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INTRODUCTION

Omnivory is a widespread feeding strategy seen in
a diverse range of taxa. Invertebrates such as insects
(Coll & Guershon 2002) and crustaceans (e.g. Buck et
al. 2003, Poon et al. 2010) commonly consume both
plant and animal material. Many vertebrates, in -
cluding lizards (Cooper & Vitt 2002), mammals (e.g.
Home & Jhala 2009), birds (e.g. Carlisle et al. 2012),
and fish (González-Bergonzoni et al. 2012), also
exploit a combination of plant and animal food
sources. These omnivorous feeding strategies can

have variable impacts on survival, growth, and
reproduction, which can be seen even within a single
taxonomic group, such as crustaceans. For example,
the generalist salt marsh crab Armases cinereum
achieves higher growth rates on a mixed diet of plant
and animal material than on monotypic diets of plant
or animal material alone (Buck et al. 2003). The
amphipod species Ampithoe valida and Cymadusa
compta have significantly higher fecundity when
consuming a mixture of algae and animal material
than when consuming a diet of animal material alone.
Conversely, the closely related amphipod Gammarus
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ABSTRACT: Omnivory is a widespread trophic strategy with variable impacts on survival and
reproduction, even within closely related taxonomic groups. In coastal ecosystems experiencing
extensive environmental changes, many decapod crustaceans employ omnivorous feeding strate-
gies. Because animals initially respond to environmental changes with behavioral modifications
that can alter their foraging habits, a mechanistic understanding of how diet influences fitness is
essential to predict the impact of future environmental changes on species fitness and population
dynamics. We investigated the impact of an omnivorous diet on the consumption, survivorship,
physiological condition, and reproductive effort of the mangrove tree crab Aratus pisonii, a major
mangrove consumer. A. pisonii engaged in compensatory feeding on plant material; crabs con-
sumed more food and digested it less efficiently as the proportion of plant material in their diet
increased. Although there were relatively few deaths, survival appeared to be negatively
impacted by the consumption of large quantities of animal material and marginally negatively
influenced by high levels of plant consumption. Physiological condition improved due to con-
sumption of both plant and animal material, while only consumption of animal material increased
reproductive investment. These results demonstrate that the opportunistic inclusion of animal
material in the diet of A. pisonii significantly improves physiological condition and reproductive
effort, and suggests that vitellogenic individuals cannot fully compensate for a lack of animal
material in their diet by increasing plant consumption. This study provides a mechanistic frame-
work to understand how potential diet changes by omnivorous crabs such as A. pisonii, which are
facing numerous changes in their environment, may impact their fitness and population dynamics.
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mucronatus has comparable growth and survival on
an algal-only and mixed algal and animal diet, as
well as equivalent fitness on exclusively algal or ani-
mal diets, and on diets that mix the 2 food types
(Cruz-Rivera & Hay 2000a).

Due to the diversity of potential diet strategies and
their variable impact on closely related species, it can
be difficult to predict how changes in diet may influ-
ence growth and fitness. However, a mechanistic
understanding of how diet influences these metrics is
key in predicting how species and populations may
respond to environmental changes. Organisms fre-
quently respond to human-induced rapid environ-
mental changes with behavioral modifications, in -
cluding altered foraging, and this can lead to
changes in population dynamics (Tuomainen & Can-
dolin 2011). For instance, blue crabs Callinectes
sapidus in a contaminated estuary had reduced suc-
cess capturing active prey items and consumed more
algae, sediment, and detritus than those from an un -
contaminated reference site (Reichmuth et al. 2009).
Additionally, the presence of the invasive Asian
shore crab Hemigrapsus sanguineus forced the Euro-
pean green crab Carcinus maenas, a previously
established invader, to decrease its mussel consump-
tion and increase its consumption of red algae, a less
preferable food source (Griffen et al. 2008). This for-
aging shift to an algal-dominated diet is concurrent
with reduced fecundity in C. maenas, and is likely
a contributing factor to the regional replacement of
C. maenas by H. sanguineus (Griffen et al. 2011).

