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This study investigates the general ranges and patterns of arachnid genome size 

diversity within and among major arachnid groups, with a focus on tarantulas 

(Theraphosidae) and scorpions (Scorpiones), and an examination of how genome size 

relates to body size, growth rate, longevity, and geographical latitude. I produced genome 

size measurements for 151 new species, including 108 tarantulas (Theraphosidae), 20 

scorpions (Scorpiones), 17 whip-spiders (Amblypygi), 1 vinegaroon (Thelyphonida), and 

5 non-arachnid relatives – centipedes (Chilopoda). I also developed a new methodology 

for non-lethal sampling of arachnid species that is inexpensive and portable, which will 

hopefully improve access to live specimens in zoological or hobbyist collections. I found 

that arachnid genome size is positively correlated with longevity, body size and growth 

rate. Despite this general trend, genome size was found to negatively correlate with 

longevity and growth rate in tarantulas (Theraphosidae). Tarantula (Theraphosidae) 

genome size was correlated negatively with latitude.  
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1 INTRODUCTION 

1.1 Genome Size and the C-value Enigma 

Genome size, also known as C-value, represents the total content of DNA in a 

single copy of the chromosome set, typically given in either millions of base pairs (Mbp) 

or picograms (pg) where 1pg = 978Mbp.  Information regarding genome size is of use in 

identifying sequencing targets because it is largely determined by the quantity of 

repetitive sequences, which are the most challenging to sequence and assemble. 

Variability in genome size is also of interest as a long-standing question in biology in its 

own right; among animals, genome sizes range more than 7,000-fold and bear no 

relation to number of protein-coding genes or organismal complexity. Explaining this 

variability requires addressing a number of questions which together comprise the so-

called “C-value enigma” (Gregory 2001a): i) What is the source of the enormous 

quantities of non-protein-coding DNA? ii) How are these sequences gained and lost 

over evolutionary time? iii) Does non-coding DNA have effects on the organismal 

phenotype, or even organism-level functions? iv) Why are some genomes small while 

others are extraordinarily large? 

The size of a genome has been demonstrated to correlate with many biological 

parameters. The most notable of these relationships are a positive correlation between 

genome size, nucleus size, and cell size, and a negative association between genome 

size and cell division rate (Gregory, 2001b, c, 2002b; Cavalier-Smith, 2005). These 

cellular relationships result in various organism-level patterns. Depending on the biology 

of the group, genome size may correlate negatively with metabolic rate (due to cellular 
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surface area to volume ratio effects on gas exchange) or developmental rate (due to 

impacts on cell division rates) or positively with body size (due to increases in cell sizes, 

if cell number is relatively constant).  

Complete genome sequence data can help to provide a detailed understanding 

of the genetic underpinnings of key arachnid traits, particularly if sampling is sufficiently 

diverse to allow for broad comparisons across taxa. However, despite dramatic 

reductions in cost due to advances in technology, such genome sequencing projects 

remain focused on a handful of species. Even fundamental properties of arachnid 

genomes such as size remain mostly unknown.  

1.2 What (Little) is Known About Arachnid Genome Sizes 

Given their ecological and socioeconomic importance, it is not surprising that 

many arachnid species have been the subject of whole genome sequencing projects. 

The majority of these have targeted Acari, including, but not limited to, the deer tick 

Ixodes scapularis (Gulia-Nuss et al., 2016), the spider mite Tetranychus urticae (Grbić 

et al., 2011), and the honeybee mite Tropilaelaps mercedesae (Dong et al., 2017) (see 

Gregory and Young 2019 for a summary). Other arachnid species that have had their 

entire genomes sequenced include the golden silk orb-weaver Nephila clavipes (Babb 

et al., 2017), the Chinese scorpion Mesobuthus martensii (Cao et al., 2013), and the 

giant Brazilian white-knee tarantula Acanthoscurria geniculata (Sanggaard et al., 2014). 

Addressing the component questions of the C-value enigma requires access to a large 

and diverse set of genome size data. Speciose, geographically widespread, and 

ecologically diverse taxa such as arachnids represent a prime target for study in this 
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regard. Not only are over 100,000 species known to science, but they also exist in 

nearly every terrestrial ecotype (tropical, temperate, rainforest, desert, arctic, and even 

submerged entirely beneath freshwater), and display a wide range of relative body sizes 

(<1mm - >30cm) and life history traits. This allows for a range of genome size 

comparisons across a wide assortment of characteristics such as lifespan (<1 - >40 

years),  Unfortunately, relatively little is known about genome sizes in arachnids outside 

of one study on araneomorphs conducted >15 years ago (Gregory and Shorthouse, 

2003) and another on a handful of mites (Gregory, 2019). To date, only 148 records 

have been added to the Animal Genome Size Database (Gregory 2019), including 122 

spiders from 22 families (Araneae), 24 mites and ticks (Acari), and 2 scorpions 

(Scorpiones). Considering that there are presently 48,274 species of spiders, within 120 

families and 4,143 genera (World Spider Catalog, 2019), and those numbers represent 

only one of a dozen major groups of arachnids, the 148 existing records are in no way a 

representative sample of the existing arachnid diversity. Moreover, the majority of the 

122 spider species for which genome size measurements currently exist are comprised 

mainly of species native to Ontario, Canada (Gregory & Shorthouse, 2003), and are 

similarly a non-representative sample of spider diversity.  Clearly, much work remains to 

be done in documenting, examining, and explaining genome size diversity in arachnids, 

for which their diversity makes them a prime study target. 

1.3 An Overview of Arachnid Diversity 

Arachnids are the largest group of predominantly generalist predator species and, 

while most are predatory, certain groups like harvestmen (Opiliones) and some mites 
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and ticks (Acari) are herbivorous, detritivorous, or parasitic. This highly diverse group of 

arthropods includes well-known and, in many cases, socioeconomically important taxa 

such as mites and ticks, spiders, and scorpions, as well as a number of lesser-known 

groups. Some arachnids are pests or vectors of disease and a (very) small number are 

sufficiently venomous to pose a threat to humans, whereas others are important in 

insect control, and still others are of interest in biomaterials science (silk) and the 

pharmaceutical industry (venom). Indeed, spider silk is one of the strongest and most 

versatile of all known natural fibers. 

It is estimated that the class Arachnida contains upwards of 600,000 species 

(Chapman, 2006), of which over 100,000 are formally known to science. These are 

currently divided into a number of major taxonomic groups: subclass Acari (mites and 

ticks), order Amblypygi (whipspiders or tailless whipscorpions), order Araneae (spiders), 

order Opiliones (harvestmen), order Palpigradi (micro-whipscorpions), order 

Pseudoscorpiones (pseudoscorpions, false scorpions, or book scorpions), order 

Ricinulei (hooded tickspiders), order Schizomida (short-tailed whipscorpions), order 

Scorpiones (scorpions), order Solifugae (camel spiders or sun spiders), order 

Thelyphonida (vinegaroons or whipscorpions), and the recently-included Xiphosaura 

(horseshoe crabs) (Ballesteros & Sharma, 2019). Several of these groups were 

included in the present study, and a summary of their taxonomy and basic biology is 

provided below. 
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1.4 Spiders (Order Araneae) 

Spiders are the best known of all the arachnids, to the point that arachnophobia 

or the fear of spiders is one of the most prevalent phobias in the western world (Gerdes 

et al., 2009), even though their fearsome reputation is largely undeserved. There are 

more than 48,000 known spider species, which are suspected to represent only 35-50% 

of the total global spider diversity (Platnick & Raven, 2013). Extant spider species are 

divided into three distinct clades: two suborders, Mesothelae and Opisthothelae, and 

the two infraorders that further subdivide the Opisthothelae: Mygalomorphae, and 

Araneomorphae.  

The Mesothelae retain a number of ancestral characters, including parallel-

oriented fangs, two pairs of book lungs, and a segmented abdomen which is visible as 

distinct exoskeletal plates on the dorsal surface. Mesothelae are also the only clade of 

spiders to have their spinnerets located in the middle of the ventral aspect of their 

abdomen, rather than the posterior ventral aspect as in all other extant spiders – hence 

the term “Mesothelae”; ‘meso’ meaning ‘middle’, and ‘thelae’ meaning ‘teat’ (Pocock, 

1892). They are the sister taxon group to all other extant spiders, and comprise fewer 

than 100 species of burrowing trapdoor spiders, all from China, Japan, and southeast 

Asia (Song et al., 1999). Being trapdoor spiders, they are obligate burrowers and 

ambush hunters, and are capable of producing only primitive types of silk which they 

use to line their burrows and as trip lines extending out from beneath the lid of their 

burrow. They are medium to large sized spiders that are comparatively slow-growing 

and  relatively  inactive, remaining secluded in their tube-burrows unless their silken trip 
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lines are triggered by potential prey. These spiders can live many years – in general, 

their lifespans are longer than almost all araneomorph species (Coddington & Levi, 

1991; Murphy & Murphy, 2000). 

The Mygalomorphae are quite similar to the Mesothelae in both biology and life 

history, despite their being more closely related to the Araneomorphae. The most 

notable difference is that the Mygalomorphae do not retain a segmented abdomen like 

the Mesothelae; however, both groups possess downward-pointing fangs that are 

parallel in relation to each other, and have two pairs of book lungs. Like the Mesothelae, 

mygalomorphs are mainly ambush hunters, and can only produce primitive forms of silk 

compared to their araneomorph cousins (Brunetta & Craig, 2012). Currently, there are 

just over 3,000 species of mygalomorphs known to science, with tarantulas (family 

Theraphosidae) making up roughly a third of these (World Spider Catalog, 2019). Most 

mygalomorphs are tropical or sub-tropical, though there are a few species present in 

Europe, as well as parts of the United States, and even British Columbia and Ontario, 

Canada (Griswold & Ledford, 2001; Platnick, 1981; Raven, 1985; BugGuide, 2019). 

Mygalomorphs grow slowly, with some tarantulas taking as long as 12 years to reach 

sexual maturity. Many species can live to be 20-40+ years old, though there is a 

disparity in longevity between the sexes, with male lifespans often being less than half 

those of females (Foelix, 2011; Mason et al., 2018; Ruppert et al., 2004; Schultz & 

Schultz, 2009). Anecdotally, arachnoculturists have found there to be a negative 

association between growth rate and lifespan in many tarantulas, in that slower growing 

species can potentially live up to 25-40+ years for females (5-10 years for the 
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corresponding males), while faster growing species may live up to 10-15 years for 

females (4-6 years for the corresponding males) (Amanda Gollaway and Martin 

Gamache, personal communication, December 3, 2017; Schultz & Schultz, 2009). 

Mygalomorphs, specifically tarantulas, also include the largest extant spider species, 

with some (genus Theraphosa) reaching roughly a foot in legspan, or about the size of a 

dinnerplate (Saul-Gershenz, 1996; Striffler, 2005). 

The third, and by far most diverse, clade of spiders is the Araneomorphae, which 

make up nearly 95% of all described spider species. Araneomorphs include species that 

produce up to seven different types of silk, all specialized for different applications, as 

well as species that utilize their silk in a variety of hunting behaviours. These range from 

orb-weavers (Araneidae) that create the familiar ‘bicycle wheel-spoke’ web, to net-

casting spiders (Deinopidae), bolas spiders (Mastophora sp.), cobweb spiders 

(Theridiidae), diving bell spiders (Argyroneta aquatica), and many more groups that 

utilize their silk in novel ways. Then there are also araneomorphs that are active 

hunters, chasing down prey rather than employing a strategy of ambush or 

entanglement in silk. Such examples of active hunters include wolf spiders (Lycosidae), 

huntsman spiders (Sparassidae), fishing spiders (Dolomedes spp.), and jumping 

spiders (Salticidae), among others. These active hunters, particularly Salticidae, include 

those species equipped with the best eyesight, whereas the majority of spiders in 

general possess extremely poor eyesight, and tend to rely on tactile vibrations to locate 

prey and spatially orient themselves. The majority of araneomorphs live 1-2 years 

maximum (Foelix, 2011; Ruppert et al., 2004), and can grow from spiderlings to sexually 
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mature adults within a matter of months, enabling them to survive in temperate and 

even arctic environments with extremely short growing seasons, and to potentially 

outcompete many slower-growing species. The notable exception to this trend in 

longevity are the ‘six-eyed assassin’ spiders from family Sicariidae which have been 

reported to live up to 15 years (Larsen, 2019). Interestingly, their sister group within the 

same family, Loxoscelinae, has the typical araneomorph lifespan of 1-2 years. 

