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ABSTRACT: The escape responses of many animals are finely adjusted to the risks of predation 
encountered in nature. Adult whelks Buccinum undatum from a population sympatric with the preda- 
tory asteroid Leptasterias polaris more readily exhibited violent leaping escape maneuvers (foot con- 
tortions), produced larger quantities of mucus, and more efficiently escaped predator attacks than adult 
whelks from a population allopatric with the asteroid. However, newly emerged whelks (recruits) from 
both populations did not resort to strong escape maneuvers to flee L. polaris, but they nevertheless 
increased their crawling activity. The behavioral response of recruits appears to be predator-specific in 
the sympatric population, but not in the allopatric population. In the sympatric population, the 
tendency of whelks to exhibit foot contortions under predation risk increased with size. Our results 
suggest that where whelks coexist with L. polaris the capacity to recognize this predator as a threat is 
innate, and elaborate antipredator behaviors develop during ontogeny. We hypothesize that the 
greater responsiveness of large individuals is adaptive as it enables them to take advantage of the feed- 
ing opportunities that arise from close associations with L. polaris. 
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INTRODUCTION 

The adaptive value of morphological, physiological 
and behavioral antipredator traits has been examined 
from a number of perspectives. For instance, variations 
in the type and intensity of antipredator characteristics 
of prey animals have been related to the risk of preda- 
tion encountered by different individuals within a pop- 
ulation (reviewed by Sih 1987) and to that experienced 
by different populations within a species (many exam- 
ples can be found in Huntingford & Wright 1993, 
Mathis et al. 1993). Furthermore, many animals adjust 
their responses to the magnitude of danger that differ- 
ent encounters with predators represent, and make 
adaptive trade-offs between predation risk and other 

'Addressee for correspondence. 
E-mail: john.himmelmanBbio.ulaval.ca 

essential activities, such as feeding and reproduction 
(Sih 1987, Lima & Dill 1990). 

Marine gastropods possess a variety of escape re- 
sponses, including the discharge of defensive secre- 
tions, autotomy, color changes, and locomotory behav- 
iors (Ansell 1969). These responses may be expressed 
by prey when touched by a predator, or upon detection 
of water-borne chemicals associated with predators. 
For example, gastropods respond to contact with aster- 
oids, and to the saponins (steroid glycosides) these 
predators exude through their epidermis, particularly 
that of the tube feet (e.g. Feder 1963, Feder & Lasker 
1964, Mackie et al. 1968). Many of these escape 
responses appear to be efficient defense mechanisms 
(Feder 1963), and individuals exhibiting them have 
been shown to be less vulnerable to predators than 
'non-responsive' conspecifics (McKillup 1982) or con- 
geners (Kikuchi & Doi 1987). 
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In the shallow subtidal habitats of the western 
North Atlantic, a complex predator-prey relationship 
exists between the asteroid Leptasterias polaris and 
the common whelk Buccinuni undatum (Himmelman 
& Dutil 1991, Rochette et al. 1995). Upon detection of 
saponins from L. polaris, B. undatum becomes agi- 
tated, rocking its shell from side to side and increas- 
ing its rate of locomotion. If the threat is sufficiently 
strong, then somersault-type escape maneuvers, here- 
after referred to as foot contortions, are exhibited 
(Harvey et al. 1987). In Europe. B. undatum exhibits 
the same response to the predatory asteroid Marthas- 
tenas glacialis (Feder 1967). Other species of gas- 
tropods possess similar escape maneuvers that are 
believed to deter asteroid predation (e.g. Ansell 1969, 
Feder 1972, Hoffman 1980, Kikuchi & Doi 1987). If 
captured by L. polaris, whelks may use their radula to 
attack the asteroid's tube feet (R.R. pers. obs.), a 
behavior utilized by the slipper shell Crepidula forni- 
cata to repel the oyster drill Urosalpinx cinerea (Pratt 
1974). Although this behavior has not previously been 
reported for B. undatum, several workers have indi- 
cated that asteroid extracts induce contraction of the 
whelk's radula muscles (Fange 1963, Feder & Arvids- 
son 1967, Mackie et al. 1968). 

