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Abstract

Complex social insect species exhibit task specialization mediated by morphological and behavior-

al traits. However, evidence of such traits is scarce for other social arthropods. We investigated

whether the social pseudoscorpion Paratemnoides nidificator exhibits morphologically and behav-

iorally specialized individuals in prey capture. We measured body and chela sizes of adult pseudo-

scorpions and analyzed predation processes. Larger individuals spent more time moving through

the colony and foraging than smaller pseudoscorpions. Individuals that captured prey had

increased body and absolute chelae sizes. Although larger individuals had relatively small chelae

size, they showed a higher probability of prey capture. Larger individuals manipulated prey often,

although they fed less than smaller pseudoscorpions. Individuals that initiated captures fed more

frequently and for more time than the others. Natural selection might be favoring individuals speci-

alized in foraging and colony protection, allowing smaller and less efficient adults to avoid contact

with dangerous prey. To our knowledge, there is incipient information regarding specialized indi-

viduals in arachnids, and our results might indicate the emergence of a morphologically special-

ized group in this species.
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All over the world, many species, from human beings to honey bees,

have built complex societies that allowed them to thrive. By working

together, social species can repel natural enemies (Sridhar et al.

2009; Grüter et al. 2012; Sorato et al. 2012) and collect food

(Sullivan 1984; Wilson 2000; Griesser et al. 2006), nourishing the

young and even the weak (Lubin and Bilde 2007; Carter and

Wilkinson 2015; Silk and House 2016). Nonetheless, despite having

great advantages, the functioning of such intricate societies cannot

work without an efficient process of task specialization (Gordon

2016).

Advanced societies have specialized individuals that increase

both the individual and colony performance by efficiently

executing specific tasks. For instance, some social species have

individuals that perform better as soldiers when protecting their

colonies from natural enemies (Powell 2008; Shackleton et al.

2015; Grüter et al. 2017), whereas others may be occupied in the

colony’s maintenance or obtaining food (Svanbäck and Eklöv

2003; Johnson 2008). Task specialization typically occurs among

individuals of distinct developmental stages or ages: old termites

of Coptotermes formosanus, for instance, are the main individuals

responsible for grooming the queen (Du et al. 2016); in Apis mel-

lifera bees, older adults spend more time foraging than the

younger ones that perform safer tasks inside the colony (Jeanne

1986; Tofilski 2002; Tofilski 2006). In particular cases,
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specialized individuals present specific morphometric traits that

allow them to perform tasks with high efficiency. To exemplify,

the bee Tetragonisca angustula has specialized individuals in col-

ony protection: in comparison with foragers, they are 30% heav-

ier and have a pair of long legs that are used to immobilize

predators (Grüter et al. 2012).

Species with complex social structures are prominent among

insects (Wilson 1971; Hamilton 1972; Wilson 2008; Wong et al.

2013), but when it comes to other arthropods, there are not many

similar examples (Wilson 2000; Lubin and Bilde 2007). Although

social spiders do not form such complex societies, they represent,

perhaps, the most studied arthropods beyond insects and crusta-

ceans (see Settepani et al. 2013; Junghanns et al. 2017; Chak et al.

2020). To exemplify, colonies of the social spider Anelosimus stu-

diosus exhibit task specialization and have high variation in individ-

ual traits, where bold (aggressive) individuals are considered more

efficient and participative in prey capture events than the shy ones

(docile) (Chang et al. 2016; Parthasarathy et al. 2019).

In arachnids, there is evidence of social nonspider species such as

the pseudoscorpion Paratemnoides nidificator (synonym of P. elon-

gatus; Judson 2016). This small and gregarious species (adults ex-

hibit 3–7 mm length, including pedipalps) lives under tree barks of

the Brazilian Cerrado (Tizo-Pedroso and Del-Claro 2014) and is one

of the few known social species among the pseudoscorpions

(Weygoldt 1969). Its social organization fits the highest degree of

the subsocial spectrum (Wilson 2000): they exhibit generation over-

lap and cooperative brood care, although there is no queen and all

individuals can reproduce (Tizo-Pedroso and Del-Claro 2007).

