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Abstract

Porcelain crabs possess a ‘hair-trigger’ propensity to autotomize their chelipeds

(claws), and laboratory studies have demonstrated that this ability is highly

effective in avoiding predation from other crabs. However, porcelain crabs are

also subject to predation from fishes, which use a very different means of cap-

ture. In this study, we investigated whether autotomy in porcelain crabs is also

effective against predation by fishes. To do this, we examined stomach-contents

data from four common species of kelp-forest rockfishes and determined the

frequency of disassociated chelipeds (those with no associated bodies) in porce-

lain crabs and in brachyuran crabs, which do not readily autotomize their

chelipeds. We found that disassociated chelipeds of porcelain crabs were six

times as common as those of brachyuran crabs (35% of the remains of all por-

celain crabs versus 6% of the remains of all brachyuran crabs). We interpret

this difference to be evidence that, through autotomy, porcelain crabs escaped

ingestion of their entire bodies, and thus certain mortality, at a higher rate

than did brachyuran crabs. We conclude that autotomy constituted an effective

escape strategy from rockfish predation. This evidence, in conjunction with

previous studies, suggests that autotomy of chelipeds in porcelain crabs is an

effective anti-predatory strategy against phylogenetically disparate predatory

groups.

Introduction

Predation is arguably the strongest selective force imposed

by heterospecifics on life history and behavioral evolution

(e.g. Reznick & Endler 1982; Stearns 1992). Among the

many anti-predatory mechanisms observed in animals is

autotomy, the ability to voluntarily shed an appendage.

Autotomy has evolved independently in a wide variety of

animals (Wood & Wood 1932; McVean 1982; Wasson

et al. 2002; Bely & Nyberg 2010). For example, some

rodents, salamanders, and lizards autotomize their tails,

and the thrashing tail often distracts the predator while

the prey escapes (Arnold 1988; Maginnis 2006; Fleming

et al. 2007; Bateman & Fleming 2009). Additionally, spi-

ders and insects autotomize legs (Arnold 1988; Maginnis

2008), sea stars and brittle stars autotomize arms (Mauzey

et al. 1968; Lawrence 1992), and crabs autotomize cheli-

peds and other appendages (McVean 1982; Juanes &

Smith 1995; Wasson et al. 2002; Wasson & Lyon 2005).

Despite its apparent immediate advantages for survivor-

ship, autotomy can have important negative consequences

for the prey. The costs can include impaired locomotion,

foraging, survivorship, and/or reproduction, in addition

to the long-term energetic costs of replacing the autotom-

ized appendage (Arnold 1988; Juanes & Smith 1995;

Barr�ıa & Gonz�alez 2008).

Porcelain crabs (Porcellanidae) readily autotomize their

chelipeds (claws) and the value of this behavioral trait in

escaping predation has been well demonstrated (Wasson

et al. 2002; Wasson & Lyon 2005). In laboratory trials,

porcelain crabs whose chelipeds were grasped by preda-

tory brachyuran crabs often autotomized those chelipeds
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and escaped (Wasson et al. 2002). This behavior was

complex, in that porcelain crabs often did not autotomize

when attacked by smaller predatory crabs, and instead

used their chelipeds to fight off the predators, which also

often resulted in escape (Wasson & Lyon 2005). However,

porcelain crabs are also preyed upon by a variety of fishes

(Randall 1967), including fish of the genus Sebastes (e.g.

Larson 1972; Murie 1995; Kosman et al. 2007). Rockfish-

es are typically much larger than predatory crabs, and

their mode of predation is different. As generalized acan-

thopterygian predators, rockfish (Hobson 2006) typically

engulf or otherwise grasp porcelain crabs and swallow

them whole, whereas the predatory crabs grasp parts of

the porcelain crabs, subdue them, and consume them in

pieces (Wasson et al. 2002). In this study we attempt to

determine whether porcelain crabs use autotomy as a suc-

cessful defense against predation by these crab-consuming

fishes.

Our study takes advantage of an earlier comparative

stomach-contents analysis of four species of kelp-forest

rockfishes (Sebastes) (Larson 1972). These rockfishes con-

sume a variety of small crabs, including porcelain crabs

[primarily Pachycheles rudis (Stimpson, 1859), but also

Petrolisthes sp.], which are common inhabitants of tem-

perate kelp forests and rocky reefs off California (Haig &

Abbot 1980). Field and laboratory observations (R. J. Lar-

son, personal observations, Van Syoc 1983) indicate that

these species of fish typically lie in wait for prey, and cap-

ture them by suction or grabbing in a quick lunge.

