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Laboratory assessment of the motion behaviour of
intertidal gastropods

Coraline CHAPPERON

Abstract: The motion behaviour of three coexisting species of intertidal gastropods,
Bembicium melanostomum, Austrocochlea porcata and Nerita atramentosa, was quantita-
tively studied in the laboratory in the absence of any abiotic and biotic cues. The behavioural
properties used to assess movement pathways were the speed of the displacements and two
measures of path complexity, the net to gross displacement ratio (NGDR) and the turning an-
gle. B. melanostomum displacements were significantly slower than A. porcata and N.
atramentosa, and significantly more complex than those of N. atramentosa. These differences
cannot be explained by abiotic (e.g. topographic complexity) or biotic factors (e.g. competition
for food, space). The movement patterns observed in the laboratory are, however, consistent
with the feeding patterns previously reported for these species. The origin of these similarities
is discussed in relation to inborn and acquired behaviours. The importance of the differences in
the displacements between closely-related species is finally discussed in relation to the niche dif-

ferentiation process.
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1. Introduction

Dispersal behaviour is a key process influenc-
ing the structure and function of ecosystems
(CHAPMAN, 2000b; MORALES and ELLNER,
2002). Understanding the factors affecting mo-
tion behaviour is then important to improve
our knowledge of the distributions (STAFFORD
and DAVIES, 2005), abundances and dispersion
patterns of coexisting species (CHAPMAN, 2000
b) as well as community diversity (KERR et al.,
2002; DAVIDSON et al, 2004). Most animal
movement studies have essentially investigated
the role of environmental factors (e.g. chang-
ing tidal regime, time of immersion,
pneumatophore density, DAVIES et al., 2006;
SEURONT et al., 2007; BIsSHOP et al., 2007) on
motion behaviour within different species. Par-
ticularly, intraspecific variability has received
increasing attention over the last decade
(MARSHALL and KEOUGH, 1994; ERLANDSSON
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and KosTYLEV, 1995; CHAPMAN, 1998; PARDO
and JOHNSON, 2004, 2006; NG and WILLIAMS,
2006; RAJASEKHARAN and CROWE, 2007). Quan-
titative comparative studies about intraspecific
motion behaviour have been investigated in dif-
ferent habitats (CHAPMAN and UNDERWOOD,
1994; CrROWE, 1999; PARDO and JOHNSON, 2006;
RAJASEKHARAN and CROWE, 2007) to assess the
relative importance of intrinsic characteristics
(e.g. sex, body size; PARDO and JOHNSON, 2004)
and the flexibility of the behaviour (CHAPMAN,
2000b). Only a few quantitative comparative
studies of movement patterns have, however,
been done between species (CHAPMAN, 2000a;
MICHEL et al., 2007) although interspecific vari-
ability can be large even among ecologically
similar species (LEVINGS and GARRITY, 1983;
CHAPMAN, 2000a).

Intertidal rocky shores are particularly
suited to compare closely-related species which
exploit the same resource and occupy the same
area (CHAPMAN, 2000a). Herbivorous grazing
gastropods inhabiting rocky intertidal shores
typically compete for resources and space
(ESPINOSA et al., 2006). Dispersal and different
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movement patterns have been shown to be a
short term response to competition (TILMAN,
1994; WIiLSON et al., 1999; CROWE and
UNDERWOOD, 1998; BYERS, 2000; ESPINOSA et
al., 2006). However, it is still not well under-
stood whether these differences in motion
behaviour are innate or caused by acquired ex-
periences (PYKE, 1984).

In this context, this work investigates the
motion behaviour of three ecologically-related
species of intertidal gastropods, Nerita
atramentosa, Bembicium melanostomum and
Austrocochlea porcata, which are found at the
same level of intertidal rocky shores in South
Australia. More specifically, to improve our
understanding of the determinism of the mo-
tion behaviour of coexisting species, the aims
of this study are (1) to quantify the motion
behaviour of three coexistent species observed
from continuous measurements at small spa-
tial-scales, (i1) to assess whether interspecific
variability in movement pattern is maintained
in the absence of any environmental cues, and
(ii1) to investigate the part of innate and ac-
quired in the motion behaviour.

