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ABSTRACT 

 

The physiological bases for major ontogenetic differences in developmental patterns of closely 

related social and solitary huntsman spiders (Sparassidae: Deleninae) were explored in two social 

and four solitary species.  The three group-living huntsman spiders, D. cancerides, D. lapidicola 

and D. melanochelis, develop differently from all other known solitary Delenine spiders. The 

social species have a non-feeding 2nd instar, while solitary huntsman feed as 2nd instars.  To 

determine the physiological basis of these differences, we compared egg size and clutch size; 

lipid, carbohydrate, and protein content of yolk; standard metabolic rate; and development time.  

Our results show that social species do spend a longer period of time as non-feeders and that they 

have larger eggs and maintain low metabolic rates during their non-feeding instars, which may 

enable the social spiderlings to remain non-feeding. We discuss the implications of 

developmental heterochrony on the evolution of sociality in spiders. 
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Chapter 1: Physiological Bases of Developmental Differences 

 

1.1 INTRODUCTION  

 

Is there a physiological basis for differences between closely related species that have 

different relative levels of sociality?  Recent work suggests that changes in gene expression and 

hormonal titres can affect monogamy and sociability in rodents (Carter et al. 1995, Young et al. 

1998, Panksepp & Lahvis 2007, Panksepp et al. 2007, Carter et al. 2008).  Heterochrony, or 

changes in the timing or rate of developmental events, has been examined in many social 

contexts: it has been implicated as a major factor in the evolution of sociability in insects, such as 

termites (West-Eberhard 2003, Nalepa & Bandi 2000) and bees (Linksvayer & Wade 2005), and 

in the domestication of dogs (Frank & Frank 1982).  Here, we examine the physiological basis of 

developmental traits characteristic of the social species but not the solitary species in an 

Australian clade of huntsman spiders. 

Social spiders face a unique problem because individuals live in groups with other 

generalist predators. Social spiders living at high densities in fixed retreats likely face energy 

constraints (Lindeman 1942, Colvinaux 1978, Brown et al. 2004), and may have physiological 

adaptations to help alleviate costs of living in groups (Rayor et al. in prep). Yet, the effects of 

group-living on developmental patterns in social spiders have not been extensively studied. 

Viera, Ghione, and Costa (2007) analyzed the developmental pattern of a subsocial spider 

species, Anelosimus studiosus [Theridiidae] and found no differences in the number or types of 

early instars compared to other solitary theridiid spiders. However, it is not clear whether 

developmental rates are increased or decreased in more social compared to solitary species, and 

what kind of advantage this could potentially provide social spider species.  
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Spiders, universally, develop as eggs and then shed their eggshell into a fetal (Canard 

1987), or non-feeding, immobile stage while in the egg sac (Canard 1984, 1987; André & Jocqué 

1986). The next instar they molt into is a non-feeding, usually mobile instar, or prejuvenile instar 

(Canard 1987); the number of instars in this pre-juvenile stage can vary from zero to two. 

Finally, spiders then molt into a feeding, mobile instar, or juvenile instar (Buchli 1970, Canard 

1984, 1987; André & Jocqué 1980).  

Spiders of all known solitary huntsman (Sparassidae: Deleninae) spider species follow 

the same pattern of development: after the fetal stage, spiders shed their egg membranes, and 

these ‘prejuvenile’ 1st instar spiderlings, which are non-feeding and immobile, remain in the egg 

sac. This instar has few sensory hairs, a large abdomen, and short, but fully segmented, legs 

(Figure 1.1a). The adult female huntsman chews opens the egg sac at the end of the 1st instar, and 

within 2-hrs the spiderlings molt to the ‘juvenile’ 2nd instar (Rayor, per obs.). These solitary 

huntsman spiders are mobile and resemble miniature huntsman spiders, with long legs, small 

abdomens, and more sensory hairs (Figure 1.1b). Several days after molting into the 2nd instar, 

the spiders begin to actively hunt for prey (personal observation).   
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Figure 1.1: (a-b) Solitary Delena gloriosa (a) first instar (b) second instar. (c) Phylogenetic 

relationships among delenine species examined in this study. Solitary species are in red and 

social species are in blue. (d-f) social Delena cancerides (d) first instar (c) second instar (f) 

third instar.  

 

In contrast, spiders of the three prolonged subsocial huntsman species, D. cancerides, D. 

lapidicola, and D. melanochelis, develop differently. While all other solitary huntsman feed as 

2nd instars, the subsocial species have an additional, ‘prejuvenile’, non-feeding instar. Like their 

solitary kin (and all other spider species), the subsocial huntsman spiders have a non-feeding, 

‘prejuvenile’ 1st instar stage that is immobile, has short, segmented legs, few sensory hairs, and 

large abdominal yolk (Figure 1.1.d). Yet, when this instar molts, it retains 1st instar 

characteristics: it does not feed and has short legs, few sensory hairs, and a large, round abdomen 

that retains yolk (Figure 1.1e).  Only after molting into the 3rd instar do the social species start to 

resemble huntsman spiders with long legs, normal abdomens, and a full complement of sensory 

structures (Figure 1.1f).  During the 3rd instar, the social species begin to hunt and feed on their 

own (personal observation).  
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Among the approximately 45,600 species of known spiders, sociality has only been found 

in about 90 species (Whitehouse & Lubin 2005, Lubin & Bilde 2007, Yip & Rayor 2014, World 

Spider Catalog 2015).  Of the endemic Australian huntsman spiders, sociality has been found in 

three species, Delena cancerides, D. lapidicola, and D. melanochelis, within the monophyletic 

clade Deleninae (Figure 1.1c: Agnarsson & Rayor 2013).  Spiders in these three spider species 

are non-web building, live in single adult female matrilineal groups with multiple cohorts of 

siblings that remain in the natal colony for months to a year prior to dispersal, and are termed 

prolonged subsocial (Rayor & Taylor 2006, Yip et al. 2012).  Colonies of D. cancerides are 

found under the bark of dead trees across Australia and typically comprise 20 to 150 individuals 

(Yip & Rayor 2013).  Offspring disperse from the retreat once they reach sexual maturity, when 

they are about one year old (Yip et al. 2011). Delena lapidicola are found under rocks on the 

coastal headlands of Western Australia, in groups of up to 80 individuals, and D. melanochelis in 

rolls of mountain ash bark (Eucalyptus regnans) in Victoria, in groups of up to 35 individuals 

(Rayor per. obs). Offspring do not disperse from the nest until they are ~7th instars and then find 

their own retreats (Rayor, van den Burg, & Hurst in prep).   

In contrast, the solitary huntsman spiders have only transient interactions while the 

mother guards her egg sac and newly emerged young.  Spiderlings typically disperse solitarily 

within three weeks during the end of the 2nd or early 3rd instar (Rayor, per comm.). 

To investigate the adaptive significance of the ontogenetic difference between these 

social and solitary huntsman spiders, namely the extra non-feeding instar in the social species, 

we examined differences in physiological and life history traits that may help explain why social 

species are able to remain non-feeding as 2nd instars. Specifically, differences in egg size, clutch 

size, energy content of yolk, standard metabolic rates, and duration of the egg and 1st, 2nd, and 3rd 
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instars were measured. We hypothesized that the extra, non-feeding instar in social spiders is 

enabled by more yolk and that the social species metabolize their yolk at slower rates. By 

comparing these physiological variables, we were able to identify the physiological mechanisms 

enabling social spiders to remain non-feeding for an extra instar.  

 

1.2 METHODS 

1.2.1 Subjects 

Many physiological and developmental traits were compared among endemic Australian 

huntsman spider species (Sparassidae: Deleninae). Measurements related to egg mass, clutch 

size, egg composition, adult female mass, standard metabolic rates, and developmental timing 

were taken for seven species: five solitary species (Delena gloriosa, Beregama aurea, Holconia 

hirsuta, Isopeda villosa, and I. leishmanni) and two social species (D. cancerides and D. 

lapidicola). These species represent three distinct clades within the monophyletic Deleninae (Fig 

1.1c, Agnarsson & Rayor 2013).  

Most spiders were wild caught in Australia in spring 2014, then raised in the laboratory at 

Cornell University. A few individuals of H. hirsuta, B. aurea, and D. cancerides were lab reared 

descendants of individuals caught in the wild in spring 2011. Wild caught individuals of D. 

cancerides and I. villosa were collected in ACT, D. lapidicola and I. leishmanni in Western 

Australia, B. aurea and H. hirsuta in northern Queensland, and D. gloriosa from the outback in 

NSW. All were exported to the USA under appropriate state and federal permits from Australia 

and the USA. 
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The social D. cancerides colonies were housed in 9.5L (20 x 15 x 30.5cm) or 18.9L (27 x 

20.5 x 40.5cm) glass aquariums with sheets of plexiglass attached 1cm from the interior of the 

larger sides of the aquarium to provide a crevice that mimics the spiders’ retreats under the loose 

bark of trees. Social D. lapidicola colonies were kept in 31 x 21 x 10 cm plastic containers or in 

9.5L (20 x 15 x 30.5cm) glass aquariums. The solitary species, D. gloriosa, B. aurea, H. hirsuta, 

I. leishmanni, and I. villosa, were kept in circular plastic containers (22cm tall x 21cm diameter) 

with slabs of cork bark with their mother until they reached the 3rd instar; they were then moved 

to individual plastic containers (10 x 10 x 13cm, or 6 x 6 x 8cm).   

 

1.2.2 Egg Energy Content: Egg Mass, Number, and Composition 

Eggs of all huntsman species were collected from egg sacs 6-8 days after being laid. Six 

to 15 eggs were collected from a single egg sac. Masses of individual eggs were measured on a 

Mettler Toledo AG285 balance with 0.0001 g precision. Each collected egg was subsequently 

placed in a 1.5 mL Eppendorf tube and kept frozen at -80°C for chemical analysis. Clutch size 

was measured by counting all eggs in an egg sac or by counting spiderlings after hatching. 

Typically there are no sterile eggs. 

Lipid, carbohydrate and protein contents of eggs were determined using the Cayman 

Chemical Triglyceride Colorimetric Assay Kit (Cayman Chemical, Ann Arbor MI), Biovision 

Total Carbohydrate Colorimetric Assay Kit (Biovision, Inc., Milpitas CA), and Thermo 

Scientific Pierce BCA Protein Assay Kit (ThermoFisherScientific, Waltham MA). All samples 

were measured spectrophotometrically using a SpectraMax Plus 384 Microplate 

Spectrophotometer Reader (Molecular Devices, Sunnyvale CA). 
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Lipid content was determined following the Cayman Chemical Triglyceride Colorimetric 

Assay Kit protocol with modifications, by enzymatic hydrolysis using lipase. Samples were 

homogenized with autoclaved water and centrifuged at 12000 rpm for 15 min.  Lipid standards 

provided with the kit were used, and absorbances were measured at 565 nm.   

