly 

close. Chelicerae long, strong and armed with strong teeth. Maxillae and labium are 

longer than wide, scopulate anteriorly. Legs long and strong with spines. Epigyne 

strongly sclerotises with lateral openings. Male palp with terminal apophysis long 

and pointed, tegulum curved. There included 58 species under 7 genera under this 

family, worldwide. The present study recorded one species from the family 

Nephilidae.  

Species included:  

Nephila pilipes (Fabricius, 1793) 

11. Family: Oxyopidae Thorell, 1870 

Common name: Lynx spiders 

Eight eyes showing hexagonal arrangement with recurved front row and procurved 

rear row. Anterior median eyes are the smallest. Chelicerae strong, fangs short and 

furrow without teeth or with one tooth on both sides. Maxillae long and converging. 

Epigyne is complex and its structure differs among different genera. Male palp with 

tibial apophysis and paracymbium. There are 443 species under 9 species in this 

family. The present study recorded 11 species from this family. 

Species included:  
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Hamadruas sikkimensis (Tikader, 1970) 

Oxyopes bharatae Gajbe, 1999 

Oxyopes birmanicus Thorell, 1887 

Oxyopes hindostanicus Pocock, 1901  

Oxyopes javanus Thorell, 1887 

Oxyopes lineatipes (C L Koch, 1847) 

Oxyopes shweta Tikader, 1970 

Oxyopes sunandae Tikader, 1970 

Oxyopes sp. 

Peucetia viridana Stoliczka, 1869 

Peucetia ananthakrishnani Murugesan et al.,  2006 

12. Family: Philodromidae Thorell, 1870 

Common name: Running crab spiders. 

Small to medium in size. The body is flattened dorsoventrally with fine and soft 

setae. The legs are laterigrade. Legs I, III and IV are equal sized while legs II are 

much longer. Eight eyes arranged in two recurved rows. Epigyne complex with 

median septum and kidney shaped spermatheca. Male palp is small with small tibial 

apophysis and embolus of varying length. The family comprise 528 species under 29 

genera worldwide. Present study reported 2 species from the family. 

Species included: 

Psellonus sp. 

Thanatus parangvulgaris Barrion & Litsinger, 1995 

13.  Family: Pholcidae C. L. Koch, 1850 

Common name: Daddy long leg spiders 
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Small to medium sized haplogyne spiders. Eyes six to eight. The anterior median 

being the smallest or even absent. Legs are fragile, slender and long with three 

claws. Chelicerae chelate and weak. Even though no epigyne, females have a 

sclerotised area on the underside of the abdomen. Male pedipalp is complex and 

large. There are 1979 species coming under 97 genera in this family. 2 species from 

this family have been reported in the current study. 

Species included:  

Crossopriza lyoni (Blackwall, 1867)  

Pholcus phalangioides (Fuesslin, 1775) 

14.  Family: Pisauridae Simon, 1890 

Common name: Nursery web spiders. 

Medium to large sized spiders. Eight dark, similar eyes organised as either two or 

three rows. One or more pairs situated on small nodular protuberances. Posterior 

laterals are located close to posterior medians. Chelicerae powerful and toothed. 

Long and slightly laterigrade legs with three claws. In females epigyne is complex. 

In males palp with tibial apophysis, elongated cymbium and embolus of varying 

shapes. Females carry egg sac under the sternum and held in position by pedipalp 

and chelicera. Ther are 359 species belonging to 52 genera in this family. The 

representation of this family in the present study is a single species. 

The species included: 

Dendrolycosa gitae (Tikader, 1970) 

15.  Family: Salticidae Blackwall, 1841 

Common name: Jumping spiders. 

Small to medium sized hunting spiders with eight eyes arranged in three or four 

rows. Anterior median eyes are remarkably larger than others and are forwardly 
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directed. Anterior lateral eyes are just half the size of Anterior median ones. 

Chelicerae strong with variable number of teeth. Legs long and stout with 2 claws 

and claw tufts. Epigyne is complex and variable. Complex palp in male, with 

retrolateral tibial apophysis. Spinnerets in the posterior end. This is the most diverse 

family with 6697 species belonging to 684 genera. The present study recorded 30 

species of salticid spiders. 

Species included: 

Asemonea tenuipes (O. Pickard-Cambridge, 1869) 

Bianor angulosus (Karsch, 1879) 

Brettus cingulatus Thorell, 1895 

Carrhotus viduus (C. L. Koch, 1846) 

Chalcotropis pennata Simon, 1902 

Chrysilla volupe (Karsch, 1879) 

Epeus indicus Proszynski, 1992 

Epeus sp. 

Epeus tener (Simon, 1877) 

Evarcha falcata (Clerck, 1757) 

Evarcha sp. 

Hasarius adansoni (Audouin, 1826) 

Hyllus semicupreus (Simon, 1885) 

Indopadilla insularis (Malamel et al.,  2015) 

Menemerus bivittatus(Dufour, 1831) 

Myrmaplata plataleoides (O. Pickard-Cambridge, 1869) 

Myrmarachne melanocephala MacLeay 1839 

Phaeacius lancearius (Thorell, 1895) 
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Phidippus yashodharae Tikader, 1977 

Phintella vittata (C. L. Koch, 1846) 

Plexippus paykulli (Audouin, 1826) 

Plexippus petersi (Karsch, 1878) 

Portia fimbriata (Doleschall, 1859) 

Rhene flavigera (C. L. Koch, 1846) 

Siler semiglaucus (Simon, 1901) 

Stenaelurillus lesserti Reimoser, 1934 

Stenaelurillus sp. 

Telamonia dimidiata (Simon, 1899) 

Thiania bhamoensis Thorell, 1887 

Thyene bivittata Xie & Peng, 1995 

16.  Family: Scytodidae Blackwall, 1864 

Common name: Spitting spiders. 

Glabrous cephalothorax, abdomen oval and slightly smaller than the cephalothorax. 

Eyes six in number and arranged in three rows (2,2,2). Chelicerae chelate with short 

fangs. Long slender legs with three claws. Metatarsi longer than tarsi. Epigyne, in 

females is simple with multiple spermatheca. Male palp with slender embolus. 

Members of this family possess prosomal glands producing silk. They carry eggs 

with chelicerae. The family comprise 253 species in 4 genera. The present study 

reported two species of spiders belonging to this family. 

Species included:  

Scytodes fusca Walckenaer, 1837 

Scytodes sp. 
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17. Family: Sparassidae Bertkau, 1872 

Common name: Giant crab spiders 

Oval cephalothorax with narrower eye region. Eyes eight and arranged in two rows. 

Chelicera strong with fang furrows bearing two rows of teeth. Long laterigrade legs 

with two claws and claw tufts. Legs I and II are longer than III and IV. Abdomen 

covered with fine setae. In females the epigyne is highly sclerotised and complex. 

Male palp with strong tibial apophysis. Females in many species carries egg sac 

below the body by clasping with their pedipalp. The family include 1488 species 

belonging to 97 genera. The present study represents this family with three species. 

Species included: 

Heteropoda venatoria (Linnaeus, 1767) 

Olios milleti (Pocock, 1901 ) 

Thelcticopis moolampilliensis Jose & Sebastian, 2007 

18. Family: Tetragnathidae Menge, 1866 

Common name: Long Jawed spiders. 

Elongated cephalothorax. Eight eyes, arranged in two rows. Four median eyes with a 

trapezoid arrangements and lateral eyes slight away from it. Large, sturdy chelicerae 

with rows of large teeth and projecting spurs. In females, epigyne is reduced with un 

sclerotised genital plates. In males pedipalp with large and hairy paracymbium. The 

family comprise 987 species under 45 genera. The present study reported nine 

species of spiders from horticultural ecosystems of Thrissur district. 

Species included: 

Leucauge decorata (Blackwall, 1864) 

Leucauge dorsotuberculata Tikader, 1982 

Tetragnatha cochinensis Gravely, 1921 
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Tetragnatha javana (Thorell, 1890) 

Tetragnatha keyserlingi Simon, 1890 

Tetragnatha mandibulata Walckenaer, 1842 

Tetragnatha viridorufa Gravely, 1921 

Tylorida striata (Thorell, 1877) 

Tylorida ventralis Thorell, 1877 

19.  Family: Theridiidae Sundevall, 1833 

Common name: Comb footed spiders. 

Entelegyne, ecribellate spiders. Eight eyes, arranged in two more or less parallel 

rows. The border of eyes usually encircled by brownish rings. Anterior median eyes 

darker than other eyes. Legs long with three claws, have tarsal comb on leg IV. 

Chelicera long without or with a few cheliceral teeth. Epigyne, in females is 

complex with one or two pairs of spermatheca. Male palp without apophysis and 

have hook like paracymbium. The family is rich with 2578 species belonging to 129 

genera. Present study reported 7 species of spiders from this family. 

Species included:  

Argyrodes kumadai Chida & Tanikawa, 1999 

Argyrodes sp. 

Ariamnes flagellum (Doleschall, 1857) 

Meotipa argyrodiformis (Yaginuma, 1952) 

Meotipa sp. 

Phoroncidia septemaculeata O. Pickard-Cambridge, 1873 

Theridion manjithar Tikader, 1970 

20. Family: Thomisidae Simon, 1881 

Common name: Crab spiders. 
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Eyes eight in number, arranged in two rows. The posterior row slightly recurved. 

Lateral eyes are usually located on tubercles. Chelicerae without cheliceral teeth. 

Legs laterigrade with two claws. Legs I and II are longer and stronger than III and 

IV. In females, epigyne is complex and bears hoods and bordered atrium. Anterior 

spinnerets are short, conical and the separation between them is narrow. Colulus is 

present. The family comprise 2165 species belonging to 171 genera worldwide. The 

present study recorded six species from this family. 

Species Included: 

Thomisus projectus Tikader, 1960 

Amyciaea forticeps (O. Pickard-Cambridge, 1873) 

Indoxysticus minutus Tikader, 1960 

Oxytate virens (Thorell, 1891) 

Runcinia insecta (L. Koch, 1875) 

Strigoplus netravati Tikader, 1963 

21. Family: Uloboridae Thorell, 1869 

Common name: Hackled web spiders 

Dark, homogeneous eyes eight in number, may be arranged in two well separated 

rows with four eyes in each row . Laterals in the rear row may be located above 

nodular tubercles. Chelicerae with fang furrows having several small teeth to one 

large tooth on its margins. Legs with three claws. Anterior spinnerets three 

segmented, middle spinnerets unsegmented and posterior spinnerets two segmented. 

Epigyne shows caudal projections. Two apical setae on male pedipalp. Only spider 

group without venom glands and relies on silk snares to capture the prey. There are 

285 species under 19 genera over the globe. 

The present study recorded two species from this family. 
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Species included: 

Miagrammopes extensus Simon, 1889 

Uloborus krishnae Tikader, 1971 

4.1.3. Taxonomic key to the spider families recorded 

Biologists use taxonomic keys to identify and classify organisms according 

to their observable characteristics. It is a series of hierarchical questions about 

characteristics of an organism, with each question leading to a subsequent set of 

questions that identify the organism to a specific group or species. 

Taxonomic keys are essential to the study of biodiversity because they 

provide a standardised and objective method for identifying and classifying 

organisms, enabling scientists to precisely describe and comprehend the diversity of 

life on Earth. A taxonomic key for the identification of various families of spiders 

associated with horticultural crops of various fields in Thrissur district of Kerala is 

prepared. 

1a. Cribellum and calamistrum present, sometimes absent in males (Section 

Cribellate) .......................................................……………..ULOBORIDAE 

1b.  Cribellum and calamistrum absent (Section Ecribellate) ……….….……..…2  

2a.  With less than eight eyes………………………………….……...……….….3 

2b.  With eight eyes……………………………………………..……………… 4 

3a.  Eyes in two well separated triads…………………………….. PHOLCIDAE 

3b.  Eyes arranged otherwise……………………………………. SCYTODIDAE 

4a.  Tarsus with two claws…………………………………………............……..5 

4b.  Tarsus with three claws……………………………………………………. 13 

5a.  Eyes in three rows, anterior median eyes very large……..…. SALTICIDAE 

5b.  Eyes arranged differently………………………………………………..…. 6 
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6a.  Legs laterigrade, directed towards side or forwards…………………........... 7 

6b.  Legs prograde, 1 and 2 directed forwards, 3 and 4 backwards…………..…. 9 

7a.  Tarsi and metatarsi without scopulae, legs I and II usually much longer than 

legs III and IV …………………………………………........ THOMISIDAE 

7b.  Tarsi and sometimes metatarsi with scopulae, legs different………............. 8 

8a.  Small to medium-size spiders, chelicerae without teeth or at most one on 

retromargin, tarsus-metatarsus joint allowing movement in one plane 

only………………………………………………….... PHILODROMIDAE 

8b.  Medium-size to large spiders, chelicerae with at least two teeth on 

retromargin, membranous connection to metatarsus permits free movement 

of tarsus……………………...…………………………...... SPARASSIDAE 

9a.  Spinnerets long and cylindrical, far apart……................... GNAPHOSIDAE 

9b.  Spinnerets conical, not wide apart……………………..…………………...10 

10a.  Eyes in three rows (2:4:2), epigyne with lateral horns, male palp with 

dorsally concave median apophysis….…………………............ CTENIDAE 

10b.  Eyes in two rows (4:4), epigyne without lateral horns, male palp with 

different median apophysis ………………….……………………………. 11 

11a.  Male palp pear-shaped with short distal embolus, square-shaped epigyne 

with spherical spermathecae, median spinnerets of female with three and 

posterior spinneret with two large cylindrical gland 

spigots………………………………………………………. CORINNIDAE  

11b.  Genitalia differently shaped, median and posterior spinnerets of female 

without such spigot …………………..………….……………………….. 12 
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12a.  Median spinnerets of females laterally flattened, with at least one row of 

large spigots………….…………………...……….CHEIRACANTHIIDAE 

12b.  Median spinnerets of females not flattened, without rows of large 

spigots……….………..………………………………….. CLUBIONIDAE 

13a.  Tarsi with trichobothria, often in a row…………………………………... 14 

13b.  Tarsi without trichobothria………………………………....……. ………..17 

14a.  Eyes in two rows…………………………………………………………... 15 

14b.  Eyes either in three to four rows or in three groups……………....………...16 

15a.  Posterior spinnerets long and two-segmented …..…...…......... HAHNIIDAE 

15b.  Posterior spinnerets not particularly long or with one segment only 

……………………………………………………………..….PISAURIDAE 

16a.  Clypeus very high, posterior eyes and anterior lateral eyes forming a 

hexagonal group in front of small anterior median eyes, numerous long 

spines on tibiae and metatarsi………………………………... OXYOPIDAE 

16b.  Clypeus not as high, eyes in three rows, tibiae and metatarsi only with usual 

spines………………………………….……………………… LYCOSIDAE 

17a.  Posterior spinnerets very long, last segment at least three times longer than 

wide.........................................................................................HERSILIIDAE 

17b.  Posterior spinnerets not unusually long…………………………………. 18 

18a.  Tarsi IV with ventral comb of serrated hairs, brownish rings around the 

eyes…………………………………………………….........THERIDIIDAE 

18b.  Tarsi without ventral comb of serrated hairs, eyes without brownish 

rings…………………………………………………………………..……..19 

19a.  Male palp complex, with median apophysis, embolus not wrapped by 

conductor, paracymbium often hook-shaped….…………....... ARANEIDAE 
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19b.  Male palp fairly simple without median apophysis but with conductor 

wrapping the embolus, paracymbium elongate or short……………………20 

20a.  Chelicerae usually long or swollen, modified for courtship in males, epigyne 

usually indistinct, web not against to substrate ……..TETRAGNATHIDAE 

20b.  Chelicerae not long and swollen, epigyne well developed, web against to 

substrate…………………………...………………………. NEPHILIDAE  

 
4.2. Diversity, abundance and richness of spiders across the habitats 

 The assessment of the diversity of spiders in five distinct horticultural croplands in 

the district of Thrissur was one of the objectives of the study. The diversity and 

species composition may vary depending up on the crops under cultivation, 

agricultural practises adopted, geographical location of the cropland, availability of 

prey groups etc. The two of the five croplands (BTA and NGM) are organically 

farmed, while the others use agrochemicals such as fertilisers and insecticides. The 

duration of the study is subdivided into pre-monsoon, monsoon, and post-monsoon 

seasons for convenience. 

4.2.1. Habitat wise abundance of spiders 

The term ‘abundance’ in a habitat indicates the number of individuals of varied 

species within that habitat. It helps to understand the relative representation of 

different species in that habitat. It can be quantified as the total number of 

individuals belonging to different species inhabiting that locality during a defined 

point of time. The abundance of spiders in five different horticultural croplands in 

Thrissur district, Kerala shows considerable differences in abundance of spiders. 

Total number of individuals collected during the study period was highest in NGM 

(2078 individuals) followed by NKR (2028 individuals). Mean abundance was also 

the highest in NGM (122±25.68) followed by CRA (114±20.53) and NKR 
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(113±36.67) respectively (Table 4.3.). NKR showed the highest number of both 

singletons (8) and doubletons (7) which may be an indication of existence of some 

rare species there. The lowest number of singletons and doubleton were reported 

from KZR and CRA respectively (Table 4.3.).  

Table 4.3. Habitat wise richness and abundance 

 

Parameter BTA CRA NGM NKR KZR 

Individuals 1211 1938 2078 2028 1895 

Mean abundance 

±SD 

87±21.88 

n=14 

114±20.53 

n=17 

122±25.68 

n=17 

113±36.67 

n=18 

105±28.90 

n=18 

Total no. of 

species 

74 73 86 105 82 

Singletons 3 3 4 8 1 

Doubletons 3 2 3 7 3 

 

The distribution of the species abundance was slightly skewed positively in 

all the sites indicating that a slight dominance of a few species over the rest (Fig. 

4.1.). The rest of the species were more or less evenly distributed. As 

agroecosystems undergo continuous human interventions and frequent 

modifications, the ones with capacity to adapt with these variations can dominate 

over the other more sensitive ones.  

The most abundant family was Salticidae with highest number of individuals 

collected with a toll of 3986 spiders. Araneidae ranks the second (2119 individuals) 

followed by Tetragnathidae (770 Individuals) and Oxyopidae (699 individuals) 

respectively. Clubionidae was the least abundant family (2 Individuals). Hahniidae 

ranks the second least abundant family with a toll of 3 individuals (Table 4.4.). More 

than hundred individuals were recorded under eight families and only two families 

(Salticidae and Araneidae) were reported with more than thousand individuals. 
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Table 4.4. Family wise representation of abundance of spiders 

Sl. No. Family 
No. of individuals 

collected 

1 Araneidae Clerck, 1757 2119 

2 Cheiracanthiidae Wagner, 1887 44 

3 Clubionidae Wagner, 1887 2 

4 Corinnidae Karsch, 1880 37 

5 Ctenidae Keyserling, 1877 12 

6 Gnaphosidae Banks, 1892 10 

7 Hahniidae Bertkau, 1878 3 

8 Hersiliidae Thorell, 1869 60 

9 Lycosidae Sundevall, 1833 408 

10 Nephilidae Simon, 1894 13 

11 Oxyopidae Thorell, 1869 699 

12 Philodromidae Thorell, 1869 12 

13 Pholcidae C. L. Koch, 1850 27 

14 Pisauridae Simon, 1890 45 

15 Salticidae Blackwall, 1841 3986 

16 Scytodidae Blackwall, 1864 10 

17 Sparassidae Bertkau, 1872 167 

18 Tetragnathidae Menge, 1866 770 

19 Theridiidae Sundevall, 1833 429 

20 Thomisidae Simon, 1881 291 

21 Uloboridae Thorell, 1869 6 
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Figure 4.1. Boxplot analysis of abundance of spiders across different habitats 

4.2.2. Habitat wise rank abundance distribution of spiders 

Among the various methods for plotting species abundance distribution, rank 

abundance curve is one of the most informative methods in ecological research. It is 

also known as dominance diversity curve or Whittaker plot. Here the species are 

ranked according to their numerical abundance, from the most to least. Their 

abundance was plotted against their ranks. The most abundant species come in the 

extreme left end and the rare species come at the right end of the plot. Out of the 

five species abundance models (Null, Pre-emption, Lognormal, Zipf and 

Mandelbrot) the one with the lowest Akaike’s Information Criterion (AIC value) is 

considered as the best fit model.  

Rank abundance curves represent both species richness and evenness. 

Richness can be assessed as the number of species being ranked and plotted in the 

curve. Evenness can be viewed from the slope value of the rank abundance curve. 
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The steeper slopes generally indicate lower level of evenness while a shallower 

slope represents a community with more evenness. 