Accordingly, crabs in stomach contents almost always

occurred as complete carcasses, usually with chelipeds

attached. However, the data sheets for Larson’s (1972)

study also noted instances in which chelipeds with no

corresponding crab body occurred in stomachs. We took

advantage of these observations to explore the possibility

that autotomy of chelipeds by porcelain crabs was also an

effective defense against a very different type of predator

from the predatory crabs studied previously (Wasson

et al. 2002; Wasson & Lyon 2005). Porcellanid crabs are

taxonomically diverse and geographically widespread

(Haig 1960; Stillman & Reeb 2001; and references

therein), and autotomy seems to be a general characteris-

tic of the group (Wasson et al. 2002). It is not possible

to know the conditions under which autotomy first

evolved in this group, but to be truly successful, this

defense mechanism should be effective against a range of

predators that may use different methods of subduing

and capturing prey. This paper provides a first attempt to

address the generality of the defense offered by cheliped

autotomy in porcelain crabs.

Study Area

To determine whether autotomy of chelipeds plays any

role in predation by rockfish upon porcelain crabs, we

report the occurrence of either complete crab carcasses

or disassociated chelipeds in the stomach contents of

four species of rockfish (Sebastes atrovirens (Jordan &

Gilbert 1880), Sebastes carnatus (Jordan & Gilbert 1880),

Sebastes chrysomelas (Jordan & Gilbert 1881), and

Sebastes caurinus (Richardson 1844; Fig. 1) from rocky

reefs and kelp forests off Southern California. One hun-

dred specimens of each species were collected by spear

in 34 collections made between November of 1969 and

April of 1972 at a number of locations near Santa Bar-

bara and Santa Cruz Island, California (approximately

Fig. 1. The four species of nearshore rockfish

included in this study (clockwise from top

left): Sebastes carnatus, Sebastes

chrysomelas, Sebastes atrovirens, and

Sebastes caurinus. Photo credits: first three

clockwise photos from top left by Kevin Lee,

and bottom left by Clinton Bauder.
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119°40′–58′ W, 34°22′–26′ N, and 119°30′–48′ W,

33°57′–34°5′ N, respectively).

Study Species

The four species of rockfish used in this study are closely

related, forming a monophyletic clade (Hyde & Vetter

2007), and are morphologically similar (Fig. 1). They do

not possess specialized or highly differentiated oral or

pharyngeal dentition. Our laboratory and field observa-

tions indicate that they typically ambush and swallow

prey whole. They consume the same general array of prey

but differ in the proportions of different types of prey

consumed (Larson 1972; see also Hobson & Chess 1976;

Van Dykhuisen 1983; Hallacher & Roberts 1985; Murie

1995).

Methods

Fish were collected by SCUBA divers roughly as they were

encountered, except that sampling was limited to post-

juveniles (greater than about 100 mm standard length).

Within hours of a collection, specimens’ abdomens were

incised, and specimens were fixed in 10% formalin. Later,

specimens were rinsed in fresh water and stored in 45%

ethanol. Stomach contents were later examined, and prey

identified to the lowest possible taxon. In the original

data sheets, crabs were typically noted by species, number

present, and the estimated percentage of the entire stom-

ach contents volume constituted by members of a species,

and sometimes as well-digested masses that were difficult

to identify beyond general categories. No particular note

was ever made of crab bodies without chelipeds present,

and chelipeds were typically attached to bodies or, less

often, were separate but could be matched with bodies

(R. J. Larson, personal communication). However, the

data sheets did specifically note those cases in which

chelipeds were found alone, not matched with any other

remains. For this study, we reviewed the original data

sheets, and recorded the number of clearly identifiable

complete carcasses (the typical notation of crabs present

with no other comment) and of chelipeds found unasso-

ciated with other remains for three brachyuran genera

(Cancer, Lophopanopeus, and Paraxanthias; Fig. 2) and

two porcellanid genera (primarily Pachycheles, but also

one instance of Petrolisthes; Fig. 2). These species of

brachyuran crabs have relatively large chelipeds (in com-

parison with majid crabs, for example), although not as

large in proportion to body size as those of porcelain

crabs. Individual Cancer crabs averaged about 1 ml ‘stan-

dardized’ volume (standardized for fish size), Lophopopa-

nopeus crabs averaged about 0.6 ml, Paraxanthias

averaged almost 2 ml, and porcelain crabs averaged

3.7 ml (Larson 1972).

