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Presence of the Jonah crab Cancer borealis
significantly reduces kelp consumption by the green
sea urchin Strongylocentrotus droebachiensis
Kelly M. McKay*, Kenneth L. Heck Jr.
Dauphin Island Sea Lab, University of South Alabama, 101 Bienville Boulevard, Dauphin Island, Alabama 36528, USA

ABSTRACT: Predators can initiate trophic cascades by reducing densities of their prey, and such
density-mediated interactions are well-known in marine environments. Growing amounts of evidence suggest, however, that predator-induced modifications in prey behavior and subsequent
effects on lower trophic levels, or trait-mediated interactions, may also be of fundamental importance
in marine systems. In laboratory experiments we found that green sea urchins Strongylocentrotus
droebachiensis, herbivores whose feeding activities can cause shifts between kelp forests and urchin
barrens, significantly decreased kelp grazing rates (on average by nearly 80%) in the presence of the
echinivorous Jonah crab Cancer borealis. The Jonah crab and the green urchin co-occur across a
wide geographic range and our results suggest that C. borealis has the potential to initiate a trophic
cascade by controlling the behavior of urchins, which could have important positive effects on their
kelp food resources.
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Trophic cascades have been documented in a wide
range of terrestrial and marine systems (Halaj & Wise
2001, Borer et al. 2004, Trussell et al. 2004). The primary mechanism driving these interactions among
predators, herbivores and plants has generally been
believed to be density-mediated, where consumption
of herbivores by predators reduces herbivore density
and plant consumption, resulting in an indirect positive effect on plant biomass (Paine 1966, Carpenter et
al. 1985, Schmitz et al. 2004). However, a growing
body of evidence suggests that trait-mediated interactions (TMIs) may also have very substantial impacts on
community dynamics through the initiation of trophic
cascades (McIntosh & Townsend 1996, Schmitz et al.
2004, Trussell et al. 2004, Preisser et al. 2005), and may

be as common as density-mediated interactions (DMIs)
(Werner & Peacor 2003). Whereas DMIs are consumption-dependent, TMIs are non-lethal and occur when
the behavior of a prey species is altered by the presence, or assumed presence, of a predator (Werner &
Peacor 2003). Altered prey behaviors can include
reduced foraging, diet shifts and emigration (Power et
al. 1985, Grabowski & Kimbro 2005), and may often
result in a reduction in grazing pressure on a primary
producer, creating a trait-mediated indirect interaction
(TMII) (Krivan & Schmitz 2004, Trussell et al. 2004,
Freeman 2006).
Recently, TMIs and TMIIs between marine organisms
have received increased attention (see Dill et al. 2003
and Preisser et al. 2005 for reviews). For example,
Trussell et al. (2004) reported a TMII between the
predatory green crab Carcinus maenas, the herbivo-
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rous snail Littorina littorea and ephemeral green algae,
with the presence of the green crab increasing snail
emigration and releasing the algae from grazing pressure. Grabowski & Kimbro (2005) reported that the
presence of crab-eating toadfish Opsanus tau indirectly
benefited clam Mercenaria mercenaria survivorship by
reducing mud crab foraging, and Heithaus & Dill (2002)
reported that bottlenose dolphins Tursiops aduncus
shift habitats in response to tiger shark Galeocerdo cuvier presence (even though these high-risk area are
also high-food areas), which may have cascading effects on bottlenose dolphin prey. In addition, Siddon &
Witman (2004) reported that presence of the lobster
Homarus americanus increased survivorship of the
green sea urchin Strongylocentrotus droebachiensis by
modifying crab (Cancer borealis) foraging behavior,
and Freeman (2006) reported that small Strongylocentrotus spp. sea urchins decrease grazing rates in the
presence of the NE Pacific predatory sea star Pycnopodia helianthoides. Furthermore, a meta-analysis by
Preisser et al. (2005) showed that TMIs had as strong, if
not stronger, an impact on prey than direct consumption (DMIs). Although the literature has provided clear
evidence of the existence of TMIs and TMIIs in marine
systems, to more fully understand their commonness
and importance among marine organisms, many additional trophic interactions need to be examined.
In the NW Atlantic Ocean, grazing in the rocky subtidal is dominated by the green sea urchin Strongylocentrotus droebachiensis (Scheibling 1996). The green
sea urchin can profoundly alter community structure
by overgrazing kelp and creating urchin barrens
(Schiebling 1996, Sumi & Sheibling 2005). This urchin
is a prey item for both the predatory sunflower sea star
Pycnopodia helianthoides (Freeman 2006) and, in the
Atlantic Ocean, the Jonah crab Cancer borealis (Siddon & Witman 2004). Siddon & Witman (2004) suggested that the Jonah crab can initiate a trophic cascade by reducing urchin densities and thereby
indirectly positively affect the urchins’ food source
(kelp), although they hypothesized that behavioral
interactions may also play an important role.
In the present study, to more fully investigate the impact of TMII in the rocky subtidal of the NW Atlantic, we
quantified green urchin grazing on kelp in both the
presence and absence of one of its dominant predators,
the Jonah crab Cancer borealis. Urchin location was
monitored during trials to determine if urchins altered
movement patterns when a predatory crab was present.