Table 4.5. Rank abundance models of BTA 

Model Parameter1 
Parameter 

2 

Parameter 

3 
AIC BIC 

Null                                            383.430 383.430 

Pre-emption  0.036098   378.154 380.458 

Lognormal   2.5303 0.73754  346.624 351.232 

Zipf        0.077858 -0.57638  438.505 443.113 

Mandelbrot        -3.5166e +0598439e +06 376.229 383.141 

 

 The best fit abundance model for BTA is log normal as the AIC value is lowest 

for it (346.624) (Table 4.5. & Figure 4.2.). The red circles in the rank abundance 

curve indicate the actual species abundance while the blue line in the curve indicates 

the best fit model of species abundance distribution. This model fits for a 

comparatively larger community with a few species of high abundance and many 

species that are rare. It is the characteristic of a community with right skewed 

frequency distribution (Magurran, 1988; Engen et al., 2002, Plotkin & Muller-

Landu, 2002). 
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Figure 4.2. Rank abundance distribution of spiders in BTA 

  In CRA, the lowest value of AIC is for the null model (403.617) of species 

distribution (Table 4.6. & Figure 4.3.). A null model will be best fit for a community 

where resources are shared according to their abundance (Tokeshi, 1990). Usually, 

this model is best fit in communities where the competitive interactions are 

relatively weak. The resource partitioning in such communities is one dimensional. 

The colonies where all the species inhabited simultaneously or each sequential 

invaders encroach a portion of the niche the already inhabited species, will show this 

model of species abundance distribution as best fit. 
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Table 4.6. Rank abundance models of CRA 

Model                            Parameter1 Parameter 2 Parameter 3 AIC BIC 

Null                                              403.617 403.617 

Preemption 0.039825   413.186 415.477 

Lognormal    2.9837 0.77931  426.467 431.048 

Zipf          0.081073 -0.58927  642.399 646.980 

Mandelbrot     -59537e +081.4897e +10 411.601 418.472 

 

Figure 4.3. Rank abundance distribution of spiders in CRA 

 

The best fit model of species abundance distribution for NGM was Pre-

emption model as the AIC value is lowest for that model (Table 4.7. & Figure 4.4.). 

It is the species abundance model in communities where one or a few environmental 

factors play significant role in the species distribution or communities in early stage 

of ecological succession. 
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In NKR, the best fit model was Null model as AIC value for this model is the 

lowest (468 .727) (Table 4.8. & Figure 4.5.). While in KZR, the Mandelbrot model 

fitted the best as the AIC value being the lowest (418.839) (Table 4.9. & Figure 

4.6.). The Mandelbrot model will be best fit for a community with a few abundant 

species and many rare species of comparable abundance. The communities with 

Mandelbrot model as the best fit will have a well-defined hierarchical structure. 

Table 4.7. Rank abundance models in NGM 

Model            Parameter1       Parameter 2         Parameter 3         AIC        BIC     

Null                                              444.043 444.043 

Pre-emption  0.036552   424.893 427.347 

Lognormal    2.8648 0.81023  517.117 522.026 

Zipf         0.075452 -0.59105  798.299 803.208 

Mandelbrot     -1.4435e +093.9158e +10 425.244 432.607 

 

Figure 4.4. Rank abundance distribution of spiders in NGM 
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Table 4.8. Rank abundance models in NKR 

Model Parameter 1 Parameter 2 Parameter 3 AIC BIC 

Null    468.727 468.727 

Pre-emption 0.031762   508.156 510.810 

Lognormal 2.589 0.87234  531.351 536.659 

Zipf 0.076384 -0.62743  790.839 796.147 

Mandelbrot     -1.2697e +073.9608e +08 509.739 517.701 

 

 

 

 

Figure 4.5. Rank abundance distribution of spiders in NKR 
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Table 4.9. Rank abundance models in KZR 

Model Parameter1 Parameter 2 Parameter 3 AIC BIC 

Null                                              461.277 461.277 

Pre-emption   0.034853   421.015 423.422 

Lognormal    2.8706 0.74343  484.948 489.761 

Zipf         0.068877 -0.54977  717.401 722.215 

Mandelbrot      -2.2687e +066.5178e +07 418.839 426.060 

 

Figure 4.6. Rank abundance distribution of spiders in KZR 

4.2.3. Spider dominance across the habitats 

Ecological dominance is the phenomenon by which one or a few species exerts a 

controlling effect on the other species in their community. Usually most numerous 

groups in the community with highest ecological impact is considered to be the 

dominant ones. The dominance of individual species is calculated using the formula, 



Ph.D. Thesis  Result 
 

97 
 

Individual dominance Index, Di = (ni/N) x 100; ni is the number of 

individuals of a particular species and N is the total number of individuals (Khofar et 

al., 2019; Kashmeera & Sharma, 2023). Tischler’s scale for species dominance was 

used for assigning various level levels of dominance to each of the species (Tischler, 

1949). According to this scale five diverse levels of dominance are described based 

on Di value. Species with Di value ranging between 10%-100% are considered as 

eudominant. If the Di value is between 5%- 10%, they are dominant, if it is 2-5% 

they are subdominants. Recedents will have Di value ranging between 1%- 2% and 

subrecedents will have a Di value <1%. 

 Numerically most dominant species in BTA is Indopadilla insularis 

(Malamel et al., 2015) (72 individuals) followed by Myrmaplata plataleoides (O. 

Pickard-Cambridge, 1869) with 61 individuals and Anepsion maritatum (O. Pickard-

Cambridge, 1877) with 47 individuals. Two species (I. insularis & M. plataleoides) 

were reported as dominant. 12 species came under the category of subdominant, 29 

species under recedent and 31 under subrecedent categories (Table 4.10.).  

Table 4.10. Individual dominance index of spiders of BTA 

Sl.No. Species IDI Category 

1 Anepsion maritatum (O. Pickard-Cambridge, 1877) 3.9 Subdominant 

2 Araneus sp. 0.7 Subrecedent 

3 Argiope anasuja Thorell, 1887 1.1 Recedent 

4 Argiope pulchella Thorell, 1881 2.2 Subdominant 

5 Cyclosa bifida (Doleschall, 1859) 0.8 Subrecedent 

6 Cyclosa hexatuberculata Tikader, 1982 1.4 Recedent 

7 Cyrtophora cicatrosa (Stoliczka, 1869) 1.9 Recedent 

8 Cyrtophora citricola (Forsskal, 1775) 1.8 Recedent 

9 Eriovixia laglaizei (Simon, 1877) 0.9 Subrecedent 

10 Gasteracantha geminata (Fabricius, 1798) 1.3 Recedent 

11 Gea subarmata Thorell, 1890 0.3 Subrecedent 
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12 Neoscona inustua (L. Koch, 1871) 1.9 Recedent 

13 Neoscona mukerjei Tikader, 1980 1.8 Recedent 

14 Neoscona vigilans (Blackwall, 1865) 1.2 Recedent 

15 Hersilia savignyi Lucas, 1836 0.2 Subrecedent 

16 Hippasa agelenoides (Simon, 1884) 3.0 Subdominant 

17 Pardosa pseudoannulata Bosenberg & Strand, 

1906 2.1 Subdominant 

18 Pardosa sumatrana (Thorell, 1890) 1.1 Recedent 

19 Oxyopes bharatae Gajbe, 1999 0.5 Subrecedent 

20 Oxyopes birmanicus Thorell, 1887 2.1 Subdominant 

21 Oxyopes hindostanicus Pocock, 1901   2.3 Subdominant 

22 Oxyopes javanus Thorell, 1887 0.7 Subrecedent 

23 Oxyopes lineatipes (C L Koch, 1847) 0.3 Subrecedent 

24 Oxyopes shweta Tikader, 1970 0.7 Subrecedent 

25 Oxyopes sunandae Tikader, 1970 1.0 Subrecedent 

26 Oxyopes sp. 0.5 Subrecedent 

27 Peucetia viridana (Stoliczka, 1869) 1.2 Recedent 

28 Crossopriza lyoni (Blackwall, 1867)  0.1 Subrecedent 

29 Dendrolycosa gitae (Tikader, 1970) 1.0 Subrecedent 

30 Asemonea tenuipes (O. Pickard-Cambridge, 1869) 1.3 Recedent 

31 Bianor angulosus (Karsch, 1879) 0.1 Subrecedent 

32 Brettus cingulatus Thorell, 1895 1.7 Recedent 

33 Carrhotus viduus (C. L. Koch, 1846) 2.1 Subdominant 

34 Chalcotropis pennata Simon, 1902 0.6 Subrecedent 

35 Chrysilla volupe (Karsch, 1879) 1.4 Recedent 

36 Epeus indicus Proszynski,1992 0.5 Subrecedent 

37 Epeus sp. 0.4 Subrecedent 

38 Epeus tener (Simon, 1877) 1.6 Recedent 

39 Evarcha falcata (Clerck, 1757) 0.4 Subrecedent 

40 Evarcha sp. 0.2 Subrecedent 

41 Hasarius adansoni (Audouin, 1826) 1.4 Recedent 

42 Hyllus semicupreus (Simon, 1885) 1.8 Recedent 

43 Indopadilla insularis (Malamel et al., 2015) 5.9 Dominant 
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44 Menemerus bivittatus (Dufour, 1831) 1.9 Recedent 

45 Myrmaplata plataleoides (O. Pickard-Cambridge, 

1869) 5.0 Dominant 

46 Myrmarachne melanocephala MacLeay, 1839 1.5 Recedent 

47 Phidippus yashodharae Tikader, 1977 1.1 Recedent 

48 Phintella vittata (C. L. Koch, 1846) 2.3 Subdominant 

49 Plexippus paykulli (Audouin, 1826) 2.5 Subdominant 

50 Plexippus petersi (Karsch, 1878) 2.9 Subdominant 

51 Portia fimbriata (Doleschall, 1859) 1.2 Recedent 

52 Rhene flavigera (C. L. Koch, 1846) 1.7 Recedent 

53 Siler semiglaucus (Simon, 1901) 2.9 Subdominant 

54 Stenaelurillus lesserti Reimoser, 1934 0.5 Subrecedent 

55 Stenaelurillus sp. 0.7 Subrecedent 

56 Telamonia dimidiata (Simon, 1899) 2.0 Recedent 

57 Thiania bhamoensis Thorell, 1887 0.8 Subrecedent 

58 Thyene bivittata Xie & Peng, 1995 0.6 Subrecedent 

59 Scytodes fusca Walckenaer, 1837 0.1 Subrecedent 

60 Heteropoda venatoria (Linnaeus, 1767) 1.3 Recedent 

61 Olios milleti (Pocock, 1901) 0.4 Subrecedent 

62 Leucauge decorata (Blackwall, 1864) 0.2 Subrecedent 

63 Leucauge dorsotuberculata Tikader, 1982 1.7 Recedent 

64 Tetragnatha cochinensis Gravely, 1921 0.5 Subrecedent 

65 Tetragnatha javana (Thorell, 1890) 2.1 Subdominant 

66 Tetragnatha mandibulata Walckenaer, 1842 1.7 Recedent 

67 Tylorida ventralis Thorell, 1877 1.2 Recedent 

68 Argyrodes kumadai Chida & Tanikawa, 1999 0.5 Subrecedent 

69 Ariamnes flagellum (Doleschall, 1857) 1.3 Recedent 

70 Meotipa argyrodiformis (Yaginuma, 1952) 1.3 Recedent 

71 Theridion manjithar Tikader, 1970 1.1 Recedent 

72 Thomisus projectus Tikader, 1960 1.0 Subrecedent 

73 Indoxysticus minutus Tikader, 1960 0.4 Subrecedent 

74 Strigoplus netravati Tikader, 1963  0.2 Subrecedent 
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 In CRA most abundant species was I. insularis (113 individuals) followed 

by M. plataleoides (86 individuals) and C. viduus (66 individuals). Only one species 

was reported as dominant while 19 subdominants, 19 recedents and 34 subrecedents 

were reported from CRA (Table 4.11.). 

Table 4.11. Individual Dominance index of CRA 

SL. 
No. Species 

IDI Category 
1 Anepsion maritatum (O. Pickard-Cambridge, 1877) 2.6 Subdominant 

2 Bijoaraneus mitificus (Simon, 1886) 0.4 Subrecedent 

3 Argiope aemula (Walckenaer, 1842) 0.5 Subrecedent 

4 Argiope anasuja Thorell, 1887 0.6 Subrecedent 

5 Argiope pulchella Thorell, 1881 1.8 Recedent 

6 Cyclosa confraga (Thorell, 1893) 0.9 Subrecedent 

7 Cyclosa hexatuberculata Tikader, 1982 1.3 Recedent 

8 Cyrtophora cicatrosa (Stoliczka, 1869) 2.8 Subdominant 

9 Cyrtophora citricola (Forsskal, 1775) 1.9 Recedent 

10 Cyrtophora moluccensis (Doleschall, 1857) 1.5 Recedent 

11 Eriovixia laglaizei (Simon, 1877) 0.4 Subrecedent 

12 Gasteracantha geminata (Fabricius, 1798) 1.1 Recedent 

13 Gea subarmata Thorell, 1890 0.3 Subrecedent 

14 Neoscona inustua (L. Koch, 1871) 2.1 Subdominant 

15 Neoscona mukerjei Tikader, 1980 2.1 Subdominant 

16 Neoscona vigilans (Blackwall, 1865) 0.1 Subrecedent 

17 Nephila pilipes (Fabricius, 1793) 0.2 Subrecedent 

18 Clubiona drassodes O.P. Cambridge, 1874 0.1 Subrecedent 

19 Castianeira zetes Simon, 1897 0.6 Subrecedent 

20 Corinnomma sp. 0.1 Subrecedent 

21 Hersilia sumatrana (Thorell, 1890) 0.4 Subrecedent 

22 Hippasa agelenoides (Simon, 1884) 2.0 Recedent 

23 Lycosa mackenziei Gravely, 1924 0.2 Subrecedent 

24 Pardosa pseudoannulata Bosenberg & Strand, 

1906 1.4 Recedent 
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25 Oxyopes birmanicus Thorell, 1887 2.1 Subdominant 

26 Oxyopes hindostanicus Pocock, 1901   2.8 Subdominant 

27 Oxyopes javanus Thorell, 1887 0.9 Subrecedent 

28 Oxyopes lineatipes (C L Koch, 1847) 0.3 Subrecedent 

29 Oxyopes shweta Tikader, 1970 1.0 Subrecedent 

30 Oxyopes sunandae Tikader, 1970 0.5 Subrecedent 

31 Peucetia viridana (Stoliczka, 1869) 1.5 Recedent 

32 Psellonus sp. 0.2 Subrecedent 

33 Asemonea tenuipes (O. Pickard-Cambridge, 1869) 2.8 Subdominant 

34 Bianor angulosus (Karsch, 1879) 0.6 Subrecedent 

35 Brettus cingulatus Thorell, 1895 2.6 Subdominant 

36 Carrhotus viduus (C. L. Koch, 1846) 3.4 Subdominant 

37 Chalcotropis pennata Simon, 1902 1.3 Recedent 

38 Chrysilla volupe (Karsch, 1879) 2.5 Subdominant 

39 Epeus tener (Simon, 1877) 0.8 Subrecedent 

40 Evarcha falcata (Clerck, 1757) 0.4 Subrecedent 

41 Evarcha sp. 0.1 Subrecedent 

42 Hasarius adansoni (Audouin, 1826) 2.8 Subdominant 

43 Hyllus semicupreus (Simon, 1885) 2.8 Subdominant 

44 Indopadilla insularis (Malamel et al., 2015) 5.8 Dominant 

45 Menemerus bivittatus (Dufour, 1831) 0.8 Subrecedent 

46 Myrmaplata plataleoides (O. Pickard-Cambridge, 

1869) 4.4 Subdominant 

47 Myrmarachne melanocephala MacLeay, 1839 2.5 Subdominant 

48 Phidippus yashodharae Tikader, 1977 0.6 Subrecedent 

49 Phintella vittata (C. L. Koch, 1846) 2.7 Subdominant 

50 Plexippus paykulli (Audouin, 1826) 2.2 Subdominant 

51 Plexippus petersi (Karsch, 1878) 2.2 Subdominant 

52 Rhene flavigera (C. L. Koch, 1846) 0.5 Subrecedent 

53 Siler semiglaucus (Simon, 1901) 1.7 Recedent 

54 Stenaelurillus lesserti Reimoser, 1934 0.3 Subrecedent 

55 Telamonia dimidiata (Simon, 1899) 1.8 Recedent 

56 Thiania bhamoensis Thorell, 1887 0.7 Subrecedent 
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57 Heteropoda venatoria (Linnaeus, 1767) 1.4 Recedent 

58 Olios milleti (Pocock, 1901) 1.0 Subrecedent 

59 Leucauge dorsotuberculata Tikader, 1982 1.1 Recedent 

60 Tetragnatha cochinensis Gravely, 1921 0.2 Subrecedent 

61 Tetragnatha javana (Thorell, 1890) 2.1 Subdominant 

62 Tetragnatha mandibulata Walckenaer, 1842 2.2 Subdominant 

63 Tetragnatha viridorufa Gravely, 1921 0.5 Subrecedent 

64 Tylorida ventralis Thorell, 1877 1.3 Recedent 

65 Argyrodes kumadai Chida & Tanikawa, 1999 0.5 Subrecedent 

66 Ariamnes flagellum (Doleschall, 1857) 1.3 Recedent 

67 Meotipa argyrodiformis (Yaginuma, 1952) 1.7 Recedent 

68 Phoroncidia septemaculeata O. Pickard-

Cambridge, 1873 0.1 Subrecedent 

69 Theridion manjithar Tikader, 1970 1.2 Recedent 

70 Thomisus projectus Tikader, 1960 1.6 Recedent 

71 Indoxysticus minutus Tikader, 1960 1.3 Recedent 

72 Oxytate virens (Thorell, 1891) 1.0 Subrecedent 

73 Strigoplus netravati Tikader, 1963  0.5 Subrecedent 

 

  In NGM, Anepsion maritatum (O. Pickard-Cambridge, 1877) came to be 

numerically most dominant group (80 individuals) followed by M. plataleoides (68 

individuals) and I. insularis (67 individuals). The number of subdominants, recedent 

and subrecedent species were 17, 21 and 48 respectively (Table 4.12.) 

