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ABSTRACT: Food hoarding is an adaptive strategy that enhances survival and reproductive success
in food-scarce environments. It has been assumed that food hoarders, especially vertebrates, have
the ability to cache food based on their current requirements and expected reproductive success. The
present study provides empirical evidence that food storage in aquatic invertebrates is dependent on
the availability of food and semilunar intertidal rhythms. The white-clawed fiddler crab Uca lactea,
which inhabits food-scarce sandy mudflats, usually feeds on organic materials in sediment and occasionally on animal carrion, including conspecifics. This food is brought by the fiddler crabs into their
burrows, presumably to be consumed during flood tides or heavy rains when the crabs cannot
emerge to feed at the surface. When food was supplemented in the sediment every other day, females
tended to store food-enriched sediment into their burrows. This behavior peaked around spring tides,
when females were reproductively most active (i.e. mate-searching and mating). These results
suggest that females may increase their reproductive effort by storing food.
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INTRODUCTION
Food hoarding (or caching), defined as handling of
food to conserve it for future use, is an adaptive
strategy utilized by a variety of animals (Vander Wall
1990). Hoarding is generally assumed to increase
survival probability and reproductive success in foodscarce environments. Temporal variation in the food
supply may be one of the critical selective forces
leading to the evolution of food-hoarding behavior
(Andersson & Krebs 1978, Vander Wall 1990). Food
hoarding has been thoroughly studied in vertebrates
such as birds and mammals (e.g. Roth & Vander
Wall 2005, de Kort & Clayton 2006, Raby et al.
2007). Among invertebrates, only terrestrial arthropods are well known to hoard food for future consumption (Vander Wall 1990). For example, bees
hoard food for their young, carabid beetles hoard
seed (Alcock 1976), and orb-web spiders wrap prey
for future consumption (e.g. Eberhard 1967, Champion de Crespigny et al. 2001).

There are several reports suggesting the possibility
of food hoarding in aquatic invertebrates. Among
deep-sea animals, sedentary deposit feeders such
as echiuran, sipunculan, and polychaete worms may
cache food (Jumars et al. 1990, Hughes et al. 1994,
Levin et al. 1997, Shields & Hughes 2009). Food hoarding has also been anecdotally reported in decapod
crustaceans (e.g. Salmon 1984, O’Dowd & Lake 1989,
Wolcott & O’Connor 1992, Kyomo 1999). However,
surprisingly very few empirical studies have been conducted on the behavior of food hoarding in relation
to food availability for aquatic invertebrates.
Fiddler crabs (genus Uca) live on intertidal flats composed of sand and/or mud (Crane 1975). These deposit
feeders usually consume benthic algae, meiofauna,
and other small particulate organic materials deposited by flood tides in the sediment (Hoffman et al.
1984, McLain & Pratt 2010). However, some Uca species also exhibit carrion feeding, hunting, and cannibalism (Koga et al. 1995). Salmon (1984) was the first to
suggest that fiddler crabs may hoard food, reporting
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that female U. vocans scraped up surface mud and carried it into their burrows, perhaps because it contained
a higher concentration of food.
In the present study, carrion-feeding and foodstorage behavior of Uca lactea is described for the first
time. To determine whether sediment storage is foodhoarding behavior, we tested whether crabs stored
sediment more frequently when food was supplemented on the sediment. We also examined whether
there were differences in storage behavior between
sexes. Additionally, because feeding activity has been
related to tidal rhythms in fiddler crabs (Kim et al.
2004a), as well as in other animals (e.g. Meyer-Rochow
& Brown 1998), storing frequencies were observed in
relation to semilunar cycles and reproductive rhythms.