Human-induced rapid environmental changes, such
as habitat loss, exotic species introductions, human
harvesting, pollution, and climate change, are wide-
spread in coastal habitats (e.g. Valiela et al. 2001,
Roessig et al. 2004, Molnar et al. 2008, Rabalais et
al. 2009). Decapod crustaceans are ecologically and
economically important components of these coastal
systems. Crabs in these habitats can function as eco-
system engineers through their burrowing and bio-
turbation activities (Kristensen 2008), by mediating
nutrient turnover and retention (e.g. Olafsson et al.
2002, Needham et al. 2011), by impacting primary
production (e.g. Holdredge et al. 2010), and by
 driving tree recruitment patterns in tropical coastal
forests (Lindquist et al. 2009). Many of these ecologi-
cal functions are associated with crab diet or foraging
strategy. Few crabs engage in exclusively herbi -
vorous or exclusively carnivorous trophic behavior,
instead displaying a range of omnivorous feeding
strategies. Pre datory crabs commonly consume plant
and algal material (e.g. Paul 1981, Ropes 1987, Kneib
& Weeks 1990), and crabs that are considered herbi -

vorous actually incorporate large amounts of animal
material in their diet (e.g. Dahdouh-Guebas et al.
1999, Samson et al. 2007).

The mangrove tree crab Aratus pisonii is one such
omnivorous crustacean. This arboreal crab is abun-
dant in neotropical mangrove systems (Beever et al.
1979, Diaz & Conde 1988, Erickson et al. 2003),
where it is distinctive in that it forages on fresh
leaf tissue in the canopy rather than on leaf litter. A.
pisonii is the primary herbivore of the red mangrove
Rhizophora mangle (Feller & Chamberlain 2007,
Feller et al. 2013), and its herbivory can account for
over 40% of total leaf damage in monotypic red man-
grove stands (Erickson et al. 2003). As a result, these
crabs provide a key link between mangrove primary
production and the detrital food web, and contribute
to both nutrient and biomass outwelling from man-
grove systems (Beever et al. 1979). Fresh red man-
grove leaves compose an estimated 84% of the diet
of adult A. pisonii under natural settings (Erickson et
al. 2003), but the crabs commonly supplement their
plant diet with opportunistic scavenging and pre -
dation on insects, benthic infauna, and juvenile con-
specifics (Warner 1967, Beever et al. 1979, Diaz &
Conde 1988). Feeding assays indicate that like many
crustaceans, these crabs preferentially consume
 animal material over plant material, including red
 mangrove leaves (Erickson et al. 2008).

Three current and impending environmental
changes are likely to alter foraging strategies of
 Aratus pisonii. The first is ocean acidification. Crus-
taceans respond to acidic conditions by increasing
calcification—in effect becoming bigger, more ro bust
individuals (Ries et al. 2009). Predatory capabi lities of
crustaceans commonly scale with individual size and
claw strength (Seed & Hughes 1995). We may there-
fore expect A. pisonii to incorporate more animal
 tissue in its diet as ocean acidification progresses,
 although it remains uncertain to which extent ocean
acidification will enhance calcification of primarily
terrestrial species, like A. pisonii, that spend limited
time submerged. The second environmental change
is pollution, which reduces crab foraging capabilities,
resulting in a diet shift away from predation (Reich-
muth et al. 2009). The Indian River Lagoon on the
eastern coast of Florida, USA, where our study was
conducted,  currently experiences intense pollution
(Qian et al. 2007). While public awareness of the
 effects of this pollution have focused primarily on
mammals, birds, and reptiles, crustaceans may also
experience negative impacts that could shift their
 diets away from animal consumption. The third en -
vironmental change that may alter diet is climate
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change. Many species are shifting their ranges in re-
sponse to climate change (Hoegh-Guldberg & Bruno
2010), and these range shifts can at times force these
species to utilize habitats that they otherwise would
not choose to inhabit. Thus if A. pisonii expands its
range northward beyond the presence of mangrove
habitat, it would be forced in these areas to consume
alternative diets because of the physical absence of
its normal diet of mangrove leaves.

