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സംŗഗഹം 
വŨവല ചിലŵികൾ എŹ േപരിൽ വŖാപകമായി അറിയെżടുŹ അരാനിേഡ 
വിഭാഗം േലാകŮിെല മൂŹാമെŮയും, ഇŵŖയിെല രŪാമെŮയും വലിയ 
ചിലŵി കുടുംബെŮ ŗപതിനിധീകരിŚുŹു. ൈവവിധŖമാർŹ ആവാസ 
വŖവƉകളിൽ വസിŚുŹ ഇŮരം ചിലŵികൾ, അŀറാർŨിŚ ഒഴിെകയുƄ 
േലാകŮിെല മെƃലīാ ഭൂŗപേദശšളിലും സാധാരണയായി കാണെżടാറുŪ്. ആൺ, 
െപൺ ചിലŵികളƧെട വലുżŮിലുƄ വŖതŖാസം, ഒേര വർŝŮിൽെżടുŹ 
ചിലŵികളƧെട നിറŮിലും, ഉദരŮിലുമുƄ വŖതŖാസšൾ, ŗകിŁƃിĭ 
ŏപീഷീസുകൾ എŹിവെയലīാം അരാനിേഡയുെട വർŝീകരണെŮ സാരമായി 
സřാധീനിŚുŹുŪ്. ആയതിനാൽ ഈ േമഖലയിൽ ശാŏŗതീയമായ പഠനšളƧം, 
പുനരവേലാകനšളƧം അനിവാരŖമാĻ. േകരളŮിലുƄ ഈ ചിലŵി 
കുടുംബŮിൻെറ വർŝീകരണŮിലും ജനിതക വിവരšളിലും പരിണാമ 
പഠനŮിലും ഗണŖമായ സംഭാവന നൽകുക എŹ ലŜŖേŮാെടയാĻ ഈ പഠനം 
ŗപതിഫലിżിŚുŹļ. ചിലŵികളƧെട വിശദമായ രൂപശാŏŗത പഠനവും COI, 
H3 ജീനുകളƧെട ബാർേകാഡിംഗും സംേയാജിżിŢƧെകാŪ് 23 ജീനസുകളിൽെżŨ 59 
ŏപീഷീസുകെള േകരളŮിൽ നിŹും േരഖെżടുŮുവാനായി സാധിŢƧ. 
െലവിയരാനിയŏ വിരിഡിെവൻŗടിŏ, േകാറിേസാെപേസായിĹŏ ഓറിയŀറാലിŏ 
തുടšിയ രŪിനം ചിലŵികെള ആദŖമായി ഇŵŖയിൽ നിŹ് റിേżാർŨ് െചņതു. 
വികസിżിെŢടുŮ 109 ബാർേകാഡുകളിൽ, 38 ബാർേകാഡുകൾ ജീൻ ബാŠിേലŚ് 
പുതിയ കൂŨിേŢർŚലുകളായിരുŹു. രൂപഘടനയിൽ െവലīƧവിളികൾ ഉയർŮുŹ 
ചില ŏപീഷീസുകളƧെട സřതřവും, െനഫില പിലിപസിൽ കളർ േമാർഫിŀെറ 
സാŹിŴŖവും ƉിരീകരിŢƧ. മൂŹ് േജാഡി ŗകിŁƃിĭ ŏപീഷീസുകെള 
തിരിŢറിŧു. െനņബർ േജായിനിı, മാĭസിമം പാർസിേമാണി, മാĭസിമം 
ൈലĭലിഹുĹ, ബേയഷŖൻ ഇൻെഫെറൻŏ എŹിവയുെട അടിƉാനŮിൽ 
അരാനിേഡയുെട പരിണാമ ചരിŗതവും, ബŸവും പുനർ നിർŬയിŢƧ. 
െനഫിലിനുകളƧെടയും, സിജിലിനിയകളƧെടയും Ɖാനവും, േമാേണാൈഫലിയും 
ƉിരീകരിŢƧ. അŚുസിലാŏ, അരĭനുറ, ആർജിേയാപിേന, ബിേജാഅരാനീയŏ, 
അരാനിെയലī, െƗŃŏ എŹിവയുെട േമാേണാൈഫെലƃിĭ ഉŰവം െവളിെżടുŮി. 
അരാനീയŏ, ൈസേƎാസ എŹിവയുെട േപാളിൈഫലിയും ƉിരീകരിŚുവാൻ   
സാധിŢƧ. അരാനിഡ ചിലŵികളƧെട പരിണാമ വŖതിയാന സമയം കെŪŮാനുƄ 
ആദŖ ŗശമമായി ഈ പഠനെŮ േരഖെżടുŮാം. ŏപീഷീസുകളƧെട സřതřം 
നിർŬയിŚുŹതിൽ COI ബാർേകാഡിംഗിŀെറ വിശřാസŖത അടിവരയിŨƧറżിŚാം. 
ഒŹിലധികം ജനിതക മാർŚറുകൾ സംേയാചിżിŢ് പരിണാമ ബŸšൾ 
പരിഹരിŚാൻ സാധിŚുെമŹ് ഈ പഠനം െതളിയിŚുŹു.  

ŗപധാന പദšൾ: ബാർേകാഡിംį, ൈഡേവർജൻŏ സമയം, വŨവല ചിലŵികൾ, 
സിƊമാƃിĭŏ, േകരളം 
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ABSTRACT 
The family Araneidae, commonly known as orb-weaving spiders, represents the third-largest 

spider family in the world and the second-largest in India. These spiders inhabit a wide range of 

ecosystems and are distributed across all landmasses except Antarctica. Ongoing revisions are 

necessitated by challenges such as extreme sexual size dimorphism, colour polymorphism, and 

abdominal variability among conspecifics, as well as the existence of cryptic species. This study 

presents a focused investigation on the araneids of Kerala, aiming to make a substantial 

contribution to the taxonomy, molecular data, and phylogenetic understanding of the group. 

Detailed morphological examination and barcoding of COI and H3 genes have resulted in an 

updated checklist of araneids in Kerala, including 59 species belonging to 23 genera. 

Leviaraneus viridiventris and Chorizopesoides orientalis were reported from India for the first 

time. A total of 109 barcodes were generated, among these, 38 were new additions to GenBank. 

Species identity of certain morphologically challenging species and the existence of colour 

morphs in Nephila pilipes were confirmed. Three pairs of cryptic species were identified. 

Phylogenetic trees were reconstructed using different methods such as Neighbour Joining, 

Maximum Parsimony, Maximum Likelihood and Bayesian Inference. The placement and 

monophyly of nephilines and zygiellines were confirmed. The monophyletic origin of Acusilas, 

Arachnura, Argiopinae, Bijoaraneus, Araneilla, and Plebs was revealed. The genera Araneus 

and Cyclosa exhibited polyphyly. The study is the first comprehensive, successful attempt to 

date the divergence of araneids. The present study underscores the effectiveness of COI 

barcoding in species-level identification and demonstrates the value of incorporating multiple 

genetic markers to resolve phylogenetic relationships. 

Keywords: Barcoding, Divergence time, Orb web spiders, Systematics, Kerala 
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“Biodiversity, the planet’s most valuable resource, is on loan to us from our children” 

- Edward O. Wilson 

Life is the most fascinating facet of our planet, taking different forms, from microscopic 

prokaryotes to giant whales and intelligent humans. These life forms have developed exceptional 

chemical, physical, and structural characteristics that play a crucial role in the functioning of 

Earth’s ecosystems (Patrick, 1997). The totality of life on Earth can be referred to as biodiversity. 

Since the term 'biodiversity' was first introduced at the National Forum on Biodiversity held in 

Washington, D.C., in 1986, numerous scientists have proposed various definitions of the concept, 

tailored to different contexts. Among them, the most widely accepted was proposed during the 

UN Conference on Environment and Development in 1992. “Biodiversity is the variability 

among living organisms from all sources, including inter alia, terrestrial, marine, and other 

aquatic ecosystems and the ecological complexes of which they are part; this includes diversity 

within species, between species, and of ecosystems” (Convention on Biological Diversity, 1995, 

Article 2). Though each definition relies on a different perspective, all underline three 

fundamental biodiversity components - composition, structure, and function (Groves et al., 

2002). 

A major question that preoccupied environmentalists and naturalists during the 1990s was 

the significance of biodiversity. Biodiversity holds importance across economic, scientific, 

ecological, cultural, and recreational dimensions (Mortan & Hill, 2014). Estimating the planet's 

total magnitude of biological diversity is an immensely challenging task. The number could 

range from millions to trillions. Each day, new species emerge while others face extinction. 

Scrupulous characterisation at each level of organisation is key to accurate biodiversity analysis, 

as every natural community presents distinct features in both species composition and abundance 

(Lovejoy, 1997). Managing this valuable diversity would be impossible without a thorough 
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understanding of life forms at all levels. Scientists and biodiversity enthusiasts are diligently 

working to characterise, validate, and quantify the full spectrum of life. 

1.1. Spiders: A megadiverse arachnid lineage  

Land-dwelling arthropods represent the most prevailing and successful group of animals, 

accounting for 97% of global biodiversity (Lovejoy, 1997). One among them is spiders, which 

belong to the order Araneae of the class Arachnida under the subphylum Chelicerata. Araneae 

holds the status of a mega-diverse order of Arachnida, alongside the order Acari, and ranks as the 

7th largest animal order (Sebastian & Peter, 2009) with 52536 accepted species under 4406 

genera (World Spider Catalog [WSC], 2025). Spiders reside in a remarkable range of 

environments, spanning from sweltering parched deserts to dense rainforests and swampy 

mangroves, as well as from intricate hypogean layers to windswept alpine zones. The presence of 

an exoskeleton, a segmented body, and jointed appendages are plesiomorphic traits shared by 

these predatory organisms and other arthropods. The abdominal silk glands and spinnerets, the 

silk-producing organ, along with the modified pedipalps in males, contribute to the 

distinctiveness compared to other Arachnida orders, such as Pseudoscorpions, Opiliones, 

Amblypygi, Scorpions, Uropygi, Palpigradi, Ricinulei, Schizomida and Solifugae (Platnick, 

2020). Spider fossils can be traced back to the Devonian period (Penney & Selden, 2011; Selden 

& Penney, 2010). 

The pronounced morphological features underpin their evolutionary success across the 

planet. Prosoma and opisthosoma, two prominent body parts of a spider, are linked by a tubelike 

structure called the pedicel. The prosoma, also called as cephalothorax possess the taxonomically 

significant features such as eyes, fovea, chelicerae, and jointed appendages. The number of eyes 

and its arrangement, along with characteristic structures like spikes, lumps, and surreal 

extensions, have key taxonomic roles. Chelicerae, the structure helping in predation, are located 

on the ventral side of the prosoma. They have teeth and a sharp fang, which has an opening of 
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the venom gland and used to inject the venom. The ventrum of the cephalothorax also features 

the mouthparts and sternum. Additionally, the cephalothorax holds one pair of palps and four 

pairs of seven-segmented walking legs. In male spiders, the palps are modified to function as 

intromittent organs, which will be species specific. 

The opisthosoma, also called as abdomen, exhibits a wide-range of variations in shape 

and colouration. Ventral side of the abdomen hold epigastric furrow, openings of the book lungs, 

and the spinnerets. Female spiders have a specialised structure called the epigyne, external to the 

opening of the epigastric furrow, which complements the pedipalps of conspecific males. Spiders 

also have an alimentary canal with a specialized sucking stomach, an open circulatory system 

with the respiratory pigment hemocyanin, book lungs, and tracheae for respiration, and 

Malpighian tubules for the excretion. Their sensory structures include the eyes, tarsal organs, 

tactile hairs, trichobothria, slit organs, and proprioceptors. 

Being a carnivore in the food chain, spiders mostly prey upon other arthropods, 

especially insects. Larger mygalomorphs can consume small birds and rodents using different 

predatory strategies. Spiders exhibit sexual dimorphism, primarily in colour and size. Female 

spiders are adapted to fulfil multiple roles, such as producing eggs and safeguarding the next 

generation, whereas males are primarily evolved to perform sperm transfer, essential for 

fertilization. This drives male spiders to develop competitive traits, relying on their skill and 

courage to find and secure a mate. 

Upon maturity, male spiders must find and court a female by engaging in different 

courtship behaviours. Courtship behaviour across Araneae is diverse, ranging from web-tapping 

and vibrating to intricate courtship dances. Once mating is accomplished, the female spider lays 

eggs and encloses them in an egg sac. Protection strategies vary among species; some construct 

inconspicuous egg sacs that blend with their surroundings for camouflage, while others carry the 

egg sac with them. Once hatched, spiderlings grow to adulthood through a process called 

moulting. After a few initial moults, spiderlings disperse themselves through a method known as 
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ballooning. During their juvenile and subadult stages, they focus on catching prey and evading 

predators, ultimately maturing into reproductive adults. To evade predators, they have developed 

different survival strategies. 

Spiders may appear minor and irrelevant; nevertheless, they hold considerable ecological, 

economic, and cultural importance. Being the primary predators of insects, they have a 

fundamental role in preserving the ecological balance within both natural and agricultural 

ecosystems. Additionally, spiders pony up the food web dynamics, serving as prey for various 

other organisms. Two unique aspects of spiders, silk and venom, are particularly significant to 

humanity. Researchers continue to identify exceptional spider venom compounds that have 

promising medical applications. Similarly, the remarkable properties of spider silk inspire 

advancements in material science. Apart from this, spiders serve as model organisms in 

evolutionary, behavioural, and ecological research. Furthermore, as bioindicators, they provide 

valuable insights into environmental changes and ecosystem degradation. 

1.2. Araneidae: Nature’s web weavers 

Not all spiders build a similar type of web. Web structure fluctuates across different groups of 

spiders, which helps in field identification at the family and genus levels to some extent. Orb 

web is the one that is observed commonly. The major group that weaves orb webs are the 

members of the family Araneidae, often referred to as orb-weaving spiders. Fossil records from 

the Lower Cretaceous pointed out likenesses between ancient and modern araneids (Penney & 

Ortuño, 2006). Araneids exhibit an extensive disparity in size, colour, shape, and behaviour, 

which promotes their distribution across continents. This large, globally dispersed group is 

generally found in all ecosystems with vegetation. To date, 3154 araneid species under 198 

genera have been documented worldwide (WSC, 2025), making them the third largest spider 

family. Among them, 188 species belonging to 34 genera have been reported from India, 

including the endemic ones (Caleb & Sankaran, 2025). 
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Araneids employ a sit-and-wait predatory strategy, using their webs as home territories. 

When the prey becomes entangled, they quickly approach and subdue it through a spin-wrap-

attack method (Sebastian & Peter, 2009). Although araneids generally construct orb webs and 

rest in a head-down position at the hub, web features such as shape, number of radials and 

spirals, hub design, and decorations vary among genera. A notable exception within this group is 

the genus Cyrtophora Simon, 1864, which builds tent webs instead of orb webs. Despite these 

variations, araneids share several defining features. 

All araneids are three-clawed and ecribellate, having an entelegyne genitalia. They 

typically have eight eyes arranged in two rows, with the lateral eyes close together and widely 

separated from the medians, often situated on tubercles. Their chelicerae are strong and non-

divergent. The epigyne is completely or partially sclerotised with a scape that varies in shape and 

length among genera, while the pedipalps feature a prominent median apophysis and 

haematodocha. The abdomen varies greatly in shape, colour, and texture, ranging from lightly 

chitinized, as in Singa C. L. Koch, 1836, to heavily, as in Gasteracantha Sundevall, 1833 often 

provided with humps and tubercles. Though not all araneids exhibit certain features that make 

the group more exciting. One among them is the construction of web decorations, known as 

stabilimentum. Extreme sexual size dimorphism and sexual cannibalism are particularly common 

among orb-weaving spiders (Elgar & Nash, 1988; Robinson & Robinson, 1980). The taxonomic 

hierarchy of araneids is as follows. 

Kingdom – Animalia Linnaeus, 1758 Suborder – Opisthothelae Pocock, 1892 

Phylum – Arthropoda von Siebold, 1848 Infraorder – Araneomorphae Koch, 1850 

Subphylum – Chelicerata Heymons, 1901 Superfamily – Araneoidea Latreille, 1806 

Class – Arachnida Lamarck, 1801 Family – Araneidae Clerck, 1757 

Order – Araneae Clerck, 1757  
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Family Araneidae have been classified into different subfamilies: Araneinae, Argiopinae, 

Cyrtarachninae, Cyrtophorinae, Gasteracanthinae, Maastophorinae, Nephilinae, and Zygiellinae 

(Whyte & Anderson, 2017). Ongoing debates surround the classification and placement of 

certain groups within the family.  

1.3. Taxonomy: Organizing life’s complexity 

Researchers continue to work on arranging the planet’s astounding diversity to comprehend and 

manage it better. The theoretical study of classification, including its principles, procedures, and 

rules, is called taxonomy (Simpson, 1961). Although the practice of grouping organisms dates 

back to Aristotle, it gained widespread acceptance following the publication of Systema Naturae 

by Linnaeus in 1735. The Linnean system of classification, which relies on the morpho-

anatomical features of organisms for their identification and categorisation, is now referred to as 

classical, traditional, or orthodox taxonomy (Martinez-Goss & Arguelles, 2020). The system 

works on the morphological resemblances and appearances of organisms. Despite being over two 

centuries old, the system continues to be widely accepted within the scientific community due to 

its hierarchical system of classification and the binomial system of nomenclature (Uno et al., 

2001). 

Linnaeus focused on common morphological features among organisms rather than their 

evolutionary relationships. Over time, the classification system evolved to incorporate the 

phylogenetic aspects, a field now known as systematics. As a core component of systematics, 

taxonomy remains popular for its simplicity, accessibility, and cost-effectiveness. Earlier, 

taxonomists figured out the identity of an organism by employing keys, comparing the images 

from the literature, and studying type specimens. 

Taxonomical approaches to Araneae date back to the 18th century with Linnaeus, but the 

publication of Clerck’s Svenska Spindlar in 1757 is considered the foundational work in 

arachnological classification (Platnick & Raven, 2013). The history of spider classification is 
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enriched by the inputs of pioneering researchers such as Eugene Simon and Charles Athanase 

Walckenaer, among others. Initial studies on Indian spiders were done during the British colonial 

period by arachnologists like Octavius Pickard-Cambridge, Tamerlan Thorell, and Eugene 

Simon. Post-independence, Indian arachnologist B. K. Tikader emerged as a key figure, 

providing significant insights into the Indian spider fauna. It was further advanced by successors, 

who played a pivotal role in elevating Indian arachnology. While taxonomic practices developed 

rather slowly (Platnick & Raven, 2013) during the 20th century, advancements in microscopy and 

imaging techniques have revolutionised spider taxonomy. Araneidae, one of the families 

described by Clerck (1757), has marked its presence in numerous arachnological studies.  

The classical taxonomic approach boosted arachnology but also presents several 

limitations. Spiders display complex morphological features, predominantly in their genitalia, 

which require specialised expertise to construe accurately. Environmental factors can influence 

morphological traits, resulting in phenotypic plasticity that muddles up species identification. 

Many early descriptions of spiders were terse and lacked detailed illustrations (Li, 2020), leading 

to taxonomic ambiguities. Furthermore, the loss of type specimens hinders the validation of 

species descriptions. The prevalence of cryptic species leads to underestimations of biodiversity. 

Extreme sexual dimorphism, a trait found among araneids, further complicates taxonomic 

efforts. Genera like Araneus Clerck, 1757 and Neoscona Simon, 1864 have been used as catch-

all categories, leading to taxonomic inflation. These limitations contribute to frequent 

misidentifications, synonymies, and unnecessary splitting or lumping of taxa. Without accurate 

taxonomic understanding, assessing species distributions becomes difficult, which impedes 

comparative studies and conservation efforts. 

1.4. Molecular approach: Taxonomic revolution 

Taxonomy, whose ultimate goal is to characterise and arrange the vast diversity of life in an 

orderly manner (Trüper & Krämer, 1981), has grown substantially by incorporating various 
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methodologies. Among these, the molecular approach has emerged as the most recent 

advancement, utilising tools such as DNA barcoding and genetic analysis. Unlike the classical 

approach, which relies on morphological features, the molecular taxonomy leverages integral 

biomolecules like DNA, RNA, and proteins to classify organisms. The genomes of all living 

organisms have short gene sequences that are conserved among conspecifics but show significant 

interspecific differences. DNA barcoding exploits these conserved markers to confirm the 

identity of organisms. 

Although the concept of DNA barcoding dates back to the 1980s, it gained worldwide 

acceptance by the zoological taxonomists following the efforts of Herbert, Stoeckle and their 

colleagues (Hebert et al., 2003a, b; Stoeckle, 2003). DNA barcoding has proven to be a timely 

revolution in the history of taxonomy. Its efficacy extends beyond species identification to 

applications in phylogenetics, population genetics, species boundary delineation, genetic 

variability assessment, conservation biology, biodiversity studies, and community ecology 

(DeSalle & Goldstein, 2019; Fišer Pečnikar & Buzan, 2014; Purty & Chatterjee, 2016; Stoeckle, 

2003). The prominent advantage of DNA barcoding is its consistency across all life stages of an 

organism, as the genome remains unchanged throughout its lifecycle. Moreover, cryptic species, 

often overlooked in traditional taxonomy, have been effectively resolved using molecular 

approaches. Incorporating molecular tools into spider taxonomy has settled issues related to 

phenotypic plasticity and sexually dimorphic forms. 

However, despite its growing importance, molecular taxonomy cannot operate 

independently. DNA barcoding faces limitations in distinguishing recently diverged species and 

those arising from hybridisation events. Additionally, the absences of a universal barcode valid to 

all domains of life mean that specific groups of organisms necessitate distinct molecular markers. 

The robustness of DNA barcoding relies heavily on the establishment of reference sequences 

from taxonomically validated specimens. Therefore, a unifying approach that combines 
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molecular methods with traditional taxonomy is essential for improving the accuracy of species 

identification and bridging gaps in our understanding of biodiversity (Miller, 2007). 

1.5. Phylogeny: The story of ancestors to descendants 

Theodosius Dobzhansky once stated, “Nothing in biology makes sense except in the light of 

evolution” (Dobzhansky, 1973). This context gained prominence as the field of phylogeny 

advanced. The Tree of Life conceptualises that all living domains originated from a single 

common ancestor. Through the action of evolutionary forces, as defined by Darwin (1859) in 

“On the Origin of Species”, these ancestors diversified to form the biodiversity we observe 

today. The likenesses between organisms reflect their evolutionary relatedness, and the field of 

biology that investigates these relationships is known as phylogeny. 

Phylogeny seeks to estimate rates of speciation and extinction while exploring how and 

why these rates have varied across evolutionary time, geographical regions, and taxonomic 

groups. Understanding these dynamics is important for unravelling the ecological and 

evolutionary processes that create biological diversity (Morlon, 2014). Phylogenetic analysis 

delves into the evolutionary history of organisms, representing it in the form of a tree. In such 

trees, the root represents the ancestor, branches symbolise descendants, and each branching point 

signifies a speciation or divergence event. Darwin (1837) studied the morphological 

characteristics of a red coral and a marine organism and sketched the first evolutionary tree in his 

Notebook B: Transmutation of Species. Since then, substantial efforts across the globe have been 

dedicated to constructing a comprehensive Tree of Life. 

The progression of phylogenetic research has offered profound insights into taxonomy, 

eventually leading to the emergence of systematics, a discipline that integrates taxonomy and 

phylogeny. In traditional taxonomy, phylogeny is implicit, whereas in systematics, it is explicit. 

Systematics encompasses various schools, including phenetics, which is based on the overall 

similarity or dissimilarity of characters, cladistics, focusing on synapomorphies and evolutionary 
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systematics, which considers both ancestral and derived traits. Phylogenetic approaches have 

accelerated fields such as comparative physiology (Garland & Bennett, 2005), ecology 

(Wanntrop et al., 1990), diversification studies (Morlon, 2014), and extinction analysis (Purvis, 

2008). Phylogeny has numerous applications, including studying character evolution, 

reconstructing ancestral genes, estimating biogeographic relationships, understanding the origin 

and epidemiology of human diseases, and prioritising species conservation (Hillis, 1997). 

Initially, phylogenetic studies relied on morphological characteristics. Over time, 

statistical approaches enhanced the accuracy and reliability of results. The advent of DNA 

barcoding further revolutionised phylogenetic analysis. Along with the evolution of computer 

science, innovative methods to determine evolutionary relationships have been introduced 

(Horiike, 2016). Phylogenetic analysis involves three key components: selecting a dataset, 

establishing criteria to assess how well the data fit the candidate trees, and using pertinent 

methods to gauge and validate the results (Hillis, 1997). While morphological datasets often pose 

challenges due to the complexity of defining, delimiting, and ordering character states, molecular 

data has proven more robust and trustworthy. The databases such as the National Centre for 

Biotechnology Information (NCBI), DNA Data Bank of Japan (DDBJ), European Molecular 

Biology Laboratory (EMBL), and Barcode of Life Data (BOLD) systems has increased the 

accessibility of molecular datasets. However, the results of phylogenetic analysis highly depend 

on the datasets and methods. Using inappropriate methods and models can lead to false 

conclusions, highlighting the importance of methodological rigour in phylogenetic research. 

1.6. Divergence time: Milestones of evolutionary change 

The estimation of divergence time has evolved along with phylogenetic analysis. Divergence 

time is the point in the evolutionary history at which two lineages diverged from their most 

recent common ancestor, indicating the age of speciation or other evolutionary events. The 

degree of difference between two species is proportional to the time passed since their 



Ph.D. Thesis          Chapter 1. INTRODUCTION 
 

Page | 17  
 

evolutionary separation (Zuckerkandl & Pauling, 1965). By combining morphological data, 

molecular data, fossil records and geological information, researchers can build time-calibrated 

phylogenies using computational algorithms. 

Divergence time evaluation plays a significant role in understanding the age of 

evolutionary events, reconstructing biogeographic histories, linking evolutionary changes with 

environmental or geological events. The dating of evolutionary divergences using variations was 

first presented in 1965 (Zuckerkandl & Pauling, 1965). Since then, various studies gave the 

divergence time of different organisms, thereby progressing the Tree of Life. This progress has 

incredibly improved diverse fields, ranging from epidemiology to community ecology. 

Technological and computational developments have refined divergence time assessment. 

Software such as BEAST, MrBayes, and RAxML employs advanced algorithms, including 

Bayesian inference and maximum likelihood, to construct and calibrate phylogenetic trees. 

Additionally, relaxed molecular clock models have enabled researchers to accommodate rate 

heterogeneity, addressing one of the key challenges in molecular evolution. 

Both morphological and molecular datasets can be considered in divergence time 

analysis. In morphological approaches, traits are coded as discrete characters, assuming a 

relatively steady rate of character evolution. However, the utility of morphological data is limited 

due to non-clock-like evolutionary patterns, subjective interpretation, and sparse fossil evidence. 

On the other hand, molecular datasets are preferred for their reckonable rates of change, higher 

resolution, and objective nature, making them generally more reliable for divergence time 

estimation. 

1.7. Significance of the study 

This study focuses on the molecular taxonomy and phylogeny of Araneidae in Kerala, India. 

Although members of the family are cosmopolitan and frequently recorded in spider diversity 

studies, their taxonomic status remains chaotic. Even though it is the third-largest spider family, 
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traditional taxonomic approaches are limited by certain challenges, including sexual dimorphism, 

cryptic species, inadequate illustrations, ambiguous diagnostic features, and lack of timely 

revisions. Hence, error prone genus-level groupings and incorrect placement of species are 

common in this family. Advances in molecular tools, such as DNA barcoding and phylogenetic 

analysis are helping the researchers to resolve these taxonomic ambiguities.  

This study utilizes these tools to make an accurate and stable classification of Araneidae in 

Kerala. Kerala, one of the biodiversity rich states, offers a unique opportunity to enrich the 

understanding of spider diversity, and the findings of this study can help in future investigations. 

The major outcome of this research is the development of an updated checklist of araneids in 

Kerala, which contributes to the database of Indian spiders. Moreover, the incorporation of 

phylogenetic and divergence time analyses has enriched the understanding of evolutionary 

history of araneids in Kerala. 

Also, the phylogenetic findings of this study can serve as a foundation for formulating 

hypotheses about the evolutionary and biogeographical patterns of the family. Thus, this study 

provides a foundation for the molecular taxonomy and phylogeny of araneids and highlights the 

need for more detailed investigations into this ecologically and scientifically significant spider 

family. 

1.8. Objectives of the study 

1. Prepare a checklist of araneids found in Kerala. 

2. Barcoding of Araneidae of Kerala using molecular markers. 

3. Study the interrelationships between collected and identified members of Araneidae in 

Kerala. 

4. Study the relationship of the araneids of Kerala with other araneids across the Oriental 

and Palearctic regions. 

5. Study the divergence time of the family Araneidae. 
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1.9. Limitations of the study 

Kerala, one of the Indian states rich in biodiversity and home to diverse ecosystems, spans an 

area of 38,863 sq. km. (Kerala Soil Survey, 2024). Conducting periodic visits to all ecosystems 

within a limited timeframe of three years posed significant challenges. Therefore, a random 

selection of sampling was undertaken to represent all districts and ecosystem types in Kerala. 

Identification of certain specimens was restricted to the genus level due to the lack of type 

specimen information, inadequate diagnostic features, and the absence of comprehensive keys. 

During DNA barcoding, the validated reference sequences were limited in the existing databases. 

The rarity of some species, such as Arachnura angura Tikader, 1970, Paraplectana gravelyi 

(Tikader, 1961), and Cyrtophora citricola (Forsskål, 1775), further limited the study. Molecular 

analyses were also limited by the less availability of specimens and unsuccessful amplification. 
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“If I have seen further, it is by standing on the shoulders of giants” 

- Isaac Newton 

The present study was undertaken to advance the taxonomic understanding of the family 

Araneidae in Kerala, India. Conducting a broad literature review is an essential part of the 

research process, as it allows researchers to understand extant knowledge and identify gaps in the 

field, and improve the methodologies effectively. 

Spiders are one among the dominant predators in terrestrial ecosystems and they have 

been dispersed and survived across different habitats utilising their morphological and 

behavioural adaptations. The taxonomic studies of spiders have a history of approximately 260 

years. Arachnologists have used the advancements in methodologies, integrating new 

microscopy and molecular techniques, and greatly improved the accuracy and scope of spider 

taxonomy. 

Araneids are always documented in spider diversity studies across different ecosystems. 

Hence the need for a thorough evaluation of their taxonomic status is high. Identifying gaps in 

the literature has helped in designing the current study, aiming to resolve taxonomic ambiguities 

and enrich the understanding of evolutionary relationships among araneids. In Kerala, being one 

among the biodiversity rich state, such an effort necessary as it will make significant 

contributions in defining the evolutionary trajectories of araneids. This section begins with a 

review to provide the current taxonomic status of araneids, followed by a search on how DNA 

barcoding has contributed in araneid classification. Afterward, an extensive analysis of existing 

phylogenetic research, encompassing both morphological and molecular approaches, is 

presented. 
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2.1. Global and regional diversity of araneids 

The spider family Araneidae, commonly known as orb-weavers, represents one of the most 

diverse and widely distributed groups of spiders. Their ability to build intricate, wheel-shaped 

orb webs exemplifies remarkable evolutionary adaptations. Morphologically, araneids exhibit a 

wide range of body sizes and colours, often characterised by distinctive abdominal patterns. 

Their web-building behaviour has not only inspired advancements in biomimetic research 

(Naderinejad et al., 2023; Regassa et al., 2021) but has also contributed to space research 

(Zschokke et al., 2021). 

Araneidae is the first described spider family (Clerck, 1757). He proposed the genus 

Araneus and characterised 70 species within it. According to the current araneid classification, 

17 of these species, now distributed across six genera, are valid (WSC, 2025). A significant 

contribution was made by Eugene Simon (1864 – 1903), who described 42 genera and 212 

species under the family Araneidae. Being the third largest family, with 3131 species and 191 

genera globally (WSC, 2025), araneids are found in almost all ecosystems with vegetation. The 

diversity of araneids was reported during several explorations across the world. A notable 

attempt was made by Herbert W. Levi (1964 – 2013) in the Neotropics. Other attempts were 

from Southeast Asia (Barrion & Litsinger, 1995), China (Yin et al., 1997, 2012), Canada 

(Dondale et al., 2003), Portugal’s Serra da Estrela Natural Park (Sousa, 2006), Socotra 

Archipelago (Grasshoff & van Harten, 2007), Japan (Tanikawa, 2007, 2009), Turkey (Türkeş & 

Mergen, 2008), Southern Brazil (Rodrigues & Mendonça Jr., 2011), Korea (Kim & Lee, 2012), 

France (Lecigne, 2021), South Africa (Dippenaar–Schoeman et al., 2022a, 2022b), Spain 

(Morano, 2023), and Europe (Ibrahimi et al., 2024). 

A comprehensive study exclusively focused on Indian araneids was done by Tikader 

(1982), including 92 species from 30 genera. Spider explorations done in West Bengal (Saha & 

Raychaudhuri, 2004; Roy et al., 2017), Madhya Pradesh (Gajbe, 2005), Kedarnath Wildlife 
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Sanctuary, Uttarakhand (Quasin & Uniyal, 2010), Indo-Gangetic plains (Priyadarshini et al., 

2015), Eastern Ghats (Palem et al., 2017), and Nilgiris (Dharmaraj et al., 2018) had further 

enriched the Indian araneid diversity along with the characterisation of new species such as Zilla 

globosa Saha & Raychaudhuri, 2004, Larinia mandlaensis Gajbe, 2005, Araneus 

bastarensis Gajbe, 2005, and Cyrtophora bituberculata Roy, Saha & Raychaudhuri, 2017. The 

book Spiders of India (Sebastian & Peter, 2009) provided a detailed characterisation of Indian 

spiders, documenting 34 species from 17 genera. In India, 188 species from 34 genera have been 

reported to date (Caleb & Sankaran, 2025). 

Kerala, the state of India, is renowned for its rich biodiversity. Its ecosystems range from 

windy highland elevations to saline coastal regions. Most of Kerala forms part of the Western 

Ghats, one of the world’s biodiversity hotspots. Although several studies have been conducted to 

explore the araneofauna in different ecosystems of Kerala, a study exclusively for araneids has 

not been reported yet. Studies to explore the spider diversity in Parambikulam Wildlife 

Sanctuary (Patel, 2003), irrigated rice ecosystems across varying elevations (Sebastian et al., 

2005a), Mangalavanam (Sebastian et al., 2005b), Kuttanad rice agroecosystem (Sudhikumar et 

al., 2005a), Mannavan Shola forest (Sudhikumar et al., 2005b), Kavvayi river basin (Jose et al., 

2018), Wayanad (Rajeevan et al., 2019; Shabnam et al., 2021; Sudhin, 2022), sacred grooves of 

Northern Kerala (Sumesh & Sudhikumar, 2020), Montane cloud forests (Paul, 2021), Poovar 

mangrove patches (Vishnudas et al., 2021), Muriyad Kol Wetlands (Nafin, 2022), Shendurney 

Wildlife Sanctuary (Sudhin & Sen, 2023), and Karuvatta, a coastal island in the Vembanad Lake 

(George et al., 2024) has enriched the understanding of araneid diversity in Kerala. Notably, in 

all araneofaunal diversity studies in Kerala, the family Araneidae consistently ranks first or 

second as the most diverse spider family. A comprehensive pictorial guide on Kerala’s spiders, 

including 44 araneids belonging to 21 genera, was presented by Sudhikumar (2021), which 

enhanced field identification of spiders.  
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Sebastian & Peter (2009) divided the family Araneidae into five subfamilies, including 

Araneinae, Argiopinae, Cyrtarachninae, Cyrtophorinae and Gasteracanthinae. Subsequent 

revisions updated as Araneinae, Argiopinae, Cyrtarachninae, Cyrtophorinae, Gasteracanthinae, 

Maastophorinae, Nephilinae, and Zygiellinae (Whyte & Anderson, 2017). However, with the 

continuous integration of molecular methodologies, the sub-familial arrangement is subject to 

ongoing refinement. Efforts to restructure the family based on molecular insights are reviewed 

and discussed later in this section. Following, the taxonomic status of common genera found in 

India is reviewed. 

2.2. Taxonomic status: A review of Indian araneid genera 

As microscopic techniques advanced, previously described species were revised to enhance 

taxonomic clarity. Given the vast number of reported species, compiling a comprehensive global 

revision remains a formidable challenge. Consequently, taxonomic studies have increasingly 

focused on araneids from specific geographical regions. Herbert W. Levi made significant 

contributions to the taxonomy of araneids through extensive revisional studies and developed a 

key for American araneids, including 65 genera (Levi, 2002). Similarly, Dippenaar-Schoeman & 

Jocque´ (1997) published a key for African araneids while Tikader (1982) presented a key for 

Indian araneids. Here is a review of the taxonomic studies of common araneid genera in India. 

Based on two species from Africa, Simon (1895) described the genus Acusilas. Schmidt 

& Scharff (2008) later revised the genus, adding two new species and redescribing existing ones. 

Their work included Scanning Electron Microscopic (SEM) images and microscopic 

photographs of the chelicerae, spinnerets, and genitalia. Currently, this genus has 10 species 

(WSC, 2025). Among these, Acusilas coccineus Simon, 1895 is the only one reported from India 

(Roy et al., 2017). 

Early taxonomists placed members of Anepsion in the genus Paraplectana. Later, they 

have been updated to a genus (Strand, 1929). A significant revision of the genus was done by 
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Chrysanthus (1961, 1969), including 12 species. Subsequent studies identified new species 

across different regions, bringing the total number of Anepsion species to sixteen (WSC, 2025). 

In 2011, Jose described Cyrtarachne keralensis, which was later synonymised with Anepsion 

maritatum (O. Pickard-Cambridge, 1877) by Malamel et al. (2015), the only species reported 

from India. 

The genus Arachnura was first characterised by Vinson (1863) with the identification of 

a species from the Reunion Islands in the Indian Ocean. To date, taxonomists have described 

additional species, reporting 12 species in total (WSC, 2025). Among these, Arachnura 

melanura Simon, 1867, was reported in India (Sen & Sureshan, 2020). Arachnura angura 

Tikader, 1970 was also reported from India and is endemic to the country. Although members of 

this genus have been reported from various parts of the world, no thorough revisions have been 

reported.  

The genus Araneus was first characterised by Clerck (1757) with the identification of 70 

species, many of which were later synonymised or reassigned to other genera and families. 

Despite this, it is the largest genus in the family, with 551 species (WSC, 2025). Levi (1991) 

conducted a study including all Neotropical and Mexican species, which is considered a 

milestone, redescribing 144 species with detailed genitalia illustrations and a comprehensive 

species key for males and females. In India, Araneus hirsutulus was the first reported species 

(Stoliczka, 1869), with 22 species recorded to date (Caleb & Sankaran, 2025). Although Levi 

(1991) noted that Araneus species cannot be readily distinguished by body shape, colour, pattern, 

leg length, or eye ratio, many species have still been reported based on these features. The genus 

has often been used as a dumping ground (Scharff et al., 2020) for species that do not fit into 

other groups, making it chaotic. Taxonomic efforts of the 21st century are focusing on resolving 

this confusion through synonymization (Sherwood, 2021), genus transfers (Bosmans & Hervé, 

2021; Framenau, 2019) and the establishment of new genera (Framenau et al., 2022; Mi et al., 

2024b; Tanikawa et al., 2021). 
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The colourful and intriguing genus Argiope was first reported by Audouin (1826) with 

three species and currently includes 89 known species (WSC, 2025). Argiope is among the well-

studied genera in the family, thanks to significant revisions by Levi (1983) and Jäger (2012). 

Levi’s (1983) comprehensive study of Western Pacific species in the subfamily Argiopinae 

included Argiope, Gea, and Neogea, categorising Argiope into seven species groups. Jäger 

(2012) explored the ground-breaking concept of using broken emboli in the species identification 

of Argiope. By examining 316 broken emboli from 834 females, he demonstrated their utility in 

matching conspecifics and identifying cryptic species. This led to the removal of some 

synonymies and the synonymization of others, covering 41 species from 63 countries. Of the 

nine species reported in India (Caleb & Sankaran, 2025), eight were included in the study done 

by Tikader (1982). 

Another genus within the subfamily Argiopinae is Gea, which was first characterised by 

Koch (1843). This small genus includes 13 species worldwide (WSC, 2025), seven of which 

were re-characterised by Levi (1983) alongside Argiope. A recent study by Mi et al. (2024a) 

offered extensive morphological descriptions accompanied by detailed illustrations. Three 

species represent Gea in Indian spider fauna (Caleb & Sankaran, 2025). 

The genus Bijoaraneus is the most recently established among those discussed here, 

resulting from the integration of molecular techniques in taxonomy. During the revision of 

certain Araneus species, Tanikawa et al. (2021) characterised this genus, transferring three 

species from Araneus and two from Epeira, thereby classifying a total of five species under 

Bijoaraneus (WSC, 2025). Bijoaraneus mitificus (Simon, 1886), which is widely distributed 

across the Oriental and Indo-Malayan regions, is the only species recorded from India (Caleb & 

Sankaran, 2025). 

Menge (1866) established the genus Cyclosa, whose members are notable for 

constructing stabilimenta in their webs. Cyclosa has become a diverse group within the family, 

comprising 180 species worldwide (WSC, 2025). A thorough revision was conducted by Levi 
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(1999), who examined 51 Neotropical and Mexican species, describing 38 as new. Levi 

identified two hidden palpal diagnostic features, the conductor tooth and the median apophysis. 

In India, the genus is represented by 18 species (Caleb & Sankaran, 2025), with Tikader (1982) 

reporting ten. Subsequent revisions by Keswani (2013) and Dixit & Ade (2017) provided habitus 

photographs and microscopic images. However, these lacked proper labelling and detailed 

diagnostic features for the species considered. 

The genus Cyrtophora is represented globally by 49 species (WSC, 2025). In 1864, 

Simon first described this genus with the species Cyrtophora citricola, which remains valid to 

date. In India, the genus comprises eight species (Caleb & Sankaran, 2025), four of which 

(Cyrtophora bituberculata Roy et al., 2017; Cyrtophora bidenta Tikader, 1970; Cyrtophora 

jabalpurensis Gajbe & Gajbe, 1999; Cyrtophora ksudra Sherriffs, 1928) have only been reported 

from their respective type localities and have not been recorded elsewhere in India or globally. 

Archer (1951) established the genus Eriovixia by transferring four species from Araneus. 

It is currently represented by 33 species worldwide (WSC, 2025), including nine recently 

described species (Mi & Li, 2021). Han & Zhu (2010) revisited this Southeast Asian genus, 

providing insights into its biogeography. In India, eight species have been identified (Caleb & 

Sankaran, 2025), two of which, Eriovixia gryffindori (Ahmed et al., 2016) and Eriovixia 

kachugaonensis (Basumatary et al., 2019), are endemic to India. 

Spiny-backed orb weavers, members of the subfamily Gasteracanthinae, are very 

fascinating araneids due to their uniquely modified abdomens. Among them, the genus 

Gasteracantha, described by Sundevall (1833), comprises 86 species (WSC, 2025), frequently 

recorded in tropical diversity studies but lacking a comprehensive revision. Ten species were 

reported from India (Caleb & Sankaran, 2025). Another genus in this subfamily is Thelacantha, 

in which only two species have been reported (WSC, 2025). Of these, Thelacantha brevispina 

(Doleschall, 1857) is widely distributed, including India, while Thelacantha cuspidata has not 

been recorded since Dahl (1914). Originally placed in Gasteracantha, Thelacantha was 



Chapter 2. REVIEW OF LITERATURE  Ph.D. Thesis           
 

Page | 30 
 

reclassified by Benoit (1964) and Emerit (1974). Attempt to review the taxonomic and 

biogeographic status of the subfamily, resulted in a detailed morphological characterisation, 

genitalia illustrations, and photographs (Macharoenboon et al., 2021). Additionally, they also 

documented intraspecific colour polymorphism in Thelacantha brevispina, identifying four 

distinct morphs. 

The subfamily Nephilinae, comprising Herennia, Nephila, and Nephilengys, remains a 

subject of debate regarding its placement in Araneidae. Herennia, characterised by Thorell 

(1877), includes 11 species globally (WSC, 2025), with Herennia multipuncta (Doleschall, 1859) 

as the sole representative in India (Caleb & Sankaran, 2025). Known as coin spiders, this genus 

was revised by Kuntner (2005), who identified H. multipuncta as the only widespread, 

synanthropic, and invasive species, while the other ten are restricted to Australia and its islands. 

Nephila was originally described based on Nephila maculata (Leach, 1815), later synonymised 

with the widespread Nephila pilipes (Fabricius, 1793). Four species were reported in India 

(Tikader, 1982), all recently synonymised under N. pilipes (Sankaran et al., 2020), revealing the 

colour polymorphism of N. pilipes in the Indian population. The genus Nephilengys, described 

by Koch (1872), consists of only two species (WSC, 2025), commonly known as hermit spiders. 

Kuntner (2007) provided a comprehensive monograph on pantropical hermit spiders, detailing 

their morphology with SEM images of the eye region, chelicerae and genitalia. 

The genus Larinia, described by Simon (1874), is globally represented by 62 species 

(WSC, 2025). Later, Levi (1975) and Harrod et al. (1991) tried to revise the genus, but the 

attempts were taxon-limited. In India, Tikader (1982) reported two species with genitalic 

illustrations, while the remaining seven Indian Larinia (Caleb & Sankaran, 2025) have been 

recorded exclusively from their type localities. Another genus extensively studied by Levi is 

Parawixia. Pickard-Cambridge (1904) transferred eight species from Epiera to establish 

Parawixia along with a newly described species. Among 29 currently valid species (WSC, 
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2025), 28 were included in Levi’s (1992) revision. Only one species, Parawixia dehaani 

(Doleschall, 1859), has been reported from India (Tikader, 1982). 

Plebs, described by Joseph & Framenau (2012), is another recently diagnosed genus. In 

their study, they transferred 15 species from Araneus and Epiera and described seven new 

species, bringing the total to 22 globally recognised species (WSC, 2025). Also, this study 

provided habitus images, SEM images of spinnerets, and detailed genitalia photographs. In India, 

the genus is represented by two endemic species (Joseph & Framenau, 2012). 

The genus Poltys, described by Koch (1843) with Poltys illepidus, remains an intriguing 

yet elusive group due to its exceptional camouflage. Despite their rarity in the field, 42 species 

have been reported globally (WSC, 2025), though 21 have not been documented beyond their 

original descriptions. Smith (2006) revised the Australian Poltys, identifying 19 species, and 

provided a species key with SEM images of genitalia and the cephalic region. Five Poltys 

species have been recorded from India (Caleb & Sankaran, 2025), and three are known only 

from their type localities. Although a comprehensive revision is needed, their scarcity poses a 

challenge. 

Another small genus, Chorizopes, includes 29 species (WSC, 2025). First described by 

Pickard-Cambridge (1871) with a single species, its type species was later redescribed by Levi 

(1964).  No further taxonomic revisions have been conducted. In India, 11 species are 

documented (Caleb & Sankaran, 2025), but many are known only from their type localities with 

limited diagnostic features, highlighting the need for a thorough morphological reassessment. 

The genus Neoscona is widely distributed across diverse ecosystems, making its 

members among the most commonly encountered araneids. With 124 reported species (WSC, 

2025), many were transferred from Araneus or Epiera. Simon (1864) recognised the need to 

reclassify certain Epiera species, leading to the establishment of Neoscona. American Neoscona 

was studied by Berman & Levi (1971), identifying 17 species, of which 15 remain valid. They 
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highlighted epigynal structure, abdominal colour patterns in females, palpal features, and tibial 

macrosetae in males as key diagnostic traits. In India, 29 Neoscona species have been 

documented (Caleb & Sankaran, 2025), with Tikader (1982) describing 17 species. Contrary to 

Berman & Levi (1971), Tikader observed abdominal colour and pattern polymorphism in female 

Neoscona mukerjei Tikader, 1980. While reviewing the Indian species, it was found that 13 are 

known only from their type locality, and 12 were described solely on female morphology, 

weakening their taxonomic robustness. 