Table 4.12. Individual dominance index of NGM 

Sl. No. Species IDI Category 

1 Anepsion maritatum (O. Pickard-Cambridge, 

1877) 3.8 Subdominant 

2 Bijoaraneus mitificus (Simon, 1886) 0.7 Subrecedent 

3 Araneus sp. 0.3 Subrecedent 

4 Argiope aemula (Walckenaer, 1842) 0.6 Subrecedent 

5 Argiope anasuja Thorell, 1887 0.9 Subrecedent 
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6 Argiope pulchella Thorell, 1881 1.4 Recedent 

7 Cyclosa confraga (Thorell, 1893) 0.3 Subrecedent 

8 Cyclosa hexatuberculata Tikader, 1982 2.8 Subdominant 

9 Cyrtophora cicatrosa (Stoliczka, 1869) 3.2 Subdominant 

10 Cyrtophora citricola (Forsskal, 1775) 2.1 Subdominant 

11 Cyrtophora moluccensis (Doleschall, 1857) 0.8 Subrecedent 

12 Cyrtophora sp. 0.1 Subrecedent 

13 Eriovixia excelsa (Simon, 1889) 0.4 Subrecedent 

14 Eriovixia laglaizei (Simon, 1877) 0.7 Subrecedent 

15 Gasteracantha geminata (Fabricius, 1798) 0.9 Subrecedent 

16 Neoscona elliptica Tikader & Bal, 1981 0.2 Subrecedent 

17 Neoscona inustua (L. Koch, 1871) 2.6 Subdominant 

18 Neoscona mukerjei Tikader, 1980 1.2 Recedent 

19 Neoscona vigilans (Blackwall, 1865) 0.4 Subrecedent 

20 Nephila pilipes (Fabricius, 1793) 0.1 Subrecedent 

21 Cheiracanthium melanostomum (Thorell, 1895) 0.4 Subrecedent 

22 Cheiracanthium danieli Tikader, 1975    1.2 Recedent 

23 Apochionomma sp.1 0.1 Subrecedent 

24 Castianeira zetes Simon, 1897 0.2 Subrecedent 

25 Corinnomma sp. 0.1 Subrecedent 

26 Bowie cochinensis (Gravely, 1931) 0.3 Subrecedent 

27 Drassodes sp. 0.4 Subrecedent 

28 Hahnia mridulae Tikader, 1970 0.1 Subrecedent 

29 Hersilia savignyi Lucas, 1836 0.8 Subrecedent 

30 Hippasa agelenoides (Simon, 1884) 1.8 Recedent 

31 Pardosa pseudoannulata Bosenberg & Strand, 

1906 1.3 Recedent 

32 Pardosa sumatrana (Thorell, 1890) 0.3 Subrecedent 

33 Oxyopes bharatae Gajbe, 1999 0.4 Subrecedent 

34 Oxyopes birmanicus Thorell, 1887 2.6 Subdominant 

35 Oxyopes hindostanicus Pocock, 1901   2.4 Subdominant 

36 Oxyopes javanus Thorell, 1887 0.2 Subrecedent 

37 Oxyopes lineatipes (C L Koch, 1847) 0.5 Subrecedent 
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38 Oxyopes shweta Tikader, 1970 0.3 Subrecedent 

39 Oxyopes sunandae Tikader, 1970 0.6 Subrecedent 

40 Peucetia viridana (Stoliczka, 1869) 0.8 Subrecedent 

41 Thanatus parangvulgaris Barrion & Litsinger, 

1995 0.2 Subrecedent 

42 Pholcus phalangioides (Fuesslin, 1775) 0.5 Subrecedent 

43 Dendrolycosa gitae (Tikader, 1970) 1.6 Recedent 

44 Asemonea tenuipes (O. Pickard-Cambridge, 

1869) 2.7 Subdominant 

45 Brettus cingulatus Thorell, 1895 1.2 Recedent 

46 Carrhotus viduus (C. L. Koch, 1846) 2.8 Subdominant 

47 Chalcotropis pennata Simon, 1902 0.3 Subrecedent 

48 Chrysilla volupe (Karsch, 1879) 1.9 Recedent 

49 Epeus indicus Proszynski,1992 0.6 Subrecedent 

50 Epeus tener (Simon, 1877) 1.7 Recedent 

51 Evarcha falcata (Clerck, 1757) 0.6 Subrecedent 

52 Hasarius adansoni (Audouin, 1826) 2.8 Subdominant 

53 Hyllus semicupreus (Simon, 1885) 3.1 Subdominant 

54 Indopadilla insularis (Malamel et al., 2015) 3.2 Subdominant 

55 Menemerus bivitatus Dufour, 1831 1.0 Recedent 

56 Myrmaplata plataleoides (O. Pickard-Cambridge, 

1869) 3.3 Subdominant 

57 Myrmarachne melanocephala MacLeay, 1839 1.7 Recedent 

58 Phaeacius lancearius (Thorell, 1895) 0.4 Subrecedent 

59 Phidippus yashodharae Tikader, 1977 1.1 Recedent 

60 Phintella vittata (C. L. Koch, 1846) 1.8 Recedent 

61 Plexippus paykulli (Audouin, 1826) 2.6 Subdominant 

62 Plexippus petersi (Karsch, 1878) 2.2 Subdominant 

63 Rhene flavigera (C. L. Koch, 1846) 1.3 Recedent 

64 Siler semiglaucus (Simon, 1901) 2.2 Subdominant 

65 Stenaelurillus lesserti Reimoser, 1934 0.4 Subrecedent 

66 Telamonia dimidiata (Simon, 1899) 2.0 Recedent 

67 Thiania bhamoensis Thorell, 1887 0.3 Subrecedent 
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68 Thyene bivittata Xie & Peng, 1995 0.4 Subrecedent 

69 Heteropoda venatoria (Linnaeus, 1767) 0.8 Subrecedent 

70 Leucauge decorata (Blackwall, 1864) 0.7 Subrecedent 

71 Leucauge dorsotuberculata Tikader, 1982 2.0 Recedent 

72 Tetragnatha javana (Thorell, 1890) 1.9 Recedent 

73 Tetragnatha mandibulata Walckenaer, 1842 2.4 Subdominant 

74 Tetragnatha viridorufa Gravely, 1921 0.6 Subrecedent 

75 Tylorida striata (Thorell, 1877) 0.1 Subrecedent 

76 Tylorida ventralis Thorell, 1877 1.7 Recedent 

77 Argyrodes kumadai Chida & Tanikawa, 1999 0.2 Subrecedent 

78 Argyrodes sp. 0.1 Subrecedent 

79 Ariamnes flagellum (Doleschall, 1857) 1.3 Recedent 

80 Meotipa argyrodiformis (Yaginuma, 1952) 1.4 Recedent 

81 Theridion manjithar Tikader, 1970 1.3 Recedent 

82 Thomisus projectus Tikader, 1960 1.0 Subrecedent 

83 Indoxysticus minutus Tikader 1960 0.9 Subrecedent 

84 Oxytate virens (Thorell, 1891) 0.9 Subrecedent 

85 Strigoplus netravati Tikader, 1963  0.2 Subrecedent 

86 Uloborus krishnae Tikader, 1971 0.1 Subrecedent 

 

Most abundant species in NKR is I. insularis, M. plataleoides and C. viduus 

with 88, 85 and 62 individuals, respectively. 12 subdominant species, 28 recedent 

species and 65 subrecedent species have been reported from there (Table 4.13.). 

Table 4.13. Individual dominance index of NKR 

Sl. No. Species NKR Category 

1 Anepsion maritatum (O. Pickard-Cambridge, 

1877) 2.71 Subdominant 

2 Bijoaraneus mitificus (Simon, 1886) 0.59 Subrecedent 

3 Argiope aemula (Walckenaer, 1842) 1.48 Recedent 

4 Argiope anasuja Thorell, 1887 1.58 Recedent 

5 Argiope catenulata (Doleschall, 1859) 0.44 Subrecedent 

6 Argiope pulchella Thorell, 1881 1.73 Recedent 

7 Cyclosa bifida (Doleschall, 1859) 0.59 Subrecedent 
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8 Cyclosa confraga (Thorell, 1893) 0.10 Subrecedent 

9 Cyclosa hexatuberculata Tikader, 1982 1.04 Recedent 

10 Cyclosa sp. 0.10 Subrecedent 

11 Cyrtophora cicatrosa (Stoliczka, 1869) 1.92 Recedent 

12 Cyrtophora citricola (Forsskal, 1775) 1.33 Recedent 

13 Cyrtophora moluccensis (Doleschall, 1857) 0.25 Subrecedent 

14 Cyrtophora sp. 0.25 Subrecedent 

15 Eriovixia excelsa (Simon, 1889) 0.94 Subrecedent 

16 Eriovixia laglaizei (Simon, 1877) 0.84 Subrecedent 

17 Gasteracantha geminata Fabricius 1798 0.99 Subrecedent 

18 Gea subarmata Thorell, 1890 0.20 Subrecedent 

19 Neoscona elliptica Tikader & Bal, 1981 1.08 Recedent 

20 Neoscona inustua (L. Koch, 1871) 2.66 Subdominant 

21 Neoscona mukerjei Tikader, 1980 1.28 Recedent 

22 Neoscona sp. 0.05 Subrecedent 

23 Neoscona vigilans (Blackwall, 1865) 1.23 Recedent 

24 Nephila pilipes (Fabricius, 1793) 0.20 Subrecedent 

25 Clubiona drassodes O.P. Cambridge, 1874 0.05 Subrecedent 

26 Castianeira zetes Simon, 1897 0.64 Subrecedent 

27 Hahnia mridulae Tikader, 1970 0.05 Subrecedent 

28 Hersilia savignyi Lucas, 1836 0.64 Subrecedent 

29 Hersilia sumatrana (Thorell, 1890) 0.10 Subrecedent 

30 Hippasa agelenoides (Simon, 1884) 2.61 Subdominant 

31 Lycosa mackenziei Gravely, 1924 1.18 Recedent 

32 Lycosa tista Tikader, 1970 0.30 Subrecedent 

33 Pardosa pseudoannulata Bosenberg & Strand, 

1906 1.18 Recedent 

34 Pardosa sumatrana (Thorell, 1890) 1.04 Recedent 

35 Hamadruas sikkimensis (Tikader,1970) 0.05 Subrecedent 

36 Oxyopes bharatae Gajbe, 1999 0.49 Subrecedent 

37 Oxyopes birmanicus Thorell, 1887 0.94 Subrecedent 

38 Oxyopes hindostanicus Pocock, 1901  0.49 Subrecedent 

39 Oxyopes javanus Thorell, 1887 0.35 Subrecedent 
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40 Oxyopes lineatipes (C L Koch, 1847) 0.59 Subrecedent 

41 Oxyopes shweta Tikader, 1970 0.79 Subrecedent 

42 Oxyopes sunandae Tikader, 1970 0.84 Subrecedent 

43 Oxyopes sp. 0.20 Subrecedent 

44 Peucetia viridana (Stoliczka, 1869) 0.99 Subrecedent 

45 Peucetia ananthakrishnani Murugesan et al., 2006 0.15 Subrecedent 

46 Psellonus sp. 0.05 Subrecedent 

47 
Thanatus parangvulgaris Barrion & Litsinger, 

1995 
0.10 Subrecedent 

48 Crossopriza lyoni (Blackwall, 1867)  0.49 Subrecedent 

49 Pholcus phalangioides (Fuesslin, 1775) 0.25 Subrecedent 

50 Asemonea tenuipes (O. Pickard-Cambridge, 1869) 2.17 Subdominant 

51 Bianor angulosus (Karsch, 1879) 1.23 Recedent 

52 Brettus cingulatus Thorell, 1895 2.32 Subdominant 

53 Carrhotus viduus (C. L. Koch, 1846) 3.35 Subdominant 

54 Chalcotropis pennata Simon, 1902 0.79 Subrecedent 

55 Chrysilla volupe (Karsch, 1879) 1.63 Recedent 

56 Epeus indicus Proszynski,1992 0.25 Subrecedent 

57 Epeus tener (Simon, 1877) 1.82 Recedent 

58 Evarcha falcata (Clerck, 1757) 0.89 Subrecedent 

59 Evarcha sp. 0.10 Subrecedent 

60 Hasarius adansoni (Audouin, 1826) 2.12 Subdominant 

61 Hyllus semicupreus (Simon, 1885) 2.66 Subdominant 

62 Indopadilla insularis Malamel et al., 2015 4.34 Subdominant 

63 Menemerus bivittatus (Dufour, 1831) 1.43 Recedent 

64 Myrmaplata plataleoides (O. Pickard-Cambridge, 

1869) 4.19 Subdominant 

65 Myrmarachne melanocephala MacLeay, 1839 1.33 Recedent 

66 Phaeacius lancearius (Thorell, 1895) 0.15 Subrecedent 

67 Phidippus yashodharae Tikader, 1977 0.69 Subrecedent 

68 Phintella vittata (C. L. Koch, 1846) 1.97 Recedent 

69 Plexippus paykulli (Audouin, 1826) 2.17 Subdominant 

70 Plexippus petersi (Karsch, 1878) 1.78 Recedent 
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71 Portia fimbriata (Doleschall, 1859) 0.54 Subrecedent 

72 Rhene flavigera (C. L. Koch, 1846) 1.28 Recedent 

73 Siler semiglaucus (Simon, 1901) 1.87 Recedent 

74 Stenaelurillus lesserti Reimoser, 1934 0.30 Subrecedent 

75 Stenaelurillus sp. 0.44 Subrecedent 

76 Telamonia dimidiata (Simon, 1899) 2.32 Subdominant 

77 Thiania bhamoensis Thorell, 1887 1.78 Recedent 

78 Thyene bivittata Xie & Peng, 1995 0.49 Subrecedent 

79 Scytodes fusca Walckenaer, 1837 0.39 Subrecedent 

80 Scytodes sp. 0.05 Subrecedent 

81 Heteropoda venatoria (Linnaeus, 1767) 0.89 Subrecedent 

82 Olios milleti (Pocock, 1901) 0.35 Subrecedent 

83 Thelcticopis moolampilliensis Jose & Sebastian, 

2007 0.35 Subrecedent 

84 Leucauge decorata (Blackwall, 1864) 0.64 Subrecedent 

85 Leucauge dorsotuberculata Tikader, 1982 0.99 Subrecedent 

86 Tetragnatha cochinensis Gravely, 1921 0.74 Subrecedent 

87 Tetragnatha javana (Thorell, 1890) 1.23 Recedent 

88 Tetragnatha keyserlingi Simon, 1890 0.10 Subrecedent 

89 Tetragnatha mandibulata Walckenaer, 1842 1.23 Recedent 

90 Tetragnatha viridorufa Gravely, 1921 0.44 Subrecedent 

91 Tylorida striata (Thorell, 1877) 0.39 Subrecedent 

92 Tylorida ventralis Thorell, 1877 1.23 Recedent 

93 Argyrodes kumadai Chida & Tanikawa, 1999 0.30 Subrecedent 

94 Ariamnes flagellum (Doleschall, 1857) 0.69 Subrecedent 

95 Meotipa argyrodiformis (Yaginuma, 1952) 1.08 Recedent 

96 Meotipa sp. 0.10 Subrecedent 

97 

Phoroncidia septemaculeata O. Pickard-

Cambridge, 1873 0.30 Subrecedent 

98 Theridion manjithar Tikader, 1970 0.84 Subrecedent 

99 Thomisus projectus Tikader, 1960 1.13 Recedent 

100 Amyciaea forticeps (O. Pickard-Cambridge, 1873)  0.39 Subrecedent 

101 Indoxysticus minutus Tikader, 1960 1.13 Recedent 
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102 Oxytate virens (Thorell, 1891) 0.20 Subrecedent 

103 Runcinia insecta (L. Koch, 1875) 0.05 Subrecedent 

104 Miagrammopes extensus Simon, 1889  0.20 Subrecedent 

105 Uloborus krishnae Tikader, 1971 0.05 Subrecedent 

 

I. insularis (68 individuals) ranked in the first position of numerical 

dominance in KZR and N. inustus (65 individuals) and H. semicupreus (62 

individuals) came in the next two levels of abundance. 20 subdominants, 25 recedents 

and 37 subrecedents were reported from the site (Table 4.14.). 

Table 4.14. Individual dominance index of KZR 

Sl. No. Species IDI Category 

1 Anepsion maritatum (O. Pickard-Cambridge, 

1877) 2.90 Subdominant 

2 Argiope aemula (Walckenaer, 1842) 1.42 Recedent 

3 Argiope anasuja Thorell, 1887 1.74 Recedent 

4 Argiope catenulata (Doleschall, 1859) 0.32 Subrecedent 

5 Argiope pulchella Thorell, 1881 1.95 Recedent 

6 Cyclosa bifida (Doleschall, 1859) 0.47 Subrecedent 

7 Cyclosa confraga (Thorell, 1893) 0.21 Subrecedent 

8 Cyclosa hexatuberculata Tikader, 1982 2.06 Subdominant 

9 Cyrtophora cicatrosa (Stoliczka, 1869) 2.16 Subdominant 

10 Cyrtophora citricola (Forsskal, 1775) 2.53 Subdominant 

11 Cyrtophora moluccensis (Doleschall, 1857) 0.37 Subrecedent 

12 Cyrtophora sp. 0.16 Subrecedent 

13 Eriovixia excelsa (Simon, 1889) 0.37 Subrecedent 

14 Eriovixia laglaizei (Simon, 1877) 1.06 Recedent 

15 Gasteracantha geminata (Fabricius, 1798) 1.21 Recedent 

16 Neoscona elliptica Tikader & Bal, 1981 1.16 Recedent 

17 Neoscona inustua (L. Koch, 1871) 3.43 Subdominant 

18 Neoscona mukerjei Tikader, 1980 2.27 Subdominant 

19 Neoscona vigilans (Blackwall, 1865) 0.74 Subrecedent 
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20 Nephila pilipes (Fabricius, 1793) 0.16 Subrecedent 

21 Cheiracanthium danieli Tikader, 1975   0.58 Subrecedent 

22 Castianeira zetes Simon, 1897 0.26 Subrecedent 

23 Bowie cochinensis (Gravely, 1931) 0.32 Subrecedent 

24 Drassodes sp. 0.11 Subrecedent 

25 Hersilia savignyisavignyi Lucas, 1836 1.00 Recedent 

26 Hippasa agelenoides (Simon, 1884) 1.74 Recedent 

27 Pardosa pseudoannulata Bosenberg & Strand, 

1906 1.00 Recedent 

28 Pardosa sumatrana (Thorell, 1890) 0.63 Subrecedent 

29 Oxyopes bharatae Gajbe, 1999 0.32 Subrecedent 

30 Oxyopes birmanicus Thorell, 1887 2.27 Subdominant 

31 Oxyopes hindostanicus Pocock, 1901   0.11  Subdominant 

32 Oxyopes javanus Thorell, 1887 2.06 Subrecedent 

33 Oxyopes shweta Tikader, 1970 0.47 Subrecedent 

34 Oxyopes sunandae Tikader, 1970 0.74 Subrecedent 

35 Peucetia viridana (Stoliczka, 1869) 0.74 Subrecedent 

36 
Thanatus parangvulgaris Barrion & Litsinger, 

1995 
0.05 Subrecedent 

37 Asemonea tenuipes (O. Pickard-Cambridge, 1869) 0.26 Subrecedent 

38 Bianor angulosus (Karsch, 1879) 0.26 Subrecedent 

39 Brettus cingulatus Thorell, 1895 2.96 Subdominant 

40 Carrhotus viduus (C. L. Koch, 1846) 2.27 Subdominant 

41 Chalcotropis pennata Simon, 1902 0.21 Subrecedent 

42 Chrysilla volupe (Karsch, 1879) 1.74 Recedent 

43 Epeus indicus Proszynski,1992 0.58 Subrecedent 

44 Epeus tener (Simon, 1877) 1.37 Recedent 

45 Evarcha falcata (Clerck, 1757) 0.74 Subrecedent 

46 Hasarius adansoni (Audouin, 1826) 2.53 Subdominant 

47 Hyllus semicupreus (Simon, 1885) 3.27 Subdominant 

48 Indopadilla insularis Malamel et al., 2015 3.59 Subdominant 

49 Menemerus bivittatus (Dufour, 1831) 1.42 Recedent 

50 Myrmaplata plataleoides (O. Pickard-Cambridge, 2.74 Subdominant 



Ph.D. Thesis  Result 
 

111 
 

1869) 

51 Myrmarachne melanocephala MacLeay, 1839 1.16 Recedent 

52 Phaeacius lancearius (Thorell, 1895) 0.90 Subrecedent 

53 Phidippus yashodharae Tikader, 1977 0.37 Subrecedent 

54 Phintella vittata (C. L. Koch, 1846) 1.58 Recedent 

55 Plexippus paykulli (Audouin, 1826) 1.42 Recedent 

56 Plexippus petersi (Karsch, 1878) 2.69 Subdominant 

57 Portia fimbriata (Doleschall, 1859) 0.42 Subrecedent 

58 Rhene flavigera (C. L. Koch, 1846) 0.26 Subrecedent 

59 Siler semiglaucus (Simon, 1901) 2.11 Subdominant 

60 Stenaelurillus sp. 0.11 Subrecedent 

61 Telamonia dimidiata (Simon, 1899) 1.85 Recedent 

62 Thiania bhamoensis Thorell, 1887 0.74 Subrecedent 

63 Heteropoda venatoria (Linnaeus, 1767) 1.00 Recedent 

64 Olios milleti (Pocock, 1901) 1.42 Recedent 

65 Thelcticopis moolampilliensis Jose & Sebastian, 

2007 0.21 Subrecedent 

66 Leucauge dorsotuberculata Tikader, 1982 1.37 Recedent 

67 Tetragnatha cochinensis Gravely, 1921 0.47 Subrecedent 

68 Tetragnatha javana (Thorell, 1890) 1.95 Recedent 

69 Tetragnatha mandibulata Walckenaer, 1842 2.32 Subdominant 

70 Tetragnatha viridorufa Gravely, 1921 1.06 Recedent 

71 Tylorida striata (Thorell, 1877) 0.95 Subrecedent 

72 Tylorida ventralis Thorell, 1877 2.32 Subdominant 

73 Argyrodes kumadai Chida & Tanikawa, 1999 0.84 Subrecedent 

74 Argyrodes sp. 0.16 Subrecedent 

75 Ariamnes flagellum (Doleschall, 1857) 1.21 Recedent 

76 Meotipa argyrodiformis (Yaginuma, 1952) 2.06 Subdominant 

77 Phoroncidia septemaculeata O. Pickard-

Cambridge, 1873 0.21 Subrecedent 

78 Theridion manjithar Tikader, 1970 2.27 Subdominant 

79 Thomisus projectus Tikader, 1960 1.00 Recedent 

80 Indoxysticus minutus Tikader, 1960 1.06 Recedent 
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81 Oxytate virens (Thorell, 1891) 1.27 Recedent 

82 Strigoplus netravati Tikader, 1963  0.16 Subrecedent 

 

4.2.4. Species richness and diversity in different habitats  

Species richness generally refers to the number of species inhabiting a particular 

habitat in a particular point of time. It gives an insight to the diversity in the habitat. 