1.5 Scorpions (Order Scorpiones) 

Scorpions are probably the next most familiar group of arachnids after spiders. 

Like spiders, scorpions are opportunistic predators preying largely on other arthropod 

species, though larger scorpions have been known to prey on small vertebrates such as 

lizards and snakes (Polis, 2007). Scorpions first appeared about 430 million years ago 

during the Silurian period, and there are currently >2,400 known extant species ranging 

across all continents except Antarctica (Dunlop et al., 2008; Polis, 2007; Rein, 2019). All 

scorpions are venomous, though only 25-30 species produce venom that is potentially 

lethal to humans (Polis, 2007; Mayo Clinic, 2019). Scorpions tend to grow faster than 

many tarantulas but more slowly than most araneomorphs, taking between several 

months to 4 years to reach maturity, with most exhibiting lifespans between 4 and 12 

years (Amanda Gollaway and Martin Gamache, personal communication, December 3, 

2017). Scorpion body sizes range from 9 cm (Typhlochactas mitchelli) in length to 23 

cm (Heterometrus swammerdami) in length (Rubio, 2000). There are currently four 

extant parvorders of scorpions: Pseudochactida containing one family; Chaerilida 

containing one family; Buthida containing two families; and Iurida containing three 
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superfamilies and nine families (Soleglad & Fet, 2003). Currently, it is known that 

species within parvorder Iurida possess ovarian diverticulae that function like a sort of 

scorpion placenta, enabling growing embryos to be more developed prior to birth, 

whereas in species from parvorder Buthida this accessory organ is absent (Stockmann 

et al., 2010). 

1.6 Amblypygids (Order Amblypygi) 

Amblypygids (sometimes called whipspiders) of the order Amblypygi are a poorly 

known group of arachnids. At last count, 155 species had been described within 17 

genera and five families (Chapin & Hebets, 2016). They are harmless to humans, and 

produce no venom or silk, though they are predatory, preying mostly on arthropods and 

occasionally small vertebrates (Chapin & Hebets, 2016; McMonigle, 2013a). 

Amblypygids can range in size from 5 – 70 cm in legspan, and are found in tropical or 

subtropical climates where they live in warm, humid environments like leaf litter, caves, 

and under bark (Chapin & Hebets, 2016; Weygoldt, 2000). Amblypygid species are 

relatively new to the arachnoculture hobby, and thus comparatively little is known about 

their growth rate and potential lifespan, though some species can reach maturity in 2-3 

years, and may live as long as 5 years (McMonigle, 2013a). 

1.7 Vinegaroons (Order Thelyphonida) 

The sister group to Amblypygi, the order Thelyphonida (formerly Uropygi), also 

are incapable of producing silk or venom, and are similarly harmless to humans 

(McMonigle, 2013b). As a defence mechanism, they are capable of producing a mostly 
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acetic acid mixture that can be sprayed from the abdomen in self-defence, hence the 

common name ‘vinegaroons’. Both amblypygids and vinegaroons have a first pair of 

walking legs that has been modified into lengthened sensory ‘feelers’ that interpret 

tactile information about potential prey and surrounding terrain (McMonigle, 2013a,b). 

Species range from 2.5-8.5 cm in length, with most having a body length around 3 cm 

(Schmidt, 1993), and are tropical or sub-tropical, preferring dark, humid habitats, though 

the largest known species (Mastigoproctus giganteus) can be found in arid 

environments like Arizona and New Mexico (Institute of Food and Agricultural Sciences, 

2019). Currently there are 108 described species within 18 genera and a single family 

(ITIS, 2019). Generally, vinegaroons grow slowly, moulting once per year and reaching 

adulthood in 4-5 years, living approximately 8-11 years (McMonigle, 2013b; Schmidt, 

1993). 

1.8 Mites and Ticks (Subclass Acari) 

Mites (of which ticks are a phylogenetic subset) represent the most speciose 

group of arachnids, with more than 50,000 species described and potentially over a 

million more yet to be discovered (Walter & Proctor, 1999). This uncertainty surrounding 

their overall diversity stems in part from the fact that most Acari are tiny, measuring 

around 0.08-1.00 mm long, though some of the largest species like certain ticks and red 

velvet mites can reach body lengths of 10-20 mm (Walter & Proctor, 1999). Mites are by 

far the most diverse group of arachnids, living in essentially every major type of habitat 

from terrestrial to freshwater and marine. Ticks and many other mites are ectoparasites, 

attacking a wide array of invertebrate and vertebrate hosts. Other species are free 
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living, while still others are predatory and may prey upon other species of Acari.  Many 

species are economically important as either agricultural pests or utilized as predatory 

control mechanisms of agricultural pest species, and others still are medically important 

vectors of such diseases as Lyme, Q-fever, rickettsial pox, and tularemia, among others 

(CDC, 2019). Generally, Acari have a major positive function as decomposers in many 

ecosystems, and certain species’ association with carcases and other decaying matter 

makes them potentially relevant to the field of forensic entomology (González Medina et 

al., 2012; Walter & Proctor, 1999). Acari tend to have fast development and growth 

compared to other arachnid species, many groups skipping certain larval stages 

altogether, and some species being born already sexually mature (Schmidt, 1993).  

1.9 Research Objectives 

My objective in this thesis was to make a substantial contribution to the genome 

size data available for various understudied arachnid taxa, with a focus on tarantulas 

(Theraphosidae) and scorpions (Scorpiones). The addition of large-bodied species such 

as mygalomorphs allows for possible relationships between genome size and body size, 

growth rate, and lifespan, among others, to be investigated within Araneae. I also 

intended to provide genome size measurements for as yet undocumented groups such 

as Amblypygi and Thelyphonida. 

Furthermore, I explored and tested new methods for sampling material from 

large-bodied arachnid specimens in order to broaden the range of species for which 

genome size data are available. Genome size data are most easily attainable from live, 

freshly killed, or flash-frozen blood or other tissue (Jeffery & Gregory, 2014), though 



 

 

12 

 

these are not always easily acquired, and complications can arise when transporting 

specimens from the field to the lab. The added challenge with many larger arachnids is 

also that they tend to exist only in remote tropical locations that may be financially 

and/or logistically impractical to access. However, many larger arachnids are increasing 

in popularity within the pet trade, and are easily (though not always cheaply) available 

as captive bred specimens from invertebrate breeders. I adapted methodologies 

previously outlined by Dombrowski et al. (2013) in order to develop a procedure for 

sedating and anaesthetizing live arachnids for haemolymph sampling that is reliably 

non-lethal, and which does not compromise the health of the specimens. If this 

procedure can be both portable and easily replicated outside of a laboratory, then this 

would increase the likelihood of obtaining samples from the collections of both 

professional and hobbyist invertebrate keepers and breeders. 

In summary, I sought to address the following specific research questions: 

1) Is it possible to conduct non-lethal sampling for genome size measurements on a 

wide range of arachnids from the pet trade? 

2) What are the ranges and patterns of genome size diversity within and among 

major arachnid clades? 

3) Is genome size correlated with body size within and across major arachnid 

clades? 

Assuming that cell numbers are fairly constant across arachnid species, I would 

expect to see a positive relationship between genome size and body size, driven 

by the established relationship between genome size and cell size. However, if 
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no such relationship is evidenced between genome size and body size, that may 

indicate that arachnid body size is instead determined mainly by cell number. 

4) Is there a relationship between genome size and growth rate/developmental rate 

and/or longevity in arachnids, considering the vast disparity between the growth 

rate and lifespan of Araneomorphae and Mygalomorphae including 

Theraphosidae? 

Because the duration required for cellular replication tends to increase as 

genome size increases, I would expect to see a negative relationship between 

growth/developmental rate and genome size in arachnids, as has been seen in 

other taxa. Should such a relationship not be evident, that may indicate factors 

other than genome size are having a greater effect on arachnid growth and 

developmental rates. Similarly, increases in genome size and the resulting 

decrease in metabolic and cell growth rates could also indirectly increase the 

longevity of a given organism (Griffith et al., 2003). Thus, I would expect to find a 

positive relationship between genome size and lifespan within arachnids, though 

if that is not the case there is likely another outside factor exerting greater 

selection pressures on longevity. 

5) Are there patterns of genome size diversity related to latitude/geographic range 

in arachnids due to the innate challenges associated with survival in 

environments with colder climates and shorter growing periods, and the effect 

those might have on both developmental rate and metabolic rate, which have 

shown to be associated with genome size in other taxa? 
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Due to the negative associations between genome size and 

growth/developmental rates, arachnids with genomes above a certain size may 

be unable to survive in the colder climates of higher latitudes. In climates with 

shorter growing periods, a larger genome, resulting in a longer developmental 

time, would either inhibit an organism from being able to complete its lifecycle 

before the end of the growing period, or would drastically increase the number of 

growing periods (and thus the number of years) required to complete its lifecycle. 

Either scenario would handicap species with large genomes from being able to 

compete with species having smaller genomes. Because of this, I would expect 

to see a negative relationship between genome size and species range latitude 

within arachnids. If no such relationship is found, it is possible that arachnids with 

large genomes are finding alternate solutions to dealing with cooler climates, or 

that there is less direct competition between arachnid species with small vs. large 

genomes. 
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2 METHODS 

2.1 Sources of Specimens and Challenges of Sampling Live 
Arachnids 

There is a booming arachnoculture industry in much of the world that is 

dedicated to breeding and keeping various tarantula species as exotic pets.  This 

makes it possible to acquire specimens from the pet trade that would otherwise be very 

difficult to obtain through field collections. Additionally, many species reside in countries 

where the logistics of primary sampling and specimen export are very challenging. 

Adult tarantula specimens are valuable ($100 - $800+ CAD per specimen), given 

their slow growth rate, and the time and effort necessary to raise them to a size where 

haemolymph sampling can be achieved without killing the animal; some baby 

spiderlings (“slings”) can be obtained for $5 - $25 CAD, depending on the species, but 

slings of species that are rare or in constant demand can often be $60 - $100+ CAD, so 

acquiring a diverse range of species for lethal sampling also has the potential to be 

prohibitively expensive. To further minimize the expense of purchasing large numbers of 

specimens that would then be terminally sampled, it was important to develop a 

humane and non-lethal method for acquiring haemolymph from specimens so that 

arachnoculture hobbyists would be inclined to allow research-quality sampling from their 

prized collections. 

Through the acquisition of some of my own personal arachnids (initially for 

pleasure, though many inevitably donated haemolymph samples once they were large 

enough), I was able to develop relationships with many prominent arachnohobbyists 
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including breeders and distributors. Many of these hobbyists were very intrigued and 

enthusiastic about participating in scientific research, and were more than willing to 

allow the collection of haemolymph samples from their pets, provided that the method of 

collection was safe and would not ultimately harm or damage their animals. 

However, even after the issue of specimen sampling access has been solved, 

there are still other challenges to working with arachnids. Because there are not many 

zoological institutions that currently keep more than a few tarantula or other large 

arachnid species (and the species that are kept do not usually range much in diversity 

from one institution to another), most of the life history information available for these 

species is through the documentation of arachnophiles who keep and breed them for 

pleasure. Fortunately, most arachnohobbyists eschew the use of common names, 

favouring scientific nomenclature in order to avoid miscommunication, and seek to keep 

species and locality bloodlines pure whenever possible. As a result, taxonomic 

information on captive specimens is relatively accurate. Most keepers are eager to keep 

up with taxonomic updates, and routinely relabel their specimens when appropriate. 

Even so, hobbyists have only begun commonly breeding tarantula species since the 

late 1980s (Schultz & Schultz, 2009), so growth rate and general longevity data for 

species that may live 20-40+ years are scarce and largely anecdotal. Additionally, 

arachnid husbandry has been evolving and improving over time, such that older data or 

anecdotes may be based on sub-standard and/or outdated techniques. Similar issues 

arise with scorpions and other arachnids which tend to be less popular or only more 

recently available than many tarantulas. Because tarantulas and other arachnids have 
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not been kept as pets as long as some other exotic animal groups, especially 

vertebrates, the body of information regarding maximum size and especially lifespan 

data is not as robust as we would prefer for statistical processing. 

2.2 Live Specimen Haemolymph Sampling  

This study employed CO2 sedation methods adapted from Dombrowski et al. 

