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Abstract

In intertidal soft-bottoms, epibenthic predation is one of the most important post-recruitment processes. Small
juveniles are particularly susceptible to predation, and they often settle in the high intertidal where predation
pressure is relatively low. Growth conditions in the high intertidal are, however, only suboptimal compared to
the low intertidal. Juvenile amphipods Leptocheirus pinguis usually remain in their mother’s burrow for extended
time periods growing to average sizes of 4–6 mm during this extended parental care. In laboratory experiments,
more juvenile amphipods survived in controls than in predator additions. In the predator treatments, most adult
amphipods survived while many juveniles disappeared. Medium-sized juveniles (6–10 mm size) that had already
established their own burrows emigrated in large numbers from the predator treatments whereas most of the adult
females remained as residents in these trays. Juvenile L. pinguis survived periods where they are most susceptible to
epibenthic predation in the protected burrows of their mother. Extended parental care enables juvenile amphipods to
recruit immediately into the adult habitat with a good survival chance. It is hypothesized that some small soft-bottom
infauna find protection in the burrows of other infauna, medium-sized infauna is most likely to engage in escape
reactions, whereas large infauna build their own, deep, burrows, safe from epibenthic predators.

Introduction

Predation is an important post-recruitment process
in soft-bottom environments (Ólafsson et al., 1994).
Many soft-bottom inhabitants are potential prey of var-
ious other organisms during their life times. Their sus-
ceptibility to predation can vary during their life time.
Some species become more attractive with increas-
ing age and size by reaching profitable bite sizes for
large predators. Others outgrow their most voracious
predators becoming too big to be handled or building
deeper burrows where they cannot be reached. Juve-
nile macrofauna are known to be primarily susceptible
to epibenthic predation (Reise, 1985). Various strate-
gies during the early life stages of juvenile macrofauna
are attributed to the avoidance of predation. Two major
categories of predator avoidance strategies can be iden-
tified in benthic marine organisms (Table 1). The first
one might be termed separation strategy, where the

potential prey either seeks temporal or spatial separa-
tion from its major predators. Prey organisms utilizing
the second, the protection strategy, often live in the
same general habitat as the predators but avoid preda-
tion by either hiding in crevices, burrows or by being
untasty to predators (e.g. Reise, 1985; Hay & Fenical,
1996).

Both strategies have advantages and disadvantages.
The separation strategy requires prey organisms to
adjust their presence or activity to the predator pres-
ence. Prey organisms may be restricted to areas which
are suboptimal with respect to resource supply (oxy-
gen, food), but relatively safe from predation (see e.g.
Beukema & de Vlas, 1989). The protection strate-
gy might allow prey organisms to remain in optimal
areas as long as they can avoid being eaten. Organ-
isms able to find protection from predation within an
optimal resource environment can achieve high growth
rates. Those organisms that segregate from predators
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Table 1. Predator avoidance strategies of benthic marine invertebrates.

Strategy Prey behaviour References (selected examples)

Seperation Segregation of activity from predator activity de Vlas, 1985; Kamermans & Huitema, 1994

Recruitment to areas with low predator abundances Günther, 1990; Beukema & de Vlas, 1989

Preventive emigration in response to predator presence Armonies, 1994

Escape in response to immediate predator encouters Ambrose, 1984; Olafsson & Persson, 1986; Thiel & Reise, 1993

Protection Production or uptake of untasty substances Kem, 1985; Hay & Fenical, 1986

Selection of cryptic habitats Jormalainen & Tuomi, 1989

Shelter on, in or with other organisms Ockelmann & Muus, 1978

and settle in areas with diminished resource supply
have relatively low growth rates. Bivalves Cerasto-
derma edulis that were protected from predators by
cages in low intertidal soft-bottoms with high preda-
tion pressure but optimal food supply grew much faster
than their conspecifics in high intertidal soft-bottoms
with few predators but only suboptimal food supply
(Reise, 1985). Juvenile bivalves are extremely suscep-
tible to epibenthic predators, however they outgrow
most of their predators by the time they reach 30 mm
in length (Reise, 1985). Many organisms in intertidal
or shallow subtidal soft-bottoms seek temporal or spa-
tial separation from the major epibenthic predators
during the juvenile stages while small and suscepti-
ble. After reaching a certain size, they immigrate into
the adult habitat, where growth conditions are usual-
ly more favorable than in the juvenile habitat. During
these migrations via the water column (e.g. Armonies,
1994), organisms are exposed to other predators and
may be misplaced by currents.