We considered the occurrence of either an entire crab

carcass or a disassociated cheliped to be the result of a

‘successful’ attack, a strike in which the fish captured

some food, as opposed to the unknowable number of

strikes in which the entire crab escaped. We interpret the

occurrence of a disassociated cheliped to be evidence of a

strike in which the fish obtained only the cheliped but

the crab itself escaped. It seems most likely that the pres-

ence of a disassociated cheliped would be the result of

either autotomy (in which the crab voluntarily shed its

cheliped upon being grasped by the fish) or forced

removal (in which the fish grasped the cheliped but the

Fig. 2. Representative species of porcelain

and brachyuran crabs (clockwise from top

left): Petrolisthes manimaculis, Pachycheles

rudis, Lophopanopeus bellus, and Cancer

productus. Photo credits (clockwise from top

left): Dr. Jonathan Stillman (San Francisco

State University), Dr. Jim Nestler (Rosario

Beach Marine Laboratory), Dr. Thomas M.

Niesen (San Francisco State University), and

Dr. Jim Nestler (Rosario Beach Marine

Laboratory).
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force of movements during the strike caused the cheliped

to separate from the body of the crab). We compared the

relative incidence of disassociated chelipeds from porcell-

anid and brachyuran crabs, because the brachyuran crabs

also have relatively large chelipeds (Garth & Abbot 1980),

but do not readily autotomize (Wasson et al. 2002). In

particular, we compared the ratio of chelipeds found

alone with no associated carcass, with the total number

of remains (disassociated chelipeds plus full carcasses)

between porcelain and brachyuran crabs, as this is the

measure of the percentage of strikes by rockfish that

resulted in ingestion of only the cheliped out of all

‘successful’ strikes. A higher percentage of disassociated

chelipeds in porcelain crabs would indicate the following:

(i) it would indicate that autotomy likely occurred in

porcelain crabs (that is, that the disassociated chelipeds are

not simply the result of forced removal by the fish, which

would occur with similar likelihood in porcellanid and

brachyuran crabs in the absence of autotomy), and (ii) it

would indicate that ‘successful’ predatory attacks on por-

celain crabs did not lead as often to the immediate death

of the crab (only ingestion of the cheliped) as in brachyu-

ran crabs, so that autotomy reduced the rate of immediate

mortality due to rockfish predation in porcelain crabs.

The disassociated chelipeds in the stomachs were all

easily identifiable as such and none was noted as being

highly digested. Additionally, the decalcified remains of

crab exoskeletons in the anterior intestine, often with

chelipeds attached, could sometimes be identified. There-

fore, disassociated chelipeds were not the result of evacu-

ation of the rest of the body while the cheliped remained

in the stomach. We do not distinguish among brachyuran

taxa in our results. Most of the disassociated chelipeds

from this group were identified as ‘Cancer-like’ because

the chilepeds, particularly of Cancer and Lophopanopeus,

were difficult to distinguish. However, in general, Cancer

was the most abundant genus, followed by Lophopanopeus

and then Paraxanthias (Larson 1972).

We made several comparisons of the frequencies of

whole carcasses versus disassociated chelipeds. Our pri-

mary hypothesis was that if autotomy allowed porcelain

crabs to escape total consumption, the frequency of disas-

sociated chelipeds should be higher in porcellanid crabs

than in brachyuran crabs. We tested this by comparing

the relative frequencies of disassociated chelipeds to

whole carcasses in porcelain crabs to those of brachyuran

crabs in the diets of all species of rockfish combined. We

further compared these frequencies in S. carnatus and

S. chrysomelas (the species which consumed the most

crabs) separately, to evaluate whether this was consis-

tent for both of the main crab-consuming species. We

used additional comparisons to determine whether any

differences in the manner of feeding among the species of

rockfish influenced the occurrence of disassociated cheli-

peds. To determine whether differences in the manner of

feeding, if any, among the species of rockfish influenced

the rate of presumed forced removal of chelipeds, we

compared the frequencies of whole carcasses and disasso-

ciated chelipeds of brachyuran crabs alone between the

four species and between S. carnatus and S. chrysomelas

separately. Finally, to determine whether differences in

the manner of feeding, if any, influenced the occurrence

of disassociated chelipeds in the two species that were

most likely to eat crabs (and which had a sufficient sam-

ple size for comparisons to be made), we compared the

frequencies of whole carcasses and disassociated chelipeds

of porcellanid crabs alone between S. carnatus and

S. chrysomelas. Statistical comparisons employed log-like-

lihood tests of independence (G tests with Williamson’s

correction; Sokal & Rohlf 1995).