Colonies of P. nidificator have a few to hundreds of related individu-

als (Tizo-Pedroso and Del-Claro 2007; Del-Claro and Tizo-Pedroso

2009), and in previous studies, Tizo-Pedroso and Del-Claro identi-

fied altruistic and social traits in its colonies. For instance, in ex-

treme conditions of food scarcity, the nymphs feed on their mothers’

bodies, a behavior known as matriphagy (Tizo-Pedroso and Del-

Claro 2005). They also exhibit division of labor mediated by age:

nymphs spend more time building silk chambers—which are used to

house nymphs, eggs, and pregnant females—than adults, which

often perform tasks such as foraging and colony guarding (Tizo-

Pedroso and Del-Claro 2011). These pseudoscorpions are sit-and-

wait predators and exhibit a preference for large prey items (Tizo-

Pedroso and Del-Claro 2007; Moura et al. 2018). By performing co-

operative hunting, they can capture prey up to 4 times larger

(length) than themselves, including several arthropods such as ag-

gressive ants and spiders (Tizo-Pedroso and Del-Claro 2007; Moura

et al. 2018; Ribeiro et al. 2018). The predation process of P. nidifica-

tor initiates with one attacking pseudoscorpion: this individual grabs

either an antenna or one of the prey’s legs and drags it under the tree

bark, where other pseudoscorpions can join the attack (Moura et al.

2018). A recent study suggests that P. nidificator colonies have a

well-structured hierarchy of feeding behavior: when a prey item is

captured, adults allow nymphs to feed first whereas most of them re-

main nearby, protecting the feeding individuals (Tizo-Pedroso and

Del-Claro 2018). Previous observations indicate that certain adult

individuals within P. nidificator colonies perform foraging behaviors

more often, and perhaps more effectively than others.

Here we aim to expand on our current knowledge of P. nidifica-

tor by verifying whether its colonies present individuals with differ-

ential foraging performances. The complex social traits exhibited by

P. nidificator (Tizo-Pedroso and Del-Claro 2005; Tizo-Pedroso and

Del-Claro 2007; Tizo-Pedroso and Del-Claro 2018), aligned with

their ability to cooperatively capture large prey (Tizo-Pedroso and

Del-Claro 2007; Moura et al. 2018), led us to investigate whether P.

nidificator colonies have specialized adult individuals that perform

foraging behaviors more often and efficiently than others. If that is

confirmed, we predict that specialized individuals exhibit distinct

morphological traits.

Materials and Methods

Experimental procedures
In the laboratory, we studied a total of 78 individuals of P. nidifica-

tor (3–15 individuals per colony) raised in 10 colonies for 2 years

(see the complete dataset). During this period, they were fed with a

combination of ants Camponotus mus and termites (Coptotermes

sp.). We housed each colony using a piece of tree bark that was fixed

into a covered a Petri dish (15 cm in diameter), which allowed us to

observe the individuals through the glass (see details in Tizo-Pedroso

and Del-Claro 2005; Tizo-Pedroso and Del-Claro 2007;

Supplementary Figure S1). We tracked all adults (males and females)

by marking their opisthosoma with different color combinations of

nail polishes (see Tizo-Pedroso and Del-Claro 2018). All the other

pseudoscorpions were left unmarked (protonymphs, deutonymphs,

and tritonymphs). After 2 days of acclimation, we vertically posi-

tioned each Petri dish containing a single colony into a polystyrene

holder. Then, we placed a ruler beside each dish and took pictures

of it (Nikon D5000 18-55 mm VR KIT). We repeated this process

for each colony. We then used the digitalized pictures to calculate

the morphometric measures applied in statistical procedures (see the

subsections “Data management” and “Statistical analysis”). The

ruler allowed us to calibrate all measurements regardless of possible

differences in the angles and distances of the pictures.