The goal of this study was to investigate the link
between diet, physiological condition, and fitness in
the mangrove tree crab Aratus pisonii. Should quali-
tative or quantitative foraging changes occur in this
omnivorous mangrove crab in response to the cur-
rent or future environmental changes highlighted
above, understanding the link between diet and fit-
ness will allow us to predict population implications
of these diet changes. Thus, we performed a con-
trolled diet experiment to examine the impact of diet
quality (proportion of plant to animal tissue) and diet
quantity on A. pisonii consumption, assimilation effi-
ciency, physiological condition, and fitness (repro-
duction and survivorship).

MATERIALS AND METHODS

Experimental design and diet preparation

We used a modified geometric analysis design
(Simpson & Raubenheimer 1995) that orthogonally
varied both diet quality (proportion of plant to animal
tissue in the diet) and diet quantity (proportion of
crab body weight offered). This design incorporated
5 levels of diet quality with different amounts of plant
to animal material (100:0, 75:25, 50:50, 25:75, and
0:100% by weight) and 4 diet quantities (2, 3, 5, and
11% of crab dry body weight per day). Crabs gener-
ally consume between 1.5 and 3% of their dry body
weight per day (e.g. Olafsson et al. 2002), so these
diet quantities spanned a range from limited to abun-
dant food conditions. Each combination of diet qual-
ity and quantity was replicated twice for a total
 sample size of 40 individuals. We were interested in
the actual diet consumed, which cannot be controlled
or replicated (i.e. individual diet choice would cause
10 crabs with identical food choices to consume 10
unique diets over the 6 wk experiment, leading to
10 unique diet treatments rather than 10 replicates of
the same treatment). However, the diet offered can
be controlled and replicated, and can be used to
maximize diet variation. We therefore elected to use
a re gression-type experimental design to maximize

diet  variation with our experimental treatments
rather than increase replication of a more limited
range of offered diets. The analyses described here-
after also reflect this strategy.

Red mangrove leaves, which account for the major-
ity of the natural diet of Aratus pisonii (Erickson et
al. 2003), served as the plant material in our study.
House crickets Achetus domesticus were offered as
animal tissue. A. pisonii feed on insects, including
crickets, in the field (Beever et al. 1979) and prefer A.
domesticus to fresh plant and algal material in labo-
ratory feeding assays (Erickson et al. 2008). In order
to ensure that crabs consumed the desired proportion
of plant to animal tissue, the 2 food types were mixed
and embedded in an agar substrate in the 5 propor-
tions of plant to animal material described previ-
ously. Freshly picked red mangrove leaves were col-
lected from Avalon State Park in St. Lucie County,
Florida, in June 2012. Live A. domesticus were ob -
tained from commercial sources and euthanized by
freezing. Both food types were then placed in a
 drying oven at 68°C until they reached a constant
dry weight. They were ground separately into a fine
powder using a Coffee-mate® coffee grinder and
mixed to produce the 5 ratios of plant to animal tissue
described above. They were then incorporated into
an artificial agar diet by combining 2.8% agar, 4.6%
food powder mixture, and 92.6% boiling deionised
water by weight. This mix ture was poured into
2.05 cm3 plastic molds, which were placed in a drying
oven at 68°C until they reached a constant weight
and formed dried agar cubes.

