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Abstract Adult Cancer magister make forays into
hyposaline estuarine habitats during times of high food
abundance. However, as weak osmoregulators, they are
poorly equipped to deal with the concurrent demands of
osmoregulation and digestion. Therefore, the potential
interaction between nutritional status and feeding in a
physiologically challenging environment was investigated.
Changes in the proportion of crabs feeding, the amount of
food consumed, the time spent feeding, and the efficiency
with which a meal was consumed were examined in
response to the length and severity of hyposaline exposure,
and the duration of starvation. Reductions in the (a) num-
ber of animals feeding, (b) the amount of food consumed,
and (c) the time spent feeding were observed in salinities
where C. magister actively osmoregulates the concentra-
tion of its internal fluids. Although this reduction in feeding
was likely a stress response, the crabs were able evaluate
the level of salinity stress: there was a dose-dependent
reduction in feeding, and they were able to discriminate
between salinities separated by as little as 3.5%o. The
likelihood that animals would feed in low salinity increased
with starvation. Thus, the aversion to food uptake in
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physiologically stressful conditions may be overridden by
the need to procure nutrients. In the natural environment,
we suggest that C. magister are employing an ‘eat and run’
strategy, moving into the estuary, consuming a meal, and
retreating to higher salinities to digest.

Introduction

The decision to forage and subsequently feed results from a
trade-off between the benefits and risks associated with
feeding under a given set of conditions (Stephens and
Krebs 1986). When food sources become scarce animals
may endure additional risks in order to obtain food. Much
of the work associated with foraging theory has focused on
animals foraging under the risk of predation (Lima and Dill
1990). Using behavioral titrations, some of these studies
have even determined an energetic equivalence for preda-
tion risk by investigating how much food needs to be
available before an individual will enter into an area where
predation risk is high (Abrahams and Dill 1989; Webster
and Dill 2006). A number of studies have assessed this
trade-off for benthic or intertidal marine scavengers feed-
ing under a perceived increased risk of predation, namely
dead conspecifics (Stenzler and Atema 1977; McKillup and
McKillup 1995; Moore and Howarth 1996). Recently, it
has been shown that similar trade-offs may exist between
foraging and challenging environmental conditions
(Webster and Dill 2006; Webster and Dill 2007).

For crustaceans living in estuaries, salinity is a key
environmental factor affecting their behavior and distri-
bution (Kinne 1966). Salinity regimes may change tidally
and seasonally (Curtis and McGaw 2008) and as such,
osmoregulatory ability may dictate an animal’s capacity to
exploit estuarine habitats (Barnes 1967; Spaargaren 1973).
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Decreases in salinity have profound effects on the physi-
ology and subsequently the growth of many estuarine
inhabitants. Typically, for crustaceans that are classed as
efficient osmoregulators, low-salinity exposure results in
an increase in heart rate and oxygen uptake (Taylor et al.
1977). Such responses are thought to aid the additional
energetic requirements for active ion uptake and regulation
of membrane permeability. For weaker osmoregulators and
osmoconformers, low-salinity exposures in the field are
often acute (Curtis & McGaw 2008), and the resulting
decrease in heart rate and/or cardiac output may minimize
the gradient for diffusive ion loss (Cornell 1974; McGaw
and McMahon 1996; Curtis et al. 2007). Recent work has
shown that these physiological responses to hyposaline
exposure may be compromised when crabs feed and
subsequently digest in such conditions (Legeay and
Massabuau 2000; McGaw 2007). Consequently, for crusta-
ceans unable to balance the demands of several physio-
logical systems, hyposaline exposure may cause an
alteration in feeding rate and energetic demands, leading to
a reduction in the scope for growth (Guerin and Stickle
1997; Normant and Lamprecht 2006).

Despite these physiological effects, crabs that are clas-
sed as weak osmoregulators or even osmoconformers can
be found in habitats prone to episodes of low salinity
(Curtis et al. 2007). It is thought that individuals enter into
these areas in response to increased food abundance
(Sugarman et al. 1983; Stevens and Armstrong 1984;
Curtis and McGaw 2008). Increased competition generated
by a lack of resources may also force animals to feed in
sub-optimal habitat conditions (Hoffman and Parsons
1993). Previous work has shown that benthic marine
scavengers are more likely to forage and feed under
increased predation risk when they are starved (Stenzler
and Atema 1977; McKillup and McKillup 1994; Moore
and Howarth 1996). As energetic reserves are depleted, the
level of hunger and the necessity for feeding increase
(Wang et al. 2006). We therefore hypothesized that the
necessity for feeding may force decapods of poor osmo-
regulatory ability to feed in low salinity.