After the acclimation period, we positioned a light bulb with

a faint white light to provide better visualization of the colony

and waited for 3 min to mitigate the stress caused to the animals

due to the handling process. Then, we offered 1 C. mus (0.5–

0.8 cm body length) as prey to each colony. We chose this species

as P. nidificator is commonly observed feeding on several C. ants

in natural conditions (Moura et al. 2018). The ant was released

over the piece of tree bark, being able to move freely around the

Petri dish. At this point, we video-recorded all individuals within

the colony (Canon VIXIA HF R600). When the ant was finally

captured, we noted the single individual that started the preda-

tion process (which was considered the individual that successful-

ly captured the prey), and we pointed the camera to the prey

(with a footage area of �3 cm of height and 4 cm of width) and

continued recording for 1 more hour. Previous tests showed us

that 1 h was enough for most pseudoscorpions to feed, simultan-

eously, on such prey. Ant trials were performed daily, but when a

colony successfully captured a prey item, we waited for 48 h be-

fore repeating the trial with the same colony. This period ensured

that each colony would be motivated to forage during the next

trial. Trials were repeated 3–5 times with each colony: 6 colonies

were observed 5 times, 3 colonies were observed 4 times, and 1

colony was observed 3 times. Our initial intent was to perform 5

trials per colony; however, we had to reduce the number of trials

for certain colonies as some marked individuals died or lost their

markings during the experimental period. Afterward, by observ-

ing these recordings, we qualified the behavioral repertoire of P.

nidificator into 7 distinct behaviors (Table 1).
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Data management
For further analyses, we divided the footage sessions into 2 seg-

ments: until prey capture and after prey capture. In the first segment,

we analyzed the behavior of all marked individuals over the first

15 min of footage prior to prey capture. In cases where the predation

process took longer, we analyzed the last 15 min of footage. During

the second segment, we recorded the predation events for 1 h within

the 3 � 4 cm shooting area and observed the behavior of the single

individual that started the capture process and all other adults that

joined it or remained in the footage area. All observations followed

the focal-animal sampling: 1 at a time, each marked individual was

observed until the end of the footage (Altmann 1974).

For each marked individual, we calculated the proportion of

each observed behavior by dividing its duration period by the total

period of observation. We did this to remove the effect of recording

time, as it occasionally varied among individuals. For instance, if an

individual was visible for 80% of the recorded time, we calculated

all its behavioral proportions based on this percentage and ignored

the time it was missing. These variations occurred when the individ-

ual left the recording area, went to the opposite side of the tree bark,

or kept itself hidden in the bark recesses. From camera recordings

until prey capture, we calculated the proportion of time of each be-

havior performed by marked pseudoscorpions and created a variable

that included foraging and nonforaging behaviors.

Foraging behavior is a variable that included all acts related to

movement, prey chase, and sit-and-wait posture, whereas nonforag-

ing behavior included immobile time and grooming behaviors. We

opted to gather variables since foraging is a complex process that

involves multiple senses and behaviors (Raine and Chittka 2009).

For instance, although P. nidificator usually rely on sit-and-wait tac-

tics, they may also actively search and even chase prey when they

are nearby (R.F.M., personal observation). Thus, combining behav-

iors may provide a more comprehensive view of how individuals for-

age (Remsen and Robinson 1990).

For recordings after prey capture, we were particularly interested to

understand how P. nidificator organizes to feed. Given this, we separate-

ly evaluated only 2 behaviors: the time spent holding prey and feeding.

For statistical procedures, we used the proportion of the average

time of these variables, dividing the behavioral proportion’s sum by

the number of videos in which a correspondent individual appeared

(3–5 videos). We used this approach for recordings before and after

prey capture. For example, if an individual appeared in 5 videos and

spent, in each video, 25%, 5%, 0%, 10%, and 10% of its time per-

forming the foraging behavior, by summing the proportion of these

values and dividing the result by the number of videos, in this case,

0.5/5¼0.10 (10%), we obtain the mean proportion of this behavior

for that specific pseudoscorpion.

We calculated morphometric measurements using ImageJ soft-

ware (Rasband 2016) on digitalized pictures (calibrated according

to the positioned ruler near each colony). We calculated the follow-

ing measures from marked pseudoscorpions: body length, chela

area, and relative chela size. We estimated the body length by meas-

uring each individual from its chelicerae margins to the opisthosoma

end; pedipalps were excluded (Supplementary Figure S2). We opted

to measure body length (millimeter) rather than width or area to dis-

entangle the effect of body condition (i.e., how well-fed would a

pseudoscorpion be during the measurement period) from body size.