For carbohydrate determination, the Biovision Total Carbohydrate Colorimetric Assay 

Kit procedure was followed with modifications, using the phenol-sulfuric acid method. Eggs 

were homogenized with assay buffer and centrifuged at 12000 rpm for 15 min. Glucose 

standards were used, and absorbances of standards and samples were read at 490 nm. 

Carbohydrate content of eggs of D. lapidicola and B. aurea were not measured due to a shortage 

of eggs.  

To determine protein content, a modified protocol from the Thermo Scientific Pierce 

BCA Protein Assay Kit Microplate Procedure was used. Autoclaved water was used as a diluent 

for the known standards and samples. Individual eggs were homogenized with 500 µl of water, 

then centrifuged at 12,000 rpm for 15 min. The suspension was then serially diluted with 66 µl of 

water. A bicinchoninic acid reagent (BCA) was used, along with Bovine Serum Albumin (BSA) 

standards provided by the kit. Absorbances of standards and samples were read at 562 nm.  

 To analyze the egg composition data, standard curves were created using the known 

standards from each kit, and the amount of lipid, carbohydrate, and protein content per egg was 

calculated. The number of eggs individually measured for each chemical determination per 

species ranged from 2 to 10. Energy content per egg was also calculated using the following 

conversions: lipids = 33.0 kJ/g; carbohydrates = 17.2 kJ/g; proteins = 17.9 kJ/g; (Beningher 

1984).  
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Additionally, mass of adult females of each species was also measured in order to 

correlate mass of adult females with total maternal energy investment in a single clutch for each 

spider species (mean clutch size x mean mass of egg x mean energy content per egg).  

To compare egg size, clutch size, and chemical composition between social and solitary 

species, data were analyzed using one-way ANOVA tests using the software R v. 3.1.1 and R 

studio (Revolution Analytics, Redmond WA). For each response, residual analysis was 

performed to make sure model assumptions were met. Pairwise comparisons between species 

were performed using a post-hoc Tukey’s HSD test at a significance level of α = 0.05. Spearman 

rank correlations were used to calculate correlations between adult female mass and total 

maternal egg investment.   

 

1.2.3 Metabolism 

Standard metabolic rates (SMR) were measured for 1st, 2nd, and 3rd instar spiderlings of 

each spider species. Spiders were kept at a temperature of 28°C in the laboratory under 

approximately 12:12 L:D.  All huntsman spiders were fed once or twice weekly on a 

combination of domestic or banded crickets (Acheta domesticus or Gryllodes sigillatus), house 

flies (Musca domestica), and large flightless fruit flies (Drosophila hydei).  All spiders were 

quiescent and post-absorptive having not been fed for a minimum of two days prior to 

measurement of their metabolic rates. 

Carbon dioxide enrichment and oxygen consumption were measured using a stop-flow 

respirometry system (Sable Systems, Las Vegas, NV). Individual spiders were placed in a 60mL 

syringe with a 3-way junction port. The spiders were incubated for at least 60 min in a 
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temperature chamber set at 28°C. After acclimation, the ambient air was removed from each 

syringe and dry, CO2-free air was flushed in. Spiders were placed back in the incubator and 

allowed to sit for 180 minutes. After incubation, 30 mL of air from each syringe was pushed into 

the CO2 and O2 analyzers. Partial pressures of carbon dioxide and oxygen were measured in kPa. 

For every two to four spiders, a control syringe filled with dry, CO2-free air was used. 

Ambient air was scrubbed of CO2 and water vapor using soda lime and Drierite. Using a 

Subsampler 3 flowmeter, the scrubbed air was drawn in through a computer-controlled base 

lining system, a CA-10A Carbon Dioxide Analyzer, and an FC-1 Oxygen Analyzer. Air drawn 

into the CO2 analyzer was scrubbed again of water vapor using magnesium perchlorate. Then air 

leaving the CO2 analyzer and entering the O2 analyzer was scrubbed of CO2 using ascarite. At the 

conclusion of the experiment, spiders were weighed (g). 

 

 1.2.4 Data Analysis of Metabolism 

Partial pressures of carbon dioxide and oxygen gas were converted to volumes of CO2 

and O2. The volume of O2 (VmO2) measured was obtained by the equation below, where FR is 

flow rate: 

𝑉𝑚 𝑂2 = 𝐹𝑅 ×
𝑎𝑟𝑒𝑎 𝑜𝑓 𝑝𝑒𝑎𝑘

𝑝𝑎𝑟𝑡𝑖𝑎𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑜𝑓 𝑂2
 

The volume of CO2 was obtained by the equation: 

𝑉𝑚 𝐶𝑂2 = 𝐹𝑅 ×
𝑎𝑟𝑒𝑎 𝑜𝑓 𝑝𝑒𝑎𝑘 − 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑝𝑒𝑎𝑘

𝑝𝑎𝑟𝑡𝑖𝑎𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑜𝑓 𝐶𝑂2
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The barometric pressures for both equations was 98 kPa and the flow rate (FR) was 57.1 ml/min. 

Using these volumes, rates of metabolism were calculated using the following equations: 

𝑉𝑜2 =
𝑉𝑚 (

𝑉𝑐
𝑉𝑠)

𝑡
  

𝑉𝑐𝑜2 =
𝑉𝑚 (

𝑉𝑐
𝑉𝑠𝑠

)

𝑡
 

Vm is the volume of O2 or CO2 measured, Vc is the volume of the chamber (taking into account 

the volume of the animal), and Vs is the volume of the subsample injected. The volume of the 

animal was calculated by assuming the density of each spider was 0.98g/ml:  

𝑉𝑠𝑝𝑖𝑑𝑒𝑟 =
𝑀𝑎𝑠𝑠

0.98
𝑔

𝑚𝑙

 

Metabolic rates were converted into µl/min. Once Vco2 and Vo2 were obtained, the respiratory 

quotient (RQ) was also calculated using the equation: 

𝑅𝑄 =
𝑉𝑐𝑜2

𝑉𝑜2
 

Oxygen consumption, Vo2, was used as a measure of metabolic rate. The masses and Vo2 

of each spider were log transformed to analyze the data.  

Log transformed Vo2 and mass were used to calculate the intercept and slope of the 

metabolic rate equation VO2=aMb, and data were analyzed using JMP 10.0 software (SAS, Cary 

NC). A linear model was used to model the relationship between log transformed Vo2 and mass. 

To compare metabolic rates between species, a fit model with main effects of mass and species 

and an interaction between mass and species was used, allowing for different slopes and 
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intercepts for each species. To compare instars within each species, a fit model with main effects 

of mass and instar and an interaction between mass and instar was used. Pairwise comparisons 

between species or instars were then analyzed using a Tukey correction at a significance level of 

α = 0.05. 

 

1.2.5 Developmental Timing  

 To compare differences in developmental periods among species, precise dates were 

recorded when egg sacs were laid, when eggs hatched into 1st instar spiders (although enclosed in 

the egg sac, the 1st instars crawled up to the top of the egg sac, which was readily observed), and 

when spiders molted into 2nd instar spiders and again into 3rd instar spiders. The number of days 

spent as an egg, 1st instar, and 2nd instar were calculated. For generalized comparisons to 

compare the duration of non-feeding period between the two social and the five solitary species, 

the number of days spent as an egg and 1st instar were combined for solitary species, while the 

number of days spent as an egg, 1st instar, and 2nd instar were combined for social species.  

Differences in the number of days each species spent during their non-feeding stages and 

different instars were analyzed with one-way ANOVA tests using R v. 3.1.1 and R studio. For 

each response, residual analysis was performed to make sure model assumptions were met. 

Pairwise comparisons between species were performed using a post-hoc Tukey’s HSD at a 

significance level of α = 0.05.  
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1.3 RESULTS 

1.3.1 Egg Energy Content: Egg Mass, Number, and Composition 

Social spiders were predicted to have greater egg masses, but have proportionally smaller 

clutch sizes.  A larger amount of yolk in the egg could enable social spiderlings to utilize their 

yolk for a longer period of time - not just during their first non-feeding stage, but also during 

their second non-feeding stage.  When the masses of individual eggs for the social species 

(Delena cancerides and D. lapidicola) were combined and contrasted with the combined mass of 

individual eggs for all the solitary species, social species had significantly larger eggs  

(F1,201=263; p=2x10-16; Figure 1.2a).  There was also a significant difference when comparing the 

masses of individual eggs between species (F6,196=123; p=2x10-16). In a post-hoc Tukey HSD 

test, both social species, D. cancerides and D. lapidicola, had a significantly larger individual 

egg mass (all p<0.001) than that of all the solitary species except Beregama aurea (p=0.8934; 

p=0.8922, respectively).  Egg mass of all solitary species were significantly different from each 

other (p values shown in Table 1.1), except Isopeda leishmanni and I. villosa.  Of the solitary 

species, B. aurea had the largest eggs, followed by D. gloriosa, Holconia hirsuta, I. villosa, and 

I. leishmanni.  
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Figure 1.2: (a) Individual eggs of social species D. cancerides and D. lapidicola have larger 

masses than that of most of the other solitary species. (b) Clutch size is variable between 

social and solitary species. (c) There are generally no differences in lipid, carbohydrate, 

and protein egg content per unit tissue between social and solitary species.  d) Lipid content 

per egg is generally higher in social species, D. cancerides and D. lapicola, and one solitary 

species, B. aurea. There are no differences in carbohydrate and protein content per egg 

beween social and solitary species.  

Table 1.1: P and n values of pairwise comparisons of egg mass in social and solitary spider 

species using a Tukey’s HSD test.  