The Dungeness crab, Cancer magister, is classified as a
weak osmoregulator (Engelhardt and Dehnel 1973). This
species commonly occurs in estuaries during juvenile
stages (Gunderson et al. 1990; Holsman et al. 2006; Curtis
and McGaw 2008). Adult crabs are less common in estu-
aries, and only appear to make brief excursions into these
habitats (Curtis and McGaw 2008). While this recent work
has empirically shown that crabs are entering into the
estuary during times of high food abundance, there is little
substantiation as to what crabs are actually doing while in
low salinity. Based on these observations, we hypothesized
that adult crabs were making short forays into low-salinity
areas to forage. However, feeding in low salinity can be
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stressful for adult crabs: C. magister is unable to balance
the simultaneous physiological costs of feeding and
osmoregulation, and postprandial crabs experience higher
mortality rates in severe low salinity (McGaw 2006). We
further hypothesized that the necessity of procuring a meal
must be great before crabs will endure the additional costs
of digestion in low salinity. To investigate these questions,
we examined changes in the amount of food ingested, the
time spent feeding, and the likelihood of feeding in
response to (1) the degree of low-salinity exposure, (2) the
duration of low-salinity exposure, and (3) the time since
the last meal (degree of starvation).

Materials and methods
Animals

Adult male intermolt Dungeness crabs, Cancer magister,
of 300-750 g were trapped in Barkley Sound British
Columbia, Canada, from June to October 2005. Animals
were transported to the Bamfield Marine Sciences Centre
and held in running seawater (SW) of 32 4+ 1%o and at a
temperature of 12 4+ 1°C for a minimum of 1 week prior
to experimentation. Crabs were fed fish (Lepidopsetta
bilineata) every other day. Salinity and temperature
regimes were monitored using an YSI-30 conductivity
meter (YSI Inc., Yellow Springs, OH).

Protocol

The interactive effects of the degree of low-salinity expo-
sure, the duration of low-salinity exposure, and the dura-
tion of starvation on (1) the proportion of C. magister
feeding, (2) the amount of food consumed, and (3) the
amount of time spend feeding were investigated. Prior to
experimentation, the crabs were removed from the holding
tanks, transferred to a 3001 tank, and allowed to feed
ad libitum on rock sole (L. bilineata) for 1 h. After
ensuring that each individual had fed, the food was
removed, and crabs were starved for 2, 5, or 21 days. These
starvation periods were chosen to correspond with physi-
ological changes. A 2 days starvation period is the mini-
mum time period used in physiological and behavioral
studies (Elner and Hughes 1978); at this point, the meal has
been cleared from the foregut (McGaw and Reiber 2000).
At 5 days starvation, the physiological effects of the pre-
vious meal have passed, and metabolism has returned to
basal levels (Wallace 1973; McGaw and Reiber 2000).
Following 21 days starvation, there is a further decrease in
metabolic rate that is thought to be associated with
switching of metabolic substrates (Wallace 1973), and an
increased urgency for feeding (Wang et al. 2006). Once the
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animals had been starved for the required period, they were
transferred to a sea table (150 x 70 x 20 cm), which was
divided into ten equal sized chambers and allowed to settle
for 3 h after handling. The salinity was then changed to 25,
50, 75, or 100% SW (8, 16, 24, or 32%., respectively), over
a period of 30 min by draining a portion of the tank and
replacing it with aerated dilute seawater of the same
temperature.