The ability to recruit immediately into the adult
habitat, thus avoiding long migrations to predator-safe
juvenile habitats would present an enormous advan-
tage to recruiting soft-bottom fauna. Yet, few juvenile
or small soft-bottom species seem to utilize the protec-
tion strategy successfully. A few small bivalve species
brood early juvenile stages, and these recruit immedi-
ately into the adult habitat after being released from
their mother’s body (Gallardo, 1993). Some meiofau-
na organisms (e.g. Reise, 1985; Dittmann, 1996) as
well as a variety of other organisms (e.g. Ockelmann
& Muus, 1978; Ó Foighil & Gibson, 1984) are found
in high numbers in the burrows of larger macrofau-
na where they might find protection from epibenthic
predators. These guests cannot build deep burrows
themselves, but rather rely on their hosts. Similarly,
early larval and juvenile stages of some polychaetes
remain in the relatively well protected burrows of
their parents (e.g. Nereis diversicolor, Bartels-Hardege

& Zeek, 1990). The juveniles of some amphipods
remain in the burrows of their parents for extend-
ed time periods (Shillaker & Moore, 1985; Thiel
et al., 1997) until they have attained almost half the
adult size. We hypothesized that this form of extended
parental care provides effective protection for the juve-
nile amphipods from epibenthic predation (Thiel et al.,
1997). The amphipods Leptocheirus pinguis inhabit
soft-bottoms at MLW (mean low water) where food
supply is favorable (Thiel, in press), but epibenthic
predators are also very abundant (unpubl. data).

The aim of the present study was to exam-
ine whether juvenile amphipods are more suscepti-
ble to predation than large adults. Only then would
parental care be a useful strategy in avoiding predation.
Amphipods were collected in the field to elucidate what
sizes of amphipods did successfully establish individ-
ual burrows, and how deep these burrows were. The
response of juvenile and adult amphipods to epibenthic
predators was examined in predation experiments. The
results of this study help to answer whether extended
parental care can be a successful protection strategy
for juvenile macrofauna in marine soft-bottoms.

Materials and methods

Field collection of amphipods Leptocheirus pinguis

In the summer of 1993 juvenile amphipods were col-
lected from their habitat in Lowes Cove, Maine. Juve-
niles were collected from their mothers’ burrows every
two weeks from 8th June until 1st September 1993.
Additionally, at each sampling date small amphipods
were collected from their own individual burrows in
order to determine the smallest size of amphipods
which recruited into the adult habitat. In August 1996,
a possible relationship between amphipod size and the
burrow depths was examined. Individual amphipod
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burrows were sampled in Lowes Cove, the sediment
was broken up along the burrow and the depth of the
burrows measured with a ruler. All amphipods were
preserved and their size measured with a computer-
based video-analysis system along their dorsal surface
from the rostrum to the base of the telson.

Predation experiments

Ovigerous female amphipods Leptocheirus pinguis
were collected from mudflats in Lowes Cove, Maine.
Eighteen females were introduced to each of 6 trays
that contained natural sediments collected from the
amphipod habitat. Another 18 females were preserved
immediately after collection, and their eggs counted
in order to determine the reproductive potential. The
trays had a size of 900 cm2 and the sediment in the trays
had a depth of about 10 cm. Fresh seawater was flow-
ing through the trays, and the females were allowed to
establish burrows and rear juveniles within the burrows
for approximately 5 weeks. During this time, the out-
flow was covered with a 500 �m screen, confining all
amphipods to the trays. When the first juveniles started
emerging from their mother’s burrows, the screen was
removed (= start of experiment), and the outflowing
seawater passed through a trap with a 500 �m screen,
collecting all organisms emigrating from the trays.
For the next seven days, all emigrants were counted
each morning, but then reintroduced to their respective
trays. At day seven, predators (10 sandshrimp Crangon
septemspinosa per tray) were introduced to three trays,
while the three remaining trays were left predator-free
as controls. Following the predator addition, all emi-
grants (= escapees) were collected and preserved every
day. The experiment was terminated on day 14 and
the contents of each tray were sieved over a 500 �m
sieve. All juvenile and adult amphipods were collected,
preserved, and measured.