The taxonomic status of several genera within the family Araneidae remains unresolved, 

with varying degrees of revision across different groups. Genera such as Acusilas, Argiope, Gea, 

Thelacantha, Nephila, Herennia, Nephilengys, and Plebs have been well-characterised, 

possessing a strong morphological foundation and molecular approaches serve as supplementary 

evidence. Conversely, genera such as Arachnura, Araneus, Cyrtophora, and Chorizopes require 

more comprehensive taxonomic assessments to establish a clearer framework. Meanwhile, 

several other genera, including Anepsion, Cyclosa, Eriovixia, Gasteracantha, Larinia, 

Parawixia, Poltys, and Neoscona, exhibit taxonomic ambiguities that could be effectively 

resolved through molecular investigations. Applying integrative taxonomic approaches to resolve 

these gaps will enhance species delineation. 

2.3. The emergence of molecular taxonomy in animal systematics 

By the late 20th century, the taxonomic community faced significant challenges including a lack 

of consensus on the morphological characters to be universally adopted, a growing taxonomy 

deficit (May, 1988), and a decline in government and funding agency support for taxonomic 

research (Convention on Biological Diversity [CBD], 1995). In response, the International 

Barcode of Life (iBOL) project was proposed to establish a global repository of DNA sequences, 

leading to the launch of the Barcode of Life Database (BOLD) in 2005. 
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The potential of DNA barcoding, particularly using mitochondrial gene Cytochrome 

Oxidase subunit 1 (COI) sequences in taxonomy, was first explored by Hebert et al. (2003a). 

Their study assessed the accuracy of DNA barcoding at higher taxonomic levels and species 

levels using 200 closely related lepidopteran species, ultimately yielding successful results. COI 

sequences were proposed as the foundation for a universal bio-identification system for animals 

(Hebert et al., 2003a), demonstrating efficacy in distinguishing closely related species across all 

animal phyla, except Cnidaria (Hebert et al., 2003b). 

Despite its potential, DNA barcoding in species identification faced criticism. 

Taxonomists feared it might overshadow the Linnaean system and shift taxonomy solely to 

DNA-based methods (Ebach & Holdrege, 2005). Concerns also arose that it could compete for 

funding (Blaxter et al., 2004; DeSalle, 2006). The need for classical taxonomy training and 

biodiversity inventories was highlighted (Prendini, 2005). A major limitation was its reliance on 

fresh or cryopreserved specimens, whereas most described species are museum-preserved 

(Hillis, 1987). However, Fang et al. (2002) demonstrated successful DNA extraction from 

formalin-fixed museum specimens. However, DNA barcoding complements rather than replaces 

traditional taxonomy, aiding species assignment when morphological traits are unclear (Schindel 

& Miller, 2005). 

Subsequent studies validated the efficacy of DNA barcoding across various taxa, 

including birds (Hebert et al., 2004), springtails (Hogg & Hebert, 2004), gastropods (Remigio & 

Hebert, 2003), fish (Ward et al., 2005), primates (Lorenz et al., 2005), and spiders (Barrett & 

Hebert, 2005), reinforcing its applicability. Further research demonstrated that an integrative 

taxonomic approach, incorporating both morphological and molecular data, has set new 

benchmarks for data quality, ensuring that morphological information remains essential in 

resolving the taxonomic crisis (Hubert & Hanner, 2015; Patwardhan et al., 2014; Tautz et al., 

2003).  
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2.4. Molecular taxonomy in Araneae: A global perspective 

The utilization of DNA barcoding in spider taxonomy was initiated by Barrett & Hebert (2005), 

who successfully demonstrated the efficiency of mitochondrial COI gene as a molecular marker 

in the identification of spider species. They suggested molecular approach as a solution to 

overcome the limitations of morphological taxonomy, such as sexual dimorphism, dependence 

on adult specimens, and descriptions based on single-sex. Their study, including 168 species 

from various genera, showed that the mean sequence divergence between congeneric species was 

significantly higher than intraspecific divergence, with a 2% threshold achieving 100% accuracy 

in identification. 

The efficacy of the COI marker was tested across different spider groups. Greenstone et 

al. (2005) examined its potential in identifying immature spider stages focussing on the families 

Anyphaenidae, Lycosidae, Linyphiidae, and Miturgidae in Texas, USA and confirmed a high 

success rate. Similarly, Petersen et al. (2007) sequenced the COI marker from exuviae of Central 

American tarantulas (Brachypelma), demonstrating that DNA sequencing from shed 

exoskeletons could enable species identification without harming populations, hence resolving 

the conservation concerns. Similarly, several studies used the DNA barcoding principles to 

resolve the ambiguities in different spider groups. The global acceptance of DNA barcoding for 

spider identification led to the establishment of DNA barcode reference libraries across various 

regions (Ashfaq et al., 2019; Astrin et al., 2016; Blagoev et al., 2013; Miller et al., 2013). 

While these studies focussed on the potential of COI markers, the existence of a barcode 

gap and differences in genetic divergence between spider species across morphological and 

geographical scales were examined by Čandek & Kuntner (2015). By analysing 1,203 barcodes, 

they confirmed that DNA barcoding remains a reliable tool for species identification across large 

geographical scales. They also confirmed the presence of barcode gaps in Tetragnathidae and 

Lycosidae and a significant overlap in Araneidae. Accurate genus and family-level assignments 
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using DNA barcoding are feasible, though identification accuracy may be influenced by 

sequence quality and database completeness (Coddington et al., 2016). 

The potential of other markers was also tested. Astrin et al. (2006) suggested another 

mitochondrial gene, the 16S rRNA gene, as a potential marker other than COI in pholcids. On 

the other hand, Wang et al. (2018) found lower species identification success rate for 16S rRNA 

in other families. Cao et al. (2016) focussed on the nuclear region, internal transcribed spacer 2 

(ITS2), suggesting a multi-locus DNA barcoding approach yields more accurate results than 

relying only on mitochondrial COI. Moreover, the capability of an integrative approach that 

combined morphological, geographical, and molecular data to resolve taxonomic ambiguities 

was well-studied by Oh et al. (2022), Tahir et al. (2019), and Xu et al. (2015).  

In India, Gaikwad et al. (2017) made the first attempt to use COI sequencing in spider 

identification. Their study contributed 43 new sequences to the existing database. Unlike Barrett 

& Hebert (2005), they found a species discrimination threshold of 3%, rather than 2%. Tyagi et 

al. (2019) later contributed 85 novel barcodes of 22 morphospecies. Their species delimitation 

threshold ranged between 2.6% and 3.7%. Additionally, their study suggested cryptic diversity in 

certain species. The findings highlight that DNA barcoding is a powerful tool for specimen 

identification and species discovery in Indian spiders. 

2.5. Taxonomy of Araneidae: A molecular view 

The family Araneidae ranks fourth among spider families in terms of available barcode 

sequences (Barcode of Life Database [BOLD], 2025), with 20,068 barcodes, representing 734 

species across 74 countries. As one of the most diverse spider families, Araneidae includes 

numerous ignored genera that require a thorough characterisation. and diagnosis. DNA barcoding 

has enabled a better picture of certain taxa, improving their classification. 

For example, Franzini et al. (2013) conducted an integrative study to examine 

Cyrtophora species in South Africa. By sequencing the COI gene and the nuclear Histone 3 (H3) 
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gene, along with genitalic examination, they identified the presence of multiple Cyrtophora 

species. Similarly, Gregorič et al. (2015) provided new taxonomic insights into bark spiders, 

Caerostris, in Madagascar. They amplified and analysed COI and nuclear gene, 28S rDNA, from 

50 specimens to evaluate the species boundaries and led to the description of six new species. 

The usefulness of combining multiple lines of evidence in species delimitation was 

further demonstrated by Spasojevic et al. (2016). Combining COI barcoding and morphometric 

analysis, they successfully distinguished six Araniella species, emphasizing the potential of DNA 

barcoding to enhance species classification, even within small, morphologically similar genera. 

In 2018, Tan employed a multigene approach to resolve the ambiguities in Argiope hoiseni, 

whose females exhibit significant similarities in genital structure with other species. Elizabeth 

(2019) utilised molecular data to identify Cyrtophora species from the Western Ghats, and five 

species were documented. 

The utilisation of molecular approaches in taxonomic studies has played a key role in 

both synonymization and the re-evaluation of previously synonymized species. Smith (2006) 

conducted a revision of Australian Poltys species, combining DNA barcoding and behavioural 

traits, and led to the synonymization of several species and the determination of cryptic taxa. The 

study also resulted in the description of five new species. Similarly, Tanikawa et al. (2006) used 

the barcoding principles to clarify the identity of a Japanese spider previously identified as 

Pasilobus bufoninus. Through partial sequencing of the COI gene, they confirmed that the 

Japanese population was conspecific with Pasilobus hupingensis from China. 

Levi (1983) synonymised Argiope chloresis and Argiope chloreides based on 

morphological examination however, Tan et al. (2019b) revisited using the molecular approach 

and removed the synonymy. Advanced microscopy of genitalic structures further reinforced their 

separation, leading to the removal of their synonymy. In the study done by Yuan & Zhang 

(2020), genetic distance analysis supported the synonymy of Nephila laurinae and Trichonephila 



Ph.D. Thesis          Chapter 2. REVIEW OF LITERATURE 
 

Page | 37  
 

antipodiana. However, the lack of type specimens prevented a comprehensive morphological 

characterisation, leaving the taxonomic status of these species unresolved. 

Major gaps in araneid taxonomy were profound due to polymorphism, sexual 

dimorphism, and extreme male dwarfism. Tanikawa et al. (2010) successfully distinguished three 

Cyrtophora moluccensis (Doleschall, 1857) colour morphs (green, red, and yellow) as three 

distinct species through a combined approach. Their analyses revealed that there is considerable 

genetic distances among these morphs, and phylogenetic reconstruction using the neighbour-

joining method placed them in separate clades. Magalhaes et al. (2017) tried to assess the 

phylogenetic relationships between males and their supposed females of Micrathena. Their 

findings successfully associated males and females. This study highlights the importance of 

incorporating multiple data sources to resolve taxonomic ambiguities in sexually dimorphic 

spider groups. 

In some cases, the integrative approach has led to the establishment of new genera. One 

such effort was done by Framenau et al. (2022), who described Socca, a new Australo-Pacific 

genus reporting 12 species while revising the genus Backobourkia. Similarly, Tanikawa et al. 

(2021) described two new genera, Aoaraneus and Bijoaraneus. More recently, Tanikawa & 

Petchard (2023) described Leviaraneus while reviewing specific species groups within Araneus.  

An integrative approach, with DNA barcoding and traditional morphological 

examination, is a powerful tool in resolving taxonomic ambiguities. However, molecular studies 

have not been uniformly applied across all araneid groups or geographical regions. In India, for 

instance, comprehensive molecular investigations on Araneidae remain scarce, leaving 

substantial gaps in our understanding of the group's diversity. 

2.6. Molecular phylogenetics of spiders: A heuristic approach 

A well-resolved phylogeny serves as a foundational framework for organising and interpreting 

patterns of biodiversity, facilitating predictive classification (Coddington, 2005). Traditionally, 
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phylogenetic relationships were inferred based on shared morphological traits. However, 

morphological analyses alone often posed challenges due to convergent evolution, phenotypic 

plasticity, and cryptic diversity. The advent of molecular phylogenetics revolutionised the field 

and greatly enhanced the resolution of phylogenetic trees. 

According to the WSC (2025), the earliest documented phylogenetic study on spiders 

was conducted by Purcell (1910), who investigated the evolution of the tracheal system in 

Araneae through a detailed examination of tracheal tubes and book lung anatomy. Subsequently, 

studies have been conducted emphasising certain characters to elucidate the evolutionary 

relationships, based on the morphological traits. Some spider groups focused on were Hersiliidae 

(Baehr & Baehr, 1987), Deinopoidea (Coddington, 1990; Griswold et al., 1998), Nephilins and 

Tetragnathidae (Hormiga et al., 1995), Araneiodea (Griswold et al., 1998), Gnaphosidae 

(Platnick, 1990), and Mesothelae (Haupt, 2003). 

Although molecular phylogenetics had been explored in the animal kingdom earlier 

(Field et al., 1988), its application in elucidating evolutionary relationships among spider groups 

gained momentum with the integration of DNA barcoding into spider taxonomy. Bolzern et al. 

(2013) combined morphological and molecular data to clarify the phylogenetic placement of the 

Tegenaria-Malthonica complex within the family Agelenidae. Hazzi & Hormiga (2023) 

investigated the phylogeny of tropical wandering spiders (Ctenidae), with a particular emphasis 

on eye conformation. The study was constrained by limited taxon sampling, which was later 

addressed by Hazzi et al. (2025) during the extensive phylogenetic analysis incorporating global 

museum collections. Labarque et al. (2018) examined the evolutionary relationships of 

Drymusidae in Africa, while Booysen & Haddad (2021) focused on the Afrotropical 

Gnaphosidae. 

The segmented spiders of the family Liphistiidae were studied by Sivayyapram et al. 

(2024), who provided a clearer phylogenetic framework alongside insights into their 

biogeography. The molecular phylogeny of wolf spiders, Lycosidae, was investigated by 
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Piacentini & Ramírez (2019), whereas Huber et al. (2018) critically reevaluated the 

morphological phylogeny of Pholcidae, presenting a well-supported evolutionary framework. 

Salticidae, the largest spider family, was extensively studied by Maddison et al. (2014, 2017). In 

the family Tetragnathidae, molecular phylogenetic studies have primarily focused on the genera 

Meta (Kallal & Hormiga, 2018a) and Leucauge (Ballesteros & Hormiga, 2021). 

Although phylogenetic studies at the family and genus levels have significantly enriched 

arachnology across various regions, a comprehensive phylogenetic framework for Araneae as a 

whole remains limited. One of the earliest large-scale attempts was made by Coddington & Levi 

(1991), who proposed a cladistic structure of Araneae, identifying three major monophyletic 

groups, Mesothelae, Mygalomorphae, and Araneomorphae. Later in 2005, Coddington revisited 

the existing phylogenetic literature and fossil evidence to reaffirm the monophyly of Araneae. He 

highlighted the evolutionary complexity of Deinopoidea and Araneoidea, suggesting instances of 

convergent evolution. He confirmed that monophyletic groups are defined by synapomorphies, 

whereas misclassifications result in paraphyletic or polyphyletic groupings. 

Building on these findings, Wheeler et al. (2017) done a phylogenetic analysis of 

araneofauna using large-scale transcriptomic data. Their study combined genetic data from six 

molecular markers from 932 species representing 115 spider families. In addition to supporting 

the monophyly of Mesothelae, Mygalomorphae, and Araneomorphae, the study provided strong 

support for the Synspermiata clade and identified Trogloraptoridae and Caponiidae as sister 

groups to Dysderoidea. Kulkarni et al. (2023) made significant contributions to spider 

systematics and phylogenetics by combining data from 125 families. With the help of six 

molecular markers, the existence of major clades, as suggested by Coddington & Levi (1991), 

was confirmed. Additionally, the authors emphasised the important role of data quality in 

reconstructing evolutionary relationships. 
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2.7. Phylogenetic insights into Araneidae 

Early studies depended on morphological synapomorphies, but conflicts in the taxonomic 

classification of orb weavers led to confusions in the phylogenetic relationships of araneids. 

Given the vast diversity within this group and the limited availability of specimens across 

different regions, most studies were geographically restricted.  

Initial research focused on resolving the phylogenetic relationships within Araneoidea 

with the primary objective of identifying reliable synapomorphies. Levi (1978) hypothesised that 

orb webs may have evolved multiple times due to their energy-conserving advantages. 

Additionally, he cautioned that similarities between the webs of Uloboridae and Araneidae could 

complicate interpretations of their evolutionary trajectories. Consequently, he proposed that male 

palpal morphology, rather than web or claw characteristics, would serve as a more reliable 

phylogenetic indicator for araneids. This was supported by Heimer & Nentwig (1983), and they 

determined that traits associated with the eye region, leg spinnation, respiratory organs, and 

cheliceral morphology had limited utility for phylogenetic inference, whereas epigynal and web 

characteristics were comparatively more informative. They also provided strong evidence for the 

monophyly of Araneoidea. 

Levi & Coddington (1983) identified the rotation of the bulb within the cymbium, the 

presence of a median and terminal apophysis, and the shortening of the abdomen as the three key 

synapomorphic traits present in all araneids. They emphasised that synapomorphies are essential 

for grouping taxa in phylogenetic reconstructions. If a trait is absent in a particular lineage, it 

may have been secondarily lost or never present in the first place. Coddington (1990) reaffirmed 

the monophyly of Araneoidea, building upon the synapomorphic traits identified by Levi & 

Coddington (1983). Ramos et al. (2005) provided further insights into araneoid evolution by 

supporting the positive genitalic divergence model, demonstrating a significant correlation 

between sexual genitalic dimorphism and sexual size dimorphism. Dimitrov et al. (2017) 
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reinforced the previous findings through a molecular analysis. Their study, the first to include 

representatives from all araneoid families, analysed 363 terminal taxa using sequence data from 

six molecular markers. Despite supporting the previous findings, the monophyly of Orbicularia 

was rejected, underscoring the complexity of orb web evolution. 

Scharff & Coddington (1997) conducted the first dedicated phylogenetic study of 

Araneidae, analysing 82 morphological and behavioural characters to establish a foundational 

framework. Two major clades were identified within the family, Araneinae and Argiopidae, the 

latter encompassing the subfamilies Gasteracanthinae, Caerostreinae, Micratheninae, 

Xylethreinae, Encyosaccinae, Eurycorminae, Arciinae, Cyrtarachninae, Argiopinae, 

Cyrtophorinae, and Arachnurinae. While Gasteracanthinae and Micratheninae were found to be 

non-monophyletic, the monophyly of Cyrtarachne was confirmed, along with the polyphyletic 

nature of Cycloseae, Micratheneae, and Anepsieae. The monophyly of Araneidae as a whole was 

supported by four synapomorphic traits, including specific male palpal and ocular features. They 

also explored evolutionary patterns of certain traits, finding that stabilimenta evolved 

independently at least nine times and were lost once, while sexual dimorphism arose three times 

but reverted five times in certain genera. This study remains a foundational framework of araneid 

phylogeny. 

Building upon these findings, Kallal et al. (2018) used transcriptomic data to improve the 

phylogenetic framework of Araneidae. With the help of phylogenetic methods and orthology 

assessments, they confirmed the monophyly of Araneidae. The results supported the earliest 

divergence of the subfamily Zygiellinae and Nephilinae. The study also highlighted that lower 

gene counts can lead to the misrepresentation of evolutionary relationships though the study was 

limited by taxon sampling. 

Later significant contributions were made by Scharff et al. (2020), marking the first 

attempt to explain the araneid phylogeny with a balanced representation of taxa from both the 

Northern and Southern hemispheres. This attempt used five markers and included major araneoid 
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lineages as outgroups. Members from Zygiellinae, Nephilinae, and other araneids were included 

in the ingroup. The results confirmed the sister-group relationship between Zygiellinae with 

other araneid clades. Within the ARA clade, ten informal groups, such as Caerostrines, 

Micrathenines, Eriophorines, Backobourkiines, Gasteracanthines, Argiopines, Cyrtarachnines, 

Mastophorines, Nuctenines, and Zealaraneines, were identified. The study also confirmed the 

polyphyly of Araneus, Argiope, Eriophora, Larinia, and Parawixia. They stated that the classical 

orb web is a plesiomorphic trait, and stabilimenta evolved independently at least five times. 

Female gigantism was identified as the primary factor for sexual dimorphism. 

Beyond family-level analyses, several studies have focused on specific genera within 

Araneidae. Kuntner (2002) conducted a morphological survey of the genus Perilla, analysing 82 

morphological and behavioural traits, confirming the placement of Perilla within Araneinae. In 

contrast, Framenau et al. (2010b) integrated morphological and molecular data to establish the 

Australasian genus Backobourkia, identifying the basal flange of the median apophysis as a 

synapomorphic trait. Phylogenetic analysis placed Backobourkia within the coxal hook clade of 

Araneinae and supported its monophyly, along with a close relationship to Eriophora. Framenau 

et al. (2010a) conducted a phylogenetic analysis to determine the placement of Demadiana 

within the subfamily Arkyinae. 

Magalhaes & Santos (2012) revealed that Chaetacis is nested within Micrathena and 

should be considered a subgroup rather than a distinct genus. Micrathena males and females 

were successfully matched using morphological, genetic, and geographical data (Magalhaes et 

al., 2017). Gregorič et al. (2015) conducted the first species-level evolutionary analysis of 

Caerostris through a molecular approach and confirmed the monophyly of African Caerostris 

species. Geographic genetic variations in C. sexcuspidata and C. sumatrana suggested 

intraspecific variation across regions.  

The study on Australian Zygiellinae (Kallal & Hormiga, 2018b) supported the early 

findings, with the subfamily as the earliest diverging lineage in Araneidae. The formation of leaf 
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retreats in web hubs evolved at least three times. The study on Indomalayan Chorizopes 

examined palpal homologies and araneid palpal sclerite evolution (Kallal & Hormiga, 2019). The 

correlation between orb web loss and changes in palpal morphology led to complex relationships 

among Artonis, Chorizopesoides, and Porcataraneus. However, weak phylogenetic support 

prevented the definitive placement of Chorizopes within Araneidae. 

Tan et al. (2019a) examined the evolutionary relationships of Peninsular Malaysian 

Actinacantha, Gasteracantha, Micracantha, and Thelacantha using five markers, supporting the 

monophyly of Gasteracanthinae, contradicting Scharff & Coddington (1997), but suggested the 

paraphyly of Gasteracantha, despite limited taxon sampling. Cabra-Gracía & Hormiga (2020) 

conducted a total evidence study on Wagneriana, integrating morphological, behavioural, and 

molecular data. Two species, Wagneriana carimagua and W. uropygialis, were nested within 

Parawixia and Alpaida, respectively, while the remaining Wagneriana species formed three main 

clades, with relationships heavily influenced by methodological choices. The study also 

established a new genus, Popperaneus, and revived Paraverrucosa. 

Yu et al. (2022) studied Cyphalonotus and Poltys using five markers, rejecting previous 

hypotheses and recovering a well-supported Cyphalonotus + Poltys clade. They confirmed the 

independent evolution of extreme sexual dimorphism in Poltys as a multiple convergent 

evolutionary outcome. Hormiga et al. (2023) examined Paraplectanoides using six molecular 

markers, confirming its placement within Araneidae and identifying a sister-group relationship 

with Nephilinae. Their findings contradicted Kuntner et al. (2023), who proposed a separate 

family for Paraplectanoides, raising concerns about the stability and monophyly of Araneidae. 

The study also opposed splitting Araneidae into multiple families. 

The taxonomic placement of Nephilinae within Araneidae remains argued and studies are 

still ongoing to confirm whether it should retain subfamily status or be recognised as a separate 

family. Hong-Chun et al. (2004) analysed Nephila from China and India using the data of three 

markers, concluding that Nephila is more closely related to Araneidae and should be included 
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within it. On the other hand, Kuntner et al. (2008) examined Clitaetra, Herennia, Nephila, and 

Nephilengys using a character matrix including morphological and behavioural traits and placed 

Nephilids at the base of the Araneoidea clade, supporting family status. The study also proposed 

that the evolution of male and female body size has resulted in extreme sexual size dimorphism, 

but did not explained the evolutionary pressures and mechanisms driving that changes.  

Kuntner et al. (2013) used morphological and behavioural data with molecular sequences 

from eight genes. The analysis strongly supported the monophyly of Herennia and Clitaetra but 

found Nephilengys and Nephila to be diphyletic, challenging previous assumptions. The study 

confirmed the monophyly of Nephilidae, Zygiellidae, and Araneidae, rejecting the tetragnathid 

hypothesis. Yong et al. (2021) used a mitogenome approach to understand the relationship 

between Nephila and Trichonephila. Despite limited taxon sampling, their findings, based on 13 

protein-coding and 2 rRNA genes, supported the inclusion of both genera in Araneidae. 

Numerous studies have explored the phylogeny of Araneidae, with many focusing on 

specific groups. While these studies provide valuable insights, they often contribute to increasing 

uncertainty rather than resolving existing ambiguities. Depending on the methodologies used, the 

findings keep on varying, ultimately leading to conflicting conclusions. Kuntner et al. (2023) 

reviewed the increasing information in family-level classifications, suggesting a monophyletic 

structure for taxonomic validity. The authors supported a "splitting" approach to maintain distinct 

families for further studies. 

As discussed, phylogenetic relationships can be understood by using morphological, 

behavioural, and genetic data, but an integrative approach provides more robust and reliable 

conclusions. Phylogenetic studies based on morphological character matrices use Maximum 

Parsimony (MP) method while integrative approaches depend on Maximum Likelihood (ML) 

and Bayesian Inference (BI) methods. Using different analytical methods and extensive taxon 

sampling are significant for phylogenetic reconstructions. Irrespective of the ongoing debates on 

the phylogenetic relationships within the family, the monophyly of the family Araneidae is well 
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supported. However, there are gaps in the understanding of araneid phylogeny, as most studies 

focus on specific groups or are geographically limited. Several genera, including Araneus, 

Neoscona, and Argiope, require thorough phylogenetic analysis to explain their evolutionary 

relationships. 

2.8. Dated phylogeny of spiders: A review 

Time-calibrated phylogenies, constructed using morphological or molecular data in combination 

with fossil records and geological evidence, play a vital role in understanding evolutionary 

events, speciation patterns, and biogeographic histories over time. Hines (2008) estimated the 

divergence time of bumble bees (Bombus) and concluded their origin in the Old World, 

approximately 25–40 million years ago (Ma), during the transition from the Eocene to the 

Oligocene. Similarly, Boudinot et al. (2016) estimated the divergence time and origin of the 

spider ant genus Leptomyrmex. Their findings supported a Neotropical origin, followed by a 

dispersal event to Australia around 29 Ma during the Oligocene. Some studies to date the 

phylogeny of certain spider groups have been reported. 

The study by Jeyaprakash & Hoy (2009) focused on chelicerates, including spiders, 

scorpions, mites, and ticks. By analysing the molecular data, they confirmed the monophyly of 

chelicerates and suggested that the diversification of these groups had occurred in the late 

Palaeozoic era. Their analysis estimated the divergence of the spider-scorpion clade at 

approximately 397 ± 23 Ma. Bidegaray-Batista & Arnedo (2011) explored the ground-dwelling 

spiders of the genus Parachtes (family Dysderidae), endemic to the Western Mediterranean. 

They suggested that the divergence of this group occurred during the Oligocene, congruent with 

the time of the separation of region’s main islands. 

Starrett et al. (2013) reconstructed a Haemocyanin gene tree to explore the phylogeny 

and diversification of Mygalomorphs. They successfully recovered deep phylogenetic nodes and 

multiple mygalomorph clades. The findings suggested that the diversification of Mygalomorphs 
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happened before that of the extant Araneomorphs. A notable study by Wood et al. (2013) focused 

on archaeid spiders, a group with fossil evidence in the Northern hemisphere but extant species 

restricted to the Southern hemisphere. Using both morphological and molecular datasets, the 

authors suggested that the diversification of archaeid spiders occurred with the breakup of 

Pangaea into Laurasia and Gondwana. This study is an example, rare yet well-supported, of 

biogeographic patterns shaped by ancient continental drift. 

Euophryines (family Salticidae) were studied by Zhang & Maddison (2013) by 

examining nucleotide data from four markers, confirming its monophyly. Phylogenetic 

reconstruction resulted in the separate clades of Old and New World Euophryines, suggesting 

that most diversification within the group occurred during the Cenozoic era following the 

geographic separation of these regions. The study also identified New Guinea and the Caribbean 

islands as key hotspots of diversity for this salticid lineage. 

Ceccarelli et al. (2016) studied the coastal spider genus Amaurobioides (family 

Anyphaenidae) to compare the patterns of Gondwanan vicariance with long-distance dispersal. 

Using the data from four molecular markers, it was concluded that ancestral species have 

undergone many long-distance dispersal events, from the mid-Miocene to the Pleistocene. The 

study emphasised rafting as the primary dispersal mechanism over ballooning. Li et al. (2024) 

focused on Psilodercids (family Psilodercidae) in Southeast Asia. Divergence time estimates 

placed the origin of Psilodercidae at approximately 129.85 Mya, with significant diversification 

events occurring in the late Cretaceous. The study identified tropical Asia as a key biodiversity 

hotspot for this group and suggested in situ speciation as the major driver of diversification. 

Kuntner et al. (2013) have also made some conclusions on the origin and diversification 

of Nephilids. Their findings confirmed that Nephila jurassica does not belong to Nephilidae, 

rejecting the Jurassic period as the origin. Instead, Paleonephila, dated to approximately 40 Ma, 

was identified as the oldest known fossil of this group. The study suggested an African or Asian 

origin of nephilids. To understand the geographical history of the South American tropics, 
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Bartoleti et al. (2018) examined the diversification of Nephila clavipes. The study highlights the 

usage of widely distributed species in studying the evolutionary patterns of complex regions. 

Geological and climatic events had resulted in the formation of four separate lineages within the 

species. Their findings supported a Pleistocene connection between the Amazonian and Atlantic 

rainforests through the central Cerrado region. Turk et al. (2020) reconstructed the ancestral 

states to understand the biogeographic history of golden orb-weaving spiders (Nephilidae). By 

analysing geographical origins and intercontinental colonisation patterns, the study tested two 

hypotheses, an 'out of Africa' origin (Afrotropic) and an 'out of West Burma' origin (Indomalaya 

and/or Australasia). The results supported the second hypothesis.  

The developments in molecular techniques, computational tools, and statistical models 

have promoted divergence time analyses. While there are several phylogenetic studies of 

Araneae, divergence time analyses remain limited, leaving gaps in our understanding of their 

evolutionary history. These kinds of efforts have the potential to resolve the conflicts in 

biogeographical hypotheses and provide a better picture of spider evolution. 

2.9. Fossil evidence of araneids 

Fossil evidence plays a vital role in providing direct temporal reference points, helping the 

researchers to estimate lineage divergence and calibrate molecular clocks (Magalhaes et al., 

2020). By preserving the morphological characteristics of extinct species, fossils give valuable 

insights into character transformations within lineages (Anderson, 2012). The paleoaraneological 

fauna is also rich. While spider fossils date back to the Palaeozoic era, they have been recovered 

from the Mesozoic and Cenozoic eras as well, with the highest diversity observed in the 

Mesozoic (Selden & Penney, 2010). 

Because of the soft-body, most spider fossils are preserved in amber. The Eocene Baltic 

amber represents the key source of fossilised spiders, followed by Oligocene-Miocene Chiapas 

amber from Mexico and Miocene amber from the Dominican Republic (Selden & Penney, 2010). 
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The earliest study of spider fossils was done by Kundmann (1737), who described a true spider 

encased in amber. Later, Koch & Berendt (1854), Giebel (1856), and Petrunkevitch (1942, 1958) 

contributed significantly. The discovery of Mesozoic spider fossils popularised in the mid-20th 

century, with reports emerging from Cretaceous amber deposits in Canada (McAlpine & Martin, 

1969), France (Schlüter, 1978), Spain (Alonso et al., 2000), and Myanmar (Rasnitsyn & Ross, 

2000). 

A total of 1,427 valid fossil spider species have been documented to date (Dunlop et al., 

2023). Fossil spiders have been documented across various groups, including Anapidae 

(Wunderlich, 2004d), Mimetidae (Harms & Dunlop, 2009), Mygalomorphs (Wunderlich, 2004a), 

Oonopidae (Marusik & Wunderlich, 2008; Penney, 2000), Pholcidae (Huber & Wunderlich, 

2006), Psilodercidae (Magalhaes et al., 2021), Scytodoidae and Sicariidae (Magalhaes et al., 

2022), Tetragnathidae, Zygiellidae (Wunderlich, 2004b), Theridiidae (Wunderlich, 2008), 

Zodariidae (Wunderlich, 2004f), and Zoropsidae (Wunderlich, 2004e). The fossil discoveries 

have significantly contributed to the dated phylogenies. Magalhaes et al. (2020) conducted a 

thorough evaluation of 67 unique fossils for calibration purposes. The authors emphasised the 

importance of the validation of fossils in calibrations, particularly through the careful 

identification of synapomorphies. The study also provided a list of 41 key fossils and a revised 

set of 23 calibrations. 

The fossil record of Araneidae has inconsistencies, with several early reports lacking 

proper descriptions (Barthel & Hetzer, 1982; Giebel, 1856; Presl, 1822). The family is believed 

to have originated in the Cretaceous (Dunlop et al., 2023). The first formal description of an 

araneid fossil was done by Heyden (1859), who identified Gea kuantzi. Eskov (1984) proposed 

the Jurassic family Juraraneidae as an early orb-weaver lineage; however, this classification was 

later questioned by Selden (1989). Further studies have significantly expanded knowledge of 

paleoaraneid diversity. Wunderlich (2004c) introduced a new subfamily, Miraraneinae, and 

several genera, including Palaeonephila (P. brevis, P. curvata, P. dilitans, P. fibula, P. longipes), 
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Eonephila (E. bitterfeldensis, E. excellens, E. longembolus), and Luxurionephila (L. spinifera) in 

Nephilinae. A breakthrough in araneid fossil research was made by Penney & Ortuño (2006), 

who described the oldest orb-weaving spider fossil by describing the genus Mesozygiella, with a 

species M. dunlopi. This specimen was recovered from Lower Cretaceous amber from Álava, 

Spain and became the strongest evidence for the presence of Araneidae in this period. 

Before this study, several fossils supposedly belonging to Araneidae had been reported, 

including specimens from Canadian amber (McAlpine & Martin, 1969), Siberian amber (Eskov 

& Wunderlich, 1995), and Lebanese amber (Wunderlich, 2004g). But, these specimens were 

juveniles, and their placement within Araneidae remained uncertain due to the lack of 

morphological characterisation. Later, Molinaranea mitnickii from middle Miocene Dominican 

amber (Saupe et al., 2010), and Eochorizopes (Wunderlich, 2011) and Minutunguis (Wunderlich, 

2012) from Baltic amber were reported. Recently, Poinar Jr. (2015) described a new araneid 

genus, Pulchellaranea, from Cenozoic Dominican amber, further enriching the known fossil 

diversity of araneids. 

A review of the available literature highlights the ecological and research significance of 

spiders, particularly araneids. Developments in microscopy, such as SEM imaging and stereo 

zoom microscopy, have improved taxonomic resolution, leading to synonymization and the 

establishment of new genera. Molecular tools, especially DNA barcoding, have strengthened 

araneid taxonomy, with COI as the primary marker and additional genes (16S rRNA, 12S rDNA, 

18S rDNA, 28S rDNA, H3, and ITS2) expanding the scope of molecular identification. In 

phylogenetic research, a total evidence approach, integrating morphological, behavioural, and 

molecular datasets, has proven invaluable for resolving evolutionary relationships. Divergence 

time analysis and fossil calibrations have further refined our understanding of araneid evolution 

and biogeographic patterns.  

However, significant gaps remain. The evolutionary basis of extreme sexual dimorphism, 

polymorphism, and single-sex descriptions in araneids continues to pose challenges. Taxonomic 
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ambiguities persist in genera such as Araneus, Neoscona, and Cyclosa, where modern imaging 

techniques have yet to be applied. The molecular data availability is slanted toward certain 

groups, and others underrepresented. While Scharff et al. (2020) provided a better understanding, 

it is geographically limited, and required a broader sampling. Even though there are fossil 

evidences, no successful attempt has been made to construct a dated phylogeny of Araneidae. 

This study considers several of these gaps by providing a checklist of araneids from Kerala, that 

have been prepared by combining morphological and molecular data. Thus, contributing to the 

broader understanding of araneid phylogenetics. Additionally, it represents the first successful 

attempt to date araneid phylogeny over an evolutionary time scale. The study highlights the 

importance of continuous efforts using morphology, molecular data, and fossil evidence in 

refining araneid systematics and evolutionary research. 



 

CHAPTER 3 

METHODOLOGY 
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“Look deep into nature, and then you will understand everything better” 

- Albert Einstein 

Methodology plays a crucial role in all types of research, whether quantitative or qualitative. A 

well-structured method provides a clear and logical framework for the study, justifies the 

research design, ensures data reliability, and facilitates efficient planning and organisation. It 

encompasses a systematic description of the sequential steps and procedures undertaken during 

the research process. 

This section discusses the various methods, tools and techniques used to achieve the 

research objectives of the present study. It is organised into three major headings—

morphological analysis, molecular analysis, and molecular data analysis—each further divided 

into relevant subsections. 

3.1. Morphological analysis 

This section gives a detailed account of the fieldwork and strategies used for the traditional 

morphological examination. 

3.1.1. Study area: The present study was conducted in Kerala, a biodiversity-rich state in 

southern India. Kerala is bordered by the Arabian Sea to the west and the Western Ghats, a 

recognised biodiversity hotspot, to the east, spanning over an area of 38,863 sq. km. (Kerala Soil 

Survey, 2024). The state is home to eighteen wildlife sanctuaries, two tiger reserves, five national 

parks, one community reserve and a myristic swamp (Kerala Forest Department, 2025). The state 

encompasses different habitat types, including tropical evergreen rainforests, montane forests, 

riparian forests, semi-evergreen forests, deciduous forests, plantations such as teak, cashew, and 

rubber, and unique ecosystems such as mangroves, wetlands, grasslands, myristic swamps and 

shola forests (Forest Survey of India, 2019; Kerala Forest Department, 2025). 
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The interplay of climatic variations, diverse geography and multiple habitat types 

contributes to the exceptional biodiversity of the state. However, climate change, driven by 

anthropogenic activities, has led to shifting and overlapping seasonal patterns. Administratively, 

Kerala is divided into fourteen districts, which can be broadly grouped as northern Kerala, 

including the districts Kasaragod, Kannur, Kozhikode, Malappuram, and Wayanad; central 

Kerala, including Palakkad, Thrissur, Ernakulam, Idukki, and Kottayam; and southern Kerala 

including Alappuzha, Pathanamthitta, Kollam, and Thiruvananthapuram. 

3.1.2. Sampling strategy: Specimens were collected from 54 sites across the state (Figure 3.1), 

ensuring that at least three sites per district were covered. Sampling sites were selected randomly 

and aimed to represent diverse habitats of the state, including tropical rainforests, tropical 

evergreens, deciduous forests, protected areas, mangroves, wetlands, and various plantations 

(Figure 3.2). The sampling sites included the protected areas, government and private properties. 

Considering the heterogeneity of these habitats, a flexible and random site-based sampling 

approach was adopted. An active search method wherein a systematic trajectory was fixed, with 

adjustments of the path based on vegetation density and terrain. This approach was adopted due 

to the high variability among sites while ensuring broad taxonomic representation across 

Kerala’s diverse habitats. The details of sampling sites are given in Table 3.1. 
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Figure 3.1. Map showing the geographical locations of 54 sampling sites. 
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Table 3.1. Details of the sampling sites, including the geographical coordinates, habitat type and 
collection time 

Sl. 
No. 

District Sampling site Coordinates Habitat 

Collection 
time 

(month, 
year) 

1 

Kasaragod 

Kumbla 
12°35'29.99"N, 
74°56'32.22"E 

Mangroves 
September, 

2022 

2 Ranipuram 
12°24'45.00"N, 
75°21'24.00"E 

Tropical 
evergreen 
shola forest, 
grassland 

September, 
2022 

3 Uppala 
12°39'40.97"N, 
74°54'34.53"E 

Mangroves 
September, 

2022 

4 

Kannur 

Dharmadom 
11°46'57.25"N, 
75°27'48.11"E 

Mangroves 
March, 
2022 

5 Koduvally 
11°46'05.37"N, 
75°29'01.80"E 

Mangroves 
March, 
2022 

6 Palakkayam 
12°08'13.67"N, 
75°30'54.23"E 

Grassland 
March, 
2022 

7 

Wayanad 

Makkiyad 
11°43'30.50"N, 
75°54'18.00"E 

Semi-
evergreen 
forest, 
grassland 

September, 
2022 

8 Thirunelly 
11°54'43.08"N, 
75°59'40.30"E 

Tropical 
evergreen 
forest 

September, 
2022 

9 Valat 
11°47'52.13"N, 
75°54'27.01"E 

Plantation 
(banana, 
coffee) 

April, 
2022 

10 Vythiri 
11°31'04.27"N, 
76°02'44.96"E 

Tropical 
evergreen 
forest 

July, 2023 

11 

Kozhikode 

Beypore 
11°11'26.92"N, 
75°47'38.62"E 

Mangroves 
November, 

2022 

12 Kadalundy 
11°07'40.59"N, 
75°49'48.43"E 

Mangroves 
November, 

2022 

13 Kakkayam 
11°32'55.68"N, 
75°55'45.85"E 

Tropical 
evergreen 
forest, moist 
deciduous 
forest 

December, 
2021 

14 Peruvannamuzhi 
11°36'16.74"N, 
75°49'10.22"E 

Tropical 
evergreen 
forest, riparian 
forest 

December, 
2021 

15 

Malappuram 

Biyyam 
10°51'35.08"N, 
75°59'43.22"E 

Mangroves, 
coastal area 

August, 
2022 

16 
Chungathura, 
Nilambur 

11°18'52.68"N, 
76°15'05.26"E 

Plantation 
(teak) 

December, 
2023 

17 Kakkadampoyil 
11°22'58.51"N, 
76°06'07.00"E 

Grassland 
December, 

2023 
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18 Karmipuzha WLS 
11°17'9.18"N, 
76°19'4.88"E 

Semi-
evergreen 
forest 

December, 
2023 

19 

Palakkad 

Attapady 
11°03'47.83"N, 
76°34'09.45"E 

Tropical 
evergreen 
forest 

July, 2022 

20 Mannarkkad 
10°58'53.69"N, 
76°28'28.69"E 

Plantations 
(cashew, 
banana) 

January, 
2022 

21 Shiruvani Dam 
10°58'35.85"N, 
76°38'23.89"E 

Tropical 
evergreen 
forest, riparian 
forest 

January, 
2024 

22 Singapara 
10°58'41.07"N, 
76°36'34.05"E 

Tropical 
evergreen 
forest, riparian 
forest 

January, 
2024 

23 

Thrissur 

Athirappilly 
10°17'27.17"N, 
76°34'02.69"E 

Tropical 
evergreen 
forest 

August, 
2021 & 
August, 

2023 

24 Chettuva 
10°30'24.38"N, 
76°02'25.57"E 

Mangroves, 
coastal area 

May, 2023 

25 Guruvayoor 
10°35'9.20"N, 
76° 2'14.70"E 

Mangroves 
August, 

2023 

26 Pattathipara 
10°34'35.85"N, 
76°18'34.59"E 

Plantation 
(rubber) 

August, 
2023 

27 Peechi 
10°31'51.48"N, 
76°22'17.68"E 

Tropical 
evergreen 
forest, man-
made garden 

December, 
2024 

28 Pullu 
10°27'55.40"N, 
76°09'13.92"E 

Kole wetland 

August, 
2021 & 

February, 
2022 

29 

Ernakulam 

Iringol kavu 
10°06'30.31"N, 
76°30'01.95"E 

Lowland 
evergreen 
forest 

April, 
2024 

30 Kumbalangi 
9°52'29.52"N, 
76°16'57.42"E 

Mangroves 
October, 

2024 

31 
Mangalavanam 
BS 

9°59'14.70"N, 
76°16'28.41"E 

Mangroves July, 2023 

32 Thattekad BS 
10°07'56.70"N, 
76°41'15.81"E 

Tropical 
evergreen 
forest, moist 
deciduous 
forest 

February, 
2023 

33 
CUMI, 
Carborundum 
Universal Limited 

10°02'40.29"N, 
76°18'25.43"E 

Plantation 
(teak), 
scrubland 

October, 
2022 

34 Idukki Chinnar WLS 
10°21'11.65"N, 
77°13'13.47"E 

Dry deciduous 
forest, riparian 
forest 

February, 
2024 
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35 Eravikulam N P 
10°08'41.14"N, 
77°02'05.34"E 

Montane 
forest, 
grassland 

October, 
2021 

36 Kanthaloor 
10°12'48.44"N, 
77°13'33.18"E 

Plantation (tea, 
coffee) 

February, 
2024 

37 Anakulam 
 10° 9'56.71"N, 
76°54'50.81"E 

Riparian forest 
April, 
2024 

38 

Kottayam 

Erattupetta 
9°40'52.95"N, 
76°46'08.15"E 

Plantations 
(rubber) 

August, 
2022 

39 Illikal kallu 
09°45'19.74"N, 
76°49'13.26"E 

Grassland 
August, 

2022 

40 Kumarakom 
9°36'48.30"N, 
76°26'02.77"E 

Mangrove, 
paddy field 

November, 
2024 

41 

Alappuzha 

Karumadi 
9°22'35.33"N, 
76°23'07.81"E 

Paddy field 
March, 
2023 

42 Kavalam 
9°29'01.89"N, 
76°27'55.51"E 

Paddy field 
March, 
2023 

43 
Pathiramanal 
island 

9°37'10.29"N, 
76°23'01.26"E 

Mangroves, 
semi-evergreen 

October, 
2021 & 
March, 
2023 

44 Thottapilly 
9°18'46.58"N, 
76°23'07.21"E 

Mangroves 
March, 
2023 

45 

Pathanamthitta 

Laha 
9°22'25.80"N, 
76°53'35.20"E 

Grassland May, 2024 

46 Maniyar 
9°19'51.09"N, 
76°52'42.73"E 

Tropical 
evergreen 

May, 2024 

47 Ranni 
9°21'49.33"N, 
76°46'41.94"E 

Plantation 
(rubber) 

May, 2024 

48 

Kollam 

Ayiramthengu 
9°07'30.22"N, 
76°28'45.28"E 

Mangroves May, 2023 

49 
Kulathupuzha, 
Thenamala 

8°55'32.18"N, 
77°03'55. 15"E 

Riparian forest May, 2023 

50 
Ottakal, 
Thenmala 

8°59'06.3"N, 
77°02'45.3"E 

Tropical 
evergreen 
forest 

May, 2023 

51 
Shenduruney 
WLS 

8°52'27.15"N, 
77°11'30.62"E 

Tropical 
evergreen and 
semi-evergreen 
forest 

May, 2023 

52 

Thiruvananthapuram 

Kappukad 
8°33'42.1"N, 
77°10'06.8"E 

Tropical 
evergreen, 
deciduous 
forest 

December, 
2022 

53 
Neyyar Wildlife 
Sanctuary 

8°31'34.2"N, 
77°09'44.5"E 

Tropical 
evergreen 

December, 
2022 

54 Poovar 
8°19'03.15"N, 
77°04'21.94"E 

Mangroves 
December, 

2022 
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Figure 3.2.a. Various habitats from which the collection of specimens is done: (A) Tropical 
evergreen forest, (B) Dry deciduous forest, (C) Mangrove, (D) Kole wetland, (E) Riparian forest, 
(F) Semi-evergreen forest, (G) Grassland 
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Figure 3.2.b. Various habitats from which the collection of specimens is done: (H) Banana 
plantation, (I) Teak plantation, (J) Coffee plantation, (K) Rubber plantation, (L) Tea plantation 
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3.1.3. Sampling period: The sampling was done over 42 months (July 2021 – December 2024). 

Each site was visited once, except a few required additional visits for further collection or 

analysis (Table 3.1). Specimen collection was carried out twice a day, during morning (6.00 a.m. 

to 12.00 p.m.) and evening (5.00 p.m. to 8.00 p.m.). Sampling was conducted actively 

throughout the year, except during June and July, due to the monsoon. 

3.1.4. Specimen collection methods: Compared to other active spider families, araneids are 

sedentary and only move actively upon encountering an attack. They build orb webs and either 

occupy the hub or rest in a retreat associated with the web. Hence, capturing araneids includes 

spotting the orb webs and actively searching the premises of the web. Depending only on a 

particular collection method will not be effective as variations in the sampling sites exist, hence, 

a combination of the following methods was used.  

a. Visual searching and hand collection: The most appropriate method to collect araneids 

that exist within 1-3 meters from the ground is to search visually and collect them by hand 

(Coddington et al., 1991). A soft paintbrush or blunt-ended forceps were used to gently tap 

the specimen into the collecting bottles (Sebastian & Peter, 2009). This method was used in 

all kinds of habitats (Figure 3.3 A). 

b. Beating and shaking: This method can be employed in habitats with complex bushes, 

shrubs, and small trees. It involves beating the branches with a strong twig or vigorous 

shaking. This led to the dislodging of the spiders into a white plastic or cotton sheet placed 

below the shaken plant, followed by a thorough inspection for any fallen araneids, which 

will be captured with collection vials (Figure 3.3 B). 

c. Using the sweep net: Using a sweep net is ideal for collecting the araneids inhabiting the 

grasslands and agroecosystems. In this simple procedure, a sweep net of respective length, 

made of heavy fabric, is swept back and forth through the vegetation. This results in the 

trapping of spiders (Figure 3.3 C). 
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d. Litter collection: Certain araneids lay their egg in leaf litter or rotting twigs and barks near 

the ground (Kuntner et al., 2009). Hence, considering litters during the collection of araneids 

is essential. Ground litter samples were collected and spread on a white plastic or cotton 

sheet, followed by sorting the litter along with a thorough search for the spider and capturing 

it before its escape. It is a time-consuming process and is applicable in any habitat that 

yields a good amount of litter (Figure 3.3 D). 