(2013). A sedation chamber was constructed by connecting a 6L plastic container (CO2 

reservoir) to a 2L plastic container (specimen container) via aquarium airline tubing, with 

a Marina A1172 control valve (Hagen, Montreal) connecting the two sections of tubing. 

A Marina 50 air pump (Hagen, Montreal) was placed inside the 6L container and a hole 

was cut in the container side to allow the power cord to protrude outside the container. 

Afterward, the container was resealed around the cord using a hot glue gun and duct 

tape. The 6L container was then filled to about halfway with chips of frozen CO2 and the 

lid closed, after which the live specimen to be sedated was coaxed into the 2L container 

and the lid also closed. The air pump was turned on and the control valve opened so 

that the CO2 gas sublimating from the frozen CO2 could then be pumped into the 

specimen container.  

Various arachnid and myriapod specimens were sampled from the collections of 

Amanda Gollaway and Martin Gamache, who own and operate Tarantula Canada 

(www.tarantulacanada.ca) in Montreal, Canada, as well as from Patrik de los Reyes 

(private collector and breeder), and from specimens within my own personal collection. 

A total of 147 tarantula (Theraphosidae) specimens were sampled from across 108 

different species, as well as 29 scorpions (Scorpiones) across 26 different species, 18 

http://www.tarantulacanada.ca/
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amblypygids (Amblypygi) across 17 species, 1 vinegaroon (Thelyphonida) specimen, 

and 5 centipedes (Chilopoda, Myriapoda) across 5 species. (Table 1) 

Care was taken to ensure the safety of both the specimens being sedated, as 

well as the researchers working with them; specimens from species possessing 

medically significant venom were not handled directly by hand unless fully sedated and 

an assistant was restraining either the tail (scorpions) or the head (centipedes) with 

forceps. 

Arachnid specimens were considered to be at full sedation when they were 

unable to right themselves after being gently tipped on their sides and/or flipped over. 

Species that are potentially lethal or that are known to be especially defensive were 

gently poked/prodded with forceps to ensure complete sedation. Upon full sedation, the 

lid of the specimen container was removed, and padded haemostats or gloved hands 

were used to gently place the arachnid ventral side up, while remaining inside the 

specimen container so as to stay in contact with the CO2 gas. A small incision was 

made with a sterile 25G hypodermic needle in the thinner ventral exoskeletal membrane 

of a leg joint, and the haemolymph was allowed to well up forming a small bead. This 

bead was then touched to a glass slide to deposit a sample of haemolymph, and the 

slide was then set to dry in a dark place. Excess haemolymph was dabbed away from 

the incision with a sterile tissue and then a small bit of cyanoacrylate adhesive (fast-

drying, non-gel) was used to close the wound and prevent further fluid loss. Once the 

specimen had been stabilized and the cyanoacrylate had mostly dried, the air pump 

was disengaged and the arachnid moved to another 2L container to recover fully before 
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being returned to their original enclosure. Care was taken to prevent the leg with 

adhesive from contacting other parts of the specimen.  

All specimens sampled were weighed prior to being sedated and sampled, and 

the time to full sedation and time to full recovery were recorded as well. Time to full 

sedation was defined as the time from which the CO2 was first administered, to the time 

the specimen lost the ability to right themselves when gently flipped over. Time to full 

recovery was defined as the time from the specimen’s removal from the CO2 to the time 

the specimen could fully right itself again. 

Special consideration must be taken when working with centipedes, due to their 

tracheal respiratory system which spans the entire length of the body; tracheae not 

exposed continually to CO2 will allow the associated body segments and legs to begin 

to revive. 

Every specimen sampled from Theraphosidae, Scorpiones, Thelyphonida, and 

Chilopoda survived sampling perfectly with no follow-up complications, and all 

specimens which have undergone moulting post-sampling, have moulted successfully. 

The Amblypygi, however, suffered a 100% fatality rate after sampling occurred. As 

such, it is recommended in future that only those Amblypygi specimens that are willing 

to be sacrificed be sampled in the manner outlined above, though ideally such 

specimens would be humanely euthanized and not allowed to be revived from sedation. 
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2.3 Genome Size Estimation  

Genome sizes were estimated using Feulgen image analysis densitometry 

(FIAD) following the protocol outlined by Hardie et al. (2002). Slides containing air-dried 

haemolymph samples were fixed in an 85% methanol, 10% formalin, 5% acetic acid 

solution overnight, after which they were rinsed in tap water, and then hydrolyzed for 

120 minutes in 5N HCl. Following this step, the slides were rinsed briefly in diluted HCl, 

and then stained for 120 minutes in a previously prepared Schiff reagent. Finally, slides 

were rinsed several times in bisulfite solution and deionized water (Jeffery & Gregory, 

2014). Included with every preparation of stained slides were two of three possible 

additional slides to be used as standards of known genome size: chicken blood (Gallus 

domesticus, 1C = 1.25 pg), rainbow trout blood (Oncorhynchus mykiss, 1C = 2.60 pg), 

and fruit fly brain tissue (Drosophila melanogaster, 1C = 0.18 pg) (Gregory, 2001a).  

Stained slides were analyzed using the Bioquant Life Science image analysis 

package using images captured through a Leica DM2500 microscope with a 100x lens 

connected to a Retiga EXi digital camera. Ideally, a minimum of 30 nuclei per slide was 

measured, though certain slides had limited numbers of suitable quality nuclei. 

Specimens for which fewer than 30 nuclei measurements were acquired will be noted 

accordingly. For standard slides, a minimum of 100 nuclei measurements were 

achieved. Cells chosen for measurement were those believed to be granulocytes in line 

with the descriptions of Bednaski et al. (2015), and Soares et al. (2013). Genome size 

estimates gathered via integrated optical density (IOD) were analyzed in relation to 
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those of the chicken, trout, and/or fruit-fly standards in order to calculate the absolute 

amount of DNA contained in the nucleus (Gregory & Shorthouse, 2003).  

2.4 Phylogenetic Information 

Phylogenetic data for the various orders of Arachnida and within Theraphosidae 

and Scorpiones were sourced from several publications (Ballesteros & Sharma, 2019; 

Foley et al., 2019; Sharma et al., 2018; Turner, et al., 2017; Garrison et al., 2016; Bond 

et al., 2014; Soleglad & Fet, 2003). Unfortunately, the majority of tarantula and scorpion 

phylogenies have not yet been resolved to species level and, as a result, the most 

specific level of resolution we were able to achieve was to subfamily and family levels, 

respectively. The software Mesquite (Maddison & Maddison, 2018) was used to build a 

phylogram containing all sampled species and those available from the AGSDB 

(Gregory, 2019), according to the phylogenies noted above, as well as to conduct a 

maximum parsimony reconstruction by mapping genome size onto said phylogeny 

(Figure 1). 

2.5 Phenotypic and Environmental Data 

Mean genome size measurements of specimens were compared to various 

biological metrics such as body size, leg span, growth rate (measured in average time 

to reach sexual maturity), lifespan, and latitude (Abraham, 1924; Bagaturov, 2015; 

Bertani, 2001; Charpentier, 1992, 1993; Gallon, 2001, 2002; Mello, 1921, 1923; 

Natwick, 2011; Oaklandzoo.org, 2015; Pinto-da-Rocha et al., 2007; Pocock, 1895, 

1899, 1901; Raven et al., 2015; Schmidt & Rudloff, 2010; Seattlebugsafari.com, 2015; 
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Smith, 1995; Strand, 1907). Body size, leg span, growth rate, and longevity data were 

graciously provided for many theraphosid and scorpion species by Amanda Gollaway of 

Tarantula Canada (personal communication), who has been keeping and breeding 

tarantulas and other arachnids for over 20 years. Similar data regarding our sampled 

scorpion species were sourced from Stockmann et al., (2010). Latitudinal data were 

acquired from the Global Biodiversity Information Facility (GBIF) for all available 

tarantula species (GBIF, 2019; Appendix 1). The mean of available latitude records was 

taken for species with multiple entries, though only about 56% of tarantula species 

sampled had corresponding latitudinal data available. These were also examined 

across all arachnid taxa in order to determine the presence of broader, potentially 

significant relationships. Pearson correlations were run between genome size and each 

of the other gathered metrics to explore whether correlative relationships existed 

between them.  

Body mass of sampled specimens was compared to the time to full sedation 

(TSED) and the time to full recovery (TRCV) for each specimen using Pearson 

correlation, in order to determine whether there were any relationships between mass 

and sensitivity to sedation. In this case, body mass of sampled specimens was unable 

to serve as a body size measurement for comparison with genome size due to the fact 

that not every specimen weighed was an adult, which would have skewed our analyses. 

For this reason, either body length or leg span was used as a proxy for body size in 

order to conduct correlation tests with genome size. 
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2.6 Statistical Analyses  

Pearson correlations were run between genome size of various taxa and the 

corresponding biological metrics such as body length or leg span, growth rate, 

longevity, and latitude. This was done within groups for which sufficient data was 

available and where n >1 (tarantulas, scorpions), and also across groups including 

species in addition to tarantulas and scorpions for which sufficient data was available. 

Note that data from metrics other than latitude were obtained from captive raised 

specimens, as accurate lifespan data for many wild arachnids is scarcely available, and 

using only data from captive raised specimens standardises the various analyses. 

Additionally, Bonferroni corrections were utilized in instances where multiple 

correlations were run on the same datasets, in order to avoid potential Type 1 or false 

positive errors. Because correlations were run for each arachnid order in groups of 3 

(genome size measured against growth rate, longevity, and either body length or leg 

span), the resulting  p values were multiplied by 3 in order to account for the increased 

possibility of measuring chance events, yet measured against the same significance 

threshold of 0.05. Because of the unfortunate likelihood of these corrections increasing 

potential Type 2 or false negative errors, both the corrected and uncorrected p values 

are reported. Because correlations between genome size and latitude were run only on 

subsets of the data used for other correlations, and because N+ latitudes were 

examined independently of S- latitudes, Bonferroni corrections were not conducted for 

those analyses. 
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Correlations between genome size and longevity were unable to be mass-

corrected (required due to the potential for both genome size and longevity to correlate 

with body size), because species mass data is not commonly accessible. Though we 

utilized leg span and body length as proxies for body size in tarantulas and scorpions, 

respectively, these are not in themselves sufficient enough to use as controls, and it is 

recommended that such analyses be re-examined utilizing species mass 

measurements, should such data become available in the future. 

Because most arachnid phylogenies have only been resolved as far as subfamily 

and/or family level (for the majority of species), we could not employ the use of 

phylogenetic independent contrasts (PICs) as a statistical tool in order to control for 

phylogeny. A nested analysis of variance (nested ANOVA), also called a variance 

component analysis, was run using the STATGRAPHICS software package for all 

arachnids for which genome size data are available and for spiders (order Araneae). All 

other statistical analyses were completed using R (R Core Team, 2018).  

2.7 Data Visualization 

Genome size data were visualized according to major arachnid taxon groups 

using a ‘joy plot’ produced using R (R Core Team, 2018). This involved the usage of the 

R software packages ggthemes (Arnold, 2019), ggThemeAssist (Gross & Ottolinger, 

2016), dplyr (Wickham et al., 2019), ggridges (Wilke, 2018), and ggplot2 (Wickham, 

2016). Joy plot graphics for taxa with fewer than 3 data points had to be added in 

manually, using the software package Affinity Photo (Affinity Photo, 2019), which was 
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also utilized to combine joy plot, phylogeny, and representative photos into finalized 

figures. (Figure 2; Figure 3; Figure 4.) 