Results

Disassociated chelipeds represented over one-third of the

total remains of porcelain crabs in the diets of the four

species of rockfish, a significantly higher frequency than

with brachyuran crabs. A total of 34 complete carcasses

or disassociated chelipeds of porcellanid crabs occurred

in the stomachs of the four fishes, of which 12 (35.7%)

were disassociated chelipeds (Table 1). Of the 245

instances of brachyuran crabs or chelipeds recorded in

the stomachs of the fishes, 14 (5.7%) were disassociated

chelipeds. The frequencies of whole carcasses and disasso-

ciated chelipeds differed significantly between the

brachyuran and porcelain crabs in the stomachs of all

four species of fish combined (Gadj = 10.16, df = 1,

P < 0.005). This difference was consistent in the two

main crab-eating fishes, S. carnatus and S. chrysomelas.

The frequency of disassociated chelipeds differed signifi-

Table 1. Number of individual prey that occurred as complete car-

casses or as disassociated chelipeds in the stomach contents of four

species of Sebastes rockfishes. In all, 100 specimens of each species

of rockfish were examined.

brachyuran crabs

Cancer,

Lophopanopeus,

and Paraxanthias

porcellanid crabs

Pachycheles and

Petrolisthes

complete

cheliped

only complete

cheliped

only

S. atrovirens 8 1 0 0

S. carnatus 69 2 10 4

S. chrysomelas 116 8 11 7

S. caurinus 38 3 1 1

Total 231 14 22 12
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cantly between brachyuran and porcellanid crabs in each

of these species (S. carnatus: Gadj = 7.152, df = 1, P <
0.01; S. chrysomelas: Gadj = 11.379, df = 1, P < 0.001).

The disassociated porcelain crab chelipeds occurred at

a consistent rate in the two main crab-eating species,

S. carnatus and S. chrysomelas (29% and 39% of all por-

cellanid remains, respectively; Table 1). The relative fre-

quency of whole carcasses and disassociated chelipeds in

porcellanid crabs alone did not differ significantly

between these species (Gadj = 0.355, df = 1, P > 0.5).

This indicates that the high occurrence of disassociated

chelipeds was not limited to one species of fish. The

occurrence of porcelain crabs was too low in the other

species for statistical comparisons.

Finally, the occurrence of disassociated chelipeds in

brachyuran crabs was consistently low among the four

species, and between the two main crab-eating species of

fish (S. atrovirens: 11%, S. carnatus: 3%, S. chrysomelas:

7%, and S. caurinus: 7%; Table 1). The relative frequen-

cies of whole carcasses and disassociated chelipeds in

brachyuran crabs alone did not differ significantly across

the four species of rockfish (Gadj = 1.77, df = 3, P > 0.5)

or between S. carnatus and S. chrysomelas (Gadj = 1.269,

df = 1, P > 0.1). This indicates that any differences in the

methods of foraging among the species did not affect

what we presume to be the rate of forced removal of

chelipeds.

Discussion

Anti-predatory strategies are often effective against a

range of predators, such as chemical and visual defenses,

armor, speed, and schooling/herding behavior. However,

not all defenses are effective against all types of predators.

For example, visual defenses would be ineffective against

non-visual predators, and schooling behavior in fishes is

ineffective against some types of predators (e.g. Benoit-

Bird & Au 2009). Further, differing induced defenses

against different types of predators (e.g. Freeman 2007)

are often cases in which a single defense is not useful

against all types of predators. Similarly, caudal tail autot-

omy in lizards is more effective against some methods of

attack than others (Bateman & Fleming 2009). However,

for porcelain crabs, it has been unclear whether autotomy

is only effective against predation by predatory crabs

(Wasson et al. 2002; Wasson & Lyon 2005) and not effec-

tive against other groups, such as fishes, with an entirely

different mode of attack.