Recent studies in the Mingan Islands (eastern 
Canada) have shown that Buccinum undatum is sensi- 
tive to the magnitude of the threat different encoun- 
ters with predators represent. Firstly, whelks from this 
population differentiate among different asteroid spe- 
cies, adjusting the level of their responses to th.e risk 
of predation the asteroids represent (Legault & Him- 
melman 1993). The strongest response is to Leptaste- 
rias polaris. Secondly, whelks can distinguish be- 
tween foraging and inactive L. polaris (R. Rochette 
unpubl.), a discriminatory capacity also reported for 
other gastropods (Dayton et al. 1977, Phillips 1978). 
Finally, the response of whelks to predatory L. polaris 
vanes depending on their feeding status and vulnera- 
bility (Rochette & Himmelman in press). Interestingly, 
larger less vulnerable wh.elks occasionally aggregate 
in great numbers near feeding L. polans to obtain 
food (Rochette et al. 1995). 

In this study we compared the behavior of adult and 
newly recruited whelks from 2 localities, one where 
Leptasterias polaris is present and the other where L. 
polaris is absent, to determine if whelks living in sym- 
patry with the predator exhibit stronger escape 
responses than whelks allopatnc with the predator. 
Then, for whelks from the sympatric population, Mre 
examined the expression of foot contortions (the most 
violent behavioral respon.se observed) by differently 
sized individuals, as a size-related responsiveness to L. 
polaris has been reported for whelks in the Mingan 
Islands (Harvey et al. 1987). 

MATERIALS AND METHODS 

Experimental animals and holding conditions. Sex- 
ually mature Buccinum undatum were collected by 
SCUBA divers at 2 localities in eastern Canada in May 
1993; from Cap du Corbeau (50" 14'N, 63"35'W), off Ile 
du Havre in the northern Gulf of St. Lawrence where 
the predatory astcroid Leptasterias polaris is common, 
and from Bar Road (45" 05' N ,  67" 03' W) ,  in the Bay of 
Fundy where L. polaris is absent. Adult whelks varied 
from 80 to 100 mm in shell length at Cap du Corbeau, 
and from 40 to 60 mm at Bar Road. All whelks were 
transported to the Quebec Aquarium where they were 
held, for approximately 20 d prior to the bioassays, 
under a 12 h light:12 h dark cycle in 16000 1 tanks con- 
taining recirculated water (7"C, 30 to 32%0 salinity). 
Whelks from both populations appeared to adjust well 
to the holding conditions and readily fed upon the 
bivalve flesh (Mytilus edulis, Spisula polynyma, Mya 
truncata) which was provided to them every 3 to 4 d. 
We evaluated their response to 20 to 25 cm diameter 
predatory asteroids L. polaris (n = 16), collected in 
April 1993 from Anse aux Basques, near Les Escou- 
mins (4a032'N, 6g041'W) in the St. Lawrence Estuary. 
Asteroids were held under the same conditions as 
whelks and regularly fed mussels (M. edulis) until 5 d 
before the bioassays. 

Buccinum undatum egg capsules, containing devel- 
oping embryos, were collected in 1993 from Bar Road 
(May) and Cap du Corbeau (August) and kept until 
emergence in 2 mm mesh cages at the Quebec Aquar- 
ium under the same holding conditions as adults. 
Emergence occurred between 23 August and 20 Sep- 
tember for Bar Road, and between 17 September and 
14 October for Cap du Corbeau. The recruits (2 to 
4 mm) were provided bivalve (Mytilus edulis) flesh 
every 3 to 4 d,  but they did not start feeding until sev- 
eral days after emergence. Experiments were con- 
ducted from 7 to 11 October with recruits from Bar 
Road, and from 18 to 22 October with those from Cap 
du Corbeau. Recruits were tested with predatory aster- 
oids Leptasterias polaris (n = 15), non-predatory aster- 
oids Henricia sp. (n = 15), and fragments of a natural 
sponge Haliclona oculata (n = 4), all of which mea- 
sured 35 to 45 mm in diameter a.nd had been collected 
from Cap du Corbeau in August 1993. 

