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Abstract
Cannibalism can have important demographic and ecological effects on populations.
Typically, cannibalism is size-structured, where larger individuals eat smaller conspecifics. Initial cursory observations of the whip spider, Phrynus longipes, however, suggested that cannibalism might not be size-structured in this species, perhaps because
cannibalism is often a by-product of territory contests. We staged paired interactions
and recorded latency to escalate to physical aggression or cannibalize to understand
the dynamics of cannibalism and resource contests. We employed a multimodel comparative approach to tease apart the contest characteristics that best predicted cannibalism during behavioral trials between P. longipes opponents. We found that, while
armament size symmetry predicted escalation of contests, cannibalism was best predicted by body mass asymmetry. Further, cannibalism was most likely to occur among
individuals similar in armament, but dissimilar in body mass. This suggests a discrepancy between phenotypes that may have evolved to communicate resource holding
potential (e.g., armaments which benefit individuals if dishonest), and body mass as a
cue of resource holding potential.
KEYWORDS

Arachnida, resource contests, resource holding potential, size-structured, speleology, whip
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1 | INTRODUCTION

Symmetric cannibalism, where individuals prey on conspecifics
more similar to their own size, has received little attention (Kohlmeier

Cannibalism can shape both the demography of populations and phe-

& Ebenhoh, 1995; Polis, 1981). Polis (1981) asserted that, while rever-

notypes of individuals (Polis, 1981). Asymmetric cannibalism (some-

sals of traditional size structure may occur, there is yet no theoretical

times termed size-structured cannibalism), in which larger individuals

or otherwise explanatory framework for why such a paradigm would

prey on smaller conspecifics, is the norm (Claessen, de Roos, & Persson,

occur (Polis, 1980; Rose & Armentrout, 1976). The paucity of litera-

2004; Gurtin & Levine, 1982; Polis, 1981). This is likely because the

ture in this area is not altogether surprising inasmuch as cannibalism

energetic cost of handling larger prey is greater than that required of

has only recently been considered an important part of understanding

small prey (Park, Jeong, & Park, 2005). Asymmetric cannibalism may

population dynamics and that symmetric cannibalism is apparently

also stabilize the amplitude of population size variation (Claessen

very rare (Diekmann, Nisbet, Gurney, & van den Bosch, 1986; Dong

et al., 2004) by reducing intraspecific competition and providing an

& DeAngelis, 1998; Huston, DeAngelis, & Wilfred, 1988; Kohlmeier

alternative food source when resources are limited (van den Bosch, de

& Ebenhoh, 1995).

Roos, & Gabriel, 1988; Diekmann, Gyllenberg, & Metz, 2003; Landahl

Phrynus longipes (Arachnida: Amblypygi: Phrynidae) is a species of

& Hansen, 1975). One review found that, of 30 papers with population

amblypygid—an order of cannibalistic, nocturnal, and territorial arach-

models that included cannibalism, all focused on asymmetric cannibal-

nid (Chapin & Hebets, 2016). Agonistic interactions between pairs of

ism (Claessen et al., 2004).

P. longipes escalate in a predictable pattern, similar to other amblypygid
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species (Chapin, 2015; Chapin & Hebets, 2016; Fowler-Finn & Hebets,

will escalate to physical aggression? (iii) If not, how do those features

2006). Amblypygi are outfitted with elongate forelegs replete with

differ and do they interact?

sensory receptors (Santer & Hebets, 2011; Weygoldt, 2000). These

We analyzed data collected from behavioral interactions between

antenniform legs are used to sense the environment and communi-

P. longipes pairs to investigate what measures best predict cannibalism

cate with conspecifics (Chapin & Hill-Linsday, 2016; Chapin & Hebets,

and escalation to physical aggression in P. longipes territory contests.