MATERIALS AND METHODS
Natural history of the study species. There are
approximately 100 species of fiddler crabs in the world,
most of which live on intertidal sand or mudflats
(Crane 1975). Individual fiddler crabs dig burrows in
the sediment as shelter against predation or harsh
environmental conditions (Crane 1975). The burrows
(~30 to 50 cm in depth) also function as incubation
chambers (Christy & Schober 1994). The crabs are not
active during flood tides or heavy rain when their habitat is covered by water. When tides recede, they come
out of their burrows and feed on the surface. Males use
a single small cheliped for feeding and the other
enlarged claw only for fighting or attracting females. In
contrast, females have 2 small chelipeds and use both
for feeding, fighting, and defense.
Uca lactea have 2 mating modes. In burrow mating,
males build courtship structures (semidomes) at their
burrows (Kim et al. 2004b) and then court females by
waving their enlarged claws. Receptive females search
for possible mates by visiting male burrows for mating.
In surface mating, males mate with females on the surface of the female burrow by approaching neighboring
females (Kim et al. 2006). Females incubate eggs in the
burrows for about 2 wk before releasing larvae in the
burrows during spring tides (Yamaguchi 2001). Both
sexes can mate with multiple partners. The reproductive rhythm of U. lactea follows semilunar tidal
cycles during the mating season from June to August
(Yamaguchi 2001, Kim et al. 2004a). This timing of
the release of larvae may occur when escape from predation is maximized (Christy 2003). The reproductive
rhythm varies depending on the environment and geographic location. Although reproductive activity peaks
around neap tides in Korea (Kim et al. 2004a), peak
reproduction occurs around spring tides in Japan
(Yamaguchi 2001).

Carrion feeding. Crabs were observed from June 10
to July 30, 2003 on an intertidal sandy mudflat in
Amakusa Island, Kumamoto, Japan (32°32’N, 130°24’E).
Maximum tidal amplitude during the study period was
approximately 4 m (from 0.2 to 4.2 m in tidal height). A
population of Uca lactea inhabits the upper intertidal
mudflat, which is usually covered by high tides twice
within a 24 h period. The duration of habitat exposure
to air ranges from approximately 4 to 7 h, depending
on the tidal periods. Whenever conspecific carrionfeeding behavior was observed on the mudflat, the sex
of the crabs was determined and the behavior was
recorded with a digital camera (Panasonic Lumix DMC
FZ-1) and a camcorder (Panasonic NV-5).
Food supplementation. Four 1.5 × 1.5 × 0.3 m plastic
net enclosures were established in the middle of the
intertidal flat. A 5 cm strip of plastic tape was sewn to
the upper edge of the mesh to prevent crabs from
climbing out of the enclosure. Each enclosure encompassed natural crab densities of approximately 40
males and 40 females. Crabs inside enclosures were
captured by plugging the burrow entrance using a
stick or a custom-made device described by Kim et al.
(2008). Each crab’s carapace was marked using paint
marker pens, using a combination of 4 colored dots on
each of 4 equally divided regions of the carapace.
Forty individuals of each sex were marked in each
enclosure. Unmarked individuals were removed from
the enclosures. When there were fewer than 40 individuals, crabs were added into the enclosures. Marks
placed on females did not remain detectable throughout the study, probably because of molting and abrasion, so individual identities were confirmed using a
map that denoted the location of each crab’s burrow.
Because females rarely change their burrows in a
given day, this identification method allowed for a calculation of the proportion of food-storing individuals.
As the receding tide exposed the marsh surface, 10 g
of sardine flakes mixed with 3 l of water was added to 2
of the enclosures and 3 l of water to the other 2 enclosures. The treatment was repeated every other day to
allow a between-day comparison within enclosures.
After 1 semilunar cycle, the food treatment for each
enclosure was reversed and the experimental procedure
was repeated for another semilunar cycle. This procedure eventually produced 4 samples for each treatment.
Because it rained heavily on the second day after the
spring tide in the second semilunar cycle, the food treatment was conducted on the following day. Two researchers observed 2 plots each (one with food and the
other with water only) for 90 min after crabs emerged
from burrows, recording the location of the crabs in the
enclosures on a map and recording the occurrence of
sediment-storing behavior. Some crabs stayed inside
their burrows throughout the day. Thus, only crabs that
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were active at the surface were recorded. Typically, after
a crab stored sediment for about 90 min, it stopped storing and fed at the surface again. The frequency of surface mating and the number of mate-searching females
in each enclosure was recorded for 3 h (± 90 min from
low tide) each day. All mate-searching females could not
be followed until mating, because mate-searching females spent a long time visiting several males, and it was
not possible to track each female while collecting other
data. Thus, the number of mate-searching females was
used as an indicator of the frequency of burrow mating
(Koga et al. 1998, deRivera et al. 2003).
Statistical analysis. A repeated-measures ANOVA
was used to assess whether food addition or the interaction between food addition and days influenced the
number of females on the surface and the frequency of
sediment storage from the first to the fourth day of food
treatment and from the first to the third day of non-treatment in each cycle. The frequency of surface mating and
the number of mate-searching females were compared
between food treatments for 8 consecutive days of each
cycle using a repeated-measures ANOVA design. The
assumption of equal between-group correlations and
group variances (‘sphericity’) was not violated in all repeated-measures ANOVA tests (Zar 1999, p. 259). A
Mann-Whitney U-test was used for between-day (foodtreated days and non-treated days) comparisons of foodtreated plots. For this test, the variables between 2 plots
with the same treatment were pooled because there was
no significant difference between the two. The MannWhitney U-test was also used to compare the proportion
of sediment-storing individuals between sexes. To determine whether variation in the frequency of sediment
storage was related to tidal rhythms, the day of the
spring tide was defined as 0 and the absolute value of the
number of days from the spring tide (e.g. 4 d before
spring tide = 4) was used in a regression analysis of the
relationship between tidal phase and storage frequency.
To determine if food supplementation influences surface
mating and female mate-searching, the number of surface mating events and the number of mate-searching
females were pooled, respectively, throughout the days
because these data were not significantly different between food-supplemented days and non-supplemented
days. Analyses were carried out using SPSS 12.0 for
Windows and all means are presented ± 1 SE.