In June 1995. 30 asteroids (20 to 30 cm in diameter) 
and 30 whelks in each of 5 size classes (20 to 35, 35 to 
50, 50 to 65, 65 to 80 and 80 to 95 mm in shell length) 
were collected from Cap du Corbeau. All asteroids and 
whelks were brought to a wet laboratory at Havre- 
Saint-Pierre and left undisturbed and without food in 
running sea water until tested 24 h later. 

Adults from Cap du Corbeau and Bar Road. In the 
first series of experiments, whelks were gently touched 
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on the underside of their foot, causing them to retract 
inside their shell, and then placed in individual 10 1 
plastic containers (25 X 40 X 10 cm) As soon as the 
whelk's siphon became visible again, an asteroid was 
placed over the whelk. Observations were made for 5 
min or until the whelk freed itself from the predator. 
The behavioi- of whelks was classified as: (1) remained 
inside the shell, (2) partial extension of the foot to 
resume an upright position but no locomotion, (3) full 
extension of the foot and crawling, or (4) violent foot 
contortions. We also quantified mucus production as: 
(1) nil, (2) weak (mucus trails could be felt on the bot- 
tom of the container), 01- (3) strong (abundant mucus 
covering or dripping from the whelk's foot). In each 
trial, an  adult whelk from each site was exposed to the 
same asteroid. We used 16 different predators to test 
16 whelks from both Cap du Corbeau (10 males, 
6 females) and Bar Road (5 males, 11 females). In con- 
trol tests for responses to non-predatory mechanical 
disturbances, whelks were covered with a piece of 
foam of similar size, shape and weight (under water) as 
the asteroids. Four such artificial asteroids were used 
to test 16 whelks from both Cap du Corbeau (9 males, 
7 females) and Bar Road (5 males, 11 females). 

In the second series of experiments, we examined 
responses to predator odors by placing whelks in 1 1 
glass receptacles filled with water from a n  8 1 container 
in which 1 asteroid had been held for 40 min. The pro- 
tocol and behavioral categories were as in the contact 
experiment, except that observations were carried out 
for 2 min. A total of 15 adults from Cap du Corbeau 
(9 inales, 6 females) and Bar Road (5 males, 10 females) 
were tested, each pair of whelks being exposed to the 
water-borne chemicals from a single asteroid. In the 
controls, 15 whelks from Cap du  Corbeau (10 inales, 
5 females) and Bar Road (7 males, 8 females) were 
tested in untreated water from an 8 l container. 

Recruits from Cap du Corbeau and Bar Road. In 
each trial, a newly recruited whelk was first left undis- 
turbed in a 50 m1 peti-i dish for 5 min, and then an arm 
of a Leptasteriaspolaris was placed over it. The behav- 
ior of recruits was observed with the aid of a magnify- 
ing glass as the asteroid moved away, which usually 
took between 20 and 80 S ,  and quantified using the 
same categories as for adults. We also estimated the 10- 
comotory rate of recruits for 60 S before and after treat- 
ment, using a 2 X 2 mm grid on the bottom of the peti-i 
dish. In the control experiments, Henricia sp ,  remained 
in contact with the recruits for 20 to 100 S ,  and the con- 
tact time with sponge fragments was matched to the 
previously tested L,  polans. For each treatment, 15 
replicates were conducted each with a different aster- 
oid and 5 recruits. Each recruit was only tested once. 