Crabs were exposed to the test salinities for 0.5, 6, or
24 h. A 0.5 h exposure would represent the crab making a
brief foray into low salinity to feed (Curtis and McGaw
2008) or being confronted with an abrupt halocline and
showing avoidance behaviors. A 6 h exposure is repre-
sentative of the salinity conditions that C. magister would
experience during the tidal cycle at a fixed location in the
estuary (Curtis and McGaw 2008). A 24 h exposure is
representative of chronic low-salinity conditions that per-
sist in the estuary during times of high run-off (Curtis and
McGaw 2008); this time period also allows the osmolality
of the hemolymph to reach new stable levels (Siebers et al.
1972; McGaw 2006). Following each exposure time, the
crabs were presented with a piece of pre-weighed fish
muscle (approximately 10% of their body mass). The fish
had been soaked for 6 h prior to experimentation in the
treatment salinity, which minimized changes in wet mass
during the course of the experiment. When a crab ceased
feeding for more than 15 min, the feeding bout was con-
sidered finished, and the amount of time spent feeding was
recorded. Crabs that did not feed within 1 h of being pre-
sented with food were scored as non-feeders. The uneaten
food was then removed and weighed, and the amount of
food consumed was calculated. This three-way design
resulted in a total of 27 separate treatment combinations, in
which each of the 3 variables was measured. A minimum
of 20 crabs were used for each treatment, and treatments
were repeated until at least 5 crabs had fed so that an
estimate of variance could be obtained. A total of 570
individuals were tested.

Data analysis

The effect of salinity, starvation, and acclimation on the
proportion of crabs feeding for each trial was determined
using a generalized linear model with binomial error. The
main effects and all two-way interactions were included as
fixed effects. The three-way interaction was not included
due to sample size limitations on the complexity of the
model. The model was estimated using PROC GLIMMIX
in SAS v.9.1 (SAS Institute 2002-2003).

The effects of salinity, starvation, and acclimation time
on (1) the amount of food consumed, (2) time spent feed-
ing, and (3) efficiency (the amount of food consumed in a
given time) were initially examined with identical mixed

model ANOVAs (PROC MIXED; SAS v.9.1). Fixed
effects included main effects of salinity, starvation and
acclimation, and all two- and three-way interactions, in
addition to each individual’s wet weight as a covariate.
Two- and three-way interactions with the covariate were
included in the initial model, but these terms were dropped
when they had high P values (P > 0.20) due to concerns
about sample size effects on accuracy of the model. Trial
nested within each salinity—starvation—acclimation time
combination was included as a random effect. Only ani-
mals that fed were included in the models, and all depen-
dent variables were log;o-transformed. Significant effects
were followed up using Tukey post hoc tests. Unless
otherwise stated, values presented are the overall least
squares means and contain all levels of the other two fac-
tors. Results are presented with asymmetrical error terms
resulting from back transformation of log-transformed
values. Significance was determined at o = 0.05 for all
analyses.

Results
Likelihood of feeding

The proportion of C. magister that fed varied with the level
of salinity exposure and the duration of starvation (Table 1;
Fig. 1). As the salinity decreased, fewer crabs fed in each
successively lower salinity (Fig. la). C. magister would
not feed below 40% SW even following 21 days starvation;
therefore, the 25% SW treatment was not considered in the
analyses. The duration of exposure to low salinity did not
have a significant effect on the proportion of crab feeding
(Table 1; Fig. 1b). In contrast, the proportion of crabs that
fed increased with starvation (Fig. 1c).

There were no statistically significant interactions
among salinity, starvation, and acclimation; however,
trends were observed that may have been masked by the
low power and overall effects associated with other salin-
ities (Fig. 2). When each salinity was examined separately,

Table 1 Effects of starvation, acclimation, and salinity on the pro-
portion of crabs feeding in each trial

Effect df F P value
Starvation 2,38 8.00 0.0013
Acclimation 2, 38 0.61 0.5483
Salinity 2, 38 50.23 <0.0001
Starvation* acclimation 4, 38 2.18 0.0898
Starvation* salinity 4, 38 1.03 0.4041
Acclimation* salinity 4, 38 0.37 0.8263

The degrees of freedom (df) are provided as numerator, denominator
df;, bold phase denotes significant P values
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Fig. 1 The overall mean proportion (+SE) of crabs feeding follow-
ing exposure to a 50, 75, or 100% SW for b 0.5, 6, or 24 h after ¢ 2, 5,
or 21 days starvation. Different letters indicate significantly different
treatments

differences were observed in the 50% SW treatments; here,
21 days starvation increased the proportion of crabs feed-
ing by threefold over the proportion that fed after 2 days
starvation. This difference was significant when a post hoc
test was applied (r = 5.04, df =38, Tukey-adjusted
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Fig. 2 The mean proportion (£SE) of crabs feeding following 2, 5,
or 21 days starvation within each level of salinity. Within each level
of salinity, different letters indicate significantly different values.
Values include all levels of exposure time

P < 0.0004). In contrast, there was no effect of starvation
time on the proportion of crabs feeding in 75 or 100% SW.