Results

Sizes of juvenile amphipods Leptocheirus pinguis in
the field

During the whole sampling period (June–September
1993) the average size of juveniles in their mothers’
burrows varied between 4 and 6 mm (Figure 1a).
Significant differences between consecutive sampling
dates were only observed early in the summer (ANO-
VA, p<0.05; followed by Scheffé-test, p<0.05). The

Figure 1. (a) Average size (mm; � std err) of juveniles collected
from their mothers’ burrows in Lowes Cove during the summer of
1993 (n = number of juveniles/N = number of mothers from which
juveniles were collected); significant differences (ANOVA, p<0.05;
post-hoc Scheffé test, p<0.05) between consecutive sampling dates
marked by �. (b) The three smallest juveniles Leptocheirus pinguis
found in own burrows (filled dots) and the three largest juveniles in
mothers’ burrows (open dots) in Lowes Cove in the summer of 1993;
no females with juveniles in their burrows were found on 20 August
1993.

size of the smallest juveniles in their own individual
burrows slightly increased during the summer (Fig-
ure 1b) and most were at least 5 mm in length.
There exists a significant correlation between the
size of amphipods and the depths of their burrows
(y = 3.662x + 9.546, R2 = 0.424; t-test, p<0.01) (Fig-
ure 2). In August 1996, all amphipods collected were
larger than 6 mm; only two individuals inhabited bur-
rows which extended less than 20 mm below the sedi-
ment surface. All amphipods larger than 14 mm were
found in burrows at least 40 mm deep.

Predation experiment

The 18 female Leptocheirus pinguis preserved at the
beginning of the experiment contained on average 64
eggs in their brood pouch (mean� s.e.: 63.67� 3.71)
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Figure 2. Relationship of the size (mm) of individual amphipods Leptocheirus pinguis and the depth of their burrows (mm) in Lowes Cove in
August 1996.

resulting in a total reproductive potential of about 1150
juveniles for each tray (18 females� 64 eggs). The per-
centage of surviving juveniles in the controls (81.8%)
was significantly higher than that of the predator treat-
ments (61.6% surviving juveniles) (Mann-Whitney U-
test, p<0.05). In the control trays without predators,
an average of 941 juveniles survived at the end of the
experiment (= 81.8% of the total reproductive poten-
tial per tray) (Figure 3a). Those include 408 emi-
grants (= 35.4% of total reproductive potential) and
533 residents per tray (= 46.4%). In the predator treat-
ment 584 emigrants (50.8%) and 124 resident juveniles
(= 10.8%) per tray escaped from predation, adding up
to 708 survivors (= 61.6% of total reproductive poten-
tial). The percentages of females surviving in predator
treatments and controls were not significantly differ-
ent (Mann-Whitney U-test; p>0.1). Of the 18 large
females in each tray an average of 100% survived in the
control and an average of 78% survived in the preda-
tor treatment. No females emigrated from the controls,
while about 20% escaped from the predator treatment
(Figure 3b). Thus, in the predator treatment almost
60% of the large females but only 10% of the potential
1150 juveniles remained in the trays at the end of the
experiment. A higher percentage of juveniles emigrat-
ed from the predator treatments (50%) than from the
controls (30%).