Differently sized whelks from Cap du Corbeau. We 
first performed an escalated attack experiment. We 

began by placing a whelk in a 10 1 plastic container 
(40 X 25 X 10 cm) with stlll water and a 1 to 2 cm thick 
layer of sand on the bottom. When the whelk assumed 
an on-foot position, l arm of Leptasterlas polaris was 
placed 1 cm in front of the whelk. Once the whelk 
started to crawl, its head region was touched 3 times 
with the extremity of the asteroid's arm, with the 
whelk being allowed to resume straight-line locomo- 
tion between contacts. The asteroid was then placed 
over the whelk until the prey exhibited foot contor- 
tions, or for a maximum of 60 S. The responsiveness of 
each individual was scored from 0 to 3 depending on 
how rapidly it exhibited foot contortions: (0) never, 
(1) upon being mounted, (2) upon being touched, or 
(3) prior to any contact by the predator. One asteroid 
was used to test 1 whelk from each of the 5 size classes. 
We planned on testing 15 whelks of each size class, but 
actual sample sizes varied between 10 and 15 as some 
individuals did not resume an on-foot position follow- 
ing transfer. 

In the second expel-iment, we tested the response of 
different sized whelks to predator odors. Whelks were 
transferred into individual 4 1 plastic receptacles (25 X 

16 X 10 cm) containing water taken from a 9 1 container 
of sea water in which l asteroid had been held for 
60 min. Whelks were touched on the underside of the 
foot to ensure that they withdrew inside their shells, 
and then we recorded whether or not they exhibited 
foot contortions in the following 2 min. Fifteen aster- 
oids were each used to test 1 whelk of each size class 
when held in 1, 1.5, 1.5, 2, and 2.5 1 of water, respec- 
tively. The volumes were adjusted so all whelks were 
completely submerged when being tested. 

Statistical analysis. We used 2-tailed Fisher exact 
probability tests (Zar 1984) to compare the 2 popula- 
tions with respect to the number of adult whelks that 
displayed: (1) foot contortions, (2) strong production of 
mucus, and (3) escape from Leptasterias polaris. Log- 
likelihood ratio analyses (G-tests) of contingency tables 
(Zar 1984) were used to compare: (1) the tendency of 
recruits of a given population to crawl in response to 
different stimuli, and (2) the influence of population of 
origin on the tendency of recruits to crawl in response 
to a given stimuli. G-tests with adjusted critical levels 
(Dunn-Bonferonni method; Kirk 1982) were used for 
the multiple comparisons. To compare locomotory 
rates of recruits w e  first calculated, for each repli- 
cate, the average locomotory rate of individuals that 
crawled, and then compared average locomotory rates 
observed before and after treatment using non-para- 
metric Mann-Whitney U-tests (Zar 1984). Pre- or post- 
treatment replicates in which no recruit crawled were 
not included in the analysis. Locomotory rates of 
recruits from a given population In response to differ- 
ent  stimuli were compared using Kruskal-Wallis tests 
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with correcti.on for tied values, followed by non-para- 
metric multiple comparisons where appropriate (Zar 
1984). Finally, the relationship between the size of 
whelks and their tendency to exhibit foot contortions 
was quantified using an ordinal logistic regression in 
the escalated-attack experiment (the dependent vari- 
able was the score for responsiveness which varied 
between 0 and 3) and with a nominal logistic regres- 
sion in the predator-odor experiment (the dependent 
variable was presence or absence of foot contortions); 
both regressions were executed with the JMPW statisti- 
cal package (SAS Institute Inc.). 

RESULTS 

Adults from Cap du Corbeau and Bar Road 

The number of whelks Buccinum undatum exhibit- 
ing aversive behaviors to Leptasterias polaris, such as 
foot contortions and mucus secretion, was independent 
of sex (2-tailed Fisher exact probability tests, p > 0.4 in 
all comparisons), so sexes were pooled for subsequent 
analyses. Geographic origin had a striking influence 
on the response of adult whelks to L. polaris. All 
whelks (100%) from Cap du Corbeau (sympatric with 
L. polaris) exhibited foot contortions when mounted by 
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Cap du Corbeau 
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2 25- - 
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3 0, 