RESULTS

2 crabs were observed (1 male and 1 female) attempting
to drag dead fish into their burrows. Dead conspecifics
were observed to be consumed only by females
(Fig. 1B,C; n = 16). All of the dead crabs found were
males (n = 16). At least 8 females (50%) were observed
dragging dead males into their burrows (Fig. 1C). On the
following day, all the females that hoarded dead males
removed the males’ large chelipeds from their burrows
(Fig. 1D). Evidently females were unable to consume the
tissue in the large claw so the claw was discarded. Occasionally, individuals of either sex were also found to store
sediment into their respective burrows. In these instances, the crabs scraped the surface of the sediment
with their 4 walking legs and carried it into their burrows
(Fig. 1E,F, see Video S1 in the supplement at www.intres.com/articles/suppl/b010p033_supp/).

Sediment storage in response to food fluctuation
After food was added, crabs fed on the organic materials contained in the sediment for 1 to 2 min, within their
home ranges (15 to 30 cm from the burrow). They then
repeatedly scraped the surface of the sediment and carried it into their burrows. For the days when food was
added to enclosures, a significantly greater percentage
of females (26.3 ± 7.9%) stored sediment in their burrows
compared to males, which rarely cached (0.8 ± 0.6%)
(Mann-Whitney U-test: U = 11, n1 = n2 = 9, p < 0.01)
(Fig. 2, Table 1). Food supplementation did not influence
the number of females on the surface on food-treated
days both when compared to control plots (food effect:
F1,6 = 0.065, p = 0.808; food × day effect: F3,18 = 0.691, p =
0.569) and non-treated days (food-treated days: 34.2 ±
4.7 females, non-treated days: 33.4 ± 4.9 females; U =
29.5, n1 = 9, n2 = 7, p = 0.832) (Table 1). However, food
supplementation significantly increased the number of
sediment-storing females on food-treated days in comparison to control plots (food effect: F1,6 = 37.435, p =
0.001; food × day effect: F3,18 = 5.893, p = 0.006) (Fig. 2)
and to non-treated days (food-treated days: 8.2 ± 2.3 females, non-treated days: 1.0 ± 0.6 females; U = 11, n1 = 9,
n2 = 7, p = 0.03; Fig. 2). In non-treated days, neither the
number of females on the surface (food effect: F1,6 =
0.080, p = 0.787; food × day effect: F2,12 = 0.073, p = 0.930)
nor the number of sediment-storing females (food effect:
F1,6 = 1.742, p = 0.235; food × day effect: F2,12 = 0.161, p =
0.853) was significantly different between experimental
and control plots.