 

Figure 3.3. Different collection methods used for sampling: (A) Visual searching 
on vegetation, (B) Beating and shaking vegetation onto a collecting sheet, (C) 
Sweeping through grasses with a sweep net, (D) Litter collection and sorting. 

3.1.5. Specimen documentation: Certain details were noted on site, including the locality, 

habitat features, web features, and other notable observations. Later, these details were 

elaborated and entered into the files for proper documentation. The photographs of certain live 

araneids were taken in the field, and some others were brought to the lab alive. Equipment used 

to capture live images includes Canon EOS 1300D (W), Canon EF-S 55-250mm Zoom lens, 
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Canon EF-S 18-55mm Zoom lens, and Canon EF 100mm f/2.8L IS USM Macro lens. The 

images were further processed in Adobe Photoshop CS 2020. 

3.1.6. Specimen preservation and storage: After capturing, the specimens were transferred into 

labelled plastic vials, containing either 70% or 100% ethanol, in which they were stored. 

Usually, 5 - 6 specimens of a species were collected. 50% of the specimens were transferred to 

70% ethanol for morphological examination, and the rest to 100% ethanol for DNA isolation. 

However, for rare species, the entire specimens will be stored in 100% ethanol. After being 

brought to the lab, the specimens for morphological examination were provisionally identified, 

catalogued and stored in a closed rack for a detailed examination. These storage bottles were 

regularly checked for damage, and refilling of the ethanol was done to prevent drying up. 

Specimens for the DNA extraction were also provisionally identified, catalogued, and stored at -

20°C until the molecular process began. 

3.1.7. Morphological examination and identification: Detailed morphological examination of 

each specimen was done to reveal its taxonomic identity. The major equipment used for this was 

a Leica M205C stereomicroscope (Figure 3.4). Microscopic photographs of the morphological 

features and genitalia were captured using a Leica DMC4500 digital camera attached to Leica 

M205C stereomicroscope along with the software package Leica Application Suite (LAS) 

Windows version 4.3.0. All measurements were recorded in millimetres (mm). 

 

Figure 3.4. Leica M205C stereomicroscope attached with Leica DMC4500 digital camera. 
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Genitalia were dissected out and cleared in 10% potassium hydroxide (KOH) solution. As 

the epigyne of araneids are heavily sclerotised, heating the KOH solution was a required step, in 

the case of certain specimens. Species confirmation was done using various keys (Tikader, 1982; 

Barrion & Litsinger, 1995; Yin et al., 1997; Levi, 2002; Tanikawa, 2009). Most of all, the 

literatures were accessed from the WSC (2025). The species identity of certain specimens has 

not been revealed due to various reasons, such as damaged specimens and genitalia, lack of 

proper literature, etc. 

All the examined specimens were deposited in the Centre for Animal Taxonomy and 

Ecology (CATE) reference collections, Department of Zoology, Christ College (Autonomous), 

Irinjalakuda, Kerala, India. 

3.1.8. Figures, illustrations and maps: All figures, illustrations and maps included in this thesis 

were originally developed as part of the present study. Microscopic images and photographs 

were captured as mentioned in sections 3.1.7. and 3.1.5., respectively. All images were processed 

in Adobe Photoshop 2020 (Adobe Inc., 2020). The illustrations were made using the online 

platform draw.io version 26.2.14. (JGraph Ltd., 2023). All maps presented were generated using 

ArcGIS version 10.8 (Esri, 2020). 

3.2. Molecular analysis 

This section describes the molecular laboratory protocols followed to generate genetic data from 

the collected specimens. Steps from genomic DNA extraction and quality assessment to the 

amplification and sequencing of selected genetic markers are detailed below.  

3.2.1. Genomic DNA extraction: Genomic DNA from specimens stored at -20°C was isolated 

using the DNeasy Blood and Tissue Kit (Qiagen), following the spin column purification 

protocol. To minimise contamination, legs from one side of the spider’s body, including the coxal 

segments, were used for DNA isolation; however, for smaller specimens, the entire body was 

utilised. The tissue was lysed completely, and the released DNA was allowed to bound to spin 
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columns, which were subsequently washed and eluted. All molecular procedures were conducted 

using the laboratory facilities at Marigenome, Ernakulam, Kerala. The detailed steps followed 

for DNA extraction are described below. 

 The legs from one side of the specimen were dissected out and placed on a sterile glass 

slide, allowing the evaporation of ethanol. 25 mg of the tissue was weighed and transferred 

into a sterile pre-cooled mortar. To enhance the lysis, the tissue was ground thoroughly along 

with 180 µl Buffer ATL. The whole contents were pipetted out into a sterile 2.0 ml 

microcentrifuge tube. 

 Added 20 µl Proteinase K, followed by vortexing (Figure 3.5 A) for 10-15 seconds. The 

microcentrifuge tube was incubated at 56°C for complete lysis of the tissue (around 2.5 to 3 

hours) in a water bath (Figure 3.5 B). During the incubation period, the tube was taken out 

and vortexed (Figure 3.5 A) occasionally. 

 After incubation, 200 µl Buffer AL was added to the mixture, followed by a thorough 

vortexing (Figure 3.5 A) for 10-15 seconds. Added 200 µl ethanol (96–100%) and vortexed 

(Figure 3.5 A) again. 

 The entire mixture was carefully pipetted into the DNeasy Mini spin column, placed in a 2 

ml collection tube, and subjected to centrifugation (Figure 3.5 C) at 8000 rpm for 1 minute. 

 Discarded the flowthrough, and the spin column was placed in a new 2 ml collection tube. 

500 µl Buffer AW1 was added to the spin column and again subjected to centrifugation 

(Figure 3.5 C) at 8000 rpm for 1 minute. 

 Discarded the flowthrough, and the spin column was placed in a new collection tube. 500 µl 

Buffer AW2 was added to the spin column. It was then kept for centrifugation (Figure 3.5 C) 

at 14,000 rpm for 3 minutes. Discarded the flowthrough, and the spin column was placed in 

a sterile 1.5 ml microcentrifuge tube for elution. 
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 Carefully added 100 µl Buffer AE to the centre of the spin column membrane and incubated 

at room temperature for 1 minute. It was then centrifuged (Figure 3.5 C) at 8000 rpm for 1 

minute.  The step was repeated for maximum DNA yield. 

 
Figure 3.5. Various instruments used during DNA extraction and amplification: A-G 
(Instrument, Model, Manufacturer). 
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3.2.2. DNA quantification: Assessing the quality and quantity of the extracted DNA is a crucial 

step, and UV spectrophotometry was used for this purpose. For this, 100 µl of the eluted DNA 

sample was transferred to a cuvette containing 1900 µl of distilled water. Similarly, a blank was 

prepared using 100 µl Buffer AE and 1900 µl of distilled water. The absorbance of the sample 

was measured at 260 nm and 280 nm using a UV spectrophotometer (Figure 3.5 G). The 

concentration of DNA was calculated using the formula: 

Concentration = Absorbance at 260 nm × 50 × Dilution factor 

 The ratio of absorbance at 260 nm to 280 nm was calculated to determine the DNA 

quality, with values between 1.7 and 2.0 considered indicative of good quality. Samples 

exhibiting ratios outside this range were discarded, and DNA isolation was repeated. 

3.2.3. Selection of genetic markers: In the present study, fragments of two loci, mitochondrial 

cytochrome oxidase subunit I (COI) and nuclear histone 3 (H3), were used for species 

confirmation and phylogenetic analysis. COI is widely accepted as the primary marker for the 

identification of animals (Hebert et al., 2003a) and has proved its potential in spider species 

identitification, including cryptic groups (Barrett & Hebert, 2005; Coddington et al., 2016, 

Spasojevic et al., 2016; Wang et al., 2018; Tan et al., 2019b). 

The H3 gene has been used in DNA barcoding since the proposal of the H3 barcode 

hypothesis (Hake & Allis, 2006), and it has been applied in spider taxonomy and phylogenetics 

(Dimitrov et al., 2017; Kallal & Hormiga, 2018b; Tan, 2018; Scharff et al., 2020). The 

availability of reference sequences in public databases such as GenBank and BOLD further 

supported the selection of these markers. 

Even though the initial plan was to include additional markers, such as 16S rRNA 

(mitochondrial), 28S rDNA (nuclear), and 18S rDNA (nuclear), the unavailability of reference 

sequences and certain practical constraints ultimately led to the selection of COI and H3. 



Chapter 3. METHODOLOGY  Ph.D. Thesis           
 

Page | 68 
 

3.2.4. PCR amplification of target markers: The selected markers were amplified from the 

extracted DNA sample using the principles of Polymerase Chain Reaction (PCR) (Figure 3.5 D). 

Each PCR reaction was performed in a total volume of 25 µl, including 12.5 µl Takara Emerald 

Green 2X PCR master mix, 1 µl forward primer, 1 µl reverse primer, 4 µl template DNA and 6.5 

µl distilled water. For COI amplification, the forward primer LCO1490 was paired with different 

reverse primers, HCO 2198, chelicerate-R1, and chelicerate-R2 (Table 3.2). For H3 

amplification, the forward primer, H3aF, and reverse primer, H3aR, were used (Table 3.2). 

 

 

Table 3.2. Primer sequences used for COI and H3 amplification 

Marker Primer Sequence Reference 

COI 

LCO1490 5’-GGTCAACAAATCATAAAGATATTGG-3’ 
Folmer et al. 

(1994) 

HCO2198 5’-TAAACTTCAGGGTGACCAAAAAATCA-3’ 
Folmer et al. 

(1994) 
chelicerate-

R1 
5’-CCTCCTCCTGAAGGGTCAAAAAATGA-3’ 

Barret & 
Hebert (2005) 

chelicerate-
R2 

5’-GGATGGCCAAAAAATCAAAATAAATG-3’ 
Barret & 

Hebert (2005) 

H3 
H3aF 5’-ATGGCTCGTACCAAGCAGACVGC-3’ 

Colgan et al. 
(1998) 

H3aR 5’-ATATCCTTRGGCATRATRGTGAC-3’ 
Colgan et al. 

(1998) 
 

  A standardised thermal profile was utilised for the amplification of both COI and H3 

(Table 3.3), however, for the samples that failed to amplify, a touch-up step was introduced to 

enhance amplification efficiency (Cheng & Kunter, 2014). Primer sequences and thermal profiles 

for each sample are detailed below (Tables 3.4 & 3.5). 
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Table 3.3. Thermal regimes used for the amplification process 

PCR pI 

Initial denaturation at 94°C for 5 min, followed by 35 cycles of 45 sec 
denaturation at 94°C, 45 sec annealing with a gradient from 45°C to 50°C and 
45 sec extension at 72 °C with a final extension of 5 min at 72 °C and cooling 
to 4°C 

PCR pII 
(Cheng & 
Kuntner, 

2014) 

Initial denaturation at 94°C for 2 min followed by 20 cycles of touch-up 
amplification (50 sec denaturation at 94°C, 1 min annealing at 46–52°C, 50 sec 
extension at 72°C), followed by 15 cycles of 50 sec denaturation at 94°C, 1 min 
annealing at 52°C, 50 sec extension at 72°C, and a 7 min final extension at 
72°C 

PCR 
pIII 

Initial denaturation at 94°C for 5 min, followed by 35 cycles of 45 sec 
denaturation at 94°C, 45 sec annealing with a gradient from 47°C to 52°C and 
45 sec extension at 72 °C with a final extension of 5 min at 72 °C and cooling 
to 4°C 

 

Table 3.4. Primer pairs and temperature profiles for generating COI sequences 

Sl. No. Voucher specimen No. Forward primer Reverse Primer PCR profile 

1 ARAMP007 LCO1490 chelicerate-R2 PCR pII 

2 ARAMP008 LCO1490 chelicerate-R2 PCR pII 

3 ARAMP012 LCO1490 chelicerate-R2 PCR pII 

4 ARAMP015 LCO1490 HCO2198 PCR pII 

5 ARAMP016 LCO1490 HCO2198 PCR pII 

6 ARAMP017 LCO1490 HCO2198 PCR pI 

7 ARAMP018 LCO1490 HCO2198 PCR pI 

8 ARAMP019 LCO1490 chelicerate-R2 PCR pII 

9 ARAMP020 LCO1490 HCO2198 PCR pII 

10 ARAMP021 LCO1490 HCO2198 PCR pI 

11 ARAMP022 LCO1490 HCO2198 PCR pII 

12 ARAMP023 LCO1490 HCO2198 PCR pII 

13 ARAMP024 LCO1490 HCO2198 PCR pII 

14 ARAMP025 LCO1490 chelicerate-R2 PCR pII 

15 ARAMP026 LCO1490 HCO2198 PCR pII 

16 ARAMP027 LCO1490 HCO2198 PCR pI 

17 ARAMP028 LCO1490 HCO2198 PCR pI 

18 ARAMP029 LCO1490 HCO2198 PCR pII 

19 ARAMP030 LCO1490 chelicerate-R1 PCR pII 



Chapter 3. METHODOLOGY  Ph.D. Thesis           
 

Page | 70 
 

20 ARAMP031 LCO1490 HCO2198 PCR pII 

21 ARAMP032 LCO1490 chelicerate-R2 PCR pII 

22 ARAMP033 LCO1490 HCO2198 PCR pI 

23 ARAMP034 LCO1490 HCO2198 PCR pII 

24 ARAMP035 LCO1490 HCO2198 PCR pII 

25 ARAMP036 LCO1490 HCO2198 PCR pII 

26 ARAMP037 LCO1490 HCO2198 PCR pII 

27 ARAMP038 LCO1490 HCO2198 PCR pII 

28 ARAMP039 LCO1490 HCO2198 PCR pII 

29 ARAMP041 LCO1490 HCO2198 PCR pII 

30 ARAMP042 LCO1490 HCO2198 PCR pII 

31 ARAMP043 LCO1490 HCO2198 PCR pII 

32 ARAMP044 LCO1490 chelicerate-R2 PCR pII 

33 ARAMP045 LCO1490 HCO2198 PCR pII 

34 ARAMP046 LCO1490 HCO2198 PCR pII 

35 ARAMP047 LCO1490 HCO2198 PCR pII 

36 ARAMP048 LCO1490 HCO2198 PCR pII 

37 ARAMP049 LCO1490 HCO2198 PCR pII 

38 ARAMP050 LCO1490 HCO2198 PCR pII 

39 ARAMP051 LCO1490 HCO2198 PCR pII 

40 ARAMP052 LCO1490 HCO2198 PCR pII 

41 ARAMP053 LCO1490 chelicerate-R2 PCR pII 

42 ARAMP054 LCO1490 HCO2198 PCR pII 

43 ARAMP055 LCO1490 HCO2198 PCR pII 

44 ARAMP056 LCO1490 HCO2198 PCR pII 

45 ARAMP057 LCO1490 HCO2198 PCR pII 

46 ARAMP058 LCO1490 chelicerate-R2 PCR pII 

47 ARAMP060 LCO1490 chelicerate-R2 PCR pII 

48 ARAMP061 LCO1490 chelicerate-R2 PCR pII 

49 ARAMP063 LCO1490 chelicerate-R2 PCR pII 

50 ARAMP065 LCO1490 chelicerate-R2 PCR pII 

51 ARAMP066 LCO1490 chelicerate-R2 PCR pII 

52 ARAMP067 LCO1490 HCO2198 PCR pII 

53 ARAMP068 LCO1490 HCO2198 PCR pII 

54 ARAMP069 LCO1490 HCO2198 PCR pII 
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55 ARAMP070 LCO1490 HCO2198 PCR pII 

56 ARAMP071 LCO1490 chelicerate-R1 PCR pII 

57 ARAMP073 LCO1490 chelicerate-R1 PCR pII 

58 ARAMP074 LCO1490 chelicerate-R1 PCR pII 

59 ARAMP075 LCO1490 chelicerate-R1 PCR pII 

60 ARAMP076 LCO1490 chelicerate-R1 PCR pII 

61 ARAMP077 LCO1490 HCO2198 PCR pII 

62 ARAMP078 LCO1490 HCO2198 PCR pII 

63 ARAMP079 LCO1490 HCO2198 PCR pII 

64 ARAMP080 LCO1490 chelicerate-R2 PCR pII 

65 ARAMP082 LCO1490 chelicerate-R2 PCR pII 

66 ARAMP083 LCO1490 chelicerate-R2 PCR pII 

67 ARAMP084 LCO1490 HCO2198 PCR pII 

68 ARAMP085 LCO1490 chelicerate-R1 PCR pII 

69 ARAMP086 LCO1490 chelicerate-R1 PCR pII 

70 ARAMP087 LCO1490 chelicerate-R2 PCR pII 

71 ARAMP088 LCO1490 chelicerate-R2 PCR pII 

72 ARAMP089 LCO1490 chelicerate-R2 PCR pII 

73 ARAMP090 LCO1490 chelicerate-R2 PCR pII 

74 ARAMP091 LCO1490 HCO2198 PCR pII 

75 ARAMP092 LCO1490 chelicerate-R2 PCR pII 

76 ARAMP093 LCO1490 chelicerate-R1 PCR pII 

77 ARAMP095 LCO1490 chelicerate-R2 PCR pII 

78 ARAMP096 LCO1490 chelicerate-R2 PCR pII 

 

Table 3.5. Primer pairs and temperature profiles for generating H3 sequences 

Sl. No. Voucher specimen No. Forward primer Reverse Primer PCR profile 

1 ARAMP007 H3aF H3aR PCR pIII 

2 ARAMP008 H3aF H3aR PCR pIII 

3 ARAMP012 H3aF H3aR PCR pIII 

4 ARAMP015 H3aF H3aR PCR pIII 

5 ARAMP016 H3aF H3aR PCR pIII 

6 ARAMP017 H3aF H3aR PCR pIII 

7 ARAMP018 H3aF H3aR PCR pIII 

8 ARAMP019 H3aF H3aR PCR pIII 
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9 ARAMP020 H3aF H3aR PCR pIII 

10 ARAMP021 H3aF H3aR PCR pIII 

11 ARAMP022 H3aF H3aR PCR pIII 

12 ARAMP023 H3aF H3aR PCR pIII 

13 ARAMP024 H3aF H3aR PCR pIII 

14 ARAMP025 H3aF H3aR PCR pIII 

15 ARAMP026 H3aF H3aR PCR pIII 

16 ARAMP027 H3aF H3aR PCR pIII 

17 ARAMP028 H3aF H3aR PCR pIII 

18 ARAMP032 H3aF H3aR PCR pIII 

19 ARAMP034 H3aF H3aR PCR pIII 

20 ARAMP043 H3aF H3aR PCR pIII 

21 ARAMP049 H3aF H3aR PCR pIII 

22 ARAMP052 H3aF H3aR PCR pIII 

23 ARAMP054 H3aF H3aR PCR pIII 

24 ARAMP060 H3aF H3aR PCR pIII 

25 ARAMP061 H3aF H3aR PCR pIII 

26 ARAMP067 H3aF H3aR PCR pIII 

27 ARAMP070 H3aF H3aR PCR pIII 

28 ARAMP078 H3aF H3aR PCR pIII 

29 ARAMP082 H3aF H3aR PCR pIII 

30 ARAMP084 H3aF H3aR PCR pIII 

31 ARAMP096 H3aF H3aR PCR pIII 

32 ARAMP097 H3aF H3aR PCR pIII 

33 ARAMP098 H3aF H3aR PCR pIII 

34 ARAMP099 H3aF H3aR PCR pIII 

 

3.2.5. Amplicon quality assessment: The PCR products were subjected to Agarose Gel 

Electrophoresis (AGE) (Figure 3.5 E). Electrophoresis has been an integral technique in 

molecular biology for separating molecules based on their charge and size, providing critical 

information about the integrity and quality. In the present study, 1.2% agarose gel was used. 

Following electrophoresis, the gels were visualised using a transilluminator (Figure 3.5 F). 
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Samples exhibiting intense bands upon staining with SYBR Green were selected for subsequent 

sequencing. 

3.2.6. DNA Sequencing: Purification of the PCR product and partial sequencing of the markers 

were done at GeneSpec, Kakkanad, Ernakulam, Kerala, which was an outsourced service. Partial 

sequencing of the markers was done based on Sanger Sequencing. 

3.2.7. Sequence processing and preliminary analysis: The Sanger sequencing results were 

reviewed before proceeding further. Each sequence was carefully examined for contamination, 

and any noise was manually corrected using BioEdit (Hall, 1999). Primary screening of these 

developed sequences was performed using BLAST (Altschul et al., 1990) by NCBI. Query 

coverage and percentage identity were used to confirm species identification. Since both genes 

are protein-coding, the sequences were translated to check for stop codons using the online tool 

provided by Expasy (Gasteiger et al., 2003). Finally, these validated sequences were submitted to 

the GenBank database at NCBI. 

3.3. Molecular data analysis 

This section outlines the analytical approaches towards the molecular dataset. The methods 

include genetic distance computation, phylogenetic tree construction using various algorithms, 

and divergence time estimation. The software and programs used for the analysis are also 

described. 

3.3.1. Genetic divergence analysis: The genetic divergence of the sequences of morphologically 

challenging specimens was assessed by calculating the pairwise genetic distance (Nei, 1979). 

Pairwise genetic distance quantifies genetic divergence by measuring the differences in base 

pairs between sequences. COI sequences from the concerned specimens were selected, and their 

homologous sequences were retrieved from GenBank, followed by multiple sequence alignment 

in ClustalX (Thompson et al., 1997). Gaps were trimmed using MEGA11 (Tamura et al., 2021). 

After confirming the quality with Gblocks (Castresana, 2000), the best-fit nucleotide substitution 
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model for the alignment was determined and the calculation of pairwise genetic distance in 

MEGA11 (Tamura et al., 2021). The number of base substitutions per site between sequences 

was calculated using the K2P model (Kimura, 1980). 1st, 2nd, and 3rd codon positions were 

included, and all ambiguous positions were removed using the pairwise deletion option. 

3.3.2. Phylogenetic reconstruction: Phylogenetic analysis of the araneids in Kerala was done 

based on the molecular data obtained from the partial sequencing of two genes, COI and H3, 

through this study. To understand the phylogenetic relationships of araneids in Oriental and 

Palearctic regions, sequences were retrieved from GenBank (Table S1). For the phylogenetic 

analysis, two species (Leucauge decorata and Leucauge fastigata) belonging to the family 

Tetragnathidae were used as the outgroups, as they show a sister relationship with the family 

Araneidae. Both gene trees and trees based on concatenated sequences were reconstructed. Steps 

for phylogenetic reconstruction are illustrated in Figure 3.6. To analyse the phylogenetic 

relationships of araneids, four different methods were used: 

1. Neighbour Joining (NJ) (Saitou & Nei, 1987): A stepwise clustering method that uses a 

distance matrix. 

This method sequentially finds and connects the possible operational taxonomic unit (OTU) 

pairs connected by a common node, and finally joins those pairs with the shortest internal 

branch, thus providing the shortest possible tree. Ease, speed and computational efficiency 

made this method popular over other distance-based phylogenetic methods. However, its 

accuracy may be compromised in complex evolutionary scenarios, and the assumption of 

equal evolutionary rates can affect its reliability. NJ analysis was conducted using MEGA11 

(Tamura et al., 2021) in the study. 

2. Maximum Parsimony (MP) (Fitch, 1971): An exhaustive search method based on character 

states. 

During the exhaustive search, the algorithm starts by considering an initial tree based on the 

input data, followed by inferring the character changes explaining all nodes. Similarly, all 
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possible topologies are analysed, and the topology with the minimum number of character 

changes will be the optimal tree. This method can be applied to both morphological and 

molecular data and does not assume a substitution model. However, this method is less 

reliable for highly variable sequences due to long-branch attraction, and it does not provide 

any statistical support for nodes. In the present study, MP analysis was done in MEGA11 

(Tamura et al., 2021). 

3. Maximum Likelihood (ML) (Felsenstein, 1981): An exhaustive search method using 

character states. 

The probability of each character in the ancestral nodes will be calculated by the algorithm 

and provide a likelihood score for the tree topology. After calculating the likelihood of all 

possible tree topologies, the algorithm chose the most likely tree as the best one. Unlike the 

MP method, this method requires a specific substitution model and provides statistical 

support through bootstrapping. Even though the method is time consuming and 

computationally intensive, the analysis can handle large data with different rates of 

evolution. In the present study, ML analysis was done using RAxML (Stamatakis, 2014). 

4. Bayesian Inference (BI) (Huelsenbeck & Ronquist, 2001): An exhaustive search method 

using character states. 

Based on the input data, the probability of a tree to be correct is calculated in this method. 

This method uses Bayes’ theorem, where the posterior probability of a tree topology is 

determined from the prior probability and likelihood. The analysis uses the Markov Chain 

Monte Carlo (MCMC) algorithm, and the results are statistically supported by posterior 

probability values. This method can handle more complex substitution models, and yield 

accurate and consistent trees. However, it is computationally intensive, and the results are 

dependent on the priors and models. MrBayes (Ronquist et al., 2012) was used to perform 

this analysis. 
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Figure 3.6. Illustration of the step-by-step procedure for the phylogenetic analysis. 

3.3.3. Divergence time estimation: The time-calibrated phylogenetic tree of araneids was 

reconstructed using BEAST (Bouckaert et al., 2019). For the estimation of divergence time, a 

partitioned dataset was used, which includes the sequences developed in the current study and 

those retrieved from GenBank. The analysis used a Bayesian MCMC approach. The XML file 

was generated using the BEAUti utility within the software package. Details of the models and 

priors used are given along with the results. Two calibration points were applied (Table 3.6). 

Following the analysis, convergence was assessed in Tracer (Rambaut et al., 2018), and the final 

tree was visualised using FigTree (Rambaut, 2012). 

Table 3.6. Molecular clock calibration points for araneids 

Si. No Calibration point (C) Period Placement in the tree 

1 Mesozygiella dunlopi (C1) 115 – 121 Mya 
Assigned to the root of the tree as it 
is considered the stem araneoid 
(Magalhaes et al., 2020) 

2 
Palaeonephila dilitans 
(C2) 

43 – 47.8 Mya 
Assigned to entire nephilines as it is 
considered the stem Nephilinae 
(Magalhaes et al., 2020) 
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3.3.4. Software and computational tools: 

Basic Local Alignment Search Tool (BLAST) (Altschul et al., 1990): BLAST is an online 

program developed by NCBI to perform similarity searches on sequence data. It helps to find the 

highest-scoring optimal local alignments with the query sequence. BLAST, specifically 

BLASTn, was utilised for the preliminary identification of sequences, thereby confirming 

taxonomic identity and identifying homologous sequences for downstream analysis. 

BEAST version 2.7.7 (Bouckaert et al., 2019): Bayesian Evolutionary Analysis Sampling Trees 

(BEAST) is a software package developed for Bayesian phylogenetic analysis. This software is 

particularly significant for evolutionary time estimates. The software allows the user to 

incorporate fossil calibrations, select the clock model, and change prior distributions. Different 

applications in this software package, such as Tree Annotator, BEAUti, DensiTree, etc., make the 

user experience user-friendly. In the present study, divergence time estimations were performed 

using BEAST. 

BioEdit version 7.7.1 (Hall, 1999): This freely available program serves as the biological 

sequence alignment editor. It is the primary application for viewing, editing and aligning the 

molecular data. In the present study, it was used to analyse the raw sequence data and enhance its 

quality by checking for contamination and editing the noise. 

ClustalX version 1.81 (Thompson et al., 1997): This is the graphical interface of the widely used 

alignment tool, ClustalW. The software can take nucleotide and amino acid sequences for 

multiple sequence alignment using a progressive approach. Downweighing the sequences and 

adjusting the weight matrix according to closeness between the sequences enables the software 

to produce more accurate alignments. Multiple sequence alignment for the analysis was done by 

ClustalX. 

ExPASy Translate Tool (Gasteiger et al., 2003): This is an online tool used to translate 

nucleotide sequences into amino acid sequences. The tool was developed by the Swiss Institute 
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of Bioinformatics (SIB). The tool checks the functional coding regions without frameshifts or 

stop codons by translating the sequence. In the present study, this tool was used to check the stop 

codons and validate the sequences. 

FigTree version 1.4.4 (Rambaut, 2012): This program helps to visualise the phylogenetic trees 

created from different phylogenetic software. The user-friendly graphical interface of this 

program allows the user to modify different the tree components such as rooting positions, node 

labels, tip labels etc. All trees reconstructed in this study were visualised and edited using 

FigTree. 

Gblocks version 0.91b (Castresana, 2000): It is a program to improve the quality of the multiple 

sequence alignment by removing poorly aligned positions and highly divergent regions of the 

sequences. Since it has a high processing speed, it is very suitable for large datasets. The 

program divides the entire multiple sequence alignment into several blocks and carefully checks 

for gaps and highly varying regions. This program was used to remove the positions that were 

not aligned perfectly, thereby ensuring only conserved regions were used for the phylogenetic 

analysis.  

GenBank (Benson et al., 2013): GenBank is a publicly available database of nucleotide 

sequences and provide data such as mRNA with coding regions, genomic DNA segments, and 

ribosomal RNA genes, with their associated protein translations. The database is maintained by 

NCBI and serves as the central repository for genetic sequences submitted by researchers 

worldwide, enhancing data sharing, comparison and retrieval. GenBank was employed to access 

the homologous sequences and to deposit the newly generated sequences in this study. 

jModelTest version 2.1.10 (Posada, 2008): The major function of this software is to find the 

best-fit nucleotide substitution model for a given alignment, which is an important prerequisite 

for phylogenetic analysis. Computing the likelihood of different evolutionary models gives the 

best fit through a statistical criterion such as the Akaike Information Criterion (AIC) and 
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Bayesian Information Criterion (BIC). Evolutionary model selection for ML analysis, BI, and 

divergence time estimation was done using this program. 

MEGA version 11.0.13 (Tamura et al., 2021): Molecular Evolutionary Genetics Analysis is a 

comprehensive software package developed for performing molecular evolutionary analyses and 

constructing phylogenetic trees. This was the primary software employed as it was used for the 

multiple sequence alignment checking, model selection for preliminary trees, calculation of 

pairwise genetic distance and construction of phylogenetic trees using NJ and MP methods. 

Mesquite version 3.80 (Maddison & Maddison, 2023): Mesquite is a modular software 

developed to support phylogenetic analysis, population genetics and non-phylogenetic 

multivariate analysis. This software helps the biologist to visualise, format, organise and analyse 

the character matrices. This software was utilised to generate different formats of the input files 

compatible with different phylogenetic analyses. 

MrBayes version 3.2.7a (Ronquist et al., 2012): This widely accepted software is used for 

Bayesian phylogenetic analysis. MrBayes uses the MCMC approach to compute the posterior 

probabilities. It can handle large datasets and allows the user to apply different, even complex, 

evolutionary models that best fit the data, including partitioned data. In the present study, 

MrBayes was employed to infer phylogenetic relationships using the BI approach. 

RAxML version 1.5 b1 (Stamatakis, 2014): Randomized Axelerated Maximum Likelihood 

(RAxML) is a high-performance program used to construct phylogenetic trees through the ML 

approach.  With an effective algorithm and parallel processing, the program analyse large 

datasets. Due to its capability in building accurate phylogenetic trees, this software was selected 

to conduct the ML analysis. 

SequenceMatrix version 1.6.7 (Vaidya et al., 2011): This program is very useful while using the 

concatenated dataset. The program combines multiple sequence alignments of different genes 

and generate a single alignment. The program can generate output files compatible with major 
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phylogenetic software like BEAST, MrBayes, and RAxML. This program was utilised to 

concatenate the alignments and to partition the data. 

Tracer version 1.7.2 (Rambaut et al., 2018): This graphical tool is used along with the Bayesian 

phylogenetic analysis, which enables the visualisation of the convergence of MCMC runs. This 

tool accept input files generated from different software, such as MrBayes, BEAST, RevBayes, 

etc. In the present study, Tracer helped to validate the reliability of Bayesian phylogenetic 

analyses by assessing the convergence and effective sample size. 



 

CHAPTER 4 

RESULTS 
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“What we observe is not nature itself, but nature exposed to our method of questioning” 

- Werner Heisenberg 

The results section of a thesis is a crucial part of the whole research process. By systematically 

presenting the findings, this section provides a foundation for further interpretation and analysis, 

thereby enhancing the validity of the study. This section presents the key findings of the current 

study. 

The section begins with the morphological characterisation of different genera in the 

family Araneidae, followed by a checklist of araneids found in Kerala. Subsequent sections 

include the key findings from barcoding, phylogenetic analysis and divergence time analysis. 

4.1. Checklist of family Araneidae in Kerala 

From the field study spanning 42 months (July 2021 – December 2024), in fourteen districts of 

Kerala, a total of 735 specimens were collected. After thorough morphological examinations, 59 

species from 23 genera (Table 4.1.1) belonging to the family Araneidae were identified. The 

species-level identity of 80.1% of the collected specimens was successfully determined (Figure 

4.1.1). Genus-level identification was achieved for 18% of specimens, while the remaining 

specimens could only be identified to the family level. This limitation was primarily due to the 

subadult condition of the specimen or damage to the specimen. 

Eleven species were found to be very common in Kerala through this study, while seven 

species were rarely seen (Table 4.1.2). This categorization is based only on field observations, 

with species frequently encountered across sampling sites considered common, and those 

recorded only once classified as rare. A larger number of species were recorded from the genus 

Neoscona, followed by Cyclosa. Of the total genera identified, 16 are represented by single 

species (Figure 4.1.2). 
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Figure 4.1.1. Pie chart showing the proportion of araneid specimens identified to different 
taxonomic levels in the current study (total number = 735). 

 

 

Figure 4.1.2. Bar graph representing the number of species identified from each genus. 
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Table 4.1.1. Checklist of araneids in Kerala 

Sl. 
No. 

Genus 
Sl. 
No. 

Species 

1 Acusilas 1 Acusilas coccineus Simon, 1895 

2 Anepsion 2 Anepsion maritatum (O. Pickard-Cambridge, 1877) 

3 Arachnura 3 Arachnura melanura Simon, 1867 

4 Araneus 
4 Araneus tubabdominus Zhu & Zhang, 1993 

5 Araneus sp. 1 

5 Argiope 

6 Argiope aemula (Walckenaer, 1841) 

7 Argiope anasuja Thorell, 1887 

8 Argiope catenulata (Doleschall, 1859) 

9 Argiope pulchella Thorell, 1881 

10 Argiope versicolor (Doleschall, 1859) 

6 Bijoaraneus 11 Bijoaraneus mitificus (Simon, 1886) 

7 Chorizopesoides 12 Chorizopesoides orientalis (Simon, 1909) 

8 Cyclosa 

13 Cyclosa bifida (Doleschall, 1859) 

14 Cyclosa confraga (Thorell, 1893) 

15 Cyclosa hexatuberculata Tikader, 1982  

16 Cyclosa mulmeinensis (Thorell, 1887) 

17 Cyclosa purnai Keswani, 2013 

18 Cyclosa quinqueguttata (Thorell, 1881) 

19 Cyclosa spirifera Simon, 1889 

20 Cyclosa sp. 1 

21 Cyclosa sp. 2 

22 Cyclosa sp. 3 

23 Cyclosa sp. 4 

9 Cyrtophora 

24 Cyrtophora cicatrosa (Stoliczka, 1869) 

25 Cyrtophora moluccensis (Doleschall, 1857) 

26 Cyrtophora unicolor (Doleschall, 1857) 

10 Eriovixia 

27 Eriovixia excelsa (Simon, 1889) 

28 
Eriovixia gryffindori Ahmed, Khalap & Sumukha, 
2016 

29 Eriovixia laglaizei (Simon, 1877) 

30 Eriovixia poonaensis (Tikader & Bal, 1981) 
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31 Eriovixia sakiedaorum Tanikawa, 1999 

32 Eriovixia sp. 1 

33 Eriovixia sp. 2 

34 Eriovixia sp. 3 

11 Gasteracantha 
35 Gasteracantha dalyi Pocock, 1900 

36 Gasteracantha geminata (Fabricius, 1798)  

12 Gea 37 Gea spinipes C. L. Koch, 1843 

13 Herennia 38 Herennia multipuncta (Doleschall, 1859) 

14 Leviaraneus 39 Leviaraneus viridiventris (Yaginuma, 1969) 

15 Macracantha 40 Macracantha hasselti (C. L. Koch, 1837) 

16 Neoscona 

41 Neoscona bengalensis Tikader & Bal, 1981 

42 Neoscona elliptica Tikader & Bal, 1981 

43 Neoscona nautica (L. Koch, 1875) 

44 Neoscona panchganiensis Tikader & Bal, 1981 

45 Neoscona punctigera (Doleschall, 1857) 

46 Neoscona theisi (Walckenaer, 1841)  

47 Neoscona usbonga Barrion & Litsinger, 1995 

48 Neoscona vigilans (Blackwall, 1865)  

49 Neoscona yptinika Barrion & Litsinger, 1995 

50 Neoscona sp. 1 

51 Neoscona sp. 2 

52 Neoscona sp. 3 

17 Nephila 53 Nephila pilipes (Fabricius, 1793)  

18 Nephilengys 54 Nephilengys malabarensis (Walckenaer, 1841) 

19 Paraplectana 55 Paraplectana sp. 

20 Parawixia 56 Parawixia dehaani (Doleschall, 1859) 

21 Plebs 57 Plebs mitratus (Simon, 1895) 

22 Poltys 58 Poltys columnaris Thorell, 1890 

23 Thelacantha 59 Thelacantha brevispina (Doleschall, 1857) 
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Table 4.1.2. Commonly and rarely found araneids in Kerala 

Commonly found araneids Rarely found araneids 

1. Anepsion maritatum (O. Pickard-

Cambridge, 1877) 

2. Argiope pulchella Thorell, 1881 

3. Cyclosa confraga (Thorell, 1893) 

4. Cyclosa hexatuberculata Tikader, 1982 

5. Cyclosa quinqueguttata (Thorell, 1881) 

6. Cyrtophora cicatrosa (Stoliczka, 1869) 

7. Eriovixia laglaizei (Simon, 1877) 

8. Eriovixia poonaensis (Tikader & Bal, 

1981) 

9. Gasteracantha geminata (Fabricius, 

1798) 

10. Neoscona nautica (L. Koch, 1875) 

11. Neoscona vigilans (Blackwall, 1865) 

1. Araneus tubabdominus Zhu & Zhang, 

1993 

2. Argiope versicolor (Doleschall, 1859) 

3. Chorizopesoides orientalis (Simon, 

1909) 

4. Eriovixia gryffindori Ahmed, Khalap 

& Sumukha, 2016 

5. Neoscona usbonga Barrion & 

Litsinger, 1995 

6. Neoscona yptinika Barrion & 

Litsinger, 1995 

7. Paraplectana sp. 

 

4.1.1. Identification key to the araneid genera found in Kerala 

1. Tarsus and metatarsus together longer than tibia and patella, straited cheliceral boss in both 

sexes …………………………………………………………………………................…. 2 

Tarsus and metatarsus together not longer than tibia and patella, non-straited cheliceral 

boss ………………………………………………………………………………………... 4 

2. Elongated abdomen, carapace humps present, epigyne without a conspicuous septum, long 

tapering embolic conductor, large orb webs between trees ……………………...… Nephila 

Abdomen otherwise, carapace humps absent, epigyne with distinguishing septum, large 

and sigmoidal embolic conductor, orb webs against substratum …………………...…….. 3 

3. Females with oval abdomen, four conspicuous brightly coloured spots on the ventrum, 

strong carapace spines, males with smooth embolus. Large orb webs built against the 

substratum in a single plane with silken tubular retreat above the 

orb……………………………………………………………………….…….. Nephilengys 
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Females with lobed abdomen and, warty carapace, males having an embolus with a 

conspicuous distal hook. Orb webs build against substrate in the plane of the substrate with 

the hub touching the substrate …..………………………………………....…….. Herennia 

4. Cephalic region highly elevated and abruptly slopes the thoracic region, spinnerets 

surrounded by black, elevated, sclerotised rings, hard abdomen with dorsal spines 

……………………………………………………………………………………………... 5 

Cephalic region otherwise, spinnerets not surrounded by sclerotised rings, abdomen not 

hard without dorsal spines …………………………………………………………...……. 7 

5. Ventral tubercle absent ……………………………………..………………... Macracantha 

Ventral tubercle present ………………………………………………………..…………. 6 

6. Three pairs of pointed, short or long dorsal spines, brightly coloured abdomen 

…………………………………………………..………………………...… Gasteracantha 

Three pairs of blunt-ended, very short dorsal spines on tubercles, a conspicuous pair of 

mid-dorsal white circular patches ……………………………….……..……... Thelacantha 

7. PE row procurved, arrangement of long, strong legs in X-shape during resting in the web, 

epigyne lacks scape but has a prominent septum ……………………..…………………... 8 

PE row straight or recurved, arrangement of legs otherwise during resting time, epigyne 

with scape ………………………………………………………………..……………...… 9 

8. PMEs are closer to each other than with PLEs, heavily sclerotised epigynum, non-

bifurcated MA …………………………………………………………..…........…. Argiope 

PMEs are placed at an equal distance as with PLEs, weakly sclerotised epigynum, 

bifurcated MA ……………………………………………………………………...…... Gea 

9. Abdomen wider than longer, conspicuous black patches over uniformly, brightly coloured, 

smooth abdominal dorsum ………………………………………………………….….... 10 

Abdomen longer than wide, without conspicuous black patches ……………………..…. 11 
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10. Highly elevated cephalic region, convex abdominal dorsum, prominent, wrinkled, 

narrowing scape ………………………………………………………..……….... Anepsion 

Slightly elevated cephalic region, highly convex abdominal dorsum, less conspicuous, very 

short scape-like depression on the anterior epigynal margin …………….….. Paraplectana 

11. Strongly convex carapace, three pairs of lateral abdominal tubercles and three vertically 

arranged caudal tubercles ………………………………………..…….…. Chorizopesoides 

Carapace may or may not be convex, abdominal and caudal tubercles may or may not be 

present ……………………………..…………………………………………….………. 12 

12. Pear-shaped carapace, anterior-most edge of the cephalic region protruded out, forming a 

prominent tubercle in which the MEs are located, LEs are pushed far from the ocular quad 

…………………………………………………………………..……………..……... Poltys 

Carapace otherwise, no protrusions from the cephalic region, LEs are not pushed far from 

the ocular quad ………………………………………………………………..……….… 13 

13. Abdominal dorsum with a pair of conspicuous shoulder tubercles, sometimes pointed and 

hard …………………………………………………………………………….…….…... 14 

Abdominal dorsum without conspicuous shoulder tubercles ………………..…….…….. 16 

14. Bifurcated anterior abdominal margin forming a pair of pointed shoulder tubercles, 

elongated posterior end with prominent three caudal tubercles ........................... Arachnura 

Anterior abdominal margin not bifurcated, lacks an elongated posterior end and caudal 

tubercles ……………………………………………………………………..……..…….. 15 

15. Large, triangular abdomen, presence of a pair of hard, conspicuous lateral tubercles near 

the LEs, heavily sclerotised epigynum with short beak-like narrowing scape 

………………………………………………………………...………….…...…. Parawixia 

Slightly elongated, subtriangular abdomen, lacks cephalic tubercles, epigynum moderately 

sclerotised with smooth long scape with a U-shaped ending ………………………… Plebs 

16. Cephalic and thoracic regions are separated clearly ………………………….…….…… 17 
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Cephalic and thoracic regions are not separated clearly ………………………….….….. 19 

17. Less prominent separation of cephalic and thoracic region, flat carapace, abdomen with at 

least one pair of dorsal tubercles, characteristic darker area between epigyne and spinnerets 

bordered by bright white narrow bands or spots with white spots in the area, builds tent 

web …………………………………………………………………...…...…… Cyrtophora 

Prominent U-shaped junction between cephalic and thoracic region, cephalic and thoracic 

region raised equally, with or without abdominal tubercles, abdomen otherwise 

……………………………………………………………………………..……..………. 18 

18. PMEs very close, either elongated or globular abdomen with at least one pair of tubercles, 

either dorsal or caudal or both, moderately sclerotised epigynum with short wrinkled scape, 

orb webs are decorated with stabilimentum ……………………………...….…..… Cyclosa 

PMEs are not very close, quadrilateral abdomen with sequentially arranged black patches 

on the dorsum, lacks abdominal tubercles, weakly sclerotised oblong epigynum without 

scape, builds a retreat at the centre of the orb webs ................................................. Acusilas 

19. Subtriangular abdomen, triangular tongue-like epigyne with short, completely fused scape 

………………………………………………………………………………….…. Eriovixia 

Subtriangular, elliptical or ovoid abdomen with either smooth or wrinkled, long or short, 

basally fused scape …………………………………………………………...……..…… 20 

20. Females having U-shaped or heart-shaped epigynum with short scape, males lack a ventral 

hook on coxa I ……………………………………………………………………...……. 21 

Females having an epigyne with a long, broad or narrow, wrinkled or smooth scape, males 

having a ventral hook on coxa I …………………………………………………….…… 22 

21. Dorsum of the oval abdomen having a black kidney-shaped patch with other black 

coloured lines and patches, U-shaped epigynum with very short and inflexible scape and 

short copulatory duct, males have strong ventral spines on femur II 

………………………………………………………………..….........……….. Bijoaraneus 
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Bright green coloured sub-triangular abdomen with conspicuous brownish red lateral 

markings, heart-shaped epigynum with short tongue-like scape and twisted copulatory 

ducts, males having dorsal groove on femur II ……………...………..………. Leviaraneus 

22. Females with transverse thoracic groove, epigyne with distinct moderate to long, wrinkled 

scape lacking lateral lobes, males have complex palpal structures with narrow cymbium 

……………………………………………………………………………………... Araneus 

Females with longitudinal thoracic groove, epigyne with distinct moderate to long smooth 

scape with one or two pairs of lateral lobes, males having complex palpal structures with 

broad cymbium ………………………………………………………..….…...… Neoscona 

4.1.2. Taxonomic account of araneids documented from Kerala 

Family Araneidae Clerck, 1757 (Orb-weavers) 

The world’s third-largest spider family, Araneidae, includes small to large-sized members. 

Typically, araneids weave nearly vertical orb webs with sticky spirals. However, certain 

members weave the modified orb webs. Webs being the home territory, araneids usually occupy 

the hub in a head-down position; however, some might take shelter in the retreats associated with 

the orb webs. Members of this cosmopolitan family possess eight eyes, arranged in two rows, 

usually recurved. The lateral eyes are spaced apart from the median eyes and usually situated on 

prominent to less prominent tubercles. 

The family is highly diverse as the members show variable carapace and abdominal 

features. Members of the family possess strong, non-divergent chelicerae with a lateral condyle 

and two rows of strong teeth. These three-clawed spiders have six spinnerets. Female genitalia 

are heavily or partially sclerotised with a distinguishable scape or septum. Male palpi are even 

complex with additional sclerites and structures like haematodocha. Male araneids are usually 

smaller than females, and some even show extreme sexual size dimorphism. 
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Genus I. Acusilas Simon, 1895 

Type species: Acusilas coccineus Simon, 1895 

Diagnostic features: Species of this genus can be distinguished from other araneids by the 

following features.  Instead of one, males have two lateral condyles on the chelicerae. The fused 

conductor and the slender triangular MA have a distal hook. Presence of brace-like stipes and 

radix with spiral embolus. Females have a prominent U-shaped cephalic groove that demarcates 

the narrow head and thoracic region. ALE is in the proximity of AME, and the posterior eye row 

is strongly recurved. Epigyne is weakly sclerotised with an anterior bulge and characteristic 

transverse rim and septum. 