Experimental setup and maintenance

Adult female Aratus pisonii (carapace width, CW:
17 to 24 mm) were collected from Avalon State Park in
June 2012 and transported to the wet lab at the Smith-
sonian Marine Station at Fort Pierce, Florida. Each
crab was placed into an individual plastic aquarium
(22.8 cm length × 15.2 cm width × 16.5 cm height)
with a 400 ml glass finger bowl containing approxi-
mately 200 to 300 ml of filtered seawater (salinity ~31
ppt). They were maintained for 3 to 4 d without food to
standardize hunger levels and clear their guts prior to
the start of the experiment. Total dry weight of experi-
mental crabs was estimated based on initial CW at the
time of collection using a previously established rela-
tionship between CW and dry weight (adj R2 = 0.822,
p < 0.001, n = 20, M. Riley unpubl. data). This esti-
mated dry weight was subsequently used to deter-
mine the precise amount of food to offer each crab.
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The experiment consisted of a 3 d diet cycle that
was repeated 14 times for a total experimental
 duration of 6 wk. Diet cubes of the appropriate diet
quality were shaved down to within ±0.005 g of
the assigned weight for each crab, and then offered
to crabs for 48 h. After that time, any remaining
uneaten food was removed and seawater in finger
bowls was refilled to its original volume to account
for evaporative water loss. Crabs were then main-
tained without food for 24 h to allow for digestion
and fecal production, after which the contents of
each experimental chamber were poured into a flask
attached to a vacuum pump and rinsed through
Whatman® qualitative filter paper (Grade 1, 11 µm
particle size retention) to collect feces. Aratus pisonii
were then offered fresh diet cubes, and a new feed-
ing cycle was initiated. Uneaten food was dried at
68°C until it reached a constant dry weight to remove
any humidity or water that the cubes may have ab -
sorbed from the finger bowls. Filter papers with col-
lected feces were also dried at 68°C and weighed to
quantify fecal production.

Sample processing

At the conclusion of the experiment, crabs were
frozen at −80°C and dissected within 3 mo. In order
to determine the relative physiological condition of
individual crabs, the main energy storage organ, the
hepatopancreas (O’Connor & Gilbert 1968, Parvathy
1971), was removed from the crab body. Similarly,
the ovaries were isolated from the remainder of the
crab body in order to determine reproductive in -
vestment of individual crabs. The hepatopancreas,
ovaries, and remainder of the body were dried to a
constant weight at 68°C. Dry weight of the hepato -
pancreas as a proportion of the total dry body weight
(i.e. the hepatosomatic index, HSI) was used as a
mass-specific metric of investment in the main
energy storage organ. Similarly, the dry weight of the
ovaries as a proportion of the total dry body weight
(i.e. the gonadosomatic index, GSI) was used as a
mass-specific  metric of reproductive investment.

Statistical analyses

Mean food consumption (g) was during a 3 d feed-
ing cycle calculated by averaging the dry weight of
the food consumed during each of the 14 feeding
cycles (determined using the difference between ini-
tial and final food weight in each feeding period). To

eliminate any potential influence of starvation on diet
consumption (see Cronin & Hay 1996) during the
first feeding cycle, consumption values from the first
feeding cycle were not included in this average. To
standardize mean food consumption by crab body
weight, the amount of food consumed during each
feeding cycle was divided by the dry weight of the
crab’s body (g). Additionally, standardized mean
food consumption was divided by 3 (due to the 3 d
feeding cycle) to calculate standardized mean daily
food consumption. Although feeding was limited to
2 d within the feeding cycle, we calculated daily con-
sumption based on the entire length of the 3 d feed-
ing cycle. Standardized mean daily plant and ani-
mal consumption were calculated by multiplying the
standardized mean daily food consumption by the
percentage of the diet (0, 25, 50, 75, or 100%) that
was plant or animal material, respectively.

Assimilation efficiency was calculated using the
amount of feces produced during each feeding
period in the formula: [total weight of food consumed
(g) − total weight of feces produced (g)] / total weight
of food consumed (g). The resulting values were
averaged and converted to percentages to calculate
mean assimilation efficiency (% of food consumed
that was assimilated) by individual crabs. Four of the
experimental crabs consistently placed food pellets
into the finger bowls of water, breaking down the
food pellets and making it difficult to distinguish
uneaten food from disassociated feces. To avoid bias-
ing our results by inadvertently mistaking food and
feces, we eliminated these 4 crabs from the analyses.

The influence of diet quality and diet quantity
treatments on standardized mean daily food con-
sumption was determined using a general linear
model with percentage of plant material in the diet
and percentage of dry crab body weight offered per
day as predictor variables. The influence of diet on
assimilation efficiency was determined using a gen-
eral linear model with mean daily plant consumption
and mean daily animal consumption as continuous
predictor variables.