MATERIALS AND METHODS
To determine if non-lethal effects of the Jonah crab
affected feeding rates of the green urchin on the kelp

Laminaria longicruris, we conducted laboratory experiments in the summer of 2006 at the Darling Marine
Center in Walpole, Maine, USA. Siddon & Witman
(2004) reported that predation on the green sea urchin
by the Jonah crab was generally observed in summer,
when it may be at its annual peak. Adult green urchin
individuals (test diameter 35 to 50 mm) were collected
from the rocky intertidal pools at Pemaquid Point and
transported to the Darling Marine Center in fresh seawater. Urchins were held in a large flow-through seawater tank and starved for approximately 24 h before
use in laboratory experiments. Large Jonah crabs (estimated carapace width 130 to 170 mm) were collected
from shallow waters (< 2 m) near the Darling Marine
Center either by seine or by baited lobster trap. They
were starved for 24 to 48 h before use in experiments,
were haphazardly selected for treatments and were
used either 1 or 2 times.
Before use in laboratory experiments, freshly collected, similar-sized kelp pieces were spun in a salad
spinner for approximately 30 s to remove excess water
and then weighed to the nearest hundredth of a gram
(weights ranged from 9.50 to 10.50 g). Weighed pieces
were then randomly allocated to either a control, or to 1
of 2 treatments. To maintain total immersion, each
piece of kelp was weighted with a small rock. Each
rock was of similar size, was movable by the urchin and
therefore did not inhibit urchin feeding. Each experimental treatment contained kelp in one side of a divided 14 l tank. A paired control was used to estimate
the change in kelp wet weight when neither urchins
nor crabs were present, in order to account for changes
in weight due to confounding factors such as algal age,
etc. In the first treatment, an urchin was allowed to feed
ad libitum on a pre-weighed piece of kelp. In the second treatment, an urchin was also allowed to feed ad
libitum on a pre-weighed piece of kelp with a Jonah
crab present in the tank. However, the crab was separated by a plastic divider that allowed water and potential chemical cues to flow through but prevented access
to the urchins. Experimental tanks were placed in a
tiered flow-through water table; tanks without crabs
were placed on a tier above tanks with crabs, so flow
from experiments with crabs present would not contaminate predator-free treatments. Water temperature
measurements were obtained from the Department of
Marine Resources Boothbay Station, and average daily
water temperature ranged from 17.2 to 19.8°C during
the trials, with an average temperature of 18.6°C. Experimental tanks were exposed to ambient light, and all
experiments were run for 48 h, which allowed sufficient
time for urchin feeding.
Following the conclusion of each experiment, kelp
pieces were again spun in a salad spinner for 30 s and
re-weighed. The formula [(H0 × Cf /C0) – Hf] (Cronin &
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Hay 1996) was used to account for any kelp weight
change throughout the duration of the experiment,
where H0 and Hf are the initial and final wet weights of
the experimental pieces and C0 and Cf are the initial
and final wet weights of the control pieces paired to
each replicate. Treatments and paired controls were
each replicated 9 times.
Urchin position in the tank was also observed. The
location of each urchin (categorized as on the floor,
partition, far wall or side walls) was recorded at 24 h,
the middle of the trial, and at the conclusion of the trial.
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Table 1), in close proximity to the other compartment
of the tank. In trials with the Jonah crab present,
urchins were, with one exception, uniformly situated
on side walls and the far wall (farthest from the crab)
of the enclosure at both 24 h and 48 h. Also, at 24 h,
1 urchin was located on the bottom of the enclosure. In
trials with the Jonah crab absent, urchin location was
more evenly distributed, with urchins occupying positions on the partition, side walls, far wall and bottom.
One urchin was found dead after 48 h in the treatment
with a crab present, but this was not attributed to a
lethal crab effect. Kelp consumption data from this
urchin was excluded from analyses. All urchins in both
treatments at 24 h and 48 h were observed to be in
contact with the kelp.

