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INTRODUCTION

Despite its common name, the green crab Carcinus maenas (Linnaeus, 1758)
ranges from green through orange to red coloration on the ventral surface. In the
literature, crabs have been lumped into two color groups, green and red (Reid et
al., 1997). For the rest of this paper, green crabs will refer to any C. maenas, while
green phase and red phase will refer to individuals of each color category. In male
crabs, the red coloration, which develops during prolonged intermolt, is associated
with several ecological and physiological changes in the crabs (see Reid et al.,
1997; Styrishave & Andersen, 2000 for reviews).

Red phase crabs are more common in subtidal habitats than in intertidal or
estuarine, in both European (Crothers, 1968; McGaw & Naylor, 1992a; Hunter
& Naylor, 1993; Reid et al., 1997) and New England (McKnight et al., 2000)
populations, in a large part due to their narrower physiological tolerances when
compared to green phase crabs (Reid & Aldrich, 1989; McGaw & Naylor,
1992a, b). Red phase individuals have thicker carapaces, more robust chela mus-
cles, and are stronger than similar-sized green phase individuals (Kaiser et al.,
1990). These size and strength differences result in higher mating success for red
phase males when compared to green phase males, in both � eld and laboratory
experiments (Reid et al., 1997).

A trade-off exists between mating success and physiological tolerance. Reid
et al. (1997) suggest that the color phases are part of an evolutionary stable
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strategy where a choice is made between molting and not molting. Crabs who
choose to molt bene� t by increasing their size and retaining wide physiological
tolerance. Non-molters, on the other hand, suffer decreased physiological tolerance
but improve their chances of mating. Developing the idea further, Wolf (1998)
suggests that in male crabs the two color phases may represent different parts of
a crab’s life cycle, with the green phase being a period of growth with frequent
molting and the red phase a period of maximum reproductive effort with prolonged
intermolt periods.

With rare exception (Stryrishave & Andersen, 2000), all work on color phases
in Carcinus maenas has tested only male crabs. Females are different from males:
morphologically, ecologically, and behaviorally. Females tend to have smaller
chelae (Crothers, 1967), to forage less actively, and to migrate less extensively
during high water (Hunter & Naylor, 1993), than similar-sized males. Females have
different molting constraints. They mate immediately after molting. In addition,
females do not molt while carrying eggs (Crothers, 1968). Finally, red phase
females are more commonly collected than red phase males (McGaw & Naylor,
1992b; McKnight et al., 2000) and some females have retained red coloration
through the molt in the laboratory (Reid et al., 1997).

In order to understand the ecological role of color change in Carcinus maenas,
much more information is needed, particularly on the physiology and ecology of
color change in female crabs. We designed this study to determine if red and green
phase female C. maenas exhibit the same tolerance differences previously reported
for male crabs. Our speci� c objectives were to compare survivorship between red
and green phase females, and to examine osmoregulation ability in red and green
phase females exposed to a range of salinities.

METHODS

For survival tests, crabs were collected by hand at Pleasure Beach in Waterford,
Connecticut or were obtained from the Millstone Nuclear Power Station Environ-
mental Lab in Niantic, CT. In all, 25 green females and 39 red females between
40 and 59 mm carapace width were tested over the course of three trials. In each
trial, females of each color phase were placed into one of two experimental tanks,
each holding approximately 20 liters of 10% seawater. In addition, females (10)
of each color phase were placed in a 40 liter control aquarium of »100% seawa-
ter. Water temperature varied with room temperature, between 25 and 28o Celsius.
Experimental tanks were inspected every 2-3 hours for a period of 3 days, or until
all crabs were dead. Results for all green phase females and all red phase females
were pooled and survival curves for red and green phase females were compared
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TABLE I
Number of individuals of Carcinus maenas (L.) in each salinity trial. Due to mortality, a different
number of green and red phase crabs completed the trial in each salinity. These crabs are the crabs

included in � g. 2

External salinity (mOsm) Number of green females Number of red females

1336 2 4
1050 2 4
923 1 1
871 1 1
825 1 1
620 2 3
600 2 3
441 1 1

using product-limit survival estimates (Kaplan-Meier method, see Krebs, 1989),
and tested for signi� cant differences using a Wilcoxon Â2 test.