Wasson et al. (2002) suggested that large benefits and

small costs likely account for the exceptionally high

incidence of autotomy in porcelain crabs. However,

their studies applied to only one type of predator. The

rockfishes we studied, especially S. chrysomelas and

S. carnatus, are effective predators of crabs (Table 1), and

pose the threat of a different style of predation on porce-

lain crabs. However, although the rockfishes were capable

of consuming whole porcelain crabs, autotomy apparently

allowed porcelain crabs to escape in about one-third of

the strikes in which the fish was able to grasp and con-

sume at least part of the crab (Table 1).

Disassociated chelipeds from porcelain crabs occurred

significantly more often than brachyuran chelipeds in the

four fish species combined, and in both S. carnatus and

S. chrysomelas, the main crab-eating species. Further-

more, no significant difference was observed between

S. carnatus and S. chrysomelas in the frequency of disas-

sociated chelipeds of porcellanid crabs, and no significant

difference in the frequency of disassociated brachyuran

chelipeds was found among the four species or between

S. chrysomelas and S. carnatus when compared separately.

These comparisons among species of fish predators indi-

cate that other than the greater predilection for crabs in

S. carnatus and S. chrysomelas, the predator–prey interac-

tions between these fishes and crabs, insofar as they

affect the consumption of chelipeds, were similar, and

that the higher frequency of disassociated chelipeds in

porcelain crabs than in brachyuran crabs was not a spe-

cies-specific phenomenon. We interpret these results to

mean that the high frequency of disassociated porcellanid

chelipeds in the stomachs of these fishes was related to

the ability of porcelain crabs to autotomize their cheli-

peds. We think it most likely that the comparison

between porcelain crabs and brachyuran crabs means

that the higher frequency of porcellanid chelipeds was

not the result of forcible removal (which should have

occurred at about the same frequency as in the brachyu-

ran crabs) but the result of autotomy. However, it is also

possible that the structure of the joint between the cheli-

ped and the body in porcellanid crabs made forcible

removal of chelipeds easier in porcelain crabs. In either

case, each occurrence of disassociated chelipeds repre-

sents an instance in which a successful strike by a fish

predator did not result in the immediate mortality of

the crab.

Our personal observations of rockfish feeding in the

laboratory and field suggest that the main defenses of

crabs against rockfish predation are hiding (under rocks

and algae), flight to cover, crypsis, and large size. Crabs

in the size range consumed by the rockfishes might fend

off a rockfish attack with its chelipeds (with chelipeds

spread, the body of the crab in effect becomes larger; in

Fig. 2, the Lophopanopeus specimen demonstrates this

posture), but the crabs cannot fight (that is, attempt to

injure) the much larger predator using their chelipeds.

Autotomy, then, provides a partial defense against an

effective predator, with little opportunity for the tradeoff
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between fighting and autotomy observed against other

crab predators (Wasson & Lyon 2005). Further analysis

of the interactions between fish and porcelain crabs may

be useful. For example, Van Syoc (1983) found that han-

dling times for dead crabs (the time required to position

food in the mouth before swallowing) increased in an

almost exponential fashion with the size of crab in one

species of rockfish. This handling may offer an opportu-

nity for autotomy to occur. We predict, based on Van

Syoc’s results, that autotomy is more likely to lead to suc-

cessful escape in larger porcelain crabs, which require

longer handling time.

While autotomy appears to have been successful in

reducing immediate mortality due to predator strikes in

porcelain crabs, brachyuran crabs do not commonly

employ autotomy. Porcelain crabs are filter feeders

(Wicksten 1973; Haig & Abbot 1980; Jensen 1995), so

autotomy of chelipeds may not have as negative an effect

on foraging as in brachyuran and other crabs (Wasson

et al. 2002). In addition, it would be valuable to observe

the actual interactions between fish predators and porce-

lain crabs. Especially in relation to the porcelain crabs,

the large chelipeds relative to their body size may increase

the chance that a fish grasps mainly the cheliped when

feeding, and in conjunction with autotomy and/or weak-

ness in the joint with the body, helps increase the likeli-

hood that porcelain crabs escape immediate predation.