 Affinity Photo (Affinity Photo, 2019) was also used to apply text and 

corresponding arachnid photos to the phylogeny illustrating genome size that was 

produced in Mesquite (Maddison & Maddison, 2018) (Figure 1). 
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3 RESULTS 

3.1 Anaesthesia  

A total of 197 arachnids and 5 centipedes were sampled across 157 different 

species in order to achieve genome size measurements. Of these, all were subjected to 

anaesthetization via CO2 and later reawakened as per the methods developed above, 

with the exception of 4 individuals; the amblypygid Charinus acosta, which has an adult 

body size too small to safely obtain a haemolymph sample (specimen mass = 0.01g), 

was sedated and immediately sacrificed, while three tarantula specimens, Grammostola 

iheringi, Poecilotheria ornata, and Sericopelma rubronitens, all accidentally autotomized 

one of their legs during the pre-sedation handling process. For these three specimens, 

haemolymph was squeezed onto a slide from the autotomized leg, rather than subject 

the specimens to additional handling and possible stress. Of the amblypygids, Damon 

medius did not recover at all from sedation and was confirmed deceased after ~5.5 

hours post CO2 removal. The remaining 15 amblypygid specimens all died about 1-2 

days after sedation and sampling occurred. All other non-amblypygid specimens were 

sedated and sampled routinely with no post-procedure complications, and none were 

found to later have any difficulty moulting as a result of the super glue used to close 

their incisions. Pearson correlations were run between specimen mass in grams and 

both time to full sedation (TSED) and time to full recovery (TREC) in seconds. For 

tarantula specimens, mass and TSED were positively correlated (r = 0.28, p < 0.0001, n 

= 137), and mass and TREC were also positively correlated (r = 0.31, p = 2.00E-04, n = 

137). Scorpion mass and TSED were positively correlated (r = 0.52, p = 0.0065, n = 26) 
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and scorpion mass and TREC were marginally positively correlated (r = 0.38, p = 0.053, 

n = 26). In amblypygids, mass was not significantly correlated with either TSED (r = 0.4, 

p = 0.1287, n = 16) or TREC (r = -0.01, p = 0.972, n = 15). In centipedes, specimen 

mass and TSED were marginally positively correlated (r = 0.83 p = 0.0812, n = 5), while 

mass and TREC were not significantly correlated (r = -0.1, p = 0.8702, n = 5). The same 

correlations of the log-transformed data did not produce significantly different results. 

(Table 2.)  

3.2 Genome Size Diversity in Arachnids 

A total of 147 tarantula (Theraphosidae) specimens were sampled across 11 

subfamilies and 108 species, with genome sizes ranging from 2.05pg to 15.89pg, with a 

mean of 6.79pg ± 2.21 SD. 25 scorpion (Scorpiones) specimens across 4 families and 

22 species had genome size measurements ranging from 0.78pg to 5.85pg, with a 

mean of 2.45pg ± 1.92 SD. Of those, Centruroides vittatus and Mesobuthus martensii 

were not directly sampled or measured in this study; rather, their measurements were 

sourced from the AGSDB via Hanrahan & Johnston (2011), and Cao et al. (2013), 

respectively. The 18 amblypygid (Amblypygi) specimens over 17 species produced 

genome sizes ranging from 3.86pg to 9.51pg, with a mean of 5.53pg ± 1.60 SD. A 

single vinegaroon (Thelyphonida) specimen had a genome size measurement of 

3.85pg. Finally, 5 centipede (Chilopoda) specimens representing 5 species had genome 

sizes ranging from 1.32pg to 3.39pg, with a mean of 1.99pg ± 0.81 SD. (Table 1.) 

Duplicate species measurements were fairly conserved, with a median standard 

deviation of 0.712 (Table 3). 
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Genome size measurements from specimens examined in this study were 

compiled along with genome size measurements from 120 true spider (Araneomorphae) 

species (Gregory 2019), 29 acariform mite species, and 24 parasitiform mite and tick  

species (Gregory & Young, 2019) in order to compare trends across taxon groups 

utilizing a joy plot (Figure 2; Figure 3; Figure 4). 

3.3 Phylogenetic Analysis 

A comprehensive phylogram was produced incorporating all available species 

included in the analysis of this study, and genome size was mapped onto the phylogram 

by utilizing maximum parsimony analysis (Figure 1). This phylogram was produced by 

combining previously established phylogenetic information from Ballesteros & Sharma 

(2019), Foley et al. (2019), Sharma et al. (2018), Turner, et al. (2017), Garrison et al. 

(2016), Bond et al. (2014), and Soleglad & Fet (2003).  

3.4 Phenotypic and Geographic Correlations 

Pearson correlations were run between pooled genome size in picograms for 

each species, and either body length (BL) or leg span (LS) in cm, time to sexual 

maturity (TimeMat) in years, and lifespan in years. For tarantula species, genome size 

and LS were not correlated (r = -0.01, p = 0.9589, n = 75). Tarantula genome size and 

TimeMat were negatively correlated (r = -0.15, p = 1.48E-05, n = 73). Tarantula genome 

size and lifespan were also negatively correlated (r = -0.31, p = 4.22E-08, n = 53). 

Scorpion genome size and BL were slightly negatively correlated (r = -0.11, p = 0.6512, 

n = 20). Scorpion genome size and TimeMat were positively correlated (r = 0.26, p = 
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0.262, n = 20). Scorpion genome size and lifespan were also positively correlated (r = 

0.37, p = 0.1042, n = 20). (Table 4.) Pearson correlations were also run between 

tarantula genome size and mean range latitude, and returned negative correlations both 

between genome size and N+ latitude (r = -0.39, p = 0.0101, n = 43), and between 

genome size and S- latitude (r = -0.43, p = 0.0864, n = 17). (Table 5.) 

3.5 Nested ANOVA 

A nested ANOVA was conducted on all 296 arachnid species in order to 

determine what proportion of genome size variance occurred at the species, genus, 

family or order levels. The greatest proportion of genome size variance (49%) occurred 

at the family level, among arachnids, while 21.5% occurred at the genus level, 21% at 

the order level, and only 8% at the species level. When only the 213 spiders were 

included in such an analysis, 66% of genome size variation occurred at the family level, 

with 24% at the genus level, and 10% at the species level. (Table 6) 

3.6 Bonferroni Corrections 

 Bonferroni corrections were done for all correlations between genome size and 

either body size, leg span, time to maturity, or lifespan. Because each of these 

correlative analyses were done in batches of 3 for each of tarantulas or scorpions, the 

correction increases the resulting p values by a factor of 3 while still measuring them 

against the 0.05 significance threshold. The corrected results are as follows: for 

tarantula species, genome size and LS were not correlated (r = -0.01, p = 2.8767, n = 

75). Tarantula genome size and TimeMat were negatively correlated (r = -0.15, p = 
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4.44E-05, n = 73). Tarantula genome size and lifespan were also negatively correlated 

(r = -0.31, p = 1.27E-07, n = 53). Scorpion genome size and BL were slightly negatively 

correlated (r = -0.11, p = 1.9536, n = 20). Scorpion genome size and TimeMat were 

positively correlated (r = 0.26, p = 0.786, n = 20). Scorpion genome size and lifespan 

were also positively correlated (r = 0.37, p = 0.3126, n = 20). No correlations that 

produced statistically significant results had their significance nullified via Bonferroni 

corrections (Table 4). 

 

 

 

 

 

 

 

 



 

 

31 

 

4 DISCUSSION 

4.1 Study Accomplishments 

This study expanded the knowledge of arachnid genome size by estimating 

genome size for a total of 152 arachnid species, from across four different orders, 

including the first genome size estimates for tarantulas (Theraphosidae), whip 

spiders/tailless-whip scorpions (Amblypygi), and vinegaroons (Thelyphonida). Where 

two species of scorpion had previously been measured [Centruroides vittatus; 

Hanrahan & Johnston (2011), and Mesobuthus martensii; Cao et al. (2013)], this study 

contributed genome size measurements for an additional 20 species. Additionally, five 

new centipede (Chilopoda, Myriapoda) species were also measured, including the first 

measurements for species within the order Scolopendromorpha. We also examined 

potential relationships in arachnids between genome size and body size, metabolic rate, 

growth rate, geographic range, and longevity.  

4.2 Sedation and Haemolymph Extraction 

I developed a reliable protocol for the non-lethal sedation and sampling of 

haemolymph from large-bodied arachnids. This methodology will allow for future 

arachnid species to be sampled and worked with in many arenas, much more easily 

and economically, and may also be adapted to work with other invertebrate groups such 

as other myriapods and insects. Of all the arachnids sedated and sampled, we had a 

100% survival rate, with no complications during the moulting period immediately 

following sampling, with every group sampled except for the Amblypygi. After moulting, 

all sampled specimens would have a completely new exoskeleton with no trace of 
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having ever been sampled such as the remaining cyanoacrylate used to mend the 

exoskeletal incision. This demonstrates that our methodology for sedation and 

haemolymph sampling is as effective as could be hoped for, in terms of the efficacy of 

conducting non-terminal sampling for genome size measurements on a wide range of 

arachnid taxa.  

Though the sedation and sampling methods developed and utilized in this study 

proved highly effective for the majority of large-bodied (and even not so large-bodied) 

arachnids, the only group that did not fare well was the Amblypygi. Though we were 

unable to determine a definite cause for their failure to survive sampling, it has been 

suggested that amblypygids are both overly sensitive to the loss of hydrostatic pressure 

within their circulatory system, as well as that they are very highly sensitive to injuries, 

and don’t typically heal well (Gil Wizen, personal communication, August 1, 2019; 

Weygoldt, 2000). It has been suggested by an amblypygid specialist that a better 

sampling method for these species would be to induce the autotomization of a leg, as 

they tend to heal well from leg loss, though whether a suitable amount of haemolymph 

would be attainable for sampling from a single leg remains to be seen (Gil Wizen, 

personal communication, August 1, 2019). 

4.3 Genome Size 

Genome size estimates for species measured in this study were combined with 

additional measurements for various arachnid species gathered from the Animal 

Genome Size Database (Gregory 2019) and Gregory & Young (2019), in order to form a 

broader picture of various trends both within and between the arachnid clades. The 
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smallest genomes belong to the Acariformes (0.05 – 0.55 pg; mean 0.14 pg), while the 

largest belong to the tarantulas (2.05 – 15.89 pg; mean 6.87 pg). Most arachnid taxa 

had genome sizes that averaged between 1 – 2.5 pg, with Amblypygi (5.53 pg), 

Mesothele (2.80 pg), Scorpiones (2.64 pg), and Thelyphonida (3.85 pg) being the 

exceptions aside from the aforementioned taxa at either end of the range. (Table 7; 

Figure 2.) 

Body size is a metric known to correlate with genome size in some other 

invertebrate taxa, including crustaceans and mites (Jeffery et al., 2017; Gregory & 

Young, 2019). Cell size is also known to correlate with genome size, and in cases 

where body size and genome size are not closely related, often there is an increase in 

cell number, rather than cell size, which is responsible for the discrepancy (Gregory, 

20011). The relationship evidenced by our measurements suggests a negative 

relationship between genome size and leg span in scorpions, though no relationship 

was evidenced between those metrics in tarantulas (Table 8). This suggests that 

variation in body size is more probably a result of differences in cell number than in cell 

size, within arachnids, and thus less directly related to genome size than other 

biological characters, though further investigation would be required to form any more 

substantive conclusions. We do, however, know that the average araneomorph spider is 

much smaller in body size than the average tarantula, which is in line with our 

predictions concerning the general trend of a positive correlation between genome size 

and body size. This is likely a trend that, in arachnids at least, is more evident between 

clades above that of the family level, than within families. 
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The disparity of genome size in arachnids is effectively visualized in the 

phylogenetic tree we have mapped all our sampled species onto, and colour-coded for 

genome size (Figure 1). The main patterns we see upon mapping genome size onto our 

species phylogeny is that most clades contain species with relatively small genomes 

(0.05 – 3.00 pg). However, there are a few clades (Theraphosidae, Thelyphonida and 

Amblypygi, and the non-buthid scorpions) that have experienced moderate to large 

genome size increases compared to that of their closest outgroup relatives. Though it is 

evident that there have been both gains and losses in genome size over time, it is likely 

that the ancestral condition for arachnids is to have a small genome size, and that fewer 

moderate increases have occurred in certain clades. The alternative is that the 

ancestral condition is either moderate or large genome size in arachnids, and that many 

more losses and/or gains have occurred in certain clades, which is a less parsimonious 

possible scenario.  

Additionally, our nested ANOVA suggested that while 22% of genome size 

variance was exhibited among species within genera, a whopping 73% of genome size 

variance was exhibited among genera within families (Table 6). This means that 

arachnid genomes are more diverse in size between families than among the genera 

within those families, which suggests that shifts in genome size are fairly conserved 

within clades. 