 
Species 

(n) 

D. cancerides 

(51) 

D. lapidicola 

(6) 

D. gloriosa 

(30) 

H. hirsuta 

(32) 

I. villosa 

(45) 

I. leishmanni 

(30) 

B. aurea 

(9) 

D. cancerides  0.9992 <0.001 <0.001 <0.001 <0.001 0.8934 

D. lapidicola 0.9992  <0.001 <0.001 <0.001 <0.001 0.8922 

D. gloriosa <0.001 <0.001  0.0038 <0.001 <0.001 <0.001 

H. hirsuta <0.001 <0.001 0.0038  0.0012 <0.001 <0.001 

I. villosa <0.001 <0.001 <0.001 0.0012  0.1366 <0.001 

I. leishmanni <0.001 <0.001 <0.001 <0.001 0.1366  <0.001 

B. aurea 0.8934 0.8922 <0.001 <0.001 <0.001 <0.001  
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 Clutch size of the social species combined was significantly smaller than clutch size of 

solitary species combined (F1,107=16.134; p=0.001099; Figure 1.2b). Clutch size was 

significantly different between species (F6,102= 15.519; p=1.41x10-12). However, in pairwise 

comparisons between species, clutch sizes of the social species, D. cancerides and D. lapidicola, 

were only significantly different from clutch sizes of I. villosa (p=0.00588; p=0.00397, 

respectively) and B. aurea (both p values <0.001). Social species did not have significantly lower 

clutch sizes compared to any other solitary species (p values shown in Table 1.2). The solitary 

species, B. aurea, had very large clutch sizes that were larger than all solitary and social species 

(all p<0.001).  

Table 1.2: P and n values of pairwise comparisons of clutch size in social and solitary 

spider species using a Tukey HSD test.  

 
Species 

(n) 

D. cancerides 

(47) 

D. lapidicola 

(11) 

D. gloriosa 

(7) 

H. hirsuta 

(12) 

I. villosa 

(14) 

I. leishmanni 

(11) 

B. aurea 

(2) 

D. cancerides  0.87737 0.98885  0.36536 0.00588 1.00000  <0.001 

D. lapidicola 0.87737  0.99999 0.13486 0.00397 0.96923 <0.001 

D. gloriosa 0.98885  0.99999  0.38409  0.03809 0.99729  <0.001 

H. hirsuta 0.36536 0.13486 0.38409   0.89956 0.62903 <0.001 

I. villosa 0.00588 0.00397 0.03809 0.89956  0.06954 <0.001 

I. leishmanni 1.00000  0.96923 0.99729  0.62903 0.06954  <0.001 

B. aurea <0.001 <0.001 <0.001 <0.001 <0.001 <0.001  

 

Yolk composition was compared across social and solitary spiders. Because lipids are 

energy rich and provide most of the energy during embryonic development (Holland 1978, 

Amsler & George 1984, Beningher 1984, Rønnestad et al. 1998, Garcίa-Guerrero et al. 2003), a 

greater proportion of lipids in social spider eggs compared to solitary spider eggs could help 

enable social spiderlings use their yolk for a longer period of time, through the 1st and 2nd instar 

stages. However, mass specific lipid content of eggs (mg/g of egg) of the social species 

combined was not significantly higher than in eggs of the solitary species combined 

(F1,53=0.1537; p=0.6966; Figure 1.2c); there were also no differences in mass specific lipid 
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content between species (F6,48=0.8974; p=0.5046; p values of pairwise comparisons between 

species shown in Table 1.3).  

Table 1.3: P and n values of pairwise comparisons of mass specific lipid content in social 

and solitary spider species using a Tukey HSD test. 

 
Species 

(n) 

D. cancerides 

(10) 

D. lapidicola 

(2) 

D. gloriosa 

(10) 

H. hirsuta 

(10) 

I. villosa 

(2) 

I. leishmanni 

(10) 

B. aurea 

(3) 

D. cancerides  1.000 0.999 0.839 0.995 1.000 0.977 

D. lapidicola 1.000  1.000 0.949 0.996 1.000 1.000 

D. gloriosa 0.999 1.000  0.563 0.923 1.000 0.998 

H. hirsuta 0.839 0.949 0.563  0.993 0.754 0.586 

I. villosa 0.995 0.996 0.923 0.993  0.984 0.854 

I. leishmanni 1.000 1.000 1.000 0.754 0.984  0.989 

B. aurea 0.977 1.000 0.998 0.586 0.854 0.989  

Eggs of social species combined had a lower mass specific carbohydrate content (mg/g of 

egg) compared to the eggs of solitary species combined (F1,32=7.6546; p=0.00933; Figure 1.2c). 

Additionally, mass specific carbohydrate content differed between species (F4,29=3.8984; 

p=0.01184). However, in pairwise comparisons between species, carbohydrate content of the 

social species, D. cancerides, was only significantly lower than that of I. leishmanni (p=0.0143) 

and not significantly different from any other solitary species (all p values shown in Table 1.4).  

Table 1.4: P and n values of pairwise comparisons of mass specific carbohydrate content in 

social and solitary spider species using a Tukey HSD test. 
 

Species 

(n) 
D. cancerides 

(9) 
D. gloriosa 

(4) 
H. hirsuta 

(9) 
I. villosa 

(8) 
I. leishmanni 

(4) 
D. cancerides  0.2191   0.0877 0.8496   0.0143 

D. gloriosa 0.2191    1.0000   0.6734   0.8146   

H. hirsuta 0.0877 1.0000    0.5310   0.6541   

I. villosa 0.8496   0.6734   0.5310    0.1013 

I. leishmanni 0.0143 0.8146   0.6541   0.1013  

Moreover, there was no significant difference in mass specific protein content of eggs 

(mg/g of egg) of social species combined compared to solitary species combined (F1,52=0.1039; 

p=0.7485; Figure 1.2c). Mass specific protein content of eggs differed between species 

(F6,47=3.7403; p=0.004013); in pairwise comparisons between species, the eggs of the solitary 
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species, B. aurea, had lower protein content per gram of egg than eggs of two other solitary 

species, D. gloriosa (p=0.0261) and I. villosa (p=0.0332). Eggs of H. hirsuta had a lower protein 

content than eggs of D. gloriosa (p=0.0221) and I. villosa (p=0.0318; all p values shown in Table 

1.5).  

Table 1.5: P and n values of pairwise comparisons of mass specific protein (mg/g of egg) 

content in social and solitary spider species using a Tukey HSD test. 

 
Species 

(n) 

D. cancerides 

(10) 

D. lapidicola 

(2) 

D. gloriosa 

(10) 

H. hirsuta 

(10) 

I. villosa 

(2) 

I. leishmanni 

(9) 

B. aurea 

(3) 

D. cancerides  0.9972   0.4687   0.7567   0.5592   0.9979   0.4077   

D. lapidicola 0.9972    0.9980   0.7831   0.9992   1.0000   0.4552   

D. gloriosa 0.4687   0.9980    0.0221 1.0000   0.8301   0.0261 

H. hirsuta 0.7567   0.7831   0.0221  0.0318 0.4398   0.9432 

I. villosa 0.5592   0.9992   1.0000   0.0318  0.8902   0.0332 

I. leishmanni 0.9979   1.0000   0.8301   0.4398   0.8902    0.2292   

B. aurea 0.4077   0.4552   0.0261 0.9432 0.0332 0.2292    

 
 

Next, lipid, carbohydrate, and protein content within a single egg was also compared 

between social and solitary species. Lipid content of eggs (µg/egg) of the social species 

combined was significantly higher than in eggs of the solitary species combined (F1,53=11.273; 

p=0.001462; Figure 1.2d); there was also a difference in lipid content between species 

(F6,48=5.2576; p=0.0003134). The social species, D. cancerides, had a significantly higher lipid 

content than the solitary species, H. hirsuta (p=0.0114), I. villosa (p=0.0264), and I. leishmanni 

(p=0.0139). The solitary species, B. aurea, also had a significantly higher lipid content than two 

other solitary species, H. hirsuta (p=0.0323) and I. leishmanni (p=0.0368; all other p values 

shown in Table 1.6).  
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Table 1.6: P and n values of pairwise comparisons of lipid content per egg (µg/egg) in social 

and solitary spider species using a Tukey HSD test. 

 
Species 

(n) 

D. cancerides 

(10) 

D. lapidicola 

(2) 

D. gloriosa 

(10) 

H. hirsuta 

(10) 

I. villosa 

(2) 

I. leishmanni 

(10) 

B. aurea 

(3) 

D. cancerides  0.9996   0.9124   0.0114 0.0264 0.0139 0.9861   

D. lapidicola 0.9996    0.9335   0.1763   0.2474   0.1906   1.0000   

D. gloriosa 0.9124   0.9335    0.1785   0.3141   0.2043   0.7141   

H. hirsuta 0.0114 0.1763   0.1785    0.9999   1.0000   0.0323 

I. villosa 0.0264 0.2474   0.3141   0.9999    1.0000   0.0558 

I. leishmanni 0.0139 0.1906   0.2043   1.0000 1.0000    0.0368 

B. aurea 0.9861   1.0000   0.7141   0.0323 0.0558 0.0368  

 

However, carbohydrate content of eggs (µg/egg) of the social species combined was not 

significantly higher than that of the solitary species combined (F1,32=1.2429; p=0.2732; Figure 

1.2d); there was also no difference in carbohydrate content per egg between species (F4,29=1.895; 

p=0.1381; p values of pairwise comparisons between species shown in Table 1.7).  

Table 1.7: P and n values of pairwise comparisons of carbohydrate content per egg (µg/egg) 

in social and solitary spider species using a Tukey HSD test. 
 

Species 

(n) 
D. cancerides 

(9) 
D. gloriosa 

(4) 
H. hirsuta 

(9) 
I. villosa 

(8) 
I. leishmanni 

(4) 
D. cancerides  0.463 0.518 0.983 0.784 

D. gloriosa 0.463  0.992 0.261 0.990 

H. hirsuta 0.518 0.992  0.260 1.000 

I. villosa 0.983 0.261 0.260  0.546 

I. leishmanni 0.784 0.990 1.000 0.546  

 

Likewise, protein content of eggs (µg/egg) of the social species combined was not 

significantly higher than in eggs of the solitary species combined (F1,53=0.6456; p=0.4253; 

Figure 1.2d). Moreover, there was no difference in protein content per egg between species 

(F6,48=1.3145; p=0.269; p values of pairwise comparisons between species shown in Table 1.8).  
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Table 1.8: P and n values of pairwise comparisons of protein content per egg (µg/egg) in 

social and solitary spider species using a Tukey HSD test. 

 
Species 

(n) 

D. cancerides 

(10) 

D. lapidicola 

(2) 

D. gloriosa 

(10) 

H. hirsuta 

(10) 

I. villosa 

(2) 

I. leishmanni 

(9) 

B. aurea 

(3) 

D. cancerides  1.000 1.000 0.816 0.993 0.794 0.985 

D. lapidicola 1.000  1.000 0.896 1.000 0.882 0.970 

D. gloriosa 1.000 1.000  0.728 0.998 0.704 0.971 

H. hirsuta 0.816 0.896 0.728  0.379 1.000 1.000 

I. villosa 0.993 1.000 0.998 0.379  0.365 0.868 

I. leishmanni 0.794 0.882 0.704 1.000 0.365  1.000 

B. aurea 0.985 0.970 0.971 1.000 0.868 1.000  

 
 

Mean masses of adult females (mean values shown in Table 1.9) were compared across 

species with total maternal energy investment in a single clutch to see if species with larger 

females invested more energy in a single clutch. There was a strong correlation between average 

adult female mass and total maternal energy investment (ρ=0.9; Figure 1.3); species with larger 

females, social or solitary, invest more energy in a single clutch compared to species with 

smaller females.    