The influence of diet on survivorship was deter-
mined using a logistic regression; occurrence of death
was the response variable, and mean daily plant con-
sumption and mean daily animal consumption were
used as predictor variables. Although all crabs were
included in our analyses of survivorship (n = 36), our
analyses of physiological condition and reproductive
effort were restricted to crabs that survived the dura-
tion of the experiment (n = 29). The influence of diet
on physiological condition (approximated by the HSI)
was determined using a general linear model with
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mean daily plant consumption and mean daily ani-
mal consumption as continuous predictor variables.
Due to the relatively high molting frequency of this
species (every 53 d, Warner 1967), molting was also
included as a categorical factor in this linear model.
Similarly, the influence of diet on reproductive effort
(approximated by the GSI) was determined using
a general linear model with mean daily plant con-
sumption and mean daily animal consumption as
continuous predictor variables. Zoeal release was
 included as a categorical factor in the model; due
to year-round reproductive output in this species
(Warner 1967), 17 crabs were gravid at the start of the
experiment and released zoeae 2 to 26 d after the ex-
periment began (mean ± SD = 10 ± 6 d, n = 17). Two
models were developed and are presented for the
GSI: one that included all surviving crabs (n = 29),
and one in which the single crab in the experiment
with late-stage developing ovaries was re moved (n =
28). This particular crab was maintained on a mixed
diet of 25:75% plant to animal material and offered
8% of its body weight per day, and as a result of the
advanced stage of its ovary devel opment, its GSI was
very high relative to the re mainder of the experimen-
tal crabs (i.e. it was in late-stage vitellogenesis at the
conclusion of the experiment).

RESULTS

Aratus pisonii increased their mean daily food con-
sumption as the proportion of plant material in their
diet increased, but only under the abundant food
conditions represented by the highest diet quantity
treatment (adj R2 = 0.678, mean slope ± SE = 4.23 ±
1%, t = 4.23, p = 0.003, Fig. 1). On average, crabs
offered 2, 3, and 5% of their body weight consumed
1.68, 2.86, and 4.71% of their body weight daily, irre-
spective of the proportion of plant and animal mate-
rial in their diet (Fig. 1). In the 11% body weight
treatment, crabs offered only animal material con-
sumed an average of 5.10% of their body weight daily
(Fig. 1). When crabs in the same diet quantity treat-
ment were offered a 50:50% mixture of plant:animal
material or plant material alone, they increased their
standardized mean daily consumption to 6.75 and
9.50%, respectively (Fig. 1).

Assimilation efficiency (percentage of consumed
food that was assimilated) decreased with daily con-
sumption of plant material (Fig. 2A) and increased
with daily consumption of animal material (Fig. 2B;
adj R2 = 0.675; plant, mean slope ± SE = −252 ±
52.4%, t = −4.80, p < 0.001; animal, mean slope ± SE=

298 ± 90.1%, t = 3.31, p = 0.003). Specifically, Aratus
pisonii assimilated 57.9 ± 0.227% (mean ± SE) of the
exclusively animal diet, while individuals maintained
on an all-plant diet assimilated 23.8 ± 0.314% of the
food they consumed (Fig. 2).

Crab survivorship decreased with daily animal
 consumption (mean ± SE = −42.1 ± 19.9, z = −2.11,
p = 0.034) and was marginally negatively influenced
by daily plant consumption (z = −1.88, p = 0.060).
Molting did not affect energy storage in the hepato -
pancreas (t = −0.789, p = 0.437; Fig. 3), but Aratus
pisonii physiological condition, as determined by
the HSI, improved by 23.8% with each 1% of their
body weight that crabs consumed in plant material
each day (Fig. 3A) and increased by 148% with each
1% of their body weight that they consumed in  animal
material each day (Fig. 3B; adj R2 = 0.692; plant, mean
slope ± SE = 23.8 ± 10.2%, t = 2.33, p = 0.028; animal,
mean slope ± SE = 148 ± 20.7%, t = 7.17, p < 0.001).