2016; Spence & Hebets, 2005). Amblypygids are also equipped with

We observed interactions in a controlled environment and recorded

spiny pedipalps used to capture prey and communicate threat displays

behavioral and morphological data. We compared RHP measures of

(Weygoldt, 2000).
We predicted that P. longipes showed no preference for cannibal-

opponents to understand cannibalism during resource contests in
staged trials.

izing smaller conspecific prey because cannibalism in this species is
a result of territorial competitions that escalate to agonism (Chapin,
2015; Chapin & Hebets, 2016; Torres-Contreras, de Armas, & Alvarez-

2 | METHODS

Garcia, 2015). When a conspecific enters an individual’s territory, a set
of ritualized agonistic interactions begin that can end in cannibalism

In August 2012 and 2014, we collected P. longipes between 1000

(Chapin, 2015; Chapin & Hebets, 2016; Chapin & Hill-Lindsay, 2016).

and 0400 hr from forests and caves in Arecibo, Puerto Rico, generally

Opponents orient to each other and present displays by opening large,

located at 18.414°, −66.726°. Cannibalism was occasionally seen in

often sexually dimorphic, pedipalps. If contests are not decided by dis-

the wild while collecting animals, indicating that this behavior occurs

plays, opponents escalate to physical contact, which may end in injury

outside of our experimental conditions (Figure 1). We measured the

or cannibalism if an opponent does not retreat (Chapin, 2015; Chapin

mass of each individual with a gram scale to the nearest 0.01 g, maxi-

& Hebets, 2016). Behavioral assays investigating territorial behavior in

mum prosoma width as an estimate of body size and pedipalp femur

P. longipes found that, when territorial agonism ended in cannibalism,

length as a measure of armament with digital calipers to the near-

it was often among similarly sized individuals (Chapin & Hill-Lindsay,

est 0.01 ± 0.03 mm. We housed animals separately for 24 hr in black

2016). The only other report of cannibalism in any amblypygid was

polypropylene deli containers (14 cm tall, 11.5 cm top dia, 9 cm base

Phrynus barbadensis in Colombia cannibalizing a recently molted con-

dia) lined with butcher paper substrate prior to trials. We returned

specific (Torres-Contreras et al., 2015). This is not to imply that canni-

surviving individuals to their capture site after experimentation.

balism is rare among Amblypygi, only that it is rarely documented and
poorly understood.

Behavioral trials (n = 48) were conducted sensu Chapin (2015).
Arenas were made from 75 × 30 × 30 hr cm glass aquaria divided

In general, territorial contests escalate according to the relative

into two equal parts with a removable acrylic sheet. The arena floor

resource holding potentials (RHP), or absolute fighting abilities, of op-

was lined with unbleached paper to provide traction for move-

ponents (Chapin & Hill-Lindsay, 2016; Parker, 1974). Resource hold-

ment. Individuals were restricted to movement on the arena floor

ing potential is usually estimated by proxies such as body size, body

(P. longipes cannot climb glass). We randomly selected individuals

mass, or armament size (Koskimäki, Rantala, Taskinen, Tynkkynen, &
Suhonen, 2004). Game theory models for animal contests predict that
individuals with more similar RHP are more likely to escalate interactions to aggressive and risky states (Barlow, Rogers, & Fraley, 1986).
A variety of measures are used to estimate RHP, including body size,
mass, and armament used during interactions. Armament used in
agonistic displays, however, is subject to selection for exaggeration
and dishonest signaling (Dawkins & Guilford, 1991). For example,
male crayfish (Cherax dispar) preferentially allocate energy to claw
growth instead of strength when claw size is used as an indicator of
performance in agonistic contests (Wilson, Angilletta, James, Navas,
& Seebacher, 2007). Therefore, armament measures may not give an
accurate estimate of fighting ability. Measures of body size or mass,
however, generally provide more honest indicators of RHP (Bath,
Wigby, Vincent, Tobias, & Seddon, 2015; Morris, Gass, & Ryan, 1995;
Theis, Bosia, Roth, Salzburger, & Egger, 2015).
We hypothesized that cannibalism occurs in P. longipes as a consequence of territorial contests and aggression and as such presents
an opportunity to expand on our understanding of cannibalism. We
aimed to address the following questions using the amblypygid P. longipes: (i) What morphological features best predict cannibalism during
territorial contests? (ii) Do those features also predict if the contest