We approached chela size by measuring the outline (square milli-

meter) of these structures, including the articulated claw (1 chela per

individual; Supplementary Figure S3). We determined the relative

chela size by calculating the ratio between chela area and body

length; this variable provides a measure of chela size proportionally

to the pseudoscorpion body length, so we could test, for instance,

whether larger pseudoscorpions have disproportionally large chelae

(i.e., allometry).

It is important to clarify that although males and females of P.

nidificator exhibit certain behavioral distinctions (e.g., females per-

form parental care; Tizo-Pedroso and Del-Claro 2005; Tizo-Pedroso

and Del-Claro 2011), there is no evidence of differences concerning

either their hunting behavior or their hierarchical feeding pattern:

both males and females forage and feed on prey similarly (Tizo-

Pedroso and Del-Claro 2011; Tizo-Pedroso and Del-Claro 2018).

There is also no apparent morphological divergence between the

sexes. In fact, we can only distinguish males from females by observ-

ing their genital openings: males have a “Y-shaped” opening where-

as females exhibit a simple “dot-shaped” opening (personal

observation). Thus, we conducted all analyses based on the assump-

tions that both males and females have no evident morphological

distinction and that both perform foraging behaviors with equal fre-

quency and proficiency.

Statistical analysis
First, we evaluated associations between body length and chela area

variables using linear regressions. For recordings until prey capture,

we tested whether body length was linearly associated with the for-

aging behavior variable. We used logistic regressions and

Spearman’s correlations to associate chela area, relative chela size,

and body length variables with the occurrence of prey capture

(whether a pseudoscorpion captured or not at least 1 prey until the

end of the study), and the total number of captured prey per pseudo-

scorpion, respectively. We carried out 3 separate generalized linear

mixed models (GLMMs) to verify relations between chela area,

body length, and relative chela size (independent variables) and the

occurrence of prey capture, using the colony identity (n¼10) as a

random factor (Bates et al. 2014).

For recordings after prey capture, we applied linear regressions

testing chela area, body length, and relative chela size (independent

variables) specifically against the time holding prey and feeding

behaviors described (see Table 1). We applied a GLMM testing for

body length differences between those pseudoscorpions that were

observed feeding at least once and those that were not observed

feeding, using once again colony identity as a random factor.

Finally, we applied a chi-square test to compare groups of individu-

als––captured or not prey––with the frequency of feeding behavior,

and a Mann–Whitney test to assess differences between these 2

groups regarding the time spent feeding per individual.

Table 1. Description of the behavioral repertoire exhibited by P.

nidificator individuals during the study

Behavior Description

Grooming Chela cleaning by using the chelicerae

Immobile No perceived activity

Movement Active movement throughout the colony

Prey chase Active prey hunting throughout the

colony

Sit-and-wait An immobile individual puts its chelae

out of the colony’s edge and waits for a

prey to approach.

Holding prey Prey immobilization using the chelae

Feeding An individual attaches its chelicerae on

dead or weakened prey
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We assessed statistical assumptions according to Zuur et al.

(2010) and evaluated data normality by using boxplots, histograms,

and Lilliefors normality tests. All tests were performed in the R stat-

istical software. The variance homogeneity was assessed by using

the function “var. test” from the “stats” package. We opted for non-

parametric approaches (e.g., Spearman’s correlation) when our data

did not show variance homogeneity and normal distribution. We

also used the “InfluencePlot” function from the “car” package (Fox

and Weisberg 2018) and the “chisq.out.test” function from the

“outliers” package (Dixon 1950) to identify, analyze, and remove

possible outliers.