Carrion feeding and hoarding behavior
Sediment-storage rhythm
When crabs encountered a dead fish or conspecific on
the sediment, they scavenged the carrion. Dead fish
were consumed by 2 males and 1 female (Fig. 1A), and

The frequency of females storing sediment varied
with the semilunar tidal rhythms (Fig. 2). Sediment
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Fig. 1. Uca lactea. (A) Male feeding on a dead fish. (B) Female feeding on a dead male. (C) Female carrying a dead conspecific
into her burrow. (D) Major claw of a dead male that was carried out of the female burrow after processing. (E) Female scraping
and carrying sediment. (F) Female entering burrow with sediment

storage was most frequent during spring tides.
Females did not store sediment during neap tides,
even after food was supplemented. There was therefore a significant, negative relationship between the
frequency of storage and the number of days before
spring tide (r2 = 0.768, F1,8 = 26.409, p < 0.001).

Sediment storage and mating mode
The number of sediment-storing females was highly
correlated with the number of surface mating events

(Spearman correlation: Z = 1.789, p = 0.0053), but not
with the number of mate-searching females (Z = 1.661,
p = 0.096). The mean frequency of surface mating was
higher in the experimental plots (3.3 ± 0.7 events) than
in the control plots (1.1 ± 0.3 events), although statistical differences were not found (food effect: F1,6 = 4.337,
p = 0.08; food × day effect: F7,42 = 1.256, p = 0.295). The
number of mate-searching females, an index of burrow
mating, did not differ between food treatments (experimental: 1.3 ± 1.7 females, control: 0.8 ± 0.9 females;
food effect: F1,6 = 0.701, p = 0.435; food × day effect:
F7,42 = 2.074, p = 0.095).
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Fig. 2. Uca lactea. Percentage of sediment-storing females in the
experimental plots (black bars) and control plots (white bar) on
each day in the (A) first and (B) second semilunar cycle. Day 0 is
the day of spring tide. Shaded days (grey) represent days when
food was supplemented. Only 1 white bar is visible (B), as data
for control plots = 0 on all other days. ‘Rain’ represents the day
when the experiment could not be conducted due to rainfall.
Data in plots of the same treatment were pooled, since no
significant difference was found between plots

DISCUSSION
Due to technical difficulties, it was not confirmed in
the present study whether the fiddler crab Uca lactea
consumed stored food in burrows. However, observa-

tions made of the crabs during the present study
strongly suggest that food hoarding for future consumption is occurring in this species. First, female
crabs were observed storing carrion in their burrows
after they ate a portion of it. Second, females increased
their sediment storage frequency in response to unexpected increases in food availability. This latter observation is the first experimental evidence in aquatic
invertebrates to suggest that the crabs cache food
depending on food availability in the sediment. They
may consume hoarded material during periods when
they cannot feed on the mudflat during flood tides or
heavy rain.
For deposit feeders that regularly feed on organic
matter deposited in sediments, carrion is a rich but
rare energy source, making scavenging of carrion,
when possible, an adaptive feeding strategy (Grahame
1983). Carrion feeding or scavenging may be directly
connected to food-hoarding behavior. If deposit feeders find a large amount of food but cannot consume it
immediately, hoarding it in their burrows or at secure
sites could be the best tactic for escaping feeding competition and possible food deprivation. Because carrion
is a rare food source for sediment-dwelling crabs, they
may hoard carrion into their burrows for later consumption. Sediment storage also frequently occurred
when sediment contained unusual amounts of food.
Therefore, carrion hoarding and sediment storage are
both responses to sudden increases in food availability,
and the function of both behaviors may be the same.
It is noteworthy that females were more likely to
store food than males, especially around the time of
peak reproductive activity. In many other animals,
including arthropods, food-hoarding activity is more
pronounced in females, likely because females need
more energy to produce eggs and offspring (Vander
Wall 1990). The greater dependence of females on
food-storage behavior in fiddler crabs may be closely
related to the different feeding and reproductive
strategies of the 2 sexes. In a separate study, males
responded to fluctuations in the food supply by in-

Table 1. Comparison of sediment storage between experimental plots and control plots (food-supplemented vs. non-supplemented days, mean ± SE). Data in plots of the same treatment were pooled, since no significant difference was found between
plots. n: number of days

Supplemented days
Experimental
Control
Non-supplemented days
Experimental
Control

n

No.
ind. on
surface

Male
No. of
sedimentstoring ind.