F I G U R E 1 Photograph of symmetric cannibalism of Phrynus
longipes in a cave near Arecibo, Puerto Rico
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to engage in paired interactions. Thus, contestant pairs included a

did or did not escalate to physical aggression or end in cannibalism

variety of size and sex combinations. Once individuals were placed

using Wilcoxon and Student’s t-tests, depending on data normality.

in the arena, we implemented a 10-min acclimation period before

Lastly, we tested whether sex impacted the proportion of individu-

removing the divider to permit interactions for 45 min. Amblypygids

als that escalated or cannibalized with a chi-square test.

reliably engage in agonistic interactions similar to these under natural conditions, and animals behaved typically compared to observations of natural interactions (Chapin & Hebets, 2016; Weygoldt,

3 | RESULTS

2000). We replaced paper and cleaned enclosures with 70% isopropyl alcohol between trials.

Escalation was best predicted by armament size, while cannibalism

Behavioral trials were video-recorded in darkness and at night

was best predicted by the interaction of armament size and mass

under 940 nm peak wavelength infrared LED (light emitting diode)

(Table 1; n = 48 paired trials). Interestingly, the direction of these

lights with a modified CCD (charge coupled device) camera with

relationships reverse; interactions were more likely to escalate

its infrared bypass filter removed and fixed focus lens recording

among size-symmetric pairs, but more likely to end in cannibalism

640 × 480 p at 30 fps. We recorded if individuals escalated to physi-

for size-asymmetric pairs (Table 2; Figure 2). This effect is exacer-

cal aggression or cannibalized during the 45-min trial. Aggression was

bated among pairs that both escalated and cannibalized (Figure 3).

identified by individuals engaging in physical contact with pedipalps or

Individuals were more likely to cannibalize if the agonistic interac-

chelicerae, while cannibalism was identified by one opponent killing

tion escalated (16.5% of 34 escalated trials) than if they did not

and beginning to consume the other. Individuals were only used in one

(11.8% of 164 non-escalated trials). Of those pairs that did esca-

trial, and researchers were blind to animal identity for all measures.

late, the individuals that cannibalized were larger (15.57 ± 0.43 mm

We compared logistic regressions to test whether the difference

vs. 11.06 ± 0.55 mm; t55 = 6.46, p < .001) and of greater mass

in body size, body mass, armament size between opponents or an

(2.85 ± 0.17 g vs. 1.00 ± 0.13 g; t54 = 8.58, p < .001) than individu-

interaction of those measures best predicted escalation to physical

als that did not cannibalize (Table 2; Figure 4). Lastly, we did not

aggression and cannibalism (Burnham, Anderson, & Huyvaert, 2011;

detect a different in the proportion of males and females escalat-

Richards, Whittingham, & Stephens, 2011; Symonds & Moussalli,

ing or cannibalizing (escalation χ21 = 0.033, p = .855; cannibalism

2011). Armament size was measured using pedipalp femur length.

χ21 = 0.013, p = .910).

We compared this global model and simpler versions using Akaike’s
information criterion corrected for small sample sizes (AICc) and
Akaike’s weights (wi; see Wagenmakers & Farrell, 2004). Akaike’s

4 | DISCUSSION

weights can be thought of as the estimated probability that a given
model is the best relative to all models considered. We compared

Weapon size symmetry predicted escalation and body mass asymme-

body size, body mass, and armament size between interactions that

try predicted cannibalism in pairs that escalated during interactions.