For the osmoregulation tests, crabs were collected and held in 100% seawater
for several days prior to testing. If crabs dropped limbs, died, or became lethargic
during the experiment, those individuals were discarded. Since the data are
comparative, if at least one crab from each group did not survive at least 12 hours in
the experimental salinity, data from both groups were discarded. Data are reported
from 30 animals, 12 green phase females and 18 red phase (see table I for list
of salinities and the number of individuals tested in each trial). More red phase
crabs were included in each trial due to expected differences in mortality between
the phases. Hemolymph was tested prior to immersion and then again at least
12 hours after immersion by drawing hemolymph samples (less than 0.2 ml)
through the membrane in claws or walking legs. Samples were tested in a vapor
pressure osmometer (Wescor 5100 series). In preliminary experiments there was
no signi� cant difference between 12 and 24 hour hemolymph measurements in
individual crabs (Mann-Witney U test: n D 7; Z D ¡0:319; P D 0:7494).
Several crabs included here were also tested 6 hours post-immersion, but the
multiple sampling was discontinued in later trials to minimize mortality at extreme
salinities. In all trials, red phase and green phase females in the same trial
were treated with the same protocol. Signi� cant differences between slopes and
elevations were tested using ANCOVA.

RESULTS

Green phase females survived signi� cantly longer than red phase females (green
phase females: average time D 28.45 § 1.318 hours; red phase females: average
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Fig. 1. Product-limit survival curves for green and red phase females. Each curve represents the
number of female Carcinus maenas (L., 1758) remaining alive each day of the experiment.

time D 16.07 § 1.48 hours; Â2 D 15:08, P < 0:0001) (� g. 1). No control animals
died during the experiment.

Crabs of both phases osmoregulate well (� g. 2) in the range of salinities
tested. If the crabs were conforming to external salinities, the relationship between
hemolymph osmolality and external osmolality would approximate 1.0. This is
not the case for either green phase or red phase females in our study. For green
phase females Y D 0:571X C 513; r2 D 0:916, and for red phase females
Y D 0:652X C 394:731; r2 D 0:947. At salinities below full strength seawater,
crabs maintained their hemolymph osmolality above external osmolality. Green
phase females, however, maintained their hemolymph osmolalities signi� cantly
higher than did red phase females (ANCOVA for homogeneity of slopes: F D
1.58977, P D 0:2186; for homogeneity of elevations F D 6.3621, P D 0:0179).

DISCUSSION

Our work con� rms that female crabs exhibit color-related differences in salinity
tolerance like those of male crabs. Red phase females are less tolerant of low
salinity and do not osmoregulate as well as green phase females. Differences in
physiological tolerance and morphology between color phases of Carcinus maenas
have been well established for male crabs (Reid et al., 1997), as has the ecological
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Fig. 2. Hemolymph osmolality curves for red and green phase females of Carcinus maenas (L.,
1758). On the y-axis are the hemolymph osmolalities after at least 12 hours exposure to the
experimental salinity. On the x-axis are the experimental salinities. Each open circle represents
the hemolymph osmolality for an individual green phase female. Each closed circle represents the
hemolymph osmolality for an individual red phase female. A circle representing one individual may

be obscured by the circle representing another individual if hemolymph values are similar.

importance of the phases (Wolf, 1998). Red color represents a period of maximum
reproductive effort and green color a period of maximum growth. Little is known
about the phenomenon in female crabs, which exhibit the same color morphology.

This study, however, is only a � rst step in examining color phases in female
crabs. There are many differences between the sexes including maximum size,
molt frequency, and distribution on the shoreline, that may in� uence or be
in� uenced by color phase. Molt frequency or schedule may cause sex-related
differences in coloration. Color variation in males is related to the molt cycle;
red coloration appears during an extended intermolt. Females, however, may
follow a different molting schedule than males (Crothers, 1967), causing seasonal
differences in color phase distribution. Styrishave & Andersen (2000) for example
found signi� cant differences in hepatopancreas fatty acid pro� les between male
and female crabs.