Inside Immobile Crawled Foot 
shell on foot contortions 

Behavior of whelks 

Fig. 1 Buccinurn undatum. Frequency distribution of the 
behavior of adult whelks sympatric (Cap du Corbeau, n = 16) 
and allopatnc (Bar Road, n = 16) with the predatory asteroid 
Leptastenas polaris, when mounted by a predator or a piece 

of foam of slmilar size and weight 

Fig. 2. Buccinum undatum. Production of large quantities of 
mucus by an adult whelk sympatric (Cap du Corbeau) with 

Leptastenas polaris after being mounted by a predator 

L. polaris compared with only 25 % for whelks from Bar 
Road (allopatric with L. polaris) (Fig. 1, p < 0.0001). 
Furthermore, the reaction time of whelks exhibiting 
foot contortions was 4-fold quicker (Mann-Whitney U- 
test, U,,,, = 56, p < 0.05) for whelks from Cap du Cor- 
beau (W = 20.0 S, SE = 3.6) than for whelks from Bar 
Road ( X =  82.8 S, SE = 39.8). A similar pattern was seen 
for the production of mucus, with 88 % of the individu- 
als from Cap du Corbeau producing large quantities 
(Fig. 2) compared with only 15% for whelks from Bar 
Road [Fig. 3, p < 0.0001). As a consequence of these 
differences in behavior patterns, 94 % of the whelks 
from Cap du Corbeau escaped L. polaris during our 
experiment compared to only 19% for the whelks from 
Bar Road (p  < 0.0001). These population-related differ- 
ences are specific responses to the predator, as in the 
control experiments neither foot contortions nor strong 
mucus production were observed in either population 
(Figs. 1 & 3). 

Whelks from Cap du Corbeau were also much more 
responsive to the odors of predators, as 73 % of individ- 
uals exhibited violent foot contortions in response to 
water-borne predator chemicals compared with none 
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100 1 Cap du Corbeau 

Predator 
R Control 

Nil Weak Strong 
Production of mucus 

Fig 3 Bucc~num undatum. Frequency distribution of the 
mucus production response of adult whelks sympatric (Cap 
d u  Corbeau, n = 16) and al1opatr.i~ (Bar Road, n = 16) with 
Leptastenas polaris, when mounted by a predator or with a 

plece of foam of similar size and weight 

for whelks from Bar Road (Fig. 4 ,  p c 0.0001). For 
whelks from Bar Road, L. polaris odors elicited no spe- 
cific response, as no differences were detected be- 
tween responses to predator-scented water and control 
sea water (Fig. 4) .  

Recruits from Cap du Corbeau and Bar Road 

loo] Cap du Corbeau 

Newly recruited whelks from both populations vir- 
tually never exhibited violent foot contortions follow- 
ing contact by Leptasterias polaris, their most com- 
mon response was crawling (Fig. 5). This cannot be  
explained by physical or energetic constraints, a s  
recruits readily used foot contortions to right them- 
selves. For Cap  du  Corbeau recruits, the proportion of 
whelks that crawled varied among treatments (G = 

36.58, df = 2, p < 0.0001), being greater when contact 
was with L. polaris (G = 34.94, df = 1, p c 0.0001) or 
Henricia sp. (G = 15.56, df = 1, p < 0.0001) than with a 
sponge fragment. Higher response levels were ob- 
served with predatory (L. polaris) than with non- 
predatory (Henricia sp.) asteroids, although these dif- 

Predator 
Control 

Inside Immobile Crawled Foot 
shell on foot contortions 

Behavior of whelks 

Fig. 4 .  Buccinum undatum. Frequency distribution of the be- 
havior of adult whelks sympatric (Cap du Corbeau, n = 15) 
and allopatric (Bar Road, n = 15) with Leptasterias polaris, 
when exposed to water-borne chemical cues from a predator 

or to untreated sea water 

Predatory asteroid 
H Non-preda tory asteroid 
R Sponge hagment 

U-, 

Im] Bar Road 
% 

Inside Immobile Crawled Foot 
shell onfoot contortions 

Behavior of whelks 

Fig. 5. Buccinum undaturn. Frequency distribution of the 
behavior of newly recruited whelks sympatric (Cap du Cor- 
beau) and allopatric (Bar Road) with Leptasterias polaris, 
when contact is made with predatory asteroid L. polaris, 
non-predatory asteroid Henricia sp., or a piece of sponge 