Most juveniles between 6 mm and 10 mm size
remained as residents in the predator-free control (Fig-

ure 4a). About 50% of each size class of the small
juveniles (2–6 mm body size) emigrated from the
predator-free control trays, but the other 50% imme-
diately recruited to, and were residents in, the trays.
The addition of predators resulted in a strong escape
response in all juvenile sizes, particularly the large
ones (6–10 mm body size) (Figure 4b). In the predator
treatments, a relatively high percentage of small juve-
niles (2-6 mm body size) remained as residents in the
trays (20 to >40% of each size class) (Figure 4b).

Discussion

Juvenile amphipods Leptocheirus pinguis are more
susceptible to epibenthic predation than large adults.
They spend at least part of the time during which they
are particularly susceptible to predation in the protec-
tion of their mother’s burrow. Juvenile amphipods in
their own burrows react to epibenthic predators with
a strong emigration response, whereas large adults
remain in their deep burrows, indicating that the behav-
ioral response of amphipods L. pinguis to these preda-
tors changes with size.
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Figure 3. (a) Percentage of juveniles remaining as residents (dark shading) or emigrating (light shading) from experimental trays without
(= controls) and with predators; n = 1150 potential juveniles each in N = 3 controls and N = 3 predator treatments. (b) Percentage of females
remaining as residents (dark shading) or emigrating (light shading) from experimental trays without and with predators; n = 18 females each in
N = 3 controls and N = 3 predator treatments.

Parenting mothers provide protection from epibenthic
predators

Extended parental care provides some juvenile
amphipods L. pinguis with the opportunity to grow
to remarkable sizes in the burrow of their mother. The
largest juveniles commonly found in females’ burrows
are between 6 mm and 10 mm in size. At these sizes the
juveniles start to build their own burrows, but they are
still susceptible to epibenthic predators: the escape of
all sizes of juveniles in the experimental predator addi-
tions indicates that even large juveniles (6–10 mm) do
not gain sufficient protection from epibenthic predation
in their own burrows.

Unexpectedly, not all adult females survived in
the predator treatments and some emigrated. The high
numbers of recruiting juveniles that built their own bur-
rows in the trays may have caused repeated destruction
of the upper parts of female burrows. As a conse-
quence, large females frequently had to come to upper
sediment layers to repair their burrows thereby expos-
ing themselves to predation. High burrow repair activ-
ity of large females in the experiments might thus have
resulted in their unexpected disappearance and emi-
gration from predator treatments. Nevertheless, large

females are less affected by predator addition than their
offspring, indicating that they are relatively safe from
epibenthic predators in their deep burrows. These large
females can provide a safe habitat for their offspring
in their deep burrows, but many juveniles leave their
mothers’ burrows at a size still susceptible to epibenthic
predation. With increasing size of the juveniles, over-
crowding and increasing competition in their mother’s
burrows (there can be more than 100 juveniles in one
female’s burrow: Thiel et al., 1997) might cause some
juveniles to emigrate, resulting in relatively high num-
bers of emigrating small juveniles (4–6 mm) in both,
control and predator treatments (Figure 4). Before
overcrowding effects occur, juveniles are much better
off staying with their mothers than going out on their
own. Extended parental care by the female (provid-
ing a protected burrow, maintaining and irrigating the
burrow) enables small juveniles to survive in a habitat
with high predation pressure (see e.g. Figure 4b).

Escape reaction of small juveniles during predator
encounters

Juvenile Leptocheirus pinguis spend their first weeks
in the protected burrow of their mother. After leaving
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Figure 4. (a) Percentage of juveniles in each size class remaining as residents (dark shading) or emigrating (light shading) from experimental
trays without predators; all juveniles recovered from N = 3 controls were pooled. (b) Percentage of juveniles in each size class remaining as
residents (dark shading) or emigrating (light shading) from experimental trays with predators; all juveniles recovered from N = 3 predator
treatments were pooled.