This genus has a wide distribution across Asia, with a representative species from Africa. So far, 

ten species have been reported under this genus (WSC, 2025). In the present study, one species 

belonging to Acusilas was identified. 

1. Acusilas coccineus Simon, 1895 (Scarlet Acusilas) (Figure 4.1.3 A-G) 

Acusilas coccineus Simon, 1895: 785 (♀); Yaginuma, 1960: 59, Fig. 58 (♀); Namkung, 

1964: 37, Fig. 23 (♀); Hu, 1984: 88, Fig. 78.1-2 (♀); Schmidt & Scharff, 2008: 18, Figs. 

7A-B, 10A-D, 11A-B, 12A, 13A, 18A-B, 19A-E, 20A-B, 21A-B (♀♂); Sankaran & 

Sebastian, 2018: 391, Figs. 1A-E, 2A-G (♀♂). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: Medium-sized spider with darker cephalothorax and 

appendages. Males are usually smaller than females. Females build characteristic regular 

vertical orb webs having a retreat, a rolled dried leaf facing the ground, in a sector of the 

web that lacks spirals. Usually found in evergreen and semi-evergreen forests. 

Distribution: Asia 



Ph.D. Thesis          Chapter 4. RESULTS 

Page | 93  
 

 

 

 

 

 

 

 

 

 

Genus II. Anepsion Strand, 1929 

Type species: Anepsion rhomboides (L. Koch, 1867) 

Diagnostic features: Both males and females of this genus have a raised cephalic region with 

dorsal bulging, while the thoracic region is nearly flat and overlaid by the abdomen. MEs are 

very close and located at the centre of the broad cephalic region, forming a narrow strip of 

clypeus, while the LEs are pushed away to the antero-lateral margin of the carapace. Males have 

short and slender embolus, whereas females have an epigyne with a short to long, highly 

wrinkled, distinct scape. 

This genus has a wide distribution across Asia and Australia. Sixteen species belonging to this 

genus have been identified (WSC, 2025). The genus is represented by one species in this study. 

 

Figure 4.1.3. Acusilas 
coccineus Simon, 1895: (A) 
Retreat of adult female, (B) 
Female dorsal view, (C) Male 
dorsal view, (D) Epigyne in situ, 
(E) Palp retrolateral view, (F) 
Epigyne ventral view, (G) 
Epigyne dorsal view. Scales: B 
1mm; C 0.5 mm; D-G 0.2 mm. 



Chapter 4. RESULTS  Ph.D. Thesis 

Page | 94 
 

1. Anepsion maritatum (O. Pickard-Cambridge, 1877) (Button spider) (Figure 4.1.4 A-G) 

Anepsion maritatum Thorell, 1877: 356 (♀); O. Pickard-Cambridge, 1877: 32, Fig. 7 (♀♂); 

Simon, 1905: 63; Yaginuma & Wen, 1983: 196, Fig. 4 A-B (♀); Malamel et al., 2015: 478, 

Figs. 1 A-O, 2 A-I (♀♂); Tanikawa & Yamasaki, 2019: 11, Fig. 1 A-F (♀♂). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: They are small-sized spiders that build medium to large orb 

webs and rest in the hub. The carapace has a bright yellow to orange colour, while the round, 

shiny abdomen is white with distinct black markings. The species has been spotted in 

habitats with high humidity, including tropical evergreen forests, rubber plantations, 

mangroves and coastal areas.  

Distribution: India, Sri Lanka, Thailand, Japan, China, Indonesia. 

 

 

Figure 4.1.4. Anepsion 
maritatum (O. Pickard-
Cambridge, 1877): (A) 
Female habitus, (B) Female 
dorsal view, (C) Epigyne in 
situ, (D) Epigyne ventral view, 
(E) Epigyne dorsal view, (F) 
Male dorsal view, (G) Palp 
retrolateral view. Scales: B & 
F 0.5 mm; C-E, F 0.1 mm. 
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Genus III. Arachnura Vinson, 1863 

Type species: Arachnura scorpionoides Vinson, 1863 

Diagnostic features: Female members of this fascinating genus can be distinguished by their 

elongated abdomen resembling a scorpion's tail. This movable posterior end of the abdomen 

extends beyond the spinnerets. The anterior end of the abdomen forms a V-shaped depression 

following gradual narrowing and ends with tapering posterior tubercles. AME are on a prominent 

tubercle projecting anteriorly. Partially sclerotised epigyne with short, broad scape. 

To date, twelve species have been identified under this genus, which is distributed across Africa, 

Asia and Australia (WSC, 2025). In the present study, one species belonging to Arachnura was 

identified. 

1. Arachnura melanura Simon, 1867 (Scorpion tailed spider) (Figure 4.1.5 A-E) 

Arachnura melanura Simon, 1867: 17 (♀); Tanikawa, 1991: 12, Fig. 1-6 (♀♂); Yin et al., 

1997: 122, Fig. 46 a-d (♀); Castanheira et al., 2019: 164, Fig. 9 A-E (♀); Sen & Sureshan, 

2020: 286, Fig. 1-5 (♀).  

(Complete list of references in WSC, 2025) 

Habitat and natural history: Male spiders of this species are much smaller than the 

females and are rare to spot. Usually, females construct orb webs in low vegetation and rest 

in the web, mimicking a wilted leaf. Upon disturbance, they raise their tail over their body, a 

behaviour resembling the scorpion. Since they show a high level of mimicry, it is hard to 

spot them in their natural habitat. They have been spotted in evergreen and moist deciduous 

forests. 

Distribution: India, Japan, Southeast Asia, Australia. 
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Genus IV. Araneus Clerck, 1757 

Type species: Araneus angulatus Clerck, 1757 

Diagnostic features: This is one among the specious genus in the order Araneae. Members of 

this genus show high variations in size, shape, colour, and even in genital structures. However, 

they share certain features in common. The thoracic groove of females will be transverse, while 

that of males will be longitudinal. LEs are very close and always situated on distinct tubercles. 

Among species, females can be distinguished by the plates in the epigynum, which have a 

distinct scape, long or short, wrinkled, and attached to the base. Males have a hook on coxa I and 

heavy spinnation in the appendages, particularly in the tibial segment. The shape of the embolus 

determines the male species' identity. Palpal patella possesses two long curved setae. Palpal 

structures are complex by the presence of subterminal and terminal apophysis, distal 

Figure 4.1.5. Arachnura 
melanura Simon, 1867: (A) Female 
habitus, (B) Female dorsal view, (C) 
Epigyne in situ, (D) Epigyne ventral 
view, (E) Epigyne dorsal view. Scales: 
B 1 mm; C-D 0.2 mm. 
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hematodocha. Almost all spiders usually do not rest in the hub during daytime rather hide in a 

retreat made by curling the leaves secured with silk. 

This genus has a wide distribution across the globe with 550 representatives (WSC, 2025). Even 

though two species were recognised from this genus, only one could be identified to the species 

level. 

1. Araneus tubabdominus Zhu & Zhang, 1993 (Figure 4.1.6 A-G) 

Araneus tubabdominus Zhu & Zhang, 1993: 36, Fig. 1-7 (♀♂); Sen et al., 2021: 19864, Fig. 

1-5 (♀) 

(Complete list of references in WSC, 2025) 

Habitat and natural history: Male and female spiders have similar shapes and colour; 

however, the male spiders are a bit smaller than the females. They have been spotted in 

paddy fields but not in Kole wetlands. With specialised silk, both males and females build 

long tunnel-like retreats using the dried inflorescence or curling the long leaf blade. Retreats 

are also used to protect their egg sacs. These spiders are in pale brown, which helps them in 

camouflaging with the dried leaves and inflorescences. 

Distribution: India and China 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1.6. Araneus 
tubabdominus Zhu & Zhang, 
1993: (A) Female habitus, (B) 
Female dorsal view, (C) 
Epigyne in situ, (D) Epigyne 
ventral view, (E) Epigyne dorsal 
view, (F) Male dorsal view, (G) 
Palp ventral view. Scales: B, F 
1mm; C-E, G 0.5 mm. 
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Genus V. Argiope Audouin, 1826 

Type species: Argiope lobata (Pallas, 1772) 

Diagnostic features: Species belonging to this genus can be easily identified from their natural 

habitat due to the bright colours and presence of stabilimentum made with specialised silk that 

resembles a signature. This group is one among those that exhibit high sexual size dimorphism. 

They can be distinguished from other araneids by their procurved posterior eye row and X-

shaped arrangement of strong and long legs during rest in the web. PMEs are very close to each 

other, which separates them from others in the subfamily Argiopinae. Females have a heavily 

sclerotised epigyne with an anterior bulge that lacks a scape, but always have a distinguishing 

septum that divides the atrium into two. Females are separated by the shape and arrangement of 

the posterior plate formed by this septum. Males have a complex palp with a small median 

apophysis, a large conductor and embolus and lack a terminal apophysis. 

Argiope has a wide distribution across the landmasses with 89 recognised species (WSC, 2025). 

In the present study, five species belonging to Argiope were identified. 

1. Argiope aemula (Walckenaer, 1841) (Oval cross spider) (Figure 4.1.7 A-G) 

Argiope aemula Walckenaer, 1841: 118 (♀); Thorell, 1877: 364 (♂); Tikader, 1970: 29, Fig. 

17b (♀); Yin, 1978: 4, Fig. 9A-C (♀); Levi, 1983: 273, Figs. 9-10, 29-35(♀♂); Yaginuma, 

1986: 114, Fig. 59.6 (♂); Jäger, 2012: 281, Fig. 3-7 (♂). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: Males are much smaller than females. Female spiders, having 

yellow and black striped abdomen, construct large orb webs with X-shaped stabilimentum in 

bushy lower vegetation and rest in the hub in a head-down position for most of the day. Red 

to brown brightly coloured males are rare to find alone, but during the mating season, they 

can be found in the webs of female spiders. Even though they were found mostly in 

grasslands, they have been spotted in evergreens and mangroves also. 
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Distribution: South and Southeast Asia. 

 

2. Argiope anasuja Thorell, 1887 (St. Andrews cross spider) (Figure 4.1.8 A-D) 

Argiope anasuja Thorell, 1887: 162 (♀); Gravely, 1921: 412, Fig. 3a (♀); Levi, 1983: 293, 

Fig. 167-172 (♀♂); Jäger, 2012: 299, Fig. 84-87 (♀♂). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: Similar to the previous one, males of these species are also 

very small compared to the female spiders and differ in shape and colour. Males are usually 

found in the web of female spiders during the mating season. The female spider has a 

pentagonal abdomen with transverse silvery white and brown to black stripes. This species 

shows resemblance to Argiope pulchella in appearance, but a detailed examination of female 

genitalia helps to distinguish them. Even though this species has been reported from forest 

habitats with complex vegetation, in the present study, it was spotted only in grasslands with 

low and less complex vegetation. 

Figure 4.1.7. Argiope 
aemula (Walckenaer, 1841): (A) 
Female and male habitus, (B) 
Female dorsal view, (C) Epigyne 
in situ, (D) Epigyne ventral view, 
(E) Epigyne dorsal view, (F) Male 
dorsal view, (G) Palp retrolateral 
view. Scales: B, F 1mm; C-E, G 
0.2 mm. 
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Distribution: Seychelles, Iran, South Asia, Australia. 

 

3. Argiope catenulata (Doleschall, 1859) (Grass cross spider) (Figure 4.1.9 A-E) 

Argiope catenulate Doleschall, 1859: 30, pl. 9, Fig.1 (♀); Thorell, 1859: 299 (♀); Yin, 1978: 

4, Fig. 10 A-C (♀); Tikader & Biswas, 1981: 35, Fig. 56-58 (♀); Levi, 1983: 274, Fig. 36-41 

(♀♂); Jäger, 2012: 282, Fig. 8-9 (♀♂); Brown & Henderson, 2019: 98, Fig. 2-5 (♀♂). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: Unlike the previous ones, males and females of this species 

look similar, although slight variations in size exist. As the common name indicates, these 

species are exclusively found in habitats having grass vegetation, including grasslands and 

paddy fields. They build small to medium-sized orb webs and rest at the hub. Their oval 

abdomen is decorated with transverse yellow, silvery white, and brown patterns. In the 

present study, this species has also been spotted in grasslands, Kole wetlands, and paddy 

fields. 

Figure 4.1.8. Argiope 
anasuja Thorell, 1887: (A) 
Female dorsal view, (B) 
Epigyne in situ, (C) Epigyne 
ventral view, (D) Epigyne dorsal 
view. Scales: A 1mm; B-D 0.2 
mm. 
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Distribution: South Asia, Southeast Asia, Northern Australia. 

 

4. Argiope pulchella Thorell, 1881 (Garden cross spider) (Figure 4.1.10 A-G) 

Argiope pulchella Thorell, 1881: 74 (♀); Thorell, 1887: 158 (♂); Gravely, 1921: 412, Fig. 

3b (♀); Tikader, 1970: 27, Fig. 17a (♀); Levi, 1983: 304, Fig. 238-250 (♀♂); Yin et al., 

1989: 64, Fig. 4 A-F (♀♂); Jäger, 2012: 304, Fig. 115-118 (♂). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: This species looks similar to Argiope anasuja, as the female 

spiders also have a pentagonal abdomen with transverse yellow and brown bands. Extreme 

sexual size dimorphism is also exhibited in this species. Female spiders build large, perfect 

orb webs and rest at the hub in a head-down position. When disturbed, they fall to the 

ground, mimicking as dead and later return to the web. Males often build webs in proximity 

to females’ webs. Webs of both males and females have X-shaped stabilimentum. The webs 

are built at a height of one meter from the ground up to high in the trees. The male spiders 

often break their embolus during mating and use it as a mating plug in the females’ genitalia. 

This species can be found in almost all habitats, from dry deciduous to waterlogged Kole 

Figure 4.1.9. Argiope 
catenulata (Doleschall, 
1859): (A) Female dorsal 
view, (B) Epigyne in situ, (C) 
Epigyne ventral view, (D) 
Epigyne dorsal view, (E) 
Male subadult dorsal view. 
Scales: A, E 1mm; B-D 0.2 
mm. 
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wetlands. They are often considered as synanthropic since they are also found in human-

inhabited areas. In the present study, it was identified in all the habitats. 

Distribution: India, Pakistan, China, and Indonesia. 

 

5. Argiope versicolor (Doleschall, 1859) (Figure 4.1.11 A-F) 

Argiope versicolor Doleschall, 1859: 31, pl. 9, Fig. 10 (♀); L. Koch, 1871: 35 (♀); Thorell, 

1890: 95 (♂); Levi, 1983: 305, Figs. 3-4, 251-262 (♀♂); Yin et al., 1989: 65, Fig. 6 A-F 

(♀♂); Tyagi et al., 2019: Fig. S2.2, S3.26 (♀). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: This species resembles Argiope pulchella in appearance, 

behaviour, and web-building patterns, as both of them belong to the same species group, but 

it is not found in all habitats as the former. 

Remarks: Clear demarcation of this species from Argiope pulchella needed to be studied 

further. 

Distribution: China, South and Southeast Asia. 

 

 

Figure 4.1.10. Argiope 
pulchella Thorell, 1881: (A) 
Female habitus, (B) Female 
dorsal view, (C) Epigyne in 
situ, (D) Epigyne ventral 
view, (E) Epigyne dorsal 
view, (F) Male dorsal view, 
(G) Palp retrolateral view. 
Scales: B 1mm; C-E, G 0.2 
mm; F 0.5mm. 
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Genus VI. Bijoaraneus Tanikawa, Yamasaki & Petcharad, 2021 

Type species: Bijoaraneus mitificus (Simon, 1886) 

Diagnostic features: Members of this genus were previously placed under the genus Araneus. 

Females can be distinguished by the short, inflexible scape. Males either lack or have an 

inconspicuous terminal apophysis and lack a subterminal apophysis. Also, the males are 

characterised by the presence of strong ventral spines on femur II and the lack of a coxal tubercle 

on coxa I. This genus has a wide distribution across Asia and a sparse distribution over Australia, 

with an overall of five recognised species (WSC, 2025). In the present study, one species 

belonging to this genus was identified. 

1. Bijoaraneus mitificus (Simon, 1886) (Kidney garden spider) (Figure 4.1.12 A-E) 

Bijoaraneus mitificus Simon, 1886: 150 (♀); Workman, 1896: 39, pl. 39 (♀♂); Tikader, 

1963: 43, Fig. 4a-c (♀♂); Levi, 1974: 271 (♀); Hu, 1984: 95, Fig. 89.1-2 (♀); Barrion & 

Litsinger, 1995: 638, Fig. 405a-h (♀); Tanikawa et al., 2021: 98, Figs. 2C, 5A-I (♀♂). 

(Complete list of references in WSC, 2025) 

Figure 4.1.11. Argiope 
versicolor (Doleschall, 
1859): (A) Female habitus, 
(B) Epigyne in situ, (C) 
Epigyne ventral view, (D) 
Epigyne dorsal view, (E) 
Male dorsal view, (F) Palp 
retrolateral view. Scales: B 
0.5 mm; C-D, F 0.2 mm; E 
1 mm. 
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Habitat and natural history: Both males and females of this species have similar size and 

colouration. Both have a nearly globular abdomen with a particular kidney-shaped black 

patch and markings over pale white dorsum, and the ventrum is green. They are found in 

secondary forests and gardens.  The spider usually hides on a retreat made of leaves and 

specialised silk during the daytime and constructs webs not beyond three meters high. 

Distribution: China, South and Southeast Asia. 

 

Genus VII. Chorizopesoides Mi & Wang, 2018 

Type species: Chorizopesoides wulingensis (Yin, Wang & Xie, 1994) 

Diagnostic features: This genus is very similar to another araneid genus, Chorizopes, as both 

have an elevated thoracic region. However, the members of Chorizopesoides possess three pairs 

of lateral and three pairs of vertically arranged caudal tubercles on the abdomen. Serrated teeth 

and their arrangement also distinguish this genus from Chorizopes. Absence of terminal 

apophysis, digitiform paracymbium and short scape further supports the identification of the 

Figure 4.1.12. 
Bijoaraneus 
mitificus (Simon, 1886): 
(A) Female dorsal view, 
(B) Epigyne in situ, (C) 
Epigyne ventral view, 
(D) Epigyne dorsal view, 
(E) Male dorsal view. 
Scales: A 1 mm; B-D 0.1 
mm; E 0.5 mm. 
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members. This genus has been described recently with four species (WSC, 2025) having a 

distribution across China and Vietnam. In the present study, one species belonging to Acusilas 

was identified, but it was a subadult specimen. 

1. Chorizopesoides orientalis (Simon, 1909) (Figure 4.1.13 A-B) 

Chorizopesoides orientalis Simon, 1909: 119 (♀); Levi, 1964: 214, Figs. 21-26 (♀); Mi & 

Wang, 2018: 83, Figs. 4A-D, 5A-C, 6A-E (♀♂). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: These spiders are very small, with a total length of not more 

than 5mm. Both male and female spiders have similar colouration. These rare species build 

orb webs in lower vegetation and in the current study it was spotted from the coastal area. 

Remarks: First report from India. 

Distribution: India, China and Vietnam. 

 

Genus VIII. Cyclosa Menge, 1866 

Type species: Cyclosa conica (Pallas, 1772) 

Diagnostic features: This genus includes small-sized spiders that build small to medium-sized, 

perfect orb webs. The members of this genus can be identified in their natural habitat as they 

construct an evident stabilimentum along the vertical axis of the web with specialised silk, dried 

Figure 4.1.13. 
Chorizopesoides 
orientalis (Simon, 1909): 
(A) Female subadult 
dorsal view, (B) Female 
subadult lateral view. 
Scales: A-B 0.5 mm 



Chapter 4. RESULTS  Ph.D. Thesis 

Page | 106 
 

leaves, debris, and remains of the prey. Egg sacs are also attached to this stabilimentum. The 

spider will rest within the stabilimentum by camouflaging themselves. Species belonging to this 

genus are characterised by a distinct U-shaped groove that visibly demarcates the cephalic and 

thoracic regions. PMEs are closely situated, almost seem like touching each other. Males have 

only one long patellar seta. Abdomen of females often possess tubercles and humps whose 

epigyne is partially sclerotised with a weak, mostly wrinkled scape. 

This group has a worldwide distribution with 180 recognised species (WSC, 2025). In the 

present study, eleven species of Cyclosa were captured and revealed the species identity, except 

for four. 

1.  Cyclosa bifida (Doleschall, 1859) (Black Cyclosa spider) (Figure 4.1.14 A-F) 

Cyclosa bifida Doleschall, 1859: 38, pl. 2, Fig. 8 (♀); Simon, 1895: 779, Fig. 852; Tikader, 

1966: 152, Fig. 31-34 (♀); Barrion & Litsinger, 1995: 608, Fig. 381a-g (♀); Petcharad et 

al., 2014: 27, Fig. 1-5 (♀♂).  

(Complete list of references in WSC, 2025) 

Habitat and natural history: These small black coloured spiders have an elongated 

abdomen. They build small to medium-sized orb webs decorated with vertical 

stabilimentum made with the prey debris. The posterior end of the female’s abdomen 

extends beyond the spinnerets and appears like a tail. Male spiders are smaller than the 

females, with characteristic four white spots arranged in an X-shape on the dorsal side of 

the abdomen. This species has been spotted in evergreen and semi-evergreen forests, and 

they build their webs in not more than 3 meters height from the ground. 

Distribution: South and Southeast Asia. 
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2. Cyclosa confraga (Thorell, 1893) (Trash line Cyclosa spider) (Figure 4.1.15 A-D) 

Cyclosa confraga Thorell, 1893: 239 (♀); Simon, 1909: 104; Tikader, 1982: 193, Fig. 372-

376 (♀); Keswani, 2013: 64, Fig. 2A-F (♀). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: Only the females of this species have been reported yet. Their 

dark to pale brown colour camouflages well in the vertical stabilimentum. Female spiders 

usually construct small orb webs and rest in the middle of the stabilimentum. Upon 

disturbances, they move away by creating a gap in the stabilimentum. They also have an 

elongated abdomen with a small, pointed caudal process. In the current study, they were 

spotted in all the sites having mangrove habitats and rarely in evergreens. 

Distribution: South and Southeast Asia 

 

 

  

Figure 4.1.14. 
Cyclosa 
bifida (Doleschall, 
1859): (A) Female 
habitus, (B) Female 
dorsal view, (C) 
Epigyne insitu, (D) 
Epigyne ventral view, 
(E) Epigyne dorsal 
view, (F) Male 
subadult dorsal view. 
Scales: B, F 1 mm; 
C-E 0.2 mm. 
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3. Cyclosa hexatuberculata Tikader, 1982 (Brwon Cyclosa spider) (Figure 4.1.16 A-G) 

Cyclosa hexatuberculata Tikader, 1982: 197, Fig. 382-387 (♀♂); Dixit & Ade, 2017: 948, 

Fig. 3 A-I, 7 A-I (♀♂). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: This is a common Cyclosa species found in almost all 

habitats. Female spiders have an elliptical abdomen with a characteristic number of 

tubercles, while the males are smaller than the females with an oval abdomen lacking the 

tubercles. However, both of them possess characteristic silvery white patches on the brown 

abdomen. They also produce stabilimentum and occupy the centre as other members of the 

genus do. They have been identified from all the habitats, including the gardens. 

Distribution: India, Pakistan.  

Figure 4.1.15. Cyclosa 
confraga (Thorell, 1893): (A) 
Female dorsal view, (B) 
Epigyne insitu, (C) Epigyne 
ventral view, (D) Epigyne 
dorsal view. Scales: A 1 mm; 
B-D 0.2 mm. 
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4. Cyclosa mulmeinensis (Thorell, 1887) (Figure 4.1.17 A-D) 

Cyclosa mulmeinensis Thorell, 1887: 221 (♀); Simon, 1909: 104; Yaginuma, 1963: 21, Fig. 

1 (♀); Tikader, 1982: 187, Fig. 356-360 (♀); Barrion & Litsinger, 1995: Figs. 370a-g, 371a-

e (♀); Yin et al., 1997: 253, Fig. 164a-j (♀♂). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: This species is one of the Cyclosa species that have a 

globular abdomen. These dark brown coloured spiders have a pair of characteristic shoulder 

tubercles. Unlike other species, they did not form a proper vertical stabilimentum; instead 

built a discontinuous one. It is not a common species found in all habitats. In the present 

study, individuals of this species have been spotted in the mangrove ecosystem and high-

altitude plains. 

Distribution: Asia. 

 

 

Figure 4.1.16. Cyclosa 
hexatuberculata Tikader, 
1982: (A) Female 
habitus, (B) Female 
dorsal view, (C) 
Epigyne insitu, (D) 
Epigyne ventral view, 
(E) Epigyne dorsal view, 
(F) Male dorsal view, 
(G) Palp retrolateral 
view. Scales: B, F 1 
mm; C-E, G 0.2 mm. 
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5. Cyclosa purnai Keswani, 2013 (Figure 4.1.18 A-E) 

Cyclosa purnai Keswani, 2013: 76, Fig. 8 A-H (♀); Dixit & Ade, 2017: 951, Fig. 6 A-I (♀). 

Habitat and natural history: This species has structural similarities with Cyclosa 

hexatuberculata. Only female spiders of this species have been reported yet, and they have a 

characteristic silvery brown longitudinal band on the dark brown coloured dorsum of the 

abdomen, extending from the anterior to the posterior end. Like others, they also build 

vertically oriented stabilimentum and house themselves in the centre. Only a single 

individual of this species has been collected in the study, which was from the tropical 

evergreens of Thenmala, Kollam. 

Distribution: India 

 

 

 

Figure 4.1.17. Cyclosa 
mulmeinensis (Thorell, 
1887): (A) Female 
dorsal view, (C) 
Epigyne insitu, (D) 
Epigyne ventral view, 
(E) Epigyne dorsal 
view. Scales: A 1 mm; 
B-D 0.2 mm. 
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6. Cyclosa quinqueguttata (Thorell, 1881) (Spherical Cyclosa spider) (Figure 4.1.19 A-F) 

Cyclosa quinqueguttata Thorell, 1881: 113 (♂); Simon, 1889: 338; Tikader, 1982: 189, Fig. 

361-366 (♀); Tanikawa, 1993: 61, Fig. 190-197 (♀♂); Yin et al., 1997: 254, Fig. 165a-f 

(♀♂).  

(Complete list of references in WSC, 2025) 

Habitat and natural history: Males and females of this species look different in colour, 

pattern, and size. Typically, the females are small, not beyond 6 mm, and males are smaller 

than that. Females have an elliptical abdomen with a pair of characteristic mid-dorsal 

tubercles. Males are darker in colour with a pair of characteristic mid-dorsal white spots. 

They also decorate their web and occupy the centre to camouflage themselves. This species 

was spotted in different habitats, including evergreens, deciduous forests, mangroves, and 

paddy fields.  

Distribution: China, South and Southeast Asia 

 

Figure 4.1.18. Cyclosa 
purnai Keswani, 2013: (A) 
Female habitus, (B) Female 
dorsal view, (C) Epigyne insitu, 
(D) Epigyne ventral view, (E) 
Epigyne dorsal view. Scales: B 
1 mm; C-E 0.2 mm. 
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7. Cyclosa spirifera Simon, 1889 (Figure 4.1.20 A-E) 

Cyclosa spirifera Simon, 1889: 337 (♀♂); Tikader, 1982: 195, Fig. 377-381 (♀); Tyagi et 

al., 2019: Figs. S2.7, S3.1-2 (♀).  

(Complete list of references in WSC, 2025) 

Habitat and natural history: These spiders look similar to Cyclosa hexatuberculata. They 

also possess a characteristic number of abdominal tubercles, which can be considered an 

identification trait. These spiders build stabilimentum differently from others. They usually 

decorate their web with white coloured concentric rings around the hub with specialised silk. 

Sometimes, the hub possesses additional decorations made with the prey remains. Unlike 

Cyclosa hexatuberculata, they are not seen in all habitats. During the present study, they 

have only been spotted in evergreen and semi-evergreen forests with complex vegetation. 

Distribution: India, Pakistan. 

 

 

Figure 4.1.19. Cyclosa 
quinqueguttata (Thorell, 
1881): (A) Female dorsal 
view, (B) Epigyne insitu, 
(C) Epigyne ventral view, 
(D) Epigyne dorsal view, 
(E) Male dorsal view, (F) 
Palp retrolateral view. 
Scales: A, E 0.5 mm; B, F 
0.1 mm; C-D 0.05 mm. 
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Genus IX. Cyrtophora Simon, 1864 

Type species: Cyrtophora citricola (Forsskål, 1775) 

Diagnostic features: Cyrtophora is an exceptional group in the family Araneidae regarding the 

web. Unlike other araneids, members of this genus build specialised dome-shaped horizontal 

webs with viscid threads. A layer of fine mesh-like threads is woven below the dome. The spider 

occupies the centre of this structure, which can be considered the hub. A few egg sacs can be 

observed in the web of adult female spiders as a string of beads. Specialised web construction 

can be considered the diagnostic feature of this genus. Additionally, most of the members 

possess paired tubercles on the anteriorly high abdomen. Members of this genus have been 

radiated in all realms with 47 recognised species (WSC, 2025). In the present study, three species 

belonging to Cyrtophora were identified. 

 

 

Figure 4.1.20. Cyclosa 
spirifera Simon, 1889: 
(A) Female habitus, (B) 
Female dorsal view, 
(C) Epigyne insitu, (D) 
Epigyne ventral view, 
(E) Epigyne dorsal 
view. Scales: B 1 mm; 
C-E 0.2 mm. 
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1. Cyrtophora cicatrosa (Stoliczka, 1869) (Common tent web spider) (Figure 4.1.21 A-E) 

Cyrtophora cicatrosa Stoliczka, 1869: 242, pl. 20, Fig. 5 (♀); Simon, 1895: 775; Tikader & 

Biswas, 1981: 32, Fig. 45-46 (♀); Yin et al., 1997: 279, Fig. 188a-f (♀); Tyagi et al., 2019: 

Figs. S2.8, S3.23-24 (♀). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: These spiders are abundant and common in all habitats, and 

they can be considered synanthropic since they can be seen near human constructions. 

Females are small, not beyond 1 cm, with two pairs of prominent black abdominal tubercles. 

The dorsal and ventral sides of the abdomen have a characteristic pattern formed with pale 

brown, white and black markings. As described in the diagnostic features of Cyrtophora, 

this species constructs dome-shaped webs and rests in the centre. Every adult female lays 

their eggs in their web itself in a line upwards from the centre of the dome. 

Distribution: Australia, South and Southeast Asia. 

 

 

Figure 4.1.21. Cyrtophora 
cicatrosa (Stoliczka, 
1869): (A) Female habitus 
with egg sacs, (B) Female 
dorsal view, (C) Epigyne 
insitu, (D) Epigyne ventral 
view, (E) Epigyne dorsal 
view. Scales: B 1 mm; C-E 
0.2 mm. 
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2. Cyrtophora moluccensis (Doleschall, 1857) (Dome tent web spider) (Figure 4.1.22 A-H) 

Cyrtophora moluccensis Doleschall, 1857: 418 (♀); Simon, 1895: 770, 775, Fig. 846 (♀♂); 

Yaginuma, 1958: 14, Fig. 2F-H (♀♂); Nentwig et al., 2019: 35.  

(Complete list of references in WSC, 2025) 

Habitat and natural history: This is another species that exhibits a high level of sexual 

size dimorphism. An adult female builds large tent webs along with many additional 

supporting threads to the nearby vegetation. Occasionally, these spiders can be seen in a 

group by building communal webs that cover a large area. Males are very small and only 

during the mating time they are only seen near the female’s web. They require humid 

habitats with water bodies nearby. In the present study, they have only been spotted in the 

mangrove ecosystems.  

Distribution: Australia, America, and Asia. 

 

 

 

 

 

 

 

 

  

 

 

Figure 4.1.22. Cyrtophora 
moluccensis (Doleschall, 
1857): (A) Female habitus 
with egg sac, (B) Female 
dorsal view, (C) Epigyne 
insitu, (D) Epigyne ventral 
view, (E) Epigyne dorsal 
view, (F) Male habitus, (G) 
Male dorsal view, (H) Palp 
retrolateral view. Scales: B 
1 mm; C-E 0.2 mm; G 0.5 
mm; H 0.1 mm. 
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3. Cyrtophora unicolor (Doleschall, 1857) (Brown tent web spider) (Figure 4.1.23 A-G) 

Cyrtophora unicolor Doleschall, 1857: 419 (♀); Simon, 1895: 775; Yaginuma, 1968: 36, 

Fig. 8-9 (♀). Barrion & Litsinger, 1995: 587, Fig. 366a-i (♀); Yin et al., 1997: 287, Fig. 

196a-c (♀); Malamel, 2018: 112, Figs. 2A-B, 3A-I (♀♂). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: Like others, females of this species construct messy, large 

tent webs, but unlike others, they rest in retreats made by rolling a dried leaf, which will be 

placed at the centre of the web. Their webs are usually untidy as they have the prey's 

remains, twigs, leaves and egg sacs scattered in the web. Females are brown with prominent 

shoulder humps. Males are smaller than females and are dark coloured. They have been 

spotted in different habitats, including monotypic plantations and mangroves, but are 

abundant in evergreen and semi-evergreen forests. 

Distribution: Asia and Australia. 

 

 

Figure 4.1.23. 
Cyrtophora 
unicolor (Doleschall, 
1857): (A) Female 
habitus (B) Female 
dorsal view, (C) 
Epigyne insitu, (D) 
Epigyne ventral 
view, (E) Epigyne 
dorsal view, (F) 
Male dorsal view, 
(G) Palp retrolateral 
view. Scales: B 1 
mm; C-E, G 0.2 mm; 
F 0.5 mm. 
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Genus X. Eriovixia Archer, 1951 

Type species: Eriovixia rhinura (Pocock, 1900) 

Diagnostic features: This genus is commonly called bird-dropping spiders, including small to 

medium-sized spiders. Female spiders have a sub-triangular abdomen tapering posteriorly 

sometimes with caudal humps and extensions. They have a tongue-like, nearly triangular 

epigynum with a blunt-ended ended short scape completely fused with the atrium. Males are 

smaller and more spinous than females. They don’t have macrosetae in the patella segment of the 

pedipalp. Males can be distinguished from other araneids by the size of the median apophysis 

and the presence of additional spurs. Members of this genus are distributed across Africa and the 

southern and southeastern countries of Asia. To date, 33 species have been identified from this 

genus (WSC, 2025). In the present study, eight species have been collected. Among them, 

species identity was revealed for five. 

1. Eriovixia excelsa (Simon, 1889) (Dark bird dropping spider) (Figure 4.1.24 A-D) 

Eriovixia excelsa Simon, 1889: 337 (♀); Tikader & Bal, 1981: 25, Fig. 50-54 (♀♂); 

Grasshoff, 1986: 118 (♀♂); Tso & Tanikawa, 2000: 129, Fig. 17-22 (♀♂); Mi et al., 2010: 

41, Fig. 1-8 (♀♂); Han & Zhu, 2010: 2616, Figs. 1C, 6A-C (♀). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: Females of this species have a folium made of pale brown to 

white patches on the black to dark brown dorsum of the abdomen. They also have a 

characteristic black spot at the posterior end of the abdomen. Usually, they build medium 

orb webs and rest at the hub during nighttime. In the daylight, they will hide under leaves. In 

the present study this species has been spotted in mangrove ecosystem and rubber 

plantations. 

Distribution: South and Southeast Asia, introduced to Africa. 
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2. Eriovixia gryffindori Ahmed, Khalap & Sumukha, 2016 (Figure 4.1.25 A-D) 

Eriovixia gryffindori Ahmed, Khalap & Sumukha, 2016: 25, Fig. 1-6 (♀). 

Habitat and natural history: This species has been reported only from India, and the males 

are unknown. The sub-triangular abdomen of the female has a tapering, raised, and 

downwardly bent posterior extension. The dorsum of the abdomen possesses pale green 

folium. They are medium-sized spiders which are nocturnally active and hide themselves in 

tree bark and dried leaves by camouflaging themselves. The species was rarely spotted in the 

present study, and it was from the riparian ecosystem. 

Distribution: India 

 

 

 

 

 

 

 

Figure 4.1.24. Eriovixia 
excelsa (Simon, 1889): 
(A) Female dorsal view, 
(B) Epigyne insitu, (C) 
Epigyne ventral view, 
(D) Epigyne dorsal view. 
Scales: A 1 mm; B-D 0.2 
mm. 

Figure 4.1.25. 
Eriovixia 
gryffindori Ahmed, 
Khalap & Sumukha, 
2016: (A) Female 
dorsal view, (B) 
Epigyne ventral view, 
(C) Epigyne dorsal 
view, (D) Epigyne 
insitu. Scales: A 1 mm; 
B-D 0.2 mm. 



Ph.D. Thesis          Chapter 4. RESULTS 

Page | 119  
 

3. Eriovixia laglaizei (Simon, 1877) (Common bird-dropping spider) (Figure 4.1.26 A-F) 

Eriovixia laglaizei Simon, 1877: 77 (♀); Simon, 1895: 820, Fig. 871-872 (♀♂); Tikader & 

Bal, 1981: 27, Fig. 55-58 (♀♂); Grasshoff, 1986: 118; Yin et al., 1997: 296, Fig. 206a-e 

(♀♂); Han & Zhu, 2010: 2623, Fig. 3A-B, 10A-I (♀♂). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: This is a common species that can be found in gardens and all 

types of ecosystems. Like others, they also build webs during dusk and in daytime they hide 

themselves under the leaves. Both males and females are pale grey in colour and possess a 

subtriangular abdomen, however, males are smaller than the females. Sometimes the 

posterior end of the abdomen of females extends and looks like a short tail. In the present 

study, they have been collected from almost all the ecosystems having complex vegetation, 

including evergreens, deciduous, and mangroves.  

Distribution: South and Southeast Asia. 

 

 

Figure 4.1.26. 
Eriovixia 
laglaizei (Simon, 
1877): (A) Female 
dorsal view, (B) 
Epigyne insitu, (C) 
Epigyne ventral view, 
(D) Epigyne dorsal 
view, (E) Male dorsal 
view, (F) Palp 
retrolateral view. 
Scales: A, E 1 mm; B-
D, F 0.2 mm. 
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4. Eriovixia poonaensis (Tikader & Bal, 1981) (Figure 4.1.27 A-F) 

Eriovixia poonaensis Tikader & Bal, 1981: 29, Figs. 59-62 (♀); Grasshoff, 1986: 118 (♀); 

Yin et al., 1990: 115, Figs. 280-282 (♀); Mi & Wang, 2016: 731, Fig. 7-12 (♀♂). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: This species has similarities with Eriovixia laglaizei in 

appearance, abdominal patterns and genital structures. However, they are not as common as 

the former. Females possess a branched longitudinal grey band on their pale white 

abdominal dorsum. They have also been spotted in ecosystems having complex vegetation. 

Unlike the former, individuals of this species have been spotted in their webs. 

Distribution: India, China, Thailand, Malaysia. 

 

5. Eriovixia sakiedaorum Tanikawa, 1999 (Black button spider) (Figure 4.1.28 A-E) 

Eriovixia sakiedaorum Tanikawa, 1999: 45, Fig. 11-17 (♀♂); Han & Zhu, 2010: 2629, Figs. 

4B-C, 13A-E (♀♂); Asalatha & Prasadan, 2019: 169, Fig. 2a-b (♀). 

(Complete list of references in WSC, 2025) 

Figure 4.1.27. Eriovixia 
poonaensis (Tikader & 
Bal, 1981): (A) Female 
dorsal view, (B) Epigyne 
insitu, (C) Epigyne 
ventral view, (D) 
Epigyne dorsal view, (E) 
Male dorsal view, (F) 
Palp retrolateral view. 
Scales: A 1 mm; B-D, F 
0.2 mm; E 0.5 mm. 



Ph.D. Thesis          Chapter 4. RESULTS 

Page | 121  
 

Habitat and natural history: Males and females of this small species are black in colour 

with a globular abdomen. Females possess two lateral white markings. Like other members 

of Eriovixia, this species is active during the night and builds orb webs. They have only been 

spotted in evergreens and semi-evergreen forests.  

Distribution:  India, China, Taiwan, Japan. 

 

Genus XI. Gasteracantha Sundevall, 1833 

Type species: Gasteracantha cancriformis (Linnaeus, 1758) 

Diagnostic features: This genus includes brightly coloured medium to large female spiders. 

However, the males are much smaller than the females and have black to dark brown colour. 

They have a hard body with three pairs of abdominal spines. The central bulge between the 

epigastric furrow and spinnerets and the placement of spinnerets on a cone surrounded by 

heavily sclerotised annulations are the distinguishing features of this genus. They have a broad, 

elevated cephalic region. Females have a sclerotised epigyne with a basally fused, short, tongue-

Figure 4.1.28. Eriovixia 
sakiedaorum Tanikawa, 
1999: (A) Female dorsal 
view, (B) Male subadult 
dorsal view, (C) Epigyne 
insitu, (D) Epigyne 
ventral view, (E) 
Epigyne dorsal view. 
Scales: A-B 0.5 mm; C-
E 0.1 mm. 
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like scape. Male pedipalps lack patellar macrosetae and have a median apophysis spur and long, 

tapering embolus. 

Members of Gasteracantha have been radiated worldwide, with 85 recognised species (WSC, 

2025). The study identified two species. 

1. Gasteracantha dalyi Pocock, 1900 (Long-horned spiny spider) (Figure 4.1.29 A-F) 

Gasteracantha dalyi Pocock, 1900: 232 (♀); Tikader, 1982: 67, Fig. 135-138 (♀). 

Habitat and natural history: Females are bright yellow to orange coloured with a pair of 

long, arched abdominal median spines. Males are still unknown. They construct perfect 

vertical orb webs and the females rest at the hub. Usually, they prefer high humidity and 

shady habitats. In the current study this species has been recorded only from the tropical 

evergreen forests. 

Remarks: Reporting male for the first time, but could not characterise due to the subadult 

condition of the specimen. 

Distribution: Pakistan, India 

 

 

 

 

 

Figure 4.1.29. 
Gasteracantha 
dalyi Pocock, 1900: 
(A) Female habitus, 
(B) Female dorsal 
view, (C) Epigyne 
insitu, (D) Epigyne 
ventral view, (E) 
Epigyne dorsal 
view, (F) Male 
subadult dorsal 
view. Scales: A 1 
mm; B, F 0.5 mm; 
D-E 0.2 mm. 
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2. Gasteracantha geminata (Fabricius, 1798) (Oriental spiny spider) (Figure 4.1.30 A-G) 

Gasteracantha geminata Fabricius, 1798: 292 (♀); C. L. Koch, 1837: 16, Fig. 260 (♀); 

Simon, 1895: 836, Figs. 883-887 (♀♂); Tikader, 1982: 53, Figs. 107-110 (♀); Sankaran et 

al., 2015: 147, Figs. 1A-F, 2A-F (♀♂). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: This is a common species that can be found in almost all 

habitats. Females have a horizontally elongated abdomen with fused anterior and median 

pairs of spines. They possess three characteristic white transverse bands on the black to dark 

brown dorsum of the abdomen. Tinges of yellow and red are also visible at the base of the 

spines. Males are much smaller and dull in colour. Both males and females construct orb 

webs and rest at the hub during the day. Sometimes, juvenile females build small, fluffy ball-

like structures made with specialised silk and arranged serially in the radials, which can be 

considered as stabilimentum. In the present study, this species has been recorded from all the 

habitats except grasslands, Kole wetlands and paddy fields. 

Distribution: India, Sri Lanka. 

 

 

Figure 4.1.30. 
Gasteracantha 
geminata (Fabricius, 
1798): (A) Female 
habitus, (B) Female dorsal 
view, (C) Epigyne insitu, 
(D) Epigyne ventral view, 
(E) Epigyne dorsal view, 
(F) Male dorsal view, (G) 
Palp retrolateral view. 
Scales: A 1 mm; F 0.5 
mm; D-E 0.2 mm; C, G 
0.1mm. 
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Genus XII. Gea C. L. Koch, 1843 

Type species: Gea spinipes C. L. Koch, 1843 

Diagnostic features: Members of this genus are medium-sized sized that highly resemble 

Argiope species in the general appearance and resting position in the orb web. However, they can 

be distinguished by having equally spaced PEs. Also, the cephalic and the thoracic regions are 

raised equally. Females have a weakly sclerotised epigyne that lacks a scape but has a prominent 

median septum dividing the atrium, forming two equal depressions. The anterior lip of the 

septum and the posterior septal plate play an important role in characterising the species. Males 

are smaller than females, but do not exhibit high sexual size dimorphism as in Argiope. Males 

have only one patellar seta in the pedipalp. Median apophysis is bifurcated and possesses a long 

curved filiform embolus. 

This genus has a worldwide distribution with 13 identified species (WSC, 2025). In the present 

study, one species belonging to Gea was identified. 

1. Gea spinipes C. L. Koch, 1843 (Orange-headed orb web spider) (Figure 4.1.31 A-D) 

Gea spinipes C. L. Koch, 1843: 101, Fig. 823 (♀); Levi, 1983: 326, Fig. 362-375 (♀♂); Yin 

et al., 1989: 67, Fig. 7A-C (♀); Chakrabarti, 2009: 128, Fig. 1-7 (♀); Mi et al., 2024a: 79, 

Figs. 3A-L, 4A-E, 7E-H (♀♂). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: Females of this species have a subtriangular abdomen with 

white patches on a greyish brown abdomen. They are rarely found during day daytime and 

build large vertical webs at night. This species builds their webs in high humid and shady 

regions of evergreen and semievergreen forests. In the present study they have been spotted 

only from two regions.  

Distribution: China, South and Southeast Asia. 
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Genus XIII. Herennia Thorell, 1877 

Type species: Herennia multipuncta (Doleschall, 1859) 

Diagnostic features: Members of this genus are unique in building orb webs. The spiders built 

small to medium orb webs in tree trunks, rocks and walls in the plane of the substrate, and the 

hub will be touching the substrate. Medium pale brown to grey coloured females, having long 

legs, rest at this hub, camouflaging themselves so that it is difficult to spot them. They show 

extreme sexual dimorphism in terms of size and appearance. Females, having a lobed abdomen, 

possess a sclerotised epigynum with two distinct chambers formed by the septum. Males can be 

distinguished by having an apical tegular apophysis, an embolus hook and a large sigmoid-

shaped conductor. Both males and females have straited cheliceral boss. Members of this genus 

are distributed across the tropical belt with 11 identified species (WSC, 2025). The only 

representative from India was also spotted during the study. 

1. Herennia multipuncta (Doleschall, 1859) (Bark hugging spider) (Figure 4.1.32 A-H) 

Herennia multipuncta Doleschall, 1859: 32, pl. 1, Fig. 5 (♀);  Thorell, 1877: 371; Simon, 

1894: 759, Fig. 828, 835 (♀♂); Tikader, 1982: 106, Fig. 202-204 (♀); Kuntner, 2005: 397, 

Figs. 1A-G, 2A-D, 3A-C, 4A-E, 5A-F, 6A-F, 7A-F, 8A-F, 9A-F, 10A-F, 11A-F, 12A-F, 13A-

F, 14A-C, 15 (♀♂). 

Figure 4.1.31. Gea 
spinipes C. L. Koch, 
1843): (A) Female 
dorsal view, (B) Epigyne 
insitu, (C) Epigyne 
ventral view, (D) 
Epigyne dorsal view. 
Scales: A 1 mm; B-C 0.2 
mm. 
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(Complete list of references in WSC, 2025) 

Habitat and natural history: Females of this species are medium-sized spiders, while the 

males are very small. Females, typically flat, have a pale brown abdomen with a dark 

carapace and build small orb webs on tree trunks and rest at the hub, camouflaging 

themselves. Bright red coloured to brown males can be seen in the proximity of this web 

during the breeding time. In the present study, they have been spotted in all evergreen, semi-

evergreen and deciduous forests. 

Distribution: India, China, Vietnam, Indonesia. 

 

 

Figure 4.1.32. Herennia 
multipuncta (Doleschall, 
1859): (A) Female 
habitus, (B) Female 
dorsal view, (C) 
Epigyne insitu, (D) 
Epigyne ventral view, 
(E) Epigyne dorsal 
view, (F) Male habitus, 
(G) Male dorsal view, 
(H) Palp ventral view. 
Scales: B, G 1 mm; C-
E, H 0.2 mm. 
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Genus XIV. Leviaraneus Tanikawa & Petcharad, 2023 

Type species: Leviaraneus viridiventris (Yaginuma, 1969) 

Diagnostic features: Leviaraneus is one among the species group that has been recently 

upgraded to genus status from Araneus. Both males and females have a similar appearance. 