Usually, it does not consider the abundance and distribution, but simply quantified 

as the number of species present in the habitat. It provides an insight into the 

stability and health of the ecosystem. Greater the species richness, greater will be the 

stability and resilience of the ecosystem. It is a fundamental metric in the study of 

ecosystems and biodiversity. Study on species richness is very much helpful in 

planning and implementation of conservation strategies in the habitats. The present 

study recorded a total of 105 species of spiders from NKR, followed by NGM (86 

species) and KZR (82 species). 74 and 73 species were recorded from BTA and 

CRA respectively (Figure 4.7). Salticidae was the richest family in all the five sites 

followed by Araneidae. 

Many richness estimators such as Chao 1 (Chao, 1984), Chao1-bc, iChao 1, 

ACE (Abundance-based Coverage Estimator), ACE 1(Chao & Lee, 1992) were used 

to estimate true species richness in the study sites by eliminating the possible bias 

happened in the sampling as well as the potential under estimation issues. The 

richness estimated by all the estimators were found to be slightly greater than the 

observed richness in all the five study sites (Table 4.15). This point towards a small 

degree of underestimation of richness implying a small inadequacy in the sampling 

effort. 
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Figure 4.7. Comparison of Species, genus and family diversity across the study 

site 

Table 4.15. Species richness of the study sites as calculated by various 

estimators 

Richness 

estimator 

Estimated richness± SE 

BTA CRA NGM NKR KZR 

    Chao1  75.5± 2.3 75.2 ± 3.4 88.8 ± 3.5 109.6 ± 4.2 82.2± 0.5 

    Chao1-bc                      74.7± 1.4 74.0 ± 1.8 87.5 ± 2.2 108.5± 3.4 82.0 ± 0.9 

    iChao1                        75.8± 1.7 75.5 ± 2.8 88.9 ± 2.9 110.2 ± 3.2 82.2 ± 0.5 

    ACE        74.8± 1.2 74.0 ± 1.3 87.2 ± 1.4 108.8 ± 2.9 82.2 ±0.5 

    ACE-1      74.9± 1.2 74.1± 1.5 87.3 ± 1.5 109.3 ± 3.3 82.2 ± 0.6 

4.2.5. Habitat wise diversity indices 

Diversity assesses and quantifies the diversity of species within a community. 

Shannon - Wiener diversity index (H) and Simpson index (D) of the spiders of all 

the study sites were calculated. The high Shannon indices in all the five sites 

indicates that the selected horticultural crop fields support considerably high 

diversity of spiders (Table 4.16). Highest Shannon index was observed in NKR 

(4.272±0.019) followed by KZR (4.115±0.013) and NGM (4.113±0.016) 

respectively. The lowest value for H was reported from CRA (3.982 ±0.014). 
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Simpson index for all the five study sites were low indicating higher richness and 

evenness. Its value is closest to zero in the case of NKR (0.0175±0.0004) and then 

KZR (0.0191±0.0005). Highest value for D is observed in the site CRA 

(0.0196±0.0004) indicating comparatively higher dominance and lower richness and 

evenness there. 

Table 4.16. Diversity indices of spiders in the horticultural crop fields of 

Thrissur district 

Site H ± SE D ± SE 
BTA 4.035±0.023 0.0217± 0.0009 
CRA 3.982 ±0.014 0.0225±0.0007 
NGM 4.113±0.016 0.0196±0.0004 
NKR 4.272±0.019 0.0175±0.0004 
KZR 4.115±0.013 0.0191±0.0005 
Diversity profile curves of the spiders in all the five study sites were 

constructed and the curves show a moderately uneven distribution of species in all 

the five sites. Shape of the diversity profile curves helps to compare the evenness of 

the communities under study. The faster the decline in the curve, the more uneven 

will be distribution. CRA showed the fastest decline in the curve and (Figure 4.8.). 

This point towards the existence of community with a few species dominates over 

the majority others. NKR showed the slowest decline in the curve indicating a more 

even distribution of species when compared to the other sites. The diversity profile 

curves of NGM and KZR showed highest degree of similarity. It is also noted that in 

all the cases diversity profile estimator derived by Chao & Jost (2015) is higher than 

the diversity profile of observed diversity. Richness, Shannon diversity and Simpson 

diversity were highest in NKR and lowest in CRA (Table 4.17.). 
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Table 4.17. Hill numbers corresponding to q equal to 0, 1 and 2 in the study 

sites 

Site Estimator 0D (Richness) 
1D (Shannon 

diversity) 
2D (Simpson 

diversity) 
BTA Chao Joast 75.50 58.38 47.84 

  Observed 74.00 56.51 46.06 

CRA Chao Joast 75.25 54.67 44.54 

  Observed 73.00 53.60 44.52 

NGM Chao Joast 88.67 62.45 52.21 

  Observed 86.00 61.11 50.95 

NKR Chao Joast 109.57 73.72 58.76 

  Observed 105.00 71.69 57.13 

KZR Chao Joast 82.16 62.60 53.86 

  Observed 82.00 61.24 52.4 
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Figure 4.8. Diversity profile curves of spiders in the study sites 
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4.2.6. Comparison of spider diversity across the habitats  

  Comparison of variation in species composition and their contribution to the 

overall diversity of different habitats are one of thrust area in the field of study of 

biodiversity. This is extremely helpful in understanding how various factors such as 

environmental gradient, human interactions like changes in land use and other 

ecological factors affect various habitats. A Kruskal Wallis test was conducted for 

the comparison of overall abundance and diversity across the habitats. As the test 

static (H) was greater the critical value, there existed a significant difference in the 

abundance of spiders in different study sites (Table 4.18). 

Table 4.18. Site wise comparison of abundance of spiders using Kruskal Wallis 

test 

Test static H Degree of freedom p value 

14.32 4 0.0064 

 

The Post-Hoc Dunn's test with a Bonferroni correction is done to understand 

which pairs truly contributes towards this difference. The test revealed that the pair 

BTA-NKR shows statistically different (Table 4.19). 

Table 4.19. Pair wise comparison of spider abundance using Dunn’s test with 

Bonferroni correction 

Column1 BTA CRA NGM NKR KZR 

BTA 

 

1 0.0966 0.003185 0.3195 

CRA 1 

 

1 0.3694 1 

NGM 0.0966 1 

 

1 1 

NKR 0.003185 0.3694 1 

 

1 

KZR 0.3195 1 1 1 
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A total of 51 species was common to all the five study sites. It means 43.9% 

of the total species recorded from the selected horticultural ecosystems of Thrissur 

districts are common (Table 4.20).  

Table 4.20. Species common to all the study sites 

SPECIES FAMILY 

Anepsion maritatum (O. Pickard-Cambridge, 1877) Araneidae 

Argiope anasuja Thorell, 1887  

Argiope pulchella Thorell, 18811  

Cyclosa hexatuberculata Tikader, 1982  

Cyrtophora cicatrosa (Stoliczka, 1869)  

Cyrtophora citricola (Forsskal, 1775)  

Eriovixia laglaizei (Simon, 1877)  

Gasteracantha geminata Fabricius 1798  

Neoscona inustua (L. Koch, 1871)  

Neoscona mukerjei Tikader, 1980  

Neoscona vigilans (Blackwall, 1865)  

Hippasa agelenoides (Simon, 1884) Lycosidae 

Pardosa pseudoannulata Bosenberg & Strand, 1906  

Oxyopes birmanicus Thorell, 1887 Oxyopidae 

Oxyopes hindostanicus Pocock, 1901    

Oxyopes javanus Thorell, 1887  

Oxyopes shweta Tikader, 1970  

Oxyopes sunandae Tikader, 1970  

Peucetia viridana (Stoliczka, 1869)  

Asemonea tenuipes (O. Pickard-Cambridge, 1869) Salticidae 

Brettus cingulatus Thorell, 1895  

Carrhotus viduus (C. L. Koch, 1846)  

Chalcotropis pennata Simon, 1902  

Chrysilla volupe (Karsch, 1879)  

Epeus tener (Simon, 1877)  

Evarcha falcata (Clerck, 1757)  

Hasarius adansoni (Audouin, 1826)  
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Hyllus semicupreus (Simon, 1885)  

Indopadilla insularis Malamel et al, 2015  

Menemerus bivittatus (Dufour, 1831)  

Myrmaplata plataleoides (O. Pickard-Cambridge, 1869)  

Myrmarachne melanocephala Macleay, 1839  

Phidippus yashodharae Tikader, 1977  

Phintella vittata (C. L. Koch, 1846)  

Plexippus paykulli (Audouin, 1826)  

Plexippus petersi (Karsch, 1878)  

Rhene flavigera (C. L. Koch, 1846)  

Siler semiglaucus (Simon, 1901)  

Telamonia dimidiata (Simon, 1899)  

Thiania bhamoensis Thorell, 1887  

Heteropoda venatoria (Linnaeus, 1767) Sparassidae 

Leucauge dorsotuberculata Tikader, 1982 Tetragnathidae 

Tetragnatha javana (Thorell, 1890)  

Tetragnatha mandibulata Walckenaer, 1842  

Tylorida ventralis Thorell, 1877  

Argyrodes kumadai Chida & Tanikawa, 1999 Theridiidae 

Ariamnes flagellum (Doleschall, 1857)  

Meotipa argyrodiformis (Yaginuma, 1952)  

Theridion manjithar Tikader, 1970  

Thomisus projectus Tikader, 1960 Thomisidae 

Indoxysticus minutus Tikader, 1960  

 

All the common species belonged to eight families. 21 common species 

belonged to the family Salticidae, 11 species to Araneidae. Family Oxyopidae 

owned 6 common species and Tetragnathidae and Theridiidae possessed 4 common 

species. Lycosidae and Thomisidae comprise 2 common species and Sparassidae 

comprises 1 common species. Their versatile predatory behaviour and excellent 

power of vision may be the reasons behind their wide distribution. 
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 BTA showed one species that is not available in any other sites. NGM 

reported two unique species while NKR showed eight unique species. No unique 

species was reported from KZR and CRA (Table 4.21.). 

Table 4.21. List species recorded from single study site 

Site Species 

BTA Epeus sp. 

NGM Cheiracanthium melanostomum (Thorell, 1895) 

 Apochionomma sp. 

NKR Cyclosa sp. 

 Neoscona sp. 

 Lycosa tista Tikader, 1970 

 Hamadruas sikkimensis (Tikader, 1970) 

 Peucetia ananthakrishnani Murugesan et al., 2006 

 Scytodes sp. 

 Tetragnatha keyserlingi Simon, 1890 

 Meotipa sp. 

 

 A PERMANOVA study was conducted in order to investigate the variation 

among the different site (beta diversity) and the results showed that there was some 

significant variation among the sites. The p-value obtained was 0.006, which 

indicates that the differences are statistically significant. Additionally, the F-value 

was 2.574, suggesting that the extent of this variation is relatively moderate (Table 

4.22.). Specific pair wise comparison did not result a p value less than 0.05 in any 

case indicating that there is no statistically significant variation among any of the 

two sites directly. 
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Table 4.22 PERMANOVA analysis to investigate beta diversity 

Permutation 
N: 

Total sum of 
squares: 

Within-group sum of 
squares: F: p 

999 0.7944 0.3914 2.57

4 

0.00

6 

 

An nMDS (non-metric multidimensional scaling) plot was constructed using 

the data for a better understanding (Figure 4.9.). Highly clustered data points in the 

plot also supports the homogeneity among the sites. 

 

Figure 4.9. nMDS plot of study sites spider assemblage of the study sites 

SIMPER analysis was conducted to calculate the dissimilarity among the 

sites. The overall average dissimilarity among the sites were 31.25 indicating a 

moderate dissimilarity. The pair wise analysis of dissimilarity was also calculated. It 



Ph.D. Thesis  Result 
 

122 
 

was observed that overall average dissimilarity was highest between BTA and NGM 

(38.36) followed by BTA and CRA (37.90) and was lowest in the case of NGM- 

KZR (28.29) (Table 4.23). The range of average dissimilarity between the pairs also 

a suggested a moderate variation exists between these site pairs in terms of species 

composition and characteristics. 

Table: 4.23. Pair wise comparison of overall average dissimilarity by Simper 
analysis 

Pair Overall average dissimilarity 

BTA- NGM 38.36 

BTA-CRA 37.90 

BTA- KZR 36.99 

BTA-NKR 36.32 

NGM-NKR 32.79 

CRA- NKR 32.56 

NKR-KZR 31.35 

NGM-KZR 31.35 

CRA- KZR 30.83 

CRA-NGM 28.29 

 

Most influential groups contributing towards the dissimilarity in each pair 

was also identified using SIMPER. Indopadilla insularis was the one with the 

highest overall average dissimilarity in the case BTA-CRA, CRA-NGM, Hyllus 

semicupreus was the most influential one in the case of the dissimilarity between 

BTA -NGM, it was Carrhotus viduus in the case of BTA-NKR. Oxyopes javanus 

contributed the greatest to the dissimilarity between NGM-NKR, NKR-CRA. 

Asemonea tenuipes was the greatest contributor of dissimilarity of NKR-KZR, 

CRA-KZR and NGM-KZR. Neoscona inustua contributed to maximum to the 

dissimilarity of BTA-KZR (Table 4.24). 
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Table 4.24. Average dissimilarity and % contribution of most influential species 
in Similarity percentage study 

Sites Species Av. 
dissimi
larity 

Contri
bution 

% 
BTA – CRA Indopadilla insularis (Malamel et al., 2015) 1.41 3.72 

 Hasarius adansoni (Audouin, 1826) 1.24 3.27 
 Asemonea tenuipes (O. Pickard-Cambridge, 1869) 1.22 3.22 

BTA -NGM Hyllus semicupreus (Simon, 1885) 1.34 3.49 
 Cyrtophora cicatrosa (Stoliczka, 1869) 1.3 3.4 
 Hasarius adansoni (Audouin, 1826) 1.29 3.37 

BTA-NKR Carrhotus viduus (C. L. Koch, 1846) 1.27 3.5 
 Myrmaplata plataleoides (O. Pickard-Cambridge, 1869) 1.02 2.81 
 Hyllus semicupreus (Simon, 1885) 0.99 2.72 

BTA -KZR Neoscona inustua (L. Koch, 1871) 1.38 3.71 
 Hyllus semicupreus (Simon, 1885) 1.27 3.42 
 Brettus cingulatus Thorell, 1895 1.15 3.18 

CRA-NGM Indopadilla insularis (Malamel et al., 2015) 1.89 4.11 
 Anepsion maritatum (O. Pickard-Cambridge, 1877) 0.98 3.4 
 Cyclosa hexatuberculata Tikader, 1982 0.82 2.82 

CRA-NKR Oxyopes javanus Thorell 1887 1.26 3.88 
 Indopadilla insularis (Malamel et al., 2015) 0.77 2.37 
 Anepsion maritatum (O. Pickard-Cambridge, 1877) 0.69 2.1 

CRA-KZR Asemonea tenuipes (O. Pickard-Cambridge, 1869) 1.29 4.18 
 Indopadilla insularis (Malamel et al., 2015) 1.2 3.88 
 Myrmaplata plataleoides (O. Pickard-Cambridge, 1869) 0.92 2.99 

NGM-NKR Oxyopes javanus Thorell, 1887 1.08 3.24 
 Cyclosa hexatuberculata Tikader, 1982 0.94 2.88 
 Oxyopes birmanicus Thorell, 1887 0.93 2.86 

NGM-KZR Asemonea tenuipes (O. Pickard-Cambridge, 1869) 1.34 4.73 
 Brettus cingulatus Thorell, 1895 0.83 2.93 
 Dendrolycosa gitae (Tikader, 1970) 0.77 2.71 

NKR-KZR Asemonea tenuipes (O. Pickard-Cambridge, 1869) 1.04 3.33 
 Myrmaplata plataleoides (O. Pickard-Cambridge, 1869) 0.9 2.87 
 Oxyopes javanus Thorell, 1887 0.86 2.74 

  

One-way ANOSIM results were also agreeing to the existence of moderate 

dissimilarity among the diversity of study sites (Table 4.25. & Figure 4.10.). As the 

R values is much less than 1 (0.453), the dissimilarity between the group is moderate 

but it is statistically significant as the p value is less than 0.05 (0.03). 
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Table 4.25. Result of ANOSIM analysis of the study sites 

Permutation N: Mean rank within: Mean rank between: R: p 
999 32.6 56.4 0.453 0.03 

 

The box plot of ranked distances also indicated that the dissimilarity between 

the groups is higher than the dissimilarity within the groups in all the five study 

sites. 

 

Figure 4.10. Comparison of dissimilarity between the groups and within the 
groups of spider assemblage in the study sites 

 
From the statistical tools employed for the analysis of site wise diversity 

indicated that all the five sites showing high diversity of spiders and differs from 

each other moderately. Even though there are observable differences in the species 

composition, it contributed to a moderate level of dissimilarity only. It is also 

noteworthy that almost fifty percentage of species were common to all the five study 

sites.   
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4.3.  Seasonal abundance, richness and diversity 

Spider assemblage varied in types and numbers during different seasons. There are 

several factors responsible for these variations. Environmental conditions such as 

temperature, humidity, vegetation and availability of food etc. are some among 

them. The study period is split into three seasons each contains a quarter of year. 

Pre-monsoon (PRM- extends from February to May), Monsoon (MON- includes the 

months from June to September) and Post-monsoon (POM- October-January). 

Comparisons of spider abundance and richness during these study periods have been 

done. 

4.3.1. Seasonal trends in spider abundance 

 Spider assemblage of horticultural crop fields of Thrissur district shows significant 

variation across the seasons. POM showed highest species abundance with 4227 

individuals. MON ranked second with a toll of 2966 individuals and PRM came out 

with lowest abundance with only 1957 individuals (Figure 4.11.). 

 Indopadilla insularis was the most numerically abundant species in all the 

three seasons with 110, 135 and 163 individuals, respectively. Salticidae (903, 1018 

and 1765 individuals respectively in PRM, MON and POM respectively) and 

Araneidae (464 individuals, 691 individual and 964 individuals in PRM, MON, 

POM respectively) ranked first and second position in the case of numerical 

abundance of individuals in all the three seasons.  

Rank abundance curves were plotted with the abundance of spiders in all the 

three seasons (Figure 4.12.). High values of α (PRM - 16.66, MON - 17.29 and 

POM - 18.49) indicated high species richness during all the seasons. Richness is 

greatest in POM and lowest in PRM. The high value of shape parameter (PRM - 
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0.995, MON - 0.997, POM - 0.9978) indicated relatively even distribution of the 

abundance throughout the seasons. 

 
Figure 4.11. Seasonal variation in abundance of spiders 

 

 
   

Figure 4.12. Rank abundance distribution of spiders during different seasons 
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4.3.2. Dominance structure of spiders across the seasons 

Dominance structure of spider assemblage during PRM, MON and POM were 

studied by calculating individual dominance index and the species were categorised 

in to five dominance categories (eudominant, dominant, sub dominant, recedent, 

subrecedent) using Tischler’s scale. No eudominant species was reported anywhere 

from the study sites. Only one dominant category was reported during PRM. 

Number of subdominants were 22 in PRM, 16 in MON and 10 in POM. Number of 

recedents were 15,22 and 30 in PRM, MON and POM, respectively. Number of 

individuals in subrecedent category was 55, 63 and 72 in PRM, MON and POM, 

respectively. This result also indicated the absence of higher degree of dominance 

during the seasons. It also pointed towards a higher degree of evenness during the 

seasons. It was also clear that the dominance structure also varies across the seasons 

(Table 4.26, 4.27 & 4.28). 