4.4 Mygalomorphs and Araneomorphs 

Genome size measurements for tarantulas (Theraphosidae) range from 2.05pg 

to 15.89pg, which is a larger absolute spread (13.84pg; ~8-fold) than any other clade 
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examined within this study. By comparison, all measured araneomorph species range 

from 0.74pg to 5.73pg, which is a spread of only 4.99pg but represents a similar relative 

range (~8-fold). This is interesting, as a similar number of species are documented in 

both groups (120 araneomorphs, and 108 tarantulas), yet tarantulas represent only a 

single spider family, Theraphosidae, while the araneomorphs sampled thus far 

represent 21 different families. Unfortunately, only one other non-theraphosid 

mygalomorph, Antrodiaetus unicolor, has had its genome size measured (1.23 pg), so it 

is still unknown as to what degree tarantulas are representative of mygalomorph spiders 

in general. The fact that Antrodiaetus unicolor has a genome nearly half the size of the 

smallest tarantula species to date, raises the possibility that not all mygalomorph 

genomes are comparatively large in relation to their araneomorph sister taxon. Thus, it 

remains to be seen as to whether mygalomorphs increased their genome size early in 

the lineage diversification, with few subsequent losses in size, or if mygalomorphs 

stayed small, generally, and only certain mygalomorph lineages (such as tarantulas) 

evolved larger genome sizes. 

There are a number of major biological differences between araneomorphs and 

mygalomorphs, including tarantulas, that have also shown to correlate with genome size 

in other taxon groups. Aside from body size, which was discussed above, growth rate 

and lifespan are also markedly different between the two groups of spiders. Most 

araneomorphs have a fantastically fast growth rate, and can grow from a spiderling to a 

sexually mature adult in only a matter of months, however they also tend to live no 

longer than 1-2 years or so on average (Foelix, 2011; Ruppert et al., 2004). By contrast, 
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tarantulas and many other mygalomorphs grow slowly, some taking as long as 12 years 

to reach sexual maturity, and have lifespans that can reach 30-40+ years (Foelix, 2011; 

Mason et al., 2018; Ruppert et al., 2004).  

Though correlative relationships between genome size and longevity have been 

previously posited in various taxa such as fishes and birds, (Grigffeth et al., 2003; 

Monaghan & Metcalfe, 2000), further examination has shown some of these findings to 

be erroneous and largely due to problematic sampling and/or data collection, though 

further investigation is still merited (Gregory, 2004). Given these findings, it is interesting 

that the strongest correlative relationship within both tarantulas and scorpions is that of 

genome size and lifespan (r = -0.31 and 0.37, respectively; Table 4). Furthermore, it is 

interesting that this relationship is negative in tarantulas, yet positive in scorpions. This 

could be an artifact of the lifespan discrepancy between male and female tarantulas, 

which is not present in scorpions (Foelix, 2011; Stockmann et al., 2010). Another 

possible explanation is that a smaller genome would be advantageous in enabling 

efficient exoskeletal development and subsequent replacement during moulting, which 

regularly occurs in female tarantulas indefinitely after sexual maturity. Comparatively, 

both scorpion sexes have a finite number of moults within their lifetime (usually 7), and 

thus longevity is tied more closely to general growth rate and ultimate exoskeletal 

durability rather than the ability to efficiently replace an exoskeleton indefinitely.  

Tarantula longevity in general is likely enabled by the life history of adult females 

– adult females tend to stay secluded in burrows, tube webs, etc., acting as extremely 

efficient and opportunistic ambush predators, while sexually mature males expose 
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themselves to a high risk of being predated upon as they roam around in search of 

breeding females. Anti-senescence adaptations are thus probably a poor investment for 

males who are likely to be injured or eaten given their highly transient adult lifestyle. 

Conversely, secretive and cautious females are able to reproduce at least once or twice 

per year, potentially for 12 – 40+ years, which is a fantastic evolutionary contribution.  

Because we were not able to correct for mass when analyzing genome size 

relative to lifespan, it is still possible that this relationship evidenced here a spurious 

one. Hopefully this analysis can be reevaluated utilizing the appropriate species mass 

as a control, once that data is more readily available. 

4.5 Scorpiones 

Within our sampled scorpions, we see two distinct clades that form two 

parvorders: Buthida and Iurida (Sharma et al., 2018; Figure 4). Though we were not 

able to obtain samples from species representing all parvorders, superfamilies and 

families within Scorpiones, we do have 12 species from Buthida and 8 species from 

Iurida, between which there were distinct differences in genome size. The 12 buthid 

species averaged 1.21 pg (+/- 0.38), while the 8 iurid species averaged 4.64 pg (+/- 

1.71).  

One of the main distinctions between these two clades of scorpions is that the 

iurid species possess ovarian diverticulae, an accessory reproductive organ that 

functions similarly to that of a mammalian placenta, which provides the growing 

scorpion embryos with sustenance while gestating inside the mother. Buthid scorpions 
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do not possess ovarian diverticulae and tend to have much shorter gestation periods 

(typically 2-3 months) compared to species that do possess ovarian diverticulae (up to 

24 months). Iurids with diverticulae will also tend to have a longer ‘pullus’ stage, which 

is the first stage of larval scorpions, encapsulating the period from birth to the first moult. 

Additionally, buthids tend to produce more babies per brood than species that possess 

ovarian diverticulae. (Stockmann et al., 2010) 

The fact that the scorpion species which tend to have faster reproductive periods 

are also those with the smaller genomes makes sense in light of similar patterns found 

in other taxon groups (Gregory, 2011). Thus, there seems to be a definite difference in r 

vs. K selection pressures between these two scorpion clades. It very well may be that 

ovarian diverticulae evolved as a mechanism to combat slow reproductive events by 

compensating to enable more well developed offspring. The distinction between 

genome size patterns between the two groups is also in line with the disparity in number 

of chromosome pairs; 6-14 pairs are typical within Buthidae, while 15-60 pairs are 

common in other species, with some having up to 175 pairs of chromosomes 

(Stockmann et al., 2010). 

4.6 Latitude 

As the arachnid taxa with generally larger genome size measurements 

(Amblypygi, Thelyphonida, Scorpiones, Theraphosidae) are almost entirely composed 

of species native to tropical or sub-tropical environments (Mcmonigle, 2013a,b; 

Stockmann et al., 2010; Tarantupedia.com, 2019), and all of the other arachnid taxa 

with smaller genomes (Araneomorphae, Parasitiformes, Acariformes) include both 
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tropical and temperate species, perhaps arachnid genome size decreases with latitude. 

One possible mechanism for this relationship may be that developmental time is 

constrained at higher latitudes due to more temperate climates, and thus shorter 

growing seasons. This would allow species with smaller genomes, and thus faster 

developmental capacity, to out-compete species with larger genomes. Species with 

larger genomes and longer developmental times would thus be restricted to lower 

latitudes with warmer climates in order to survive long enough to reach maturity and 

reproduce. By contrast, species with smaller genomes can develop fast enough to 

achieve their entire life cycle in a matter of months, so that they can successfully 

reproduce before they succumb to fatally cold winter temperatures.  

Interestingly, the geographic distribution of araneomorphs, tarantulas, and 

scorpions follows this pattern nicely, as is evidenced by the map in Figure 5. Other 

taxon groups were not included in this figure due to a lack of species or geographical 

data, and/or a biased sample restricted to only temperate or tropical species availability. 

Obviously this relationship has not yet been properly tested, and is currently 

hypothetical at best. Arachnid phylogenetics would need to be more resolved in order to 

correct for phylogeny, but this would be an interesting topic for future exploration, 

should mite, tick, and araneomorph specimens become available from tropical locales. 

One species of particular interest to this future investigation would also be Paruroctonus 

boreus, the only scorpion species native to Canada (Johnson, 2004). Paruroctonus 

boreus was actually a species of interest to this study specifically because of its 
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northernmost range, and was actually sampled, though unfortunately no measurable 

nuclei were detectable upon slide examination. 

4.7 Future Directions 

There is still much to explore within the subject of arachnid genome size, 

especially considering that six orders (Opiliones, Palpigradi, Pseudoscorpiones, 

Ricinulei, Schizomida, and Solifugae remain currently unsampled. Ideally, in addition to 

obtaining samples from those unknown groups, additional species from already 

sampled groups would be accumulated to further broaden the assortment of species 

represented. Sampling araneomorphs from tropical latitudes would be beneficial in 

order to examine whether genome size in spiders is more closely influenced by latitude 

or by developmental rate and/or longevity. More than half of all 120 spider families are 

still unrepresented by genome size data, so obtaining a greater diversity of 

measurements would also be beneficial to exploring general patterns and potential 

outliers. 

Additionally, as our understanding of arachnid phylogenetics progresses, we will 

ideally have more resolved phylogenies upon which to map genome size and other 

hopefully more well-resolved characters like metabolic rate and developmental rate. 

These will allow for more accurate analyses such as phylogenetic independent 

contrasts, which we were not able to acquire the necessary data to conduct in this 

study. 
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Further exploration of endopolyploid tissues which have been found within both 

the silk and venom glands of spiders (Rasch & Connelly, 2005) would be an interesting 

factor that may be related in some way to genome size. Species ranges and associated 

latitudinal data would also be worth investigating further, especially in certain species 

that are of particular interest such as the northern scorpion Paruroctonus boreus. 

4.8 Concluding Remarks 

This study was able to produce a broader picture of genome size across various 

arachnid groups, including the addition of several previously unstudied clades. 

Additionally, I was also able to develop a good methodology to aid in future sampling of 

additional species. We now have a better idea of not only the general range of genome 

size in various arachnid taxa, but also an idea of which biological characters are most 

closely associated with genome size, and the nature of those relationships. Though 

some of these associations are still tentative, this study provides a good platform from 

which to direct future sampling and study in this field. There is much future work to be 

done in order to more fully understand genome size within all extant arachnid taxa, 

though this study represents the broadest examination of arachnid genome size across 

the widest array of arachnid taxa, and across the greatest number of biological, 

geographical, and phylogenetic characteristics, to date. 
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TABLES 

Table 1: Summary of arachnid specimens sampled and the resulting genome 
size (GS) in picograms (pg), where n is the number of nuclei measured, SD is the 
standard deviation of the mean, and CV is the coefficient of variation. 

Species GS (pg) n SD CV 

Acanthoscurria cf. simoensi 5.52 40 0.264 4.79 

Acanthoscurria geniculata 5.52 30 0.630 11.41 

Acanthoscurria geniculata 5.76 3 0.096 1.66 

Acanthoscurria musculosa 2.86 23 0.215 7.51 

Acanthoscurria theraphosoides 2.87 16 0.450 15.65 

Androctonus australis 1.27 25 0.088 6.89 

Androctonus baluchicas 1.06 23 0.089 8.40 

Androctonus cholistanus 1.13 28 0.103 9.17 

Aphonopelma bicoloratum 6.79 36 1.061 15.61 

Aphonopelma chalcodes 6.24 28 0.706 11.30 

Aphonopelma chalcodes 6.47 29 0.275 4.24 

Aphonopelma chalcodes 6.75 35 0.363 5.37 
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Aphonopelma eutylenum 6.42 33 0.182 2.83 

Aphonopelma iodius 5.98 43 0.722 12.08 

Avicularia avicularia (Guyana 
locale) 

15.89 28 0.401 2.52 

Brachypelma albiceps 3.44 21 0.733 21.28 

Brachypelma albiceps 5.41 32 0.298 5.50 

Brachypelma albopilosum 4.94 30 0.682 13.80 

Brachypelma auratum 4.87 27 0.402 8.25 

Brachypelma baumgarteni 2.05 32 0.361 17.58 

Brachypelma boehmei 3.10 23 0.453 14.62 

Brachypelma boehmei 6.16 31 0.262 4.25 

Brachypelma cf. vagans 5.79 34 0.510 8.81 

Brachypelma emelia 5.43 26 0.507 9.33 

Brachypelma hamorii 4.65 16 0.672 14.46 

Brachypelma hamorii 5.81 32 0.952 16.39 

Brachypelma klaasi 5.56 31 0.486 8.73 
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Brachypelma sp. angustum 5.44 33 0.741 13.61 

Brachypelma verdezi 5.84 32 0.240 4.11 

Bumba cabocla 6.39 39 0.686 10.74 

Caribena laeta 6.19 32 0.327 5.28 

Caribena versicolor 9.53 30 0.866 9.09 

Catumiri cf. argentinensis 7.45 27 0.839 11.25 

Centruroides sculpturatus 
'gertschi' 