Table 1.9: Mean masses and n values of adult females of social and solitary species. 

 

 

  

 

Species D. cancerides D. lapidicola D. gloriosa H. hirsuta I. villosa I. leishmanni B. aurea 

n 15 3 8 5 9 7 4 

Mean 

Mass 

1.470491 0.91225 1.090063 1.33884 1.162233 1.055371 4.66 
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Figure 1.3: Total maternal energy investment is highly correlated with mean mass of adult 

female. 

 

1.3.2 Metabolism 

Differences in yolk utilization were measured by analyzing metabolic rates of 1st, 2nd, and 

3rd instars of social and solitary spiderlings to see if social species have a depressed metabolic 

rate in younger instars. Having a lower metabolic rate could enable social spiderlings to utilize 

their yolk at a slower rate during both their 1st and 2nd instars.  

As expected, spiderlings of all species in 1st, 2nd, and 3rd instars showed a positive 

relationship of standard metabolic rate (SMR) with body mass. For each of the 1st instar, 2nd 

instar, and 3rd instar spiders, when log transformed data of oxygen consumption rates were 

plotted against log body mass, the relationships were linear and the slopes were <1.0 (Figure 

1.4), as expected from Kleiber’s Law.  
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Figure 1.4: (a) SMR of 1st instar spiders is low and statistically similar across species. (b) In 

the second instar, SMR of solitary species increases, while SMR of social species remains 

significantly lower. (c) SMR of 3rd instars is not different between social and solitary 

species.  

 When metabolic rates of 1st instars were compared, there was no significant interaction 

between species and logmass, indicating that the slopes were not significantly different from one 

another and that metabolic rate of each species changes similarly with mass (F5,67=0.1185; 

p=0.9878). Moreover, there was no significant difference in SMR of 1st instars between species 

(F5,67=0.9378; p=0.4638; Figure 1.4a; Table 1.10). Thus, 1st instar individuals of social and 

solitary species use their yolk at the same rate. 

Table 1.10: Standard metabolic rate measured as oxygen consumption of 1st instar delenine 

spiders. The range of body masses measured, intercept, slope, R2, RQ, and sample size for 

each spider species are reported.  

 
Species Body Mass Range 

(g) 

Intercept  

(µl O2/hr) 

Slope  

(µl O2/hr/mg) 

R2 RQ  

(µl CO2/hr / µl O2/hr) 

n 

I. leishmanni 0.0026-0.0059 48.861 0.5585 0.2094 0.953193 15 

H. hirsuta 0.0069-0.0081 50.852 0.6027 0.2264 0.892586 10 

D. gloriosa 0.0039-0.0082 44.928 0.5841 0.0816 0.907931 18 

I. villosa 0.0026-0.0096 202.680 0.8722 0.6189 0.869175 5 

D. cancerides 0.0055-0.0115 41.421 0.5884 0.1271 0.962363 9 

D. lapidicola 0.0036-0.0064 84.957 0.7736 0.2441 0.853128 11 
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In the 2nd instar, when the social and solitary species were developmentally different, 

SMR was significantly different between species (F5,92=5.6372; p=0.0002; Figure 1.4b; Table 

1.11). In a Tukey HSD test at α=0.05 comparing SMR between species, SMR of the two social 

species, D. cancerides and D. lapidicola, was similar. SMR of D. cancerides was lower than that 

of all solitary species. SMR of D. lapidicola was lower than that of the solitary species  

H. hirsuta. Additionally, there were no significant difference between slopes of 2nd instar species 

(F5,92=0.2465; p=0.9404). 

Table 1.11: Standard metabolic rates measured as oxygen consumption of 2nd instar 

huntsman spiders. The range of body masses measured, intercept, slope, R2, RQ, and 

sample size for each spider species are reported.  

 

 

During the 3rd instar, when the individuals of all species are feeding and they again share 

similar developmental morphology, SMR between species was not significantly different from 

each other (F5,81=1.4016; p=0.2344; Figure 1.4c; Table 1.12). There were no significant 

differences between slopes of 3rd instar species (F5,81=0.2870; p=0.9187). 

Table 1.12: Standard Metabolic Rates measured as oxygen consumption of 3rd instar 

huntsman spiders. The range of body masses measured, intercept, slope, R2, RQ, and 

sample size for each spider species are reported. 

 

 

Species Body Mass Range  

(g) 

Intercept  

(µl O2/hr) 

Slope  

(µl O2/hr/mg) 

R2 RQ  

(µl CO2/hr / µl O2/hr) 

n 

H. hirsuta 0.0026-0.0136 359.81 0.9421 0.3443 0.921394 27 

D. gloriosa 0.0037-0.0085 82.497 0.6435 0.4372 0.941127 16 

I. villosa 0.0046-0.0091 37.595 0.5012 0.2477 0.886231 12 

I. leishmanni 0.0031-0.0067 61.024 0.5924 0.2873 0.915255 9 

D. lapidicola 0.0035-0.066 109.33 0.7959 0.1764 0.9436 10 

D. cancerides 0.0035-0.0117 25.644 0.5076 0.2512 0.921394 18 

Species Body Mass Range  

(g) 

Intercept  

(µl O2/hr) 

Slope  

(µl O2/hr/mg) 

R2 RQ  

(µl CO2/hr / µl O2/hr) 

n 

I. leishmanni 0.0048-0.0127 165.30 0.7725 0.4109 0.812417 9 

H. hirsuta 0.0063-0.0303 136.97 0.7396 0.8236 0.891506 21 

I. villosa 0.0049-0.0078 83.591 0.6424 0.1797 0.90223 11 

D. cancerides 0.0031-0.0201 87.609 0.6560 0.7437 0.833465 15 

D. gloriosa 0.0062-0.0146 117.66 0.7377 0.263 0.878398 13 

D. lapidicola 0.0025-0.0130 37.113 0.4952 0.5927 0.823825 13 
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To further assess whether non-feeding instars had lower metabolisms than feeding 

instars, the SMR of 1st, 2nd, and 3rd instars within each species were compared. Both the 1st and 

2nd instars (non-feeding) of the social species, D. cancerides (F2,37=8.0275; p=0.0015) and D. 

lapidicola (F2,33=11.7670; p=0.0002), had significantly lower metabolic rates compared to that of 

3rd instars (feeding). Of the solitary species, SMR of the 1st instars (non-feeding) of H. hirsuta 

(F2,57=3.9801; p=0.0244) was also significantly lower than that of 2nd and 3rd instar spiders 

(feeding instars) in a post-hoc Tukey HSD test. Standard metabolic rates of 1st instars of the 

other solitary species, I. villosa (F2,27=1.4705; p=0.2515), D. gloriosa (F2,46=2.1552; p=0.1288), 

and I. leishmanni (F1,33=2.7821; p=0.1098), were also lower, but not significantly lower, than 

that of 2nd and 3rd instar spiderlings.  

 

1.3.3 Developmental Timing 

It was possible that, even with the developmental delay in the social species, individuals 

passed through the non-feeding 2nd instar so rapidly that spiders of all species began to feed and 

acquire mobile morphology at the same time.  The total number of days spent as non-feeding 

instars between social (egg laid to end of 2nd instar) and solitary (egg laid to end of 1st instar) was 

calculated. The social species spent significantly more days in their non-feeding stages compared 

to solitary species when the total number of days spent as non-feeders was combined for social 

species and compared to combined number of days spent as non-feeders for solitary species 

(F1,93=58.7; p=1.7x10-11; Figure 1.5). There was also a significant difference in the number of 

days spent in non-feeding instars between species (F89,5=17.6; p=4.7x10-12). In pairwise 

comparisons between species, the social species, D. lapidicola, had a significantly longer non-

feeding period than that of all solitary species (all p values <0.001), while the other social 
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species, D. cancerides, had a significantly longer non-feeding period than that of the solitary 

species, D. gloriosa (p=0.004), I. leishmanni (p<0.001), and I. villosa (p<0.001; all p values 

shown in Table 1.13).   

 
Figure 1.5: The social species, D. cancerides and D. lapidicola, spend more days in their 

non-feeding stages (egg, 1st instar, and 2nd instar) compared to solitary species (egg and 1st 

instar).  

 

Table 1.13: P and n values of pairwise comparisons of number of days spent in non-feeder 

stage in social and solitary spider species using a Tukey HSD test.  

 
Species 

(n) 

D. cancerides 

(48) 

D. lapidicola 

(5) 

D. gloriosa 

(9) 

H. hirsuta 

(11) 

I. villosa 

(10) 

I. leishmanni 

(12) 

D. cancerides  0.026 0.004 0.077 <0.001 <0.001 

D. lapidicola 0.026  <0.001 <0.001 <0.001 <0.001 

D. gloriosa 0.004 <0.001  0.911 0.900 0.496 

H. hirsuta 0.077 <0.001 0.911  0.279 0.047 

I. villosa <0.001 <0.001 0.900 0.279  0.982 

I. leishmanni <0.001 <0.001 0.496 0.047 0.982  

 

Additionally, differences in duration of the egg, 1st instar, and 2nd instar were measured to 

determine whether there were differences in developmental timing of these molts. When 

comparing the number of days of development from egg laying to eclosion of the 1st instar, 
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individuals of the social species combined spent fewer days as eggs than those of  the solitary 

species combined (F1,56=4.6719; p=0.03495). There was also a significant difference in the 

number of days when comparing across all species (F5,52=3.6104; p=0.007056). However, in 

pairwise comparisons between species, only D. gloriosa was significantly different from the 

social species, D. cancerides (p=0.00619). The social species, D. cancerides, did not spend fewer 

days in the egg stage compared to any other solitary species (all p values show in Table 1.14). 

 

Table 1.14: P and n values of pairwise comparisons of days spent in egg stage in social and 

solitary spider species using a Tukey HSD test. 
 