Males have only one patellar macrosetae in their pedipalp and lack a ventral hook on coxa I and 

a dorsal groove on femur II. Their embolus is S-shaped, long and filiform. Females have a 

partially sclerotised, heart-shaped epigyne with a short, tongue-like, U-shaped scape. All the 

members of this genus are bright green in colour. 

Members of this genus are mainly distributed in Southeast Asian countries. To date, three species 

have been recognised under this genus (WSC, 2025), and among them, only one has been 

reported in the present study. 

1. Leviaraneus viridiventris (Yaginuma, 1969) (Figure 4.1.33 A-F) 

Leviaraneus viridiventris Ohno & Yaginuma, 1969: 21, Fig. 3a-f (♀♂); Yin et al., 1990: 22, 

Fig. 51-57 (♀♂); Shilpa et al., 2023: 133, Figs. 1, 2A-E, 3A-E, 4A-C (♀); Tanikawa & 

Petcharad, 2023: 121, Fig. 2A-H (♀♂).   

(Complete list of references in WSC, 2025) 

Habitat and natural history: Both males and females of this spider have an inverted 

triangle abdomen with blunt posterior end. They have a bright green abdominal dorsum with 

dark brown comma-shaped lateral patches from anterior to the posterior end. This species 

has been spotted in the evergreen forest and garden during the present study. Both the male 

and female specimens were found in the retreat near the medium orb web. 

Remarks: First report from India (Shilpa et al., 2023). 

Distribution:  India, China, Taiwan, Japan. 
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 Genus XV. Macracantha Simon, 1864 

Type species: Macracantha arcuata (Fabricius, 1793) 

Diagnostic features: Members of this genus were initially placed under Gasteracantha as they 

possess three pairs of abdominal spines, but later Emerit (1974) characterised a new genus, 

Macracantha, and transferred them. Carapace has a raised mid-region. Octagonal abdomen with 

sigilla on both dorsal and ventral sides. They also have a well-developed median spine longer 

than the other two pairs. Unlike Gasteracantha, members of this genus are concentrated in South 

and Southeast Asia. To date, only two species have been recorded from this genus. In the present 

study, one species was identified. 

1. Macracantha hasselti (C. L. Koch, 1837) (Hasselt’s spiny spider) (Figure 4.1.34 A-C) 

Macracantha hasselti C. L. Koch, 1837: 29, Fig. 267 (♀); Emerit, 1974: 29; Tikader & 

Biswas, 1981: 33, Fig. 47-49 (♀); Yin et al., 1997: 96, Fig. 25a-f (♀♂); Macharoenboon et 

al., 2021: 45, Figs. 9C-D, 12D-I.   

(Complete list of references in WSC, 2025) 

Figure 4.1.33. Leviaraneus 
viridiventris (Yaginuma, 
1969): (A) Female habitus, 
(B) Female dorsal view, (C) 
Epigyne insitu, (D) Epigyne 
ventral view, (E) Epigyne 
dorsal view, (F) Male dorsal 
view. Scales: B, F 0.5 mm; 
C-E 0.1 mm. 
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Habitat and natural history: Females of this species are bright yellow in colour with 

conspicuous black sigilla and three pairs of abdominal spines. Median spines are the largest 

and most pointed of the others. They build vertical orb webs in between branches of trees or 

shrubs and rest at the hub. Usually, they prefer shady regions. During the current study, this 

species was collected from a semi-evergreen forest. 

Distribution:  India, Pakistan, China, Southeast Asia. 

 

Figure 4.1.34. Macracantha hasselti (C. L. Koch, 1837): (A) Female subadult habitus, 
(B) Female subadult dorsal view, (C) Female subadult ventral view. Scales: A-B 1 mm. 

 

 

Genus XVI. Neoscona Simon, 1864 

Type species: Neoscona arabesca (Walckenaer, 1841) 

Diagnostic features: Members of this genus are the most common araneids in India. They can 

be spotted in all the ecosystems, from waterlogged swamps to arid deserts. Usually, the members 

are brown in colour with characteristic abdominal patterns. Some of the species exhibit 

abdominal colour polymorphism. Most of the members are nocturnally active, and during the 

day, they hide in the shade of leaves or retreats associated with the orb webs. These medium to 

large spiders share similarities with the species belonging to Araneus regarding their behavioural 

patterns. Females have a longitudinal thoracic groove that distinguishes them from Araneus. 

Males have two patellar macrosetae on the pedipalp and have a broad cymbium. Epigynum is 

sclerotised and has a tongue-like, prominent, smooth scape basally fused, with one or two pairs 

of lateral lobes. Members of this genus are distributed globally, with 124 recognised species. 
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This common group has been spotted in all the ecosystems under study and has been identified 

with eleven species. 

1. Neoscona bengalensis Tikader & Bal, 1981 (Spotted orb weaver) (Figure 4.1.35 A-E) 

Neoscona bengalensis Tikader & Bal, 1981: 15, Fig. 22-25 (♀); Mukhtar, 2012: 1714 (♂). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: Only females of this medium to large-sized spider have been 

reported. They have a brown coloured, sub-triangular abdomen with numerous hairs. 

Epigynum is partially sclerotised with a long, tongue-like scape that bends downwards at the 

base. They use curled leaves as retreats for hiding during the daytime and return to the web 

at dawn. They have been spotted in the evergreen and semi-evergreen forests during the 

study. 

Distribution: India, Pakistan, and Bangladesh. 

 

 

 

 

 

   

 

  

  

 

 

Figure 4.1.35. Neoscona 
bengalensis Tikader & Bal, 
1981: (A) Female habitus, (B) 
Female dorsal view, (C) 
Epigyne insitu, (D) Epigyne 
ventral view, (E) Epigyne dorsal 
view. Scales: A 1 mm; C-E 0.1 
mm. 
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2. Neoscona elliptica Tikader & Bal, 1981(Figure 4.1.36 A-G) 

Neoscona elliptica Tikader & Bal, 1981: 24, Fig. 45-49 (♀♂); Yin & Wang, 1982: 260, Fig. 

A-L (♀♂); Grasshoff, 1986: 118. 

(Complete list of references in WSC, 2025) 

Habitat and natural history: Both males and females of this species have a similar 

appearance, however, males are smaller than females. They have a pale brown to yellowish 

elliptical abdomen on which a characteristic trident-like, dark brown or black coloured 

anterior marking can be observed. They are abundantly found in lowland grasslands. Like 

others, they build their webs as dawn starts, and for the whole daytime they will be hidden 

inside the curled grass leaf blades, closed with the silk. During the study, they have been 

spotted in paddy fields, Kole wetlands and grasslands. 

Distribution: India, Bangladesh, China, Thailand, Laos. 

 

3. Neoscona nautica (L. Koch, 1875) (Grey sphere spider) (Figure 4.1.37 A-E) 

Neoscona nautica L. Koch, 1875: 17, pl. 2, Fig. 2 (♀♂); Petrunkevitch, 1930: 320, Fig. 197-

199 (♀♂); Yaginuma, 1955: 17, pl. 1, Figs. 5, 15 (♀♂); Berman & Levi, 1971: 498, Figs. 

13, 111-120, 132 (♀♂); Tikader & Bal, 1981: 12, Fig. 14-17 (♀); Mi et al., 2024b: 306 (♀). 

(Complete list of references in WSC, 2025) 

Figure 4.1.36. Neoscona 
elliptica Tikader & Bal, 
1981: (A) Female habitus, 
(B) Female dorsal view, (C) 
Epigyne insitu, (D) Epigyne 
ventral view, (E) Epigyne 
dorsal view, (F) Male dorsal 
view, (G) Palp retrolateral 
view. Scales: A, F 0.5 mm; 
C 0.05 mm; D-E, G 0.1 
mm. 
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Habitat and natural history: This is another species of Neoscona that can be commonly 

found in almost all habitats. These dark brown coloured spiders have a rounded, sub-

triangular abdomen with characteristic black folium-like markings. Like others, they will be 

in their webs only during the nighttime. During the study, they have been spotted in all 

habitats except grasslands, paddy fields, and Kole wetlands. 

Distribution: Asia, America (introduced), and Africa (introduced). 

 

4. Neoscona panchganiensis Tikader & Bal, 1981 (Figure 4.1.38 A-D) 

Neoscona panchganiensis Tikader & Bal, 1981: 48, Fig. 103-106 (♀); Tikader, 1982: 227, 

Fig. 440-443 (♀). 

Habitat and natural history: This species has only been reported from India. Details 

regarding the natural history and web-building behaviour of this species are not detailed. In 

the present study, only one specimen was spotted in a evergreen forest, which was hiding 

inside a curled dried leaf. 

Figure 4.1.37. Neoscona 
nautica (L. Koch, 1875): (A) 
Female dorsal view, (B) 
Epigyne insitu, (C) Epigyne 
ventral view, (D) Epigyne 
dorsal view, (E) Male 
subadult dorsal view. Scales: 
A, E 1 mm; B 0.2 mm; C-D 
0.1 mm. 
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Remarks: This species was originally placed under the genus Araneus, which was 

recommended for a genus transfer to Neoscona in this study. 

Distribution: India. 

 

5. Neoscona punctigera (Doleschall, 1857) (Figure 4.1.39 A-G) 

Neoscona punctigera Doleschall, 1857: 420 (♀); Simon, 1895: 828 (♀); Bösenberg & 

Strand, 1906: 230, pl. 11, Fig. 206 (♀♂); Tikader & Bal, 1981: 20, Fig. 36-39 (♀); Yin et al., 

1997: 360, Fig. 256a-h; Saaristo, 2010: 41, Fig. 4.47-50 (♀♂).    

(Complete list of references in WSC, 2025)  

Habitat and natural history: Males are smaller than the brown-coloured females. Females 

have a subtriangular abdomen and usually hide under the leaf shades during the day. They 

construct perfect large orb webs and sit at the hub during nighttime. Even though they suit 

all habitats, they are not as common as Neoscona nautica. During the current study, they 

have been collected from the evergreen forests, mangroves and grassland.     

Distribution: Asia and Australia. 

Figure 4.1.38. 
Neoscona 
panchganiensis Tikader 
& Bal, 1981: (A) 
Female dorsal view, 
(B) Epigyne insitu, (C) 
Epigyne ventral view, 
(D) Epigyne dorsal 
view. Scales: A 1 mm; 
B-D 0.2 mm. 



Chapter 4. RESULTS  Ph.D. Thesis 

Page | 134 
 

 

Figure 4.1.39. Neoscona punctigera (Doleschall, 1857): (A) Female habitus, (B) Female dorsal 
view, (C) Epigyne insitu, (D) Epigyne dorsal view, (E) Male habitus, (F) Male dorsal view, (G) Palp 
retrolateral view. Scales: B, F 1 mm; C, G 0.2 mm; D 0.1 mm. 
 

6. Neoscona theisi (Walckenaer, 1841) (Common orb spider) (Figure 4.1.40 A-C) 

Neoscona theisi Walckenaer, 1841: 53, pl. 18, Fig. 4 (♀); F. O. Pickard-Cambridge, 1904: 

470, pl. 44. Fig. 9-10 (♀♂); Yaginuma, 1955: 17, pl. I, Fig. 3 (♀♂); Patel, 1975: 158, Fig. 

1a-g (♀♂); Grasshoff, 1986: 69, Figs. 90-100 (♀♂); Zamani et al., 2020: 36, Figs. 11A-B, 

14A, D, 17A-C (♀♂). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: Like others this widely distributed species build their web 

during the night time and hide inside a curled leaf during the daylight. Females have an oval 

to subtriangular abdomen with a characteristic white cross shaped patch on the dark brown 

dorsum. In the present study they have been only spotted once from the grassland 

ecosystem. 

Distribution: Asia, Australia, Pacific islands (introduced). 
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7. Neoscona usbonga Barrion & Litsinger, 1995 (Figure 4.1.41 A-D) 

Nesoscona usbonga Barrion & Litsinger, 1995: 620, Figs. 391a-j, 392a-g (♀♂); Asalatha & 

Prasadan, 2020: 98, Fig. I1-e (♂). 

Habitat and natural history: Epigynum of the female have similarities with the Neoscona 

puntigera, but can be distinguished based on having a prominent lateral tubercle at the base 

of the scape and a U-shaped, round-ended scape. During the study, a female specimen of this 

species was identified from the garden, which was captured from the retreat made by a 

curled leaf. 

Distribution: India, Philippines. 

 

 

 

Figure 4.1.40. Neoscona 
theisi (Walckenaer, 
1841): (A) Female 
subadult habitus, (B) 
Female subadult dorsal 
view, (C) Female 
subadult ventral side. 
Scales: B, F 1 mm; C, G 
0.2 mm; D 0.1 mm. 

Figure 4.1.41. Neoscona 
usbonga Barrion & Litsinger, 
1995: (A) Female dorsal view, 
(B) Epigyne insitu, (C) 
Epigyne ventral, (D) Epigyne 
dorsal. Scales: A 1 mm; B-D 
0.2 mm. 
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8. Neoscona vigilans (Blackwall, 1865) (Brown legged spider) (Figure 4.1.42 A-G) 

Neoscona vigilans Blackwall, 1865: 342 (♀); Yaginuma, 1955: 19, pl. I, Fig. 7 (♀); Tikader 

& Bal, 1981: 18, Figs. 31-35 (♀♂); Grasshoff, 1986: 95, Figs. 141-145 (♀♂); Zamani et al., 

2025: 3, Figs. 3A-E, 4A-B (♀♂). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: These spiders can be seen commonly in gardens and other 

ecosystems having less complex vegetation. Both males and females have a reddish-brown 

abdomen with some having dark brown folium on the dorsum. Females can be distinguished 

by having a characteristic epigynal scape, having a median constriction and a pair of 

prominent median lateral lobes. Even though they are nocturnally active, they have been 

spotted in their webs during the daytime in the present study. 

Distribution: Africa, Asia, New Guinea. 

 

 

Figure 4.1.42. 
Neoscona 
vigilans (Blackwall, 
1865): (A) Female 
habitus, (B) Female 
dorsal view, (C) 
Epigyne insitu, (D) 
Epigyne ventral, (E) 
Epigyne dorsal, (F) 
Male dorsal, (G) 
Palp ventral view. 
Scales: B 1 mm; C-
E, G 0.2 mm; F 
2mm. 
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9. Neoscona yptinika Barrion & Litsinger, 1995 (Figure 4.1.43 A-B) 

Neoscona yptinika Barrion & Litsinger, 1995: 620, Fig. 390a-l (♂); Sen et al., 2011: 370, 

Figs. 8-14, 16 (♂). 

(Complete list of references in WSC, 2025) 

Habitat and natural history: Only males of this species have been reported yet and no 

enough literatures available stating their web building behaviour and natural habitats. 

During the present study a single specimen of this species was spotted in semi-evergreen 

forest. The spider was hiding under the leaf of a Jack in the bush plant. 

Distribution: India, Philippines.  

 

Genus XVII. Nephila Leach, 1815 

Type species: Nephila pilipes (Fabricius, 1793) 

Diagnostic features: This interesting group of spiders are one of the largest spider groups in the 

world. The females of these spiders can grow up to several millimetres and construct very large 

orb webs in woody trees, in which even a small bird can be trapped. Species belonging to this 

genus show extreme sexual dimorphism. Males can be spotted in the web of adult females. 

Female members of this species can be distinguished by their characteristic abdomen, which is 

elongated. The legs of the females are very long which measuring a palm size when it is fully 

Figure 4.1.43. Neoscona 
yptinika Barrion & Litsinger, 1995: 
(A) Male dorsal view, (B) Palp 
retrolateral view. Scales: A 1 mm; B 
0.2 mm. 
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extended. Epigynum of females, which is less complex than other araneids with a spherical 

spermatheca and short copulatory duct, are partially sclerotised and devoid of a prominent scape. 

Males also have an elongated abdomen but are significantly smaller than females, with a long 

tapering embolus and devoid of additional palpal sclerites. 

This widely distributed genus has eight identified species (WSC, 2025). Only one species of this 

genus has been reported from India which was also spotted in the present study. 

1. Nephila pilipes (Fabricius, 1793) (Giant wood spider) (Figure 4.1.44 A-G) 

Nephila pilipes Fabricius, 1793: 424; Leach, 1815: 134, Fig. 110 (♀); Tikader, 1962: 566 

(♀); Barrion et al., 1988: 248, Figs. 1, 2a-e (♀); Harvey et al., 2007: 422, Figs. 1-2, 4-5, 19-

31 (♀♂); Sankaran et al., 2020: 592, Figs. 1A-D, 2A-C, E-F, 3A-H (♀♂).  

(Complete list of references in WSC, 2025) 

Habitat and natural history: This is the most widely distributed species in the genus. 

Females are large with an elongated abdomen and construct large vertical orb webs mostly 

in woody trees. They will rest at the hub throughout the day. They also show different colour 

morphs, such as the one with two longitudinal bright yellow stripes and yellow spots in 

black coloured abdomen with black legs and a completely black-coloured abdomen with 

red-coloured legs. Males are extremely small than females and have a bright red colour. 

They can be spotted in the web of the females along with some other kleptoparasites. 

Sometimes, food caches can also be seen in the web of females. Usually, females come to 

the forest floor to lay eggs in the egg sacs constructed in the shallow depressions of the 

ground. This species was spotted in all the evergreen and semi-evergreen forests during the 

present study.  

Distribution: South and Southeast Asia, China, Australia. 
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Genus XVIII. Nephilengys L. Koch, 1872 

Type species: Nephilengys malabarensis (Walckenaer, 1841)  

Diagnostic features: This is another genus that shows extreme sexual dimorphism. Females of 

this group are larger with a brown abdominal dorsum, while the ventrum has bright yellow or 

orange characteristic markings. They also possess strong spines on the carapace near the eye 

region. Epigynum is heavily sclerotised and lacks a scape. Males are much smaller than females 

in bright red colour. They have a long, smooth embolus with distal enlargement and a conductor 

that is extremely sigmoid and rigid. Both males and females have a striated boss in their 

chelicerae. Females build large orb webs against trees, rocks or building roofs with a 

characteristic tubular retreat. This genus is distributed across the landmasses of Asia and 

Australia with two recognised species (WSC, 2025). In the present study, one species is 

recorded. 

Figure 4.1.44. Nephila 
pilipes (Fabricius, 1793): 
(A) Female habitus, (B) 
Female black morph 
habitus, (C) Epigyne insitu, 
(D) Epigyne ventral view, 
(E) Epigyne dorsal view, 
(F) Male dorsal view, (B) 
Palp retrolateral view. 
Scales: C-E 0.5 mm; F 1 
mm; G 0.2 mm. 
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1. Nephilengys malabarensis (Walckenaer, 1841) (Asias Hermit spider) (Figure 4.1.45 A-F) 

Nephilengys malabarensis Walckenaer, 1841: 103 (♀); Thorell, 1878: 123 (♂); Tikader, 

1977: 181, Fig. 12A-C (♀); Kuntner, 2007: 119, Figs. 22A-C, 23A-E, 24A-B (♀♂).  

(Complete list of references in WSC, 2025) 

Habitat and natural history: Females of this species construct large vertical orb webs 

against the large tree trunks. They also built the characteristic tubular retreat made of 

specialised silk, from the hub to the substrate, so that they could escape to the retreat upon 

encountering a threat. The hub in the adult female’s web will be significantly shifted towards 

the upper part. They spend the daytime either by occupying the hub or hiding in the retreat. 

Adult male spiders, which are significantly smaller, can be seen in the webs of female 

spiders. They were spotted in evergreen and semi-evergreen forests during the study. 

Distribution: Asia. 

 

 

 

Figure 4.1.45. 
Nephilengys 
malabarensis (Walckenaer, 
1841): (A) Female dorsal, 
(B) Epigyne insitu, (C) 
Epigyne dorsal view, (D) 
Epigyne ventral view, (E) 
Female black morph 
habitus, (C) Epigyne 
insitu, (D) Epigyne ventral 
view, (E) Male dorsal 
view, (F) Palp ventral 
view. Scales: B 0.5 mm; 
C-D, F 0.2 mm; E 1mm. 
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Genus XIX. Paraplectana Brito Capello, 1867 

Type species: Paraplectana thorntoni (Blackwall, 1865)  

Diagnostic features: This genus can be considered a rare araneid, as most of the species have 

not been reported after their first discovery. Also, males of any species have not been reported 

except for one. All the females of this species are brightly coloured from red to pink in 

combination with distinct black patches, which mimic the ladybird beetles. The number of black 

patches is even considered as a taxonomic trait. They build webs only during the nighttime and 

sit on the top of the leaves during the daytime. They are usually found on low vegetation. 

Females possess a partially sclerotised epigynum with a prominent median septum and lack the 

scape. 

This genus has representatives from Asia and Africa with 13 identified species (WSC, 2025). In 

the present study, only a single specimen of this genus was recorded but its species identity is not 

yet revealed. 

 

 

 

Figure 4.1.46. Paraplectana sp.: (A) 
Female habitus, (B) Female dorsal 
view, (C) Epigyne insitu, (D) 
Epigyne ventral view, (E) Epigyne 
dorsal view. Scales: B 1 mm; C-D, F 
0.2 mm; E 1mm. 
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Genus XX. Parawixia F. O. Pickard-Cambridge, 1904 

Type species: Parawixia destricta (O. Pickard-Cambridge, 1889) 

Diagnostic features: Females of this group are moderately large and have a thick body with a 

triangular abdomen with vertices. They are usually in black to dark brown colour with two 

characteristic tubercles on the anterior edge and on either side of the cephalic region. Females 

have a partially sclerotised epigynum with an oval atrium and a short, pointed, tail-like scape that 

is completely fused at the basal region. Males are distinguished by the shape of the paramedian 

apophysis, and they possess only one patellar macrosetae. 

Members of this genus are distributed in all biological realms with 29 identified species (WSC, 

2025). One representative of this genus was recorded in the study. 

1. Parawixia dehaani (Doleschall, 1859) (Abandoned orb web spider) (Figure 4.1.47 A-D) 

Parawixia dehaani Doleschall, 1859: 33, pl. 2, Fig. 7 (♀); Pocock, 1900: 225, Fig. 72 (♀); 

Tikader, 1982: 212, Figs. 414-418 (♀♂); Yin et al., 1997: 133, Fig. 48a-i (♀♂); Nentwig et 

al., 2019: 34.  

(Complete list of references in WSC, 2025) 

Habitat and natural history: Females of this species are large and have a characteristic 

dark brown coloured inverted triangle marking on the abdominal dorsum. Also, they possess 

a pair of pointed shoulder tubercles. They build large orb webs at a height of not more than 

three meters and rest either at the bridge line of the web or a retreat associated with the web, 

rarely at the hub. Upon disturbance, they fall down and mimic as dead by pulling their legs 

towards their bodies and later return to the web. They have been spotted in all evergreen and 

semi-evergreen forests. 

Distribution: New Guinea, South and Southeast Asia. 
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Genus XXI. Plebs Joseph & Framenau, 2012 

Type species: Plebs eburnus (Keyserling, 1886) 

Diagnostic features: Members of this genus include medium-sized, colourful spiders with a 

characteristic folium-like pattern on the abdominal dorsum. They have a pair of anterior 

tubercles on the abdomen. Males are also similar to females in appearance, but smaller than 

them. Females have an oblong-shaped epigynum with a long and smooth scape. Males possess a 

paramedian apophysis and an elongated transverse median apophysis. Both males and females 

have a light-coloured inverted U-shaped marking and a pair of anterior light spots on either side 

of the spinnerets. 

Representatives of this genus are scattered across Asia and Australia, with 22 identified species 

(WSC, 2025). One species belonging to this genus was recorded in the study. 

1. Plebs mitratus (Simon, 1895) (Green orb weaver) (Figure 4.1.48 A-E) 

Plebs mitratus Simon, 1895: 805 (♀); Joseph & Framenau, 2012: 333, Fig. 34A-F (♀); Paul 

et al., 2016: 103, Figs. 1A-B, 2A-L (♀♂).  

Habitat and natural history: Females of this species are larger than males and have a dark 

brown to reddish folium with pale lines and patches on the abdominal dorsum. The lateral 

sides of the abdomen are green in colour, with the characteristic ventral markings of the 

genus. They build medium orb webs with vertical stabilimentum made with specialised silk. 

Figure 4.1.47. Parawixia 
dehaani (Doleschall, 1859): 
(A) Female habitus, (B) 
Epigyne insitu, (C) Epigyne 
ventral view, (D) Epigyne 
dorsal view. Scales: B 0.5 
mm; C-D 0.2 mm. 
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These diurnal spiders are found only in forests of higher altitudes. This species has been 

only spotted from the evergreens at higher altitudes.  

Distribution: India. 

 

Genus XXII. Poltys C. L. Koch, 1843 

Type species: Poltys illepidus C. L. Koch, 1843 

Diagnostic features: This is an interesting araneid genus in regard to its appearance. Females 

are medium-sized spiders, while the males are extremely small. The members have a pear-shaped 

carapace and a doubly domed appearance in the lateral view. The genus can be distinguished by 

its characteristic eye pattern. Median eyes are situated on prominent tubercles, while the lateral 

eyes are pushed far from them. The epigyne is bulbous, having a thin scape. Males lack endite 

teeth and coxal hooks and have less complex palpal structure than their sister groups. 

Figure 4.1.48. Plebs 
mitratus (Simon, 1895): (A) 
Female dorsal view, (B) Epigyne 
insitu, (C) Epigyne ventral view, 
(D) Epigyne dorsal view, (E) Male 
subadult dorsal view. Scales: A, E 
1 mm; B-D 0.2 mm. 
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To date, 42 species have been recorded from this genus with a wide distribution across Africa, 

Asia, and Australia. 

1. Poltys columnaris Thorell, 1890 (Tree stump spider) (Figure 4.1.49 A-D) 

Poltys columnaris Thorell, 1890: 87 (♀); Smith, 2006: 88, Figs. 223-225 (♀); Tanikawa, 

2007: 91, Figs. 289-294, 754-756 (♀♂); Kulkarni & Smith, 2013: 4524, Fig. 1-3 (♀).  

Habitat and natural history: Females of this species have an interesting abdominal shape 

which has elevated anteriorly. They are active during nighttime by building orb webs. 

During nighttime, they can be spotted on the web, while in daytime, they will be somewhere 

in the proximity of the web. Since they have a favourable colour and shape to mimic the 

twigs, they will remain in the nearby branches, and it is difficult to find them. They can be 

found in forests and gardens. In the present study, one specimen of this species was collected 

from the garden during the night. 

Distribution: India, Sri Lanka, Indonesia, Japan. 

 

 

 

 

 

 

 

  

 

 

Figure 4.1.49. Poltys 
columnaris Thorell, 1890: 
(A) Female abdomen dorsal 
view, (B) Female 
cephalothorax dorsal view, 
(C) Epigyne ventral view, 
(D) Epigyne dorsal view. 
Scales: A-B 1 mm; C-D 0.2 
mm. 
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 Genus XXIII. Thelacantha van Hasselt, 1882 

Type species: Thelacantha brevispina (Doleschall, 1857) 

Diagnostic features: This genus was placed as a subgenus of Gasteracantha, and later it was 

elevated to a separate genus. They share similarities with the former in many aspects. Like in the 

former group, three pairs of abdominal spines are present, but the spines are in the form of 

tubercles with a slight protuberance at the tip. Females are medium-sized spiders having a 

heavily sclerotised oblong epigynum with a less distinct short scape. Even though males have a 

similar shape, they are very much smaller than females without colourful patches on the 

abdominal dorsum, as in females.   

This genus has only two identified species with wide distribution across the continents (WSC, 

2025). 

1. Thelacantha brevispina (Doleschall, 1857) (Double spotted spiny spider) (Figure 4.1.50 

A-G) 

Thelacantha brevispina Doleschall, 1857: 423 (♀); Thorell, 1878: 17, 294; Tikader, 1970: 

38, Fig. 23d (♀); Emerit, 1974: 57, Figs. 17, 18A-B, 19A-C, 26A (♀♂); Tan et al., 2019a: 

47, Figs. 1H, 12A-E (♀); Macharoenboon et al., 2021: 47, Figs. 10A-E, 12J-L (♀).  

Habitat and natural history: This is the only species of this genus that has a wide 

distribution. Despite the similarities with Gasteracantha, this species has a dark body with 

colourful patches, especially a pair of mid-dorsal white patches. However, certain colour 

morphs of this species have been reported. Males are smaller than females with pale to dark 

brown bodies. They build perfect medium to large orb webs and sit at the hub. Sometimes, 

males can also be seen hanging in the female’s web. They can be found in all types of 

ecosystems. In the present study, they have been spotted in all the habitats considered except 

the paddy field, Kole wetlands and grasslands. 

Distribution: Africa, Asia, and Australia. 
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Figure 4.1.50. Thelacantha brevispina (Doleschall, 1857): (A) Female dorsal view, (B) Female 
colour morph dorsal view, (C) Epigyne insitu, (D) Epigyne ventral view, (E) Epigyne dorsal 
view, (F) Male dorsal view, (G) Palp retrolateral view. Scales: A-B 1 mm; C-E 0.2 mm; F 0.5 
mm; G 0.1 mm. 
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4.2. Barcoding of araneids in Kerala 

For barcoding the araneids in Kerala, 84 specimens were chosen for DNA extraction. A 100% 

success rate was achieved during DNA isolation, following the steps mentioned in section 3.2.1. 

DNA samples with an optical density (OD) ratio at 260/280 nm between 1.7 and 2.0 were 

selected (Table S1 & S2). 

Among the 84 successful DNA samples, all of them were subjected to COI gene 

amplification, and 36 were subjected to H3 gene amplification using the primer pairs and thermal 

profiles mentioned in Tables 3.4 and 3.5, with 92.865% (78 samples) and 94.4% (34 samples) 

success rates, respectively. All the successful PCR amplicons produced bands when visualised 

after gel electrophoresis (Figure 4.2.1 & 4.2.2). 

 

Figure 4.2.1. Gel visualised under UV transilluminator: COI amplicons of ARAMP015, 
ARAMP017, ARAMP020, ARAMP021, ARAMP023, ARAMP024, ARAMP025, 
ARAMP026, ARAMP027, (L) Ladder, (-C) Negative control, (+C) Positive control. 
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Figure 4.2.2. Gel visualised under UV transilluminator: H3 amplicons of ARAMP015, 
ARAMP016, ARAMP020, ARAMP022, ARAMP023, ARAMP024, ARAMP025, ARAMP026, 
ARAMP027, ARAMP028, ARAMP032, ARAMP034, ARAMP043, (L) Ladder, (-C) Negative 
control, (+C) Positive control. 

 

Partial sequences of COI and H3 were successfully sequenced, except for one for each 

gene. Thus, a total of 110 sequences were developed in the present study. All the developed 

sequences were checked for contamination and stop codons, resulting in sequence lengths 

ranging from 422 to 578 bp, with an average of 558 bp for the COI gene and 254 to 312 bp, with 

an average of 297 bp for the H3 gene. All the COI and H3 sequences obtained in this study were 

subjected to a BLAST search in the NCBI nucleotide database to validate species-level 

identifications. The results of the BLAST search are summarised in Table S1 and S2. 

The sequences were submitted to GenBank, and accession numbers were obtained for 

109 records (Table S1 & S2). A total of 53 araneid species were successfully barcoded using the 

COI gene and 33 species using the H3 gene. Of the 109 barcodes submitted to GenBank, 28 COI 

barcodes and 10 H3 barcodes represent the first entries in the database, thereby contributing to 

the global reference library of the barcodes.
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4.2.1. Genetic distance of Arachnura melanura specimens 

Original alignment = 558 positions 

Gblocks alignment = 526 positions (94%) 

Pairwise genetic distance analysis revealed that the genetic distance between the voucher 

samples is zero (Table 4.2.3), which shows that all three voucher samples belong to the same 

species. The genetic distance between the voucher samples and the Arachnura melanura 

reference sequence is zero. Hence, it can be concluded that these three specimens belong to 

the species Arachnura melanura. 

Table 4.2.1. Genetic distance inferred from COI sequences of Arachnura melanura. 
*Sequences developed for the present study 
 

1 2 3 4 5 6 7 8 

A. feredayi 
(MT724704.1) 

        

A. higginsi 
(MK420059.1) 

0.0828        

A. melanura 
(ARAMP029) * 

0.1870 0.1749       

A. melanura 
(ARAMP031) * 

0.1870 0.1749 0.0000      

A. melanura 
(ARAMP032) * 

0.1870 0.1749 0.0000 0.0000     

A. melanura 
(KJ957945.1) 

0.1870 0.1749 0.0000 0.0000 0.0000    

A. logio 
(KJ957944.1) 

0.1974 0.1826 0.1610 0.1610 0.1610 0.1610   

A. scorpionoides 
(KJ957946.1) 

0.1872 0.1845 0.1150 0.1150 0.1150 0.1150 0.1518  
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4.2.2. Genetic distance of Cyclosa bifida specimens 

Original alignment = 545 positions 

Gblocks alignment = 540 positions (99%) 

The analysis shows that the genetic distance between the three voucher specimens is less than 

3%, indicating they are conspecific. Also, the average genetic distance between the voucher 

specimens and the reference Cyclosa bifida sequences is 0.006. Hence, it can be concluded 

that the voucher specimens, ARAMP041, ARAMP042, and ARAMP043, belong to the 

species Cyclosa bifida. 

Table 4.2.2. Genetic distance inferred from COI sequences of Cyclosa bifida. *Sequences 
developed for the present study 

 1 2 3 4 5 6 7 8 

C. bifida 
(ARAMP042) * 

        

C. bifida 
(ARAMP043) * 

0.0039        

C. bifida 
(ARAMP041) * 

0.0020 0.0056       

C. bifida 
(MK392662.1) 

0.0079 0.0112 0.0056      

C. bifida 
(PQ478048.1) 

0.0059 0.0093 0.0037 0.0019     

C. bifida 
(MK392663.1) 

0.0059 0.0093 0.0037 0.0056 0.0037    

C. spirifera 
(MK392677.1) 

0.1287 0.1343 0.1275 0.1298 0.1276 0.1231   

C. mulmeinensis 
(PQ558947.1) 

0.1475 0.1547 0.1474 0.1545 0.1522 0.1474 0.1597  
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4.2.3. Genetic distance of Eriovixia poonaensis specimens 

Original alignment = 483 positions 

Gblocks alignment = 476 positions (98%) 

Genetic distance analysis of ARAMP065 and ARAMP067 shows that their distance is less 

than 3%, which indicates the chance of conspecificity. The average genetic distance of the 

specimens with Eriovixia poonaensis sequences is less than 3%, while it is 5.5% with the 

Eriovixia laglaizei sequence, which indicates that the specimens belong to Eriovixia 

poonaensis. 

Table 4.2.3. Genetic distance inferred from COI sequences of Eriovixia poonaensis. 
*Sequences developed for the present study 

 1 2 3 4 5 6 7 

E. poonaensis 
(KT383762.1) 

       

E. poonaensis 
(KT383689.1) 

0.0021       

E. poonaensis 
(ARAMP065)* 

0.0228 0.0257      

E. poonaensis 
(ARAMP067)* 

0.0042 0.0063 0.0286     

E. poonaensis 
(MK392775.1) 

0.0460 0.0437 0.0619 0.0506    

E. laglaizei 
(MK420106.1) 

0.0437 0.0414 0.0619 0.0483 0.0021   

E. poonaensis 
(MK392776.1) 

0.0437 0.0414 0.0619 0.0483 0.0063 0.0042  
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4.2.4. Genetic distance of Neoscona punctigera specimens 

Original alignment = 545 positions 

Gblocks alignment = 545 positions (100%) 

ARAMP087 and ARAMP088 show a genetic distance of 0.0037, concluding that they are 

conspecific. The average genetic distance between the voucher specimens and the Neoscona 

punctigera sequences is 3%, which can be considered the specimens as Neoscona punctigera. 

Table 4.2.4. Genetic distance inferred from COI sequences of Neoscona punctigera. 
*Sequences developed for the present study 

 1 2 3 4 

N. punctigera 
(ARAMP087)* 

    

N. punctigera 
(ARAMP088)* 

0.0037    

N. punctigera 
(MF467584.1) 

0.0074 0.0111   

N. punctigera 
(JN817151.1) 

0.0577 0.0617 0.0597  
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4.2.5. Genetic distance of genus Neoscona bengalensis specimens 

Original alignment = 560 positions 

Gblocks alignment = 542 positions (96%) 

The genetic distance analysis to reveal the identity of the Neoscona voucher specimens 

resulted in the conspecificity of ARAMP084 and ARAMP085 with a genetic distance of 

0.2%. ARAMP083 showed an average distance of 0.003 from the former specimens, 

indicating conspecificity. These three voucher specimens have a genetic distance of >3% with 

Neoscona vigilans and Neoscona nautica reference sequences. This indicates that the voucher 

specimens neither belong to Neoscona vigilans nor Neoscona nautica. 

Table 4.2.5. Genetic distance inferred from COI sequences of Neoscona bengalensis. 
*Sequences developed for the present study 

 1 2 3 4 5 

N. bengalensis 
(ARAMP084)* 

     

N. bengalensis 
(ARAMP085)* 

0.0020     

N. bengalensis 
(ARAMP083)* 

0.0040 0.0018    

N. vigilans 
(MK154773.1) 

0.0892 0.0923 0.0923   

N. nautica 
(OQ520327.1) 

0.0984 0.0944 0.0923 0.1006  
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4.2.6. Genetic distance of Gea specimens 

Original alignment = 491 positions 

Gblocks alignment = 428 positions (87%) 

Voucher specimens, ARAMP075 and ARAMP076, show a genetic distance of 0.0047, 

indicating their conspecificity. At the same time, the average genetic distance between the 

voucher specimens and the Gea spinipes sequences is 0.043, which clearly says that the 

voucher specimens do not belong to the species Gea spinipes. 

Table 4.2.6. Genetic distance inferred from COI sequences of the genus Gea. *Sequences 
developed for the present study 

 1 2 3 4 

G. spinipes 
(KJ957965.1) 

    

G. spinipes 
(OQ871572.1) 

0.0609    

Gea sp. 
(ARAMP075)* 

0.0642 0.0226   

Gea sp. 
(ARAMP076)* 

0.0613 0.0253 0.0047  
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4.2.7. Genetic distance of Gasteracantha dalyi specimens 

Original alignment = 557 positions 

Gblocks alignment = 557 positions (100%) 

Genetic distance analysis of Gasteracantha voucher specimens, ARAMP070 and 

ARAMP073, revealed a 0.19% genetic difference between the specimens. This shows that 

both are conspecific. An average distance of 4.3% with homologous sequences indicates that 

the specimens are not congeneric. 

 Table 4.2.7. Genetic distance inferred from COI sequences of Gasteracantha dalyi. 
*Sequences developed for the present study 

 1 2 3 4 

G. dalyi 
(ARAMP070)* 

    

G. dalyi 
(ARAMP073)* 

0.0019    

M. hasselti 
(MT584903.1) 

0.0447 0.0412   

M. hasselti 
(MK392767.1) 

0.0466 0.0433 0.0091  
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4.2.8. Genetic distance of Neoscona vigilans specimens 

Original alignment = 536 positions 

Gblocks alignment = 536 positions (100%) 

The genetic distance between the specimens ARAMP092 and ARAMP082 is zero, thus, both 

belong to the same species. The average genetic distance between the voucher specimens and 

Neoscona vigilans sequences is 0.003, indicating that the specimens belong to the species 

Neoscona vigilans. 

Table 4.2.8. Genetic distance inferred from COI sequences of Neoscona vigilans. *Sequences 
developed for the present study 

 1 2 3 4 5 

N. vigilans 
(ARAMP092)* 

     

N. vigilans 
(MK154395.1) 

0.0000     

N. vigilans 
(ARAMP082)* 

0.0000 0.0000    

N. vigilans 
(MK559319.1) 

0.0037 0.0037 0.0021   

N. vigilans 
(MK154431.1) 

0.0075 0.0075 0.0063 0.0037  
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4.2.9. Genetic distance of genus Thelacantha brevispina specimens 

Original alignment = 551 positions 

Gblocks alignment = 551 positions (100%) 

ARAMP020 and ARAMP074 can be concluded as conspecific according to the results of 

genetic distance analysis. They are genetically distant by only 0.2%. The average distance 

between the voucher specimens and Thelacantha brevispina sequences is 0.002, indicating 

that the voucher specimens belong to the genus Thelacantha brevispina. 

Table 4.2.9. Genetic distance inferred from COI sequences of Thelacantha brevispina. 
*Sequences developed for the present study 

 

1 2 3 4 

T. brevispina 
(ARAMP020)* 

    

T. brevispina 
(MT584920.1) 

0.0000    

T. brevispina 
(MT584921.1) 

0.0019 0.0018   

T. brevispina 
(ARAMP074)* 

0.0019 0.0037 0.0055  
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4.2.10. Genetic distance of Nephila pilipes specimens 

Original alignment = 569 positions 

Gblocks alignment = 569 positions (100%) 

The voucher specimens of the genus Nephila, ARAMP077 and ARAMP017, are genetically 

distant by 1.7%. It can be considered conspecific as it is less than the threshold value. The 

average distance between the voucher specimens and the Nephila pilipes sequences is 0.008, 

indicating that the specimens belong to the species Nephila pilipes. 

Table 4.2.10. Genetic distance inferred from COI sequences of Nephila pilipes. *Sequences 
developed for the present study 

 1 2 3 4 5 6 7 

N. pilipes 
(ARAMP077)* 

       

N. pilipes 
(DQ779231.1) 

0.0054       

N. pilipes 
(DQ779253.1) 

0.0073 0.0018      

N. maculata 
(AY052591.1) 

0.0165 0.0107 0.0089     

N. pilipes 
(DQ779242.1) 

0.0184 0.0125 0.0107 0.0018    

N. pilipes 
(ARAMP017)* 

0.0171 0.0110 0.0092 0.0000 0.0018   

N. kuhlii 
(MN341002.1) 

0.0184 0.0125 0.0107 0.0018 0.0035 0.0018  
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4.2.11. Genetic distance of Argiope pulchella and Argiope versicolor specimens 

Original alignment = 551 positions 

Gblocks alignment = 533 positions (96%) 

The analysis revealed that ARAMP034 has 0.38% and 0.57% genetic difference with 

ARAMP035 and ARAMP038, and ARAMP035 shows only 0.19% difference with 

ARAMP038. The difference between ARAMP036 and ARAMP037 is 0.95%. Whereas the 

ARAMP036 has 2.89%, 3.29%, 3.49% difference with ARAMP034, ARAMP035, and 

ARAMP038, respectively, and ARAMP037 has a distance of 2.69%, 3.09%, and 3.29% with 

ARAMP034, ARAMP035, ARAMP038. This shows that the former three belong to the same 

species, and the latter two are conspecific. Also, the average genetic distance between the two 

groups is 0.031. Hence, it can be concluded that ARAMP034, ARAMP035, and ARAMP038 

are genetically different from ARAMP036 and ARAMP037, suggesting two different species. 

The average genetic distance between the former group with the reference Argiope pulchella 

sequences is 0.0004, while with reference Argiope versicolor it is 0.05, indicating the former 

group belongs to Argiope pulchella. Similarly, the average distance between the latter group 

with reference Argiope pulchella sequences is 0.031, and with reference Argiope versicolor 

sequences is 0.02, indicating they belong to Argiope versicolor.  
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Table 4.2.11. Genetic distance inferred from COI sequences of Argiope pulchella and 
Argiope versicolor. *Sequences developed for the present study 

 1 2 3 4 5 6 7 8 9 10 11 

A. versicolor 
(ARAMP036)* 

           

A. versicolor 
(ARAMP037)* 

0.009           

A. versicolor 
(KJ957991.1) 

0.027 0.017          

A. versicolor 
(PQ721811.1) 

0.006 0.012 0.028         

A. pulchella 
(ARAMP034)* 

0.028 0.026 0.017 0.037        

A. pulchella 
(MK153906.1) 

0.028 0.026 0.017 0.037 0.000       

A. pulchella 
(ARAMP035)* 

0.032 0.030 0.017 0.039 0.003 0.003      

A. pulchella 
(ARAMP038)* 

0.034 0.032 0.019 0.041 0.005 0.005 0.001     

A. versicolor 
(MK392649.1) 

0.030 0.028 0.015 0.037 0.001 0.001 0.001 0.003    

A. pulchella 
(MK153865.1) 

0.032 0.030 0.017 0.039 0.003 0.003 0.003 0.005 0.001   

A. versicolor 
(MK392647.1) 

0.027 0.025 0.015 0.028 0.013 0.013 0.013 0.015 0.011 0.013  
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4.2.12. Genetic distance of Cyclosa hexatuberculata and Cyclosa spirifera specimens 

Original alignment = 536 positions 

Gblocks alignment = 536 positions (100%) 

Genetic distance analysis of Cyclosa voucher specimens resulted in two conspecific groups. 

The first one includes the specimens ARAMP045, ARAMP046, and ARAMP047 with zero 

genetic difference. The average genetic distance of the second group, that is ARAMP048, 

ARAMP050, ARAMP053, ARAMP054, and ARAMP055, is 0.002, indicating their 

conspecificity. The first group shows a 2.2% average distance between the Cyclosa 

hexatuberculata and a 3.3% average distance with Cyclosa spirifera reference sequences. 

Thus, the first group belong to the species Cyclosa hexatuberculata. The second group has an 

average distance of 0.023 with Cyclosa spirifera and 0.032 with Cyclosa hexatuberculata 

reference sequences, indicating that the specimens belong to the species Cyclosa spirifera. 

The average genetic distance between Cyclosa hexatuberculata group and Cyclosa spirifera 

group is 0.0524, which is greater than 3%, indicating two groups are not conspecific.
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Table 4.2.12. Genetic distance inferred from COI sequences of Cyclosa hexatuberculata and Cyclosa spirifera. *Sequences developed for the 
present study 

 

 1 2 3 4 5 6 7 8 9 10 11 12 13 

C. spirifera 
(ARAMP050) * 

             

C. spirifera 
(ARAMP055) * 

0.0000             

C. spirifera 
(ARAMP048) * 

0.0021 0.0021            

C. spirifera 
(ARAMP054) * 

0.0000 0.0000 0.0000           

C. spirifera 
(MK559316.1) 

0.0000 0.0000 0.0021 0.0000          

C. spirifera 
(ARAMP053) * 

0.0042 0.0041 0.0064 0.0043 0.0037         

C. hexatuberculata 
(MK154774.1) 

0.0042 0.0041 0.0064 0.0043 0.0037 0.0075        

C. hexatuberculata 
(ARAMP045) * 

0.0523 0.0516 0.0556 0.0540 0.0506 0.0505 0.0462       

C. hexatuberculata 
(ARAMP047) * 

0.0523 0.0516 0.0553 0.0538 0.0486 0.0486 0.0446 0.0000      

C. spirifera 
(MK392672.1) 

0.0546 0.0539 0.0577 0.0562 0.0507 0.0506 0.0466 0.0020 0.0019     

C. hexatuberculata 
(KT383709.1) 

0.0522 0.0515 0.0557 0.0541 0.0486 0.0486 0.0444 0.0000 0.0000 0.0019    

C. spirifera 
(MK392670.1) 

0.0522 0.0515 0.0552 0.0537 0.0486 0.0485 0.0445 0.0061 0.0056 0.0075 0.0059   

C. hexatuberculata 
(ARAMP046) * 

0.0523 0.0516 0.0553 0.0538 0.0486 0.0486 0.0446 0.0000 0.0000 0.0019 0.0000 0.0056  
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4.3. Phylogenetic relationships of araneids in Kerala 

Gene trees of COI and H3 were constructed separately using four different methods of 

phylogenetic analysis. Additionally, the phylogenetic trees of the concatenated dataset were also 

reconstructed using the four methods. Thus, a total of twelve trees were reconstructed in the 

present study to understand the interrelationships of araneids in Kerala. 

4.3.1. COI gene tree reconstruction  

A total of 76 COI barcodes were generated in the present study. After the genetic distance 

analysis, 55 sequences were selected for the phylogenetic analysis based on the COI sequences. 