2. Materials and methods
2.1. Sampling site and individuals collection
Snails were collected in February 2007 at low
tide on a moderately exposed rocky shore situ-
ated at Marino Rocks, South Australia (35°02’
407S-138° 30’30”E). Individuals were sampled
at the mid-level shore on a platform character-
ized by a simple topography (i.e. flat, smooth
rocky substrate with a few shallow pits and
grooves). The salinity and temperature at the
time of sampling were 35 and ~ 25 ° C respec-
tively. Three species of snails coexisting on this
platform were collected, a species found in Aus-
tralia and New Zealand, Nerita atramentosa
(REEVE, 1855), and two exclusively Australian
species, Bembicium melanostomum (GMELIN,
1791) and Austrocochlea porcata (ADAMS,
1851). Individuals of each species are herbivo-
rous grazers (EDGAR, 1997) and as such are ex-
pected to compete for food and space. Ten
individuals were investigated for each species.
It was ensured that each individual belonged to
the same body size class (15.5 = 0.9 mm; x=*
SE). Prior to the behavioural experiments,

individuals were acclimatized in aquaria under
experimental conditions, where temperature =
19 °C and salinity = 38, for 36 h.

2.2. Behavioural observations and analysis
Experiments were conducted in an opaque
tank (2 X 1.10 m) to avoid the potential bias of
phototaxis (PETRAITIS, 1982; HAMILTON and
WINTER, 1982), a dim light positioned above the
centre of the tank was used to provide a steady
light intensity (0.32 tEm *s '). Between each
trial, the tank was emptied and washed to re-
move the mucus of the previous individual,
then refilled with seawater of constant salinity
and temperature (S = 38, T ~ 19°C) to a depth
of 4 cm to completely submerge individuals.
Trajectories of each active individual were re-
corded for one hour using a digital camera (DV
Sony DCR-PC120E) placed above the tank.
Movements were subsequently plotted onto
tracing paper attached to a TV screen by carry-
ing forward the successive positions every 15
seconds. Then, trajectories were computerised
in order to quantify the motion behaviour.
Motion behaviour was assessed using the
motion speed as well as two indexes of com-
plexity, namely the net-to-gross displacement
rate (NGDR) and the turning angle (TA). The
speed v (em min ') was calculated as v=dX f
where fis the frequency of observation (15 sec-
onds) and d is the displaced distance estimated
from the plotted coordinates (x:» vo), (xir), (x:
+1, yt+1), at time ¢ and ¢, respectively, as d=
(e —x)'+ (v —3)P)Y2. The NGDR
(SEURONT et al., 2004b) was calculated as
NGDR=ND/GD, where ND (Net Displace-
ment) represents the linear distance between
the first and the last positions of an individual,
and GD (Gross Displacement) the actual dis-
tance travelled and calculated by the sum of the
distances of the successive moves (Fig. 1).
NGDR gives information about the linearity of
a trajectory; higher values of NGDR show a
straight displacement, while smaller values in-
dicate the presence of curviness in the path. Fi-
nally, the turning angle 6. is defined as the
change in direction from one vector of move-
ment to the next (JERDE and VISSCHER, 2005)
and calculated as 0. =180— ((180* 7 LX 6),
where 0 —arcos (A-B/ Il Al || Bll), A is the
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Fig. 1. Schematic illustration of the principles to estimate turning angle and NGDR. The turning angle 6. cor-
responds to the change in direction between the successive vectors of movement A and B. The NGDR is the
ratio between the net displacement ND (i.e. the straight line between the start and the end of the trajectory)
and the actual distance GD, the gross displacement (i.e. the sum of the distances d).

vector between location d and location e, B 1S
the vector between location e and location f
(Fig. 1. The norms [[ A [[and || Bl are the
lengths of the vectors A and B (Fig. 1). Low
mean turning angles indicate weaker changes
in the direction between successive moves than
the high mean turning angles.