Table 4.26. Analysis of dominance structure of spiders during PRM 

Species IDI Category 

Indopadilla insularis Malamel et al., 2015 5.62 Dominant 

Myrmaplata plataleoides (O. P. Cambridge, 1869) 4.39 Subdominant 

Carrhotus viduus (C. L. Koch, 1846) 3.27 Subdominant 

Hyllus semicupreus (Simon, 1885) 3.22 Subdominant 

Neoscona inustua (L. Koch, 1871) 3.07 Subdominant 

Anepsion maritatum (O. Pickard-Cambridge, 1877) 2.96 Subdominant 

Cyrtophora cicatrosa (Stoliczka, 1869) 2.86 Subdominant 

Hasarius adansoni (Audouin, 1826) 2.81 Subdominant 

Lycosa mackenziei Gravely, 1924 2.50 Subdominant 

Brettus cingulatus Thorell, 1895 2.50 Subdominant 

Plexippus paykulli (Audouin, 1826) 2.50 Subdominant 

Plexippus petersi (Karsch, 1878) 2.50 Subdominant 

Oxyopes birmanicus Thorell, 1887 2.40 Subdominant 
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Phintella vittata (C. L. Koch, 1846) 2.40 Subdominant 

Cyclosa hexatuberculata Tikader, 1982 2.35 Subdominant 

Telamonia dimidiata (Simon, 1899) 2.35 Subdominant 

Cyrtophora citricola (Forsskal, 1775) 2.30 Subdominant 

Oxyopes javanus Thorell, 1887 2.25 Subdominant 

Asemonea tenuipes (O. Pickard-Cambridge, 1869) 2.20 Subdominant 

Tetragnatha mandibulata Walckenaer, 1842 2.10 Subdominant 

Chrysilla volupe (Karsch, 1879) 2.04 Subdominant 

Siler semiglaucus (Simon, 1901) 2.04 Subdominant 

Tetragnatha javana (Thorell, 1890) 2.04 Subdominant 

Argiope pulchella Thorell, 18811 1.89 Recedent 

Neoscona mukerjei Tikader, 1980 1.74 Recedent 

Tylorida ventralis Thorell, 1877 1.74 Recedent 

Theridion manjithar Tikader, 1970 1.64 Recedent 

Myrmarachne melanocephala MacLeay, 1839 1.58 Recedent 

Meotipa argyrodiformis (Yaginuma, 1952) 1.53 Recedent 

Leucauge dorsotuberculata Tikader, 1982 1.48 Recedent 

Pardosa sumatrana (Thorell, 1890) 1.38 Recedent 

Epeus tener (Simon, 1877) 1.38 Recedent 

Ariamnes flagellum (Doleschall, 1857) 1.33 Recedent 

Thomisus projectus Tikader, 1960 1.28 Recedent 

Heteropoda venatoria (Linnaeus, 1767) 1.23 Recedent 

Argiope anasuja Thorell, 1887 1.12 Recedent 

Menemerus bivittatus (Dufour, 1831) 1.07 Recedent 

Gasteracantha geminata (Fabricius, 1798) 1.02 Recedent 

Indoxysticus minutus Tikader, 1960 0.92 Subrecedent 

Oxytate virens (Thorell, 1891) 0.92 Subrecedent 

Eriovixia laglaizei (Simon, 1877) 0.87 Subrecedent 

Rhene flavigera (C. L. Koch, 1846) 0.82 Subrecedent 

Thiania bhamoensis Thorell, 1887 0.82 Subrecedent 

Argiope aemula (Walckenaer, 1842) 0.77 Subrecedent 

Neoscona vigilans (Blackwall, 1865) 0.66 Subrecedent 

Peucetia viridana (Stoliczka, 1869) 0.66 Subrecedent 
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Olios milleti (Pocock, 1901) 0.61 Subrecedent 

Chalcotropis pennata Simon, 1902 0.56 Subrecedent 

Phidippus yashodharae Tikader, 1977 0.56 Subrecedent 

Cyrtophora moluccensis (Doleschall, 1857) 0.51 Subrecedent 

Hersilia sumatrana (Thorell, 1890) 0.41 Subrecedent 

Bianor angulosus (Karsch, 1879) 0.41 Subrecedent 

Tetragnatha viridorufa Gravely, 1921 0.41 Subrecedent 

Cyclosa bifida (Doleschall, 1859) 0.36 Subrecedent 

Eriovixia excelsa (Simon, 1889) 0.36 Subrecedent 

Neoscona elliptica Tikader & Bal, 1981 0.31 Subrecedent 

Tylorida striata (Thorell, 1877) 0.31 Subrecedent 

Cyrtophora sp. 0.26 Subrecedent 

Clubiona drassodes O.P. Cambridge, 1874 0.26 Subrecedent 

Evarcha falcata (Clerck, 1757) 0.26 Subrecedent 

Portia fimbriata (Doleschall, 1859) 0.26 Subrecedent 

Hamadruas sikkimensis (Tikader,1970) 0.20 Subrecedent 

Oxyopes sp. 0.20 Subrecedent 

Tetragnatha cochinensis Gravely, 1921 0.20 Subrecedent 

Argyrodes kumadai Chida & Tanikawa, 1999 0.20 Subrecedent 

Bijoaraneus mitificus (Simon, 1886) 0.15 Subrecedent 

Cheiracanthium melanostomum (Thorell, 1895) 0.15 Subrecedent 

Corinnomma sp. 0.15 Subrecedent 

Hahnia mridulae Tikader, 1970 0.15 Subrecedent 

Lycosa tista Tikader, 1970 0.15 Subrecedent 

Oxyopes hindostanicus Pocock, 1901   0.15 Subrecedent 

Oxyopes lineatipes (C L Koch, 1847) 0.15 Subrecedent 

Oxyopes shweta Tikader, 1970 0.15 Subrecedent 

Oxyopes sunandae Tikader, 1970 0.15 Subrecedent 

Stenaelurillus sp. 0.15 Subrecedent 

Bowie cochinensis (Gravely, 1931) 0.10 Subrecedent 

Oxyopes bharatae Gajbe, 1999 0.10 Subrecedent 

Epeus indicus Proszynski,1992 0.10 Subrecedent 

Evarcha sp. 0.10 Subrecedent 
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Thyene bivittata Xie & Peng, 1995 0.10 Subrecedent 

Scytodes fusca Walckenaer, 1837 0.10 Subrecedent 

Amyciaea forticeps (O. Pickard-Cambridge, 1873)  0.10 Subrecedent 

Argiope catenulata (Doleschall, 1859) 0.05 Subrecedent 

Cyclosa confraga (Thorell, 1893) 0.05 Subrecedent 

Neoscona sp. 0.05 Subrecedent 

Cheiracanthium danieli Tikader, 1975   0.05 Subrecedent 

Drassodes sp. 0.05 Subrecedent 

Crossopriza lyoni (Blackwall, 1867)  0.05 Subrecedent 

Epeus sp. 0.05 Subrecedent 

Phaeacius lancearius (Thorell, 1895) 0.05 Subrecedent 

Scytodes sp. 0.05 Subrecedent 

Argyrodes sp. 0.05 Subrecedent 

Strigoplus netravati Tikader, 1963  0.05 Subrecedent 

 

Table 4.27. Dominance structure of spider assemblage during MON 

Species IDI Category 

Indopadilla insularis Malamel, Sankaran & Sebastian, 2015 4.55 Subdominant 

Myrmaplata plataleoides (O. Pickard-Cambridge, 1869) 4.01 Subdominant 

Anepsion maritatum (O. Pickard-Cambridge, 1877) 3.17 Subdominant 

Carrhotus viduus (C. L. Koch, 1846) 3.14 Subdominant 

Hyllus semicupreus (Simon, 1885) 2.87 Subdominant 

Neoscona inustua (L. Koch, 1871) 2.66 Subdominant 

Hasarius adansoni (Audouin, 1826) 2.56 Subdominant 

Cyrtophora cicatrosa (Stoliczka, 1869) 2.39 Subdominant 

Plexippus petersi (Karsch, 1878) 2.39 Subdominant 

Siler semiglaucus (Simon, 1901) 2.26 Subdominant 

Lycosa mackenziei Gravely, 1924 2.16 Subdominant 

Tetragnatha mandibulata Walckenaer, 1842 2.16 Subdominant 

Plexippus paykulli (Audouin, 1826) 2.12 Subdominant 

Oxyopes birmanicus Thorell, 1887 2.06 Subdominant 

Brettus cingulatus Thorell, 1895 2.06 Subdominant 
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Phintella vittata (C. L. Koch, 1846) 2.06 Subdominant 

Telamonia dimidiata (Simon, 1899) 2.06 Recedent 

Cyrtophora citricola (Forsskal, 1775) 1.99 Recedent 

Oxyopes javanus Thorell, 1887 1.99 Recedent 

Chrysilla volupe (Karsch, 1879) 1.99 Recedent 

Asemonea tenuipes (O. Pickard-Cambridge, 1869) 1.89 Recedent 

Tetragnatha javana (Thorell, 1890) 1.89 Recedent 

Argiope pulchella Thorell, 1881 1.82 Recedent 

Neoscona mukerjei Tikader, 1980 1.75 Recedent 

Tylorida ventralis Thorell, 1877 1.75 Recedent 

Myrmarachne melanocephala MacLeay, 1839 1.72 Recedent 

Cyclosa hexatuberculata Tikader, 1982 1.58 Recedent 

Meotipa argyrodiformis (Yaginuma, 1952) 1.58 Recedent 

Epeus tener (Simon, 1877) 1.55 Recedent 

Leucauge dorsotuberculata Tikader, 1982 1.48 Recedent 

Pardosa sumatrana (Thorell, 1890) 1.28 Recedent 

Argiope anasuja Thorell, 1887 1.25 Recedent 

Theridion manjithar Tikader, 1970 1.25 Recedent 

Gasteracantha geminata (Fabricius, 1798) 1.21 Recedent 

Menemerus bivittatus (Dufour, 1831) 1.21 Recedent 

Ariamnes flagellum (Doleschall, 1857) 1.11 Recedent 

Peucetia viridana (Stoliczka, 1869) 1.08 Recedent 

Thomisus projectus Tikader, 1960 1.08 Recedent 

Heteropoda venatoria (Linnaeus, 1767) 1.05 Subrecedent 

Thiania bhamoensis Thorell, 1887 0.98 Subrecedent 

Argiope aemula (Walckenaer, 1842) 0.91 Subrecedent 

Phidippus yashodharae Tikader, 1977 0.91 Subrecedent 

Rhene flavigera (C. L. Koch, 1846) 0.91 Subrecedent 

Eriovixia laglaizei (Simon, 1877) 0.88 Subrecedent 

Indoxysticus minutus Tikader, 1960 0.84 Subrecedent 

Cyrtophora moluccensis (Doleschall, 1857) 0.71 Subrecedent 

Oxyopes shweta Tikader, 1970 0.71 Subrecedent 

Tetragnatha viridorufa Gravely, 1921 0.67 Subrecedent 
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Oxyopes sunandae Tikader, 1970 0.64 Subrecedent 

Olios milleti (Pocock, 1901) 0.64 Subrecedent 

Oxytate virens (Thorell, 1891) 0.64 Subrecedent 

Dendrolycosa gitae (Tikader, 1970) 0.61 Subrecedent 

Evarcha falcata (Clerck, 1757) 0.61 Subrecedent 

Neoscona vigilans (Blackwall, 1865) 0.57 Subrecedent 

Hersilia sumatrana (Thorell, 1890) 0.57 Subrecedent 

Neoscona elliptica Tikader & Bal, 1981 0.54 Subrecedent 

Hamadruas sikkimensis (Tikader,1970) 0.54 Subrecedent 

Chalcotropis pennata Simon, 1902 0.51 Subrecedent 

Portia fimbriata (Doleschall, 1859) 0.47 Subrecedent 

Oxyopes lineatipes (C L Koch, 1847) 0.44 Subrecedent 

Clubiona drassodes O.P. Cambridge, 1874 0.40 Subrecedent 

Phaeacius lancearius (Thorell, 1895) 0.40 Subrecedent 

Tetragnatha cochinensis Gravely, 1921 0.40 Subrecedent 

Bijoaraneus mitificus (Simon, 1886) 0.37 Subrecedent 

Cyclosa confraga (Thorell, 1893) 0.37 Subrecedent 

Eriovixia excelsa (Simon, 1889) 0.37 Subrecedent 

Corinnomma sp. 0.37 Subrecedent 

Epeus indicus Proszynski,1992 0.37 Subrecedent 

Argyrodes kumadai Chida & Tanikawa, 1999 0.37 Subrecedent 

Leucauge decorata (Blackwall, 1864) 0.34 Subrecedent 

Bianor angulosus (Karsch, 1879) 0.30 Subrecedent 

Lycosa tista Tikader, 1970 0.27 Subrecedent 

Oxyopes bharatae Gajbe, 1999 0.27 Subrecedent 

Oxyopes hindostanicus Pocock, 1901  0.27 Subrecedent 

Thyene bivittata Xie & Peng, 1995 0.27 Subrecedent 

Tylorida striata (Thorell, 1877) 0.24 Subrecedent 

Argiope catenulata (Doleschall, 1859) 0.20 Subrecedent 

Cyclosa bifida (Doleschall, 1859) 0.20 Subrecedent 

Pholcus phalangioides (Fuesslin, 1775) 0.13 Subrecedent 

Stenaelurillus lesserti Reimoser, 1934 0.13 Subrecedent 

Araneus sp. 0.10 Subrecedent 
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Gea subarmata Thorell, 1890 0.10 Subrecedent 

Cheiracanthium danieli Tikader, 1975   0.10 Subrecedent 

Hahnia mridulae Tikader, 1970 0.10 Subrecedent 

Crossopriza lyoni (Blackwall, 1867)  0.10 Subrecedent 

Thelcticopis moolampilliensis Jose & Sebastian, 2007 0.10 Subrecedent 

Strigoplus netravati Tikader, 1963  0.10 Subrecedent 

Cyclosa sp. 0.07 Subrecedent 

Cyrtophora sp. 0.07 Subrecedent 

Cheiracanthium melanostomum (Thorell, 1895) 0.07 Subrecedent 

Hippasa agelenoides (Simon, 1884) 0.07 Subrecedent 

Oxyopes sp. 0.07 Subrecedent 

Stenaelurillus sp. 0.07 Subrecedent 

Scytodes fusca Walckenaer, 1837 0.07 Subrecedent 

Phoroncidia septemaculeata O. Pickard-Cambridge, 1873 0.07 Subrecedent 

Drassodes sp. 0.03 Subrecedent 

Thanatus parangvulgaris Barrion & Litsinger, 1995 0.03 Subrecedent 

Epeus sp. 0.03 Subrecedent 

Evarcha sp. 0.03 Subrecedent 

Amyciaea forticeps (O. Pickard-Cambridge, 1873)  0.03 Subrecedent 

Miagrammopes extensus Simon, 1889 0.03 Subrecedent 

 

Table 4.28. Dominance structure of spider assemblage during POM 

Species IDI Category 

Indopadilla insularis Malamel, Sankaran & Sebastian, 2015 3.86 Subdominant 

Myrmaplata plataleoides (O. Pickard-Cambridge, 1869) 3.48 Subdominant 

Anepsion maritatum (O. Pickard-Cambridge, 1877) 3.19 Subdominant 

Hyllus semicupreus (Simon, 1885) 2.58 Subdominant 

Carrhotus viduus (C. L. Koch, 1846) 2.48 Subdominant 

Neoscona inustua (L. Koch, 1871) 2.34 Subdominant 

Cyrtophora cicatrosa (Stoliczka, 1869) 2.32 Subdominant 

Hasarius adansoni (Audouin, 1826) 2.13 Subdominant 

Plexippus petersi (Karsch, 1878) 2.13 Subdominant 
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Brettus cingulatus Thorell, 1895 2.13 Subdominant 

Lycosa mackenziei Gravely, 1924 2.01 Recedent 

Siler semiglaucus (Simon, 1901) 1.99 Recedent 

Plexippus paykulli (Audouin, 1826) 1.99 Recedent 

Phintella vittata (C. L. Koch, 1846) 1.89 Recedent 

Asemonea tenuipes (O. Pickard-Cambridge, 1869) 1.82 Recedent 

Tetragnatha mandibulata Walckenaer, 1842 1.80 Recedent 

Oxyopes birmanicus Thorell, 1887 1.80 Recedent 

Oxyopes javanus Thorell, 1887 1.80 Recedent 

Telamonia dimidiata (Simon, 1899) 1.77 Recedent 

Cyrtophora citricola (Forsskal, 1775) 1.73 Recedent 

Tetragnatha javana (Thorell, 1890) 1.70 Recedent 

Chrysilla volupe (Karsch, 1879) 1.68 Recedent 

Argiope pulchella Thorell, 1881 1.68 Recedent 

Neoscona mukerjei Tikader, 1980 1.68 Recedent 

Myrmarachne melanocephala MacLeay, 1839 1.66 Recedent 

Cyclosa hexatuberculata Tikader, 1982 1.61 Recedent 

Meotipa argyrodiformis (Yaginuma, 1952) 1.49 Recedent 

Epeus tener (Simon, 1877) 1.42 Recedent 

Tylorida ventralis Thorell, 1877 1.40 Recedent 

Menemerus bivittatus (Dufour, 1831) 1.40 Recedent 

Pardosa sumatrana (Thorell, 1890) 1.35 Recedent 

Leucauge dorsotuberculata Tikader, 1982 1.32 Recedent 

Theridion manjithar Tikader, 1970 1.25 Recedent 

Peucetia viridana (Stoliczka, 1869) 1.18 Recedent 

Indoxysticus minutus Tikader, 1960 1.18 Recedent 

Argiope anasuja Thorell, 1887 1.16 Recedent 

Ariamnes flagellum (Doleschall, 1857) 1.14 Recedent 

Thomisus projectus Tikader, 1960 1.14 Recedent 

Rhene flavigera (C. L. Koch, 1846) 1.06 Recedent 

Heteropoda venatoria (Linnaeus, 1767) 1.02 Recedent 

Oxyopes sunandae Tikader, 1970 1.02 Subrecedent 

Gasteracantha geminata (Fabricius, 1798) 0.99 Subrecedent 
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Argiope aemula (Walckenaer, 1842) 0.88 Subrecedent 

Thiania bhamoensis Thorell, 1887 0.83 Subrecedent 

Oxyopes shweta Tikader, 1970 0.83 Subrecedent 

Evarcha falcata (Clerck, 1757) 0.80 Subrecedent 

Neoscona vigilans (Blackwall, 1865) 0.80 Subrecedent 

Chalcotropis pennata Simon, 1902 0.80 Subrecedent 

Hamadruas sikkimensis (Tikader,1970) 0.78 Subrecedent 

Phidippus yashodharae Tikader, 1977 0.73 Subrecedent 

Oxytate virens (Thorell, 1891) 0.69 Subrecedent 

Eriovixia laglaizei (Simon, 1877) 0.66 Subrecedent 

Cyrtophora moluccensis (Doleschall, 1857) 0.66 Subrecedent 

Olios milleti (Pocock, 1901) 0.64 Subrecedent 

Dendrolycosa gitae (Tikader, 1970) 0.64 Subrecedent 

Argyrodes kumadai Chida & Tanikawa, 1999 0.64 Subrecedent 

Hersilia sumatrana (Thorell, 1890) 0.62 Subrecedent 

Neoscona elliptica Tikader & Bal, 1981 0.62 Subrecedent 

Oxyopes lineatipes (C L Koch, 1847) 0.62 Subrecedent 

Bianor angulosus (Karsch, 1879) 0.59 Subrecedent 

Tetragnatha viridorufa Gravely, 1921 0.57 Subrecedent 

Stenaelurillus lesserti Reimoser, 1934 0.52 Subrecedent 

Araneus mitificus Simon 1886 0.50 Subrecedent 

Epeus indicus Proszynski,1992 0.50 Subrecedent 

Leucauge decorata (Blackwall, 1864) 0.50 Subrecedent 

Oxyopes hindostanicus Pocock, 1901  0.50 Subrecedent 

Corinnomma sp. 0.47 Subrecedent 

Oxyopes bharatae Gajbe, 1999 0.47 Subrecedent 

Clubiona drassodes O.P. Cambridge, 1874 0.43 Subrecedent 

Tetragnatha cochinensis Gravely, 1921 0.43 Subrecedent 

Cyclosa confraga (Thorell, 1893) 0.43 Subrecedent 

Cyclosa bifida (Doleschall, 1859) 0.43 Subrecedent 

Lycosa tista Tikader, 1970 0.40 Subrecedent 

Eriovixia excelsa (Simon, 1889) 0.38 Subrecedent 

Portia fimbriata (Doleschall, 1859) 0.35 Subrecedent 
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Phaeacius lancearius (Thorell, 1895) 0.35 Subrecedent 

Thyene bivittata Xie & Peng, 1995 0.35 Subrecedent 

Tylorida striata (Thorell, 1877) 0.35 Subrecedent 

Strigoplus netravati Tikader, 1963  0.33 Subrecedent 

Stenaelurillus sp. 0.33 Subrecedent 

Pholcus phalangioides (Fuesslin, 1775) 0.28 Subrecedent 

Araneus sp. 0.26 Subrecedent 

Gea subarmata Thorell, 1890 0.24 Subrecedent 

Phoroncidia septemaculeata O. Pickard-Cambridge, 1873 0.24 Subrecedent 

Drassodes sp. 0.24 Subrecedent 

Argiope catenulata (Doleschall, 1859) 0.19 Subrecedent 

Thelcticopis moolampilliensis Jose & Sebastian, 2007 0.19 Subrecedent 

Cheiracanthium melanostomum (Thorell, 1895) 0.19 Subrecedent 

Crossopriza lyoni (Blackwall, 1867)  0.17 Subrecedent 

Hippasa agelenoides (Simon, 1884) 0.17 Subrecedent 

Thanatus parangvulgaris Barrion & Litsinger, 1995 0.14 Subrecedent 

Pardosa pseudoannulata (Bosenberg& Strand, 1906) 0.14 Subrecedent 

Cheiracanthium danieli Tikader, 1975   0.12 Subrecedent 

Scytodes fusca Walckenaer, 1837 0.12 Subrecedent 

Amyciaea forticeps (O. Pickard-Cambridge, 1873)  0.12 Subrecedent 

Psellonus sp. 0.12 Subrecedent 

Hahnia mridulae Tikader, 1970 0.09 Subrecedent 

Oxyopes sp. 0.09 Subrecedent 

Cyrtophora sp. 0.07 Subrecedent 

Epeus sp. 0.07 Subrecedent 

Miagrammopes extensus Simon, 1889 0.07 Subrecedent 

Hersilia savignyisavignyi Lucas, 1836 0.07 Subrecedent 

Peucetia ananthakrishnani Murugesan et al., 2006 0.07 Subrecedent 

Argyrodes sp. 0.07 Subrecedent 

Evarcha sp. 0.05 Subrecedent 

Apochionomma sp.1 0.05 Subrecedent 

Tetragnatha keyserlingi Simon, 1890 0.05 Subrecedent 

Meotipa sp. 0.05 Subrecedent 
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Uloborus krishnae Tikader, 1971 0.05 Subrecedent 

Castianeira zetes Simon, 1897 0.02 Subrecedent 

Nephila pilipes (Fabricius, 1793) 0.02 Subrecedent 

Runcinia insecta (L. Koch, 1875) 0.02 Subrecedent 

 

4.3.3. Season- wise in richness of spiders 

Seasonal changes in environmental conditions affect not only the numerical 

abundance of spiders but also their species richness in the habitats. Seasonal 

variations are a little bit more complex in the case of a semi-natural ecosystem like 

agricultural fields due to the constant human interventions. Practises like irrigation, 

application of agrochemicals, the stage of growth of crop plants etc. also contribute 

towards the variation in the species richness. The number of species reported 

showed noticeable variation across the seasons. POM showed highest richness with 

112 Species while PMN showed the lowest with 93 species (Table 4.29. & Figure 

4.13.) 