1.11 25 0.103 9.33 

Centruroides sculpturatus 'xeric' 1.11 28 0.122 11.05 

Ceratogyrus marshalli 4.97 29 0.319 6.42 

Ceratogyrus marshalli 5.80 50 0.420 7.24 

Chaetopelma olivaceum 5.92 48 0.218 3.68 

Charinus acosta 3.93 32 0.248 6.30 

Chilobrachys fimbriatus 8.11 4 0.813 10.03 

Chilobrachys fimbriatus 9.17 29 0.719 7.85 

Chromatopelma 
cyaneopubescens 

4.69 38 1.037 22.09 
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Chromatopelma 
cyaneopubescens 

6.01 28 0.613 10.20 

Cyriocosmus elegans 5.20 27 0.508 9.78 

Cyriopagopus minax 7.86 27 0.891 11.33 

Damon diadema 7.68 11 0.872 11.35 

Damon diadema 6.22 47 0.592 9.51 

Damon medius 9.51 28 0.936 9.84 

Davus fasciatus 4.41 15 1.365 30.96 

Ephebopus cyanognathus 8.50 29 0.759 8.92 

Ephebopus murinus 9.35 29 0.643 6.88 

Eucratoscelus pachypus 6.43 47 0.440 6.85 

Eupalaestrus campestratus 7.24 25 1.079 14.91 

Euphrynichus bacilifer 7.28 22 0.567 7.79 

Grammostola iheringi 7.65 25 1.223 16.00 

Grammostola porteri 10.27 34 0.877 8.54 

Grammostola pulchra 10.88 53 0.710 6.53 



 

 

59 

 

Grammostola pulchripes 10.77 39 1.747 16.22 

Grammostola rosea 7.34 46 1.889 25.76 

Hadrurus arizonensis 2.24 46 0.215 9.59 

Hadrurus arizonensis 2.72 29 0.158 5.79 

Hapalopus sp. Colombia 1 5.48 31 0.403 7.35 

Hapalopus sp. Colombia lg. 4.77 26 0.649 13.60 

Hapalopus sp. Colombia small 5.70 34 0.915 16.05 

Hapalopus triseriatus 8.32 28 0.494 5.94 

Haploclastus devamatha 10.21 31 1.550 15.18 

Harpactira pulchripes 5.58 34 1.077 19.29 

Heterometrus cf. spinifer 5.26 36 0.487 9.26 

Heterometrus cf. spinifer 6.09 26 0.597 9.82 

Heterometrus cf. spinifer 5.12 47 0.274 5.34 

Heteroscodra maculata 11.36 29 0.772 6.79 

Heteroscodra maculata 13.42 54 0.643 4.79 

Heterothele gabonenis 8.03 27 0.684 8.52 
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Heterothele villosella 5.75 28 0.585 10.18 

Hoffmannius confusus 5.85 38 0.398 6.80 

Hoffmannius spinigerus 5.82 33 0.280 4.81 

Hoffmannius waeringi 5.63 33 0.209 3.70 

Homoeomma chilensis 8.35 32 0.627 7.51 

Homoeomma sp. Blue/Peru 2 5.47 46 0.624 11.40 

Hottentotta bucharensis 1.54 22 0.131 8.50 

Hottentotta franzwerneri 1.47 24 0.146 9.91 

Hottentotta hottentotta 1.15 13 0.067 5.81 

Hottentotta minusalta 1.47 26 0.115 7.80 

Hottentotta salei 1.47 26 0.148 10.12 

Hysterocrates gigas 10.11 21 1.159 11.46 

Hysterocrates laticeps 11.06 23 1.549 14.01 

Idiothele mira 5.28 33 1.023 19.38 

Kochiana brunnipes 7.37 28 0.480 6.51 

Lampropelma violaceopes 9.49 29 0.320 3.37 
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Lampropelma violaceopes 9.33 51 0.361 3.86 

Lasiodora dificilis 6.61 36 0.449 6.79 

Lasiodora klugi 4.89 21 1.087 22.22 

Lasiodora parahybana 7.51 26 0.814 10.84 

Lasiodora parahybana 7.62 36 0.737 9.68 

Lasiodora parahybana 7.46 46 0.607 8.15 

Mastigoproctus giganteus 3.85 51 0.196 5.10 

Megaphobema mesomelas 4.54 31 0.374 8.25 

Megaphobema mesomelas 6.18 25 0.599 9.69 

Megaphobema robustum 5.72 29 0.668 11.69 

Megaphobema robustum 6.38 32 0.590 9.26 

Monocentropus balfouri 7.06 28 0.482 6.83 

Monocentropus balfouri 7.43 32 1.289 17.34 

Nebo cf. whitey 3.58 25 0.533 14.90 

Neoholothele incei 5.89 29 0.469 7.96 
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Neostenotarsus sp. French 
Guyana 

11.05 30 1.090 9.86 

Neostenotarsus sp. Suriname 8.51 24 1.201 14.11 

Nhandu chromatus 3.85 33 0.320 8.31 

Nhandu chromatus 6.62 29 0.449 6.79 

Nhandu coloratovillosus 3.43 14 0.750 21.82 

Nhandu coloratovillosus 7.12 31 0.865 12.15 

Nhandu tripepii 8.05 27 0.879 10.92 

Nhandu tripepii 5.16 45 0.589 11.42 

Nhandu tripepii 5.38 42 0.847 15.74 

Pamphobeteus fortis 6.16 25 0.511 8.29 

Pamphobeteus sp. Costa 6.09 33 0.526 8.65 

Pamphobeteus sp. esmereldas 6.48 33 0.244 3.76 

Pandinus sp. (possibly P. 
dictator) 

5.18 23 0.353 6.81 

Parabuthus granulatus 0.78 31 0.099 12.79 

Parabuthus villosus 0.92 28 0.103 11.24 
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Paraphrynus aztecus 6.82 25 0.438 6.43 

Paraphrynus carolynae 7.69 11 0.417 5.42 

Paraphrynus cubensis 5.28 23 0.540 10.22 

Paraphrynus robustus 4.56 31 0.196 4.30 

Paraphrynus viridiceps 4.20 29 0.633 15.06 

Phormictopus cancerides 4.90 33 0.559 11.40 

Phormictopus cancerides 5.52 30 0.478 8.67 

Phormictopus platus 4.04 27 0.461 11.43 

Phrynus barbadensis 4.38 31 0.709 16.20 

Phrynus decoratus 4.34 24 0.344 7.94 

Phrynus goesii 5.26 27 0.627 11.91 

Phrynus longipes 3.86 32 0.244 6.33 

Phrynus marginemaculatus 4.26 3 0.468 10.97 

Phrynus parvulus 4.87 29 0.645 13.23 

Phrynus whitey 5.16 26 0.611 11.83 

Plesiopelma sp. Bolivia 8.79 25 1.098 12.49 
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Poecilotheria fasciata 5.85 28 0.648 11.07 

Poecilotheria fasciata 6.01 28 0.444 7.40 

Poecilotheria formosa 6.02 27 0.142 2.36 

Poecilotheria metallica 6.50 31 0.385 5.92 

Poecilotheria metallica 7.23 32 0.302 4.18 

Poecilotheria miranda 5.56 31 0.269 4.83 

Poecilotheria ornata 5.53 31 0.446 8.06 

Poecilotheria ornata 6.30 56 0.176 2.79 

Poecilotheria ornata 5.70 50 0.288 5.05 

Poecilotheria regalis 5.86 29 0.547 9.32 

Poecilotheria regalis 6.81 45 0.254 3.73 

Poecilotheria rufilata 4.17 32 0.202 4.84 

Poecilotheria rufilata 5.52 31 0.296 5.37 

Poecilotheria smithi 5.58 29 0.674 12.08 

Poecilotheria sp. bara 4.24 31 0.896 21.13 

Poecilotheria striata 3.70 28 0.220 5.96 
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Poecilotheria subfusca 5.28 34 0.682 12.92 

Poecilotheria vittata 4.99 101 0.961 19.24 

Psalmopoeus cambridgei 5.81 73 0.480 8.26 

Psalmopoeus cambridgei 8.94 28 0.513 5.74 

Psalmopoeus cambridgei 9.77 30 0.557 5.70 

Psalmopoeus irminia 9.08 29 0.404 4.44 

Psalmopoeus pulcher 10.68 27 0.809 7.58 

Psalmopoeus pulcher 10.72 25 0.465 4.34 

Psalmopoeus reduncus 11.04 34 0.309 2.80 

Pseudhapalopus sp. blue 5.15 32 0.513 9.96 

Pseudhapalopus spinulopalpus  4.96 31 0.341 6.86 

Pseudhapalopus trinitatus 5.58 27 0.313 5.61 

Pterinochilus lugardi 4.94 49 0.293 5.92 

Pterinochilus murinus 4.68 31 0.296 6.32 

Pterinochilus murinus 5.32 27 0.418 7.87 

Pterinochilus murinus 5.34 49 0.501 9.39 
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Pterinopelma sazimai 6.50 32 0.732 11.27 

Pterinopelma sazimai 7.66 28 0.231 3.02 

Scolopendra marsitans 1.82 27 0.085 4.66 

Scolopendra mutilans cf. yellow 
legs 

1.62 27 0.079 4.87 

Scolopendra polymorpha 3.39 20 0.206 6.07 

Scolopendra subspinipes 
dehaani 

1.32 26 0.120 9.08 

Scolopendra subspinipes 
mahogany 

1.78 34 0.059 3.33 

Selenocosmia aruana 6.67 32 0.522 7.83 

Sericopelma rubronitens 6.70 31 0.578 8.63 

Smeringurus vachoni 3.24 29 0.353 10.88 

Stromatopelma calceatum 10.59 37 0.470 4.44 

Stromatopelma calceatum 11.20 32 0.953 8.51 

Stygophrynus sp. Sulawesi 6.09 24 0.606 9.95 

Tapinauchenius cupreus 9.78 31 0.965 9.87 

Tapinauchenius gigas 7.56 29 0.672 8.88 
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Tapinauchenius gigas 8.93 32 0.373 4.18 

Tapinauchenius latipes 11.02 30 0.274 2.48 

Theraphosa apophysis 6.37 30 0.618 9.70 

Theraphosa apophysis 6.54 41 1.016 15.54 

Theraphosa stirmi 5.39 46 0.343 6.38 

Theraphosa stirmi 6.83 35 0.605 8.75 

Theraphosidae sp. Panama 7.26 47 0.909 12.51 

Thrixopelma ockerti 6.75 32 0.381 5.65 

Xenesthis immanis 4.95 34 0.417 8.42 

Xenesthis immanis 6.64 41 0.542 8.16 

Xenesthis sp. blue 6.79 28 1.082 15.93 
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Table 2: Pearson correlations between 
mass and time to full sedation (TSED) and 
time to full recovery (TREC) of specimens 
sampled in this study, where r is the 
correlation coefficient, n is the number of 
specimens, and p is the probability value. 
Correlations listed in bold text indicate 
statistical significance. 

Tarantulas 

 

Mass & TSED  Mass & TREC 

r 0.28 0.310 

n 137 137 

p 8.00E-04 2.00E-04 

 

Scorpions 

 

Mass & TSED  Mass & TREC 

r 0.52 0.38 

n 26 26 

p 0.0065 0.053 

 

Amblypygids 
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Mass & TSED  Mass & TREC 

r 0.4 -0.01 

n 16 15 

p 0.1287 0.972 

 

Centipedes 

 

Mass & TSED  Mass & TREC 

r 0.83 -0.1 

n 5 5 

p 0.0812 0.8702 
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Table 3: Genome size (GS), nuclei per specimen (N1), standard deviation (SD), and 
coefficient of variation (CV) for arachnid species with multiple specimens measured. 
Pooled genome size indicates mean of all nuclei per species, while mean genome 
size indicates mean of genome size across individual specimens. Tarantula species 
listed first, followed by scorpions, and then amblypygids. 