T A B L E 1 Multimodel comparisons of
logistic regressions of the difference of
size, mass, and armament between
opponents in paired trials predicting
cannibalism and escalation

Cannibalism

Escalation

Models

k

AICc

ΔAICc

wi

AICc

Size × mass × armament

7

171.38

7.54

0.008

180.22

9.47

0.002

Size × mass

3

164.20

0.35

0.303

174.06

3.32

0.047

Size × armament

3

165.47

1.63

0.160

172.79

2.04

0.089

Mass × armament

3

163.85

0.00

0.361

172.30

1.56

0.114

Size + mass + armament

3

170.03

6.18

0.016

174.75

4.01

0.034

Size + mass

2

168.18

4.33

0.041

173.73

2.98

0.056

Size + armament

2

172.40

8.556

0.005

172.73

1.99

0.092

Mass + armament

2

168.69

4.86

0.032

172.71

1.96

0.093

Size

1

170.86

7.02

0.011

171.81

1.06

0.146

Mass

1

168.98

5.13

0.028

170.74

2.32

0.078

Armament

1

170.42

6.57

0.013

173.06

0.00

0.248

Intercept only

0

169.44

5.59

0.011

182.47

11.72

0.001

ΔAICc

wi

Size was estimated by maximum carapace width (mm), mass was estimated by total body weight (g),
and armament was estimated by pedipalp femur length (mm). The model that included an interaction of
mass and armament was the best predictor of cannibalism. A model that included only the difference
in armament was the best predictor of escalation, followed by the interaction of mass and armament
(indicated in bold; n = 198).
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T A B L E 2 Estimates of the best-fitting logistic regression
predicting cannibalism or escalation
Parameter

Estimate ± SE

z

***

150

p

Mass

1.91 ± 0.77

2.489

.013

Armament

3.84 ± 2.22

1.73

.083

−3.15 ± 1.20

2.62

.009

Mass × armament
Predicting escalation
Armament

−2.03 ± 0.66

3.06

.002

The best model predicting cannibalism included the proportional difference in body mass (mm), armament (mm), and their interaction, while the
best model predicting escalation included only the proportional difference
in armament.

Per cent difference

*

Predicting cannibalism

100

****
***

Size Armament Mass

Escalation

Size Armament Mass

Cannibalism

Size Armament Mass

Cannibalism by escalators

0.6

F I G U R E 3 Mean per cent difference in body mass, size,
armament, and scaled mass index (SMI) for trials that did (gray
bars) or did not (white bars), progress to escalated agonism, ended
in cannibalism and, progress to escalated agonism and ended in
cannibalism (n = 198). Whiskers indicate standard error of the mean.
Number of asterisks indicates p < .1, .05, .01, or .001 for Wilcoxon
tests

0.4

measures of body mass (van Staaden, Searcy, & Hanlon, 2011). Thus,

1.0

0.8

Probability of cannibalism

***

**

***

0

*

****

50

Body mass difference
0.0
0.5
1.0
1.5

while armament used in display was the best predictor of contest escalation, it was a poor predictor of cannibalism. Instead, cannibalism

0.2

was best predicted by an interaction of mass and armament or, to a
lesser extent, mass and size—models which both include estimates of

0.0

individual body mass or fat stores (Table 1, Figure 3). These measures
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

Weaponry size difference

F I G U R E 2 Interaction plot of a logistic regression of the
interaction of body mass and armament size predicting cannibalism
(estimate ± SE: −3.15 ± 1.20, z = 2.62, p = .009). Line thickness
indicates one of four body mass values

more closely estimate the actual RHP of opponents compared to display armament. This too matches some game theory models (e.g., war
of attrition, sequential assessment; Smith, 1974; Parker & Thompson,
1980), where information error decreases as the contest escalates
(Smith, 1974; Enquist, Leimar, Ljungberg,  Mallner & Segerdahl, 1990).
Contests between P. longipes are resolved by either an individual
retreating or being eaten. Such contests have very high risk. Thus, it

This illustrates that the unusual pattern of symmetric cannibalism

would benefit individuals to assess rather than engage their oppo-

found in P. longipes can be explained by a two-stage interaction. In

nents. Opponents will proceed with a series of ritualized displays, and

the first stage, size symmetry in armament drives the interaction to

only after a predictable progression does aggression begin (Chapin,

greater levels of escalation. In the second stage, already escalated

2015; Cullen, 1966). We found that RHP-symmetric opponents are

interactions are driven to cannibalism by asymmetry in body mass.

