
Reference: Biol. Bull. 180: 416-431. (June, 1991)

Autotomy in Blue Crab (Callinectes sapidus Rathbun)

Populations: Geographic, Temporal,
and Ontogenetic Variation

L. DAVID SMITH12 ANDANSONH. MINES'

^Smithsonian Environmental Research Center, P.O. Box 28, Edgewater. Maryland 21037 and

"-Department of Zoology, University of Maryland, College Park, Maryland, 20742

Abstract. Blue crab (Callinectes sapidus Rathbun) pop-

ulations were examined at four sites in Chesapeake Bay

and three additional sites along the southeastern Atlantic

coast and Gulf of Mexico; the aims were to assess the

incidence of limb autotomy and to determine whether

injury patterns varied temporally, geographically, and

ontogenetically. These data, which include four years of

information from one site (Rhode River, Maryland, a su-

bestuary of central Chesapeake Bay), make this study the

most extensive and intensive survey of limb autotomy yet

conducted in arthropods. A substantial percentage ( 1 7-

39%) of the blue crab populations were either missing or

regenerating one or more limbs, suggesting that autotomy

is an important mechanism for their survival. The fre-

quency of limb autotomy varied, both within and between

years, and over broad geographical scales. Injury levels

were generally correlated positively with crab size. Limb

autotomy was independent of sex and molt stage, and

frequencies varied little among sites in the Rhode River.

Patterns of limb injury in C. sapidus were remarkably

consistent among all sites. The most frequent injury in-

volved loss of a single cheliped. Swimming legs suffered

the least damage. Severe multiple limb loss was rare. Right

and left limbs were lost with equal frequency in most

populations. This consistency of autotomy pattern sug-

gests differential vulnerability of limbs and standard be-

havioral response by blue crabs to various injury-causing

agents. The frequency of autotomy was density-dependent

in the Rhode River, indicating that intraspecinc interac-

tions (e.g., cannibalism) may be a major cause of limb
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loss in populations in the Rhode River subestuary and

elsewhere.

Introduction

Many invertebrate and vertebrate species respond to

injury or its threat by autotomizing (i.e.. severing) a body

part along a breakage plane (Wood and Wood, 1932;

Needham, 1953; Robinson et a!.. 1970; Vitt et al. 1977;

McVean, 1982; McCallum et al.. 1989). While such be-

havior has immediate survival benefits (Dial and Fitzpa-

trick, 1983; Medel et al.. 1988; Smith, 1990a), autotomy

may handicap individuals when foraging (Slater and

Lawrence, 1980; Smith, 1990a), overwintering (Willis et

al.. 1982); escaping predators (Vitt et al.. 1977; Dial and

Fitzpatrick, 1984; Smith, 1990a), or competing for mates

(Sekkelsten, 1988; Smith, 1 990a) or shelter (Conover and

Miller, 1978;BerzinsandCaldwell, 1983). Energetic costs

of regenerating body parts can reduce reproductive output

(Maiorana, 1977) and growth (Kuris and Mager, 1975;

Smith, 1990b). Theoretical models (Harris, 1989) have

suggested that nonlethal injury could regulate population

abundance, if injury rates were density-dependent and

significantly reduced long-term survival or reproduction.

Detailed knowledge of autotomy patterns and frequencies,

for a single species, over both narrow and broad temporal

and geographic scales, are needed to make more reliable

inferences concerning the fitness benefits and conse-

quences of autotomy.

Quantitative surveys of limb loss in decapod crusta-

ceans exist for only a few species (Cancer magister, Durkin

et al.. 1984; Shirley and Shirley, 1988; Cancer pagurus.