Food consumption

Given that a crab started feeding, the amount of food that it
consumed varied with salinity and starvation, but not with
the duration of low-salinity exposure (Table 2). The
amount of food consumed by crabs in 50% SW was sig-
nificantly reduced relative to those in 100% SW (Fig. 3a).
There were no significant interactions among any of the
treatments. Crab mass was positively related to the amount
of food consumed (Table 2) and varied with the level of
starvation (Table 3). This relationship resulted from

Table 2 Effects of starvation, acclimation, and salinity on the
amount of food consumed

Effect daf F P value
Starvation 2,29 7.59 0.0022
Acclimation 2,29 1.58 0.2224
Salinity 2,29 4.14 0.0263
Starvation* acclimation 4,29 0.46 0.7672
Starvation* salinity 4,29 1.85 0.1457
Acclimation* salinity 4,29 0.38 0.8215
Starv* acclim* salin 8, 29 0.71 0.6797
Crab mass 1, 333 51.06 0.0000
Crab mass* starvation 2,333 6.46 0.0018

The degrees of freedom (df) are provided as numerator, denominator
df;, bold phase denotes significant P values
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Fig. 3 The overall mean amount of food consumed (£SE) following
exposure to a 50, 75, or 100% SW for b 0.5, 6, or 24 h after ¢ 2, 5, or
21 days starvation. Different letters indicate significantly different
values

smaller crabs consuming relatively larger meals following
21 days starvation (Fig. 4). Additionally, this relationship
likely contributed to the significant overall effect of star-
vation on the amount of food consumed but masked dif-
ferences between the levels of starvation (Table 2, Fig. 3a).

Time spent feeding

The amount of time crabs spent consuming a meal varied
with salinity (Table 4; Fig. 5). Cancer magister spent
almost twice as much time feeding in 100 or 75% SW
compared to 50% SW (Fig. 5a). There was no significant
effect of acclimation or starvation on the amount of time
spent feeding, nor were there any significant interactions
among the effects (Table 4; Fig. 5b, c). Larger crabs spent
significantly more time feeding (Tables 3, 4; Fig. 6).

Feeding efficiency

The efficiency (food consumed in a given amount of time)
with which crabs consumed a meal varied with salinity
(Fig. 7; Table 5). Crabs consumed a given amount of food
faster in 50% SW than in 75% SW, and there was a trend
toward crabs being more efficient in 50% SW than in 100%
SW, which fell just short of significance (P = 0.08).
Starvation, acclimation time, and crab mass did not have
significant effects on feeding efficiency, nor were there any
interactions among the variables (Table 5).

Discussion

Estuaries are a habitat rich in prey and sparse in predators
that provide a valuable resource for juvenile Dungeness
crabs (Stevens et al. 1984; Gunderson et al. 1990). How-
ever, much less is known about the use of these habitats by
adult animals. Forays into estuarine habitats by adult
Dungeness crabs are most prevalent during times of high
food abundance (Sugarman et al. 1983). During these
forays, crabs may either actively enter into areas of low
salinity or be passively exposed with the changing tide
(Curtis and McGaw 2008). In either case, salinity plays a
key physiological role, and it appears that C. magister is
poorly adapted to deal with the demands of digestion while
exposed to hyposaline conditions (McGaw 2006). There-
fore, the benefits of feeding in such conditions must out-
weigh the physiological challenges (Lima and Dill 1990).
The results of this study suggest that there is an interaction
between the aversion to feeding resulting from low-salinity
exposure and the immediacy for procuring a meal.

For such an interaction to exist, animals must be able to
integrate associated environmental signals. Decapod crus-
taceans are able to integrate complex chemosensory signals
(Cromarty and Derby 1997) via input from olfactory sen-
silla (Hallberg et al. 1997). Changes in environmental
salinity are detected by hair-peg organs located on the legs
(Schmidt 1989) and the antennules (Van Weel and
Christofferson 1966), as well as receptors in the branchial
chamber (Hume and Berlind 1976; Dufort et al. 2001).
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Table 3 Intercept and slope for the equation: log;o(dependent variable) = intercept 4 slope*crab mass for each significant effect, where food
mass and crab wet mass were expressed in grams, and time spent feeding was expressed in minutes