Results

We studied 3–15 marked adults per colony (x ¼ 7.80 6 4.02 SD;

n¼78). Seventy individuals were used for morphometric measure-

ments (e.g., body length), and 63 were observed in recordings after

the prey capture. Eight individuals could not be used in morphomet-

ric measures as they were absent or not well framed in the pictures

to be measured with precision. We found considerable differences

regarding the body length of adult pseudoscorpions (2.78 to

4.91 mm; x ¼ 3.75 6 0.05 SE; n¼78) and chela (0.32 to 0.71 mm2

of area; x ¼ 0.50 6 0.01 SE; n¼70). There was a positive relation-

ship between body length and chela area (F1,68 ¼ 39.84, R2 ¼ 0.37,

P<0.001; Figure 1A). We also observed that larger individuals had

a slightly reduced relative chela size in comparison with smaller indi-

viduals (F1,68 ¼ 5.87, R2 ¼ 0.08, P¼0.018; Figure 1B).

Recordings before prey capture
We observed that larger individuals spent slightly more time per-

forming foraging behaviors (movement, prey chase, sit-and-wait

behaviors combined) than the smaller ones (F1,76 ¼ 7.58, R2 ¼ 0.09,

P¼0.007; Figure 2; see Supplementary Table S1 for analysis consid-

ering each behavior separately), but neither chela size and relative

chela size were associated with foraging behavior (chela size: F1,68 ¼
2.81, R2 ¼ 0.04, P¼0.099; relative chela size: F1,68 ¼ 0.42, R2 ¼
0.006, P¼0.52). We also found that body length was the most rele-

vant variable to predict the chance of a pseudoscorpion in capturing

prey: for each increase of 1 mm in body length, the chance increased

almost 5 times (odds ratio ¼ 4.97; Table 2). Furthermore, body

Figure 1. Linear regressions comparing P. nidificator body length with chela area (A) and relative chela size (B) (see “Materials and Methods” section for detailed

descriptions of the applied variables). Larger pseudoscorpions had also larger chelae (a). Larger pseudoscorpions had relatively small chelae in comparison with

their body length, although the effect size was very low (see “Results” section for details). All results are significant, according to a¼ 0.05.

Figure 2. Linear regression between pseudoscorpion’s body length and the

proportion of foraging time spent, relative to the total time of observation per

individual (15 min). Larger individuals spent more time performing foraging

behaviors than smaller ones. We calculated the foraging behavior variable

for each individual by using the mean of all its foraging behaviors combined

(movement, prey chase, and sit-and-wait behavior; see “Results” and Table 1

for detailed descriptions of the applied variables). The result is significant,

according to a¼0.05.

Table 2. Logistic regression (left) and Spearman’s correlation tests

(right) comparing the occurrence of prey capture and the number

of captures per pseudoscorpion to 3 predictive morphometric and

behavioral variables

Occurrence of capture Number of captures

Odds ratio Z P-value N R S P-value

Chela area 293.76 1.68 0.084 70 0.14 48945 0.24

Body length 4.97 2.72 0.003 78 0.29 56252 0.010

Relative chela

size

0.00 �0.56 0.57 70 �0.06 60379 0.64

Both occurrence of capture and the number of captures were positively corre-

lated with body length (see “Materials and Methods” section and Table 1 for

detailed descriptions of the applied variables). Bold values indicate significant

results according to a¼ 0.05.
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length was positively associated with the number of prey captured

(maximum of 3 captures by the same individual); this means that

larger pseudoscorpions tend to capture prey more often than smaller

pseudoscorpions. However, we observed no effects of both chela

area and relative chela size on the occurrence and number of cap-

tures (Table 2).

GLMMs revealed that individuals that captured at least 1 prey

had larger chela area (x¼ 0.53 6 0.02 SE) than those that did not

(x¼ 0.49 6 0.01 SE; F¼4.43, P¼0.039; n¼70; Figure 3A). They

also had larger body length (x¼ 3.96 6 0.09 SE) than pseudoscor-

pions that did not capture any prey (x¼ 3.64 6 0.06 SE; F¼10.72,

P¼0.002; n¼78; Figure 3B). Regarding relative chela size, there

were no differences between individuals that captured prey (x¼
1.34 6 0.003 SE) and those that did not (x¼ 1.36 6 0.003 SE;

F¼0.33, P¼0.57; n¼70; Figure 3C).