Species 

(n) 

D. cancerides 

(27) 

D. lapidicola 

(9) 

D. gloriosa 

(9) 

H. hirsuta 

(4) 

I. villosa 

(2) 

I. leishmanni 

(7) 

D. cancerides  0.48985    0.00619 0.26293    0.99995    0.99962    

D. lapidicola 0.48985     0.58983    0.96319    0.85253    0.83839    

D. gloriosa 0.00619 0.58983     0.99732    0.28810    0.09451 

H. hirsuta 0.26293    0.96319    0.99732     0.59472    0.51478    

I. villosa 0.99995    0.85253    0.28810    0.59472     0.99885    

I. leishmanni 0.99962    0.83839    0.09451 0.51478    0.99885     

 

There were no differences between the social or solitary species in the number of days 

spent as a 1st instar when comparing combined data for social species and combined data for 

solitary species (F1,56=0.0293; p=0.8647) or between species (F5,52=2.0728; p=0.08368; all p 

values shown in Table 1.15). Moreover, there was no difference in the total number of days spent 

as both an egg and 1st instar when combined social and combined solitary species were compared 

(F1,84=3.2302; p=0.07589). A significant difference was found when comparisons were made 

across all species (F5,80=3.7692; p=0.00408); however, in species pairwise comparisons, only  

H. hirsuta spent significantly more days as an egg and 1st instar than the social species,  

D. cancerides (p=0.0107), and the solitary species, I. leishmanni (p=0.00763; all other p values 

shown in Table 1.16).  
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Table 1.15: P and n values of pairwise comparisons of days spent as 1st instar in social and 

solitary spider species using a Tukey HSD test. 

 
Species 

(n) 

D. cancerides 

(24) 

D. lapidicola 

(11) 

D. gloriosa 

(12) 

H. hirsuta 

(5) 

I. villosa 

(2) 

I. leishmanni 

(4) 

D. cancerides  0.928 0.314 0.335 1.000 1.000 

D. lapidicola 0.928  0.152 0.167 0.993 0.992 

D. gloriosa 0.314 0.152  0.996 0.935 0.512 

H. hirsuta 0.335 0.167 0.996  0.842 0.435 

I. villosa 1.000 0.993 0.935 0.842  1.000 

I. leishmanni 1.000 0.992 0.512 0.435 1.000  

 

Table 1.16: P and n values of pairwise comparisons of days spent as both an egg and 1st 

instar in social and solitary spider species using a Tukey HSD test 

 

 

1.4 DISCUSSION 

  Females of social huntsman spiders, Delena cancerides and D. lapidicola, invest a 

greater amount of yolk in individual eggs compared to investment by females of solitary 

huntsman spiders. The amount of yolk maternally invested can have an effect on the duration of 

embryonic development (Sinvervo 1990, Sinervo & McEdward 1988). Eggs with smaller 

amounts of yolk have been found to develop more quickly than eggs with larger amounts of yolk 

(Sinervo 1990, Pauly & Pullin 1988). Thus, the greater amount of yolk found in social spider 

eggs could account for why they are able to utilize their yolk as both 1st and 2nd instars. For one 

solitary species, Beregama aurea, both the mass of individual eggs and clutch size were 

significantly larger. However, the average mass of the adults of this species is almost four times 

Species 

(n) 

D. cancerides 

(39) 

D. lapidicola 

(5) 

D. gloriosa 

(9) 

H. hirsuta 

(11) 

I. villosa 

(10) 

I. leishmanni 

(12) 

D. cancerides  0.51209    0.52366    0.01067 0.99999    0.93337    

D. lapidicola 0.51209     0.99937    0.98356    0.71732    0.28216    

D. gloriosa 0.52366   0.99937   0.81671   0.79712 0.27597    

H. hirsuta 0.01067 0.98356    0.81671     0.10873    0.00763 

I. villosa 0.99999    0.71732    0.79712    0.10873     0.95764 

I. leishmanni 0.93337    0.28216    0.27597    0.00763 0.95764  
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larger than that of any of the other spider species (Table 1.9), accounting for their large egg mass 

and clutch size.  

Moreover, social spider eggs do not have more energy content per gram of egg tissue. 

There are generally no differences in the mass specific concentrations of lipids, proteins, and 

carbohydrates in social compared to solitary spider eggs. However, social species do generally 

have a higher total lipid content in a single egg, as these eggs are larger compared to those of 

solitary species. Thus, although social spiders do not differentially invest more energy-rich lipids 

per µg of egg tissue, they ultimately package more lipids and thus more energy in each egg, 

contributing to why social spiders are able to remain non-feeding during two instars versus one.  

Metabolic rates of non-feeding 1st instars of both solitary and social huntsman species 

were low but not significantly different from each other. When the solitary species molt into their 

first feeding stage (2nd instars), their metabolic rates increase. Metabolism of the social species, 

however, remains low during their 2nd instar, which is still non-feeding. Their metabolic rates do 

not increase until they molt into 3rd instars, when they begin to actively hunt and feed. Thus, by 

maintaining a low metabolic rate, social spiders can remain non-feeding as 2nd instars.  

Additionally, social huntsman spend a longer period of time in non-feeding stages 

compared to individuals of solitary species. The larger amount of yolk and thus energy content 

per egg and the low metabolic rate in both of their non-feeding stages may be sufficient to 

explain why the social spiders can remain non-feeding as 2nd instars.  

That social huntsman spiders are able to delay the instar at which they become feeding, 

hunting spiders relative to their solitary kin may be sufficiently explained by larger yolk volumes 

and lower metabolic rates, but it begs two questions of the social species: how does the molt 
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from the 1st instar produce another non-feeding stage and why is this adaptive? What triggers the 

change in morphology of pre-juvenile traits (large abdomens, few sensory hairs, short legs) to 

juvenile traits (smaller abdomens, more sensory hairs, long legs), is presently unknown. In all 

species, social and solitary, the embryo molts into a non-feeding 1st instar at a similar number of 

days. The trigger for this molt cannot be related to the acquisition of new energy, as are the molts 

from one feeding stage to another (Krishnakumaran & Schneiderman 1968, Bonaric 1976, 

Bonaric & de Reggi 1977), because the egg is non-feeding and hasn’t acquired any more energy. 

Thus, the trigger is likely linked to environmental cues and gated by some developmental 

milestone being reached. Similarly, the molt from 1st instar to 2nd instar cannot be triggered by 

energy gained because first instar spiders are also non-feeding. Thus, this trigger is also likely 

environmental as 1st instar spiders of social and solitary species molt to 2nd instars at a similar 

number of days from oviposition.  

Across the species, however, the principal internal difference among 1st instars is that 

social species still have a large amount of yolk remaining when they molt to 2nd instars, whereas 

1st instar spiders of solitary species have much less yolk remaining and must enter a feeding 

stage. Therefore, the morphology they develop is the juvenile morphology. We hypothesize that 

there is a threshold for residual amount of yolk that determines whether the 1st instar spider will 

molt into another non-feeding, 2nd instar when the amount is above the threshold, or whether it 

will molt into a feeding morphology 2nd instar when too little yolk remains. We are currently 

testing this hypothesis in the lab.  

The ultimate question of why the non-feeding 2nd instar of the social species is adaptive is 

more difficult to determine. First, it may be that delayed development is concomitant with 
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depressed metabolic rates in social spiders. Unlike solitary huntsman, the social huntsman 

remain together for an extended period of time (until ~7th instar for D. lapidicola and until sexual 

maturity in D. cancerides). As a physiological adaptation to avoid costs associated with living 

with other carnivores, metabolic rates of social huntsman spiders, D. cancerides, D. lapidicola, 

and D. melanochelis, and several social Stegodyphus species [Eresidae] are significantly 

depressed compared to less social or solitary kin (Rayor et al. in prep). Accordingly, delayed 

development of social spiders may be incidental with their depressed metabolism. Having a 

lower metabolic rate incidentally enables social spiderlings to utilize their yolk at a slower rate 

and thus during both their 1st and 2nd instars. 

 Second, delaying the onset of feeding instars may be essential to remaining social and 

tolerant of one another in social huntsman spiders as they mature. In social Stegodyphus spiders, 

sociality may have evolved by pedogenesis - the retention of juvenile characteristics into 

adulthood (Wickler & Seibt 1993). As adults, social Stegodyphus retain juvenile morphology 

(Kraus & Kraus 1988, 1990) along with interspecific tolerance of other spiders, a trait seen in 

juvenile spiders (Seibt & Wickler 1988, Wickler & Sebt 1993). Retention of these neotenic 

behavioral traits into adulthood may be a critical factor preventing spiderling dispersal from the 

nest and cannibalism in Stegodyphus colonies (Wickler & Seibt 1993).   

Similarly, retention of juvenile-like tolerance towards other spiders may be a crucial 

factor involved in the evolution of sociality in huntsman spiders. Tolerance of conspecifics, and 

even other species, is typical of young solitary spiders, possibly due to an inability to recognize 

other spiders (Kullman 1972, D’Andrea 1987, Miller 1989, Wickler & Seibt 1993, Mougenot et 

al. 2012). However, solitary species lose this temporary tolerance and disperse from each other 
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(Mougenot et al. 2012). Likewise, in the huntsman spiders, the non-feeding instars of both 

solitary and social huntsman typically are closely aggregated in the vicinity of the egg sac. All 

2nd instar solitaries remain at the egg sac for a few days before spreading out to forage. In all of 

the species studied, dispersal from the natal retreat occurs late in the 2nd instar or early in the 3rd 

instar (Rayor, per comm.), as rates of cannibalism by their siblings or adult female increases. 

However, without risk of predation or competition, the social huntsman remain close together 

even as 2nd instars, when they retain pre-juvenile characteristics - few sensory hairs, large 

abdomens, short legs (personal obs.).  

Retaining this extreme tolerance into the 2nd instar may be evidence that the huntsman 

spiders develop more slowly overall with respect to certain characteristics, phsyiological and/or 

morphological, resulting in a retention of less aggressive behavioral traits that extend up to 

adulthood. The physiological trait that allows them to remain non-feeding – depressed 

metabolism – may have dual benefits: alleviating energetic costs of group-living, while also 

allowing spiderlings to extend their extreme tolerance into an extra instar. This extra non-feeding 

instar may thus be an important factor resulting in continued tolerance of one another as the 

social huntsman spiders develop into mature animals.  

Delayed development in the early instars may be an adaptation other social spider species 

have evolved in order to avoid cannibalism between young instars and to delay their dispersal. 

Delaying the maturation of certain traits is an important adaptation for social behavior in other 

invertebrates, such as termites (West-Eberhard 2003, Nalepa & Bandi 2000).  Understanding 

how and why early development differs in social spiders may be a stepping stone for analyzing 

how other social animals have adapted by changes in their developmental patterns.   
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Chapter 2: Allometry Differences 

2.1 INTRODUCTION 

 The social huntsman spiders, Delena cancerides, D. lapidicola, and D. melanochelis, 

have a unique developmental pattern compared to the solitary huntsman species. The solitary 

species have one non-feeding instar in the egg sac; these 1st instars have short, but fully 

segmented legs, large abdomens, and few sensory hairs. After emerging from the egg sac, 1st 

instars molt into feeding 2nd instars, which are mobile and resemble miniature huntsman spiders, 

with longer legs, smaller abdomens, and more sensory hairs.  