This represents 52 araneid species recorded from this study. The original MSA alignment 

included 573 bp positions, which were trimmed to 541 bp (94%) Gblocks alignment. 

Mitochondrial COI partial sequences of Leucauge decorata (MK057512) and Leucauge fastigata 

(MK392881) were selected as the outgroup species. 

Model selection for the maximum likelihood analysis and Bayesian inference was done 

using jModelTest. The analysis supported GTR+G+I as the best fit nucleotide substitution model 

with the lowest BIC score as 18039.76, the lowest AIC value as 17515.96, and the Maximum 

Likelihood value (lnL) as 8635.98. 

The neighbour-joining gene tree was constructed in MEGA11 using 1000 bootstrap 

replicates. As MEGA11 does not support the GTR model for NJ analysis, the tree was generated 

using the TN93 substitution model with a gamma distribution (+G = 0.95). Pairwise deletion was 

selected to treat the missing data in the MSA. All three codon positions were included in the 

analysis (Figure 4.3.1). 

The most parsimonious tree was also constructed in MEGA11. The number of bootstrap 

replications and the selection of codon position were the same as the NJ analysis. The Tree 

Bisection Reconnection (TBR) method was used to search the parsimonious tree (Figure 4.3.2). 
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The maximum likelihood gene tree was built in RAxML with 1000 bootstrap replicates. 

Maximum likelihood and a rapid bootstrap approach were chosen for the analysis, which was 

based on the nuclear substitution model, GTR+G+I. The analysis resulted in the final ML 

optimization likelihood score of 88661.743 (Figure 4.3.3). 

Bayesian Inference analysis was done in MrBayes with 2 million MCMC generations. In 

the analysis based on the GTR+G+I substitution model, every 500th tree was saved. Of the total 

trees sampled (6002), 5942 trees were 99% credible. The arithmetic mean of the marginal 

likelihoods for the two runs was 8667.75. Effective Sample Size (ESS) values of all model 

parameters were >200 (Figure 4.3.4). 

In all four trees, the members of the subfamily Nephilinae (highlighted in red) 

consistently formed a monophyletic clade, positioned as a sister group to the remaining araneid 

taxa.  This relationship received strong support in the Bayesian Inference (BI) tree, with a 

posterior probability of p = 1. Similarly, the monophyly of the subfamily Argiopinae (blue) was 

evident across all trees (p=0.89). The monophyly of Neoscona (pink) appeared monophyletic 

only in the NJ tree, while in all others, it was represented as paraphyletic. Likewise, two species 

of the Araneus (orange) were a monophyletic group in NJ and MP trees, while in ML and BI 

trees, they showed paraphyletic relationships. Even though several species of Cyclosa (green) 

clustered together in a monophyletic clade across all trees, the genus as a whole exhibited a 

polyphyletic pattern. Other genera, including Eriovixia, Cyrtophora, and members of the 

subfamily Gasteracanthinae, were scattered across the trees, displaying either polyphyletic or 

paraphyletic relationships. 
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Figure 4.3.1. Neighbour joining tree based on the COI sequence data of araneids in Kerala. 
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Figure 4.3.2. Most parsimonious tree based on the COI sequence data of araneids in Kerala. 
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Figure 4.3.3. Maximum likelihood tree based on the COI sequence data of araneids in Kerala. 
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Figure 4.3.4. Bayesian Inference tree based on the COI sequence data of araneids in Kerala. 
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4.3.2. H3 gene tree reconstruction  

In the present study, 33 H3 barcodes were generated. All 33 sequences, representing 33 araneid 

species, were selected for the phylogenetic analysis. The original MSA alignment included 303 

bp positions, which were trimmed to 288 bp (95%) Gblocks alignment. Nuclear H3 partial 

sequences of Leucauge decorata (MK071606) and Leucauge fastigata (MK071605) were 

selected as the outgroup species. 

Model selection for the maximum likelihood analysis and Bayesian inference was done 

using jModelTest. The analysis supported TPM2+I+G as the best fit nucleotide substitution 

model with the lowest BIC score and AIC value. However, since RAxML and MrBayes do not 

support this model, the model with the next lowest values was used to construct the trees. It was 

GTR+G+I with 4414.61 BIC score and 4154.65 AIC value, and 2003.44 Maximum Likelihood 

value (lnL). 

The neighbour-joining gene tree was constructed using 1000 bootstrap replicates. The 

tree was generated using the K2P substitution model with a gamma distribution (+G = 0.97). 

Pairwise deletion was selected to treat the missing data in the MSA. All three codon positions 

were included in the analysis (Figure 4.3.5). 

The MP tree was also constructed using 1000 bootstrap replications. During the tree 

construction using the Tree Bisection Reconnection (TBR) algorithm, all three codon positions 

were included (Figure 4.3.6). 

The maximum likelihood H3 gene tree was built with the same parameter settings as the 

COI gene tree in RAxML with 1000 bootstrap replicates. The analysis resulted in the best tree 

with a likelihood score of 1997.687 (Figure 4.3.7). 

The MCMC generations for the Bayesian Inference tree were 2 million. In the analysis 

based on the GTR+G+I substitution model, sample frequency was set to 100, and of the 29883 



Ph.D. Thesis  Chapter 4. RESULTS          
 

Page | 171  
 

tree samples, 29583 trees were included in the 99% credible set. The arithmetic mean of the 

marginal likelihoods for the two runs was 2029.58. Effective Sample Size (ESS) values of all 

model parameters were >200 (Figure 4.3.8). 

In all four trees, the members of the subfamily Nephilinae (red) and Argiopinae (blue) 

maintained the monophyletic relation, as in the COI gene trees. All the members of Neoscona 

(pink) were grouped in all the trees, along with a paraphyletic relation with Poltys columnaris. 

Unlike COI gene trees, the species of Eriovixia (violet) clustered together in all four trees, 

showing a paraphyletic relation with Gasteracantha dalyi. Similarly, Cyrtophora species 

(yellow) were grouped along with a paraphyletic relation with Acusilas coccineus. Additionally, 

all the members of the subfamily Gasteracanthinae, except Gasteracantha dalyi, clustered 

together. Clustering of Cyclosa species was not observed; rather, a paraphyletic nature was 

visible. 
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Figure 4.3.5. Neighbour joining tree based on the H3 sequence data of araneids in Kerala. 
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Figure 4.3.6. Maximum parsimony tree based on the H3 sequence data of araneids in Kerala. 
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Figure 4.3.7. Maximum likelihood tree based on the H3 sequence data of araneids in Kerala. 
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Figure 4.3.8. Bayesian Inference tree based on the H3 sequence data of araneids in Kerala. 
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4.3.3. Concatenated (COI + H3) tree reconstruction  

In the present study, both COI and H3 barcodes were generated for 33 species. All 33 species 

were included in the concatenated dataset for the phylogenetic analysis. Sequences of the 

outgroup species were the same as those of the COI and H3 gene trees. The MSA alignment of 

COI sequences had 664 bp positions, and H3 sequences had 367 bp positions, upon 

concatenation, they gave 1031 bp length sequences. 

Model selection was done using jModelTest for both gene alignments separately. 

TrN+I+G was the best model recommended by jModelTest. However, since this model is not 

supported by either RAxML or MrBayes, HKY+I+G were selected as it had the next lowest 

values (BIC score = 14191.11, AIC value = 13858.24, Maximum Likelihood value (lnL) = 

6855.12). Similarly, for H3, TPM2+I+G was the best model, and for the same reason, K80+I+G 

was selected (BIC score = 4498.27, AIC value = 4775.55, Maximum Likelihood value (lnL) = 

2178.13).  

With 1000 bootstrap replicates, the NJ tree was constructed based on the TN93 model 

with a 0.73 gamma parameter. Pairwise deletion was selected to treat the missing data in the 

MSA (Figure 4.3.9). The most parsimonious tree search was also done for 1000 bootstrap 

replications. The Tree Bisection Reconnection (TBR) algorithm was used for the tree 

construction (Figure 4.3.10). 

The maximum likelihood tree for the concatenated dataset was done using the Maximum 

likelihood and rapid bootstrap option with 1000 bootstrap replicates. Although models were 

calculated for each partition, GTR+G+I was the model used to build the ML tree, as RAxML 

only supports GTR variants. Optimization likelihood for the analysis was 9426.60 (Figure 

4.3.11). 
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During the Bayesian Inference analysis in MrBayes, above mentioned two models were 

set for each partition with 2 million MCMC generations. 2972 trees were included in the 99% 

credible set. The arithmetic mean of the marginal likelihoods for the two runs was 9275.20. 

Effective Sample Size (ESS) values of all model parameters were >200 (Figure 4.3.12). 

As the gene trees, the monophyly of subfamily Nephilinae (red), subfamily Argiopinae 

(blue) and genus Neoscona (Pink) was observed in the trees based on the concatenated dataset. 

BI and ML trees were more resolved than the gene trees. In ML and BI trees, all the Eriovixia 

species were grouped with a moderate support (p = 0.74, bootstrap = 30), which showed a 

paraphyletic relation to other species. In the NJ and ML trees, Araneus showed a sister relation 

with the Neoscona clade, but with very low support. Members of the subfamily Gasteracanthinae 

clustered together in all four trees except Gasteracantha dalyi, which was paraphyletic to the 

Eriovixia group in all four trees. Cyclosa showed a polyphyletic distribution across the trees, 

with two groups, C. bifida and C. spirifera in one and C. quiquegutteta and C. mulmiensis in 

another. Polyphyly of the genus Cyrtophora was also observed in all four trees. 
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Figure 4.3.9. Neighbour joining tree based on the concatenated dataset of araneids in Kerala. 
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Figure 4.3.10. Parsimonious tree based on the concatenated dataset of araneids in Kerala. 
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Figure 4.3.11. Maximum Likelihood tree based on the concatenated dataset of araneids in 
Kerala. 
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Figure 4.3.12. Bayesian Inference tree based on the concatenated dataset of araneids in Kerala. 
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4.4. Phylogenetic relationships between araneids in Kerala, Oriental, and 

Palearctic regions 

The present study investigated the phylogenetic interrelationships between araneids from Kerala 

and those from the Oriental and Palaearctic regions. As in the previous analysis, gene trees were 

constructed separately for the mitochondrial COI gene, the nuclear H3 gene, and the 

concatenated dataset using four different phylogenetic methods. Consequently, a total of twelve 

phylogenetic trees were generated to explore and compare the evolutionary relationships among 

araneid taxa across these biogeographic regions. 

4.4.1. COI gene tree reconstruction  

For the COI gene tree reconstruction, 55 COI sequences, developed in the present study, were 

combined with COI sequences of araneid species reported from Oriental and Palaearctic regions, 

resulting in a dataset consisting of 253 sequences. The additional sequences were retrieved from 

GenBank, with careful selection to ensure that only published and taxonomically validated 

sequences were added (Table S1 in appendix). 

The original MAS alignment had 906 bp, which was trimmed to 535 bp (59%) during 

Gblocks alignment. Outgroup species were the same as the previous analysis (Leucauge 

decorata (MK057512) and Leucauge fastigata (MK392881)). jModelTest suggested TIM2+I+G 

as the best substitution model for the dataset with the lowest AIC and BIC values. However, this 

was not selected for further analysis as both RAxML and MrBayes do not support this mode. 

Hence, the model with the next lowest values, GTR+I+G (BIC = 66411.09, AIC = 64192.87, lnL 

= 31578.43). 

Details of each phylogenetic method are summarised in Table 4.4.1. Trees obtained from 

NJ (Figure 4.4.1), MP (Figure 4.4.2), ML (Figure 4.4.3) and BI (Figure 4.4.4) methods are 

represented below. 
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Table 4.4.1. Comparative summary of parameters and settings used in the reconstruction of the 
COI gene tree for araneids from Kerala, Oriental and Palaearctic regions. NJ Neighbour Joining, 
MP Maximum Parsimony, ML Maximum Likelihood, BI Bayesian Inference 

Method 
No. of bootstrap 

replicates 
/generations 

Model used Additional details 

NJ 1000 
TN93 (+G = 

0.41) 

Missing data treatment - Pairwise 
deletion 

All three codon positions were included 

MP 1000  
Tree search algorithm - Tree Bisection 
Reconnection (TBR) 

All three codon positions were included 

ML 1000 GTR+G+I 
ML + rapid bootstrap approach 

ML optimization likelihood score = 
31844.282  

BI 10 million GTR+G+I 

Sample frequency = 1000 

99% credible trees = 14852 

Arithmetic mean of two runs = 31888.67 

Parametric ESS > 200 

 

Monophyly of the genera Cyclosa, Neoscona and subfamilies Nephiliane and Argiopinae 

were observed in none of the trees; rather, they formed multiple monophyletic clusters, rendering 

either a paraphyletic or polyphyletic relationship. However, in all the trees, genera such as 

Bijoaraneus, Hipsosinga, Plebs, Eriovixia, and Araniella formed monophyletic clades.  In all 

trees subfamily Nephiliane formed two clusters, including all the Nephila pilipes in one clade 

and all the other nephilines in another clade. Subfamily Argiopinae formed a large monophyletic 

clade, including all its species except a few showed paraphyly. Paraphyly of the subfamily 

Gasteracanthinae were observed in all trees.  
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Figure 4.4.1. Neighbour joining COI gene tree for araneids from Kerala, Oriental and 
Palaearctic regions.  
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Figure 4.4.2. Most parsimonious COI gene tree for araneids from Kerala, Oriental and 
Palaearctic regions. 
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Figure 4.4.3. Maximum likelihood COI gene tree for araneids from Kerala, Oriental and 
Palaearctic regions. 
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Figure 4.4.4. Bayesian Inference COI gene tree for araneids from Kerala, Oriental and 
Palaearctic regions. 
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4.4.2. H3 gene tree reconstruction  

For the H3 gene tree reconstruction, 33 H3 sequences, developed in the present study, were 

combined with H3 sequences of araneid species reported from Oriental and Palaearctic 

regions, resulting in a dataset consisting of 94 sequences. Published and taxonomically valid 

sequences were retrieved from GenBank (Table S1 in appendix). 

The original MAS alignment had 340 bp, which was trimmed to 320 bp (94%) 

Gblocks alignment. Outgroup species were Leucauge decorata (MK071606) and Leucauge 

fastigata (MK071605). jModelTest suggested GTR+ G+I as the best substitution model for 

the dataset (BIC = 9731.54, AIC = 8977.87, lnL = 4288.93). Details of each phylogenetic 

method are summarised in Table 4.4.2. Trees obtained from NJ (Figure 4.4.5), MP (Figure 

4.4.6), ML (Figure 4.4.7) and BI (Figure 4.4.8) methods are represented below. 

Table 4.4.2. Comparative summary of parameters and settings used in the reconstruction of 
the H3 gene tree for araneids from Kerala, Oriental and Palaearctic regions. NJ Neighbour 
Joining, MP Maximum Parsimony, ML Maximum Likelihood, BI Bayesian Inference 

Method 
No. of bootstrap 

replicates 
/generations 

Model used Additional details 

NJ 1000 K2P (+G = 0.93) 

Missing data treatment - Pairwise 
deletion 

All three codon positions were included 

MP 1000  
Tree search algorithm - Tree Bisection 
Reconnection (TBR) 

All three codon positions were included 

ML 1000 GTR+G+I 
ML + rapid bootstrap approach 

ML optimization likelihood score = 
4286.33  

BI 5 million GTR+G+I 

Sample frequency = 1000 

99% credible trees = 7427 

Arithmetic mean of marginal likelihoods 
= 4375.10 

Parametric ESS > 200 
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All the H3 gene trees were more resolved than the COI gene trees. Monophyly of the 

Subfamily Nephilinae and its basal placement in the araneid clade were maintained across all 

trees. Similarly, monophyly of genera such as Cyrtophora, Arachnura, Eriovixia, Acusials 

and Bijoaraneus and the subfamily Argiopinae were also congruent in all four trees. Only in 

the BI tree, Cyrtophora and Acusilas remained paraphyletic. 

Members of the genus Cyclosa are scattered across the trees, suggesting a 

polyphyletic nature of the genus. The Poltys species was always embedded in the Neoscona 

clade, exhibiting a paraphyletic nature. Similarly, all members of the subfamily 

Gasteracanthinae remained in their monophyletic clade, except Gasteracantha dalyi, which 

was changing its position across the trees. 
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Figure 4.4.5. Neighbour Joining H3 gene tree for araneids from Kerala, Oriental and 
Palaearctic regions. 
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Figure 4.4.6. Maximum Parsimony H3 gene tree for araneids from Kerala, Oriental and 
Palaearctic regions. 
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Figure 4.4.7. Maximum Likelihood H3 gene tree for araneids from Kerala, Oriental and 
Palaearctic regions. 
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Figure 4.4.8. Bayesian Inference H3 gene tree for araneids from Kerala, Oriental and 
Palaearctic regions. 
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4.4.3. Concatenated tree reconstruction  

For the concatenated (COI+H3) gene tree reconstruction, COI and H3 sequences from 33 

species, developed in the present study, were combined with the COI and H3 sequences of 

araneid species reported from Oriental and Palaearctic regions, resulting in 94 terminals in 

the trees. All sequences were retrieved from GenBank (Table S1 in appendix). 

The MSA alignment of COI sequences had 1278 bp positions, and H3 sequences had 

369 bp positions; upon concatenation had a total of 1647 bp positions. Model selection was 

done using jModelTest for both gene alignments separately. GTR+G+I was the best model 

recommended for the COI sequence alignment (BIC = 45406.86, AIC value = 44386.55, lnL 

= 21995.27). Similarly, for H3, TIM3+I+G was the best model with the lowest scores (BIC 

score = 10066.91, AIC = 9300.40, lnL = 4454.20). Since MrBayes does not support 

TIM3+I+G directly, and it is the restricted form of GTR+G+I with equal base frequencies, 

GTR+I+G was used instead. 

Details of each phylogenetic method are summarised in Table 4.4.3. Trees obtained 

from NJ (Figure 4.4.9), MP (Figure 4.4.10), ML (Figure 4.4.11) and BI (Figure 4.4.12) 

methods are represented below. 
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Table 4.4.3. Comparative summary of parameters and settings used in the reconstruction of 
the concatenated tree for araneids from Kerala, Oriental and Palaearctic regions. NJ 
Neighbour Joining, MP Maximum Parsimony, ML Maximum Likelihood, BI Bayesian 
Inference 

Method 
No. of bootstrap 

replicates 
/generations 

Model used Additional details 

NJ 1000 
TN93 (+G = 

0.41) 
Missing data treatment - Pairwise deletion 

MP 1000  Tree search algorithm - Tree Bisection 
Reconnection (TBR) 

ML 1000 GTR+G+I 
ML + rapid bootstrap approach 

ML optimization likelihood score = 22490.85 

BI 5 million GTR+G+I 

Sample frequency = 1000 

99% credible trees = 2972 

Arithmetic mean of marginal likelihoods = 
27141.15 

Parametric ESS > 200 

 

The concatenated dataset produced more resolved trees than the gene trees. The 

monophyly of subfamily Nephilinae and Argiopinae was repeated in all trees. In NJ and ML 

trees, subfamily Gastercanthinae formed a monophyletic clade, while in ML and BI trees, it 

has been split into two separate clades, rendering a paraphyletic relationship. Genera such as 

Bijoaraneus, Archnura, Acusilas, and Cyrtophora were observed as monophyletic clades 

across the trees. In ML and NJ trees, Cyrtophora clade showed a sister relationship with the 

Argiopinae clade. In all trees, Neoscona, clustered in a single clade, but it cannot be called 

monophyletic, as the Poltys species were embedded in the clade, showing a paraphyly. 
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Figure 4.4.9. Neighbour Joining concatenated tree for araneids from Kerala, Oriental and 
Palaearctic regions. 
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Figure 4.4.10. Maximum Parsimony concatenated tree for araneids from Kerala, Oriental and 
Palaearctic regions. 
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Figure 4.4.11. Maximum Likelihood concatenated tree for araneids from Kerala, Oriental and 
Palaearctic regions. 
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Figure 4.4.12. Bayesian Inference concatenated tree for araneids from Kerala, Oriental and 
Palaearctic regions.
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4.5. Divergence of araneids 

The divergence time of araneids was estimated using BEAST v2.7.7. For this, a partitioned 

dataset including mitochondrial COI and nuclear H3 gene sequences from 83 extant araneid 

species across the Oriental and Palearctic regions was prepared (Table S1). The outgroup species 

were the same species used during the phylogenetic analysis. No fossil taxa were used as a tip in 

this analysis. 

The MSA of COI sequences resulted in 788 bp positions and the MSA of the H3 gene had 

340 bp positions, thus a total of 1128 bp positions upon concatenation. Model selection was done 

using jModelTest for both gene alignments separately. TIM2+G was the best model for COI 

alignment with BIC score = 33751.36, AIC value = 32934.20, and lnL = 16292.1. While for H3 

alignment, TIM2ef+I+G was the best scored with BIC = 9250.51, AIC = 8588.10, and lnL = 

4121.05. 

The site and clock model for both the partitions were unlinked, while the tree was linked. 

Since the model suggested by the jModelTest for both partitions are the restricted versions of 

GTR, the substitution model for both partitions were opted as GTR, but the input relative 

substitution rates were as per the jModelTest result (Table 4.5.1). The clock model used for both 

partitions was the relaxed clock log normal with varying mean clock rate. The linked trees were 

implemented using the Birth-Death tree prior. The clade comprising all the araneids was 

constrained to be monophyletic based on the phylogenetic analysis done during this study. Two 

points were used to calibrate the tree (Table 3.6). The analysis was done for 50 million MCMC 

generations sampled every 1000 trees. The convergence of the runs was evaluated using Tracer 

v1.7.2, and the ESS for all the parameters were above 200. Tree Annotator v10.5.0 was used to 

burn-in 10% of the trees and to compile the trees. 

The analysis resulted in an ultrametric tree (Figure 4.5.1) whose monophyletic clades 

were congruent with the Bayesian Inference tree that resulted from the phylogenetic analyses 
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(Figure of concatenated BI tree in O4). The monophyletic clades, such as the subfamily 

Nephilinae, Argiopinae, Gasteracanthinae and the genera like Arachnura, Neoscona, 

Cyrtarachne, Eriovixia, Bijoaraneus, Cyrtophora, and Acusilas, were retrieved in the divergence 

time tree with supporting posterior values. The stem age of the family was estimated at 115.39 

mya (95% HPD: 113.4 – 117.3). The crown ages of each subfamily and genus are summarised in 

Table 4.5.2. 

Table 4.5.1. Relative substitution rates between nucleotide pairs under the best substitution 
models for COI and H3 MSA as per jModelTest 

 TIM2+G TIM2ef+I+G 

R(a) [AC] 0.4079 2.3460 

R(b) [AG] 8.9585 6.6172 

R(c) [AT] 0.4079 2.3460 

R(d) [CG] 1.0000 1.0000 

R(e) [CT] 6.9778 8.4524 

R(f) [GT] 1.0000 1.0000 
 

Table 4.5.2. Mean crown age estimates and 95% highest posterior density (HPD) intervals for 
major monophyletic clades inferred from the time-calibrated Bayesian phylogeny. 

Subfamily Estimated crown age (mya) 95% HPD (mya) 

Nephilinae (Pale green) 18.50 16.56 – 20.39 

Argiopinae (Pale yellow) 39.78 18.09 – 64.67 

Gasteracanthinae (Green) 32.61 18.11 – 48.1 

Genera Estimated crown age (mya) 95% HPD (mya) 

Arachnura (Pale pink) 40.79 5.07 – 35.12 

Neoscona (Pale violet) 28.59 10.32 – 49.59 

Cyrtarachne (Pale blue) 25.45 6.86 – 47.67 

Eriovixia (Blue) 22.4 5.92 – 28.46 

Bijoaraneus (Pale red) 11.92 3.86 – 21.87 

Cyrtophora (Pale orange) 35.36 16.91 – 56.63 

Acusilas (Cyan) 20.18 4.85 – 39.68 
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Figure 4.5.1. BEAST inferred time-calibrated tree showing divergence times of Araneidae 
lineages. Node bars represent 95% HPD intervals; node labels show mean ages in Mya. 
Highlighted clades correspond to well-supported monophyletic groups. C1 and C2 represent the 
two calibration points. 
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“The more I study science, the more I believe in the complexity of nature and the need for 

humility” 

- Robert Ballard 

This section can be considered as the most important part of a thesis, as the researchers validate 

the results obtained through the research process. Here, the researcher will compare the results 

with the previous understandings to substantiate the findings or counter the previous arguments. 

Thus, a good discussion proves the hypothesis by including the findings and possible practical 

implications, highlighting the significance of the research. 

This section has been organised into five subsections, starting with validating the results 

of the identification of araneids in Kerala using morphological characteristics. Following, the 

results of barcoding are validated, emphasising the importance of mitochondrial COI in spider 

species identification. Phylogenetic relationships between araneids have been discussed later, 

along with the diversification of araneids in light of evolutionary time. 

5.1. Araneids in Kerala 

Family Araneidae is the third-largest spider family across the geographical landmasses (WSC, 

2025). They are cosmopolitan and can be found in all ecosystems except the cold and harsh 

environment of Antarctica. These orb-weaving spiders are very common in a biodiversity-rich 

state like Kerala, India and have been reported from all the major ecosystems. 

In 2008, Sunil et al. surveyed Parambikulam Wildlife Sanctuary, documenting 27 araneid 

species. Sebastian et al. (2005a) studied spiders in irrigated rice ecosystems across varying 

elevations and reported 25 araneid species spanning 11 genera, while Sudhikumar et al. (2005a) 

reported that araneids comprised 26.40% of the total species documented from Kuttanad rice 

agroecosystem. 12 species under 8 araneid genera were reported from Mangalavanam, an eco-
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sensitive mangrove ecosystem (Sebastian et al. in 2005b). Likewise, Sudhikumar et al. (2005b) 

had documented 17 araneid species belonging to 9 genera from Mannavan Shola forest. Jose et 

al. (2018) studied the spider diversity in Kavvayi River Basin and resulted in the documentation 

of 24 species from Araneidae. Rajeevan et al. (2019) investigated riparian forests, reserve forests 

and coffee plantations, reporting 22 araneids from 9 genera. In 2020, Sumesh & Sudhikumar 

explored the sacred grooves of Northern Kerala, identifying 51 species under 19 araneid genera. 

Shabnam et al. (2021) examined spider diversity in coffee, tea, and rubber plantations in 

Wayanad, listing 23 species from 13 genera. Cashew plantations were also surveyed, revealing 

17 araneid species (Smitha & Sudhikumar, 2020). Montane cloud forests were explored by Paul 

(2021), reporting 29 araneids, while Nafin (2022) focused on Muriyad Kol Wetlands, 

documenting 34 araneids. Shendurney Wildlife Sanctuary was explored by Sudhin & Sen (2023), 

documenting 35 species across 17 genera. Araneids in Karuvatta, a coastal island in the 

Vembanad Lake, were studied by George et al. (2024) and reported 17 species from 11 genera 

and Vishnu et al. (2021) explored the Poovar mangrove patch and documented 14 species from 

10 araneid genera. 

Likewise, different araneids have been reported from different parts of Kerala. However, 

a comprehensive study exclusively on the araneid fauna of the entire state is currently lacking. 

Hence the primary objective of this study was to prepare a checklist of araneids in Kerala. A total 

of 60 species representing 23 araneid genera were reported through this study. From India, 188 

araneid species under 34 genera have been reported so far (Caleb & Sankaran, 2025). Hence, 

through this study, it is revealed that 32% of the Indian araneid species are present in Kerala, 

representing 68% of Indian araneid genera. 

The present study provides the first report of Leviaraneus viridiventris (Yaginuma, 1969) 

from India (Shilpa et al., 2023). Similarly, Chorizopesoides orientalis (Simon, 1909) was also 

reported for the first time from India. However, the specimen was subadult, and the 

morphological characterisation of the genitalia was not possible. The presence of cryptic species 
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in the family Araneidae has been identified in the study. Their morphology needs to be 

characterised thoroughly, along with the molecular barcodes. In the case of eleven species, only 

generic identity was revealed. To confirm their species identity, more specimens and a detailed 

morphological approach supported by molecular evidence are needed. 

During the study, certain concerns and challenges in the classical taxonomic approach 

towards the family Araneidae were identified. A revolution in the study of Indian araneid fauna 

can be observed during the late 20th and early 21st century (WSC, 2025), and they are supported 

by very little literature, that too, with improper diagnosis and poor illustrations (Reddy & Patel, 

1992; Gajbe, 2004; Biswas & Biswas, 2007). The family should be approached carefully and in 

detail while shedding taxonomic light, as they exhibit a high level of variation in morphology 

and behaviour. They are one among the groups that have adopted complex genitalia during the 

evolutionary course of time (Scharff & Coddington, 1997), and hence, while describing a 

species, both males and females should give equal consideration. However, more than 50% of 

Indian araneids are characterised based on a single sex (WSC, 2025), mostly female. Here lies 

the other concern. 

Abdominal polymorphisms and the existence of colour morphs in females have been 

reported in several araneid genera such as Neoscona (Tikader, 1982), Nephila (Sankaran et al., 

2020), Thelacantha (Macharoenboon et al., 2021), etc. Hence, only with a detailed 

characterisation of the complex palp and epigyne, the identity of a species can be validated. But, 

in certain cases, new species have been described only based on abdominal colour variations, 

patterns, number of abdominal patches and tubercles (Keswani, 2013; Patel, 1988; Patel & 

Reddy, 1993; Gajbe, 2004). Lack of a proper record of the type specimens also makes the 

taxonomic attempts difficult. These concerns should be addressed as a high priority, as it is 

making the group taxonomically threatened and vulnerable to being misled. 
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5.2. Barcoding of araneids in Kerala 

Barcoding was a crucial step in the present study. Through barcoding mitochondrial COI and 

nuclear H3 gene fragments, the morphological identification of the araneids in Kerala was 

validated. A total of 109 barcodes, including 76 COI and 33 H3, were developed in the present 

study. Of these, 28 COI and 10 H3 barcodes were the first recorded sequences of the 

representative species, thus contributing to the global reference library of the molecular world. 

H3 barcodes were mainly utilised during the phylogenetic analysis, whereas COI barcodes 

played a vital role in confirming the species identity of confusing and subadult specimens and in 

validating the identity of morphologically identified araneids. 

Genetic distance of some morphologically challenging species such as Arachnura 

melanura, Cyclosa bifida, Cyclosa hexatuberculata, Cyclosa spirifera, Eriovixia poonaensis, 

Neoscona punctigera, Neoscona bengalensis and Gea species were done. The analysis revealed 

the conspecificity of these species respectively. During the morphological examination of the 

above-mentioned species, there were discrepancies in the morphological characters including the 

genitalia. The specimens of each species showed variations in the abdominal colours and 

patterns. However, the genetic divergence analysis using the COI barcodes revealed their 

conspecificity by having a genetic distance less than 3%. Tikader (1982) had reported abdominal 

polymorphism in Neoscona mukerjei. From this analysis, it is clear that abdominal 

polymorphism is existing in other araneid species also, especially the ones belong to the genera 

Cyclosa and Neoscona. 

The identity of the specimens belonging to the genus Gea was not revealed through the 

genetic divergence analysis using COI barcodes. Though the specimens were found to be 

conspecific, the genetic distance between the Gea spinipes reference sequences showed 

discrepancies. This could only be resolved through a thorough comparative morphological 

examination of the specimens with the specimens belonging to the reference sequence.  
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A visible and striking example of the existence of colour morphs in spiders is Nephila 

pilipes. Indian members of Nephila pilipes exist in two colour morphs, the common yellow-black 

morph and the completely black morph. COI barcoding was done for both colour morphs. The 

pairwise genetic distance analysis revealed their conspecificity (distance = 0.017), and the results 

highly support the findings of Sankaran et al. (2020), who reported the colour morphs of Nephila 

pilipes through a detailed morphological examination.  

In this family, where extreme sexual size dimorphism predominantly exists, matching 

females and males caught separately from their natural habitat is very difficult. Even so, the 

females and males of a species do not show significant differences in their barcodes. In the 

present study, females and males of three species, Gasteracantha dalyi, Neoscona vigilans and 

Thelacantha brevispina, were matched using COI barcoding. Females of the three species 

exhibited a pairwise genetic distance of less than 3% with male specimens, respectively, 

indicating the conspecificity. Magalhaes (2017) had already proved the potential of COI 

barcodes in associating the male and female spiders. This analysis can also be considered as 

evidence in matching the males and females using COI barcodes. The males of Gasteracantha 

dalyi has not been reported yet. Hence, we are reporting it for the first time, however, since the 

specimen was in subadult condition, the morphological characterisation is impossible. 

The existence of cryptic species in the araneofauna has been studied by Gregorič et al. 

(2025), Oh et al. (2022), and Tyagi et al. (2019). Through this study, we propose three pairs of 

cryptic species. They are Argiope pulchella Thorell, 1881 and Argiope versicolor (Doleschall, 

1859), Cyclosa hexatuberculata Tikader, 1982 and Cyclosa spirifera, Simon, 1889, Eriovixia 

laglaizei (Simon, 1877) and Eriovixia poonaensis (Tikader & Bal, 1981). All these are 

morphologically indistinguishable from each other. The genetic divergence analysis using COI 

barcodes revealed that A. pulchella group and A. versicolor group are not conspecific. Similarly, 

C. hexatuberculata and C. spirifera group showed considerable genetic distance.  As the 

amplification of E. laglaizei specimens was unsuccessful, the molecular support for that pair 
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cannot be provided through this study. We are proposing these three pairs of species to be 

cryptic, however, it should be confirmed only through a detailed examination of on their 

morphological features, along with multigene barcodes from multiple specimens inhabiting 

different regions. 

The specimen belonging to Chorizopesoides orientalis (voucher no ARAMP008) was 

initially identified as a member of the genus Chorizopes, but the species identification was not 

done since it was subadult. With the help of the COI barcode, it was confirmed that the specimen 

belongs to the genus Chorizopesoides and showed 93.04 percent identity with Chorizopesoides 

wulingensis. Thus, this study supports Barrett & Hebert (2005) that COI barcodes can be 

efficiently used in species identification of spiders, especially in a family like Araneidae, whose 

members show a high degree of variations in morphology, genitalia, and behaviour, even the 

conspecifics. 

However, there were challenges in using COI barcodes for species identification. A 

proper reference sequence that is morphologically validated is required for species identification 

using molecular barcodes. Although GenBank holds a large number of reference sequences for 

araneids, the ones that are supported by published data are fewer. Also, they accept the sequences 

without morphological validation, which leads to heaping of misleading sequences, even so, their 

terms and conditions for sequence submission are being modified. Hence, careful retrievals of 

the reference sequences are needed for further analysis. Similarly, an appropriate threshold value 

is required for the species identification using DNA barcodes. In the case of araneofauna, a 

delimitation threshold value between 2% to 3.6% is used according to the group under 

consideration (Barrett & Hebert, 2005; Candek & Kuntner, 2015; Gaikwad et al., 2017). Later, 

Tyagi et al. (2019) extended this range to 2.6% to 3.7%. Hence, careful selection of the 

delimitation threshold is required according to the group. In this study, a threshold value of 3% 

was used for species identification, as a barcode gap exists in the family Araneidae (Candek & 

Kuntner, 2015). 
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5.3. Interrelationship of araneids in Kerala 

The phylogenetic relationships of araneids in Kerala were revealed through this study. The 

analysis was based on the partial sequences of the mitochondrial COI gene and the nuclear H3 

gene. Phylogenetic trees for the gene COI, H3 and concatenated data were reconstructed. 

Phylogenetic analysis was conducted using four different methods: Neighbour Joining (NJ), 

Maximum Parsimony (MP), Maximum Likelihood (ML), and Bayesian Inference (BI). Thus, a 

total of 12 trees were constructed in this analysis. 

 The COI gene tree was reconstructed based on 55 sequences representing 52 araneid 

species. Of these, 13 species were the only representatives of their respective genus. Hence, to 

understand the phylogenetic nature of that particular genus was not possible, however, their 

relationship with other genera in the family can be retrieved. In all four trees, the outgroup 

species were placed outside the ingroup clade, representing the monophyly of the family 

Araneidae. Subfamilies such as Nephilinae, Argiopinae, and Gasteracanthiane were retrieved in 

the trees. The monophyly of Nephiliane and its placement as the basal lineage of the family 

Araneidae was congruent in all trees. Similarly, congruence can be observed in the subfamily 

Argiopinae, which appeared as monophyletic. Members of the subfamily Gasteracanthinae were 

scattered among trees, tending to be paraphyletic. 

The phylogenetic nature of the genus Neoscona showed discrepancies across the trees. In 

NJ tree, all them members gathered to be monophyletic, while in other trees they were scattered 

and exhibiting a paraphyletic nature. Similar condition was exhibited with the genus Cyclosa. 

They appeared monophyletic only in the NJ tree, and rendered a polyphyly in other trees. Even 

so, Cyclosa confraga and Cyclosa mulmiensis were always placed with other taxa, especially 

sharing a paraphyly with Poltys columnaris and Leviaraneus viridiventris. Since only two 

representatives from the genus Araneus were able to be included in this analysis. Based on those 

two, it is not efficient to conclude on the phylogenetic nature of this largest genus. However, 
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their occurrence patterns across the trees can be mentioned. Although in both NJ and MP trees, 

two species formed a monophyletic clade, their paraphyly in ML and BI trees should be 

highlighted. A polyphyletic nature of the genera Cyrtophora and Eriovixia has been observed in 

all trees. 

The H3 gene tree reconstruction was based on 33 sequences representing 33 araneid 

species. Among them, 12 species were the only representative of their genus. As in COI gene 

trees, the outgroup was properly placed outside, separating the araneid clade. Even though they 

are only represented by two species, Herennia multipuncta and Nephilengys malabarensis, the 

subfamily Nephilinae maintained its monophyly across the trees. Gasteracanthinae rendered 

polyphyly by forming a monophyletic clade including Gasteracantha geminata and Thelacantha 

brevispina and a scattered lineage of Gasteracantha dalyi. The genus Argiope also maintained its 

monophyly in all trees. Unlike COI gene trees, members of the genus Cyrtophora clustered in a 

monophyletic clade. Cyrtophora clade exhibited a sister relation to the Argiopinae clade along 

with Acusilas coccineus, which was congruent in H3 gene trees. Similarly, the paraphyly of 

Cyclosa and the clustering of the Eriovixia were congruent in all trees. Another congruence 

observed was the appearance of Poltys columnaris within the monophyletic clade of Neoscona. 

Despite this observation, a sister relationship between these two genera cannot be confirmed due 

to the limited representation of Poltys. As the genus Araneus was also represented by only a 

single species, their phylogenetic nature cannot be confirmed through the H3 gene trees obtained 

through this analysis. 

The concatenated phylogenetic tree was based on the partitioned dataset including COI 

and H3 sequences from 33 araneid species. 12 terminals were the only representation of their 

respective genera. The tree was rooted on the outgroup species, which was placed outside the 

ingroup clade. With the representation of Herennia multipuncta and Nephilengys malabarensis, 

the subfamily Nephilinae appeared to be monophyletic in all four trees. The genus Argiope also 

maintained its monophyly across the trees. As in the H3 gene trees, the subfamily 
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Gasteracanthinae seems to be polyphyletic, with a monophyletic clade including Gasteracantha 

geminata and Thelacantha brevispina and a scattering lineage of Gasteracantha dalyi. 

The polyphyletic nature of the genus Cyclosa was congruent across the trees. Even 

though Eriovixia rendered a paraphyletic nature in NJ and MP trees, they were clustered together 

in a clade in ML and BI trees. However, they cannot be called a monophyletic clade as 

Bijoaraneus mitificus and Gasteracantha dalyi were paraphyletic to the clade, yet with moderate 

support. Neoscona species were clustered together, exhibiting a monophyletic nature. However, 

in ML and BI trees, Poltys showed a similar relation, as in H3 gene trees, with moderate to high 

support. Polyphyly of Cyrtophora is congruent in all four trees. Araneus, with a single species 

representation, was scattered across the trees, either rendering a sister relationship with 

Neoscona or Argiope. Hence, its phylogenetic nature cannot be confirmed. 

Most of the monophyletic clades were retrieved in all three categories of trees. The 

placement of two outgroup species was congruent in the COI gene tree, H3 gene tree and 

concatenated tree, which highlighted the monophyly of the family Araneidae as suggested by 

Scharff & Coddington (1997) and Scharff et al. (2020). Although the overall topology of these 

trees looks different, certain phylogenetic relationships maintained the congruence throughout. 

The phylogenetic nature of the subfamily Nephilidae and its basal placement within the ingroup 

clade highly support the literature (Hong-Chun et al., 2004; Kuntner et al., 2013; Kallal et al., 

2018). 

Similarly, the subfamily Argiopinae repeated the monophyly in gene trees and 

concatenated trees, as suggested by Levi (1983) and Scharff & Coddington (1997). However, 

through the multigene approach, Scharff et al. (2020) claimed the polyphyly of Argiope, which 

was not observed in any of the reconstructed trees. In none of the trees, the subfamily 

Gasteracanthinae expressed monophyly, which is congruent with the results of Scharff & 

Coddington (1997). Tan et al. (2019a) had suggested the monophyly of the subfamily. This 

discrepancy may be resolved by including more members of the subfamily. 
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The analysis also suggests the polyphyly of the genus Araneus (Scharff & Coddington, 

1997; Scharff et al., 2020), but a confirmation is limited due to the low number of taxa. The 

paraphyly of the genus Eriovixia was confirmed as this relationship was repeated in all trees. 

Scharff et al. (2020) got Neoscona as a monophyletic clade with strong bootstrap and posterior 

probability support, however, it was taxon-limited. In the present analysis, it was able to include 

more members of the genus. Only in the COI NJ gene tree, Neoscona expressed monophyly. In 

the rest, they clustered together in a clade, paraphyletic to Poltys columnaris. Even so, this 

paraphyly cannot be confirmed as the genus Poltys was taxon-limited. Including more members 

of Poltys might help to resolve this relationship better. 

As the literature suggested (Scharff & Coddington, 1997; Scharff et al., 2020), the 

polyphyly of Cyclosa is confirmed. The genus Cyrtophora showed a paraphyletic relation in 

concatenated trees, polyphyly in COI gene trees and monophyly in H3 gene trees. They also 

expressed a sister group relation with the Argiopines, suggested by Scharff & Coddington (1997) 

and Scharff et al. (2020). This discrepancy in the phylogenetic relationship of Cyrtophora can be 

resolved by including more gene barcodes. 

It is evident that H3 gene trees were resolved better than the COI gene trees. This might 

be because the slowly evolving H3 gene has more information on the divergence of araneid 

lineages than the fast-evolving COI gene. However, compared as a whole, the concatenated trees 

drew the resolved phylogenetic relationships of araneids. Similarly, ML and BI trees are more 

efficient in concluding the phylogeny of araneids in Kerala than the NJ and MP trees. It is 

suggested that including more taxa in single-species genera might resolve the trees better and 

tackle the discrepancies existing in the phylogeny of araneids in Kerala. 
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5.4. Interrelationships of araneids in Kerala with Oriental and Palearctic 

araneids 

The phylogenetic relationships of araneids in Kerala with the Oriental and Palaearctic araneids 

were reconstructed in this analysis. The reconstruction was based on the mitochondrial COI gene 

and the nuclear H3 gene sequences. Gene trees of COI and H3 were analysed separately, 

followed by the analysis of concatenated trees. Neighbour Joining (NJ), Maximum Parsimony 

(MP), Maximum Likelihood (ML), and Bayesian Inference (BI) were the methods used to 

construct the trees. Thus, a total of 12 trees were constructed in this analysis. 

 The COI gene trees were reconstructed utilising 253 COI gene sequences across the 

Oriental and Palaearctic regions, including the sequences developed in the present study. Of 

these, 18 terminals were single-species representatives of their respective genera. Thus, 

understandings about their phylogenetic relationships are limited in this study and can be 

resolved better by including more taxa. In all, COI gene trees acquired through four different 

phylogenetic methods, the outgroup species were placed outside the ingroup clade, representing 

the monophyly of the family Araneidae. Genera that maintained monophyly with high support 

across all the trees are Acusilas, Araneilla, Bijoaraneus, Hypsosinga, Leviaraneus, and Plebs. 

The polyphyly of Cyclosa, Eriovixia, and Neoscona was congruent in all trees. The genus 

Aoaraneus, rendered a polyphyly, but Aoaraneus pentragramicus always showed a paraphyletic 

relation with the Bjioaraneus clade. 

The subfamily Nephilinae was represented as two clades in all trees, one including 

Nephila and Indoetra species and the other with Herennia and Nephilengys species, rendering a 

paraphyletic relationship between the clades. The subfamily Zygiellinae showed a polyphyly 

across the trees. The phylogenetic status of the subfamily Argiopinae was polyphyletic in the MP 

and BI trees, while all the species grouped in a monophyletic clade except Argiope ocula and 

Argiope caesarea in the NJ and ML trees. Similarly, the subfamily Gasteracanthinae also 
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showed discrepancies in their phylogenetic status across the trees. They showed monophyly in 

the NJ tree and polyphyly in MP trees, whereas a paraphyletic relationship was observed in both 

ML and BI trees. The genus Cyrtarachne also provided confusion regarding its phylogenetic 

placement. In all trees, Cyphalonotus variabilis, Perilla teres, Paraplectana tsushimensis, and 

Agalenatea redii grouped in a clade which was placed as the basal clade of the ingroup in the NJ 

and MP trees, while within the group in the ML and BI trees. 

H3 gene trees were also reconstructed, based on 94 H3 sequences, including the outgroup 

species. The placement of outgroups and the monophyly of the family Araneidae were congruent 

across the H3 gene trees. The subfamily Nephilidae was monophyletic and was placed as the 

basal clade among the ingroups. This placement and relationship appeared in all trees. Similarly, 

the monophyly of the subfamily Argiopinae was also maintained across the trees. In all trees, 

except the MP tree, the subfamily Gasteracanthinae formed a monophyletic clade without 

including Gasteracantha dalyi, which always gave a paraphyletic relationship with the Eriovixia 

clade. In the MP tree, the placement of Gasteracantha dalyi was congruent with other trees, 

however, the monophyletic clade including other members of the subfamily was split into two 

paraphyletic clades, the Gasteracantha + Thelacantha clade and Macracantha clade. Members 

of the subfamily Zygiellinae formed a clade along with Leviellus and were placed outside the 

ingroup araneids as Nephilinae. 

Monophyly of Acusilas, Arachnura, Bijoaraneus, and Cyrtophora was repeated across 

the trees. In the NJ tree, Argiope, Cyrtophora, and Acusilas clades shared a common ancestor. 

But this relation was not observed in the MP tree. Whereas in the ML and BI tree, Cyrtophora 

and Acusilas shared a paraphyletic relationship. Likewise, there was congruence in the 

paraphyletic relationship between Bijoaraneus, Aoaraneus, and Leviaraneus. The genera 

Cyrtarachne and Paraplectana shared paraphyly across the trees. Members of the genus 

Eriovixia clustered together and exhibited a paraphyly with Gasteracantha dalyi. Similarly, 
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members of the genus Neoscona clustered in a clade exhibiting a paraphyletic relationship with 

Poltys. Polyphyly of Cyclosa was repeated in H3 gene trees as in COI gene trees. 

It was found that 94 terminals from the COI and H3 gene trees had both COI and H3 

sequence data, and hence they were partitioned to reconstruct the concatenated phylogenetic 

trees of araneids in the Oriental and Palaearctic regions. As in the gene trees, the outgroups were 

properly placed and exhibited the monophyly of the family Araneidae. A congruence existed in 

the monophyly of the subfamily Nephilinae, and its basal placement within the ingroup clade 

was achieved in all trees except the BI tree. Similarly, the monophyly of the subfamily 

Zygiellinae were repeated, and its basal placement was congruent in all trees except the BI tree. 

The phylogenetic relationship of the subfamily Gasteracanthinae was not congruent across the 

trees. In the NJ tree, they formed a monophyletic clade, while in the MP and ML trees, they 

exhibited a paraphyletic relationship. However, in the BI tree, they showed a polyphyly with two 

distinct monophyletic clades, the Gasteracantha + Thelacantha clade and the Macracantha 

clade. The subfamily Argiopinae exhibited a monophyletic clade across the trees, except in the 

NJ tree, in which Argiope dang and Argiope catenulata were separated from the monophyletic 

clade, resulting in a polyphyly. 