Species GS N
1 

SD CV Poole
d GS 

Mea
n 
GS 

N2 SD 
(Mea
n) 

SD 
(Poole
d vs 
Mean) 

CV 
(Mea
n) 

Acanthoscurria 
geniculata 

5.52 3
0 

0.63
0 

11.4
1 

5.54 5.64 33 0.167 0.068 10.52
8 

Acanthoscurria 
geniculata 

5.76 3 0.09
6 

1.66 

      

Aphonopelma 
chalcodes 

6.24 2
8 

0.70
6 

11.3
0 

6.51 6.49 92 0.254 0.014 6.820 

Aphonopelma 
chalcodes 

6.47 2
9 

0.27
5 

4.24 

      

Aphonopelma 
chalcodes 

6.75 3
5 

0.36
3 

5.37 

      

Brachypelma 
albiceps 

3.44 2
1 

0.73
3 

21.2
8 

4.63 4.43 53 1.388 0.144 11.75
5 

Brachypelma 
albiceps 

5.41 3
2 

0.29
8 

5.50 

      

Brachypelma 
boehmei 

3.10 2
3 

0.45
3 

14.6
2 

4.85 4.63 54 2.163 0.160 8.669 
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Brachypelma 
boehmei 

6.16 3
1 

0.26
2 

4.25 

      

Brachypelma 
hamorii 

4.65 1
6 

0.67
2 

14.4
6 

5.42 5.23 48 0.822 0.137 15.74
8 

Brachypelma 
hamorii 

5.81 3
2 

0.95
2 

16.3
9 

      

Ceratogyrus 
marshalli 

4.97 2
9 

0.31
9 

6.42 5.50 5.39 79 0.587 0.078 6.940 

Ceratogyrus 
marshalli 

5.80 5
0 

0.42
0 

7.24 

      

Chilobrachys 
fimbriatus 

8.11 4 0.81
3 

10.0
3 

9.04 8.64 33 0.751 0.285 8.112 

Chilobrachys 
fimbriatus 

9.17 2
9 

0.71
9 

7.85 

      

Chromatopelm
a 
cyaneopubesc
ens 

4.69 3
8 

1.03
7 

22.0
9 

5.25 5.35 66 0.932 0.071 17.04
3 

Chromatopelm
a 
cyaneopubesc
ens 

6.01 2
8 

0.61
3 

10.2
0 

      

Heteroscodra 
maculata 

11.3
6 

2
9 

0.77
2 

6.79 12.70 11.3
6 

83 1.459 0.949 5.491 
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Heteroscodra 
maculata 

13.4
2 

5
4 

0.64
3 

4.79 

      

Lampropelma 
violaceopes 

9.49 2
9 

0.32
0 

3.37 9.39 9.41 80 0.112 0.015 3.686 

Lampropelma 
violaceopes 

9.33 5
1 

0.36
1 

3.86 

      

Lasiodora 
parahybana 

7.51 2
6 

0.81
4 

10.8
4 

7.52 7.53 10
8 

0.082 0.003 9.308 

Lasiodora 
parahybana 

7.62 3
6 

0.73
7 

9.68 

      

Lasiodora 
parahybana 

7.46 4
6 

0.60
7 

8.15 

      

Megaphobema 
mesomelas 

4.54 3
1 

0.37
4 

8.25 5.27 5.36 56 1.162 0.062 8.893 

Megaphobema 
mesomelas 

6.18 2
5 

0.59
9 

9.69 

      

Megaphobema 
robustum 

5.72 2
9 

0.66
8 

11.6
9 

6.06 6.05 61 0.466 0.011 10.41
3 

Megaphobema 
robustum 

6.38 3
2 

0.59
0 

9.26 

      

Monocentropu
s balfouri 

7.06 2
8 

0.48
2 

6.83 7.26 7.25 60 0.260 0.009 12.43
5 
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Monocentropu
s balfouri 

7.43 3
2 

1.28
9 

17.3
4 

      

Nhandu 
chromatus 

3.85 3
3 

0.32
0 

8.31 5.14 5.23 62 1.960 0.063 7.599 

Nhandu 
chromatus 

6.62 2
9 

0.44
9 

6.79 

      

Nhandu 
coloratovillosu
s 

3.43 1
4 

0.75
0 

21.8
2 

5.97 5.28 45 2.605 0.492 15.16
3 

Nhandu 
coloratovillosu
s 

7.12 3
1 

0.86
5 

12.1
5 

      

Nhandu tripepii 8.05 2
7 

0.87
9 

10.9
2 

5.92 6.20 11
4 

1.608 0.192 12.89
3 

Nhandu tripepii 5.16 4
5 

0.58
9 

11.4
2 

      

Nhandu tripepii 5.38 4
2 

0.84
7 

15.7
4 

      

Phormictopus 
cancerides 

4.90 3
3 

0.55
9 

11.4
0 

5.20 5.21 63 0.435 0.010 10.09
7 

Phormictopus 
cancerides 

5.52 3
0 

0.47
8 

8.67 

      

Poecilotheria 
fasciata 

5.85 2
8 

0.64
8 

11.0
7 

5.93 5.93 56 0.110 0.000 9.233 
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Poecilotheria 
fasciata 

6.01 2
8 

0.44
4 

7.40 

      

Poecilotheria 
metallica 

6.50 3
1 

0.38
5 

5.92 6.87 6.86 63 0.515 0.004 5.040 

Poecilotheria 
metallica 

7.23 3
2 

0.30
2 

4.18 

      

Poecilotheria 
ornata 

5.53 3
1 

0.44
6 

8.06 5.91 5.84 13
7 

0.408 0.045 4.805 

Poecilotheria 
ornata 

6.30 5
6 

0.17
6 

2.79 

      

Poecilotheria 
ornata 

5.70 5
0 

0.28
8 

5.05 

      

Poecilotheria 
regalis 

5.86 2
9 

0.54
7 

9.32 6.44 6.34 74 0.672 0.073 5.925 

Poecilotheria 
regalis 

6.81 4
5 

0.25
4 

3.73 

      

Poecilotheria 
rufilata 

4.17 3
2 

0.20
2 

4.84 4.84 4.85 63 0.954 0.008 5.098 

Poecilotheria 
rufilata 

5.52 3
1 

0.29
6 

5.37 

      

Psalmopoeus 
cambridgei 

5.81 7
3 

0.48
0 

8.26 7.38 8.17 13
1 

2.089 0.557 7.135 
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Psalmopoeus 
cambridgei 

8.94 2
8 

0.51
3 

5.74 

      

Psalmopoeus 
cambridgei 

9.77 3
0 

0.55
7 

5.70 

      

Psalmopoeus 
pulcher 

10.6
8 

2
7 

0.80
9 

7.58 10.70 10.7
0 

52 0.029 0.001 6.020 

Psalmopoeus 
pulcher 

10.7
2 

2
5 

0.46
5 

4.34 

      

Pterinochilus 
murinus 

4.68 3
1 

0.29
6 

6.32 5.14 5.11 10
7 

0.371 0.021 8.115 

Pterinochilus 
murinus 

5.32 2
7 

0.41
8 

7.87 

      

Pterinochilus 
murinus 

5.34 4
9 

0.50
1 

9.39 

      

Pterinopelma 
sazimai 

6.50 3
2 

0.73
2 

11.2
7 

7.04 7.08 60 0.818 0.027 7.420 

Pterinopelma 
sazimai 

7.66 2
8 

0.23
1 

3.02 

      

Stromatopelma 
calceatum 

10.5
9 

3
7 

0.47
0 

4.44 10.87 10.8
9 

69 0.435 0.016 6.329 

Stromatopelma 
calceatum 

11.2
0 

3
2 

0.95
3 

8.51 
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Tapinaucheniu
s gigas 

7.56 2
9 

0.67
2 

8.88 8.28 8.25 61 0.968 0.024 6.413 

Tapinaucheniu
s gigas 

8.93 3
2 

0.37
3 

4.18 

      

Theraphosa 
apophysis 

6.37 3
0 

0.61
8 

9.70 6.47 6.45 71 0.123 0.010 13.06
9 

Theraphosa 
apophysis 

6.54 4
1 

1.01
6 

15.5
4 

      

Theraphosa 
stirmi 

5.39 4
6 

0.34
3 

6.38 6.01 6.11 81 1.021 0.069 7.401 

Theraphosa 
stirmi 

6.83 3
5 

0.60
5 

8.75 

      

Xenesthis 
immanis 

4.95 3
4 

0.41
7 

8.42 5.87 5.79 75 1.195 0.056 8.278 

Xenesthis 
immanis 

6.64 4
1 

0.54
2 

8.16 

      

           

Hadrurus 
arizonensis 

2.24 4
6 

0.21
5 

9.59 2.43 2.48 75 0.339 0.038 8.123 

Hadrurus 
arizonersis 

2.72 2
9 

0.15
8 

5.79 

      

Heterometrus 
cf. spinifer 

5.26 3
6 

0.48
7 

9.26 5.40 5.49 10
9 

0.522 0.065 7.704 
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Heterometrus 
cf. spinifer 

6.09 2
6 

0.59
7 

9.82 

      

Heterometrus 
cf. spinifer 

5.12 4
7 

0.27
4 

5.34 

      

           

Damon 
diadema 

7.68 1
1 

0.87
2 

11.3
5 

6.50 6.95 58 1.034 0.321 9.864 

Damon 
diadema 

6.22 4
7 

0.59
2 

9.51 

      

 

 

Table 4: Pearson correlations between genome size (GS) and leg span in cm, time to 
maturity in years (TimeMat), and lifespan in years, with r being the correlation 
coefficient, n being the number of species analyzed, and p being the probability 
value. Bonferroni corrected p values are indicated by BC, though no differences in 
significance are present between corrected and uncorrected results. Correlations in 
bold text indicate statistical significance.  

All Arachnids 

 

GS & Body Length 
(cm)  

GS & Leg Span 
(cm) 

GS & TimeMat  GS & Lifespan 

r 0.1 0.27 0.17 0.31 

n 55 96 97 75 

P 0.4458 0.0071 0.0913 0.0066 
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BC 1.3373 0.0214 0.2740 0.0198 

 

Tarantulas 

 

GS & Leg Span (cm) GS & TimeMat  GS & Lifespan 

 

r -0.01 -0.15 -0.31 

 

n 75 73 53 

 

P 0.9589 1.48E-05 4.22E-08 

 

BC 2.8767 4.44E-05 1.27E-07 

 

 

Scorpions 

 

GS & Body Length 
(cm) 

GS & TimeMat  GS & Lifespan 

 

r -0.11 0.26 0.37 

 

n 20 20 20 

 

P 0.6512 0.262 0.1042 

 

BC 1.9536 0.786 0.3126  

 

 



 

 

79 

 

Table 5: Latitudinal means for tarantula species ranges and the number (n) of 
species for which latitudinal data was available.  

Species GS (pooled) Only N (+) 
LAT 

Only S (-) 
LAT 

Acanthoscurria cf. simoensi 5.52 

 

-2.337272 

Acanthoscurria geniculata 5.54 

 

-6.984969545 

Acanthoscurria musculosa 2.86 

 

-14.321521 

Acanthoscurria theraphosoides 2.87 

 

-1.34132306 

Aphonopelma bicoloratum 6.79 

  

Aphonopelma chalcodes 6.51 31.4170543 

 

Aphonopelma eutylenum 6.42 33.45949555 

 

Aphonopelma iodius 5.98 37.01055772 

 

Avicularia avicularia (Guyana 
locale) 

15.89 1.83042325 

 

Brachypelma albiceps 4.63 18.56575862 

 

Brachypelma albopilosum 4.94 11.8613036 

 

Brachypelma angustum 5.44 

  

Brachypelma auratum 4.87 18.9905896 
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Brachypelma baumgarteni 2.05 18.5056885 

 

Brachypelma boehmei 4.85 

  

Brachypelma cf. vagans 5.79 17.71124618 

 

Brachypelma emelia 5.43 23.17244792 

 

Brachypelma hamorii 5.42 19.12610846 

 

Brachypelma klaasi 5.56 19.59084446 

 

Brachypelma verdezi 5.84 16.845619 

 

Bumba cabocla 6.39 

  

Caribena laeta 6.19 18.169734 

 

Caribena versicolor 9.53 14.73327756 

 

Catumiri cf. argentinensis 7.45 

 

-26.99503433 

Ceratogyrus marshalli 5.50 

 

-18.4440055 

Chaetopelma olivaceum 5.92 33.31012122 

 

Chilobrachys fimbriatus 9.04 17.189113 

 

Chromatopelma 
cyaneopubescens 

5.25 11.891663 
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Cyriocosmus elegans 5.20 10.5408392 

 

Cyriopagopus minax 7.86 18.982405 

 

Davus pentaloris 4.41 16.53909208 

 

Ephebopus cyanognathus 8.50 4.8700465 

 

Ephebopus murinus 9.35 

 

-0.854425769 

Eucratoscelus pachypus 6.43 0.125 

 

Eupalaestrus campestratus 7.24 

 

-26.03944867 

Grammostola iheringi 7.65 

  

Grammostola porteri 10.27 

  

Grammostola pulchra 10.17 

 