Recordings after prey capture
We observed that larger individuals spent more time holding prey

during feeding behaviors than the smaller ones (F1,61 ¼ 7.25, R2 ¼
0.11, P¼0.009; Figure 4A), although larger individuals spent less

time feeding (F1,61 ¼ 4.77, R2 ¼ 0.07, P¼0.033; Figure 4B).

Surprisingly, we found that individuals that fed at least once had

smaller body length than those that did not feed (x¼ 3.68 6 0.08

SE; x¼ 3.88 6 0.09 SE; F¼4.57, P¼0.037; n¼63; Figure 4C).

Furthermore, individuals with increased relative chela size held prey

for shorter periods (F1,52 ¼ 9.67, R2 ¼ 0.16, P¼0.003; Figure 4D),

but there was no effect of this variable on their feeding behavior

(F1,50 ¼ 0.04, R2 ¼ 0.001, P¼0.85). There were no effects of chela

area, body length, and relative chela size on any other behavioral

variable (Supplementary Table S2). About 57% of individuals that

captured at least 1 prey were observed feeding, whereas <33% of

those that did not capture any prey were observed feeding (v2 ¼
4.49, P¼0.034; n¼80; Figure 5A). Furthermore, individuals that

captured at least 1 prey spent more time feeding than those that did

not (U¼550.5, P¼0.046; Figure 5B).

Discussion

We suggest that P. nidificator colonies have morphologically and be-

haviorally specialized individuals in predation processes. We

observed a weak allometric association between body length and

chela size, where larger individuals had a reduced chela size.

Although this variable had no association with most behavioral per-

formances of P. nidificator, we demonstrated that larger pseudoscor-

pions and those with increased chela size captured prey more often

as they spent more time foraging. Larger individuals also spent more

time handling and subduing prey, although they spent less time feed-

ing than the smaller ones. Furthermore, pseudoscorpions that fed at

least once had a shorter body length than those not observed feed-

ing. These 2 last results strengthen our argument that body size is

not a simple product of food intake. Finally, we observed that indi-

viduals that initiated prey capture fed more frequently and for lon-

ger periods, irrespective of their size.

Larger pseudoscorpions were more aggressive and spent more

time foraging, indicating that colonies have individuals with distinct

behavioral traits; however, we emphasize that this result should be

taken with caution as the effect size was very low. Tizo-Pedroso and

Del-Claro (2018) also found behavioral differences among P. nidifi-

cator: some individuals do not participate in predation processes

and they are the last individuals to feed. In social spiders, larger indi-

viduals are more aggressive and effective in prey capture (Brown

et al. 2007), although this can be a transitory effect caused by hun-

ger levels experienced by each individual. In some social spiders,

however, individuals exhibit consistent behavioral variation, which

is depicted by differences in individual traits or developmental stage

(Settepani et al. 2013; Parthasarathy et al. 2019). Even considering

that smaller and shy P. nidificator had increased periods of apparent

Figure 3. Results of GLMM comparisons between individuals that did not per-

form prey capture and those that did, regarding chela area, body length, and

relative chela size. Individuals captured at least 1 prey had increased values

of chela area (A) and body length (B), but there were no differences consider-

ing relative chela size (C) (see “Materials and Methods” and Table 1 for

detailed descriptions of the applied variables). Asterisks indicate significant

comparisons, according to a¼0.05. Horizontal bars indicate the median

values.
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inactivity, we speculate that they might be more proficient in other

tasks, such as parental care and colony maintenance, which may ex-

plain such behavioral variation. This characteristic is often observed

in social ants and bees, where some individuals rarely forage, being

specialized in tasks such as colony maintaining and brood care

(Wilson 2000).

We observed that larger individuals with larger chelae captured

more prey than the smaller ones, although they had relatively

smaller chelae in comparison with smaller individuals.

Morphological specializations are factors related to foraging effi-

ciency, colony protection, and the social behavior of many social

species, as they may allow the capture of high-quality prey

(Svanbäck and Eklöv 2003; Grüter et al. 2012; Grüter et al. 2017).

However, for P. nidificator, we suggest that chela size plays a minor

role in predation, as most of its effect sizes were small and because

individuals with increased relative chela size tended to held captured

prey for shorter periods. Body length, on the other hand, seems to

be more relevant for captures especially if we consider that P. nidifi-

cator typically needs to force and trap large prey under the tree

barks (see Moura et al. 2018). Hence, individuals with larger bodies

should control and hold prey for longer periods, easing the preda-

tion process.