Percentage
range of
storing ind.

No.
ind. on
surface

Female
No. of
sedimentstoring ind.

Percentage
range of
storing ind.

9
9

62.3 ± 2.5
59.9 ± 1.5

0.5 ± 0.1
0.1 ± 0.1

0–5.7
0–1.7

34.2 ± 4.7
35.7 ± 4.6

8.2 ± 2.3
0±0

0–60
0

7
7

64.5 ± 2.9
58.1 ± 2.6

0±0
0.1 ± 0.1

0
0–1.7

33.4 ± 4.8
38.1 ± 5.8

1.0 ± 0.50
0.1 ± 0.1

0–11
0–2.3
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creasing their time spent feeding and did not increase
their courtship activity on days when they were provided with an unexpectedly large amount of food
(Kim et al. 2008). Male crabs exhibited an increase in
courtship activity 1 d after food supplementation (Kim
et al. 2008). In contrast, females did not decrease the
frequency of mate searching on the surface, but
increased their sediment-storage frequency when supplemented with extra food documented in the present
study. Although females may reduce the amount of
time feeding on the surface by increasing the investment of caching, the energetic benefit-cost ratio of
caching females would be higher than that of noncaching females. This strategy of hoarding food to process it later in the burrows would be advantageous in
situations when the supply of food in the sediment is
neither constant nor accessible. For males, feeding on
the surface yields them adequate energy to court and
this obviates the need to cache food. However, females
may spend time feeding in burrows to obtain enough
energy for reproduction.
There could be an argument that increased courting
and feeding activity by males in the food-supplemented
plots can increase female sediment-storing behavior.
However, sediment storage occurred only during
approximately 90 min after receding tides, when most
of the crabs are involved in feeding. Also, there were
few interactions observed between sexes that indicated sexual harassment and/or competition over food.
Therefore, there was little evidence in support of
the view that male activity may be a cause of female
caching activity.
Furthermore, the number of sediment-storing females
was highly correlated with the number of surface mating events, but not with number of mate-searching
females. Although not statistically significant, there
were more surface-mating females in the foodsupplemented plots. In contrast, the number of matesearching females did not differ between treatments.
As food supplementation or female caching activity
may induce males to approach females for surface mating, it is hard to determine which sex has the initiative
to choose mating tactics. However, it is probable that
supplemented food can affect the relative payoffs of
alternative reproductive tactics of females by increasing the reproductive success of surface-mating females.
Females ready for breeding search for mates by visiting male burrows and may not change their reproductive tactics even when food conditions change. Perhaps females that mate with males in male burrows
and then incubate underground can produce a full
clutch without needing to consume additional cached
food because their ovaries have been fully developed
(Yamaguchi 2001). Also, females that mated in male
burrows could not feed for approximately 2 wk while

incubating eggs in the burrows. In contrast, females
that were not ready for breeding displayed an alternative surface mating strategy, whereby they mated on
the surface until they ovulated. These females may
supplement their daily food intake by caching. Hence,
caching may be a means by which surface-mating
females are able to increase their reproductive success
by increasing the number of their eggs or improving
the quality of eggs through an extra supply of food. In
a food-supplementation study on the burrow-mating
species Uca terpsichores, females in the food-added
enclosures neither showed increased mate-searching
activity nor any food-storage behavior (Kim et al. 2010).
Together, these studies suggest that food-hoarding
behavior may be more common in situations where
food is scarce. The habitat of Uca lactea in Kumamoto,
Japan is considerably sandier than the habitat of the
same species in Korea. The muddier the tidal flat, the
more organic particles the sediment generally contains
(McLain & Pratt 2010). In a previous food-supplementation study with Korean populations, food-storage and
carrion-feeding behaviors were rarely observed (Kim
& Choe 2003). This suggests that relatively nutrientpoor environments may be an important factor favoring food-hoarding behavior in some populations of
this species. Given that a number of sedimentdwelling aquatic invertebrates generally live in foodscarce environments (Jumars et al. 1990) and have
their own burrows for secure places (Gingras et al.
2008), food hoarding and sediment storage might be a
widespread adaptation across a diversity of taxa in
aquatic environments.
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