their mothers’ burrows, the juveniles establish their
own burrows in the adult habitat (see large juveniles of
6–10 mm size in Figure 4a).These juveniles are still too
small to build burrows deep enough to be well protect-

ed from predator encounters. They escape from their
shallow burrows in response to immediate predator
contacts (see Figure 4b: a high proportion of large juve-
niles emigrates). This strategy is relatively effective in
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Figure 5. Predator avoidance strategies for small infauna of marine soft-bottoms in relation to their respective body sizes: high proportions of
small infauna are expected to seek shelter in macrofauna burrows, medium-sized infauna is expected to avoid predators via escape reactions
and large infauna is increasingly safe from epibenthic predation in their own burrows; all three predator avoidance strategies have been reported
for respective infauna sizes (for references see text).

avoiding fatal predator encounters.The escape reaction
in response to predators has been described for soft-
bottom infauna (see e.g. Ambrose, 1984; Rönn et al.,
1988; Thiel & Reise, 1993). Many escape reactions
were observed in predator addition experiments and it
can be assumed that they occur frequently in immedi-
ate response to predators. At least one study (Thiel &
Reise, 1993) indicates that escaping amphipods only
move short distances to get out of the immediate range
of predators. Thus, these escape reactions can be con-
sidered as short-term as well as short-range response
reactions to predators. Escapees seek a predator-free
refuge within their general habitat. It has been dis-
cussed that high abundances of small benthic organ-
isms in nocturnal plankton might be caused by escape
reactions to benthic predators at night (e.g. Ambrose,
1984; Armonies, 1989, 1994). Thus, the escape reac-
tion might be a very common predator avoidance strat-
egy for soft-bottom fauna. This assumption, however,
requires further experimental investigation.

Parental protection for juveniles or early larval
stages in marine soft-bottom fauna has been described
for small bivalve species (Gallardo, 1993), some poly-
chaete species (Bartels-Hardege & Zeek, 1990) and
some amphipod species (this study; Thiel et al., 1997).
The duration of extended parental care is most likely
controlled by limited space and increasingly insuffi-
cient resource supply for the growing offspring. The
size of juveniles when leaving their parents will deter-
mine their survival chances as recruits. Large recruits
are expected to have better survival chances, but if not
yet big enough to build deep burrows, they can avoid
fatal predator encounters via the escape reaction.

Protection strategy in marine soft-bottoms

Marine soft-bottoms do not provide many shelters, and
in shallow waters the surface sediments are frequent-
ly reworked by epibenthic predators. Small organisms
are very susceptible to epibenthic predation, as they
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often cannot achieve effective protection from preda-
tors. Cryptic habitats are relatively rare on marine soft-
bottoms, and there are few reports of soft-bottom infau-
na containing untasty substances (Kem, 1985; Giray,
pers. comm.). Small organisms (meiofauna and small
macrofauna) can be found in high numbers in the bur-
rows of larger macrofauna (e.g. Ockelmann & Muus,
1978; Ó Foighil & Gibson, 1984; Reise, 1985; Wetzel
et al., 1995; Dittmann, 1996), seemingly undisturbed
by the burrow founder (Figure 5). With increasing size
of its guests, the burrow founder should pay more
attention to them, as they might consume substan-
tial amounts of oxygen, food or space in its burrow.
Thus, with increasing size one should expect that shel-
ter seeking organisms are kept out of the burrows of
larger macrofauna. These organisms have to build their
own burrows or tubes, but due to their relatively small
size, their burrows will only reach a limited depths.
The most effective strategy for these organisms is to
stay in their burrows as long as they are undisturbed
but to escape into the water column at predator encoun-
ters (Figure 5). With increasing size we expect to see
fewer escape reactions, as larger organisms are able
to build deep burrows safe from epibenthic predators
(Figure 5).

It becomes evident that the protection strategy is
not a risk-free undertaking for small infauna of marine
soft-bottoms. However, it allows these organisms to
inhabit areas with high predator abundance but oth-
erwise optimal conditions (e.g. permanent water cov-
erage and optimal food supply). Seeking shelter with
larger organisms might be inhibited when resources
for shelter-seekers or shelter-providers (food, oxygen)
are limited. In general, small infauna engaged in the
protection strategy are able to avoid risky migrations
to predator-free areas, and they do not have to adjust
their activity schedule to the presence or activity of
predators.
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