The social species differ in their developmental pattern in that they have two non-feeding 

stages. First, like the solitary species, their 1st instar in the egg sac is non-feeding, immobile, and 

has short legs, a large abdomen, and few sensory hairs. Once 1st instars emerge from the egg sac, 

they molt into 2nd instars, which are again non-feeding and share the same morphological 

characteristics as the 1st instar: short legs, large abdomens, and few sensory hairs. Social species 

do not begin feeding until they molt into their 3rd instar, at which point they resemble miniature 

huntsman spiders; they have longer legs, more sensory hairs, and smaller abdomens (personal 

observation).  

 Why the social species have an extra non-feeding instar is not known. Differences in 

developmental patterns of social and subsocial populations within the same spider species have 

been investigated (Viera et al. 2007), but differences between social and solitary species have not 

been explored. It is not known whether having an additional non-feeding stage in early 

development provides the social species with an advantage.  
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 Furthermore, it is not clear if growth rates are subsequently affected by their delayed 

developmental pattern. To explore whether delayed development is correlated with larger 

growth, we measured various morphological traits from 1st instar to 3rd instar as indicators of 

growth and spider size: mass, abdomen volume, carapace width, and leg length. Carapace width 

increases regularly after each molt and is a good indicator of spider size (Hagstrum 1971); leg 

length similarly increases after each molt and was also used as an indicator of spider size. We 

hypothesized that leg length would be greater when the social species reached their feeding instar 

(3rd instar) relative to leg length of the solitary species. Comparing these measurements between 

species and across instars, we were able to see how these different traits changed throughout 

development.  

 

2.2 METHODS 

2.2.1 Subjects 

Morphological measurements were taken of 7 Australian huntsman spider species: five 

solitary species (Delena gloriosa, Beregama aurea, Holconia hirsuta, Isopeda villosa, and I. 

leishmanni) and two social species (D. cancerides and D. lapidicola).  These species represent 

three distinct clades within the monophyletic Deleninae (Fig 1.1c, Agnarsson & Rayor 2013).  

Most spiders were wild caught in Australia in spring 2014, then raised in the laboratory at 

Cornell University. A few individuals of H. hirsuta, B. aurea, and D. cancerides were lab reared 

descendants of individuals caught in the wild in spring 2011. Wild caught individuals of D. 

cancerides and I. villosa were collected in ACT, D. lapidicola and I. leishmanni in Western 

Australia, B. aurea and H. hirsuta in northern Queensland, and D. gloriosa from the outback in 
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NSW. All were exported to the USA under appropriate state and federal permits from Australia 

and the USA. 

The solitary species, D. gloriosa, B. aurea, H. hirsuta, I. leishmanni, and I. villosa, were 

kept in circular plastic containers (22cm tall x 21cm diameter) with slabs of cork bark with their 

mother until they reached the 3rd instar; they were then moved to individual plastic containers 

(10 x 10 x 13cm, or 6 x 6 x 8cm).   

The social D. cancerides colonies were housed in 9.5L (20 x 15 x 30.5cm) or 18.9L (27 x 

20.5 x 40.5cm) glass aquariums with sheets of plexiglass attached 1cm from the interior of the 

larger sides of the aquarium to provide a crevice that mimics the spiders’ retreats under the loose 

bark of trees. Social D. lapidicola colonies were kept in 31 x 21 x 10 cm plastic containers or in 

9.5L (20 x 15 x 30.5cm) glass aquariums.  

 

2.2.2 Morphological measurements 

 Measurements were taken of 1st, 2nd, and 3rd instars of each of the seven species. First 

instars were carefully removed from their egg sacs for measurements. Masses of individual 1st, 

2nd, and 3rd instar spiderlings were measured using a Mettler Toledo AG285 balance with  

0.0001 g precision. Abdomen volume was calculated by measuring the length, width, and height 

of each spider’s abdomen under a dissecting microscope. The formula for volume of an ellipsoid 

(4/3 x 𝜋 x l x w x h) was used to calculate volume. Carapace width and length of leg 2 were 

measured under a dissecting microscope.  

 To compare mass, leg length, carapace width, and abdomen volume of 1st, 2nd, and 3rd 

instars between social and solitary species, data were analyzed with one-way ANOVA tests 

using the software R v. 3.1.1 and R studio. Pairwise comparisons between species were 
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performed using post-hoc Tukey’s HSD tests at a significance level of α = 0.05. Additionally, 

percent changes of leg length, along with carapace width, from the 1st instar to the 3rd instar were 

calculated for each species. Then percent change of leg length was correlated with percent 

change of carapace width for each spider species using a spearman rank correlation test. 

 

2.3 RESULTS 

 Mean mass, abdomen volume, carapace width, and leg length measurements for 1st, 2nd, 

and 3rd instar spiders of each species are shown in Table 2.1. 

Table 2.1: Mean mass, abdomen volume, carapace width, and leg length measurements for 

1st, 2nd, and 3rd instars of social (D. cancerides, D. lapidicola) and solitary (D. gloriosa, H. 

hirsuta, I. villosa, I. leishmanni, B. aurea) species. 

Species D. cancerides D. lapidicola D. gloriosa H. hirsuta I. villosa I. leishmanni B. aurea 

1st instar mass (mg) 7.36 8.363636 5.508696 4.383871 5.672 4.011429 8.3 

2nd instar mass (mg) 7.3625 6.28125 5.001282 5.316092 5.375 4.306667 8.141667 

3rd instar mass (mg) 7.457895 9.854545 8.517391 8.558333 7.041176 6.855556 38.75 

1st instar abdomen volume 

(mm) 
7.54278 5.51046 3.908487 2.424296 3.524443 2.273203 5.774542 

2nd instar abdomen volume 

(mm) 
2.842219 3.305161 2.262684 - 1.966379 1.249449 2.394065 

3rd instar abdomen volume 

(mm) 
1.717602 2.336077 2.04927 - 1.536256 2.378044 17.1238 

1st instar carapace width 

(mm) 
1.147826 1.12 1.214783 1.131087 1.133846 1.112571 1.1275 

2nd instar carapace width 

(mm) 
1.400781 1.384706 1.496282 1.430692 1.5125 1.400667 1.613333 

3rd instar carapace width 

(mm) 
1.573846 1.93 1.793478 1.735 1.740588 1.662222 2.97 

1st instar leg length (mm) 1.714167 1.95 2.706957 2.508 2.724615 2.316286 3.2175 

2nd instar leg length (mm) 4.875538 3.998824 6.272821 5.923396 5.8025 5.419333 6.82 

3rd instar leg length (mm) 8.03 10.18 7.762174 7.105 7.615882 6.71 11.99 

 

2.3.1 Masses of 1st, 2nd, and 3rd instars 

 Masses of 1st, 2nd, and 3rd instar spiderlings were measured to compare masses between 

species at each instar. Because social species have larger egg masses, it was expected that they 



 
 

34 
 

would have larger masses as 1st instars than 1st instars of solitary species. Among 1st instars, there 

was a significant difference in mass between species (F6,142=26.348; p<2.2x10-16; Figure 2.1). In 

pairwise comparisons between species, the social species, Delena cancerides, had a significantly 

larger mass than masses of the solitary species, D. gloriosa (p=0.00244), Holconia hirsuta 

(p<0.001), Isopeda leishmanni (p<0.001), and I. villosa (p=0.00281). Likewise, the other social 

species, D. lapidicola, had a significantly larger mass compared to the solitary species,  

H. hirsuta, I. leishmanni, I. villosa, and D. gloriosa (all p values <0.001). The solitary species, 

Beregama aurea, also had a significantly larger mass compared to all other solitary species (all p 

values <0.001; all other p values shown in Table 2.2).  

Figure 2.1: Mass of 1st instars of the social species, D. cancerides and D. lapidicola, and the 

solitary species, B. aurea, were significantly larger than all other solitary species.  
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Table 2.2: P and n values of pairwise comparisons of 1st instar mass in social and solitary 

spider species using a Tukey’s HSD test.  

 
Species 

(n) 

D. cancerides 

(15) 

D. lapidicola 

(11) 

D. gloriosa 

(23) 

H. hirsuta 

(31) 

I. villosa 

(26) 

I. leishmanni 

(35) 

B. aurea 

(8) 

D. cancerides  0.55584     0.00244 <0.001 0.00281 <0.001 0.73108     

D. lapidicola 0.55584      <0.001 <0.001 <0.001 <0.001 1.00000     

D. gloriosa 0.00244 <0.001  0.06627 1.00000     0.00249 <0.001 

H. hirsuta <0.001 <0.001 0.06627  0.03263 0.93543     <0.001 

I. villosa 0.00281 <0.001 1.00000     0.03263  <0.001 <0.001 

I. leishmanni <0.001 <0.001 0.00249 0.93543     <0.001  <0.001 

B. aurea 0.73108     1.00000     <0.001 <0.001 <0.001 <0.001  

 

  

Mass of 2nd instars was also significantly different between species (F6,238=9.7788; 

p=1.242x10-9; Figure 2.2). However, in pairwise comparisons between species, only the social 

species, D. cancerides, had a larger mass compared to the solitary species, D. gloriosa,  

H. hirsuta, and I. leishmanni (all p values <0.001). Additionally, the solitary species, B. aurea, 

had a significantly larger mass than all other solitary species (all p values shown in Table 2.3). 

 

Figure 2.2: Masses of 2nd instars were variable; the social species, D. cancerides, and 

solitary species, B. aurea, generally had larger masses than other spider species.  
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Table 2.3: P and n values of pairwise comparisons of mass of 2nd instars in social and 

solitary spider species using a Tukey’s HSD test.  