Dependent Duration of Intercept (SE) Slope (SE) 7~
variable starvation
(days)
Food mass 0.2220 (0.1419) 0.0015 (0.0002) b 0.2167
5 0.1348 (0.1311) 0.0016 (0.0002) b 0.3645
21 0.7453 (0.1180) 0.0005 (0.0002) 0.0807
Time feeding 0.0011 (0.0002) 0.8739 (0.0956) 0.0724

Significant differences among slopes are denoted by different letters
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Fig. 4 The relationship between crab mass and the amount of food

consumed following 2, 5, or 21 days starvation. Trend lines are shown
for significant relationships (see Table 3 for regression details)

Table 4 Effects of starvation, acclimation, and salinity on the time
spent feeding

Effect daf F P value
Starvation 2,29 0.33 0.7220
Acclimation 2,29 0.67 0.5193
Salinity 2,29 8.40 0.0013
Starvation* acclimation 4,29 0.11 0.9771
Starvation* salinity 4,29 1.43 0.2498
Acclimation* salinity 4,29 0.38 0.8205
Starv* acclim* salin 8, 29 0.33 0.9464
Crab mass 1, 335 23.58 0.0000

The degrees of freedom (df) are provided as numerator, denominator
df; bold phase denotes significant P values

Cancer magister was able to discriminate between salini-
ties separated by less than 3.5%o; the crabs would feed in
50% SW, but not in salinities lower than 40% SW. A
substantial reduction in the number of crabs feeding in 50%
SW compared with 75% SW suggests that crabs are inte-
grating the degree of low-salinity exposure (Fig. la).
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Immediately after detecting a drop in environmental
salinity, C. magister displays behavioral (Sugarman et al.
1983; McGaw et al. 1999) and cardiovascular adjustments
(McGaw and McMahon 1996). These adjustments are
sensitive indicators of stress (Florey and Kriebel 1974) and
take place well before any marked decrease in hemolymph
osmolality, which can take over 24 h to reach new stable
levels (Siebers et al. 1972; McGaw 2006). In salinities
below 75% SW, C. magister showed a similar aversion to
feeding regardless of the duration of exposure and sub-
sequent changes in the internal milieu (Fig. 1b). Given
their ability to detect small changes in external salinity
(Sugarman et al. 1983) and integrate complex chemosen-
sory signals, it seems reasonable that crabs are responding
to low salinity as a nociceptive stimulus rather than
decreases in hemolymph osmolality.

An interaction between low salinity and starvation also
requires that animals are able to integrate nutritional status.
Correspondingly, as the time since their last meal
increased, so did the proportion of crabs feeding (Fig. 1c).
This pattern was most apparent in 50% SW, and the
increase in the proportion of crabs feeding following
21 days starvation appeared, to a large extent, to offset the
decrease resulting from low-salinity exposure (Fig. 2).
However, this interaction had a threshold, as crabs would
not feed below 40% SW, even after 21 days starvation.
This strategy would be advantageous given that postpran-
dial crabs show increased mortality at salinities below this
level McGaw 2006). An animal’s nutritional status may,
therefore, tip the behavioral balance in favor of enduring
low-salinity exposure in order to obtain urgently needed
sustenance. A similar trade-off between nutritional status
and feeding while exposed to a nociceptive stimulus has
been observed for a number of benthic scavengers when
presented with food and the scent of dead conspecifics
(Stenzler and Atema 1977; McKillup and McKillup 1994;
Moore and Howarth 1996). Thus, it appears that some of
the concepts applied to animals foraging in the face of
predation (Lima and Dill 1990) may also be applicable to
animals foraging when exposed to environmental chal-
lenges such as low salinity (Webster and Dill 2006).
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5, or 21 days starvation. Different letters indicate significantly
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As the time since feeding increases, so too does the
urgency for procuring a meal (Wang et al. 2006). When
allowed to feed ad libitum, C. magister feeds about once
per day (Curtis and McGaw, Unpublished obs.), which
corresponds closely with the emptying of the foregut
(Curtis and McGaw 2009). In many molluscs, appetite is a
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Fig. 7 The overall mean efficiency (£SE) with which crabs
consumed a meal in 50, 75, or 100% SW. Different letters indicate
significantly different values

Table 5 Effects of starvation, acclimation, and salinity on feeding
rate (g/min)