Bennett. 1973; Carcinus maenas, Needham, 1953;

McVean, 1976; McVean and Findlay, 1979; Sekkelsten,
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1988, Menippe mercenaria, Sullivan, 1979;Simonson and

Steele, 1981: Simonson, 1985; Paralithodes camtschatica

and Chionoceles bairdi, Edwards, 1972). The percentage

of injury in these species ranged from 13-66%. Inferences

from these data regarding the fitness consequences of au-

totomy have been limited, however, because field data

have not been collected for more than one complete

growing season; smaller individuals in commercial species

frequently have not been sampled; chelipeds have often

been the only limbs assessed; and collections have been

geographically restricted. To understand how the inci-

dence of autotomy varies within and among populations,

multiple-year and -site data on injury are needed for a

range of body sizes for both sexes.

Nonlethal injury often results from unsuccessful attacks

by predators (Vermeij. 1982). Variation in injury levels

among populations and species has been thought to reflect

differences in predation intensity and efficiency over al-

titudinal gradients (Ballinger, 1979; Shaffer, 1978). eco-

logical habitats (Schoener and Schoener. 1980); biogeo-

graphic regions (Vermeij, 1976); geologic time (Vermeij,

1977, 1983), life histories (Vittrffl/.. 1977), and behaviors

(Jaksic and Fuentes, 1980; Schall and Pianka, 1980). Al-

though specific agents responsible for autotomy in nature

are rarely identified (cf., Robinson ct a/.. 1970; Jaeger,

1981: Smith, 1990a), such information is needed to un-

derstand the patterns and impact of injury in populations.

Intraspecific predation is common in the animal kingdom
(Fox, 1975;Polis, 1 98 1; Stevens etai. 1982;Reaka, 1987;

Kurihara and Okamoto, 1987), and may be an important
cause of autotomy in some taxa (e.g., salamanders; Jaeger,

1981). Large Callinectes sapidns are known to prey on

smaller conspecifics (Laughlin, 1982; Hines ct at.. 1990;

Peery, 1989; Smith, 1990a). If intraspecific interactions

are chiefly responsible for autotomy in blue crabs, then

injury levels should correlate positively with population

densities over temporal and spatial scales.

Costs of nonlethal injury to individuals will depend on

the type and number of missing limbs. The relative im-

portance of different limbs to survival, in turn, may be

indicated by the frequency of their repair in the popula-

tion. Limb regeneration in arthropods occurs upon molt-

ing, and crabs may require a number of molts (e.g.. 1-3

in Callinectes sapidux. Smith, 1990b; >4 in Paralithodes

camtschatica. Edwards, 1972) before full limb length is

restored. For most limbs, evidence of past injury disap-

pears once symmetry has been restored. Following the

loss of a major (crusher) claw, however, normal cheliped

dimorphism is often not reestablished (Smith, 1990b);

thus, the absence of such dimorphism can serve as a mea-

sure of survival of past injury.

To assess the impact of autotomy in a population, it is

necessary to: ( 1 ) document spatial, temporal, and onto-

genetic variation in patterns and levels of injury; (2) iden-

tify causal agents; and (3) determine the various costs of

injury to individuals. The present study examines inci-

dences of autotomy in blue crabs (Callinectes sapidns

Rathbun) at four sites in Chesapeake Bay and three ad-

ditional sites along the southeastern LJnited States Atlantic

coast and the Gulf of Mexico. These data, which include

four years of information from one site in central Ches-

apeake Bay, make this the most detailed survey yet con-

ducted on autotomy in arthropods.

Materials and Methods

Sampling procedures

Callinectes sapidns individuals were collected from

1986 to 1989 in the Rhode River, Maryland; at three

additional sites in the Chesapeake Bay in fall 1989; and

at three sites along the southeastern Atlantic coast and

the Gulf of Mexico of the United States (Figs. 1, 2) in

spring 1989. At all locations, crabs were measured or ex-

amined for: ( 1 ) carapace width between tips of lateral

spines. (2) sex, (3) sexual maturity in females (1986-89)

and males (1988-89, only), (4) molt stage, (5) type and

side of any missing or regenerating limbs, (6) lengths of

limb buds, regenerating limbs, and contralateral intact

limbs, and (7) side of the crusher claw.