H. oculata 



Mar Ecol Prog Ser 142: 193-201, 1996 

Before treatment 
251 Cap du Corbeau After treatment 

Predatory Non-predatory Sponge 
asteroid asteroid fragment 

Treatment 

Fig. 6. Bucanum undatum. Locomotory rate of crawling 
newly recruited whelks syrnpatric (Cap du Corbeau) and 
allopatric (Bar Road) with Leptasterias polaris, before and 
after contact with predatory asteroid L. polaris, non-preda- 
tory asteroid Henricia sp , or a fragment of sponge H oculata 

ferences (G = 4.10, df = 1, p = 0.04) were not below 
the critical level (0.017) established for the multiple 
comparisons. In contrast, the proportion of Bar Road 
recruits that crawled was independent of the contact 
stimulus (G = 0.58, df = 2, p = 0.75), suggesting that 
any form of mechanical stimulation caused increased 
activity. Thus, whereas there was no difference in the 
response of both populations to L. polaris (G = 0.01, 
df = 1, p = 0.92), recruits from Cap du Corbeau were 
less likely to respond to non-specific mechanical dis- 
turbances (G = 23.41, df = 1, p < 0.0001) than their 
counterparts from Bar Road. It should be noted that 
the number of recruits crawling prior to stimulation 
was higher (G = 31.78, df = 1, p < 0.001) for the Bar 
Road (38.9XJ tha.n for the Cap du Corbeau (15.1%) 
population. 

A similar inter-population difference was seen in the 
rate of locomotion following contact. Recruits from Cap 
du  Corbeau only increased speed following contact 
with Leptasterias polaris (Fig. 6 ,  Table 1).  Conse- 
quently, post-treatment speeds differed significantly 
among treatments (Hc  = 13.7, df = 2, p < 0.005), being 
greater following contact with L. polaris than following 
contact with Henricia sp. or a sponge (in both cases p < 

Table l .  Buccinum undatum. Results of Mann-Whitney U-tests 
estimahng changes In locornotory rates of B. ilndatum recruits 
from 2 populations, one sympatric and the other allopatric with 
the predatory asteroid Leptasterias polaris, following contact 
w t h  different stimuli. Only replicates (n) Ln which at least 1 re- 

cruit crawled were included in these analyses 

Treatment n before n after U P 

Cap du Corbeau (syrnpatric) 
Fragments of sponge 8 13 61 >0.4 
Henricia sp. 7 I5  59 >0.4 
Leptasterias polaris 11 l! 149 <0.001 

Bar Road (allopatric) 
Fragments of sponge 14 1: 161 <0.02 
Henricia sp. 15 15 189 <0.002 
Leptasterias polaris 14 15 177 <0.002 

0.05). In contrast, recruits from Bar Road significantly 
increased their locomotory rate in all 3 treatments 
(Fig. 6, Table l ) ,  and post-treatment speeds were simi- 
lar (Hc = 4.1,  df = 2,  p = 0.10). These results again sup- 
port the idea that recruits from Bar Road show a maxi- 
mum level of response to any mechanical stimulus, 
whereas those from Cap du Corbeau exhibit some 
degree of discrimination. 

Differently sized whelks from Cap du Corbeau 

There was a positive relationship between the size of 
whelks and their tendency to exhibit foot contortions in 
both the escalated attack experiment (Fig. 7, log-likeli- 
hood x2 = 4.43, df = 1 ,  p = 0.035), and in the experiment 
with water-borne chemicals from L. polaris (Fig. 8; log- 
likelihood x2= 15.95, df = 1, p < 0.0001). While scores 
for responsiveness varied considerably between simi- 
lar sized individuals in the simulated escalated attack 
(Fig. 7 ) ,  only <40 mm whelks did not exhibit foot con- 

Whelk size (mm) 