more likely to escalate an agonistic interaction. This is consistent with

Although animals behaved as expected in the wild, the study was con-

ecological models of intraspecific contests (Arnott & Elwood, 2009;

ducted under laboratory conditions; this type of cannibalism may be

Kemp & Wiklund, 2001). If agonism proceeds to a level of aggres-

less common in natural populations. The first stage is consistent with

sion high enough to allow the winner to kill the loser, the body of the

game theory models predicting a negative relationship between con-

loser presents a feeding opportunity (Crump, 1983). The combination

test escalation and the difference in RHP among opponents (Arnott

of escalation to lethal aggression and opportunistic predation, both

& Elwood, 2009; Barlow et al., 1986). The second stage is consistent

phenomena observed in P. longipes, are consistent with our findings

with models of asymmetric cannibalism, which predict that larger in-

(Chapin, 2015). Further, we find no differences in the rate of escala-

dividuals should consume smaller conspecifics (Claessen et al., 2004).

tion of cannibalism between sexes. This is likely because the contested

When interactions escalated such that cannibalism could occur, the

resource (a territory, see Chapin & Hill-Lindsay, 2016) is valuable to

individual with smaller body mass fell prey to the larger opponent.

both sexes.

Pedipalps, which advertise RHP, were the best predictor of esca-

This study models cannibalism as it occurs under laboratory settings,

lation, although pedipalp size did not predict cannibalism (Table 1).

but symmetric cannibalism has been observed in the field (Figure 1).

Displays are open to both higher error and dishonest signaling than

That said, there is little known about the specific circumstances
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under which symmetric cannibalism may occur in natural populations.
Ecologists have modeled how size-structured cannibalism occurs and
what role, if any, it plays in the stabilization of populations (Claessen
et al., 2004). We caution against applying traditional population models
of asymmetric cannibalism to P. longipes and other animals that might
exhibit symmetric cannibalism. Symmetric cannibalism in this species
is caused by an interaction of cannibalistic behavior with territory contests. This has interesting implications for the ecological role that cannibalism plays in this population. While it intuitively seems that symmetric
cannibalism can have population-level effects, the population dynamics
of species that exhibit this phenomenon remain unstudied. This is not
to say that RHP similar cannibalism has no important impact; we assert
only that it is poorly understood but structurally dissimilar to traditional
cannibalism models. We are just beginning to understand the importance of RHP-symmetric cannibalism. Research on this phenomenon
will expand our understanding of population dynamics and the evolution of both contest and cannibalism behavior.

ACKNOWLE DG E MEN TS
This research was funded by a Student Research Grant from the Animal
Behavior Society, the American Philosophical Society’s Lewis and Clark
Fund for Exploration and Research, the Explorers Club Exploration
Fund, the UCLA Latin American Institute via a donation from the
Faucett Catalyst Fund, the UCLA’s Edwin W. Pauley Fellowship, and the
Department of Ecology and Evolutionary Biology Fellowship. Thanks
to Nonacs laboratory members, Greg Grether, and Eileen Hebets for
advice and feedback. Thanks also to field assistants Alma Basco, Laura
Caicedo, Patrick Casto, Kimberly Dolphin, Jose Sanchez, Chelsea
Vretenar, and Daniel E. Winkler. Research was conducted under the
Puerto Rico Department of Natural Resources and the Environment
permit numbers 2012-IC-064 and 2013-IS-075.

REFERENCES
Arnott, G., & Elwood, R. (2009). Assessment of fighting ability in animal
contests. Animal Behavior, 77, 991–1004.
Barlow, G. W., Rogers, W., & Fraley, N. (1986). Do midas cichlids win through
prowess or daring? It depends. Behavioral Ecology and Sociobiology, 19,
1–8.