Sexual maturity in female blue crabs was determined

by examining differences in abdominal allometry (Van

Engel, 1958). For males, sexual maturity was indicated

by the ease with which the abdomen could be pulled away
from the ventral surface of the cephalothorax (Van Engel,

1958; 1990). Molt stages were determined by assessing

carapace hardness and by examining the propodus of the

fifth pereopod for evidence of epidermal retraction (Van

Engel, 1958; Johnson, 1980). A limb stump that was either

scarred, or possessed a papilla or limb bud, was classified

as a missing limb. A regenerating limb was considered to

be a functional appendage that had undergone at least

one molt since autotomy, but was shorter than the intact,

contralateral limb. Crabs that possessed an unscarred

stump wound, indicating possible injury caused during

collection, were not measured. Limb length was measured

as the distance from the autotomy plane in the basi-ischial

segment to the dactyl tip of a fully extended limb.

Site descriptions and collection methods

Rhode River. Alary/and. Callinectes sapidns individuals

were collected from the Rhode River near Edgewater,

Maryland (3851'N, 7632'W), between July and No-

vember in 1986, and from May to November each year

from 1987 to 1989 (Figs. 1, 2). The Rhode River is a
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Figure 1. Map of the United States Atlantic coast and the Gulf of Mexico showing locations of blue

crab sampling sites from 1986 to 1989.

shallow (maximum depth = 4 m), 485 ha mesohaline

subestuary that empties into the western side of the upper-

central Chesapeake Bay (Hines el al, 1987a,b). Water

temperatures ranged from 8C to 34C during the sam-

pling period, with July temperatures averaging 28C
(2.4). Salinities typically ranged from 4 to 14%o; but

unusually low salinities (0-10%o) were recorded in

1989.

Several methods were used to sample blue crabs in the

Rhode River as well as at other sites. Potential biases re-

lated to these different collection techniques were exam-
ined and are discussed below. In all four years, blue crabs

were sampled monthly by otter trawl (3 m wide mouth;
5 mmmesh net body; 7 mmmesh cod end; with tickler

chain; Hines el al., 1987a) pulled for 900 mon two con-

secutive days at each of three stations in the Rhode River.

Two stations were located at the river mouth, one over

sandy substrate, and the other over muddy sediment; a

third station was located at the river head over muddy
sediment (Fig. 2).

From 1986 to 1988, blue crabs were also collected bi-

weekly at a fish weir spanning the principal freshwater

tributary (Muddy Creek) of the Rhode River. Crabs mov-

ing up- and downstream were captured separately in single

hoop nets (7 mmmesh). No crabs were sampled at the

weir in 1989 because of storm-related damage. Conse-

quently, in 1989, crabs were collected biweekly at the river

head (0.5-2 m depth); larger individuals were caught in

baited commercial crab pots (57 mmmesh), and smaller

crabs in specially designed crab pots (7 mmmesh). Blue
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Figure 2. Map of the Rhode River subestuary, Maryland, showing

sampling sites from 1986 to 1989. These include mouth sand and mouth

mud trawl stations ( 1986-89) = River Mouth; nver head trawl station

( 1986-89) and crab pot/seine sites (1989, only)
= River Head; and Muddy

Creek up- and downstream weir nets (1986-88) = Creek.

crabs were also sampled periodically in nearshore waters

(depth 0.3-1.2 m) with a 10 mbeach seine (1 mmmesh).

Non-Rhode River sites. Locations, dates, physical con-

ditions (e.g.. depth, salinity), and sampling techniques for

additional sites in Chesapeake Bay and for sites in South

Carolina, Florida, and Alabama are summarized in Table

I. Note that the upper-mid Chesapeake Bay site was only

1 km east of the mouth of the Rhode River, Maryland.

Using a dipnet, blue crabs were collected from the sides

of a commercial pound net at this site.