When all surviving crabs were included in the
analysis to determine how diet influences repro -
ductive effort, zoeal release had no impact on sub -
sequent reproductive effort (t = −1.122, p = 0.273).
Investment in ovary development was unaffected by
plant consumption (t = 0.632, p = 0.533), but Aratus
pisonii increased their reproductive effort by 51.7%
with every 1% of their body weight that they con-
sumed in animal material each day (adj R2 = 0.353,
mean slope ± SE = 51.7 ± 12.9%, t = 4.01, p < 0.001).
When the single crab with late-stage devel oping
ovaries was removed, investment in ovary develop-
ment remained unaffected by previous zoeal release
(t = −0.078, p = 0.938; Fig. 4) or plant consumption (t =
0.173, p = 0.864; Fig. 4A); however, without this
 single individual, the effect of diet on reproductive
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effort became less extreme so that A. pisonii in -
creased their reproductive effort by 31.8% with
every 1% of their body weight that they consumed in
animal material each day (adj R2 = 0.392, mean slope
± SE = 31.8 ± 8.07%, t = 3.94, p < 0.001, Fig. 4B).

DISCUSSION

In this study, we investigated the im-
pact of diet quality (proportion of plant to
animal material) and diet quantity on the
feeding strategy, physiological condition,
and fitness of the mangrove tree crab
Aratus pisonii, an omnivorous crab com-
mon in neotropical mangroves. A. pisonii
demonstrated strong evidence of com-
pensatory feeding on plant material when
maintained in abundant food conditions
by increasing their food consumption as
the plant material in their diet increased.
This behavior is likely meant to compen-
sate for the low nutritional quality of
plant material, which contains high levels
of indigestible material such as lignin and
cellulose, as well as low levels of  nitrogen
and organic matter relative to animal tis-
sue (Mattson 1980, Wolcott & O’Connor
1992, Linton & Greenaway 2007). Red
mangrove leaves, the plant material used
in this study, contain particularly high
levels of condensed tannins (20−40% dry
weight) as well as other secondary meta -
bolites that are difficult to digest and may
negatively impact consumer condition
(Hernes et al. 2001, Erickson et al. 2004).

Despite the poor nutritional quality of
plant material relative to animal material,
many herbivorous crabs are extremely
efficient at assimilating the plant tissue in
their diet. For example, the mangrove
crab Neosarmatium meinerti assimilates
over 80% of the dry weight of fresh Avi-
cennia marina mangrove leaves in its diet
(Emmerson & McGwynne 1992). In con-
trast, Aratus pisonii was relatively ineffi-
cient at assimilating plant material in the
present study, and crabs maintained on a
diet of all-plant material assimilated just
23.8% of the food they consumed. There
is some indication in the literature that
assimilation of senescent leaves is differ-
ent than that of fresh leaves (e.g. Green-
away & Raghavan 1998). By necessity of
our experimental design, we dried and

ground fresh Rhizo phora mangle leaves before incor-
porating them in the agar-based diet, which could
have altered the crabs’  ability to assimilate the plant
material. However, the animal material was similarly
processed and crabs confined to an all-animal diet
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Fig. 2. Aratus pisonii. Relationship between assimilation efficiency (%) and 
mean daily consumption of (A) plant and (B) ani-mal material 

Fig. 3. Aratus pisonii. Physiological condition (as measured by the hepatoso-
matic index) as a function of mean daily consumption of (A) plant and (B) animal 

material

Fig. 4. Aratus pisonii. Reproductive effort (as measured by the gonado -
somatic index) as a function of mean daily consumption of (A) plant and (B) 

animal material
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 assimilated 57.9% of the food they consumed, more
than twice the amount assimilated by those on an all-
plant diet. A. pisonii’s inefficient assimilation of plant
material relative to animal material may partially ex-
plain the compensatory increase in crab food con-
sumption that was seen as the amount of plant mate-
rial in the diet increased.