In congruence with the gene trees, Acusilas, Arachnura, and Bijoaraneus exhibited 

monophyletic relationships, while Cyclosa showed high polyphyly, and Eriovixia appeared as 

paraphyletic. Similarly, a paraphyletic relationship was exhibited by Bijoaraneus and Aoaraneus. 

The genus Cyrtophora exhibited a paraphyly, and conflicts were observed in its relationships 

with Acusilas and Argiopinae. Only in the ML tree, these three clades shared a common 

ancestor, while in the BI tree, Argiopinae and Acusilas shared the ancestor, and in the NJ tree, 

Cyrtophora and Acusilas diverged from a common ancestor. As in the H3 gene trees, Neoscona 

appeared to be monophyletic with an additional paraphyletic relationship with Poltys. However, 

this pattern was absent in the NJ tree. The Cyrtarachne + Paraplectana clade was observed only 

in the BI tree. 
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The monophyly of the family Araneidae was revealed in this analysis, which is congruent 

with the results of Scharff & Coddington (1997) and Scharff et al. (2020). The subfamily 

Nephilinae formed a monophyletic clade and was positioned as the basal clade in both the H3 

gene tree and the concatenated tree, while the subfamily was distributed into two clades having a 

paraphyletic relationship. However, it is evident that the subfamily is positioned as the basal 

clade within the araneid ingroup, strongly supporting the placement of Nephilidae as a subfamily 

of Araneidae (Scharff & Coddington, 1997; Hong-Chun et al., 2004; Kuntner et al., 2013; Kallal 

et al., 2018). 

The discrepancies regarding the phylogenetic status of the subfamily Gasteracanthinae 

were observed in all trees, which supports the polyphyly of the subfamily as suggested by 

Scharff & Coddington (1997). Even so, all the NJ trees revealed a monophyly for the subfamily, 

which supports Tan et al. (2019a). This could be resolved through a multigene approach. 

Monophyly of the subfamily Argiopinae was congruent throughout the H3 gene trees and 

concatenated trees, while the genus Argiope showed a polyphyletic nature. This observation was 

also made by Scharff et al. (2020). The monophyly of the genus Cyrtophora observed in the 

analysis was supported by literature (Scharff & Coddington, 1997). A sister relationship between 

the Argiopinae and Cyrtophora was suggested by Scharff & Coddington (1997) and Kallal et al. 

(2018), which was observed in H3 gene trees and concatenated trees. The placement of the 

subfamily Zygiellinae and Nephilinae as the basal clade is congruent with the findings of Kallal 

& Hormiga (2018a, b), who suggested Zygiellinae and Nephilinae as the earliest diverged 

lineages of the family Araneidae. 

The monophyly of the genera such as Acusilas, Arachnura, Bijoaraneus, Araneilla, and 

Plebs was confirmed as they showed steady relationships across the trees. Similarly, a 

paraphyletic relationship between Bijoaraneus and Aoaraneus was also confirmed, which 

supports the findings of Tanikawa et al. (2021). Although the genus Perilla was represented by a 
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single species, its placement in the ingroup was congruent throughout the analysis, which accepts 

its placement by Kuntner (2002). 

The members of Neoscona were highly represented in COI gene trees, and they exhibited 

a polyphyletic relationship. However, in the H3 gene trees and concatenated trees, they grouped 

in a monophyletic clade with limited taxa. This discrepancy can be solved through a multigene 

approach towards the genus, thereby increasing the taxa for the analysis. In H3 gene trees and 

concatenated trees, the paraphyly of Neoscona and Poltys was congruent, even it cannot be 

confirmed as Poltys was underrepresented in the analysis. Schraff & Coddington (1997) 

suggested a monophyly for Cyrtarachne, however, in the present analysis, they appeared to be 

paraphyletic. The analysis also provides additional support to the polyphyletic nature of Cyclosa 

(Scharff & Coddington, 1997; Scharff et al, 2020. Yu et al. (2022) suggested a clade combining 

Cyphalonotus and Poltys, but no such relationship was observed in none of the trees. Even so, it 

could not be confirmed that there is no relationship, as both genera were underrepresented in the 

analysis. It should also be noted that the monophyly of araneids in Kerala, even a particular 

genus, is not supported by any of the trees. 

By analysing trees from three datasets, it is clear that, higher the number of taxa, the 

better the resolution of phylogenetic relationships. To understand the evolutionary relationships 

of a highly divergent group like Araneidae, a multigene approach is more appropriate. The 

resolution of the phylogenetic status of each taxon has increased while the individual genes were 

partitioned. Similarly, Maximum Likelihood and Bayesian Analysis will be more suitable to 

elucidate the evolutionary history using the molecular data than the other two methods. 

However, Maximum Parsimony is the best method when the morphological character matrix and 

molecular data are compiled. 
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5.5. Divergence time of araneids 

A time-calibrated phylogenetic tree was constructed based on 83 extant araneid species using a 

relaxed clock log-normal model. The time tree was calibrated with two points, Mesozygiella 

dunlopi (115 – 121 Mya) (Magalhaes et al., 2020) and Nephila stem (16 Mya) (Wunderlich, 

1986). The araneid ingroup clade was constrained based on the results obtained during the 

phylogenetic analysis. Similarly, the Nephilinae clade was also constrained. 

The resulting ultrametric tree retrieved most of the monophyletic clades from the 

phylogenetic analysis. The stem age of the family was estimated as 115.39 mya (95% HPD: 

113.4 – 117.3). This estimated age is congruent with the fossil records from the Cretaceous 

amber (Penney & Ortuño, 2006). Wunderlich (2004c) suggested the earliest fossil of Nephila 

from 43-47 mya, and Kuntner et al. (2013) proposed the nephilid ancestral age as 40-60 mya. 

However, the estimated crown age of the subfamily Nephilinae is 18.50 mya (95% HPD: 16.56 – 

20.39). Representatives of Nephila were not included in this analysis rather, other members such 

as Herennia, Nephilengys, and Indoetra were included. Including the Nephila might improve the 

crown age, which will be congruent with Wunderlich’s (2004c) findings. The stem age of the 

Nephilinae clade was estimated as 64.08 mya, which suggests the ancestral age of nephilids as 

Kuntner et al. (2013). The results of the analysis also confirm that the above-mentioned members 

of Nephilinae as the recently diverged lineages. 

The stem age of the ARA clade (Scharff et al., 2020) was estimated as 76.66 (95% HPD: 

49.89 – 104.73). Hong (1985) reported a fossil of Argiope from the Neogene, and the time-

calibrated tree estimates the crown age of Argiopines as 39.78 mya (95% HPD: 18.09 – 64.67), 

suggesting the origin of the subfamily in the Paleogene. The tree also suggests some recently 

diverged lineages within the subfamily Argiopinae. Similarly, the crown ages of 

Gasteracanthinae, Archnura, and Cyrtophora date back to the Paleogene. The tree suggests that 

the divergence of Cyclosa has occurred during 30.71 – 13.84 mya. The time-calibrated tree 
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suggests some recently diverged lineages in the groups such as Acusilas, Bijoaraneus, 

Cyrtarachne, Cyrtophora, Eriovixia, Gasteracanthinae, and Neoscona. 

A comprehensive study exclusively to understand the evolutionary time scale of the 

divergence of araneids has not been reported yet. Schraff et al. (2020) attempted to understand 

the divergence of araneids using uncorrelated log-normal and uncorrelated exponential clock 

models. Even after trying different models and parameters, the MCMC generations were not 

converging effectively. They often suggested using the uncorrelated log-normal clock model for 

dating the divergence of araneids. In the present study, a relaxed log-normal model was utilised 

as Scharff et al. (2020) suggested. 

Therefore, this study represents the first comprehensive and successful attempt to date the 

divergence time of the family Araneidae. However, the results of this analysis are biased as the 

analysis includes only representatives from the Oriental and Palaearctic regions, while taxa from 

other realms were excluded. Considering the cosmopolitan distribution and high diversity of the 

family, compiling complete global data within a limited time frame is unattainable. Hence, this 

study serves as a foundational framework and is recommended for future expansion by including 

representatives from other biogeographical landmasses. 
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“What we know is a drop, what we don’t know is an ocean” 

- Isaac Newton 

6.1. Summary 

The present study aimed to compile an account of araneids, the orb-weaving spiders, in Kerala 

through both morphological and molecular approaches. The study also aimed to understand the 

phylogenetic relationships between araneid taxa and to plot them in an evolutionary time scale. 

A classical taxonomic approach was employed using advanced microscopic techniques to 

describe the species recorded in this study. Molecular barcoding was performed through DNA 

extraction and sequencing, and the resulting sequences were analysed using phylogenetic 

methods including Neighbour-Joining, Maximum Parsimony, Maximum Likelihood, and 

Bayesian Inference. Bioinformatics tools such as MEGA, RAxML, MrBayes, and BEAST were 

used to construct phylogenetic trees and to assess evolutionary relationships and divergence time 

estimation. 

Through the study, a checklist of araneids, including 60 species from 23 genera, was 

prepared. These statistics represent the presence of 32% of Indian araneid species and 68% of 

Indian araneid genera in Kerala. The study reported two species, Leviaraneus viridiventris and 

Chorizopesoides orientalis, from India for the first time. With a detailed account on the 

morphological characterisation and molecular support, the study recommends the transfer of 

Araneus panchganiensis to the genus Neoscona.  

Barcoding of araneids in Kerala resulted in the development of 76 mitochondrial COI and 

nuclear H3 gene barcodes. All the developed barcodes were submitted to GenBank and were 

accepted by providing accession numbers for each entry. The present study was able to develop 

28 COI barcodes and 10 H3 barcodes as the first sequence representative of the particular species 
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in GenBank. The COI barcoding of Nephila pilipes also confirmed the existence of colour 

morphs in Kerala. Combining the morphological and molecular data revealed the presence of 

three pairs of cryptic species, Argiope pulchella - Argiope versicolor, Cyclosa hexatuberculata - 

Cyclosa spirifera, and Eriovixia laglaizei - Eriovixia poonaensis. 

The phylogenetic relationships of araneids in Kerala were revealed through this study. 

The monophyly of the subfamily Nephilidae and its inclusion in the araneid clade at a basal 

position were confirmed. Similarly, the monophyly of the subfamily Argiopinae and the 

polyphyly of Gateracanthinae were revealed. Cyclosa and Araneus were found to be highly 

polyphyletic. Paraphyly of Cyrtophora, Eriovixia and Neoscona were congruent throughout the 

analysis.  

By including the araneid representatives from the Oriental and Palearctic regions, the 

phylogeny of the family has been resolved better. The family itself exhibited monophyly. The 

results highly support the placement of nephilines and zygiellines in the family Araneidae, 

giving a subfamily status. The discrepancies exhibited by the subfamily Gasteracanthinae were 

supported by the literature. The monophyly of the subfamily Argiopinae and its sister 

relationship to Cyrtophora were evident. The monophyly of Acusilas, Arachnura, Bijoaraneus, 

Araneilla, and Plebs was proved undoubtedly. Similarly, the results support the polyphyly of 

Cyclosa and Neoscona. Additionally, none of the results exhibited a monophyletic clade of 

araneids in Kerala. 

This study provides the first comprehensive successful attempt to date the divergence of 

araneids. It was estimated that the divergence of areneids occurred at 115.39 mya (mean value), 

which supports the fossil evidence. Similarly, the diversification times of Nephilinae, 

Argiopinae, Gasteracanthinae, Archnura, and Cyrtophora date back to the Paleogene. The 

analysis also suggests the lineages of Acusilas, Bijoaraneus, Cyrtarachne, Cyrtophora, 

Eriovixia, and Neoscona as recently diverged.  
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6.2. Conclusion 

The present study demonstrates the successful integration of traditional morphology and modern 

molecular tools in understanding the biodiversity of this pristine planet. The findings reaffirm 

that molecular approaches complement rather than replace classical taxonomy, countering the 

long-standing concern that DNA-based techniques may overshadow the Linnaean system. The 

combined evidence from morphology and barcodes improved species identification and provided 

clearer understanding of phylogenetic relationships among araneids in Kerala. 

Certain challenges in the classical taxonomic approach towards the classification of 

araneids have been addressed through this study. The results strongly support Maximum 

Likelihood and Bayesian Inference as the most robust approaches for reconstructing araneid 

phylogeny, and confirm the high efficacy of COI barcoding in resolving taxonomic ambiguities. 

This study therefore asserts that concatenated multi-gene datasets are essential for addressing 

inconsistencies in spider phylogeny. However, limited species representation in certain genera 

constrained deeper phylogenetic resolution, emphasizing the need for broader sampling. 

Overall, the study contributes novel insights into the evolutionary history of Araneidae 

and highlights that a combined morphological–molecular framework should be adopted as a 

standard practice in spider taxonomy. Future research incorporating wider geographic sampling 

and additional molecular markers will be crucial for establishing a more comprehensive 

phylogeny of araneids. 
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“The important thing is not to stop questioning. Curiosity has its own reason for existing” 

- Albert Einstein 

Araneidae, the third-largest spider family in the world, holds significant ecological and scientific 

importance. The present study was an attempt to provide a checklist of araneid species in a 

biodiversity-rich state like Kerala, resolving taxonomic ambiguities by utilising molecular data. 

Additionally, it also aimed to provide insights into the phylogenetic relationships of araneids and 

present them within an evolutionary time scale. Even though several studies on Araneidae have 

been conducted globally, notable gaps persist, paving the way for future research. The following 

recommendations will enrich the robustness of our understanding of this significant group of 

arthropods. 

 Araneidae, being cosmopolitan, can be found in all kinds of ecosystems. In a biodiversity-

rich state like Kerala, the number of species reported is quite low, and yet more to discover. 

Hence, studies focusing exclusively on different habitat types throughout different seasons 

will increase the statistics of araneids. 

 It is recommended to utilise the modern visualising techniques such as Scanning Electron 

Microscope (SEM), high resolution stereomicroscopes, etc., in detailing the morphological 

characterisation of a species, which will aid in resolving the taxonomic ambiguities, such as 

cryptic species. 

 Barcoding multiple markers of all species is recommended so that it could help in resolving 

taxonomic confusions and cryptic species identification. Also, it could be utilised for further 

phylogeny, biogeography and population studies. 

 By incorporating barcode data with morphological characterisation, cryptic species could be 

identified. From the present study, three pairs of cryptic species were identified, combining 
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both approaches. Being a highly diverse group, Araneidae possess several other cryptic 

species, which are still unknown. 

 Generic revisions of some commonly found araneid groups, such as Cyclosa, 

Gasteracantha, Eriovixia, and Neoscona, need to be done with high priority. The 

combination of both morphological and molecular data would increase the robustness of the 

generic revision. 

 Although the phylogenetic status of several araneid taxa is resolved, there is a lot more to 

unwind. This could only be possible by including taxa from different geographical regions 

along with multiple barcode data. 

 In the present study, only a limited number of taxa were utilised for the divergence time 

analysis. More insights could be achieved by including taxa from different geographical 

regions. 

 Araneidae, being a cosmopolitan group, can be utilised in biogeographical studies and has 

the potential to reveal the biogeographic distribution across the landmasses and thereby 

unveil the mask of unknown truths regarding the continental formation. 

 Further investigations on the web-building behaviour of araneids should be carried out, 

especially in highly populated cities, as they have the potential to indicate air pollution. 
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APPENDICES 

Appendix I - Table S1. Details of voucher specimens used for COI barcoding, along with DNA 

quantification results based on spectrophotometer readings, summary of BLAST results showing 

percent identity and closest matching species and GenBank accession numbers 

Appendix II - Table S2. Details of voucher specimens used for H3 barcoding, along with DNA 

quantification results based on spectrophotometer readings, summary of BLAST results showing 

percent identity and closest matching species and GenBank accession numbers 

Appendix III - Table S3. Details of sequences used for the phylogenetic analysis of Oriental and 

Palaearctic araneids, including the GenBank accession numbers 
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Table S1. Details of voucher specimens used for COI barcoding, along with DNA quantification results based on spectrophotometer readings, 
summary of BLAST results showing percent identity and closest matching species and GenBank accession numbers 

* Sample contamination, # Unsuccessful PCR, $ Further analysis required, (N) New records to the GenBank database 

Sl. 
No. 

Voucher No. Species 
Absorbance 

260 nm 
Absorbance

280 nm 
DNA 

Concentration 
260/280 

Percent 
identity 

Match species 
Accession 

no. 
Remarks 

1 ARAMP007 
Bijoaraneus 
mitificus 

0.843 0.43 42.1 1.96 97.29 
Bijoaraneus 
mitificus 

PQ651518  

2 ARAMP008 
Chorizopesoide
s orientalis 

0.18 0.113 9 1.6 93.04 
Chorizopesoides 
wulingensis 

PQ651519 (N) 

3 ARAMP012 
Eriovixia 
sakeidaorum 

1.637 0.779 81.8 2.1 94.88 
Eriovixia 
hainanensis 

PQ651564 (N) 

4 ARAMP015 
Herennia 
multipuncta 

0.065 0.036 65 1.805 100 
Herennia 
multipuncta 

PQ495943  

5 ARAMP016 
Neoscona 
elliptica 

0.543 0.26 27.1 2.09 99.63 Guizygiella sp. PQ651524 (N) 

6 ARAMP017 Nephila pilipes 0.138 0.078 138 1.769 100 Nephila pilipes PQ495944  

7 ARAMP018 Plebs mitratus 3.546 1.718 177.3 2.06 87.28 
Araneus 
omnicolor 

PQ558939 (N) 

8 ARAMP019 
Poltys 
columnaris 

0.869 0.475 43.4 1.83 84.82 Verrucosa sp. PQ558940 (N) 

9 ARAMP020 
Thelacantha 
brevispina 

0.797 0.406 39.9 1.96 100 
Thelacantha 
brevispina 

PQ495946  

10 ARAMP021 
Acusilas 
coccineus 

0.183 0.095 183 1.926 98.37 
Acusilas 
coccineus 

PQ558941 (N) 

11 ARAMP022 
Anepsion 
maritatum 

0.836 0.405 41.8 2.06 93.39 
Anepsion 
japonicum 

PQ558942  
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12 ARAMP023 
Araneus 
tubabdominus 

0.894 0.459 44.7 1.95 90.49 
Neoscona 
punctigera 

PQ187441  

13 ARAMP024 
Argiope 
aemula 

0.925 0.463 925 1.997 97.11 Argiope aemula PQ558943  

14 ARAMP025 
Argiope 
catenulata 

0.127 0.062 127 2.048 98.15 
Argiope 
catenulata 

PQ558944  

15 ARAMP026 
Cyrtophora 
cicatrosa 

1.289 0.665 64.4 1.94 99.47 
Cyrtophora 
cicatrosa 

PQ495948  

16 ARAMP027 
Cyrtophora 
moluccensis 

0.186 0.102 186 1.823 100 
Cyrtophora 
moluccensis 

PQ495949  

17 ARAMP028 
Cyrtophora 
unicolor 

0.113 0.058 113 1.948 98.54 
Cyrtophora 
unicolor 

PQ558946  

18 ARAMP029 
Arachnura 
melanura 

0.529 0.274 26.4 1.93 99.64 
Arachnura 
melanura 

PQ651520  

19 ARAMP030 
Arachnura 
melanura 

0.014 0.009 14 1.555 97.3 
Arachnura 
melanura 

 * 

20 ARAMP031 
Arachnura 
melanura 

1.004 0.664 50.2 1.51 99.64 
Arachnura 
melanura 

PQ651521  

21 ARAMP032 
Arachnura 
melanura 

0.572 0.274 28.6 2.08 99.64 
Arachnura 
melanura 

PQ651522  

22 ARAMP033 
Argiope 
anasuja 

0.351 0.179 351 1.96 99.21 Argiope anasuja PQ558945  

23 ARAMP034 
Argiope 
pulchella 

0.111 0.06 111 1.85 100 Argiope pulchella PQ651537  

24 ARAMP035 
Argiope 
pulchella 

0.131 0.07 131 1.871 99.81 
Argiope 
versicolor 

PQ651538  

25 ARAMP036 
Argiope 
versicolor 

0.052 0.029 52 1.793 97.38 
Argiope 
versicolor 

PQ651539  

26 ARAMP037 
Argiope 
versicolor 

0.019 0.011 19 1.727 98.34 
Argiope 
versicolor 

PQ651540  
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27 ARAMP038 
Argiope 
pulchella 

0.332 0.175 16.6 1.9 99.63 
Argiope 
versicolor 

PQ651541  

28 ARAMP039 Araneus sp 0.666 0.345 33.3 1.93 90.42 Neoscona sp. PQ651536 (N) 

29 ARAMP041 Cyclosa bifida 0.612 0.314 30.6 1.95 100 Cyclosa bifida PQ495950  

30 ARAMP042 Cyclosa bifida 0.257 0.133 12.8 1.92 99.42 Cyclosa bifida PQ187442  

31 ARAMP043 Cyclosa bifida 0.187 0.108 9.4 1.73 99.1 Cyclosa bifida PQ187443  

32 ARAMP044 
Cyclosa 
confraga 

0.198 0.11 9.9 1.81 93.05 
Cyclosa 
chichawatniensis 

PQ558948 (N) 

33 ARAMP045 
Cyclosa 
hexatuberculat
a 

0.016 0.009 16 1.777 100 
Cyclosa 
hexatuberculata 

PQ651542  

34 ARAMP046 
Cyclosa 
hexatuberculat
a 

0.11 0.07 5.5 1.57 100 
Cyclosa 
hexatuberculata 

PQ651543  

35 ARAMP047 
Cyclosa 
hexatuberculat
a 

0.019 0.011 19 1.727 100 
Cyclosa 
hexatuberculata 

PQ651544  

36 ARAMP048 
Cyclosa 
spirifera 

0.411 0.211 20.6 1.94 99.79 Cyclosa spirifera PQ651545  

37 ARAMP049 
Cyclosa 
mulmeinensis 

0.286 0.15 14.3 1.9 98.84 
Cyclosa 
mulmeinensis 

PQ558947  

38 ARAMP050 
Cyclosa 
spirifera 

0.065 0.034 65 1.911 100 Cyclosa spirifera PQ651546  

39 ARAMP051 Cyclosa purnai 0.012 0.007 12 1.714 99.8 Cyclosa spirifera PQ651549 (N) 

40 ARAMP052 
Cyclosa 
quinquegutteta 

0.008 0.005 8 1.6 90.37 Cyclosa turbinata PQ558949  
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41 ARAMP053 
Cyclosa 
spirifera 

0.033 0.017 33 1.941 99.63 Cyclosa spirifera PQ651550  

42 ARAMP054 
Cyclosa 
spirifera 

0.014 0.008 14 1.75 100 Cyclosa spirifera PQ651547  

43 ARAMP055 
Cyclosa 
spirifera 

0.128 0.076 6.4 1.69 100 Cyclosa spirifera PQ651548  

44 ARAMP056 Cyclosa sp 0.364 0.174 18.2 2.1 95.07 Cyclosa alba PQ651551 (N) 

45 ARAMP057 Cyclosa sp 0.122 0.056 6.1 2.2 97.63 Cyclosa bifida PQ651552 (N) 

46 ARAMP058 Cyclosa sp 0.204 0.107 10.2 1.9 90.23 
Cyrtarachne 
nagasakiensis 

PQ651553 (N) 

47 ARAMP059 Cyclosa sp 0.042 0.013 2.1 3.29    # 

48 ARAMP060 
Parawixia 
dehaani 

0.036 0.022 36 1.636 98.76 
Parawixia 
dehaani 

PQ558950  

49 ARAMP061 
Eriovixia 
gryffindori 

0.213 0.098 10.7 2.17 88.85 
Araneus 
pentagrammicus 

PQ651554 (N) 

50 ARAMP062 
Eriovixia 
excelsa 

0.033 0.013 1.7 2.5    # 

51 ARAMP063 Eriovixia sp 0.141 0.068 7 2.07 88.32 Aranea sps PQ651555 (N) 

52 ARAMP064 Eriovixia sp 0.275 0.139 13.8 1.98    # 

53 ARAMP065 
Eriovixia 
poonaensis 

0.253 0.136 12.7 1.87 97.77 
Eriovixia 
poonaensis 

PQ651557  

54 ARAMP066 Eriovixia sp 0.321 0.208 16 1.54 86.2 
Austracantha 
minax 

PQ651556 (N) 

55 ARAMP067 
Eriovixia 
poonaensis 

0.432 0.194 21.6 2.23 99.58 
Eriovixia 
poonaensis 

PQ651558  
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56 ARAMP068 Eriovixia sp 0.29 0.113 14.5 2.58 82.15 Araniella coreana PQ651559 (N) 

57 ARAMP069 Eriovixia sp 0.41 0.165 20.5 2.49 82.54 Eustella sps PQ651560 (N) 

58 ARAMP070 
Gasteracantha 
dalyi 

0.323 0.128 16.1 2.53 95.55 
Macracantha 
hasselti 

PQ187444 (N) 

59 ARAMP071 
Gasteracantha 
geminata 

0.497 0.215 24.8 2.31 94.86 
Gasteracantha 
kuhli 

PQ558952 (N) 

60 ARAMP072 
Macracantha 
hasselti 

4.249 1.986 212.5 2.14    # 

61 ARAMP073 
Gasteracantha 
dalyi 

0.252 0.086 12.6 2.92 99.81 
Gasteracantha 
dalyi 

PQ495951  

62 ARAMP074 
Thelacantha 
brevispina 

0.601 0.269 30 2.24 99.64 
Thelacantha 
brevispina 

PQ495947  

63 ARAMP075 Gea sp 0.353 0.155 17.7 2.28 93.87 Gea spinipes PQ651562  

64 ARAMP076 Gea sp 1.216 0.575 60.8 2.11 97.52 Gea spinipes PQ651563 (N) 

65 ARAMP077 Nephila pilipes 0.168 0.084 168 2 99.46 Nephila pilipes PQ495945  

66 ARAMP078 
Nephilengys 
malabarensis 

0.113 0.07 5.6 1.61 89.76 
Nephilengys 
malabarensis 

PQ558953  

67 ARAMP079 
Leviaraneus 
viridiventris 

1.115 0.491 55.7 2.27 100 
Leviaraneus 
noegeatus 

PQ651523  

68 ARAMP080 Neoscona sp 0.678 0.31 33.9 2.19 
90.49 
90.13 

Paraplectana 
sakaguchii 
Neoscona 
vigilans 

PQ651525 (N) 

69 ARAMP081 
Neoscona 
vigilans 

11.235 5.913 561.7 1.9    # 
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70 ARAMP082 
Neoscona 
vigilans 

0.56 0.255 28 2.2 100 
Neoscona 
vigilans 

PQ651532  

71 ARAMP083 
Neoscona 
bengalensis 

0.35 0.159 17.5 2.2 91.55 
Neoscona 
vigilans 

PQ651526 (N) 

72 ARAMP084 
Neoscona 
bengalensis 

0.233 0.099 11.7 2 91.9 
Neoscona 
vigilans 

PQ651527 (N) 

73 ARAMP085 
Neoscona 
bengalensis 

0.509 0.23 25.4 2.21 91.64 
Neoscona 
vigilans 

PQ651528 (N) 

74 ARAMP086 
Neoscona 
nautica 

0.366 0.147 18.3 2.49 99.82 Neoscona nautica PQ558951  

75 ARAMP087 
Neoscona 
punctigera 

0.029 0.018 29 1.6 99.27 
Neoscona 
punctigera 

PQ651530  

76 ARAMP088 
Neoscona 
punctigera 

0.488 0.199 24.4 2.45 98.9 
Neoscona 
punctigera 

PQ651531  

77 ARAMP089 Neoscona sp 0.52 0.222 26 2.34 91.94 Neoscona nautica PQ651534 (N) 

78 ARAMP090 Neoscona sp 0.008 0.004 8 2 91.34 
Neoscona 
polyspinipes 

PQ651535 (N) 

79 ARAMP091 
Neoscona 
yptinika 

0.861 0.391 43.1 2.2 91.75 
Neoscona 
vigilans 

PQ651529 (N) 

80 ARAMP092 
Neoscona 
vigilans 

0.459 0.196 22.9 2.34 100 
Neoscona 
vigilans 

PQ651533  

81 ARAMP093 Eriovixia sp 0.843 0.382 42.1 2.21 87 
Austracantha 
minax 

PQ651561 (N) 

82 ARAMP094 Genus 1 1.036 0.484 51.8 2.14    # 

83 ARAMP095 Genus 2 0.214 0.08 10.7 2.66 88.87 
Argiope 
trifasciata 

 $ 

84 ARAMP096 
Eriovixia 
excelsa 

0.583 0.247 29.1 2.36 100 Eriovixia excelsa PQ558954  
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Table S2. Details of voucher specimens used for H3 barcoding, along with DNA quantification results based on spectrophotometer readings, 
summary of BLAST results showing percent identity and closest matching species and GenBank accession numbers 

* Sample contamination, # Unsuccessful PCR, (N) New records to the GenBank database 

Sl. 
No. 

Voucher No. Species 
Absorbance 

260 nm 
Absorbance

280 nm 
DNA 

Concentration 
260/
280 

Percent 
identity 

Match species 
Accession 

no. 
Remarks 

1 ARAMP007 
Bijoaraneus 
mitificus 

0.843 0.43 42.1 1.96 99.65 
Bijoaraneus 
legonensis 

PQ654379  

2 ARAMP008 
Chorizopesoides 
orientalis 

0.18 0.113 9 1.6 95.36 
Araneus 
pentagrammicus 

PQ654389 (N) 

3 ARAMP012 
Eriovixia 
sakeidaorum 

0.036 0.018 36 2 97.84 
Eriovixia 
laglaizei 

PQ654396 (N) 

4 ARAMP015 
Herennia 
multipuncta 

0.065 0.036 65 
1.80

5 
99.64 

Herennia 
multipuncta 

PQ654395  

5 ARAMP016 
Neoscona 
elliptica 

0.543 0.26 27.1 2.09 97.94 
Neoscona 
domiciliorum 

PQ654382 (N) 

6 ARAMP017 Nephila pilipes 0.138 0.078 138 
1.76

9 
91.67 

Stegodyphus 
dumicola 

 * 

7 ARAMP018 Plebs mitratus 0.111 0.067 111 
1.65

6 
97.74 Plebs cyphoxis PQ654405 (N) 

8 ARAMP019 
Poltys 
columnaris 

0.869 0.475 43.4 1.83 97.25 
Neoscona 
domiciliorum 

PQ654385 (N) 

9 ARAMP020 
Thelacantha 
brevispina 

0.797 0.406 39.9 1.96 99.32 
Thelacantha 
brevispina 

PQ654386  

10 ARAMP021 
Acusilas 
coccineus 

0.183 0.095 183 
1.92

6 
97.93 

Acusilas 
coccineus 

PQ654388  

11 ARAMP022 
Anepsion 
maritatum 

0.046 0.026 46 
1.76

9 
96.74 Anepsion sp PQ654391  
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12 ARAMP023 
Araneus 
tubabdominus 

0.894 0.459 44.7 1.95 95.38 
Araneus 
angulatus 

PQ654378 (N) 

13 ARAMP024 Argiope aemula 0.925 0.463 925 
1.99

7 
99.33 Argiope aemula PQ629468  

14 ARAMP025 
Argiope 
catenulata 

0.127 0.062 127 
2.04

8 
99.66 

Argiope 
catenulata 

PQ629469  

15 ARAMP026 
Cyrtophora 
cicatrosa 

1.289 0.665 64.4 1.94 93.73 
Cyrtophora 
citricola 

PQ629467  

16 ARAMP027 
Cyrtophora 
moluccensis 

0.186 0.102 186 
1.82

3 
99.64 

Cyrtophora 
moluccensis 

PQ629465  

17 ARAMP028 
Cyrtophora 
unicolor 

0.113 0.058 113 
1.94

8 
99.64 

Cyrtophora 
unicolor 

PQ629466  

18 ARAMP032 
Arachnura 
melanura 

0.572 0.274 28.6 2.08 95.4 Arachnura logio PQ654392  

19 ARAMP034 
Argiope 
pulchella 

0.111 0.06 111 1.85 100 
Argiope 
pulchella 

PQ654393  

20 ARAMP043 Cyclosa bifida 0.187 0.108 9.4 1.73 95.52 
Wagneriana 
taim 

PQ654401  

21 ARAMP047 
Cyclosa 
hexatuberculata 

0.019 0.011 19 
1.72

7 
   # 

22 ARAMP049 
Cyclosa 
mulmeinensis 

0.286 0.15 14.3 1.9 95.17 
Cyclosa 
walckenaeri 

PQ654402  

23 ARAMP052 
Cyclosa 
quinquegutteta 

0.008 0.005 8 1.6 93.33 
Cyclosa 
walckenaeri 

PQ654403  

24 ARAMP054 
Cyclosa 
spirifera 

0.014 0.008 14 1.75 94.93 
Wagneriana 
atuna 

PQ654387  

25 ARAMP060 
Parawixia 
dehaani 

0.036 0.022 36 
1.63

6 
99.28 

Parawixia 
dehaani 

PQ654404  

26 ARAMP061 
Eriovixia 
gryffindori 

-0.008 -0.011 -8 
0.72

7 
97.48 

Eriovixia 
laglaizei 

PQ654397 (N) 
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27 ARAMP067 
Eriovixia 
poonaensis 

0.432 0.194 21.6 2.23 98.92 
Eriovixia 
laglaizei 

PQ654399  

28 ARAMP070 
Gasteracantha 
dalyi 

0.323 0.128 16.1 2.53 98.19 
Eriovixia 
laglaizei 

PQ654381 (N) 

29 ARAMP071 
Gasteracantha 
geminata 

0.497 0.215 24.8 2.31 99.65 
Gasteracantha 
kuhlii 

PQ654380 (N) 

30 ARAMP078 
Nephilengys 
malabarensis 

0.113 0.07 5.6 1.61 89.22 
Nephilengys 
malabarensis 

PQ654390  

31 ARAMP079* 
Leviaraneus 
viridiventris 

1.115 0.491 55.7 2.27    # 

32 ARAMP082 
Neoscona 
vigilans 

0.56 0.255 28 2.2 96.36 Neoscona sp PQ654384  

33 ARAMP084 
Neoscona 
bengalensis 

0.233 0.099 11.7 2 95.65 
Neoscona 
domiciliorum 

PQ654383 (N) 

34 ARAMP086 
Neoscona 
nautica 

0.366 0.147 18.3 2.49 98.61 
Neoscona 
domiciliorum 

PQ654400  

35 ARAMP096 
Eriovixia 
excelsa 

0.583 0.247 29.1 2.36 97.84 
Eriovixia 
laglaizei 

PQ654398  

36 ARAMP097 Argiope anasuja 0.25 0.12 250 2.08 98.6 Argiope anasuja PQ654394  
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Table S3. Details of sequences used for the phylogenetic analysis of Oriental and Palaearctic araneids, including the GenBank accession numbers 

# Sequences used for COI gene tree, ^ Sequences used for H3 gene tree, $ Sequences used for concatenation, * Sequences developed in the present 
study, + Sequences used in divergence time analysis using BEAST 

 

Sl. 
No. 

Species 
COI GenBank accession 

no. 
Region 

H3 GenBank accession 
no. 

Region Remarks 

1 Aculepeira ceropegia KY269201 Germany   # 

2 Acusilas coccineus MK420054 Thailand MK420289 Thailand # ^ $ 

3 Acusilas malaccensis KR526560 China KR526603 China # ^ $ + 

4 Agalenatea redii MK420055 Denmark MK420290 Denmark # ^ $ + 

5 Anepsion depressum AB808480 Thailand   # 

6 Aoaraneus amabilis LC637705 Japan LC637723 Japan # ^ $ + 

7 Aoaraneus pentagrammicus LC637704 Japan LC637722 Japan # ^ $ + 

8 Arachnura logio KJ957944 Taiwan KJ957997 Taiwan # ^ $  + 

9 Arachnura melanura KJ957945 Taiwan   # 

10 Araneus affinis MK153828 Pakistan   # 

11 Araneus alsine KY270365 Germany   # 

12 Araneus angulatus KC849063 Spain KC849022 Spain # ^ $  + 

13 Araneus diadematus KC849064 Slovenia KC849023 Slovenia # ^ $  + 

14 Araneus ejusmodi KY467241 China   # 

15 Araneus ishisawai LC735301 Japan   # 

16 Araneus macacus LC516597 Japan   # 

17 Araneus marmoreus KY269225 Germany   # 

18 Araneus matsumotoi LC630881 Japan   # 

19 Araneus nordmanni MZ627839 Finland   # 

20 Araneus ogatai LC735300 Japan   # 
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21 Araneus quadratus KY270313 Germany   # 

22 Araneus reizan LC516592 Japan   # 

23 Araneus saevus MZ609192 Finland   # 

24 Araneus seminiger LC516601 Japan   # 

25 Araneus stella JN817142 Korea   # 

26 Araneus sturmi KY269954 Germany   # 

27 Araneus triguttatus KX536845 Germany   # 

28 Araneus uyemurai LC516599 Japan   # 

29 Araneus variegatus LC735310 Japan   # 

30 Araneus ventricosus KY467249 China   # 

31 Araniella alpica KT250379 France   # 

32 Araniella coreana JN817162 Korea   # 

33 Araniella cucurbitina MK420074 Portugal MK420304 Portugal # ^ $  + 

34 Araniella displicata KY270007 Germany   # 

35 Araniella inconspicua KT250421 Greece   # 

36 Araniella opisthographa KT250452 
Czech 
Republic 

  # 

37 Araniella proxima MZ610503 Finland   # 

38 Araniella yaginumai JN817163 Korea   # 

39 Argiope aemula KJ957938 Taiwan KJ957993 Taiwan # ^ $ 

40 Argiope aetherea GU353201 Taiwan   # 

41 Argiope aetheroides KJ957940 Taiwan KJ957995 Taiwan # ^ $ + 

42 Argiope ahngeri KJ957948 Turkey KJ957999 Turkey # ^ $ + 

43 Argiope amoena GU353199 Taiwan   # 

44 Argiope amoena KJ957941 Japan   # 

45 Argiope anasuja MK154555 Pakistan KJ957996 India # ^ $ 

46 Argiope appensa GU353203 Taiwan   # 
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47 Argiope boesenbergi KJ957953 Japan   # 

48 Argiope bruennichi KC849062 Slovenia KC849021 Slovenia # ^ $ + 

49 Argiope caesarea PP808888 China   # 

50 Argiope dang KU055770 Cambodia KU055865 Cambodia # ^ $ + 

51 Argiope jinghongensis KJ957967 China KJ958015 China # ^ $ + 

52 Argiope lobata MK154282 Pakistan   # 

53 Argiope lobata KJ957971 Spain KJ958019 Spain # ^ $ + 

54 Argiope macrochoera KJ957973 China KJ958021 China # ^ $ + 

55 Argiope minuta KY467229 China   # 

56 Argiope ocula KJ957979 Taiwan   # 

57 Argiope pulchella MK154452 Pakistan   # 

58 Argiope pulchelloides GU353196 Taiwan   # 

59 Argiope trifasciata MT454231 Spain MT467429 Spain # ^ $ + 

60 Argiope trifasciata MT454202 India MT467391 India # ^ $ 

61 Argiope trifasciata MK154862    # 

62 Argiope versicolor PP864022 Vietnam   # 

63 Bijoaraneus komachi LC637707 Japan LC637725 Japan # ^ $ + 

64 Bijoaraneus legonensis LC637709 Thailand LC637727 Thailand # ^ $ + 

65 Bijoaraneus mitificus LC637706 Thailand LC637724 Thailand # ^ $ 

66 Bijoaraneus postilena LC637710 Thailand LC637728 Thailand # ^ $ + 

67 Caerostris sumatrana KT267113 Laos KR526613 China # ^ $ + 

68 Cercidia prominens MK420087 Denmark MK420312 Denmark # ^ $ + 

69 Chorizopes nipponicus JN817165 Korea   # 

70 Chorizopes quadrituberculata MK392787 India   # 

71 Chorizopesoides wulingensis MK154593 Pakistan   # 

72 Cyclosa alba AB453390 Japan   # 

73 Cyclosa argentata MN202156 China   # 
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74 Cyclosa argenteoalba KY467238 China   # 

75 Cyclosa bianchoria MK392666 India   # 

76 Cyclosa bifida LC415136 Thailand   # 

77 Cyclosa bulla LC415141 Thailand   # 

78 Cyclosa chichawatniensis MK155009 Pakistan   # 

79 Cyclosa confusa JN817170 Korea   # 

80 Cyclosa conica EU003282 Denmark EU003316 Denmark # ^ $ + 

81 Cyclosa hexatuberculata MK154120 Pakistan   # 

82 Cyclosa japonica JN817171 Korea   # 

83 Cyclosa kumadai JN817173 Korea   # 

84 Cyclosa laticauda KY467254 China   # 

85 Cyclosa maritima AB453763 Japan   # 

86 Cyclosa monticola JN817168 Korea   # 

87 Cyclosa moonduensis MK153883 Pakistan   # 

88 Cyclosa mulmeinensis AB453766 Japan   # 

89 Cyclosa octotuberculata JN817167 Korea   # 

90 Cyclosa oculata KX537258 Germany   # 

91 Cyclosa omonaga LC387835 Japan   # 

92 Cyclosa quinqueguttata MK392786 India   # 

93 Cyclosa sachikoae AB453770 Japan   # 

94 Cyclosa sedeculata JN817166 Korea   # 

95 Cyclosa spirifera MK392677 India   # 

96 Cyclosa vallata AB453771 Japan   # 

97 Cyphalonotus assuliformis MZ673432 China MZ666941 China # ^ $ + 

98 Cyphalonotus variabilis MZ673436 Taiwan MZ666940 Taiwan # ^ $ + 

99 Cyrtarachne akirai AB910432 Japan   # 

100 Cyrtarachne bufo MK420094 Japan MK420319 Japan # ^ $ + 
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101 Cyrtarachne inaequalis MK420095 Japan MK420320 Japan # ^ $ + 

102 Cyrtarachne jucunda AB820895 Japan   # 

103 Cyrtarachne nagasakiensis MK420096 Japan MK420321 Japan # ^ $ + 

104 Cyrtarachne yunoharuensis AB910437 Japan   # 

105 Cyrtophora cicatrosa MK392747 India   # 

106 Cyrtophora citricola MK155014 Pakistan   # 

107 Cyrtophora citricola KC849071 Spain KC849030 Spain # ^ $ + 

108 Cyrtophora exanthematica KJ957957 Taiwan KJ958005 Taiwan # ^ $ + 

109 Cyrtophora moluccensis KY467257 China   # 

110 Cyrtophora unicolor KJ957959 Taiwan KJ958007 Taiwan # ^ $ 

111 Eriovixia excelsa MK155027 Pakistan   # 

112 Eriovixia hainanensis MN204479 India   # 

113 Eriovixia laglaizei OQ821698 India   # 

114 Eriovixia poonaensis MK392777 India   # 

115 Gasteracantha diadesmia MT584895 Thailand MT584955 Thailand # ^ $ + 

116 Gasteracantha diardi MT584900 Thailand MT584957 Thailand # ^ $ + 

117 Gasteracantha doriae MT584902 Thailand MT584959 Thailand # ^ $ + 

118 Gasteracantha kuhlii MT584913 Thailand MT584963 Thailand # ^ $ + 

119 Gasteracantha kuhlii DQ518416 Japan   # 

120 Gea spinipes KJ957965 Taiwan KJ958013 Taiwan # ^ $ + 

121 Gea subarmata MK154788 Pakistan   # 

122 Gibbaranea bituberculata KY268919 Germany   # 

123 Gibbaranea gibbosa KY270274 Germany   # 

124 Gibbaranea omoeda MZ628257 Finland   # 

125 Guizygiella guangxiensis KR526576 China   # 

126 Guizygiella indica MK154875 Pakistan   # 

127 Guizygiella nadleri KR526577 China KR526616 China # ^ $ + 
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128 Guizygiella salta KR526578 China KR526617 China # ^ $ + 

129 Herennia multipuncta OK017123 Sri Lanka MK420331 Laos # ^ $ 

130 Hypsosinga alboria MK154904 Pakistan   # 

131 Hypsosinga albovittata KY268435 Germany   # 

132 Hypsosinga heri MK420115 Hungary MK420334 Hungary # ^ $ + 

133 Hypsosinga pygmaea KY467232 China   # 

134 Hypsosinga sanguinea MZ608637 Finland   # 

135 Hypsosinga wanica MK154987 Pakistan   # 

136 Indoetra thisbe KC849070 Sri Lanka KC849029 Sri Lanka # ^ $ + 

137 Larinia bonneti MK420119 Hungary   # 

138 Larinia jeskovi MK420120 Hungary MK420337 Hungary # ^ $ + 

139 Larinia joei LC597526 Thailand   # 

140 Larinia phosop LC756460 Thailand   # 

141 Larinia phthisica JN306172 Pakistan   # 

142 Lariniaria argiopiformis JN817161 Korea   # 

143 Larinioides cornutus KY270298 Germany   # 

144 Larinioides ixobolus KY270281 Germany   # 

145 Larinioides patagiatus KY268472 Germany   # 

146 Larinioides sclopetarius KC849077 Slovenia KC849036 Slovenia # ^ $ 

147 Leviaraneus noegeatus LC761862 Thailand   # 

148 Leviaraneus viridiventris LC761858 Japan LC761885 Japan # ^ $ + 

149 Leviellus inconveniens KR526579 Israel KR526618 Israel # ^ $ + 

150 Leviellus kochi MW997986 Spain   # 

151 Leviellus thorelli KR526580 Macedonia KR526619 Macedonia # ^ $ + 

152 Lipocrea fusiformis LC597529 Thailand   # 

153 Macracantha arcuata OQ150141 
United 
Kingdom 

  # 
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154 Macracantha arcuata MT584917 Thailand MT584967 Thailand # ^ $ + 

155 Macracantha hasselti OQ150143 
United 
Kingdom 

  # 

156 Macracantha hasselti MT584908 Thailand MT584961 Thailand # ^ $ + 

157 Mangora acalypha KY270137 Germany   # 

158 Neoscona adianta KY467218 China   # 

159 Neoscona mellotteei PQ530534 China   # 

160 Neoscona mukerjei KT383761 India   # 

161 Neoscona multiplicans JN817150 Korea   # 

162 Neoscona nautica KY467215 China   # 

163 Neoscona polyspinipes MK950518 Oman   # 

164 Neoscona polyspinipes MK155010 Pakistan   # 

165 Neoscona pseudonautica JN817148 Korea   # 

166 Neoscona punctigera JN817151 Korea   # 

167 Neoscona scylla MK155031 Pakistan   # 

168 Neoscona scylloides JN817153 Korea   # 

169 Neoscona subfusca MK950519 Oman   # 

170 Neoscona subfusca JN306160 Pakistan   # 

171 Neoscona subpullata JN817156 Korea   # 

172 Neoscona theisi MK155020 Pakistan   # 

173 Neoscona theisi KY467221 China   # 

174 Neoscona tianmenensis JN817154 Korea   # 

175 Neoscona vigilans MK155003 Pakistan   # 

176 Nephila pilipes HQ441937 Taiwan OM850328 India # ^ $ 

177 Nephila pilipes JN032337 France   # 

178 Nephilengys malabarensis MK420143 Thailand MK420355 Thailand # ^ $ 

179 Nuctenea silvicultrix MZ610833 Finland   # 
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180 Nuctenea umbratica MK420145 Denmark MK420357 Denmark # ^ $ + 

181 Ordgarius hobsoni DQ518417 Japan   # 

182 Ordgarius sexspinosus DQ518418 Japan   # 

183 Paraplectana sakaguchii AB546976 Japan   # 

184 Paraplectana tsushimensis MK420148 Japan MK420360 Japan # ^ $ + 

185 Parawixia dehaani MK392966 India   # 

186 Parazygiella montana KX039308 Switzerland   # 

187 Pasilobus hupingensis AB910443 Japan   # 

188 Perilla teres KC849102 China KC849058 China # ^ $ + 

189 Plebs himalayaensis MK154077 Pakistan   # 

190 Singa hamata KY270019 Germany   # 

191 Singa nitidula MK420162 Hungary   # 

192 Thelacantha brevispina MT584921 Thailand MT584971 Thailand # ^ $ 

193 Trichonephila antipodiana PP864025 Vietnam   # 

194 Trichonephila clavata KY467131 China   # 

195 Yaginumia sia JN817174 Korea KR526629 China # ^ $ + 

196 Zilla diodia KY268818 Germany   # 

197 Zygiella atrica KR526594 
Czech 
Republic 

KR526630 
Czech 
Republic 

# ^ $ + 

198 Zygiella keyserlingi KR526595 Macedonia KR526631 Macedonia # ^ $ + 

199 Acusilas coccineus PQ558941 India PQ654388 India * # ^ $ + 

200 Anepsion maritatum PQ558942 India PQ654391 India * # ^ $ + 

201 Arachnura melanura PQ651522 India PQ654392 India * # ^ $ + 

202 Araneus sp PQ651536 India   * # 

203 Araneus tubabdominus PQ187441 India PQ654378 India * # ^ $ + 

204 Argiope aemula PQ558943 India PQ629468 India * # ^ $ + 

205 Argiope anasuja PQ558945 India PQ654394 India * # ^ $ + 
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206 Argiope catenulata PQ558944 India PQ629469 India * # ^ $ + 

207 Argiope pulchella PQ651537 India PQ654393 India * # ^ $ + 

208 Argiope versicolor PQ651539 India   * # 

209 Bijoaraneus mitificus PQ651518 India PQ654379 India * # ^ $ + 

210 Chorizopesoides orientalis PQ651519 India PQ654389 India * # ^ $ + 

211 Cyclosa bifida PQ187443 India PQ654401 India * # ^ $ + 

212 Cyclosa confraga PQ558948 India   * # 

213 Cyclosa hexatuberculata PQ651543 India   * # 

214 Cyclosa mulmeinensis PQ558947 India PQ654402 India * # ^ $ + 

215 Cyclosa purnai PQ651549 India   * # 

216 Cyclosa quinquegutteta PQ558949 India PQ654403 India * # ^ $ + 

217 Cyclosa sp PQ651551 India   * # 

218 Cyclosa sp PQ651552 India   * # 

219 Cyclosa spirifera PQ651550 India PQ654387 India * # ^ $ + 

220 Cyclosa spirifera PQ651547 India   * # 

221 Cyrtophora cicatrosa PQ495948 India PQ629467 India * # ^ $ + 

222 Cyrtophora moluccensis PQ495949 India PQ629465 India * # ^ $ + 

223 Cyrtophora unicolor PQ558946 India PQ629466 India * # ^ $ + 

224 Eriovixia excelsa PQ558954 India PQ654398 India * # ^ $ + 

225 Eriovixia gryffindori PQ651554 India PQ654397 India * # ^ $ + 

226 Eriovixia poonaensis PQ651557 India PQ654399 India * # ^ $ + 

227 Eriovixia poonaensis PQ651558 India   * # 

228 Eriovixia sakeidaorum PQ651564 India PQ654396 India * # ^ $ + 

229 Eriovixia sp PQ651555 India   * # 

230 Eriovixia sp PQ651556 India   * # 

231 Eriovixia sp PQ651559 India   * # 

232 Gasteracantha dalyi PQ187444 India PQ654381 India * # ^ $ + 
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233 Gasteracantha geminata PQ558952 India PQ654380 India * # ^ $ + 

234 Gea sp PQ651562 India   * # 

235 Herennia multipuncta PQ495943 India PQ654395 India * # ^ $ + 

236 Leviaraneus viridiventris PQ651523 India   * # 

237 Neoscona bengalensis PQ651526 India PQ654383 India * # ^ $ + 

238 Neoscona chrysanthusi PQ651528 India   * # 

239 Neoscona elliptica PQ651524 India PQ654382 India * # ^ $ + 

240 Neoscona nautica PQ558951 India PQ654400 India * # ^ $ + 

241 Neoscona punctigera PQ651531 India   * # 

242 Neoscona sp PQ651525 India   * # 

243 Neoscona sp PQ651534 India   * # 

244 Neoscona sp PQ651535 India   * # 

245 Neoscona vigilans PQ651532 India PQ654384 India * # ^ $ + 

246 Neoscona yptinika PQ651529 India   * # 

247 Nephila pilipes PQ495944 India   * # 

248 Nephila pilipes PQ495945 India   * # 

249 Nephilengys malabarensis PQ558953 India PQ654390 India * # ^ $ + 

250 Parawixia dehaani PQ558950 India PQ654404 India * # ^ $ + 

251 Plebs mitratus PQ558939 India PQ654405 India * # ^ $ + 

252 Poltys columnaris PQ558940 India PQ654385 India * # ^ $ + 

253 Thelacantha brevispina PQ495946 India PQ654386 India * # ^ $ + 
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Abstract

We conducted phylogenetic analyses using Maximum Likeli-
hood and Bayesian Inference methods to infer phylogenetic 
relationships for the species Araneus panchganiensis Tikader & 
Bal, 1981, and this study presents the first record of the species 
beyond its type locality. The female of the species is redescribed 
with detailed illustrations, while the male remains undescribed. 
Our results support the transferring of the species to the genus 
Neoscona based on morphological examination and mitochon-
drial COI gene sequence analysis, forming the new combination 
Neoscona panchganiensis comb. nov. 