Statistical analyses

Data were treated as categorical, and frequencies were

analyzed by logistic regressions (Cox, 1970; PROCCAT-
MODwith maximum likelihood estimation, 0.5 added

to all cells; SAS Institute, 1985) or two-way contingency
tables. In the Rhode River, data were analyzed for only

those months when 25 or more crabs were obtained. Lo-

cations in the Rhode River were combined into river

mouth, river head, or creek sites, because differences in

autotomy frequency were not detected between sample
stations within each subregion (G-tests, P > 0.05). Crabs

were divided into small (<61 mmcarapace width), me-

dium (61 < CW< 1 10 mm), and large (>1 10 mmCW)
size classes. The division between medium and large size

classes corresponded approximately with the onset of sex-

ual maturity. Molt stages were classified as postmolt (stages

A and B), intermolt (stage C), and premolt (stage D)

(Johnson, 1980). Crabs in the act of molting (stage E)

were very rare and were included as premolt animals.

The primary null hypothesis tested whether the fre-

quency of injured crabs (i.e., those animals missing or

regenerating at least one limb) in a population was in-

dependent of one or more of the following independent
variables: ( 1 ) year (Rhode River, only), (2) month (Rhode

Table 1

Sampling sites, dales, physical conditions, and sampling methods used to collect blue crabs in 1989
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Table II

's and percentages of crabs missing, regenerating, ami both missing and regenerating lunhx in the Rhode River from 1986 lo 19S9

Rhode River, Maryland

1986" 1987" 1988"

Category'

1

Missing = crabs with one or more scarred stumps, papillae, or limb buds.
2

Regenerating = crabs possessing one or more functional but shortened appendages.
3 Miss. + Regen. = crabs possessing both missing and regenerating limbs.
4

Size ratio: (S < 61 mmcarapace width, M = 61-1 10 mmCW. L > 1 10 mmCW) for all crabs (injured and intact).

Years with the same superscripted letter did not differ significantly in total autotomy frequency.

1989"

Total intact



AUTOTOMYIN BLUE CRAB POPULATIONS 421

Table III

Frequencies and percentages of crabs missing, regenerating, and both missing and regenerating timbs at sites

in the Chesapeake Bay and along the southeastern United Stales in 1 989

Chesapeake Bay

Upper-Mid
a
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RHODERIVER, MD

40
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Figure 5. Between-year comparisons of percentages of crabs missing,

regenerating, and both missing and regenerating limbs in the Rhode

River by size from 1 986 to 1 989. Years with the same superscripted

letter did not differ significantly in total autotomy frequency (STP tests.

< 0.006). At North Inlet, juvenile crabs showed anoma-

lously high levels of limb loss (44%) compared to adults

(25%).

Season. The percentage of injury for large crabs and

for combined size classes in the Rhode River varied sig-

nificantly over the season in 1987 and 1989 only (G-tests,

P < 0.05, Fig. 6). In these years, overall levels of autotomy
were high early in the season, declined in mid-summer

(July-August), increased in September, and dropped again

in October. These late season declines in injury level were

due primarily to an influx of smaller, undamaged crabs

into the subestuary (Hines <:>//., 1987a, 1 990). Large crabs

continued to have high levels of damage in late fall (Fig.

6). No significant seasonal trends in autotomy frequency

were observed for small or medium size crabs in any year.

Subestuarine location. No significant differences in limb

loss were found among sites within the Rhode River sub-

estuary from 1986 to 1988. In contrast, crabs caught at

the river head in 1989 were missing or regenerating limbs

more than twice as often (20%) as those caught at the river

mouth (9%) (G-test, 1 df, P < 0.002).

Molt stage. The frequency of limb loss was independent

of molt stage for all years in the Rhode River and at all

other sites, except South Carolina, where premolt animals

were damaged almost twice as often as intermolt animals

(G-test, 2 df, />< 0.05).

Patterns of autotomy

Limb number. Single limb loss was the most common
form of autotomy for all sites and years (Figs. 7, 8). In

LARGE
80
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"nt.