Prey

4

10

5

0

5

5

Mass (g)

20

Pedipalp femur length (mm)

F I G U R E 4 Comparison of carapace
width (mm), pedipalp femur length
(mm), and mass (g) of Phrynus longipes
pairs that either cannibalized or were
prey to cannibals in paired trials. Gray
lines represent one pair that ended in
cannibalism. Thick black line represents the
mean. Cannibals were larger, more massive,
and had a higher scaled mass index than
conspecific prey (t55 = 6.46, p < .001;
t54 = 8.58, p < .001; t57 = 6.50, p < .001)

Prosoma width (mm)

CHAPIN and REED-GUY

3

2

1

Cannibal

Prey

0

Cannibal

Prey

Bath, E., Wigby, S., Vincent, C., Tobias, J. A., & Seddon, N. (2015). Condition,
not eyespan, predicts contest outcome in female stalk—Eyed flies,
Teleopsis dalmanni. Ecology and Evolution, 5, 1826–1836.
van den Bosch, F., de Roos, A. M., & Gabriel, W. (1988). Cannibalism as a life
boat mechanism. Journal of Mathematical Biology, 26, 619–633.
Burnham, K. P., Anderson, D. R., & Huyvaert, K. P. (2011). AIC model selection and multimodel inference in behavioral ecology: Some background,
observations, and comparisons. Behavioral Ecology and Sociobiology, 65,
23–35.
Chapin, K. J. (2015). Cave-epigean behavioral variation of the whip spider
Phrynus longipes (Arachnida: Amblypygi) evidenced by activity, vigilance, and aggression. The Journal of Arachnology, 43, 214–219.
Chapin, K. J., & Hebets, E. A. (2016). Invited review: Behavioral ecology of
Amblypygi. The Journal of Arachnology, 44, 1–14.
Chapin, K. J., & Hill-Lindsay, S. (2016). Territoriality evidenced by asymmetric resource value in the whip spider Phrynus longipes. Behavioural
Processes, 122, 110–115.
Claessen, D., de Roos, A. M., & Persson, L. (2004). Population dynamic theory of size-dependent cannibalism. Proceedings of the Royal Society B,
271, 333–340.
Crump, M. L. (1983). Opportunistic cannibalism by amphibian larvae in
temporary aquatic environments. American Naturalist, 121, 281–289.
Cullen, J. M. (1966). Reduction of ambiguity through ritualization.
Philosophical Transactions of the Royal Society B, 251, 363–374.
Dawkins, M. S., & Guilford, T. (1991). The corruption of honest signaling.
Animal Behavior, 41, 865–873.
Diekmann, O., Gyllenberg, M., & Metz, J. A. J. (2003). Steady-state analysis of structured population models. Theoretical Population Biology, 63,
309–338.
Diekmann, O., Nisbet, R. M., Gurney, W. S. C., & van den Bosch, F. (1986).
Simple mathematical models for cannibalism: A critique and a new approach. Mathematical Biosciences, 78, 21–46.
Dong, Q., & DeAngelis, D. (1998). Consequences of cannibalism and competition for food in a Smallmouth Bass population: An individual-based modeling study. Transactions of the American Fisheries Society, 127, 174–191.
Enquist, M., Leimar, O., Ljungberg, T., Mallner, Y., & Segerdahl, N. (1990).
A test of the sequential assessment game: fighting in the cichlid fish
Nannacara anomala. Animal Behaviour, 40, 1–14.
Fowler-Finn, K. D., & Hebets, E. A. (2006). An examination of agonistic
interactions in the whip spider Phrynus marginemaculatus (Arachnida,
Amblypygi). The Journal of Arachnology, 34, 62–76.
Gurtin, M. E., & Levine, D. S. (1982). On populations that cannibalize their
young. Journal on Applied Mathematics, 42, 94–108.
Huston, M., DeAngelis, D., & Wilfred, P. (1988). New computer models
unify ecological theory. BioScience, 38, 682–691.
Kemp, D. J., & Wiklund, C. (2001). Fighting without weaponry: A review
of male-male contest competition in butterflies. Behavioral Ecology and
Sociobiology, 49, 429–442.