Table 4.29. Dynamics of species richness across the seasons 

Season 
No. of 

species 

No. of 

families 

No. of 

genera 

Singleton

s 

Doubleton

s 

PRM 93 13 62 11 7 

MON 101 15 68 6 8 

POM 112 21 75 3 5 
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Figure 4.13. Comparison of the seasonal variation in the number of species 

genera and families 

All the species richness estimators employed to understand the issue of under 

estimation, suggested a moderately high species richness than the observed richness 

(Table 4.30.). The difference between the species richness calculated by the 

estimators and observed richness was highest in the case of POM and it was least in 

the case of PRM. So, inadequacy in sample estimation is small. 

 
Table 4.30. Season wise species richness predicted by different species richness 

estimators 

 

    Chao1 

(Chao, 1984)        
    Chao1-bc                        iChao1                      

    ACE 

(Chao & Lee, 

1992)    

    ACE-1 

(Chao & Lee, 

1992)    

PRM 101.6±6.8 99.9±5.6 103.0±3.8 99.6 ±4.2 100.6±5.0 

MON 103.2±2.5 102.7±2.0 103.2±2.5 104.7±2.9 105.2±3.4 

POM 112.9±1.5 112.5±1.0 112.9±1.5 113.2±1.4 113.2±1.5 
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Species accumulation curve during different seasons (Figure 4.14.) was also 

plotted during the three study seasons to estimate the sampling efficiency. As the 

plot almost approached to form a plateau, we could assume that the collection 

efficiency was almost adequate. The estimated sampling efficiency was highest in 

POM (99.4%) and lowest in PRM (98.4%). It was 98.8% in the case of MON. This 

agrees with the difference in the richness calculated by different estimators and 

observed richness. 

 
Figure 4.14. Species accumulation curve (Collector’s curve) during different 

seasons 
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4.3.4. Diversity indices during different seasons 

Shannon-Wiener index (H) and Simpson index (D) were calculated for the spider 

assemblage during the seasons PRM, MON and POM. Value of H is highest in POM 

and lowest in PRM (Table 4.31). D value is smallest in the case of POM followed by 

MON. This revealed the highest diversity in the POM followed by MON and lowest 

in the case of PRM. 

Table 4.31. Diversity indices during different seasons 

Season H ± SE D ± SE 
PRM 4.014±0.018 0.0221± 0.0006 
MON 4.167±0.016 0.0188 ±0.0004 
POM  4.319±0.012  0.01614±0.0003 

 
Effective numbers/ Hill numbers were also calculated for the spiders of 

different seasons for the better understanding of the multidimensional diversity 

(Table 4.32.). The richness, Shannon diversity and Simpson diversity were greatest 

for POM and least for PRM. In all the cases, richness, Shannon and Simpson 

diversities predicted by Chao & Joast was greater than the observed values. The 

difference between all the parameters estimated by Chao Joast estimator and 

observed values, were the greatest in the case of PRM. The estimator also predicts 

highest richness and diversity during POM.  

Table 4.32. Hill number corresponding to q=0,1, and 2 during different seasons 

Season Estimator 0D (Richness) 
1D (Shannon 

diversity) 
2D (Simpson 

diversity) 
PRM Chao Joast 101.64 56.90 45.30 

 Observed 93.00 55.37 44.30 

MON Chao Joast 103.24 65.80 53.10 

 Observed 101.00 64.23 52.18 

PON Chao Joast 112.9 76.12 61.97 

  Observed 112.00 75.09 61.09 
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Figure 4.15. Diversity profile curve of spider assemblage during different 

seasons 
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Diversity profile curves are constructed by plotting hill numbers against q, 

the shapes of curves revealed that there exists moderate degree of evenness among 

different species of spiders. The steepest decline in the case of PRM revealed lowest 

evenness and comparatively higher dominance existed during the season. 

4.3.5. Comparison of spider diversity during different seasons 

The abundance and richness of spiders were found to be highest in POM and lowest 

in PRM. 89 species out of the 116 species (76.7%) reported are common to all the 

three seasons even though their numerical abundance varied between seasons. Three 

species reported only during PRM, One only during MON and 11 species reported 

on during POM (Table 4.33.). 

Table 4.33. Number species recorded during single season only 
 

SEASON SPECIES 

PRM Neoscona sp. 

 Corinnomma sp. 

 Scytodes sp. 

MON Cyclosa sp. 

POM Clubiona drassodes O.P. Cambridge, 1874 

 Apochionomma sp. 

 Hahnia mridulae Tikader, 1970 

 Lycosa tista Tikader, 1970 

 Hamadruas sikkimensis (Tikader,1970) 

 Peucetia ananthakrishnani Murugesan et al., 2006 

 Psellonus sp. 

 Tetragnatha keyserlingi Simon, 1890 

 Meotipa sp. 

 Runcinia insecta (L. Koch, 1875) 

 Uloborus krishnae Tikader, 1971 
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Kruskal Wallis test was done to find out whether the difference in the 

abundance of different seasons is statistically significant. It substantiated the 

existence of a statistically significant difference in the abundance of spiders across 

the seasons as p < .005 (Table 4.34).  

Table 4.34. Season wise comparison of abundance of spiders by Kruskal Wallis 

test 

χ² Df P 

29.34 2 4.106e-7, 

A Post-Hoc Dunn’s test was conducted to pick out which pairs have been 

significantly contributed to this difference. The Post-Hoc Dunn's test using a 

Bonferroni corrected alpha indicated that the all the three pairs are significantly 

different since p value is less than 0.005 in all the cases (Table 4.35). 

Table 4.35. Pair wise comparison of abundance of spiders using Dunn’s test 

Column1 PRN-MON PON-PRN MON-PON 

PRN-MON 

 

0.03106 1.78E-07 

PON-PRN 0.03106 

 

0.01284 

MON-PON 1.78E-07 0.01284 

 SIMPER analysis was conducted to assess the overall average dissimilarity. 

The pooled overall average dissimilarity was 34.1. The average dissimilarity 

between PRM-MON, MON-POM, PRM- POM was 31.71, 28.88 and 41.45, 

respectively. This made it clear that the species composition differed the most 

between PRM and POM. Asemonea tenuipes contributed the highest dissimilarity in 

case of PRM-POM and MON-POM while Carrhotus viduus was the most influential 

species that resulted in the dissimilarity between PRM-MON (Table 4.36). 
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Table 4.36. Most influential species contributed towards the dissimilarity of 

spiders during different seasons 

Season 
 Species 

Av. 
dissimilarity 

% 
Contrib.  

PRN-

MON Carrhotus viduus (C. L. Koch, 1846) 0.85 2.687 

 

Asemonea tenuipes (O. Pickard-Cambridge, 

1869) 0.83 2.631 

 

Myrmaplata plataleoides (O. Pickard-

Cambridge, 1869) 0.82 2.597 

PON-PRN 

Anepsion maritatum (O. Pickard-

Cambridge, 1877) 1.24 3 

 

Myrmaplata plataleoides (O. Pickard-

Cambridge, 1869) 1.02 2 

 

Indopadilla insularis Malamel, Sankaran & 

Sebastian, 2015 0.97 2 

MON-

PON 

Asemonea tenuipes (O. Pickard-Cambridge, 

1869) 0.66 2.271 

 

Carrhotus viduus (C. L. Koch, 1846) 0.63 2.189 

 

Anepsion maritatum (O. Pickard-

Cambridge, 1877) 0.63 2.171 

 

4.3.6. Seasonal spider diversity across different sites - A comparison 

The variation in richness and abundance in distinct sites during the different seasons 

also studied. It is found that the abundance of spiders was highest during POM in all 

the five sites and lowest in PRM (Figure 4.16.). The difference between the 

abundance in PRM and MON was found to be highest in CRA while the difference 

in the abundance between POM and MON as well as POM and PRM was highest in 

the case of NKR. Highest numerical abundance was highest in NGM during all the 

three seasons while the species richness was highest in NKR (Table 4.37.). 
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Table 4.37. Comparison of richness and abundance during different seasons 

Season  BTA CRA NGM NKR KZR 
PRM Abundance 241 405 436 419 456 

 Richness 54 56 60 72 66 
MON Abundance 393 650 669 643 611 

 Richness 66 60 68 86 67 
POM Abundance 577 883 973 966 828 

 Richness 74 72 84 99 78 
 

 

Figure 4.16. Comparison of season wise abundance in different study sites 

  Rarefaction curves are plotted to compare the season wise species richness in 

each site, as it is a valuable tool for an accurate comparison of species richness if the 

sample sizes are different. This helps in the comparison of species richness by 

eliminating the accidental bias occurred in the sampling effort in different sites 

during different seasons (Figure 4.17.). It is noted that the richness was highest in 

NKR during all the three seasons and that was lowest in CRA during all the seasons 
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after rarefaction. Rarefaction curves, Shannon diversity (Exp H) and Simpson 

diversity (1/D) also agreed with this (Figure 4.18. & 4.19.). 

 
 

Figure 4.17. Comparison of season wise species richness of different study sites 
 

 
4.18. Comparison of season wise Shannon diversity of different study sites 
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Figure 4.19. Comparison of Season wise Simpson’s diversity of different study 

sites 

4.4. Feeding guilds: Unravelling the resource utilisation patterns  

In ecology, feeding guilds refer to groups of species within an ecosystem that exhibit 

comparable feeding behaviours or strategies. These groups form based on the 

availability of dietary resources and the manner in which species exploit those 

resources. Roots (1967) defined guilds as the group of species that share common 

resources in a similar way. The major advantage of the guild approach is that the 

categorisation of species with similar roles and functions into distinct groups called 

guilds makes the complex community studies simpler by forming a unit between 

individual species and community (Austen et al., 1994).  

As the guilds influence the flow of energy and nutrients through food webs, 

feeding guilds can play crucial roles in ecosystem dynamics. For instance, species 

within a feeding guild may compete for similar food resources, resulting in niche 

differentiation and resource partitioning to reduce competition and maximise 
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resource use efficiency. Feeding guilds can also affect community structure and 

species interactions. 

Several efforts have so far been reported to categorise various spider families 

into different foraging guilds. It may range between as few as 2 guilds to as many as 

11 feeding guilds. Uetz (1977) categorised spiders into two guilds such as web 

builders and wandering spiders. Post & Riechert (1977) suggested 11 foraging 

guilds of spiders. The spider guild described by them are hackled band weavers, 

scattered line weavers, orb weavers, pirate spiders, sheet line weavers, hahniid 

spiders, funnel web spiders, diurnal running spiders, nocturnal running spiders, crab 

spiders and jumping spiders. Based on quantitative analysis of ecological 

characteristics such as foraging behaviour and microhabitat utilisation patterns of 

various spider families, Uetz et al. (1999) proposed eight main spider guilds. 

Stalkers, ambushers, foliage runners, ground runners, sheet web builders, wandering 

sheet web builders, orb weavers, and space web builders are recognised guilds by 

them. Cardoso et al. (2011) categorised spider families into 8 feeding guilds viz. 

sensing web weavers, sheet web weavers, specialists, ground hunters, orb web 

weavers, other hunters, ambush hunters and space web weavers. Present study 

follows the categorisation of spider guilds followed by Cardoso et al. (2011). 

4.4.1. Description of different guild categories of horticultural crop fields of 

Thrissur district 

The guild structure of horticultural crop fields includes 7 different feeding guilds 

according to the guild categorisation of Cardoso et al. (2011) (Table 4.38.). In the 

guild category, specialist hunter was absent in all five study areas. 
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Table 4.38. Guild structure of spiders in Thrissur horticultural crops: A table 

summary 

Sl. No.  Guild Families 

1 Ambush hunter Thomisidae 

2 Ground hunter Gnaphosidae, Lycosidae, Corinnidae 

3 Orb web weaver 

Araneidae, Tetragnathidae, Uloboridae, 

Nephilidae 

4 Other hunter 

Oxyopidae, Clubionidae, Sparassidae, 

Cheiracanthiidae, Philodromidae, Scytodidae, 

Ctenidae, Salticidae 

5 Sensing web weaver Hersiliidae 

6 Sheet web weaver Hahniidae, Pisauridae 

7 Space web weaver Pholcidae, Theridiidae 

 

1. Ambush hunters: Ambush hunters are an interesting group of spiders that can 

camouflage due to their cryptic colouration. Most of the time, they hide in wait for 

their prey, which they then attack with great speed and skill. This is a good way to 

capture prey for the spiders who inhabit the areas with lush vegetation. Some of the 

most well-known ambush hunter spiders are crab spiders (Family Thomisidae), 

which can match with the respective floral colours. Present study records 291 

individuals belonging to 6 species. 

2. Ground hunters: Ground hunters are the spiders which hunt their prey from 

ground rather than sit in wait for their prey on the vegetation. A variety of habitats 

like forests, grasslands and many crop fields are ideal for this type of guild. They are 

robust bodied spiders with powerful legs for chasing their prey. 445 individuals 

belonging to 10 species were reported under this guild. Family Lycosidae comprise 
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408 spiders belonging to 6 species. Family Gnaphosidae comprises 10 individuals of 

1 species and Family Corinnidae comprises 37 individuals belonging to 3 species. 

3. Orb web weavers:  They are spiders which construct distinctive circular webs 

(orb webs) and wait there for their prey. They can be seen in a wide variety of 

habitats ranging from forest to grasslands and from croplands to urban human 

settlements. This is the second largest guild recorded from the horticultural crop 

fields of Thrissur district in the present study. Families Araneidae, Nephilidae, 

Tetragnathidae and Uloboridae come under this guild. Araneidae was the most 

abundant family under this guild followed by Tetragnathidae. This guild comprises 

2908 individuals belonging to 36 species. Family Araneidae includes 2132 

individuals of 25 species. Tetragnathidae contains 9 species and 770 individuals. 

Uloboridae contains only 6 individuals belonging to 2 species. 

4. Sensing web weavers:  These spiders can sense the vibrations of the sense 

threads of their web which allows them to detect their prey. 60 individuals belonging 

to 2 species under family Hersiliidae are recorded from the crop fields under study. 

5. Sheet web weavers: Spiders which weave sheet like webs for capturing arboreal 

arthropod prey are called sheet web weavers. Two families (Hahniidae and 

Pisauridae) belonging to this guild have been reported in the present study. 48 

individuals of two species were collected from the study area. Family Hahniidae 

includes 3 individuals of a single species and Pisauridae includes 45 individuals of a 

single species. 

6. Space web builders: Space web builders construct irregular, branched space web 

which entangles the prey with its non-sticky threads. Spiders belonging to families 

Pholcidae and Theridiidae belong to this guild. A total of 456 individuals under 9 

species were collected during the current study. 27 individuals of 2 species were 
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recorded from family Pholcidae while 429 individuals belonging to 9 species were 

from Theridiidae.  

7. Other hunters: Actively hunting spiders, such as foliage runners and stalkers, 

fall under this category. They vigorously chase their prey and ultimately capture it 

by leaping over it. This group constitutes the most numerous guild in the study site. 

Families Oxyopidae, Clubionidae, Salticidae, Sparassidae, Cheiracanthiidae, 

Philodromidae, Scytodidae, and Ctenidae falls under this guild. 4932 individuals of 

51 species were recorded under this guild. Salticidae was the most abundant family 

under this guild with 3986 individuals belonging to 30 species. Oxyopidae comprise 

699 individuals of 10 species. 2 individuals of a single species are included in family 

Clubionidae. Family Ctenidae comprise 12 individuals of one single species. Family 

Sparassidae contains 167 individuals of 3 different species. Cheiracanthiidae include 

44 individuals of 2 species. 12 individuals belonging to two different species were 

present under family Philodromidae. 10 individuals of two different species are 

recorded under the family Scytodidae.  

4.4.2. Guild composition of horticultural crop fields of Thrissur district 

 Over all 7 seven foraging guilds of spiders were reported from the crop fields of 

Thrissur district (Ambush hunters, Ground hunters, Orb web weavers, Sensing web 

weavers, Sheet web weavers, Space web weavers and Other hunters). The guild 

‘Specialists’ were absent in all the five study areas. This may be because of their 

narrow predatory range which is not much suitable for ecosystems like crop fields 

where human interferences are significant. Ambush hunters, Ground hunters, Orb 

web weavers, Space web weavers and Other hunters were present in all the five 

cropland ecosystems. Sheet web weavers were absent in BTA and CRA, while 

Sensing web weavers were absent in CRA.  
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Other hunters emerged as the major guild with 43.97% of the total species 

recorded, while Orb web weavers with 31.03% species richness come in the second 

position (Fig 4.20. & Fig.4 22.). Sensing web weavers and sheet web weavers come 

in the last position (1.72% of the total species recorded). Ground hunters comprise 

8.62%, Space web weavers, 7.76 % Ambush hunters 5.17 %. 

 

 
Figure 4.20. Guild structure of spiders in croplands of Thrissur based on 

species richness 
  

Using the number of individual spiders that were captured, an abundance-

based analysis of guild composition was conducted. The results showed that Other 

hunters made up 53.90% of the guild, followed by Orb web weavers with 31.78%. 

The least abundant guild wars Sheet web weavers which comprise only 0.52% (Fig. 