Figure 7. Histogram of the percentage of crabs missing or regenerating

1. 2, 3, or 4 or more limbs in the Rhode River. Maryland, from 1986

to 1989.

the Rhode River, 1 1-17% of the population were missing

or regenerating a single limb, while injury to two ap-

pendages occurred less frequently (3-6%). Loss of three

or more limbs was observed in less than 2.5% of the pop-

ulation in the Rhode River for any given year (Fig. 7).

The maximum number of limbs missing or regenerating

on a single crab was six. The mean number of limbs lost

ranged from 1.3 to 1.6. The proportion of numbers of

limbs (i.e.. 1, 2, 3, >4) lost among crabs in the Rhode

River did not differ among years (G
2 = 9.0, 9 df, P > 0. 1 ).

The relative numbers of limbs lost also did not differ

among blue crabs in Alabama, Florida, upper- or lower-

mid Chesapeake Bay (Fig. 8). In North Inlet, South Car-

olina, single limb loss was proportionately higher than

double limb loss when compared to other sites (STP test,

P < 0.05). In Patuxent River, injury to two limbs ( 15.5%)

occurred nearly as often as single autotomy (19.4%). The

proportion of crabs experiencing single versus multiple

limb loss did not differ significantly with body size at any
site (G-tests, 2 df, P > 0.05) with the possible exception

of the Rhode River in 1986. In that year, only 13% of the

injured small crabs were missing or regenerating two or

more limbs; medium (33%) and large (36%) crabs showed

considerably higher levels of multiple autotomy (G-test,

2 df, P = 0.06).

Although comparatively rare, in all years in the Rhode
River and at upper- and lower-mid Chesapeake Bay sites,

multiple autotomy occurred more often than would be

expected based on a binomial distribution in which: ( 1 )

the probability of losing any one limb was assumed equal,

and (2) limbs were independent with respect to damage
(Table IV). In contrast, observed and expected frequencies

of single and multiple limb loss did not differ significantly

at South Carolina, Florida, and Alabama sites. Observed

and expected frequencies of limb loss were marginally

non-significant (G-test, 2 df, P = 0.07) in the Patuxent

River.

Limh l\'iv Chelipeds were the most common limbs

lost in all populations (8-33%) (Figs. 9, 10). Few crabs

were missing or regenerating the paddle-shaped fifth

pereopod ( 1-5%). Different limb types were not lost with

equal frequency at any site or in any year (G-tests, 4 df,

P < 0.02). The proportions of injured limb types did not

differ in the Rhode River among years (G
: = 18.3. 12 df,

P > 0. 1 ). Damage to chelipeds was disproportionately

high at Florida, lower-mid Chesapeake Bay. and Patuxent

River sites when compared to other sites (STP tests, 20

df, P < 0.05, Fig. 10). With the exception of the South

Carolina site and the Rhode River in 1988, there were no

differences between the frequencies of right and left limbs

lost. At both North Inlet in 1989 and Rhode River in

1988, right limbs were lost more often than left limbs (G-

tests, 4df, /
) <0.05).

C/ielipeil morphology. The majority (63-87%.) of crabs

at all sites and in all years possessed a right crusher cheliped

Figure 8. Histogram of the percentage of crabs missing or regenerating

1, 2. 3, or 4 or more limbs in the upper-mid Chesapeake Bay (UB);

Patuxent River. Maryland (PX); lower-mid Chesapeake Bay (LB): North

Inlet, South Carolina (SC): Indian River, Florida (FL); and Mobile Bay.

Alabama (AL) in 1989.
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Table IV

n/K nl expected versus observed frequencies ot mlacl cmhs and those missing or regenerating I. 2. J. nr 4 or more limbs

in the Rhode River. Maryland from 1986 to 1989

Rhode River, Maryland

1986 1987 1988 1989

Iniurv
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Table V

Frequencies and percentages of crusher and cutler chelipt'tl murphi'logies from hlne crabs collected in the Rhode River (1986-1989). and in the

iirifw-niii/ C 'hesapeake Bay: Patuxent River: lower-mid Chesapeake Bay: North Inlet, SC: Indian River, FL: and Mobile Bay, AL in 1989