Flg. 7. Bucanum undatum. Relat~on between the size of 
whelks at Cap du Corbeau and their responsiveness to Lep- 
tasfenas polaris, based on the score of indiv~dual whelks 1n a 

simulated escalated attack 
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Whelk size (mm) 

Fig. 8 .  Buccinum undatum. Relat~on between the size of 
whelks at  Cap  d u  Corbeau and their responsiveness to Lep- 
tasterias polads,  based on the proportion of differently sized 
whelks (n = 15 per size class) exhibiting foot contortions in 

response to water-borne chem~cals  from L. polaris 

tortions at any stage of the attack (score of 0), while 
only individuals >45 mm exhibited foot contortions 
before being touched by the predator (score of 3). 

DISCUSSION 

The population of Buccinum undatum from Cap du 
Corbeau, which is sympatric with Leptasterias polaris, 
exhibits stronger and more precise antipredator re- 
sponses than the population at Bar Road, which is allo- 
patric with the asteroid. The low responsiveness of 
whelks in the Bay of Fundy may be related to a general 
low risk of predation by asteroids. Thomas & Himmel- 
man (1988) found that adult whelks from 2 other locali- 
ties in the Bay of Fundy only exhibit weak responses to 
the asteroids Asterias vulgaris and Crossasterpapposus. 
Mcl l lup  (1982) describes a s i rda r  situation with 2 pop- 
ulation~ of the gastropod Littorina unifasciata. In South 
Australia, L. unifasciata coexists with the predatory 
whelk Lepsiella vinosa and it rapidly climbs out of tidal 
pools into which L. vinosa is experimentally introduced. 
In contrast, when L. vinosa are transported from Aus- 
tralia and introduced into tidal pools in New Zealand, L. 
unifasciata exhibits only weak responses and conse- 
quently, many individuals are killed and consumed. 
Variations in escape behaviors of adult B. undatum, such 
as those we document between populations in the north- 
ern Gulf of St. Lawrence and Bay of Fundy, may occur 
over much shorter distances since the whelk's mode of 
reproduction, involving internal fertilization and benthic 
embryonic development, strongly limits gene flow be- 
tween adjacent populations, thereby favoring adaptation 
to local conditions (e.g. Beherens Yamada 1989). 

Adult whelks at Cap du Corbeau exhibit vigorous 
defensive movements, mucus secretion and flight 
when exposed to water-borne chemicals from Leptas- 
terias polarjs and when contact is made with this 
predator. The importance of these behaviors in reduc- 
ing the risk of predation is suggested by the fact that 
94% of the whelks from Cap du Corbeau escaped L. 
polaris during our experiments, compared to only 19 % 
for whelks from Bar Road. Shell rocking and foot con- 
tortions reduce the ability of L. polarjs to use its podia 
and arms to constrain its prey (see also Feder 1972, 
Hoffman & Weldon 1978). The mucus whelks secrete 
could serve a similar function, as  well as  potentially 
being distasteful and repellent to asteroids (Ansell 
1969). In addition, once the whelk is free, contortions 
of the foot induce leaping movements that rapidly dis- 
tance it from the asteroid. 

In contrast to the adults, recruits from Cap du Cor- 
beau never exhibited foot contortions; their sole 
response when touched by Leptasterias polaris was to 
display a n  increase in crawling activity (increases in 
tendency to crawl and locomotory rate). Nevertheless, 
they crawled more frequently following contact with 
L. polaris than following control treatments, and their 
rate of locomotion increased significantly when contact 
was made with L. polaris, but not following contact 
with non-threatening stimuli. These results suggest 
that whelks from Cap du Corbeau are born with the 
capacity to discriminate different stimuli, and that they 
exhibit maximum responses to important predators. 
Recruits from Bar Road, on the other hand, show an 
increase in locomotory rate irrespective of the type of 
stimulus employed. Similarly, mosquito larvae Culex 
pipiens sympatric with the predatory bug Notonecta 
undulata display precise responses to this predator; 
whereas the larvae of Aedes aegypti, which shares no 
evolutionary history with N, undulata, respond simi- 
larly to the predator and to control disturbances (Sih 
1986). Sih (1986) suggests these 2 species differ in the 
way they estimate predation risk; the behavior of C. 
pipiens being mediated by chemical cues indicating 
predation risk, and that of A, aegypti being a response 
to disturbance per se. The same argument can be 
made to account for the differences observed with 
newly recruited whelks from Cap du Corbeau and Bar 
Road. However, it is with some reserve that we con- 
clude that recruits from Bar Road did not discriminate 
L. polaris from control disturbances, since the proba- 
bility value for the comparison of locomotory rates 
among treatments was low (p = 0.10). This question 
warrants further investigation. 