Conclusions

We present evidence that porcelain crabs escape immedi-

ate mortality from rockfish predation more often than

brachyuran crabs because the fish captures the cheliped

but not the rest of the crab. We attribute this largely to

autotomy, or autotomy-related anatomical features of the

porcelain crabs (perhaps a weak cheliped-body joint, and

the large size of the chelipeds). Brachyuran crabs do not

utilize autotomy as often as porcelain crabs, possibly

because they require their chelipeds for foraging, unlike

porcelain crabs, which are filter feeders. This is the first

demonstration of an anti-predatory benefit of the behav-

ior for porcelain crabs from a vertebrate predator, and

shows that anti-predatory autotomy in porcelain crabs is

not limited to crab predators (Wasson et al. 2002; Was-

son & Lyon 2005). This study also indicates that while

prey must contend with varied selective pressures from

multiple predators, autotomy may be effective against

phylogenetically and ecologically disparate predators.

Lastly, we suggest that more extensive comparisons of the

effectiveness of anti-predatory strategies across widely dis-

similar predators should be instructive for a more com-

plete understanding of the factors that shape behavioral

and life-history evolution.

Acknowledgements

We thank Melinda Belisle, Tadashi Fukami, Philip Green-

spoon, Shama Hinard, Kabir Peay, Holly Moeller, and

two anonymous reviewers for comments. Alfred W. Ebel-

ing advised Larson on the stomach-contents analysis, and

Richard M. Bray was Larson’s dive partner in many of

the collections.

References

Arnold E.N. (1988) Caudal autotomy as a defense. In: Gans

C., Huey R.B. (Eds), Biology of the Reptilia, Vol 16. Alan R.

Liss, New York, NY: 235–273.

Barr�ıa E.M., Gonz�alez M.I. (2008) Effect of autotomy and

regeneration of the chelipeds on growth and development in

Petrolisthes laevigatus (Gu�erin, 1935) (Decapoda, Anomura,

Porcellanidae). Crustaceana, 81, 641–652.

Bateman P.W., Fleming P.A. (2009) To cut a long tail short: a

review of lizard caudal autotomy studies carried out over

the last 20 years. Journal of Zoology, 277, 1–14.

Bely A.E., Nyberg K.G. (2010) Evolution of animal

regeneration: re-emergence of a field. Trends in Ecology and

Evolution, 25, 161–169.

Benoit-Bird K.J., Au W.W.L. (2009) Cooperative prey herding

by the pelagic dolphin, Stenella longirostris. Journal of the

Acoustical Society of America, 125, 125–137.

Fleming P.A., Saccaggi D., Bateman P.W. (2007) Leave it all

behind: an evolutionary and taxonomic perspective of

autotomy in invertebrates. Biological Reviews, 82, 481–510.

Freeman A.S. (2007) Specificity of induced defenses in Mytilus

edulis and asymmetrical predator deterrence. Marine Ecology

Progress Series, 334, 145–153.

Garth J.S., Abbot D.P. (1980) Chapter 25: Brachyura: the true

crabs. In: Morris R.H., Abbott D.P., Haderlie E.C. (Eds),

Intertidal Invertebrates of California. Stanford University

Press, Stanford, CA: 594–630.

Haig J. (1960) The Porcellanidae (crustacea Anomura) of the

Eastern Pacific. Allan Hancock Pacific Expeditions, 24, 1–440.

Haig J., Abbot D.P. (1980) Chapter 24: Macrura and

Anomura: the ghost shrimp, hermit crabs, and allies. In:

Morris R.H., Abbott D.P., Haderlie E.C. (Eds), Intertidal

Invertebrates of California. Stanford University Press,

Stanford, CA: 577–593.

Hallacher L.E., Roberts D.A. (1985) Differential utilization of

space and food by the inshore rockfishes (Scorpaenidae,

Sebastes) of Carmel Bay, California. Environmental Biology of

Fishes, 12, 91–100.

Hobson E.S. (2006) Evolution. In: Allen LG, Pondella DJ II,

Horn MH (Eds.) The Ecology of Marine Fishes, California

and Adjacent Waters. Berkeley, CA: University of California

Press, 55–80.

Hobson E.S., Chess J.R. (1976) Trophic interactions among

fishes and zooplankters near shore at Santa Catalina Island.