Morphological Patterns of Crab Chelipeds

Site & Year
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River indicates that predator efficiency remained season-

ally consistent for both size classes. Significant between-

year differences among medium-size crabs, however, sug-

gests that as annual predation levels change, medium-size

animals may experience greater variability in survival than

smaller animals. Injury levels in large crabs exhibited both

significant within- and between-year variability. Higher

frequencies of limb loss in the large size class late in the

season (September-October) could have resulted from a

combination of factors: ( 1 ) slower repair rates as average
sizes increased over the summer; (2) decreasing molting

frequency as water temperature declined (Leffler, 1972);

and (3) increased levels of cannibalism as bivalve prey

(e.g.. Alya arenaria, Afacoma balthica) became scarce

(Hines ct a/., 1990). High frequencies of limb loss seen at

the beginning of each season may be a carryover from the

previous fall. Because molt frequency declines over winter,

regeneration is delayed.

Sex

Male and female blue crabs, regardless of stage of sexual

maturity, appeared equally vulnerable to injury in the

Rhode River. This is consistent with observations in Car-

cinus maenas (McVean and Findlay, 1979) and Cancer

magister (Shirley and Shirley, 1988). Given that adult

male blue crabs continue to molt, it is surprising that

injury frequencies in mature females were not propor-

tionately higher. It is possible that: ( 1 ) large adult males

are molting so infrequently that they rarely restore limb

symmetry. (2) behavioral differences are making mature

females less prone to injury (but see Smith, 1990a); or (3)

females are migrating to spawning areas in southern

Chesapeake Bay, so their injuries are not observed in the

Rhode River.

Spatial variation

Injury frequencies did not vary spatially within the

Rhode River subestuary in three of four years. Hines et

at. (1987a) have shown that blue crabs enter the Rhode
River each spring and fall where they grow to maturity.
Male crabs forage throughout the subestuary and use

Muddy Creek as a molting habitat. These movement pat-

terns may explain why observed injury levels are homo-

geneous across sites.

Significant differences among autotomy frequencies in

the Rhode River region, other sites in the Chesapeake
Bay, and southeastern United States indicate that these

regions differ in the type, degree, or efficiency of injury-

causing agents. Injury levels recorded in the Rhode River

and upper-mid Chesapeake Bay in 1989 were markedly
lower than at any other site (except Alabama) for that

year. Higher frequencies of limb loss and regeneration

outside the Rhode River cannot be attributed to differ-

ences in sex ratio or size distributions among sites, because

the elevated injury levels were maintained for most cat-

egories of size and sex. The relatively low salinities and
shallow depths found in the Rhode River may limit the

abundances and diversity of predators so that the subes-

tuary serves as a refuge. Qualitative observations of trawl

catches at the Patuxent River, lower-mid Chesapeake Bay.
and Alabama sites showed higher diversity and abun-

dances of large, known crab predators (e.g., striped bass.

Morone saxatilis; oyster toadfish, Opsanus tan: white cat-

fish, Ictalurus catus, Millikin and Williams, 1984) than

were found in the Rhode River (Hines et ai. 1990).

Surprisingly, no significant differences in injury fre-

quency existed among populations from the Patuxent

River, Maryland south to Mobile Bay. Alabama, even

though these populations spanned two biogeographic

provinces (cold-temperate North Atlantic and warm-

temperate Northwest Atlantic: Vermeij, 1978), were sam-

pled in different seasons, and were subjected to different

suites of predators. These data contrast with studies show-

ing increased predation pressure at lower latitudes (Bert-

ness et at., 1981; Vermeij et ai, 1980; Heck and Wilson,

1987).

Patterns of autotomy

The consistency of limb loss pattern observed in this

study is probably due to limb function and the behavioral

response to the injury-causing agent. Chelipeds were lost

most often, followed by first walking legs. Similar patterns

have been observed in other brachyuran crabs (e.g.. Car-

cinus maenas, McVean, 1976; McVean and Findlay.