Although newly recruited and adult whelks from 
Cap du Corbeau exhibit specific responses to Leptaste- 
rias polaris, the expression of foot contortions, the 
whelks' most violent escape response, increases with 
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the size of the whelk. Size-related changes in anti- 
predator responses have previously been reported in 
2 species of gastropods (Hoffman & Weldon 1978, 
Doering & Phillips 1983). In both species, the ontogenic 
shifts in responsiveness appear related to the prey's 
probability of encountering predators. At Cap du Cor- 
beau, low activity levels, cryptic behaviors (Himmel- 
man & Hamel 1993) and active avoidance of L. polaris 
by whelks of all sizes (Rochette et al. 1995) probably 
reduce their overall encounter rate with predators. 
However, larger whelks inhabit the sediment zone 
where large asteroids forage on endobenthic bivalves 
(Rochette & Himmelman in press), and at times they 
aggregate in great numbers near feeding L. polaris to 
obtain food, either by feeding on left-overs, stealing 
some of the asteroid's prey while it is feeding, or cap- 
turing infaunal organisms exposed by the asteroid's 
digging activities (Rochette et al. 1995). We hypothe- 
size that the ultimate cause (Alcock 1984: p. 4) of the 
ontogenic shift in whelks' responsiveness 1s that it 
enables larger individuals to associate intimately with 
L. polaris for feeding benefits. 

However, even small individuals would likely bene- 
fit from a strong and complete defensive response as it 
should increase their chances of surviving encounters 
with predators. Predation experiments in which differ- 
ently sized Leptasterias polaris were offered differ- 
ently sized whelks indicated that prey vulnerability 
and size are inversely related at Cap du Corbeau (Ro- 
chette & Himmelman in press). Furthermore, in the 
field, we have observed L. polaris feeding on whelks as 
sma.11 as 10 to 15 mm. Although we do not know 
whether recruits (2 to 4 mm) are under risk of preda- 
tion in nature, they are avidly ingested by L. polaris in 
the laboratory. The weak tendency of small whelks to 
exhibit foot contortions to escape L. polaris might be 
related to the ratio of costs (energetics of flight; Denny 
1980, Kideys & Hartnoll 1991) to benefits (potential 
of escape and nutritional gains) of violent flight re- 
sponses. Another hypothesis is that the ontogenic de- 
velopment of the response of whelks to L. polaris re- 
quires experience with predators. Animals as 'simple' 
as ciliate protozoans adaptively modlfy their behaviors 
following experience with predators (Kusch 1993). 
Since the escape responses of gastropods are under 
the control of a simple neural network (e.g. Willows & 
Hoyle 1969), learning might simply take the form of 
sensitization, the response increasing with increasing 
exposure to stimuli. Alternatively, whelks may be ca- 
pable of associative averse conditioning, as Walters et 
al. ( 1979) report for the nudibranch Aplysia californica. 
In A. californica, learning even leads to an internal 
state that is functionally equivalent to fear in higher 
mammals (Walters et al. 1981). Studies on sticklebacks, 
minnows and guppies suggest that inheritance and ex- 

perience both play a role in the development of anti- 
predator responses of freshwater fishes (Huntingford 
& Wright 1993). We are currently investigating how 
escape responses develop in Buccinum undatum 
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