-37.31566 

Grammostola pulchripes 10.77 

 

-26.241077 

Grammostola rosea 7.34 

 

-33.0985686 

Hapalopus sp. Colombia 1 5.48 

  

Hapalopus sp. Colombia lg. 4.77 

  

Hapalopus sp. Colombia small 5.70 

  

Hapalopus triseriatus 8.32 10.555433 
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Harpactira pulchripes 5.58 

 

-32.56023717 

Heteroscodra maculata 12.70 

  

Heterothele gabonenis 8.03 

  

Heterothele villosella 5.75 

  

Homoeomma chilensis 8.35 

  

Homoeomma sp. Blue/Peru 2 5.47 

  

Hysterocrates gigas 10.11 4.747227 

 

Hysterocrates laticeps 11.06 

  

Idiothele mira 5.28 

  

Kochiana brunnipes 7.37 

  

Lampropelma violaceopes 9.39 

  

Lasiodora dificilis 6.61 

  

Lasiodora klugi 4.89 

  

Lasiodora parahybana 7.52 

 

-7.11803 

Megaphobema mesomelas 5.27 10.21883085 

 

Megaphobema robustum 6.06 4.099508833 
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Monocentropus balfouri 7.26 10.838597 

 

Neoholothele incei 5.89 

  

Neostenotarsus sp. French 
Guyana 

11.05 

  

Neostenotarsus sp. Suriname 8.51 

  

Nhandu chromatus 5.14 

  

Nhandu coloratovillosus 5.97 

 

-10.206437 

Nhandu tripepii 5.92 

 

-1.19643 

Pamphobeteus fortis 6.16 

  

Pamphobeteus sp. Costa 6.09 

  

Pamphobeteus sp. esmereldas 6.48 

  

Phormictopus cancerides 5.20 18.4444048 

 

Phormictopus platus 4.04 24.63 

 

Plesiopelma sp. Bolivia 8.79 

  

Poecilotheria fasciata 5.93 

  

Poecilotheria formosa 6.02 
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Poecilotheria metallica 6.87 

  

Poecilotheria miranda 5.56 

  

Poecilotheria ornata 5.91 6.5672985 

 

Poecilotheria regalis 6.44 18.988659 

 

Poecilotheria rufilata 4.84 

  

Poecilotheria smithi 5.58 

  

Poecilotheria sp. bara 4.24 

  

Poecilotheria striata 3.70 

  

Poecilotheria subfusca 5.28 6.971582 

 

Poecilotheria vittata 4.99 

  

Psalmopoeus cambridgei 7.38 10.68386972 

 

Psalmopoeus irminia 9.08 3.8006395 

 

Psalmopoeus pulcher 10.70 9.018099231 

 

Psalmopoeus reduncus 11.04 10.07834283 

 

Pseudhapalopus sp. blue 5.15 

  

Pseudhapalopus spinulopalpus  4.96 
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Pseudhapalopus trinitatus 5.58 10.717792 

 

Pterinochilus lugardi 4.94 

  

Pterinochilus murinus 5.14 

 

-11.273392 

Pterinopelma sazimai 7.04 

 

-16.02176325 

Selenocosmia aruana 6.67 

  

Sericopelma rubronitens 6.70 

  

Stromatopelma calceatum 10.87 6.901922 

 

Tapinauchenius cupreus 9.78 

  

Tapinauchenius gigas 8.28 

  

Tapinauchenius latipes 11.02 7 

 

Theraphosa apophysis 6.47 5.548611 

 

Theraphosa stirmi 6.01 2.042666333 

 

Theraphosidae sp. Panama 7.26 

  

Thrigmopoeus psychedellicus 10.21 

  

Thrixopelma ockerti 6.75 

  

Xenesthis immanis 5.87 3.635043 
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Xenesthis   6.79 

  

n =  108 43 17 

 

Table 6: (Top) Nested ANOVA of genome size across all 296 arachnid species to 
determine percent variance accounted for at the order, family, genus, and species 
levels. (Below) Nested ANOVA of genome size across all 213 spider (Araneae) species 
to determine percent variance accounted for at the order, family, genus, and species 
levels. 

 

 

 

 

 

 

 

 

Source Sum of Squares Df Mean Square Var. Comp. Percent

TOTAL (CORRECTED) 2395.02 295

Order 583.96 7 83.4228 2.09169 20.96

Family 1160.7 44 26.3796 4.91337 49.24

Genus 540.921 112 4.82965 2.14466 21.49

Species 109.437 132 0.829065 0.82905 8.31

Source Sum of Squares Df Mean Square Var. Comp. Percent

TOTAL (CORRECTED) 1647.44 212

Family 1069.1 20 53.455 6.27785 65.85

Genus 484.613 93 5.21089 2.30857 24.22

Species 93.7303 99 0.946771 0.946771 9.93

Spiders (Araneae)

All Arachnids
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Table 7: Genome size (GS) ranges of arachnid taxa (and Scolopendromorpha) in 
picograms (pg), including means of each group and proportional range (-fold). N 
indicates number of species in each taxon group. 

 

 

 

 

 

Table 8: Pearson correlations between genome size (GS) of tarantulas and scorpions 
with leg span (cm) or body length (cm), time to maturity (Time Mat) (years), and lifespan 
(years). r = the correlation coefficient, n = number of species, and P = probability of 
significance. P values that are less than 0.05 have been bolded to indicate significance. 

 

 

Taxon N Smallest GS (pg) Largest GS (pg) Mean GS (pg) GS Range (pg) -fold

Acariformes 29 0.05 0.55 0.14 0.50 11.00

Amblypygi 17 3.86 9.51 5.53 5.65 2.46

Araneomorphae 120 0.74 5.73 2.40 4.99 7.74

Mesothelae 1 2.80 2.80 2.80 -- --

Mygalomorphae (non-tarantula) 1 1.23 1.23 1.23 -- --

Parasitiformes 24 0.13 7.5 2.34 7.38 60.00

Scolopendromorpha 5 1.32 3.39 1.73 2.07 2.57

Scorpiones 22 0.78 5.85 2.64 5.07 7.50

Thelyphonida 1 3.85 3.85 3.85 -- --

Theraphosidae 108 2.05 15.89 6.87 13.84 7.75
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FIGURES 

 

Figure 2: Joy plot of major arachnid taxa plus Scolopendromorpha depicting genome size in 
picograms (pg) with associated phylogeny and descriptive images to the right of the joy plot. Taxa 
listed in bold text were those directly measured within this study, and (n) denotes the number of 
species represented. 
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Figure 3: Joy plot of tarantula (Theraphosidae) subfamilies depicting genome size in picograms 
(pg) with associated phylogeny to the right of the joy plot. All taxa listed were those directly 
measured within this study, and (n) denotes the number of species represented.  
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Figure 4: Joy plot of scorpion (Scorpiones) families depicting genome size in picograms (pg) with 
associated phylogeny to the right of the joy plot. All taxa listed were those directly measured 
within this study, and (n) denotes the number of species represented. 
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Figure 5: Geographical distribution of araneomorph spiders (Araneomorphae, Araneae), tarantula 
mygalomorph spiders (Theraphosidae, Mygalomorphae, Araneae), and scorpions (Scorpiones). 
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APPENDICES 

Appendix 1: GBIF Occurrence Downloads. 

 https://doi.org/10.15468/dl.0dwzt3  https://doi.org/10.15468/dl.huhffi 

 https://doi.org/10.15468/dl.gg5kzm  https://doi.org/10.15468/dl.xz8rrt 

 https://doi.org/10.15468/dl.nind7b  https://doi.org/10.15468/dl.wedsew 

 https://doi.org/10.15468/dl.oquzm8  https://doi.org/10.15468/dl.yluwxx 

 https://doi.org/10.15468/dl.mly1gc  https://doi.org/10.15468/dl.u9in8g 

 https://doi.org/10.15468/dl.igejaf  https://doi.org/10.15468/dl.zs3ief 

 https://doi.org/10.15468/dl.5vgsfm  https://doi.org/10.15468/dl.txls7c 

 https://doi.org/10.15468/dl.u67ben  https://doi.org/10.15468/dl.irmxwb 

 https://doi.org/10.15468/dl.kdveya  https://doi.org/10.15468/dl.blutac 

 https://doi.org/10.15468/dl.3z5tjo  https://doi.org/10.15468/dl.huojya 

https://doi.org/10.15468/dl.0dwzt3
https://doi.org/10.15468/dl.huhffi
https://doi.org/10.15468/dl.gg5kzm
https://doi.org/10.15468/dl.xz8rrt
https://doi.org/10.15468/dl.nind7b
https://doi.org/10.15468/dl.wedsew
https://doi.org/10.15468/dl.oquzm8
https://doi.org/10.15468/dl.yluwxx
https://doi.org/10.15468/dl.mly1gc
https://doi.org/10.15468/dl.u9in8g
https://doi.org/10.15468/dl.igejaf
https://doi.org/10.15468/dl.zs3ief
https://doi.org/10.15468/dl.5vgsfm
https://doi.org/10.15468/dl.txls7c
https://doi.org/10.15468/dl.u67ben
https://doi.org/10.15468/dl.irmxwb
https://doi.org/10.15468/dl.kdveya
https://doi.org/10.15468/dl.blutac
https://doi.org/10.15468/dl.3z5tjo
https://doi.org/10.15468/dl.huojya
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 https://doi.org/10.15468/dl.dytnal  https://doi.org/10.15468/dl.lh5zug 

 https://doi.org/10.15468/dl.deukgm  https://doi.org/10.15468/dl.qw9vkp 

 https://doi.org/10.15468/dl.j0mvkb  https://doi.org/10.15468/dl.l3jajc 

 https://doi.org/10.15468/dl.9dcu2m  https://doi.org/10.15468/dl.dsu0x1 

 https://doi.org/10.15468/dl.lyul0l  https://doi.org/10.15468/dl.yqjlbq 

 https://doi.org/10.15468/dl.137u7v  https://doi.org/10.15468/dl.qegspm 

 https://doi.org/10.15468/dl.tfcvi6   

 

 

 

 

 

 

 

https://doi.org/10.15468/dl.dytnal
https://doi.org/10.15468/dl.lh5zug
https://doi.org/10.15468/dl.deukgm
https://doi.org/10.15468/dl.qw9vkp
https://doi.org/10.15468/dl.j0mvkb
https://doi.org/10.15468/dl.l3jajc
https://doi.org/10.15468/dl.9dcu2m
https://doi.org/10.15468/dl.dsu0x1
https://doi.org/10.15468/dl.lyul0l
https://doi.org/10.15468/dl.yqjlbq
https://doi.org/10.15468/dl.137u7v
https://doi.org/10.15468/dl.qegspm
https://doi.org/10.15468/dl.tfcvi6
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Appendix 2: All images not my own are used under creative commons licenses (CC 

BY-NC 4.0; CC BY 2.0; CC BY-SA 2.5; CC BY-SA 3.0) from the following sources. 

http://pngimg.com/download/4575 

https://www.zoology.ubc.ca/entomology/main/Araneae/Antrodiaetidae/Antrodiaetus%

20hageni%20male%20(3lateral)%20SPI-0006.jpg 

 https://www.flickr.com/photos/52450054@N04/15654479181 

https://commons.wikimedia.org/wiki/File:Scolopendra_subspinipes_mutilans_DSC_14

38.jpg 

 http://pngimg.com/uploads/tick/tick_PNG13.png 

Peter J. Schwendinger (2017): A revision of the trapdoor spider genus Liphistius 

(Mesothelae: Liphistiidae) in peninsular Malaysia part 1. Revue suisse de Zoologie 

124 (2): 391-445, DOI: 10.5281/zenodo.893555 
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https://www.zoology.ubc.ca/entomology/main/Araneae/Antrodiaetidae/Antrodiaetus%20hageni%20male%20(3lateral)%20SPI-0006.jpg
https://www.zoology.ubc.ca/entomology/main/Araneae/Antrodiaetidae/Antrodiaetus%20hageni%20male%20(3lateral)%20SPI-0006.jpg
https://www.flickr.com/photos/52450054@N04/15654479181
https://commons.wikimedia.org/wiki/File:Scolopendra_subspinipes_mutilans_DSC_1438.jpg
https://commons.wikimedia.org/wiki/File:Scolopendra_subspinipes_mutilans_DSC_1438.jpg
http://pngimg.com/uploads/tick/tick_PNG13.png
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