1979; Cancer magister, Durkin et al., 1984; Shirley and

Shirley. 1988). Crabs respond to threats from predators

or competitors with outstretched claws (Schone, 1968:

Robinson et al.. 1970; Jachowski, 1974; Vannini, 1980)

making anterior limbs particularly vulnerable to injury.

Strikes from behind may often prove fatal, so fewer crabs

will be found missing swimming legs. Additionally, the

autotomy response in swimming legs is greatly reduced

in larger crabs; even severe damage to these limbs often

would not result in autotomy (Smith, pers. obs.). Small

and medium-sized crabs, however, autotomize all limb

types readily. Escape responses by blue crabs showed no

consistent directionality (Smith. 1990a), and the sym-

metry of limb loss suggests that the injury-causing agent
is striking randomly. Similarity in injury frequency be-

tween right and left sides has also been observed in

Dungeness crabs. Cancer magister (Durkin et al.. 1984).

Multiple autotomies could be caused either by single

events damaging more than one leg or by cumulative

damage from independent events. While single limb loss
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was most commonat all sites and in all years in Callinectes

sapidus (also in Carcinus maenas, McVean and Findlay,

1979: Cancer magister, Shirley and Shirley, 1988), mul-

tiple limb loss was more frequent than chance predicts.

McVean (1976) interpreted a similar pattern in C. maenas
to indicate that injured animals are more susceptible to

attack than intact individuals. Tethering studies in C'.

sapidus suggest that multiple limb loss occurs in a single

attack event (Smith, 1990a). The percentage of animals

simultaneously missing and regenerating limbs was rare

(ca. 1%) in all years in the Rhode River, indicating that

previous limb loss, in most instances, does not make an

animal more vulnerable to future attacks.

Cheliped regeneration

Substantial percentages of regenerating chelipeds were

observed in all populations, which suggests that, despite

their importance (e.g.. defense, foraging), crabs could

compensate temporarily for their loss. In many crustacean

taxa, loss of the major claw results in the transformation

of the opposing minor claw into a major claw over several

molts (Hamilton el ai. 1976). The autotomized limb is

simultaneously replaced by a minor claw. In blue crabs,

transformation can be incomplete even after three molts

(Smith, 1990b); consequently, those crabs losing a right

crusher claw bear symmetrical, double cutters following

regeneration. Presence of a left crusher/ right cutter, double

cutters, or double crushers is evidence of previous limb

loss. In the Rhode River, frequencies of animals bearing

a right crusher/left cutter generally declined as size in-

creased. Up to 25% of large crabs (e.g., 1986; Fig. 1 1)

showed evidence of having lost a right crusher during their

lifetime, which suggests that survival following loss of a

right crusher was high. Frequencies of these atypical claw

morphologies were even higher in South Carolina (32%)

and Florida (35%.). Interestingly, the percentage of male

crabs bearing a right crusher and left cutter was lower

than in females in three out of four years in the Rhode

River, which suggests that males were suffering greater

incidence of cheliped injury during their lifetime.

Conclusions

By examining the frequency of injury over both tem-

poral and geographic scales, our study provides the most

complete analysis to date on autotomy in any species.

The magnitude of this data set allows inferences about

causal agents of autotomy and about the impact of au-

totomy on blue crab survival following attack. Four years

of autotomy data in the Rhode River, Maryland, provide

evidence that: ( 1 ) the frequency of nonlethal injury in the

population is positively correlated with density and is

probably due to unsuccessful conspecific predation; (2)

the rate of autotomy is similar over the lifespan of the

individual, but differences in molting rate and predator

efficiency result in higher injury levels in larger animals;

(3) chances of survival subsequent to single or double limb

loss are good; and (4) lower frequencies of autotomy in

the Rhode River compared to other sites indicate geo-

graphic differences in the intensity or efficiency of injury-

causing agents. The high incidence of limb loss in all age

groups, and in both sexes over broad temporal and geo-

graphic scales, indicates that autotomy is an important

adaptation for avoiding predation.
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