Effect df F P value
Starvation 2,29 0.44 0.6491
Acclimation 2,29 0.19 0.8290
Salinity 2,29 4.65 0.0177
Starvation* acclimation 4,29 0.58 0.6760
Starvation* salinity 4,29 1.12 0.3670
Acclimation* salinity 4,29 0.25 0.9073
Starv* acclim* salin 8, 29 1.22 0.3244
Crab mass 1, 335 1.21 0.2714

The degrees of freedom (df) are provided as numerator, denominator
df; bold phase denotes significant P values
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graded function based on gut fullness (Elliott and Susswein
2002) and recovery from the physiological demands asso-
ciated with digestion may be linked to the return of appetite
in dog fish (Sims and Davies 1994). Accordingly, most
work examining the interplay between starvation and
feeding motivation in benthic marine scavengers has only
looked at a single level of starvation (Stenzler and Atema
1977; McKillup and McKillup 1994; Moore and Howarth
1996), comparing ‘hungry’ vs. ‘not hungry’ responses. In
the present study, three starvation periods (2, 5, and
21 days) were used, each corresponding to a physiological
change that alters the degree of urgency for procuring
another meal (Wang et al. 2006). At 2 days postfeeding,
crabs are no longer satiated (McGaw and Reiber 2000). At
5 days postfeeding, the physiological changes associated
with digestion have passed, but no large-scale physiologi-
cal changes associated with starvation have occurred
within this time (Wallace 1973). By 21 days postfeeding
nutritional stores are depleted, and crabs are likely relying
on protein catabolism as their primary means of energy
production (Wallace 1973; Sanchez-Paz et al. 2006). In
C. magister, it appears that feeding motivation is regulated
by a more complex system than satiation alone. Based on a
satiation model, the crabs should have been equally likely
to feed at all levels of starvation because their gut was no
longer full (Elliott and Susswein 2002). However, it was
not until 21 days starvation that a significant increase in the
proportion of animals feeding was observed (Fig. 1c). The
degree of nutritional deprivation, rather than gut fullness,
appeared to be of prime importance. While a clear internal
mechanism for sensing long term changes in nutritional
status is difficult to substantiate, many terrestrial arthro-
pods are able to sense nutritional deficiencies in their diet
and make compensatory changes in their feeding behavior
by selecting food items or portions of prey items that are
rich in the deficient nutrient (Mayntz et al. 2005; Pompilio
et al. 2006). Additionally, it has been shown that these
animals are able to associate olfactory inputs not only with
a reward, but also with the degree of reward provided
(Behmer et al. 2005).

A definitive neurological or hormonal basis for the
trade-off between nutritional status and low-salinity expo-
sure has yet to be shown for C. magister, but it appears that
both chemosensory stimuli and the degree of nutritional
deprivation affect feeding behavior. In the sand fiddler
crab, Uca pugilator, when the eye stalks are ablated, sub-
sequently removing hormonal control exerted by the sinus
gland/X-organ complex, feeding inhibition due to satiation
is removed (Sears et al. 1991). This response may be due to
the action of a putative hormone referred to as feeding
inhibition factor (FIF). Preliminary results suggest that the
anorexic effects resulting from low-salinity exposure may
also be related to endocrine products originating in the
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sinus gland (Curtis and McGaw, In prep.). In the current
study, even after a brief (30 min) exposure to low salinity,
crabs that refused to feed in low salinity did not regain their
appetite for over 4 h following return to 100% SW (Curtis
and McGaw, Unpublished obs.). This timing corresponds
to the circulating time of FIF (Sears and Rittschof 1991),
supporting the assumption that the anorexic effects result-
ing from low-salinity exposure are the result of a neuro-
hormonal release, rather than changes in the internal
osmolality of the animal.

After feeding, crabs must subsequently cope with the
metabolic demands associated with digestion, referred to as
apparent specific dynamic action (SDA; McCue 2006). The
scope (Pan et al. 2005) and duration (Ansell 1973; Beamish
1974; Houlihan et al. 1990) of the SDA response increase with
ration size, and C. magister is no exception (McGaw,
Unpublished obs.). Low-salinity exposure resulted in a
decrease in the amount of food consumed (Fig. 3a), which
likely resulted in a lower overall SDA (Curtis and McGaw
2009). This reduction in SDA may be further aided by a
reduction in foregut activity that slows food passage through
the gut, subsequently minimizing costly downstream pro-
cesses such as protein synthesis (Curtis and McGaw 2009).