4. 21 & Fig 4. 23). Space web weavers constituted 4.98% and Ground hunters 

4.97%. Ambush hunters comprise 3.18 % and Sensing web weavers constitute 

0.66%. 
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Figure 4.21. Guild structure of spiders in horticultural crop fields of Thrissur 
based on abundance 

 

 
Figure 4.22. Comparison of species richness-based guild structure across 

different crop fields of Thrissur 
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Figure 4.23. Comparison of relative abundance of guilds across different crop 

fields of Thrissur 
 
  Other hunters were the most dominant guild in all the five horticultural crop 

fields under study (Table 4.39.). Numerical abundance as well as species richness 

was highest for the guild other hunter followed by orb web weavers (Figure 4.24. to 

Figure 4.28.) 
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Table 4.39. Representation of Guild structure across horticultural crop fields of 

Thrissur 

Guild 

Representation of Guilds in Crop fields (in %) 

BTA CKA NGM NKR KZR 

Richne
ss wise 

Abunda
nce wise 

Richne
ss wise 

Abunda
nce 
wise 

Richn
ess 

wise 

Abund
ance 
wise 

Richne
ss wise 

Abunda
nce wise 

Richne
ss wise 

Abunda
nce wise 

Ambush 
hunters 4.1 2.5 5.6 5.1 4.7 3.0 5.7 3.7 4.9 3.5 

Ground 
hunters 

4.1 6.1 8.2 4.5 8.1 4.2 7.6 7.1 6.1 3.7 

Orb web 
weaver 27.0 27.1 30.1 27.0 32.6 33.1 32.4 29.7 32.9 37.2 

Other 
hunters 56.8 59.1 49.3 58.4 44.2 52.4 43.8 54.2 47.6 47.9 

Sensing 
web 
weaver 

1.4 0.2 0.0 0.0 1.2 0.8 1.9 0.7 1.2 1.0 

Sheet web 
weaver 

0.0 0.0 0.0 0.0 2.3 1.7 1.0 0.2 0.0 0.0 

Space web 
weaver 

6.8 4.5 6.8 5.0 7.0 4.8 7.6 4.3 7.3 6.8 

 

 
Figure 4.24. Guild structure of horticultural crop fields of BTA (A-species 

richness, B- abundance wise) 
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Figure 4.25. Guild structure of horticultural crop fields of CRA (A-species 

richness, B- abundance wise) 

 
Figure 4.26. Guild structure of horticultural crop fields of NGM (A-species 

richness, B- abundance wise) 
 

 
Figure 4.27. Guild structure of horticultural crop fields of NKR (A-species 

richness, B- abundance wise) 
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Figure 4.28. Guild structure of horticultural crop fields of KZR (A-species 

richness, B- abundance wise) 
 

4.5.  Influence of pesticides on spiders and their feeding efficacy 

Pesticides are one of the most dangerous agrochemicals used in our agricultural 

sector. Even though they help to control serious pests of crop plants, they adversely 

affect many beneficial organisms also. Being, a sensitive group of organisms, 

spiders are also adversely affected by these toxic chemicals. They are affected by 

direct exposure to these chemicals as well as the contamination of their food with 

these chemicals. The present study investigated the susceptibility of selected spiders 

(A. pulchella, O. javanus, I. insularis and M. plataleoides) to two widely used 

pesticides; one organophosphate (Quinalphos) and one pyrethroid (Lambda 

Cyhalothrin) and their effect on the feeding efficacy of the spiders. 

4.5.1. Vulnerability of spiders to pesticides 

 Being contact pesticides, exposure to quinalphos as well as lambda cyhalothrin 

adversely affected the spiders under study. Even a dosage equal to half of the field 

recommended dosage for one hour resulted in a high degree of mortality of all the 

spiders under study (Figure 4.29.). Mortality was higher on exposure to lambda 

cyhalothrin than quinalphos in all the cases. M. plataleoides was most vulnerable to 

both the pesticides (Table 4.40.). 
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Table 4.40. Average mortality of spiders treated with synthetic pesticides 

species 
Average mortality in  

No. of spiders 
1ml/L ʎ cyhalothrin 1ml/L quinalphos 

Mean ± SD % Mean ± SD % 
A. pulchella 8 5.75±0.82 71.85 5.50±0.5 68.75 
O. javanus  8 5.30±0.43 65.63 5.00±0.83 62.50 
I. insularis 8 6.00±0.71 75.00 5.75±0.83 71.88 
M. plataleoides  8 6.25±0.50 78.13 6.0±0.71 75.00 
 

 

Figure 4.29. Comparison of average mortality of spiders on exposure to two 

pesticides 

An analysis using Kruskal Wallis test showed that the variation in the 

average mortality of A. pulchella in the control group, lambda cyhalothrin treated 

group and quinalphos treated group are statistically significant (χ² =7.42, p=0.019). 

A Post-Hoc analysis using Dunn’s test has revealed that the mortality rate in lambda 

cyhalothrin treated group was significantly different from control group (p=0.034). 

The variation in mortality of the group treated with quinalphos and control group is 

also statistically significant (p=0.05), while the difference in the mortality rate 

between the both the treated group is not significant (p=1.0). 

71.85 
65.625 

75 78.13 
68.75 

62.5 
71.875 75 

A. PULCHELLA O. JAVANUS  I. INSULARIS M. PLATALEOIDES  

 ʎ cyhalothrin treated Quinalphos treated
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Mortality of O. javanus is highest in lambda cyhalothrin treated group than 

quinalphos treated group. The difference in the number of deaths in 24-hour 

duration in control and treated groups are found to be significant in the Kruskal 

Wallis test (χ² =7.47, p=0.016). Cyhalothrin treated groups significantly differ from 

the control group in death rate (p= 0.026) while that of quinalphos treated group did 

not differ from the control group significantly as the p value is 0.06. The two treated 

groups also did not differ among themselves in the mortality (p=1.0). 

  The study of susceptibility of I. insularis using Kruskal Wallis test has been 

revealed that the difference in the mortality rate of pesticide treated groups and the 

control is statistically significant (χ² =7.38, p=0.020). Both the pesticide treated 

groups were proved to be with significant variation in mortality from the control 

group with p value 0.046 on Post-Hoc analysis Dunn’s test. Here also the treated 

groups did not show a significant variation in mortality among themselves.  

     The death rate in treated group and control group differed significantly in 

the case of M. plataleoides also (χ² =7.47, p=0.016). The cyhalothrin treated group 

differ significantly from control group (p=0.027) while quinalphos treated group did 

not (p= 0.062). The treated groups also did not differ significantly among 

themselves (p= 1.0). 

4.5.2. Avoidance behaviour of spiders  

 Avoidance behaviour towards the pesticides is the response of spiders to steer away 

from the areas which are treated with these poisonous chemicals. It is a self-

protective response to minimise the exposure to these toxic substances. It plays a 

crucial role in the pesticide resistance of spiders. The ability of A. pulchella, O. 

javanus, I. insularis and M. plataleoides to retreat away from the areas treated with 

lambda cyhalothrin and quinalphos is studied in the present study. It was noted that 
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all the four species of spiders show avoidance response to both the pesticides (Table 

4.41.). The highest avoidance response was exhibited by M. plataleoides to both the 

pesticides. A. pulchella ranks the second in the response towards lambda 

cyhalothrin. Both A. pulchella and O. javanus together shares the second place in 

the avoidance reaction to quinalphos. I. insularis showed the lowest avoidance 

response to both the pesticides. A paired t test was conducted to understand whether 

the difference in the time spend on untreated and pesticide treated part is significant 

statistically. The result showed that the difference in the time spent on the pesticide 

treated area and time spent by avoiding pesticide exposure is statistically significant 

(Table 4.42.). 

Table 4.41. Avoidance behaviour of selected spiders to ʎ cyhalothrin and 

quinalphos 

Species 

Time spent in (seconds) 
1ml/L ʎ 

cyhalothrin 
treated area 

Untreated area 
1ml/L 

quinalphos 
treated area 

Untreated area 

A. pulchella 42.33±3.30 1757.7 ± 4.04 50.66±2.52 1749.3 ± 2.52 

I. insularis 59.0±5.72 1741.0± 7.01 57.000±2.65 1743.0± 2.65 

M. plataleoides 37.33±5.56 1762.7 ±6.81 39.33±3.06 1760.7± 3.10 

O. javanus 45.67±1.70 1754.3± 2.08 50.66±2.52 1749.3± 2.52 

 

Table 4.42. Result of t test for comparing avoidance behaviour of spiders to 

pesticides 

Species ʎ cyhalothrin treated Quinalphos treated 

 

t P t P 

A. pulchella -367.6 7 40E-06 -584.6 2.93E-06 

O. javanus  -710.9 1.98E-06 -584.6 2.93E-06 

I. insularis -581.7 2.31E-05 -551.9 3.28E-06 

M. plataleoides  -710.9 1.98E-06 -584.6 2.93E-06 
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4.5.3. Effect of pesticides on the feeding efficacy of spiders 

Feeding efficacy is the effectiveness in food capture and its utilisation. It can be 

synonymously referred to as predatory potential in case of predatory animals. 

Quality of food, metabolic rate of animals, environmental conditions etc. affect the 

feeding potential of an animal. It can be evaluated by various methods such as 

quantification of food taken in, or assessment of assimilation efficiency or growth 

rate. The inherent hunting and foraging behaviour of several predators can be 

effectively used in agriculture to reduce the usage of synthetic pesticides for 

managing the pest attack and thereby maintaining a sustainable and balanced 

agroecosystem. Considering the polyphagous nature, spiders could be considered as 

one of the most suitable models for biological pest management. But the unscientific 

usage of agrochemicals in the crop fields adversely affects the feeding potential of 

spiders as they are more sensitive to these chemicals. This adverse effect was 

assessed in the case of some selected spiders (A. pulchella, O. javanus, I. insularis 

and M. plataleoides) using two commonly used pesticides (Lambda Cyhalothrin and 

Quinalphos). A. pulchella showed a decrease in the feeding potential on exposure to 

both the pesticides (Table 4.41., Figure 4.30.). Analysis by Kruskal Wallis test made 

it clear that the feeding potential in the treated and control group differed 

significantly (χ² =7.11, p=0.028). Post-Hoc analysis by Mann Whitney test with 

Bonferroni corrected p values showed that Cyhalothrin treated group (B) and 

Quinalphos treated group (C) differed from control group (A) in feeding efficacy 

(p= 0.019 and 0.012 respectively). But the difference in feeding efficacy between 

two treated group was not statistically significant (p=0.8). 
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Table 4.43. Impact of pesticides on feeding potential of selected spiders 

Species 
Feeding potential in 

Control Quinalphos treated ʎ cyhalothrin 
treated 

A. pulchella 13.00±1.8 9.50±0.57 7.75±0.5 

O. javanus  17.25±0.9 12.75±0.50 9.75±0.5 

I. insularis 16.00±0.8 10.25±0.95 7.50±1.0 

M. plataleoides  11.50±1.2 5.50±0.57 5.75±0.5 

 

 A similar result obtained in the case of O. javanus (Table 4.43., Figure 4.31). 

The difference in feeding efficacy between the treated and control groups was found 

to be statistically significant (χ² =9.97, p=0.006). The difference in predatory 

potential between group A and B as well as A and C are also revealed to be 

statistically significant in Mann Whitney test (p= 0.016 and 0.006 respectively). But 

the difference between B and C is not significant (p=0.40). 

 Feeding potential of I. insularis (Table 4.43., Figure 4.32) also varied among 

treated and control groups significantly (χ² =8.78, p=0.012). The variation between 

A and B, A and C are also significant (p= 0.030, 0.008 respectively). But variation 

between B and C is insignificant (p= 0.47). 

 Difference in the predatory capability of M. plataleoides (Table 4.43, Figure 

4.33) was also significant (χ² =8.47, p=0.013). The treated groups (B and C) varied 

with the control (p=0.019, 0.024 respectively). But the groups B and C did not show 

significant difference (p=0.9). 
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Figure 4.30. Impact of ʎ cyhalothrin and quinalphos on the feeding potential of 

A. pulchella 

 

 
Figure 4.31. Impact of ʎ cyhalothrin and quinalphos on the feeding potential of 

O. javanus 
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Figure 4.32. Impact of ʎ cyhalothrin and quinalphos on the feeding potential of 

I. insularis 

 
Figure 4.33. Impact of ʎ cyhalothrin and quinalphos on the feeding potential of 

M. plataleoides 

It is clear that pesticides are having a negative impact on the faunal diversity 

of spiders and foraging behaviour. To understand the real impact, we need to 

conduct a more practical study directly in the field.  
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DISCUSSION 

5. Spiders in agro ecosystems 

Traditional studies in biodiversity are more often focused on natural ecosystems and 

the faunal diversity associated with them. But in the current scenario, the increased 

human interventions like urbanization, agriculture, industrialization etc. alters the 

land usage patterns and affects the faunal diversity. So, studying ecosystems in their 

altered state becomes very significant (Shochat et al., 2008). Even in the present 

time we are unable to accurately anticipate in advance how human activities impact 

the diversity of various organisms (Purgat et al., 2020). In this perspective, 

recording the biodiversity patterns in seminatural, human influenced ecosystems 

become very significant. Agricultural landscapes represent a novel ecosystem with 

prevailing human altered conditions. The present study focusing on the 

documentation of spider diversity of horticultural ecosystems of Thrissur district and 

impact of agrochemicals on their diversity is highly significant in this regard. 

5.1. Exploring Spider diversity in the Horticultural croplands of Thrissur 

Spiders are one of the most abundant groups of invertebrates found in cropland 

ecosystems (Lawler, 2001; Bambaradeniya et al., 2004). Increased availability of 

prey, availability of supporting vegetation and creation of microclimate suitable for 

their growth, reproduction and survival make agroecosystems suitable for supporting 

spider fauna (Samiayyan, 2014;  Jayasree et al., 2023). They provide many 

ecological services there like pest control (Tscharntke & Brandl,  2004; Oberg & 

Ekbom,  2006; Hogg, & Daane, 2011), pollination (Brechbuhl et al., 2010) etc. 

Assessment of diversity of spiders in agroecosystems, their ecological functions and 
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conservation is one of the thrust areas in arachnology. Despite of a number of 

studies on agrobiont spiders of Kerala, almost all those are focused on rice 

farmlands (Sebastian et al., 2005; Mathew et al., 2014; Anis & Premila, 2016). 

Exploration of araneofauna associated with horticultural croplands in Kerala is still 

in infantile stage. Present study involved a faunistic survey of spiders from the  

selected patches of horticultural croplands of Thrissur during the time frame of 

2016-2018 and documented 116 species of spiders belonging to 75 genera and 21 

families. This forms approximately 50% of the total faunal diversity (28 families, 

139 genera, 234 species) recorded from Thrissur district so far (Singh, 2023). 

Salticidae ranked the most abundant family followed by Araneidae. This is in 

accordance with several studies in different agroecosystems in various parts of India 

(Saha et al., 2020 ; Smitha & Sudhikumar, 2020) and  contrary to this several other 

explorations which  holds  Araneidae as the most abundant family followed by 

Salticidae (Sharma, 2014; Bade & Ade, 2017; Variale, 2019; Jayasree  et al., 2023; 

Priyadarshini & Mahapatra, 2023). Robust physique, keen eyesight and tactful 

predatory methods along with increased resilience to adverse conditions may be 

some of the potential factors for the successful distribution of salticids and araneids 

in agroecosystems. 

5.1.1. Abundance of spiders   

A total of 1211 individuals belonging to 74 species was recorded from BTA, while 

1938 individuals of 73 different species from CRA. 2078 individuals of 86 species 

and 2028 individuals of 105 species were reported from NGM and NKR, 

respectively. A total of 1,895 individuals representing 85 different species were 

documented from KZR. The abundance was found be least in BTA than all other 

sites which may be due to the monoculture practise prevailed there. There are 
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several studies corroborating this (Vehvilainen et al., 2008; Lopes  et al., 2010; 

Darmawan et al., 2019;  Munevar et al., 2022). It is worth noting that among the 

sites implementing mixed cropping, the abundance was greater in the one practicing 

organic farming (NGM with 2,078 individuals) than the traditional agrochemical-

based cultivation. Several previous explorations of spider fauna of agricultural 

croplands support this claim (Feber et al., 1998; El-Karim et al., 2016; He et al., 

2020).  According to Schmidt et al. (2005) organic farming does not increase species 

richness but increases the abundance and density of spider fauna. Present study 

supported this as the highest richness was reported from NKR than NGM. 

 A study of dominance structure of the spider fauna was carried out by 

calculating Individual Dominance index. No ‘Eudominant’ species was reported 

from any of the study sites. The greater fraction of the total species reported 

belonged to the ‘Subrecedent’ category. This is the indication of higher evenness and 

richness and low dominance exhibited by the population prevailing there. This 

higher evenness and low dominance in horticultural croplands under study may be 

due to the diversity of crops under mixed cultivation. The presence of two species 

belonging to the group ‘Dominant’ in BTA where monoculture practiced can be 

considered as evidence for this. Besides that, in CRA where the types of crops 

cultivated are less in number compared to the other sites with mixed cultivation, one 

species belongs to the category ‘Dominant’. Analysis of rank abundance curves also 

supported the existence of a moderately dominant population with high evenness 

and richness in all the five study sites. The curves with steeper slopes are with 

greater dominance (Avolio et al., 2019). CRA with highest slope value (steepest 

curve) exhibits greater dominance when compared to the other four sites. Diversity 

profile curves also support this view. The curve with the fastest rate of decline is the 
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one with higher dominance. An in-depth examination of diversity profile curves 

made it clear that CRA exhibited the highest degree of dominance and NKR the 

lowest among all the five sites under exploration. The hierarchical order of the 

dominance is CRA > BTA > KZR > NGM > NKR. All the non-parametric richness 

estimators like Chao 1, Chao I bc, i Chao, ACE predicted a richness moderately 

higher than the observed richness indicating a small degree of underestimation. The 

higher Shannon diversity index and lower Simpson index were reported in all the 

sites under study which also supported the existence of lower dominance and higher 

evenness of the spider fauna there. The highest Simpson index and lowest Shannon 

index was found in CRA which also supported the highest dominance and lowest 

evenness there. The highest number of singletons and doubletons were observed 

from NKR while lowest number of singletons were observed from KZR, and lowest 

number of doubletons were observed from CRA. 

 Comparison of the diversity was conducted using Kruskal Wallis test, a non-

parametric test for comparing two or more samples. The statistical outcomes 

indicated that the diversity differs among the sites in a significant way. As the p 

value is less than 0.05 (0.006) the difference observed cannot be due to mere chance. 

A Post-Hoc analysis using Dunn’s test with Bonferroni correction revealed that the 

pair BTA-NKR has specifically contributed to this difference. The study of β 

diversity was also carried out using PERMANOVA and established the existence of 

statistically significant variation among the sites. Numerous literature sources are 

available describing PERMANOVA as a suitable tool for investigation of β diversity 

(Avila et al., 2017; Carvalho et al., 2020; Valence et al., 2022). SIMPER analysis 

was also done to calculate the overall average dissimilarity and most influential 

species contributed to the observed dissimilarity. There are several studies that 
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suggest SIMPER to find out the species that contribute maximum to the observed 

dissimilarity (Hore & Uniyal, 2008; Sereda et al., 2014; Encarnacao et al., 2015; 

Toledo et al., 2020). Indopadilla insularis, Hyllus semicupreus, Carrhotus viduus, 

Oxyopes javanus, Asemonea tenuipes and Neoscona inusta were the reported to be 

the influential species in the study sites. All these belongs to three major families 

reported from the study sites: four species from the family Salticidae, one each from 

the families Araneidae and Oxyopidae. 

 There are 51 species common to all five sites. All these belongs to the four 

families: Salticidae, Araneidae, Oxyopidae and Lycosidae. Eight species had been 

documented exclusively from NKR. NGM and BTA have 2 and 1 exclusive species, 

respectively. Neither  CRA nor  NGM has any exclusive  species. 

5.2. Seasonal variations in spider diversity 

The faunal diversity of spiders varies according to the seasons. There are several 

reasons behind the seasonal variation of spider fauna across the seasons. 

Temperature, humidity, precipitation, diversity of vegetation, availability of prey etc. 

are some among them. There are ample availability of literature describing the 

seasonal variations in spider population (Sudhikumar et al., 2005; Cardoso et al., 

2007; Hsieh & Linsenmair, 2012; Rodriguez et al., 2015; Raghu & Kumar, 2022; 

Raja et al., 2023; Singh & Goswami, 2023). Seasonal variation in the diversity of 

spider fauna was reported from the horticultural crop fields of Thrissur district in the 

present investigation. The abundance and richness of spiders was highest in POM 

(4227 individual; 112 species) followed by MON (2966 individuals, 101 species) 

and PRM exhibited the lowest richness and abundance (1957 individuals, 93 

species). The number of singletons and doubletons are highest in PRM and lowest in 
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POM. Indopadilla insularis was the most abundant species during all the seasons. 

Salticidae was the most abundant family followed by Araneidae in all the seasons. 

According to Vijayakumar & Patil (2004) spiders belonging to many families in 

agroecosystems peak in abundance and richness during the months of October and 

November. Ambily & Antony (2016) reported the highest diversity of spiders in 

agroecosystems of Ernakulam district, Kerala during the months October to January.  

The findings of Priyadarshini (2023) revealed that spider abundance and richness 

was highest during rabbi (November to January) season in the agroecosystem of 

Bargarh district of Odisha. All these findings are in alignment with the result of the 

present study.  Sudhikumar et al. (2005a) and Raghu & Kumar (2022) documented 

highest spider population during the kharif season (June to October) in the 

agricultural fields of India. Moderate rain falls in the initial months of POM, high 

humidity, optimum wind speed with increased availability of prey may be the 

reasons behind the peak diversity during this season. Priyadarshini (2023) also agree 

with this. 