2.3. Statistical analyses

The distribution of speed and complexity in-
dexes were non-normally distributed, accord-
ingly we used non-parametric statistical
analyses. Interspecific comparisons of the pa-
rameters were done with the Kruskall-Wallis
test followed by a multiple comparison proce-
dure based on the Tukey test to identify dis-
tinct groups of measurements.

3. Results

A two-dimensional illustration of the typical
paths exhibited by the three species of gastro-
pods is given in Fig. 2. Clear dissimilarities in
the movement patterns of the three species
were apparent. More specifically, at a qualita-
tive level, B. melanostomum appeared most
dissimilar amongst the 3 species. B.
melanostomum individuals displacements were
tortuous with frequent changes in direction,

resulting in paths typically formed by the pres-
ence of small loops and a relatively restricted
search area (Fig. 2). In contrast, the motion
patterns of N. atramentosa and A. porcata
were similar (Fig. 2), with a larger area typi-
cally explored than by B. melanostomum over
the same time of observation. They travelled
rectilinearly with large curves and loops
around the whole field of view (Fig. 2).

Statistically significant differences were ob-
served between the three species for speed,
NGDR and turning angle (KW test, p < 0.05).
B. melanostomum was significantly (p < 0.05)
slower than the two others species (Fig. 3a, b),
averaging 3.66 = 0.21 cm min ' (x=SE). The
speed of N. atramentosa and A. porcata were
not significantly different (p > 0.05), however,
on average N. atramentosa (8.7£0.5 cm min )
was faster than A. porcata (7.8 = 0.8 cm
min ). The movements of B. melanostomum
were significantly (p < 0.05) less linear and
more sinuous (NGDR = 0.3 = 0.1, TA = 26.7
£ 1.0 degrees; x =SE) than N. atramentosa
(NGDR = 0.7 = 0.1, TA = 17.6 = 1.8 degrees;
Fig. 3¢). The complexity of A. porcata trajecto-
ries (NGDR = 0.4 = 0.1, TA = 20.2 = 1.3 de-
grees) did not differ significantly from those of
the two others species.
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Fig. 2. Motion behaviour of A. porcata (dark grey), N. atramentosa (light grey) and B. melanostomum
(black). Time of observation : 14 minutes. The initial and final locations are respectively represented by the

white point and the black arrows.

4. Discussion

Nerita atramentosa, Austrocochlea porcata
and a congeneric species of Bembicium
melanostomum (i.e. B. nanum) have also been
found to move differently in the field over dif-
ferent periods of time (i.e. two 24 h periods,
UNDERWOOD, 1977; 24 h, 1 and 2 weeks;
CHAPMAN, 2000a). UNDERWOOD (1977) found
that N. atramentosa and A. porcata moved
similar distances but significantly further than
B. nanum. In contrast, CHAPMAN (2000a)
found that over 24 h, A. porcata dispersed fur-
ther than the two others species. These differ-
ences have been related to topographic
complexity, specific characteristics,
interspecific interactions and feeding activities
(CHAPMAN, 2000a). These differences could also
be related to the different scales of observa-
tions, 1i.e. 48 and 24 h respectively in
UNDERWOOD (1977) and CHAPMAN (2000a), as
the distance travelled has been acknowledged
as a scale-dependent metric (SEURONT et al.,
2004a). The patterns observed here cannot be
thought as a behavioural response to abiotic
factors as the complexity of the topography
(CHAPMAN, 2000a) or biotic factors as the feed-
ing (UNDERWOOD, 1977), since the experiments
were done in controlled conditions in the ab-
sence of any cues after 36 h of starvation.