The occurrence of larger pseudoscorpions, nonetheless, could be

a consequence of prey capture rather than an effect, since we

observed an association between body length and a set of predatory

behaviors. This result could mean that aggressive individuals feed on

prey more often, resulting in individuals of large sizes. Nonetheless,

although larger pseudoscorpions spent more time manipulating

prey, they spent slightly less time feeding. Also, individuals that did

not feed had larger body sizes than those that fed at least once.

Given that we failed to demonstrate that both feeding time

(Figure 4B) and occurrence (Figure 4C) were positively associated

with body length, we cannot argue that larger body sizes are a sim-

ple product of increased food intake. Furthermore, we showed that

larger individuals spent more time foraging and handling prey, and

such activities clearly demand energy. For P. nidificator, foraging

activities should be particularly costly given their preference for

large and often dangerous prey (Moura et al. 2018). Thus, we sug-

gest there is a group of naturally large and aggressive individuals

with higher predation potential in P. nidificator colonies.

The observed feeding pattern partially supports Tizo-Pedroso

and Del-Claro’s (2018) claims, where they observed a hierarchical

pattern of prey sharing in P. nidificator feeding behavior: it starts

with nymphs and the few adults that performed the prey capture,

and then the rest of the individuals may feed on the carcass.

Nonetheless, our results suggest that the larger attacking

pseudoscorpions allow not only nymphs to feed first, as described

by Tizo-Pedroso and Del-Claro (2018), but also smaller adults.

Figure 4. Linear regressions (A, B, and D) and a GLMM (C) testing the relationship between several variables of P. nidificator after the capture of an offered prey

(1 h of observation). Larger pseudoscorpions held prey for long periods (A), but they spent less time feeding than smaller individuals (B). Pseudoscorpions

observed feeding at least once had a smaller body length, in average, than those not observed feeding (C). Individuals with increased relative chela size held prey

for shorter periods (D). All comparisons were significant, according to a¼0.05. Horizontal bars in (C) indicate the medians.
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Smaller adults benefit from prey sharing processes as they have a

reduced potential in prey capture, which is critical for their survival

since P. nidificator consistently forages on large and dangerous prey

(Tizo-Pedroso and Del-Claro 2007; Moura et al. 2018). Larger

pseudoscorpions also benefited the smaller ones by allowing them to

spend more time feeding. However, we observed that the feeding be-

havior changed according to predation timing: the single pseudoscor-

pion that started the predation process was rewarded by feeding

more frequently and for longer periods than the others. This excep-

tion might explain the risk taken by aggressive individuals (Willey

and Jackson 1993; Mukherjee and Heithaus 2013), revealing that the

benefits experienced by smaller pseudoscorpions are not pervasive.

In conclusion, we speculate that selection might be favoring

larger, more aggressive, and presumably more effective pseudoscor-

pions to attack prey often, whereas the smaller individuals––less

exposed to the risks of foraging activities––are still able to occur as

they feed on prey captured by larger pseudoscorpions. This foraging

behavior is also described in social spiders, where juveniles feed on

prey captured by adults, as they are not fully developed to forage on

their own (Lubin and Bilde 2007).

Here, we demonstrated that P. nidificator individuals exhibit sig-

nificant differences regarding their behavior and morphology, and

although some of our findings were subtle, we believe they indicate

the presence of behaviorally and morphologically specialized

individuals in this species. Regardless, we still need to understand

whether less proficient individuals in prey capture stand out in other

tasks within colonies and how the presence and frequency of large

prey might have shaped its social behavior––not to mention the

completely unknown paths regarding the genetic aspects of this spe-

cies. As far as we know, there is insipient evidence of task specializa-

tion, especially among nonspider species, and no evidence of

specialized morphological subcastes among arachnids (Lubin and

Bilde 2007). Hence, the social singularity of P. nidificator makes it a

good model for studies that aim to clarify the ecology and evolution

of social arthropods.
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