Number of singletons and doubletons were highest in PRM and lowest in 

POM. Higher Shannon index and lower Simpson index throughout the seasons were 

the indications of the existence of low dominance and high evenness in the 

population throughout the year. The highest Shannon index and lowest Simpson 

index was reported during POM. Lowest Shannon index and highest Simpson index 

was documented during PRM. This substantiate that the population showed highest 

evenness and diversity during POM followed by MON and PRM. Study of diversity 

profile curves also supports this finding. The profile curves show the steepest 

decline in the case of PRM and lowest decline in the case of POM. Analysis by 

plotting rank abundance curve also has aligned properly with this finding. The curve 
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corresponding to POM with its highest α value (18.49), and shape parameter 

(0.9978) supports the fact that evenness is highest, and dominance is lowest in POM. 

Lowest α value and shape parameter of PRM indicated comparatively the highest 

dominance and lowest evenness during the time. As only a slight difference exists 

between the α values and shape parameters, it can be concluded that a consistent 

evenness exists throughout the seasons. Analysis of dominance structure utilizing 

individual dominance structure reinforced the view. No Eudominants were reported 

through the seasons. Only one Dominant species was reported during the season 

PRM and none during the other two seasons. Greater prevalence of Subrecedents 

than Subdominants and Recedents supported the higher degree of evenness and 

lower dominance prevailed throughout the year. 

All the richness estimators showed slightly higher richness than the observed 

richness. The estimator i Chao 1 predicted the highest richness in PRM out of all the 

estimators employed. ACE 1 predicted the highest richness in POM. Species 

accumulation curves were approximating the asymptote which also indicated a small 

degree of under sampling. The highest sampling efficiency reported is at POM 

(99.4%) and lowest in PRM (98.4%). 89 species were reported in all the seasons 

which comprise 76.7% of the total richness. 11 species were exclusively reported 

from POM, 1 from MON and 3 from PRM.  

Statistical analysis by Kruskal Wallis test supported the existence of 

significant difference in the diversity across the seasons. A Post-Hoc analysis by 

Dunn’s test also reinforced the fact. According to the SIMPER analysis results, 

highest average dissimilarity was exhibited between the pair PRM-POM. Carrhotus 

viduus and Asemonea tenuipes were the major contributors to the observed 

dissimilarity between the seasons. 
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 Several literatures suggest the construction of rarefaction curves for the 

meaningful comparison of species richness in order to avoid accidental bias in the 

sampling effort (Buddle et al., 2005; Fannes et al., 2008; Chao et al., 2014; Privet & 

Petillon, 2020). Comparison of rarified species richness also supported the existence 

of highest richness in NKR and lowest in CRA. In all the sites under study, rarified 

richness was found to be highest in POM and lowest in PRM. 

5.3. Guild structure of spider fauna 

Root (1967) for the first time introduced the concept of guild for grouping organisms 

that use the same environmental resources in a similar way. The guild structure is 

based on the functional role of species that share some common niche requirements 

rather than taxonomic features (Hawkins & MacMahon, 1989). Study of foraging 

guilds of spiders helps to understand their ecological interactions within the 

ecosystem. Categorization of spiders into various guilds is mainly based on their 

hunting strategies. An insight on the guild structure of spiders is very helpful in the 

adoption of various conservation strategies for them.  

 Several studies have been conducted to describe the guilds of agrobiont 

spiders and their relative dominance there (Uetz et al., 1999; Sharma, 2014; Anitha 

& Vijay, 2016; Benamu et al., 2017; Benhadi et al., 2020; Saha et al., 2020; 

Nakambam et al., 2021; Jayasree et al., 2023). Priyadarshini (2023) documented that 

orb web weavers as the most prevalent foraging guild in paddy crop field of Bargarh 

district of Odisha, India. Jayasree et al. (2023) similarly noted that orb web weavers 

as the dominant guild in mixed agroecosystems of Palakkad district, Kerala. 

Ambush hunters were reported to be the predominant foraging guild in Narendrapur 

district, West Bengal by Saha et al. (2020). 
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 The present study follows the guild categorization of Cardoso et al. (2011). 

Current study unveiled seven feeding guilds: ambush hunters, ground hunters, orb 

web weavers, other hunters, sensing web weavers, sheet web weavers, and space 

web weavers out of the eight guilds described by them. Specialist hunters has not 

been recorded from any of the study site. This may be because of the simplified and 

altered habitat with high human interventions may lead to the absence prey types or 

microhabitats that support the specialist spiders in agroecosystems. Sheet web 

weavers were reported from three out of five study sites. Sensing web spiders 

recorded from four of the study sites. Other hunters ranked the first position in 

richness as well as in abundance in all the sites. Broad spectrum of prey, diverse 

hunting strategies and high adaptability to the variation in environment due to 

anthropogenic interference may be the traits responsible for their prevalence in crop 

fields. 

5.4. Analysis of impact of toxic agrochemicals 

Exploration of diversity of spiders in crop fields is of paramount importance because 

many of them can be employed in pest management, while some are good indicators 

of ecosystem health. But it is noted that the extensive usage of agrochemicals, 

especially pesticides may adversely affect biocontrol agents also. Several studies 

reported a significant decline in the diversity and abundance of spiders immediately 

after the application of pesticides (Vickerman & Sunderland, 1977; Paul & 

Thygarajan, 1992; Park et al., 2007; Solanki & Kumar, 2014; Sherawat et al., 2015; 

Kumari & Singh, 2019; Tahir et al., 2019; Preetha, 2023).  

 Present study focused on the impact of two widely used pesticides 

(quinalphos and ʎ cyhalothrin) on A. pulchella, O. javanus, I. insularis and M. 
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plataleoides and how it influenced the feeding efficacy of them. Application of both 

pesticides in half the field recommended dosage resulted more than 60% of 

mortality in all the four species under study. Death rate was higher in the case of ʎ 

cyhalothrin exposure than quinalphos in all the cases. Least susceptibility to both the 

pesticides was exhibited by Oxyopes javanus and highest susceptibility was shown 

by Myrmaplata plataleoides. Tahir et al. (2019) documented 70% mortality of 

Neoscona theisi (Walckenaer, 1841) on exposure to ʎ cyhalothrin which was 

comparable to the results recorded by present study. Philodromus cespitum 

(Walckenaer, 1802) and Philodromus albidus Kulczyński, 1911 also exhibited 

reduction in predatory potential on exposure to ʎ cyhalothrin (Michalko & Kosulic, 

2016). It is also reported that the diversity and abundance of spiders in the brinjal 

farm decreased significantly on the application of quinalphos and ʎ cyhalothrin 

(Singh et al., 2020; Singh et al., 2021). 

 The feeding efficacies of all selected spiders were reduced on the exposure to 

both the pesticides. The effect of quinalphos was found to be lower than that of 

cyhalothrin in all the cases.  It was reported that feeding potential of Pardosa 

birmaica Simon, 1884 (Tahir et al., 2015) and N. theisi (Tahir et al., 2019) was 

significantly reduced on exposure to ʎ cyhalothrin.  

 Chemical pesticides with short residual activity, narrow spectrum action, 

minimal impact on non-target organisms etc. are the qualities of pesticides that can 

be used in Integrated Pest Management (IPM). As both the pesticides used in the 

present study produced a mortality of more than 60% in all the spiders exposed and 

reduced their feeding efficacy significantly, their application of these cannot advised 

as part of IPM. 
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5.5. Limitation and scope of study 

The primary and foremost important constraints of the research were concerned with 

the collection methods adopted. The study exclusively focused on diurnal spiders 

and neglected documentation of nocturnal spider fauna. As the explorations were 

done in the agricultural field, the collection techniques were limited to hand picking 

and sweep netting and avoided adopting methods such as beating, pitfall traps, etc. 

Many studies opined that adoption of different sampling techniques should be based 

on the vegetation type there. Adoption of any one or a few collection strategies alone 

may result in some degree of underestimation of population. This sampling bias may 

result in a certain degree of inaccuracy in estimating biodiversity. 



CHAPTER 6
SUMMARY AND CONCLUSION 
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SUMMARY AND CONCLUSION 

6.1. Spider Diversity of Horticultural Ecosystems of Thrissur: A Summary 

The present study focused on unravelling the trends in the faunal diversity of spiders 

in Thrissur district. The explorations were done at five distinct horticultural crop 

fields of Thrissur district (BTA, CRA, KZR, NGM, NKR) for a duration of two 

years (2016-18). The study sites include fields with monoculture as well as mixed 

culture and organically cultivation as well as traditional agrochemical-based 

cultivation. The examination revealed the presence of 116 spider species, distributed 

among 75 genera and 21 families. The dominant family was Salticidae with 

significant dominance, and Araneidae secured the second rank. 3986 individuals 

belonging to 30 species and 25 genera have been recorded under Salticidae while 

2119 individuals of 24 species of 9 genera from Araneidae. Among all the sites 

explored NGM showed the highest numerical abundance of spider fauna while NKR 

ranked the first in richness. It was also observed that the abundance was lowest in 

BTA while richness was lowest in CRA.   

 Analysis using individual dominance index and rank abundance curve 

revealed that the population is characterized by moderately high evenness and a 

diminished dominance. Higher Shannon wiener index and lower Simpsons index 

calculated in all the plots supported this view. The maximum dominance and 

minimum evenness were observed in CRA. This observation was corroborated by 

the diversity profile curves plotted. Different richness indicators predicted slightly 

greater richness values than what was observed, suggesting a minor underestimation 

and a small degree of unintentional sampling bias. Around 43.9% of the total species 

recorded are common to all the study sites.  
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An examination conducted on the abundance and diversity of spiders across 

the study sites, employing statistical tools such as the Kruskal Wallis test and post 

hoc Dunn's test with Bonferroni correction. The outcomes of these tests 

demonstrated a significant difference in spider diversity among the various 

horticultural ecosystems. NKR-BTA was the major contributor to this significant 

difference in diversity.  A study of beta diversity through multivariate dispersion 

analysis via PERMANOVA unveiled substantial variations. Subsequently, a 

SIMPER analysis was executed to calculate the average dissimilarity among the 

sites and identify the key species responsible for the observed dissimilarities 

between the site pairs. 

Examination of seasonal dynamics of spider fauna revealed that POM has 

highest diversity in terms of richness and abundance and PRM has the lowest. 

Shannon and Simpson indices suggested even distribution of the diversity through 

out the year. Diversity profile curves and rank abundance curves also supported this 

observation. PRM and MON showed a slightly diminished evenness than POM. As 

the species accumulation curves and richness estimators predicts a slight degree of 

under sampling. A substantial majority (76.7%) of the entire species documented are 

consistent across all the three seasons. Prevalence of these across the seasons 

highlights their adaptability and resilience which makes them fit to act as good bio 

control agents.  

To understand the biocontrol potential of spiders, it is of high significance to 

get a clear picture of the functional role exhibited by them in the crop fields. The 

study of foraging guilds is inevitable for this.  Other hunters out of the seven guilds 

recorded in the present study, ranked the most prevalent guild (43.97%) followed by 

orb weavers (31.03%). Specialists were reported from nowhere. 
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 The sites being agroecosystems, it became imperative to understand how 

commonly used toxic agrochemicals impact potential biocontrol agents like spiders 

in the field. As a preliminary attempt in this direction, the susceptibility of selected 

spiders to two prevalent pesticides was examined. An exploration on the effect of the 

exposure to sublethal concentrations of them on the feeding efficacy of those spiders 

was also done. Notably, both pyrethroids, like lambda cyhalothrin, and 

organophosphates, such as quinalphos, exhibited detrimental effects on the feeding 

capabilities of these arachnids. It is observed that exposure to a concentration below 

the officially recommended field dosage proved sufficiently lethal, causing a 

mortality of over 60% of all spiders included in present study. This revealed the 

hazardous consequences of indiscriminate pesticide usage and highlights the need 

for judicious and informed usage of pesticides to mitigate potential risks to these 

essential biocontrol agents within the agroecosystems. 

6.2. Conclusion 

The study found that horticultural ecosystems in Thrissur district are influenced by 

several environmental and anthropogenic factors. The faunal diversity of spiders 

varied across different types of horticultural settings, with some areas showing 

higher biodiversity due to minimal human intervention and organic farming 

practices. However, intensive monoculture farming and excessive use of toxic 

agrochemical were observed to have  severe negative effect on ecosystem stability. 

Seasonal variations in the diversity of spiders in the horticultural ecosystem was 

also examined in the present exploration. 89 species out of the 116 species (76.7%) 

reported are common to all the three seasons even though their numerical abundance 

varied between seasons. This may be due to the manipulation of several climatic 

factors by human interventions like irrigation, weeding, etc.  
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More research in the diversity of spiders in crop lands and impact of various 

abiotic and biotic factors on their diversity holds practical implications for 

sustainable agriculture and ecosystem management. Being helpful in management of 

various pests in crop fields, spider community contributes significantly to the health 

and resilience of agroecosystems. Research in these directions should be encouraged 

to   identify the services they provided in the delicate ecosystems like agricultural 

fields for the maintenance of ecological equilibrium and to plan various 

conservation strategies to enhance their presence in the croplands. Explorations on 

the ecological interactions of spiders with other organisms like pests, other 

beneficial fauna, vegetation etc. in real field conditions should be encouraged so that 

it will contribute toward Integrated Pest Management strategies in our fields. More 

research on the impacts of agricultural practices on our beneficial fauna may 

positively influence sustainable agriculture. More works addressing the conservation 

of beneficial fauna are desirable.  

 The study also revealed that exposure to many commonly used pesticides 

resulted in behavioural changes like decreased web building activity, reduced 

feeding potential etc. and physiological changes like increased mortality and 

reduced longevity. The study underscores the importance of adopting more 

sustainable pest management strategies to mitigate the adverse impact of toxic 

agrochemicals on beneficial fauna. In this point of view, encouragement of spider 

populations and their effective conservation in the agroecosystems is very important. 

Getting a comprehensive understanding of spider diversity and its seasonal 

variations is essential for this. It is noteworthy that a shift towards sustainable 

horticultural practices that balance agricultural productivity with biodiversity 

conservation is essential for ensuring the long-term health of agroecosystems. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

CHAPTER 7 

RECOMMENDATIONS 
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RECOMMENDATIONS 

The present study aimed to depict the status of diversity of spiders in the 

horticultural ecosystems of Thrissur district. The major limitation of the study is the 

adoption of sampling methods. The study being conducted in the agro ecosystem 

and focused mainly on diurnal fauna, hand picking and sweep netting are the two 

methods adopted for sampling. For a comprehensive and realistic picturiation of 

diversity, an integrated approach employing a multitude of sampling strategies is 

irreplaceable. Inclusion of methods to sample nocturnal spider fauna like pit fall 

traps will result in a better portrayal of diversity. An investigation of the impact of 

vegetation and animal populations in the neighboring localities on the spider fauna 

of crop fields is also required.  

It is noteworthy to document how various crops in the horticultural field and 

their different growing stages impact spider diversity. This is crucial as the spider 

assemblages can be deployed as pest control agents in these crop fields. A more 

comprehensive study of intricate trophic interactions of spiders in their habitat 

should be conducted for establishing their role as bio control agents accurately. A 

thorough knowledge of various pest groups, their biology and environmental 

conditions that enhance crop damage etc.  is very important for the effective 

implementation of biological pest control. A worthwhile prediction of bio control 

agent for a particular pest could not be possible without a thorough investigation of 

feeding efficacy of various spiders considering the interactions like competition 

among spiders and other predators, prey preference of spiders, presence of parasites 

and pathogens etc. Efforts in this direction require investment of more human power 

and time. So, execution of decentralized studies integrating the efforts of experts and 
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interested local people is the need of the hour. Local self-governments should plan 

such detailed studies and government and various NGOs should provide funding for 

such studies. Engaging learners from nearby education institutions helps to create 

and perpetuate awareness on bio control and its importance. It helps them to view 

spiders from a different perspective and develop appreciation towards their 

beneficial roles in the ecosystems.  

Spiders being more sensitive to pesticides, their non-judicious usage affect 

them to a greater extent than insects. Serious efforts are required to evaluate the 

impact of commonly used pesticides on non-target organisms like spiders. The 

present study examined the impact of two widely used pesticides; Lambda 

cyhalothrin and Quinalphos on the longevity and feeding efficacy of selected spiders 

in laboratory conditions. A more detailed exploration of the effect of different 

pesticides on various spiders should be encouraged so that more resistant species can 

be employed as part of Integrated Pest Management. 

It is high time to adopt scientific conservation strategies to protect the spider 

fauna of our crop fields. Protocols should be formulated in this direction. Practices 

like mixed cropping, reduction in the use of agrochemicals, conducting community 

awareness programmes on spider conservation, increasing the availability of 

microhabitats in the crop field by adding leaf litter and mulch can be promoted. 

Adoption of Integrated Pest Management strategies should also be encouraged. A 

clear picture of the diversity of spiders in our crop fields is unavoidable for 

implementing various conservation strategies. It is highly demanded to increase 

efforts to assess the diversity of spiders, their interaction with other flora and fauna, 

their population dynamics and the services that they render to the ecosystem.  
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PHOTOGRAPHS OF SPIDERS COLLECTED 

PLATE7 

 

Family Araneidae (01) Anepsion maritatum (02) Araneus sp. (03) 

Argiope aemula (04) Argiope anasuja (05) Argiope catenulata (06) 

Argiope pulchella (07) Bijoaraneus mitificus  (08) Cyclosa confraga. 
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PLATE 8 

 

 
(09) Cyclosa hexatuberculata  (10) Cyclosa sp. (11) Cyrtophora cicatrosa 

(12) Cyrtophora citricola (13) Cyrtophora moluccensis (14) Eriovixia 

excelsa (15) Eriovixia laglaizei (16) Gasteracantha geminata. 
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PLATE-9 

 

(17) Neoscona elliptica (18) Neoscona mukerji (19) Neoscona sp. 

(20) Neoscona vigilans Family: Cheiracanthiidae (21) 

Chieracanthium danielli   (22) Chieracanthium melanostomum 

Family:Corinnidae   (23) Castianeira zetes (24) Corinnomma sp 
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PLATE-10 

 

Family: Ctenidae (25) Bowie cochinensis Family: Hersiliidae (26) 

Hersilia savignyi (27) Hersilia sumatrana Family: Lycosidae (28) 

Hippasa agelenoides (29) Pardosa pseudoannulata (30) Pardosa 

sumatrana Nephilidae (31) Nephila pilipes Family: Oxyopidae 

(32) Hamadruas sikkimensis. 
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PLATE-11 

  

 

(33) Oxyopes birmanicus (34) Oxyopes hindostanicus. (35) Oxyopes 

javanus (36) Oxyopes lineatipes (37) Oxyopes shweta (38) Oxyopes 

sunandae (39) Oxypes Sp. Family:  Philodromidae (40) Psellonus 

sp. 
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PLATE-12 

 

Family: Pholcidae (41) Crossopriza lyoni (42) Pholcus 

phalangioides. Family:  Pisauridae (43) Dendrolycosa gitae. 

Family:  Salticidae (44) Asemonea tenuipes (45) Brettus cingulatus 

(46) Carrhotus viduus (47) Chrysilla volupe  (48) Epeus indicus. 



Ph.D. Thesis  Plates 

223 

 

PLATE-13  

 

 

(49) Epeus tener (50) Evarcha sp. (51) Hasarius adansoni (52) 

Hyllus semicupreus (53) Indopadilla insularis (54) Menemerus 

bivitatus (55) Myrmaplata plataleoides. (56) Myrmarachne 

melanocephala. 
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PLATE-14 

 

(57) Phidippus yashodharae (58) Phintella vittata (59) Plexippus 

paykulli (60) Plexippus petersi (61) Portia fimbriata (62) Rhene 

flavigera (63) Siler semiglaucus  (64) Telamonia dimidiata. 
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PLATE-15 

 

(65) Thiania bhamoensis Family: Sparassidae (66) Heteropoda 

venatoria (67) Olios milleti (68) Thelcticopis moolampilliensis. 

Family: Tetragnathidae (69) Tetragnatha javana (70) 

Tetragnatha keyserlingi (71) Tetragnatha mandibulata (72) 

Tetragnatha viridorufa. 
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PLATE-16 

 

 (73) Tylorida striata (74) Tylorida ventralis Family:Theridiidae  

(75) Argyrodes sp. (76) Ariamnes flagellum (77) Phoroncidia 

septemaculeata (78) Theridion manjithar Family: Thomisidae (79) 

Indoxysticus minutus Family: Uloboridae (80) Uloborus krishnae. 

 