It is suggested that the observed behaviours

are instead (i) a reminiscence of the previous
trophic conditions encountered in the field, i.e.
an acquired behaviour and/or (ii) an innate
behaviour inherited through natural selection
at the evolutionary scale. The differences ob-
served in the motion behaviour of N.
atramentosa, A. porcata and B. melanostomum
in the laboratory are consistent with their feed-
ing ecology. N. atramentosa and A. constricta,
a congeneric species of A. porcata, graze prefer-
entially on microalgae (UNDERWOOD, 1978;
QUINN and RYAN, 1989). In contrast, B. nanum,
a congeneric species of B. melanostomum is
more suitable to graze on macroalgae (QUINN
and RyaN, 1989). N. atramentosa and A.
porcata, and B. melanostomum are then ex-
pected to have developed foraging extensive and
intensive search strategies, respectively. This is
consistent with both the highly convoluted
paths exhibited by B. melanostomum, and the
more rectilinear paths of N. atramentosa and
A. porcata that cover larger areas over the
same duration (Figs. 2 and 3). This resource
partitioning (WILSON and RICHARDs, 2000)
constitutes a niche differentiation which
favours coexistence (LEBOLD and MCPEEK,
2006) between the consumers of microalgae
(i.e. A. porcata and N. atramentosa) and those
of macroalgae (B. melanostomum).

It is also likely that the motion patterns
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Fig. 3. Fig. 3. Speed as a function of net-to-gross dis-
placement ratios (A) and turning angle (B).
Net-to-gross displacement ratios as a function of
turning angle (C) observed in A. porcata (grey),
N. atramentosa (white) and B. melanostomum
(black). Values are means and errors bars are
standard errors.

observed in the laboratory are related to the
spatial distribution of the preferential re-
sources. Food items, notably microalgae, are
heterogeneously distributed throughout the
environment (SEURONT and SPILMONT, 2002;
KLAASSEN et al. 2006). The related optimal for-
aging strategy would be to move linearly and
to travel rapidly over long distances to maxi-
mize the chance of encounter with high food
densities (Hucugs, 1980; ERLANDSSON and
KOSTYLEV, 1995). We observed this typical mo-
tion behaviour in A. porcata and N.
atramentosa (Fig. 2) which consume preferen-
tially microalgae. Resource abundance can also
influence the movement patterns of consumers.
If the food is abundant at one location (e.g. the
blade of a macroalgae), the forager will concen-
trate effort in this area (PYKE, 1984), thus
moving tortuously. This is consistent with the
area  restricted  displacements of = B.
melanostomum (Fig. 2). Finally, the differ-
ences observed between the motion behaviour
of A. porcata and N. atramentosa may suggest
an additional level of niche differentiation
through specific behavioural adaptation. While
these two species are both microphytobenthos
grazers, they might have coevolved to exploit
different levels of food patches, thus to
minimise resource competition. However, our
knowledge of gastropod spatial memory, learn-
ing performance and individuals abilities to col-
lect and store information is still poor, and
suggests that this area of research is still in its
early age.

5. Conclusion

Quantitative comparisons of the motion
behaviour of coexisting intertidal gastropods
are still scarce in the literature. The present
work complements the few studies conducted in
the field which showed interspecific differences
in the motion behaviour in response to abiotic
and biotic factors. We found that interspecific
differences in movement patterns still exist in
three species of intertidal gastropods coexist-
ing on the same rocky shore, even after 36 h of
acclimation in the laboratory in the absence of
any cues. The motion behaviour observed in the
laboratory for N. atramentosa, A. porcata and
B. melanostomum 1s consistent with their
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feeding ecology and the recognised spatial
properties of their resource. It is then conse-
quently hypothesised that the observed pat-
terns may be the result of acquired and/or
innate properties driven by the history of the
tested individuals and by natural selection, re-
spectively. A thorough understanding of the
determinism of gastropod motion behaviour is,
however, still lacking, and the complexities
highlighted by these experiments stress the
need for further experiments to assess the rela-
tive part of innate and acquired in gastropod
motion behaviour.
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