Kelp consumption
Average paired control change of kelp wet weight
during trials was –0.037 g, and ranged between –0.746
and 0.221 g. When Cronin & Hay’s (1996) formula was
used to correct for natural weight change of kelp during each trial, urchins in the presence of Cancer borealis consumed an average of 0.160 g, whereas urchins
in the absence of C. borealis consumed an average of
0.853 g, or close to 5 times as much. Neither day nor
number of times a crab was used had a significant
effect on the amount of kelp consumed (p = 0.375, p =
0.980, respectively). Thus, in the absence of the
echinivorous Jonah Crab, green sea urchins ate significantly more kelp than in the presence of the crab (p =
0.040, Table 1).

DISCUSSION

The combination of results from grazing trials and
location data suggests a significant TMII in the green
sea urchin’s response to Jonah crab presence, where
urchins consumed significantly less kelp in the presence of a crab than in its absence. Cessation or a decrease in feeding is likely to be an adaptive response to
predator threat; motion weakens an urchin’s hold on
the substrate, and active urchins are more likely to be
dislodged by predators, potentially increasing the susceptibility of the vulnerable peristomal region to attack
(Tegner & Levin 1983). Cessation of feeding or a decrease in food intake, then, should decrease predation
risk. Freeman (2006) also suggests that the primary
response of urchins to predators is avoidance, but
when avoidance is not possible, decreased or termiUrchin location
nated feeding may be a secondary response. The
Jonah crab and the green urchin co-occur in wide
In trials with a Jonah crab present, urchins were
ranges of temperatures and habitats, and the Jonah
never found at the position closest to the predator, i.e.
crab has the potential to initiate a trophic cascade by
on the partition separating the urchin and the crab.
controlling urchin density and/or behavior, which may
Conversely, in trials with a Jonah crab absent, 3
have important effects on the urchins’ kelp food
urchins were located on the partition at 24 h and 2 at
resource (Siddon & Witman 2004). Sumi & Scheibling
48 h (Kruskal-Wallis non-parametric test: p = 0.012,
(2005) reported that when given a
choice, green urchins prefer kelp
Table 1. Strongylocentrotus droebachiensis influenced by Cancer borealis.
(Laminaria longicruris). Reductions in
Green sea urchin locations in experimental tanks at the middle (24 h) and end
kelp, a critical habitat for many fish
(48 h) of trials, and kelp (Laminaria longicruris) consumption at the end of the
trials, in the presence/absence of the echinivorous Jonah crab. One urchin was
and invertebrates (Dayton 1985,
dead at the end of the 48 h trial, but this was not attributed to a lethal crab effect
Byrnes et al. 2006), can have considerable negative consequences for aniTreatment Time
Location (n)
Dead Consumpmals that shelter in the kelp forests.
(h) Partition Side wall Far wall Bottom
(n)
tion (g)
For a more complete understanding
of
this tri-trophic relationship, future
Without
24
3
2
3
1
0
–
studies
could include field manipulacrab
48
2
4
1
2
0
0.85 ± 0.29
tions
of
predator and prey densities
With
24
0
4
4
1
0
–
and observations in natural settings,
crab
48
0
4
4
0
1
0.16 ± 0.13
laboratory experiments in a more real-
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istic flow regime (as used by Smee & Weissburg 2006),
the use of damaged conspecifics, and temporal variations in predation risk to test the ‘predation risk
allocation hypothesis’ (Lima & Bednekoff 1999).
Werner & Peacor (2003) suggested that many ecological interactions in marine communities may be altered
by behaviorally-based interactions and that TMII may
be responsible for occurrences that have previously
been credited to DMII. To more fully understand the
roles of predation and predator avoidance in marine
communities, we need to separate the effects of DMII
and TMII and determine each interaction’s relative
importance. We agree with Schmitz et al. (2004) that it
is necessary to go beyond current studies of TMII and
develop an understanding of predator and prey behavioral responses, prey survivorship with predators present and absent, and to measure the indirect effect of
the predator on the prey’s resource.
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