Keywords: molecular taxonomy • spider • Western Ghats

Introduction

With over 3157 species across 198 genera, the family 
Araneidae Clerck, 1757 is the third-largest spider family in 
the world (World Spider Catalog 2025). Araneus Clerck, 
1757, the largest genus in the family, includes 550 species, 
while Neoscona Simon, 1864 comprises 123 species (World 
Spider Catalog 2025). Members of both genera are cos-
mopolitan and easily recognizable in their natural habitat, 
having been studied since the early periods of Arachnology. 
Identifying species within both genera can be challenging 
due to the lack of proper illustrations in the available litera-
ture and the absence of well-defined diagnostic characteris-
tics.

Several species have been placed in Araneus without 
appropriate diagnosis or characterization, hence the genus is 
often considered a dumping ground (Scharff & Coddington 
1997) for species that do not fit into other groups. The wide 
morphological spectrum of the speciose genus led to its 
polyphyletic nature, consisting of multiple monophyletic 
clades (Scharff & Coddington 1997; Breitling 2019). 
Scharff et al. (2020) revealed the polyphyletic nature of the 
genus Araneus, indicating that its current classification does 
not accurately represent evolutionary relationships. How-
ever, a monophyletic and well-supported clade of Holarctic 
species, including A. diadematus, A. marmoreus, A. cavati-
cus, and A. gemmoides, was identified. The study did not 
provide a coherent phylogenetic insight into the position of 
Neoscona due to limited taxa representation. Since Araneus

has proved to be a polyphyletic group (Scharff & Codding-
ton 1997; Scharff et al. 2020), diagnostic characterization of 
the genus as a whole will definitely lead to confusions and 
erroneous placements, rather each monophyletic clades 
within the genus should be focused and characterized in 
detail. Detailed investigations of morphological characters 
using advanced technologies, have opened doors for revis-
ing the group (Berman & Levi 1971; Grasshoff 1986; Yin et 
al. 1997; Joseph & Framenau 2012; Framenau 2019) and 
sometimes led to the establishment of new genera 
(Tanikawa, Yamasaki & Petcharad 2021; Framenau & Cas-
tanheira 2022a,b; Framenau & Kuntner 2022; Framenau, 
Castanheira & Vink. 2022; Castanheira & Framenau 2022, 
2023; Tanikawa & Petcharad 2023; Mi, Wang & Li 2024). 

Although Araneus and Neoscona share similarities, they 
can be distinguished by some morphological characters. 
The thoracic fovea is transverse in Araneus females and lon-
gitudinal in Neoscona females (Berman & Levi 1971; 
Tikader 1982; Grasshoff 1986). The lateral eyes are on 
prominent tubercles in the former whereas not so in the 
latter (Tikader 1982). The epigynal scapes of Araneus are 
either long or short and mostly wrinkled while the latter 
bear a simple tongue, completely fused to the base with one 
or two pair of lateral lobes (Berman & Levi 1971; Grasshoff 
1986; Framenau 2019) either inflexible or flexible (Zamani, 
Marusik & Šestáková 2020). Copulatory ducts of Neoscona
females are simple, without much convolutions, and are the 
other way in Araneus (Grasshoff 1986). Copulatory open-
ings are in grooves on either side of the scape in Araneus
and underneath the scape in Neoscona (Berman & Levi 
1971). Araneus males have a narrow, strip-like cymbium 
whereas Neoscona males have a broader cymbium (Tikader 
1982).

Material and methods

Taxon sampling and morphological examination: speci-
men were collected by visual searching and hand-picking 
methods, and were transferred to small plastic vials contain-
ing 100% ethanol. A detailed morphological examination 
was done carefully using a Leica M205C stereomicroscope 
equipped with a Leica DMC4500 digital camera. Image 
stacking was performed using the Leica Application Suite 
(LAS) software package, version 4.3.0, with the LAS mon-
tage facility. All measurements were recorded in millime-
tres. The identification of the specimens was confirmed 
using the key provided by Tikader (1982) and by comparing 
the photographs of the type specimen deposited in the 
National Zoological Collection portal (Zoological Survey of 
India 2025). The examined specimen has been deposited in 
the reference collection of the Centre for Animal Taxonomy 
and Ecology (CATE), Department of Zoology, Christ Col-
lege, Irinjalakuda, Kerala, India. The map was generated 
using ArcGIS version 10.8 (Esri, 2020).

Abbreviations: ALE = anterior lateral eye, AME = ante-
rior median eye, CD = copulatory duct, CO = copulatory 
opening, FD = fertilization duct, LL = lateral lobe, PME = 
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posterior median eye, PLE = posterior lateral eye, S = sper-
matheca, Sc = scape, SH = shoulder hump. 

DNA extraction and sequencing: Four legs, along with 
the coxa, from one side of a preserved specimen, were used 
for genomic DNA extraction, which was performed using 
the DNeasy Blood and Tissue Kit (Qiagen). Fragment of the 
mitochondrial cytochrome oxidase I (COI) gene was 
sequenced using the forward primer LCO1490 (GGTCAA-
CAAATCATAAAGATATTGG) (Folmer et al. 1994) and 
the reverse primer Chelicerate-R2 (GGATGGC-
CAAAAAATCAAAATAAATG) (Barrett & Hebert 2005). 
The PCR reaction (25 μL) consisted of 8 μL of genomic 
DNA, 12.5 μL of Taq PCR master mix, 1 μL of each primer 
and 2.5 μL of distilled water. A touch-up protocol was 
employed (Cheng & Kuntner 2014) including an initial 
denaturation at 94°C for 2 minutes followed by 20 cycles of 
touch-up sequence amplification (DNA denaturation at 
94°C for 50 seconds, primer annealing at 42 to 52°C for 1 
minute, and sequence extension at 72°C for 50 seconds), 
followed by 15 cycles of sequence amplification (DNA 
denaturation at 94°C for 50 seconds, primer annealing at 
52°C to for 1 minute, and sequence extension at 72°C for 50 
seconds) and a final extension at 72°C for 7 minutes. The 
PCR product was then subjected to Sanger sequencing, 
which was an outsourced service.

Genetic divergence and phylogenetic analysis: The 
sequence was manually edited using BioEdit 7.0.9. and a 
BLAST search was performed. The sequence was translated 
to amino acids as an additional quality control step and 
checked for stop codons. Reference sequences of the repre-

sentatives from both genera and the outgroup were retrieved 
from NCBI for phylogenetic analysis (Table S2). The 
sequences were aligned using Clustal X 1.81. MEGA 
11.0.13. was used to compute pairwise p-distance. Best-fit 
substitution model was found using jModelTest and Maxi-
mum Likelihood (ML) analysis was done in RAxML-
GUI 2.0.15. Additionally, Bayesian Inference (BI) was 
performed using Mr. Bayes and the cladograms visualised 
with FigTree v1.4.4z.

Supplementary material is available at: 10.5281/zenodo. 
17259336.

Araneidae Clerck, 1757

Neoscona Simon, 1864

Neoscona panchganiensis (Tikader & Bal, 1981) comb. 
nov.

Araneus panchganiensis Tikader & Bal, 1981: 48, Figs. 103−102 
(♀) 

Type material: Holotype ♀, deposited at Zoological 
Survey of India, Calcutta, India, Reg. No. 4950/18. Date of 
Reg. 01 February 1980, Locality: Panchgani, Satara, Maha-
rashtra (Tikader & Bal 1981). The type material has not 
been examined by the authors. The conclusions are made 
based on the descriptions and illustrations (Supplementary 
Fig. S1) of the type material provided by the Zoological 
Survey of India (2025).

Additional material examined: 1♀ (CATE9.121.75) from 
India: Kerala: Ranipuram, 12°24′45″N 75°21′24″E, 915 m, 
28 September 2022, E. H. Vishnudas, from retreat, by hand.

Diagnosis: Females of Neoscona panchganiensis comb. 
nov. share the paired dorsal shoulder humps seen in N. 
bihumpi Patel, 1988, N. kisangani Grasshoff, 1986, N. 
novella (Simon, 1907), and N. quincasea Roberts, 1983 yet 
they possess a distinctive, small, tongue-like scape with a 

Fig. 1: Neoscona panchganiensis comb. nov., female from Kerala, habitus. 
A dorsal view; B ventral view; C lateral view. Scale bars = 1 mm.

Fig. 2: Neoscona panchganiensis comb. nov., female from Kerala. A che-
licera, frontal view; B epigyne, in situ; C same, ventral view; 
D same, dorsal view. Scale bars = 0.5 mm (A), 0.2 mm (B–D).

A B

C

A B

C D
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central depression and a pair of horn-like lateral projections 
flanking the copulatory openings. Similarly, N. panch-
ganiensis comb. nov. shares the prominent lateral epigynal 
lobes with N. hirta (C. L. Koch, 1844), N. menghaien-
sis Yin, Wang, Xie & Peng, 1990, and N. piaoyi Mi, Wang 
& Li, 2024; however, they lack the shoulder humps. It fur-
ther differs from N. menghaiensis and N. piaoyi in having a 
short scape and horn-like lateral lobes conspicuous in ven-
tral view (long scape and bulging lateral lobes conspicous in 
lateral view in N. menghaiensis and N. piaoyi). N. panch-
ganiensis comb. nov. can also be distinguished from N. 
hirta by two features: 1) N. panchganiensis comb. nov. have 
a continuous transition between the epigynal base and scape 
with lateral projection at the junction (in N. hirta it is a clear 
transition with lateral projection in the epigynal base), 2) 
copulatory openings at the base of the projection (in N. hirta
on the projection).

Description of female (Figs. 1A–C, 2A–D): Total length 
11.01 mm; carapace length 3.96 mm, width (at the widest) 
3.54 mm; abdomen length 7.49 mm, width (at the widest) 
7.28 mm. Cephalothorax pear-shaped, with pale brown tho-
racic region and darker cephalic area. Dark brown anchor-

shaped patch extending from the posterior median eyes to 
the thoracic fovea (Fig. 1A). Cephalic region covered with 
pale and dark brown pubescence. AME largest, PME close 
and ringed with black, ALE and PLE adjacent on less dis-
tinct tubercle (Fig. 1A). Eye rows recurved; area between 
AME and lateral eyes darker. Chelicera dark brown with a 
distinct boss, 4 promarginal and 3 retromarginal teeth (Fig. 
2A). Sternum heart-shaped, brown, narrowing between 
coxae IV, with pubescence (Fig. 1B). Labium wider than 
long, maxilla longer than wide with distinct scopulae, both 
brown with pale margins. Legs yellowish, long, robust, 
annulated, with two dark brown femoral bands, leg formula 
1243. Abdomen nearly orbicular with brownish yellow 
green dorsum and a pair of lateral shoulder humps (Fig. 1C), 
a dark mid-folium extends posteriorly (Fig. 1A,C). Venter 
brown with pale markings and dark spinnerets, a black 
patch bordered by four white spots between epigastric 
furrow and spinnerets (Fig. 1B). Epigyne subtriangular in 
ventral view, with a short tongue-like scape having a central 
depression and paired horn-like lateral lobes (Fig. 2B, C). 
Spermathecae oval, short diverging copulatory ducts, short 
fertilization ducts (Fig. 2D); copulatory openings at the base 
of horn-like projections (Fig. 2C).

Male unknown.
Distribution: Western Ghats, India (Fig. 5).

Genetic divergence and phylogenetic analysis

The newly sequenced data from this study, hereinafter 
referred to as the query sequence, is submitted to GenBank 

Fig. 3: Phylogenetic tree reconstructed based on ML analysis.

Model BIC AICc
GTR+G+I 15289.205 14925.332
TIM1+I+G 15292.200 14938.723
TIM3+I+G 15293.539 14940.062

GTR+G 15294.830 14936.155
TIM1+G 15298.846 14950.568

Table 1: Bayesian Information Criterion (BIC) and Akaike Information 
Criterion (AICc) values of first five nucleotide substitution 
models, based on 31 nucleotide sequences used in the study.
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(Table S2). Model testing revealed that the best-fit substitu-
tion model for the given dataset is the General Time 
Reversible (GTR) model incorporating Gamma-distributed 
rate heterogeneity (+G) and a proportion of Invariant sites 
(+I) (Table 1). The average intra-generic genetic distance 
between Neoscona species was 0.124 and between Araneus
species was 0.705 (Table 2). The query sequence exhibited 
an average genetic distance of 0.130 from the Neoscona
species and 0.488 from the Araneus species (Table 2). The 
p-distance matrix has been provided as a supplementary 
data (Supplementary Table S1). Phylogenetic analysis based 
on the Maximum Likelihood with 1000 bootstraps and 
Bayesian Inference with 3 million MCMC generations, 
placed the query species in the Neoscona clade, along with 
Neoscona mukerjei Tikader, 1980, Neoscona nautica (L. 
Koch, 1875), and Neoscona vigilans (Blackwall, 1865) 
(bootstrap support = 41, posterior probability = 0.85) (Figs. 
3–4).

Discussion

The examined species was originally assigned to the 
genus Araneus by Tikader & Bal (1981), primarily based on 
the thoracic fovea. However, the proposed transfer to 
Neoscona is justified by the features of epigyne and COI 
barcode analysis. The longitudinal thoracic fovea of 
Neoscona females is less distinct than the males (Berman & 
Levi, 1971), especially in the Asian species (Grasshoff, 
1986), hence, it cannot be considered as a diagnostic feature 
of the genus rather the focus should be given to the geni-
talia.

The query species share similarities in the ventral 
abdominal pattern and certain epigynal features with the 
type species of the genus, Neoscona arabesca (Walckenaer, 
1841). The examined specimen (Figs. 1A–C, 2A–D) and the 
photographs (Supplementary Fig. S1) of type specimen has 
a distinctive black patch between the epigastric furrow and 
spinnerets, bordered by two pairs of white spots, which is a 
characteristic feature of Neoscona (Berman & Levi 1971). 
By examining the specimen and illustrations of the type 
specimen, certain epigynal features of the genus Neoscona
are evident. Tongue-like scape completely fused to the base, 
short copulatory duct, dorsal copulatory opening are some 
synapomorphies of the genus Neoscona (Berman & Levi 
1971; Grasshoff 1986), which is also observed in the query 
species. The scape is simple tongue-like with a central 
depression, possess a pair of distinctive horn like lateral 
lobe and the copulatory ducts are short with slight curves 

Fig. 4: Phylogenetic tree reconstructed based on BI analysis.

Average p-distance Mean p-
distance

Min–Max p-
Distance

Intra-genetic distance (within Neoscona) 0.124 0.057 – 0.180
Intra-genetic distance (within Araneus) 0.705 0.051 – 3.980

N. panchganiensis and Neoscona 0.130 0.107 – 0.170
N. panchganiensis and Araneus 0.488 0.057 – 0.180

Table 2: Average genetic distance calculated using the p-distance analysis 
in MEGA11.



452 New combination in Araneidae

from the openings to the spermatheca (Grasshoff 1986). The 
scape completely fused to the base with the copulatory 
openings positioned on the dorsal side of the epigyne 
(Berman & Levi 1971; Levi 2002).

The genetic divergence analysis showed an average dis-
tance of 0.130 between Neoscona panchganeinesis comb. 
nov. and other Neoscona species, while 0.488 with Araneus
species (Supplemantary Table 2, S1), suggesting a closer 
evolutionary relationship with the genus Neoscona. Also, 
the pairwise genetic distance between the query species and 
the type species of Neoscona, N. arabesca, is 0.125, while 
with Araneus type species, A. angulatus is 0.2004. The phy-
logenetic analysis based on the COI barcodes using Maxi-
mum Likelihood and Bayesian Inference methods clearly 
shows the polyphyletic nature of both Araneus and 
Neoscona. The polyphyly of Araneus was already con-
firmed by Scharff & Coddington (1997) and Scharff et al. 
(2020); however, the phylogenetic status of Neoscona has 
not been studied thoroughly yet. In the current analysis, 
more representatives of the genus Neoscona have included 
and showed a polyphyly. This could only be confirmed by 
adding all the available species from different geographical 
regions. The internal node support of both trees was low, 
though the runs were conducted with different alignments, 
numbers of bootstrap replicates or MCMC generations. 
Although with lower supports (bootstrap = 41, posterior 
probability = 0.85), Neoscona panchganeinesis comb. nov. 
always positioned in the Neoscona clade along with N. muk-
erjei Tikader, 1980, N. nautica (L. Koch, 1875), and N. vig-
ilans (Blackwall, 1865). Thus, analysing the p-distance 
calculations and phylogenetic trees, it is clear that the 
Neoscona panchganeinesis comb. nov. is closer to genus 
Neoscona than Araneus. The morphological evidences also 
support the closer affinities of the query species with 
Neoscona. Hence, we are suggesting a taxonomic place-
ment that better reflects its phylogenetic relationships. How-

ever, the nodal supports should be improved, which can 
attain by incorporating multiple barcodes.
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Abstract 

 

Revisions and detailed studies on the cosmopolitan genus Araneus Clerck, 1757 

are carrying out in different parts of the world. Light green garden spider, Araneus 

viridiventris Yaginuma, 1969 are known from China, Japan, and Taiwan. It is recorded 

from India for the first time. Redescription of female genitalia with detailed photographs 

are presented in this study. Known distribution of this species is also mapped. 
 

Keywords: Araneidae, light green garden spider, orb-weaver, distribution, Kerala, India. 

 
Introduction 

 

The angulate orb-weavers are coming under genus Araneus Clerck, 1757 that is 

one among the genera that have been firstly described during the initial period of 

araneofaunal studies. Genus Araneus has been marked its presence over the whole world 

except Antarctica. Currently 541 species (+15 subspecies) are included in this genus 

worldwide (World Spider Catalog, 2023). Of these, 18 species have been recorded from 

India (Caleb & Sankaran, 2023). Since the genus is one among the initially described 

genera, many confusions have been raised in species level classification as new 

techniques and methods in taxonomy have evolved. Detailed revisions and molecular 

studies are carrying out in different parts of the world. 

Araneus viridiventris Yaginuma, 1969, commonly called as light green garden 

spider, was first reported from Japan (Ohno & Yaginuma, 1969). Later the species 
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distribution was updated from China (Yin et al., 1990) and Taiwan (Chang & Tso, 2004). 

Even though few photographs assumed to be A. viridiventris have been published in 

iNaturalist Research-grade Observations, an authentic record of the species from India 

has not been reported yet. Hence this study can be considered as the first record of A. 

viridiventris from India. Detailed descriptions on the somatic features of the species are 

available in the literature (Ohno & Yaginuma, 1969; Yin et al., 1990; Chang & Tso, 

2004; Tanikawa, 2007). But a detailed description and photographs of the female and 

male genitalia are not available. Hence, we are redescribing the female of this species 

with detailed photographs. We could not be able to give a detailed description of the male 

genitalia since we were able to collect only the subadult one. 

 
Material and Methods 

 

The specimens of A. viridiventris were handpicked. The live adult female 

specimen was photographed in a laboratory platform within an hour after collecting. Then 

the specimens were transferred to small 5 ml plastic vials having 70% ethanol. Leica 

M205C stereomicroscope was used to explore the morphological features. Detailed 

photographs of the genitalia and other features were taken with the help of Leica 

DMC4500 digital camera attached to Leica M205C stereomicroscope. Stacking of images 

and measurements were taken using the software package Leica Application Suite (LAS) 

Windows version 4.3.0. Epigyne was dissected and internal genitalia were cleared in 10% 

potassium hydroxide (KOH) solution. 

All measurements are in millimetres. Measurements of legs and pedipalp were 

taken from the proximal to distal position of each segment and recorded as follows: total 

length [femur, patella, tibia, metatarsus (except palp), tarsus]. After the examination, the 

specimens were deposited in the reference collection at the Centre for Animal Taxonomy 

and Ecology (CATE), Department of Zoology, Christ College, Irinjalakuda, Kerala, 

India. 

Abbreviations used in the text and figure plates: AER = anterior eyes row, ALE = 

anterior lateral eye, AME = anterior median eye, CD = copulatory duct, CO = copulatory 

opening, d = dorsal, FD = fertilization duct, H = hood, LC = lateral condyle, MOA = 

median ocular area, PER = posterior eyes row, pl = prolateral, PLE = posterior lateral 

eye, PME = posterior median eye, PT = patellar tubercle, rl = retrolateral, S = 

spermatheca. 
 

Taxonomy 
Family Araneidae Clerck, 1757 

Genus Araneus Clerck, 1757 

Araneus viridiventris Yaginuma, 1969 

(Figs. 1, 2A-E, 3A-E, 4A-C) 
 

Araneus viridiventris Yaginuma, in Ohno & Yaginuma, 1969: 21-24, figs. 3a-f (♂♀). 

Araneus viridiventris Yin et al., 1990: 22, figs. 51-57 (♂♀). 

Araneus viridiventris Chang & Tso, 2004: 27-28, figs. 1-4 (♂♀). 

Araneus viridiventris Tanikawa, 2007: 83, figs. 245, 689-691 (♂♀). 

 

Material examined: India. Kerala. 1♀ (CATE823530a) from college garden, Christ 

College (Autonomous), Irinjalakuda, Thrissur District, 10°21'20"N, 76°12'48"E, 25m asl, 

coll. E.H. Vishnudas, 8 December, 2022. 1 subadult ♂ (CATE823530b) from Ranipuram 

forest, Kasaragod District, 12°24'45"N, 75°21'24"E, 915m asl, coll. K.R. Shilpa, 28 

September, 2022. 
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Fig. 1. Araneus viridiventris Yaginuma, 1969 ♀, Habitus, dorsal view (alive). 

 

Diagnosis: Araneus viridiventris can be diagnosed by the following characters: presence 

of distinct lateral condyle, subequal median eyes, subequal and contiguous lateral eyes 

which are not on tubercles, wider than longer abdomen. Females can be distinguished by 

a well sclerotized epigynum with U-shaped hood, globular spermatheca and copulatory 

opening which is at both sides of the hood. Males are diagnosed by the presence of large 

filamentous embolus, apex bifurcated median apophysis and a long bristle on the palpal 

patella (Ohno & Yaginuma, 1969: 23, figs. 3e-f). 
 

Description of female (Figs. 1, 2A-E, 3A-E): Total body length 5.03. Cephalothorax 

length 2.01, width (at the widest portion) 1.89. pear shaped, longer than wide, broad 

thoracic area, narrow roundish cephalic region (Fig. 2A). Raised cephalic region which 

slants down towards the thoracic area (Fig. 2C). Brown carapace with brownish black 

cephalic area in the habitus. The colour fades to orange brown in alcohol. Cephalic area 

possesses black hairs. Few black hairs on the MOA and clypeus. Thoracic region sparsely 

haired. Distinct transverse fovea. Eye diameter and interdistances: AME 0.16, ALE 0.11, 

PME 0.14, PLE 0.10, AME-AME 0.17, AME-ALE 0.20, PME-PME 0.15, PME-PLE 

0.25, AME-PME 0.13. Eight eyes in two rows. AER slightly recurved and PER 
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procurved. Subequal median eyes. Lateral eyes small, subequal and contiguous. Lateral 

eyes not on a tubercle. Each eye is surrounded by a black patch. MOA nearly square. 

Sternum length 0.89, width 0.73. Nearly triangular, yellowish brown, barely covered with 

black and grey hairs. Maxilla rectangular with distinct scopulae, orange brown with pale 

white inner margin densely covered with black hairs. Labium pale white coloured, 

triangular with few black hairs on the apex (Fig. 2B). Chelicera length 0.78, width (at 

base) 0.51. Short and robust with distinct boss and lateral condyle (Fig. 2D) with 3 

promarginal and 3 retromarginal teeth. Black hairs on the inner margin of paturon. In the 

ventral view short black hairs scattered in a row towards the base of paturon. Legs orange 

brown where the intensity increases from femur to tarsus, covered with hairs. Leg I 8.35 

[2.61, 0.99, 2.14, 1.99, 0.62], Leg II 7.66 [2.31, 0.95, 1.96, 1.89, 0.55], Leg III 3.83 [1.31, 

0.49, 0.81, 0.82, 0.40], Leg IV 3.85 [1.33, 0.62, 0.70, 0.75, 0.45]. Palp 2.18 [0.61, 0.29, 

0.44, 0.84]. Leg formula 1243. Spination: Leg I: femur d 2 pl3 rl 1, patella pl 1 rl 1, tibia 

pl 2 rl 2, metatarsus spineless, Leg II: femur d 2 pl 1 rl 1, patella rl 1, tibia pl 1 rl 1, 

metatarsus spineless, Leg III: femur d 2, patella d 1, tibia d 1 pl 1 rl 1, metatarsus d 3, pl 

3, Leg IV: femur d 2, patella d 2, tibia d 1, metatarsus spineless. Tarsus of all legs have 

many short spines and hairs. Short patellar basal tubercle on the ventral side of legs I and 

IV (Fig. 2E). 

Abdomen length 2.96, width (at the shoulder) 3.86. inverted triangle with blunt apex and 

slightly convex base. Bright green dorsum in the habitus and pale greyish yellow in 

alcohol. Dark brown pigmentation in the anterior part. Random arc shaped dark brown 

spots surrounded by white patches arranged in the lateral margin from anterior to 

posterior (Figs. 1, 2A, 2C). Four distinct pairs of dark coloured sigilla. Randomly 

patterned greyish transverse and vertical lines. Dark brown ventrum with four pairs of 

small sigilla in between epigyne and spinnerets (Fig. 2B). Deep brown spinnerets and 

epigyne. Highly sclerotized epigyne, heart shaped with a short U-shaped hood in the 

ventral view (Fig. 3C). Base of the hood is fully fused with the atrium (Figs. 3C, 3E). 

Hood has a median depression. CO is situated in the depressions on the sides of the hood 

(Fig. 3B). Highly sclerotized and globular spermatheca. Less sclerotized and foliose like 

FD starting from the anterior end of spermatheca in the dorsal view (Fig. 3D). CD also 

starts from the same point as FD. Before opening into CO, CD takes many turns which 

makes the path convoluted. 
 

Description of subadult male (Figs. 4A-C): Total body length 2.61. Cephalothorax 

length 0.91, width (at the widest portion) 1.02. Shape and colour similar to female. 

Cephalic area, MOA and clypeus possess black hairs. Fovea similar to female. Eye 

diameter and interdistances AME 0.08, ALE 0.07, PME 0.10, PLE 0.06, AME-AME 

0.13, AME-ALE 0.10, PME-PME 0.12, PME-PLE 0.16, AME-PME 0.08. Eye pattern 

and arrangements similar to female except AER slightly procurved. Sternum length 0.61, 

width 0.49, oblong, covered by grey hairs throughout the sternum. Pale yellowish-brown 

sternum, maxilla, and labium. Rest of the features similar to female. Chelicera length 

0.47, width (at base) 0.24, similar to female. Leg I 4.25 [1.29, 0.53, 1.11, 0.93, 0.39], Leg 

II 3.81[1.14, 0.52, 0.90, 0.86, 0.39], Leg III 1.97 [0.68, 0.26, 0.37, 0.38, 0.28], Leg IV 

2.85 [1.0, 0.36, 0.52, 0.66, 0.31]. Spination: Leg I: femur pl 1, tibia pl 1, Leg II: femur d 

1, Leg III and leg IV were spineless. Leg formula and colour same as female. 

Abdomen length 1.76, width (at the shoulder) 1.98. Shape, colour and markings similar to 

female except the strongly convex anterior portion (Fig. 4A). Three distinct pairs of 

sigilla are visible. Dark brown ventrum with deep brown spinnerets. Pedipalp is covered 

by numerous hairs and spines. It was not possible to describe the male genitalia as the 

collected specimen was subadult male. 
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Fig. 2. Araneus viridiventris Yaginuma, 1969 ♀. A-C. General appearance in alcohol. A. 

dorsal view. B. ventral view. C. lateral view. D. Chelicerae, dorsal view. E. Leg I. (Scale 

bars: A-C. 1 mm, D. 0.2 mm, E. 0.5 mm). 
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Fig. 3. Araneus viridiventris Yaginuma, 1969 ♀. A-E. Epigyne and internal genitalia.     

A. in situ view. B. posterior view. C. ventral view. D. dorsal view. E. lateral view. 

(Scale bar: A-E. 0.1 mm). 
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Fig. 4. Araneus viridiventris Yaginuma, 1969 s♂. A-C. General appearance in alcohol.    

A. dorsal view. B. ventral view. C. lateral view. (Scale bar: A-C. 0.5 mm). 

 

Distribution: Japan, China, Taiwan (Fig. 5) and India (new record). 
 

Remarks: All the morphological features mentioned in the literature were matching with 

the current specimen and hence confirmed the species. But an exception was there with 

the height of cephalic and thoracic regions. In the first description of A. viridiventris, 

Yaginuma (1969) mentioned the statement ‘head as high as thorax’ (Ohno & Yaginuma, 

1969: 21). This feature was not mentioned in rest of the literature. In our specimen of A. 

viridiventris the cephalic region is higher than the thoracic region and the cephalic region 

slants down towards the thoracic region (Figs. 2C, 4C). 
 

Natural history: Both the male and female specimens were found in the retreat near the 

slight horizontal web. Male was found in a tropical forest habitat whereas the female was 

found in man-made garden. Both habitats were humid and specimens were collected in 

sunny days. This concludes that the species prefers a complex habitat with humid and 

warm climate. 
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Fig. 5. Distribution map of Araneus viridiventris Yaginuma, 1969. 
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Introduction
Family Uloboridae Thorell 1869, the only orb web spin-

ning cribellate spiders, is composed of 290 species from 19 
genera dispersed across the world (World Spider Catalog 
2022). Uloborids are remarkably unique in many aspects. 
They lack cheliceral venom glands hence, have a distinct 
way of feeding. 

Presently, a total of 42 species has been reported from the 
genus Philoponella. From which two species were reported 
from India. Philoponella males are characterised by having 
an oval carapace with a broad, transverse thoracic groove, 
whereas the females are distinguished by the presence of a 
ventral epigynal atrium whose posterior margin is composed 
of two lateral lobes (Opell 1979). Anterior median eyes of 
Philoponella are located on a tubercle. In the present study, 
we focussed on the description and illustration of P. rostralis 
n. sp. (♂♀) collected from Kottapara Hills, Western Ghats, 
Kerala, India. 

Materials and methods
Specimens were collected by visual searching and hand 

picking method. Then they were transferred to small plas-
tic vials having 70% ethanol. Morphological features were 
explored under a Leica M205C stereomicroscope. Leica 
DMC4500 digital camera attached to Leica M205C stereo-
microscope, with the software package Leica Application 
Suite (LAS), version 4.3.0. LAS montage facility was used 
to record the detailed photographs. All measurements are 
recorded in millimetre. Measurement data for palps and legs 
are as follows: total length [femur, patella, tibia, metatarsus 
(except palp), tarsus]. Terminology used in the text and fig-

ures follows Opell 1979. Examined specimens are deposited 
in the reference collection at the Centre for Animal Taxon-
omy and Ecology (CATE), Department of Zoology, Christ 
College, Irinjalakuda, Kerala, India. 

Abbreviations used in the text and figure plates: A – atri-
um, AER – anterior eyes row, ALE – anterior lateral eye, 
AME – anterior median eye, CBL – conductor basal lobe, 
CD – copulatory ducts, CO – copulatory opening, CS – con-
ductor spike, CY – cymbium, do – dorsal, E – embolus, FD 
– fertilization duct, FT – femoral tubercle, MAB – median 
apophysis bulb, MAS – median apophysis spur, MH – mid-
dle hematodocha, MOA – median ocular area, PER – pos-
terior eyes row, pl – prolateral, PLE – posterior lateral eye, 
PME – posterior median eye, rl – retrolateral, S – sperma-
theca, ST - subtegulum, T – tegulum, v – ventral.

Taxonomy
Family: Uloboridae Thorell 1869

Philoponella Mello-Leitão 1917
Type species: Philoponella republicana (Simon 1891)

Philoponella rostralis n. sp.
(Figs. 1–15)

Type series. Holotype: ♂ (CATE, 1251032A): Kottapa-
ra Hills, Idukki District, Kerala, India (10°01’38.56”N, 
76°58’13.36”E) 1076 m a.s.l., 10 October 2021, collected 
by E.H. Vishnudas & A.V. Sudhikumar. Paratypes: 1 ♀ 2 ♂ 
(CATE, 1251032B) same data as in the holotype. 

Etymology. Specific epithet of P. rostralis n. sp. derived 
from the Latin word rostrum (beak), referring to the rostri-
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form MAS of male palp.
Diagnosis. The male copulatory organ of P. rostralis n. 

sp. is similar to that of P. nasuta (Thorell 1895) from China 
and Myanmar, but both can be distinguished by the follow-
ing combination of characters. Rostriform MAS with nearly 
rectangular base (olecranoid in P. nasuta); cymbium broad 
at the base and narrows gradually towards the apex (cym-
bium narrows abruptly from the middle in P. nasuta); dome 
shaped MAB in the reterolateral view of palp (nearly trian-

gular with blunt apex in P. nasuta). Epigyne of P. rostralis 
n. sp. can be compared with that of P. nasuta. Copulatory 
openings of both are on the lateral sides of atrium. Also, the 
fertilization duct is foliated in both species, but both can be 
distinguished by the following characters: copulatory ducts 
with two spirals (four spirals in P. nasuta); anteriorly joining 
copulatory duct to the spermatheca (posteriorly joining in P. 
nasuta) (cf. Figs. 5–15 with figs. 4–7, 11 in Zhou, Zhou & 
Peng 2020).

Figs. 1–4. Philoponella rostralis n. sp., male holotype (1–2) and female paratype (3–4). 1, 3, habitus, dorsal view; 2, 4, same, ventral view. Scales 
= 0.5 mm.
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Description. Male (holotype, CATE, 1251032A) (Figs. 
1–2, 5–11). Measurements. Body length 3.28. Carapace 
length 1.40, width (at middle) 1.23, height (at thoracic 
groove) 0.69. Abdomen length 1.79, width (at middle) 1.02. 
Eye diameters: AME 0.08, ALE 0.05, PME 0.05, PLE 0.06. 
Eye interdistances: AME-AME 0.08, AME-ALE 0.12, 
PME-PME 0.15, PME-PLE 0.09, ALE-PLE 0.11. MOA 
nearly square. Clypeus height 0.14. Length of chelicera 0.28. 
Cribellum length 0.19, width (at middle) 0.12. Leg mea-
surements: leg I 6.83 [1.87, 0.52, 1.49, 2.04, 0.91], II 3.48 

[0.91, 0.35, 0.63, 0.97, 0.62], III 2.7 [0.79, 0.25, 0.49, 0.60, 
0.58], IV 3.74 [1.24, 0.36, 0.98, 0.69, 0.46]. Leg formula: 
1423. Spination. Legs: I femur – do 1 pl 3 rl 1, patella – do 
1, tibia – do 2 pl 4 rl 5, metatarsus – pl 8 rl 4, II femur – do 
1 rl 1, patella – do 1, tibia – do 1 pl 1 rl 3, metatarsus – pl 
1 rl 3, III femur – do 1, patella – do 1, tibia – do 1 pl 1 rl 1, 
metatarsus – pl 1 rl 1, IV femur – do 1, patella – do 1, tibia 
– do 1 pl 2 rl 2, metatarsus – pl 3 rl 4. Carapace oval, yel-
lowish orange with two longitudinal irregular black bands 
extending from the ocular area to the posterior margin of 

Figs. 5–8. Philoponella rostralis n. sp., male holotype. 5, left palp, prolateral view; 6, same, ventral view; 7, same, retrolateral view; 8, bulb, pro-
lateral view. Scales = 0.05 mm.
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carapace leaving a pale coloured light band in between the 
dark bands (Fig. 1). Distal end covered with yellow brown 
hairs. Lateral side have short yellow brown hairs. Thoracic 
region slightly raised than the cephalic region. Transverse 
fovea with two black slanting striae emerging from fovea 
to the either side of the fovea across the two parallel dark 
bands (Fig. 1). Eight eyes in two rows. AER recurved, PER 
slightly recurved. Black patches on each eye. AME is on 
slight projection. White hairs are there in between AME. 
Dark brown pyriform sternum narrowing posteriorly (Fig. 
2). Continuous light brown margin around the sternum and 

black patches on the margin of sternum corresponding to 
each coxa. Labium wider than long, triangular with blunt 
corners, dark brown in colour with white patches in the ante-
rior end. Maxillae rectangular, dark brown with white colour 
in the lateral side towards labium, covered with numerous 
black hairs, have distinct scopulae. Chelicera pale coloured 
paturon with 7 promarginal teeth, covered with black hairs, 
fang dark brown in colour. Abdomen pale greyish with short 
black streak on the lateral side of anterior half, white spots 
on the middle region and black markings on the posterior 
end (Fig. 1). Dark coloured anal tubercle extending beyond 

Figs. 9–11. Philoponella rostralis n. sp., male holotype. 9, left palp, prolateral view; 10, same, ventral view; 11, same, retrolateral view. Scales = 
0.05 mm.
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the posterior end of the abdomen. Oblong shape with blunt 
ends. Dorsum of abdomen covered with white pubescence. 
White U – shaped marking on the ventral side of the abdo-
men, which extends from the posterior margin of booklungs 
to the anterior margin of the cribellum (Fig. 2). Ventral side 
covered with brown hairs. Cribellum wider than long, nearly 
triangular, dark brown coloured with light brown apex, mid 
portion have a semi-circular black demarcation with black 
hairs. Anterior and posterior pair of spinnerets dark brown, 
the median pair is light compared to the others. Legs or-
ange, tarsus dark. Femur of leg II, III and IV have numerous 
trichobothria. Calamistrum on the fourth tarsus having 14 
bristles dorsally. Yellowish brown palpal segments. Cymbi-
um broad at base and gradually narrows towards the distal 
end, covered with long white macrosetae, distal end has 
short black hairs (Figs. 5, 9). ST is thin, sclerotized and dark 
brown in colour. Thick, off-white MH above ST. Highly 
sclerotized dark coloured tegulum. Long thin tube shaped 

embolus which emerges reterolaterally and coiled once 
around MAB, posterior tip directed towards CBL and CS. 
Yellow coloured globular MAB resting over the tegulum. 
Highly sclerotized rostriform MAS with nearly rectangular 
base. Dark brown wedge-shaped CS which is broad at base 
and gets narrower towards the tip. Foliole like CBL, longer 
than wide and have heavily sclerotized dark coloured point-
ed projection and the base (Figs. 5–11). Short ventral FT. 

Female (paratype; Figs. 3–4, 12–15). Measurements. 
Body length 4.25. Carapace length 1.42, width (at middle) 
1.23. Abdomen length 2.79, width (at middle) 1.32. Eye 
diameters: AME 0.08, ALE 0.07, PME 0.06, PLE 0.07. Eye 
interdistances: AME-AME 0.06, AME-ALE 0.13, PME-
PME 0.13, PME-PLE 0.09, ALE-PLE 0.05. Clypeus height 
0.1. Length of chelicera 0.36. Cribellum length 0.16, width 
(at middle) 0.41. Palp and leg measurements: palp 0.67 
[0.23, 0.07, 0.11, 0.26], leg I 6.84 [2.06, 0.54, 1.72, 1.92, 
0.59], II 4.25 [1.20, 0.44, 0.78, 1.15, 0.68], III 2.72 [0.62, 

Figs. 12–15. Philoponella rostralis n. sp., female paratype. 12, 14, epigyne, ventral view; 13, 15, vulva, dorsal view. Scales = 0.05 mm.
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0.31, 0.48, 0.76, 0.54], IV 5.53 [1.72, 0.44, 1.16, 1.30, 0.92]. 
Leg formula: 1423. Spination. Legs: I femur – do 1 pl 1 rl 1, 
patella – do 2, tibia – do 2 pl 3 rl 4, metatarsus – pl 6 rl 7, II 
femur – do 1 rl 1, patella – do 2, tibia – do 2, rl 1, metatar-
sus – do 3 rl 1 v 1, III femur – do 1 pl 1, patella – do 1, tibia 
– do 2, metatarsus – do 1 pl 1 rl 1, IV femur – do 1, patella 
– do 2, tibia – do 3 pl 2, metatarsus – pl 3. Carapace lon-
ger than wide, yellowish brown with two dark broad black 
longitudinal bands extending from the ocular region to the 
posterior end of the thoracic region (Fig. 3). Oval, where 
the anterior end narrower than the posterior, carapace cov-
ered with greyish white pubescence. Dark brown, slightly 
curved lateral line with brown hairs on the cephalothorax. 
Thoracic region elevated from fovea it declines to the ce-
phalic region. Transverse thoracic groove but not prominent 
as in male. Eight eyes in two rows. AER recurved, PER 
slightly recurved. Black patches on each eye. AME on slight 
projection. White hairs are there in between AME. Sternum 
dark brown, oval, narrowing posteriorly, covered with black 
hairs (Fig. 4). Black continuous margin around the sternum 
except the anterior blunt end. Discontinuous light brown 
margin around the sternum extending from the labium to 
the posterior end. Proximal end of coxa III and IV possess 
dark coloured spine like projection towards the sternum 
(Fig. 4). Labium longer than wide, triangular with blunt cor-
ners, dark brown, white patch in the anterior end. Maxillae 
wider than long, dark brown with white colouration in the 
lateral side towards labium, covered with numerous black 
hairs, have distinct scopulae. Pale orange coloured chelicera 
with 7 promarginal teeth. Abdomen longer than wide, blunt 
posterior and anterior ends. Dorsum covered with greyish 
white pubescence and dark grey coloured with two longi-
tudinal lines having discontinuous white patches extending 
from anterior end to two-thirds of the abdomen (Fig. 3). The 
space between these two lines gets narrowed from anterior 
to posterior. A pair of white patches towards the centre of 
the abdomen on the either side of the lines. White patches 
are also present on the lateral sides, dark spots on the poste-
rior end. White U-shaped marking on the ventral side of the 
abdomen, which extends from the posterior margin of book 
lungs to the anterior margin of the cribellum (Fig. 4). Anal 
tubercle extending beyond the posterior end of the abdomen. 
Cribellum wider than long, oblong, light brown in colour, 
anterior half have a semi-circular black demarcation with 
black hairs. Anterior and posterior pair of spinnerets are dark 
brown in colour whereas the median pair is light compared 
to the others. Orange coloured legs with pale white annula-
tion at the base of tibia, metatarsus and tarsus. Legs covered 
with numerous hairs and spines. Femur of legs II, III and IV 
have numerous trichobothria. Calamistrum composed of 25 

bristles on the dorsal side of fourth metatarsus which if half 
long as the fourth metatarsus. Metatarsus and tarsus of leg 
I is very slender compared to other segments. One dorsal 
macro seta is present on the tibia and patella of the palp. 
Tip of palpal tarsus contains 7 spines around the distal end. 
Semi-circular epigynal atrium with anterior and posterior 
rim, copulatory opening is on the lateral side of the posterior 
rim, lateral lobes are fused, in the ventral view spermatheca 
and copulatory duct is covered by a semi-transparent mem-
brane (Figs. 12, 14). In the dorsal view, the copulatory duct 
loops twice before joining to the kidney shaped spermatheca 
anteriorly. Foliole like fertilization duct linking to the poste-
rior margin of the spermatheca (Figs. 13, 15). 

Distribution. Only known from the type locality.
Natural history. The studied specimens were collected 

from the lower branches of the trees in scrub jungle. They 
build small, flimsy orb webs near the rocky areas. They pre-
fer thick vegetation to construct web in order to resist wind. 
Unlike other oriental Philoponella species, P. rostralis, does 
not show any social behaviour. 
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