Survivorship throughout the experiment was nega-
tively impacted by daily animal consumption and
marginally negatively influenced by plant consump-
tion. However, there were relatively few mortality
events (n = 7), and the described trend was likely
driven by the death of 2 crabs with high daily animal
consumption and a single crab with high daily plant
consumption. Diet quality has been shown to have
a mixed impact on the survivorship of other crus-
taceans, such as amphipods, whose survivorship on
diets that mix high- and low-quality food sources
varies widely depending on the species (Cruz-Rivera
& Hay 2000a,b), and diet quantity is inversely corre-
lated with longevity in a variety of species (e.g. Lawler
et al. 2008, Pietrzak et al. 2010). Alternatively, the in-
clusion of nitrogen-rich animal tissue in its diet sig -
nificantly improved the reproductive investment and
physiological condition of Aratus pisonii. Nitrogen
is an essential requirement for crustacean growth (i.e.
molting; Skinner 1966, Chang 1995) and reproduction.
Because egg production in some species of brachy -
uran crabs can equal or exceed 10% of dry body
weight, the nitrogen needed for a single reproductive
event can be considerable (Gifford 1962, Hines 1982,
1992). This may explain the demonstrated increase in
A. pisonii reproductive effort (as measured by the
GSI) with daily animal consumption. Gonad biomass
in crustaceans is directly proportional to the quantity
of eggs produced (Hartnoll 2006, Griffen 2013), so this
increase in gonad development should translate di-
rectly to increased fecundity and reproductive output
in A. pisonii. Recent reproductive investment by crabs
that were gravid upon collection from the field and
sub sequently released broods had no impact on their
reproductive effort at the conclusion of this experi-
ment. This is consistent with another report for this
 species, in which brood size remained constant for
 females over several reproductive events (Leme
2006). Likewise, plant consumption had no impact on
reproductive effort, providing evidence that crabs un-
dergoing vitellogenesis cannot fully compensate for
a lack of animal material in their diet by increasing
plant  consumption.

Both plant and animal consumption significantly im -
proved physiological condition (as measured by the
HSI), although consumption of protein-rich  animal

material had a 6.24× stronger positive impact on
investment in the hepatopancreas than consumption
of plant material. The hepatopancreas is the  primary
energy storage organ for crustaceans, particularly for
long-term storage. It serves as one of  several storage
sites for glycogen, a source of quick energy, and is
the main storage site for lipids, which are longer-
term energy stores (O’Connor & Gilbert 1968, Par-
vathy 1971, Chang 1995). Crabs increase lipid pro-
duction as well as lipid storage in the hepatopancreas
prior to molting, and previous studies have sug-
gested that crabs rely on lipid stores in the hepato -
pancreas for molting (O’Connor & Gilbert 1968,
Chang 1995). However, molting had no sig nificant
impact on the HSI of Aratus pisonii, and  several crabs
in this experiment maintained large hepatopancreas
masses following molting. A. pisonii ’s lack of a dis-
cernible decrease in hepatopancreas mass following
molting suggests that this species may rely on alter-
native energy stores, such as those in muscle tissue,
to finance the molting process  (Parvathy 1971).

In conclusion, this study demonstrates that even
for a largely herbivorous consumer such as the man-
grove tree crab Aratus pisonii, the opportunistic
 consumption of animal material significantly im -
proves physiological condition and reproductive effort.
While crabs were able to improve their physiological
condition by consuming both plant and animal mate-
rial, only consumption of animal material increased
reproductive investment. Although there have been
no documented diet shifts by A. pisonii to date, a
number of environmental factors, including ocean
acidification, pollution, and climate change, have the
potential to directly influence their foraging behavior
(see ‘Introduction’). Because A. pisonii is an ecologi-
cally important consumer in neotropical mangrove
systems, any changes in their population dynamics,
either positive or negative, would also have impor-
tant implications for the broader mangrove commu-
nity (Feller et al. 2013). Additional work is needed to
determine whether the mechanistic link established
here between diet, physiology, and reproduction in
A. pisonii applies to other species of omnivorous
crabs that are ecologically and economically influen-
tial in coastal systems. In a rapidly changing envi -
ronment in which species modify their behavior in
response to environmental changes, understanding
this link is essential for predicting the total impact of
current and future environmental conditions.
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