 
Species 

(n) 

D. cancerides 

(25) 

D. lapidicola 

(16) 

D. gloriosa 

(78) 

H. hirsuta 

(87) 

I. villosa 

(12) 

I. leishmanni 

(15) 

B. aurea 

(12) 

D. cancerides  0.68415     < 0.001 < 0.001 0.07520 < 0.001 0.80431     

D. lapidicola 0.68415      0.16615     0.47875     0.86118     0.05655 0.12945     

D. gloriosa < 0.001 0.16615      0.93103     0.99496     0.83859     < 0.001 

H. hirsuta < 0.001 0.47875     0.93103      1.00000     0.45719     < 0.001 

I. villosa 0.07520 0.86118     0.99496     1.00000      0.75382    0.00713 

I. leishmanni < 0.001 0.05655 0.83859     0.45719     0.75382     < 0.001 

B. aurea 0.80431     0.12945     < 0.001 < 0.001  0.00713 < 0.001   

 

 Among 3rd instars, mass was also significantly different between species (F6,134=39.145; 

p<2.2x10-16; Figure 2.3). However, in pairwise comparisons between species, only B. aurea had 

a significantly larger mass than all other species (all p values <0.001; all other p values shown in 

Table 2.4).   

 

Figure 2.3: Masses of 3rd instars are not different between species, except the solitary 

species, B. aurea, which had a significantly larger mass compared to all other huntsman 

species.  
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Table 2.4: P and n values of pairwise comparisons of mass of 3rd instars in social and 

solitary spider species using a Tukey’s HSD test. 

 
Species 

(n) 

D. cancerides 

(19) 

D. lapidicola 

(11) 

D. gloriosa 

(23) 

H. hirsuta 

(60) 

I. villosa 

(17) 

I. leishmanni 

(9) 

B. aurea 

(2) 

D. cancerides  0.273     0.883     0.745     0.999     0.998     <0.001 

D. lapidicola 0.273      0.847     0.792     0.138     0.216     <0.001 

D. gloriosa 0.883     0.847      1.000     0.648     0.736     <0.001 

H. hirsuta 0.745     0.792     1.000      0.436     0.614     <0.001 

I. villosa 0.999     0.138     0.648     0.436      1.000 <0.001 

I. leishmanni 0.998     0.216     0.736     0.614     1.000  <0.001 

B. aurea <0.001 <0.001 <0.001 <0.001 <0.001 <0.001  

  

 

2.3.2 Abdomen Volumes of 1st, 2nd, and 3rd instars 

 Abdomen volumes were compared between social and solitary species; however, 

abdomen volume is more variable when spiderlings become feeding instars (2nds for solitary 

species, 1sts for social species). Abdomen size was expected to follow the same trends as mass, 

with social species having the largest abdomen volumes as 1st instar spiders. Among 1st instar 

spiders, abdomen volume was significantly different between species (F6,94=24.893, p<2.2x10-16; 

Figure 2.4). The social species, D. cancerides, had a larger abdomen volume compared to all 

solitary species (all p values <0.001) except B. aurea (p=0.24137). The other social species,  

D. lapidicola, had a larger abdomen volume compared to all solitary species, H. hirsuta 

(p<0.001), I. leshmanni (p<0.001), I. villosa (p<0.001), and D. gloriosa (p=0.01379), except for 

B. aurea (p=0.99865). The solitary species, B. aurea, also had a larger abdomen volume 

compared to all other solitary species (all p values shown in Table 2.5).  
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Figure 2.4: Abdomen volume of 1st instars of the social species, D. cancerides and  

D. lapidicola, along with the solitary species, B. aurea, were significantly larger compared 

to all other solitary species.  

 

Table 2.5: P and n values of pairwise comparisons of abdomen volume of 1st instars in 

social and solitary spider species using a Tukey’s HSD test. 

 
Species 

(n) 

D. cancerides 

(3) 

D. lapidicola 

(11) 

D. gloriosa 

(13) 

H. hirsuta 

(5) 

I. villosa 

(26) 

I. leishmanni 

(35) 

B. aurea 

(8) 

D. cancerides  0.09122 < 0.001 < 0.001 < 0.001 < 0.001 0.24137     

D. lapidicola 0.09122  0.01379 < 0.001  < 0.001  < 0.001  0.99865     

D. gloriosa < 0.001 0.01379  0.16667     0.94952     < 0.001 0.00705 

H. hirsuta < 0.001 < 0.001 0.16667      0.41353     0.99995     < 0.001 

I. villosa < 0.001 < 0.001 0.94952     0.41353      < 0.001 < 0.001 

I. leishmanni < 0.001 < 0.001 < 0.001 0.99995     < 0.001  < 0.001 

B. aurea 0.24137     0.99865     0.00705 < 0.001 < 0.001 < 0.001  

 

  

Among 2nd instar spiderlings, abdomen volume was also significantly different between 

species (F5,65=2.7626, p=0.02526; Figure 2.5). However, in pairwise comparisons, only the 

social species, D. lapidicola, had a significantly larger abdomen volume compared to the solitary 

species, I. leishmanni (p=0.0158; all other p values shown in Table 2.6).  



 
 

39 
 

 

Figure 2.5: Abdomen volume of 2nd instars were generally the same between social and 

solitary species.  

 

Table 2.6: P and n values of pairwise comparisons of abdomen volume of 2nd instars in 

social and solitary spider species using a Tukey’s HSD test. 

 
Species 

(n) 

D. cancerides 

(13) 

D. lapidicola 

(17) 

D. gloriosa 

(13) 

I. villosa 

(8) 

I. leishmanni 

(8) 

B. aurea 

(12) 

D. cancerides  0.9494   0.9034   0.7453   0.1432   0.9689   

D. lapidicola 0.9494    0.3616   0.2560   0.0158 0.5392   

D. gloriosa 0.9034   0.3616    0.9972   0.6125   0.9999   

I. villosa 0.7453   0.2560   0.9972    0.9140 0.9858   

I. leishmanni 0.1432   0.0158 0.6125   0.9140  0.4980   

B. aurea 0.9689   0.5392   0.9999   0.9858   0.4980    

 

Abdomen volumes of 3rd instars were also significantly different between species 

(F5,57=52.551; p<2.2x10-16; Figure 2.6). However, in pairwise comparisons, only the solitary 

species, B. aurea, had a significantly larger abdomen volume compared to all other species (all p 

values <0.0001; all other p values shown in Table 2.7). 
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Figure 2.6: Abdomen volume of 3rd instars was significantly larger in the solitary species, 

B. aurea, compared to all other species.  

 

Table 2.7: P and n values of pairwise comparisons of abdomen volume of 3rd instars in 

social and solitary spider species using a Tukey’s HSD test. 

 
Species 

(n) 

D. cancerides 

(13) 

D. lapidicola 

(12) 

D. gloriosa 

(21) 

I. villosa 

(12) 

I. leishmanni 

(4) 

B. aurea 

(2) 

D. cancerides  1.000     0.977     0.999     0.945     <0.0001 

D. lapidicola 1.000      0.999     0.989     0.983     <0.0001 

D. gloriosa 0.977     0.999      0.879     0.997     <0.0001 

I. villosa 0.999     0.989     0.879      0.866 <0.0001 

I. leishmanni 0.945     0.983     0.997     0.866  <0.0001 

B. aurea <0.0001 <0.0001 <0.0001 <0.0001 <0.0001  

 

2.3.3 Carapace Widths of 1st, 2nd and 3rd instars 

 Carapace width was measured to see how carapace growth differed between species and 

to see if social species had larger carapace sizes when they reached their feeding instar (3rd 

instar) compared to solitary species.  When comparing carapace widths of 1st instars, there was a 

significant difference between species (F6,165=8.206, p=8.880x10-8; Figure 2.7). However, in 
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pairwise comparisons between species, only D. gloriosa had a significantly larger carapace width 

compared to all other species (all p values shown in Table 2.8).  

 
Figure 2.7: Carapace width of 1st instars was not significantly different between species, 

except the solitary species, D. gloriosa, which had a larger carapace width compared to all 

other species.  

 

Table 2.8: P and n values of pairwise comparisons of carapace width of 1st instars in social 

and solitary spider species using a Tukey’s HSD test. 

 
Species 

(n) 

D. cancerides 

(23) 

D. lapidicola 

(11) 

D. gloriosa 

(23) 

H. hirsuta 

(46) 

I. villosa 

(26) 

I. leishmanni 

(35) 

B. aurea 

(8) 

D. cancerides  0.84104     0.00236 0.91417     0.97900     0.25954     0.97746     

D. lapidicola 0.84104      < 0.001 0.99741     0.99400     0.99978     0.99996     

D. gloriosa 0.00236 < 0.001  < 0.001 < 0.001 < 0.001 0.00593 

H. hirsuta 0.91417     0.99741     < 0.001  1.00000     0.78098     1.00000     

I. villosa 0.97900     0.99400     < 0.001 1.00000      0.78474     0.99996     

I. leishmanni 0.25954     0.99978     < 0.001 0.78098     0.78474      0.99433     

B. aurea 0.97746     0.99996     0.00593 1.00000     0.99996     0.99433      

 

 Carapace width of 2nd instars was also significantly different between species 

(F6,350=9.8337; p=5.011x10-10; Figure 2.8). However, in pairwise comparisons, carapace width 

was variable; the social species, D. cancerides, had a significantly smaller carapace width 

compared to D. gloriosa (p<0.001), I. villosa (p=0.04372), and B. aurea (p<0.001). The solitary 
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species, B. aurea, had a significantly larger carapace width compared to all other species except 

I. villosa (p=0.34741; all other p values shown in Table 2.9).  

 
Figure 2.8: Carapace width of 2nd instars was variable between species, with B. aurea 

generally having a larger carapace width compared to all other species.  

 

Table 2.9: P and n values of pairwise comparisons of carapace width of 2nd instars in social 

and solitary spider species using a Tukey’s HSD test. 

 
Species 

(n) 

D. cancerides 

(64) 

D. lapidicola 

(17) 

D. gloriosa 

(78) 

H. hirsuta 

(159) 

I. villosa 

(12) 

I. leishmanni 

(15) 

B. aurea 

(12) 

D. cancerides  0.99873     < 0.001 0.59405     0.04372 1.00000     < 0.001 

D. lapidicola 0.99873      0.00894 0.71566     0.06379 0.99973 < 0.001 

D. gloriosa < 0.001 0.00894  0.00150 0.99936     0.06316 0.02506 

H. hirsuta 0.59405     0.71566     0.00150  0.23163     0.96251     < 0.001 

I. villosa 0.04372 0.06379 0.99936     0.23163      0.17619     0.34741     

I. leishmanni 1.00000     0.99973 0.06316 0.96251     0.17619      < 0.001 

B. aurea < 0.001 < 0.001 0.02506 < 0.001 0.34741     < 0.001  

 

 Carapace width of 3rd instars was also significantly different between species 

(F6,147=37.177; p<2.2x10-16; Figure 2.9). In pairwise comparisons between species, carapace 

width differences were variable; D cancerides had a smaller carapace width compared to the 

solitary species, B. aurea (p<0.001), D. gloriosa (p<0.001), H. hirsuta p<0.001), and I. villosa 
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(p<0.00271), while the other social species, D. lapidicola, had a larger carapace width compared 

to H. hirsuta (p<0.001), I. leishmanni (p<0.001), and I. villosa (p=0.00802). B. aurea had a 

significantly larger carapace width compared to all other species (all p values <0.001; all other p 

values shown in Table 2.10).  