U. S. Fish Bulletin, 74, 567–598.

6 Marine Ecology (2014) 1–7 ª 2014 Blackwell Verlag GmbH

Porcelain crab autotomy and rockfish predation Knope & Larson



Hyde J.R., Vetter R.D. (2007) The origin, evolution and

diversification of rockfishes of the genus Sebastes (Cuvier).

Molecular Phylogenetics and Evolution, 44, 790–811.

Jensen G.C. (1995) Pacific Coast Crabs and Shrimps. Sea

Challengers, Monterey, CA: 88 pp.

Juanes F., Smith L.D. (1995) The ecological consequences of

limb damage and loss in decapod crustaceans: a review and

prospectus. Journal of Experimental Marine Biology and

Ecology, 193, 197–223.

Kosman E.T., Colton M.A., Larson R.J. (2007) Feeding

preferences and size-related dietary shifts of treefish

(Scorpaenidae: Sebastes serriceps) off southern California.

California Fish and Game, 93, 40–48.

Larson R.J. (1972) The food habits of four kelp-bed rockfishes

(Scorpaenidae, Sebastes) off Santa Barbara, California. MA

Thesis. University of California, Santa Barbara, CA.

Lawrence J.M. (1992) Arm loss and regeneration in Asteriodea

(Echinodermata). In: Scalera-Liaci L., Canicatti C. (Eds),

Echinoderm Research. Balkema, Rotterdam: 39–52.

Maginnis T.L. (2006) The costs of autotomy and regeneration

in animals: a review and framework for future research.

Behavioral Ecology, 17, 857–872.

Maginnis T.L. (2008) Autotomy in a stick insect (Insecta:

Phasmida): predation versus molting. Florida Entomologist,

91, 126–127.

Mauzey K.P., Birkeland C., Dayton P.K. (1968) Feeding

behavior of asteroids and escape responses of their prey in

the Puget Sound region. Ecology, 49, 603–619.

McVean A. (1982) Autotomy. In: Bliss D.E. (Ed), The Biology of

Crustacea, Vol 4. Academic Press, New York, NY: 107–132.

Murie D.J. (1995) Comparative feeding ecology of two

sympatric rockfish congeners, Sebastes caurinus (copper

rockfish) and S. maliger (quillback rockfish). Marine Biology,

124, 341–353.

Randall J.E. (1967) Food habits of the reef fishes of the West

Indies. Studies in Tropical Oceanography, 5, 665–847.

Reznick D.N., Endler J.A. (1982) The impact of predation on

life history evolution in Trinidadian guppies (Poecilia

reticulata). Evolution, 36, 160–177.

Sokal R.R., Rohlf F.J. (1995) Biometry. 3rd edn. New York,

NY: WH Freeman : 887.

Stearns S.C. (1992) The Evolution of Life Histories. Oxford

University Press, Oxford: 249 pp.

Stillman J.H., Reeb C.A. (2001) Molecular phylogeny of

Eastern Pacific Porcelain Crabs, Genera Petrolisthes and

Pachycheles, based on the mtDNA 16S rDNA sequence:

phylogeographic and systematic implications. Molecular

Phylogenetics and Evolution, 19, 236–245.

Van Dykhuisen G.S. (1983) Activity patterns and feeding

chronology of the kelp rockfish, Sebastes atrovirens, in a

central California kelp forest. MA Thesis. San Jose State

University.

Van Syoc R.J. (1983) Growth rates, prey size preference,

handling times and effects of hunger in brown rockfish,

Sebastes auriculatus, Girard, 1854. MA Thesis. San Francisco

State University.

Wasson K., Lyon B.E. (2005) Flight or fight: flexible

antipredatory strategies in porcelain crabs. Behavioral

Ecology, 16, 1037–1041.

Wasson K., Lyon B.E., Knope M. (2002) Hair-trigger

autotomy in porcelain crabs is a highly effective escape

strategy. Behavioral Ecology, 13, 481–486.

Wicksten M.K. (1973) Feeding in the porcelain crab,

Petrolisthes cinctipes (Randall) (Anomura: Porcellanidae).

Bulletin Southern California Academy of Sciences, 72, 161–

163.

Wood F.D., Wood H.E. (1932) Autotomy in decapod

Crustacea. Journal of Experimental Zoology, 62, 1–55.

Marine Ecology (2014) 1–7 ª 2014 Blackwell Verlag GmbH 7

Knope & Larson Porcelain crab autotomy and rockfish predation