Indeed, green phase females were rare in our early summer collections, and most
of the females present were dark red in coloration. Red phase males, in contrast,
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were rare in most early summer collections, becoming more abundant later in the
summer (McKnight, 1999). In our collections, green phase males have always been
present (McKnight, 1999; McKnight et al., 2000). The occasional rarity of green
phase females indicates that either virtually all females in the sampled population
undergo prolonged intermolt, or that females do not always lose red coloration
upon molting. Such color retention has reportedly been observed in the laboratory
(Reid et al., 1997).

Given the differences between male and female Carcinus maenas, there is not
enough information to speculate on the ecological signi� cance of coloration in
female crabs. However, the differences in physiological tolerance between color
morphs in male crabs, at least with respect to salinity tolerance, are also present
in females, con� rming that red coloration is physiologically similar in males and
females.

ACKNOWLEDGEMENTS

This project was funded in part by the Richard Cronin Fisheries Research Fund
and the Woods Hole Scholarship Fund from the University of Massachusetts, by
the Cooperative State Research, Extension, and Education Service, U.S. Depart-
ment of Agriculture, MA Agricultural Experiment Station, project MAS00788,
and by a University of Pittsburgh at Johnstown Research Council Small Grant. We
thank Connecticut College for use of space and equipment and the Pleasure Beach
Association for access to private shoreline.

LITERATURE CITED

CROTHERS, J. H., 1967. The biology of the shore crab. I. The background — anatomy, growth and
life history. Field Stud., 1: 407-434.

— —, 1968. The biology of the shore crab. II. The life of the adult crab. Field Stud., 2: 579-614.
HUNTER, E. & E. NAYLOR, 1993. Intertidal migration by the shore crab Carcinus maenas. Mar.

Ecol. Progr. Ser., 101: 131-138.
KAISER, M. J., R. N. HUGHES & D. G. REID, 1990. Chelal morphometry, prey-size selection and

aggressive interaction in green and red forms of Carcinus maenas (L.). Journ. exp. mar. Biol.
Ecol., 140: 121-134.

KREBS , C. J., 1989. Ecological methodology: 1-654. (Harper Collins, New York).
MCGAW, I. J. & E. NAYLOR, 1992a. Salinity preference of the shore crab Carcinus maenas in

relation to coloration during intermoult and to prior acclimation. Journ. exp. mar. Biol. Ecol.,
155: 145-159.

— — & — —, 1992b. Distribution and rhythmic locomotor patterns of estuarine and open-shore
populations of Carcinus maenas. Journ. mar. biol. Assoc. U.K., 72: 599-609.

MCKNIGHT, A. E., 1999. Behavioral and physiological ecology of an invasive marine crab,
Carcinus maenas (L.): 1-65. (M.Sc. Thesis, University of Massachusetts at Amherst).



NOTES AND NEWS 253

MCKNIGHT, A., L. M. MATHEWS, R. AVERY & K. T. LEE, 2000. Distribution is correlated with
color phase in green crabs Carcinus maenas in southern New England. Crustaceana, 73: 763-
768.

NAYLOR, E., 1962. Seasonal changes in a population of Carcinus maenas (L.) in the littoral zone.
Journ. Anim. Ecol., 37: 601-609.

REID , D. G., P. ABELLO, M. J. KAISER & C. G. WARMAN, 1997. Carapace colour, intermoult
duration and the behavioural and physiological ecology of the shore crab Carcinus maenas.
Estuar. coast. Shelf Sci., 44: 203-211.

REID , D. G. & J. C. ALDRICH, 1989. Variations in response to environmental hypoxia of different
colour forms of the shore crab, Carcinus maenas. Comp. Biochem. Physiol., (A) 92: 535-539.

STYRISHAVE, B. & O. ANDERSEN, 2000. Seasonal variations in hepatopancreas fatty acid pro� les
of two colour forms of shore, crabs, Carcinus maenas. Mar. Biol., Berlin, 137: 415-422.

WOLF, F., 1998. Red and green colour forms in the common shore crab Carcinus maenas (Crustacea:
Brachyura: Portunidae): theoretical predictions and empirical data. Journ. nat. Hist., London,
32: 1807-1812.

First received 24 May 2002.
Final version accepted 20 November 2002.