 
Figure 2.9: Carapace width of 3rd instars was variable, with the solitary species, B. aurea, 

having a longer carapace width compared to all other species.  

 

Table 2.10: P and n values of pairwise comparisons of carapace width of 3rd instars in 

social and solitary spider species using a Tukey’s HSD test. 

 
Species 

(n) 

D. cancerides 

(26) 

D. lapidicola 

(11) 

D. gloriosa 

(23) 

H. hirsuta 

(66) 

I. villosa 

(17) 

I. leishmanni 

(9) 

B. aurea 

(2) 

D. cancerides  <0.001 <0.001 <0.001 0.00271 0.61756     <0.001 

D. lapidicola <0.001  0.09346 < 0.001 0.00802 < 0.001 <0.001 

D. gloriosa <0.001 0.09346  0.55353     0.88031     0.17891     <0.001 

H. hirsuta <0.001 < 0.001 0.55353      1.00000     0.72972     <0.001 

I. villosa 0.00271 0.00802 0.88031     1.00000      0.79262     <0.001 

I. leishmanni 0.61756     < 0.001 0.17891     0.72972     0.79262      <0.001 

B. aurea <0.001 <0.001 <0.001 <0.001 <0.001 <0.001  
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2.3.4 Leg Lengths of 1st, 2nd, and 3rd instars 

 Leg length was measured in order to see how leg growth differed between species and to 

see whether the social species had longer legs when they reached their feeding instar compared 

to the solitary species. Leg length of 1st instars were significantly different when comparing 

species (F6,165=72.254, p=2.2x10-16; Figure 2.10). In pairwise comparisons between species, both 

social species, D. cancerides and D. lapidicola, had significantly shorter legs compared to all 

solitary species (all p values <0.001). The solitary species, B. aurea, had the longest leg length 

compared to all other species (all p values <0.001; all other p values shown in Table 2.11).  

 
Figure 2.10: Leg length of 1st instars was significantly lower in the social species,  

D. cancerides and D. lapidicola, compared to all other solitary species. The solitary species, 

B. aurea, had the longest leg length compared to all other species.  
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Table 2.11: P and n values of pairwise comparisons of leg length of 1st instars in social and 

solitary spider species using a Tukey’s HSD test. 
 

Species 

(n) 

D. cancerides 

(24) 

D. lapidicola 

(11) 

D. gloriosa 

(23) 

H. hirsuta 

(45) 

I. villosa 

(26) 

I. leishmanni 

(35) 

B. aurea 

(8) 

D. cancerides  0.09266 <0.001 <0.001 <0.001 <0.001 <0.001 

D. lapidicola 0.09266  <0.001 <0.001 <0.001 <0.001 <0.001 

D. gloriosa <0.001 <0.001  0.02075 0.99997     <0.001 <0.001 

H. hirsuta <0.001 <0.001 0.02075  0.00485 0.00745 <0.001 

I. villosa <0.001 <0.001 0.99997     0.00485  <0.001 <0.001 

I. leishmanni <0.001 <0.001 <0.001 0.00745 <0.001  <0.001 

B. aurea <0.001 <0.001 <0.001 <0.001 <0.001 <0.001  

 

Leg lengths of 2nd instars were also significantly different between species (F6,351=95.029; 

p=2.2x10-16; Figure 2.11). In pairwise comparisons between species, the social species, D. 

cancerides, had significantly shorter legs compared to all solitary species, D. gloriosa (p<.001), 

H. hirsuta (p<0.001), I. villosa (p<0.001), I. leishmanni (p=0.00271), and B. aurea (p<0.001). 

The other social species, D. lapidicola, also had significantly shorter legs compared to all 

solitary species (all p values <0.001). Leg length between solitary species was variable, with  

B. aurea having the longest leg length (all p values shown in Table 2.12). 
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Figure 2.11: Leg length of 2nd instars was shortest in the social species, D. cancerides and D. 

lapidicola, compared to all other species. The solitary species, B. aurea, had the longest leg 

length compared to all other species. 

 

Table 2.12: P and n values of pairwise comparisons of leg length of 2nd instars in social and 

solitary spider species using a Tukey’s HSD test. 
 

Species 

(n) 

D. cancerides 

(65) 

D. lapidicola 

(17) 

D. gloriosa 

(78) 

H. hirsuta 

(159) 

I. villosa 

(12) 

I. leishmanni 

(15) 

B. aurea 

(12) 

D. cancerides  <0.001 <0.001 <0.001 <0.001 0.00271 <0.001 

D. lapidicola <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 

D. gloriosa <0.001 <0.001  <0.001 0.03630 <0.001 0.00730 

H. hirsuta <0.001 <0.001 <0.001  0.98132     0.00360 <0.001 

I. villosa <0.001 <0.001 0.03630 0.98132      0.39929     <0.001 

I. leishmanni 0.00271 <0.001 <0.001 0.00360 0.39929      <0.001 

B. aurea <0.001 <0.001 0.00730 <0.001 <0.001 <0.001  

 

  

Among 3rd instars, leg length was significantly different between species (F6,147=68.219; 

p<2.2x10-16; Figure 2.12). In pairwise comparisons between species, the social species,  

D. canceries, had significantly longer legs than the solitary species, H hirsuta (p<0.001) and  

I. leishmanni (p<0.001); the other social species, D. lapidicola, had longer legs compared to the 

solitary species D. gloriosa, H. hirsuta, I. leishmanni, and I. villosa (all p values <0.001). The 
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solitary species, B. aurea, had significantly longer legs compared to all other species (all p values 

shown in Table 2.13).  

 
Figure 2.12: Leg length of 3rd instars was longest in the solitary species, B. aurea, followed 

by the two social species, D. cancerides and D. lapidicola, which generally had longer leg 

lengths than all other solitary species.  
 

Table 2.13: P and n values of pairwise comparisons of leg length of 3rd instars in social and 

solitary spider species using a Tukey’s HSD test. 
 

Species 

(n) 

D. cancerides 

(26) 

D. lapidicola 

(11) 

D. gloriosa 

(23) 

H. hirsuta 

(66) 

I. villosa 

(17) 

I. leishmanni 

(9) 

B. aurea 

(2) 

D. cancerides  <0.001 0.65202     <0.001 0.23854     <0.001 <0.001 

D. lapidicola <0.001  <0.001 <0.001 <0.001 <0.001 0.00156 

D. gloriosa 0.65202     <0.001  <0.001 0.98382     <0.001 <0.001 

H. hirsuta <0.001 <0.001 <0.001  0.02188 0.44885     <0.001 

I. villosa 0.23854     <0.001 0.98382     0.02188  0.00386 <0.001 

I. leishmanni <0.001 <0.001 <0.001 0.44885     0.00386  <0.001 

B. aurea <0.001 0.00156 <0.001 <0.001 <0.001 <0.001  

 

 Moreover, the percent change in leg length from 1st to 3rd instar was compared with 

percent change in carapace width from 1st to 3rd instar of each species to see how leg length 

growth differed relative to carapace width growth in social compared to solitary species. There 

was a very weak correlation between percent change of carapace width and percent change of leg 
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length for social and solitary species (ρ=0.0714). The two social species had a dramatically 

larger increase in leg length relative to carapace width compared to the solitary species (Figure 

2.13).  

Figure 2.13: Percent change from 1st instar to 3rd instar of leg length relative to carapace 

width was dramatically larger in the social species, D. cancerides and D. lapidicola, 

compared to the solitary species.  

 

2.4 DISCUSSION 

 We found that 1st instar mass and abdomen volume of the social species were larger than 

1st instar mass and abdomen volume of almost all other solitary species, most likely as a 

consequence of having more yolk in their eggs. The social species have larger egg masses 

compared to almost all other solitary species (Figure 1.2a), and this seems to translate into larger 

1st instars – larger masses and abdomen volumes. The solitary species, B. aurea, also had a larger 

egg mass and, consequently, a larger 1st instar mass and abdomen volume compared to other 

species.  
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Differences in mass and abdomen volume measurements were less clear once spiders 

reached 2nd and 3rd instars. When the solitary species molt into 2nd instars, they have depleted 

their yolk reserves and begin feeding at this stage. Accordingly, their masses and abdomen 

volumes are influenced by feeding. The social species remain non-feeding as 2nd instars and are 

still metabolizing yolk reserves leftover from the egg. Once they molt into their 3rd instar, they 

too begin feeding, and their masses and abdomen volumes also becomes more variable.  

 There were no clear differences in carapace width between social and solitary species as 

1st and 2nd instars. As 3rd instars, one social species, D. cancerides, tended to have a smaller 

carapace width compared to other species, while the other social species, D. lapidicola, had a 

generally larger carapace width compared to other species. Thus, differences in carapace size 

does not seem to be correlated with social status.  

Finally, although social species had larger abdomen volumes as 1st instars, they had much 

shorter legs compared to solitary species. They also had shorter leg lengths as 2nd instars, when 

they are still non-feeding. However, once they molted into 3rd instars, both social species had 

longer leg lengths compared to almost all the solitary species. Even more, when looking at total 

percent change from 1st to 3rd instar in leg length and carapace width, leg length grows much 

more dramatically relative to carapace width in social species compared to solitary species. In 

spiders, differences in growth rates between species are generally attributed to differences in the 

number of molts, adult sizes, and/or hunting strategies and ecology of different species (Enders 

1976). However, the Australian huntsman spiders all have the same hunting strategies, number of 

molts to adulthood, and are generally of similar size at adulthood, with the exception of B. aurea 

which is much larger relative to the other spiders (personal observation; Table 1.6). The dramatic 
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difference in leg length growth thus is not clear, but seems to be strongly correlated with social 

status in the huntsman spiders.  

Overall, the social species had larger masses and abdomen volumes, but shorter legs as 1st 

instars; once molting into their feeding stage (3rd instar), leg length increased dramatically and 

was larger than almost all other solitary species. Thus, the social species seem to allocate their 

resources into leg growth at different stages compared to the solitary species. Having longer legs 

when they reach their feeding stage may be extremely advantageous, as the huntsman spiders 

actively hunt and capture prey (Yip & Rayor 2011).  Delaying development thus seems to be 

correlated with an advantageous rapid increase in leg length growth when social spiderlings 

reach feeding stages.  
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