While a reduction in meal size may help to facilitate for-
aging in low salinity, reduced caloric intake may have a
negative effect on growth rates (Guerin and Stickle 1992). An
alternative explanation for reduced meal sizes is that crabs
simply lack the energetic resources to consume larger meals
while coping with the physiological demands associated with
low-salinity exposure. Such a limitation is possible since C.
magister prioritizes the cardiovascular and ventilatory
responses to low-salinity exposure over those associated with
digestion (McGaw 2006). Nevertheless, the fact that the crabs
consumed a given amount of food faster in low salinity
(Fig. 7), and the costs of actually ingesting a meal are low
(Rovero et al. 2000), would suggest that this is unlikely.

Following 21 days starvation, smaller C. magister con-
sumed larger meals relative to their counterparts that had
been starved for 2 or 5 days (Fig. 4). Yet, larger crabs
consumed similar meal sizes regardless of starvation. The
tolerance of starvation among crustaceans appears to be
highly variable, with some species such as the Chinese
mitten crab, Eriocheir sinensis, routinely surviving periods
of starvation greater than 70 days (Wen et al. 20006).
Within a species, however, smaller crabs seem to be more
prone to food deprivation (Moir and Weissburg 2009).
Smaller animals possess relatively fewer energy reserves
and have higher mass specific metabolic requirements,
meaning that those reserves that they do have will be more
rapidly depleted (Clifford and Brick 1983). Therefore, for
smaller C. magister, consuming larger meals may be a
means of compensating for an additional nutritional deficit
despite an increased SDA. An increased susceptibility to
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starvation may therefore contribute to the prevalence of
smaller individuals in hyposaline waters (Stevens et al.
1984).

When exposed to low salinity, Cancer magister spent
less time feeding (Fig. 5a) and consumed a given amount
of food faster (Fig. 7). The metabolic costs associated with
the act of ingesting a meal are relatively low, accounting
for about 2% of the energy gained from the meal (Rovero
et al. 2000). It has been postulated that rather than mea-
suring actual energy expenditure, the time spent consuming
a meal may be a better metric of the cost of foraging
(Juanes 1992). In the laboratory, both fed and postprandial
crabs show an equal aversion to low-salinity exposure,
preferring the highest salinity offered (Curtis and McGaw
2004); however, after prolonged starvation crabs spend
more time in low salinity searching for food (Curtis and
McGaw, In prep). Upon finding a meal, C. magister does
not move the food to areas of higher salinity, but instead
remains in these conditions to feed (Curtis and McGaw,
Unpublished Obs.), and therefore, they must continue to
endure the physiological demands associated with low-
salinity exposure. The reduced time spent feeding in low
salinity (Fig. 5) may be the result of a trade-off between
the tendency toward avoidance behaviors and the necessity
of procuring a meal. Additionally, increased feeding effi-
ciency in low salinity (Fig. 7) further suggests that crabs
are not energetically restricted, but rather are employing an
‘eat and run’ strategy to minimize exposure. Such a strat-
egy is supported by field observations (Curtis and McGaw
2008). During times of high food abundance, adult
C. magister move up into the shallow, lower salinity
regions of the estuary, presumably to feed. However, these
excursions into low salinity typically only last a few hours
before the crabs retreat to deeper, higher salinity waters.
This ‘eat and run’ behavior would minimize the need to use
physiological mechanisms to cope with the simultaneous
demands of digestion and osmoregulation.

In resource limited habitats, competition may force
animals to reside or forage in challenging environmental
conditions (Hoffman and Parsons 1993). We have shown
that unless the necessity for feeding is great, inhibitory
mechanisms may prevent C. magister from feeding in
salinities below 75% SW. In crabs that do feed in these
hyposaline environments, a reduction in the amount of food
consumed may reduce the effects of SDA (Curtis and
McGaw 2009), thus enhancing their ability to prioritize the
physiological responses to low salinity over those of
digestion. Additionally, reducing the amount of time spent
feeding would minimize exposure to low salinity; while
retreating to more favorable salinity conditions would
allow them to digest the meal more efficiently (Curtis and
McGaw 2009). Though these strategies would provide
an immediate reprieve from the challenge of concurrent

osmoregulation and digestion, they may also lead to a
substantial reduction in food intake and thus growth if
conditions become more ephemeral and low salinity
becomes more pervasive.
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