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SUMMARY

Davidson, R.J. & Marsden, I.D. (1990). Improvement of predatory efficiency by the paddle crab Ovalipes
catharus (Crustacea: Portunidae) feeding on the blue mussel Mytilus edulis aoteanus. New Zealand Natural

Sciences 17: 81-84.

Paddle crabs (Ovalipes catharus) both with and without experience at opening mussels used the same 4
techniques to attack mussels (Mytilus edulis aoteanus, length 20 mm) in the laboratory. The mean number of
attacks required to open a mussel decreased from 4.2 for naive crabs and 3.3 for experienced crabs to a
minimum of 1.3 attacks after sequential exposure to 5 prey items. Experienced and naive crabs both showed
an improvement in eating times following exposure to 5 successive prey items. This reduction in eating time
results in increased profitability for subsequent prey items.

KEYWORDS: Ovalipes catharus - Portunidae - predation - learning - opening time - eating time.

INTRODUCTION

There is considerable evidence that portunid
crabs, including Ovalipes catharus, use active be-
haviours to select prey (Elner 1978, Elner &
Hughes 1978, Hughes & Seed 1981, Jubb et al.
1983, Davidson 1986). These studies have sug-
gested that the selection of prey by invertebrate
predators is affected by many factors including
prey detectability and vulnerability, and predator
experience with a particular prey. In a study of
the shore crab Carcinus maenas, Cunningham &
Hughes (1984) showed that during exposure to
up to 6 consecutive mussels, crabs were able to
reduce opening times significantly.

The role of learning in increasing predatory
skills may not simply be restricted to reducing
the number of attacks (or time) required to
break open the prey shell. Experience gained
during the eating of the prey following a success-
ful attack may reduce the time taken to eat sub-
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sequent prey, increasing their profitability. This
aspect of crab feeding behaviour has not been
investigated previously.

MATERIALS AND METHODS

Ovalipes were captured off Brighton Beach,
Canterbury, New Zealand (an area where the
bottom fauna is known) during December 1985.
The crabs’ diet was determined from gut analy-
ses (Davidson 1987, 1989). Blue mussels used as
prey in experiments did not form part of the
natural diet, but small bivalves less than 10 mm
shell length were an important food. Male crabs
(75-87 mm carapace width) were conditioned to
two feeding regimes prior to experimentation.
Eight crabs were fed on mussel flesh for three
days (naive), while another seven crabs were al-
lowed to feed freely on an unlimited supply of
whole mussels (5-30 mm length) for three days
(experienced). The two groups of crabs were
then starved for three days. During experiments
crabs were presented with individual whole mus-
sels, length 19-21 mm. Mussels were presented
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individually to each crab, and opening time (time
from first physical contact to the first bite of
flesh), eating time (from first bite of flesh to
rejection of last piece of shell) and success rates
were recorded for five consecutive mussels.

RESULTS

Eight naive and seven experienced crabs at-
tacked and consumed all five consecutive mus-
sels. Two experienced crabs refused mussels and
were withdrawn from experiments. Paddle crabs
used four recognisable techniques to open 20
mm mussels in the laboratory: anterior or um-
bone crushing; posterior crushing; wedging; and
chipping. The frequencies with which crabs used
these techniques to open mussels, and the open-
ing success rate did not differ significantly be-
tween crab treatments (Kruskal-Wallis, H value
= 0.04; P = 0.6723), however the overall number
of attacks required to open mussels was 14 for
naive and 10 for experienced crabs (Table 1).
Crabs of both groups showed considerable vari-
ation in the time required to open and eat mussel
prey. Variation in these times did not appear to
be related to the size of individual crabs within
each treatment (naive ¥ = 77.0 mm CW, SD =
4.0; experienced ¥ = 77.2 mm CW, SD = 4.2).
Mean eating times for both treatments showed a
significant decline over five consecutive mussels
(Pages L-test: L-value (naive) = 403, P < 0.01;
L value (experienced) = 347, P < 0.01). Mean
eating times for naive and experienced crabs are
shown in Fig. 1. Lines were fitted by the least
squares method to illustrate the general trends.
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Figure 1. Mean time taken by naive and experienced crabs to
eat 5 consecutive mussels. Error bars represent 95% confi-
dence intervals.

Eating time decreased by 27% for naive crabs
and 34% for experienced crabs between the first
and the fifth prey. Values for the naive group
consistantly exceded those for the experienced
crabs, but because of the large variances a sig-
nificant difference could only be demonstrated
for the second mussel consumed.

The mean number of attacks required to
open prey declined for both treatments (Table
2). Profitability as defined by Hughes & Seed
(1981) increased as a direct consequence of de-
clining opening and eating times (Table 2).
Profit gained by experienced crabs was consis-
tantly higher than that for naive crabs due to
their reduced eating times.

Table 1. Attack and success rates of four attack methods used by paddle crabs to open five consecutive blue mussels.

NAIVE CRABS (n = 8)

EXPERIENCED CRABS (n = 7)

Method All Attacks Successful Attacks All Attacks Successful Attacks

n % n % n % n %
Anterior 58 (52) 30 (75) 37 (54) 26 (74)
Posterior 45 (41) 7 (18) 29 (42) 8 (23)
Wedging 7 (6) 3 0] 3 (4) 1 3)
Chipping 1 (1) 0 (0) 0 0) 0 (0)
Total 111 40 69 35
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Table 2. Summary of predatory behaviour of naive and experienced O. catharus feeding on 5 consecutive mussels (mean + SD).

Mussel Number
1 2 3 4 5

Opening time (s)  Naive 133+50 60+20 23+2 52+18 117+50

Experienced 11741 41+12 60+26 394 38+8
Eating time (s) Naive 402+76 442+ 65 303+31 333+118 334+91

Experienced  302+28 240+37 259+36 183+20 199+18
Profit (mg/min)  Naive 11516  10.7+16 14313  143x21  158x38

Experienced 122+15 169+14  16.7+28 2132 18.7+43
Number of attacks Naive 42+13 2.4+0.1 1.3+02 2.1+0.8 3.0+11

Experienced 3.3+1.0 1.3+0.2 21+04 20+03 1.3+0.2

DISCUSSION ACKNOWLEDGEMENTS

The techniques used by paddle crabs to open
mussels are consistent with those reported for
other portunid crabs (Elner & Hughes 1978,
Blundon & Kennedy 1982, Cunningham &
Hughes 1984, Du Preez 1984, AP Rheinallt &
Hughes 1985, Choy 1986). Ovalipes alternated
attacks betwéen anterior crushing and the less
successful posterior crushing. Although poste-
rior crushing was less successful at gaining entry
into the shell it resulted in greater shell damage.
This however did not result in decreased eating
times. The advantage of using two methods of
prey manipulation may be to detect weak spots
in the shell. Posterior crushing may weaken the
shell to allow subsequent anterior crushing and
wedging techniques to succeed. This behaviour
is likely to be important for large prey where
prolonged periods of attack behaviour may be
required before they are opened (Davidson
1986).

Results suggest that Ovalipes catharus learnt
opening and eating skills while feeding on mus-
sels. These findings also suggest that the skills
learnt during preconditioning are retained for at
least 3 days by Ovalipes. Increased profitability
is a direct result of reduced opening and eating
times. Such increases in profitability may advan-
tage predators which are likely to encouter dense
assemblages of bivalves such as those present in
shellfish beds.
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