6

|

Kohlmeier, C., & Ebenhoh, W. (1995). The stabilizing role of cannibalism in a predator-prey system. Bulletin of Mathematical Biology, 57,
401–411.
Koskimäki, J., Rantala, M., Taskinen, J., Tynkkynen, K., & Suhonen, J. (2004).
Immunocompetence and resource holding potential in the damselfly,
Calopteryx virgo. Behavioral Ecology, 15, 169–173.
Landahl, H. D., & Hansen, B. D. (1975). A three stage population model with
cannibalism. Bulletin of Mathematical Biology, 37, 11–17.
Morris, M. R., Gass, L., & Ryan, M. J. (1995). Assessment and individual
recognition of opponents in the pygmy swordtails Xiphophorus nigrensis
and X. multilineatus. Behavioral Ecology and Sociobiology, 37, 303–310.
Park, S. R., Jeong, J. Y., & Park, D. (2005). Cannibalism in the Korean salamander (hynobius leechii: Hynobiidae, caudata, amphibia) larvae.
Integrative Biosciences, 9, 13–18.
Parker, G. A. (1974). Assessment strategy and the evolution of fighting behavior. Journal of Theoretical Biology, 47, 223–243.
Parker, G. A., & Thompson, E. A. (1980). Dung fly struggles: A test of the
war of attrition. Behavioral Ecology and Sociobiology, 7, 37–44.
Polis, G. A. (1980). The effect of cannibalism on the demography and activity of a natural population of desert scorpions. Behavioral Ecology and
Sociobiology, 7, 25–35.
Polis, G. A. (1981). The evolution and dynamics of intraspecific predation.
Annual Review of Ecology and Systematics, 12, 225–251.
Richards, S. A., Whittingham, M. J., & Stephens, P. A. (2011). Model selection and model averaging in behavioural ecology: The utility of the IT-
AIC framework. Behavioral Ecology and Sociobiology, 65, 77–89.
Rose, F. L., & Armentrout, D. (1976). Adaptive strategies of Ambystoma tigrinum Green inhabiting the Llano Estacado of west Texas. Journal of
Animal Ecology, 45, 713–729.
Santer, R. D., & Hebets, E. A. (2011). The sensory and behavioural biology
of whip spiders (Arachnida, Amblypygi). In J. Casas (Ed.), Advances in
Insect Physiology, Vol. 41 (pp. 1–64). London: Academic Press.

CHAPIN and REED-GUY

Smith, J. M. (1974). The theory of games and the evolution of animal conflicts. Journal of Theoretical Biology, 47, 209–221.
Spence, A. J., & Hebets, E. A. (2005). Anatomy and physiology and giant
neurons in the antenniform leg of the amblypygid Phrynus marginemaculatus. The Journal of Arachnology, 34, 566–577.
van Staaden, M. J., Searcy, W. A., & Hanlon, R. T. (2011). Signaling aggression. Advances in Genetics, 75, 23–49.
Symonds, M. R. E., & Moussalli, A. (2011). A brief guide to model selection,
multimodel inference and model averaging in behavioural ecology using
Akaike’s information criterion. Behavioral Ecology and Sociobiology, 65,
13–21.
Theis, A., Bosia, T., Roth, T., Salzburger, W., & Egger, B. (2015). Egg-spot
pattern and body size asymmetries influence male aggression in haplochromine cichlid fishes. Behavioral Ecology, 26, 1512–1519.
Torres-Contreras, R., de Armas, L. F., & Alvarez-Garcia, D. (2015).
Cannibalism in whip spiders (Arachnida:Amblypygi). Revista Ibérica de
Aracnología, 26, 79.
Wagenmakers, E. J., & Farrell, S. (2004). AIC model selection using Akaike
weights. Psychonomic Bulletin & Review, 11, 192–196.
Weygoldt, P. (2000). Whip spiders (Chelicerata, Amblypygi): Their biology,
morphology, and systematics. Stenstrup: Apollo Books.
Wilson, R. S., Angilletta, M. J., James, R. S., Navas, C., & Seebacher, F.
(2007). Dishonest signals of strength in male slender crayfish (Cherax
dispar) during agonistic encounters. American Naturalist, 170, 284–291.

How to cite this article: Chapin KJ, Reed-Guy S. Territoriality
mediates atypical size-symmetric cannibalism in the
Amblypygi Phrynus longipes. Ethology. 2017;00:1–6.
https://doi.org/10.1111/eth.12647

