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INTRODUCTION

Variation in the temporal and spatial distribution of
foraging behaviour in intertidal organisms is impor-
tant in mediating the interactions between different
species, which in turn can influence community
structure (Hawkins & Hartnoll 1983, Chapman &
Underwood 1992a, Williams et al. 1999, Williams &
Little 2007). The timing of foraging of nearly all inter-
tidal grazers shows some tidal correlation, presum-
ably driven by physical stress or predation risk (Little
1989, Chapman & Underwood 1992a). Foraging be -

haviour can, however, be labile within the same spe-
cies, varying temporally, for example, with different
seasons (Ng & Williams 2006) and diurnal and tidal
cycles (Chelazzi 1982, Santini et al. 2004, 2011). Such
behaviour can also vary spatially with different site
locations (Hartnoll & Wright 1977), habitats (Hawkins
& Hartnoll 1982, Williams et al. 1999) and tidal levels
(Williams & Morritt 1991). These differences are
prob ably due to local variation in environmental fac-
tors, which can be causal in driving foraging behav-
iour or inhibiting activity when conditions are un -
favourable (Little et al. 1988, Williams & Little 2007).
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Such lability in foraging behaviour represents impor-
tant adaptive traits in organisms (Mery & Burns
2010). Climatic seasonality, for example, is a large
time-scale temporal pattern that affects foraging
behaviour owing to changes in physical stress,
 predation pressure and food availability as well as
 associated changes in tidal and diurnal conditions.
As a result, such variation in foraging behaviour can
make it difficult to define precise behavioural pat-
terns of a species (Chapman & Underwood 1992a,
Ng & Williams 2006, Santini et al. 2011).

The gastropod genus Nerita Linnaeus 1758 (Neri-
tacea) has a high abundance and diversity in tropical
regions (Vermeij 1973). Most species, such as N. tex-
tilis (Chelazzi et al. 1983) and N. polita (Chelazzi
1982) are zonal shuttlers (Chelazzi et al. 1988), which
forage from a refuge either up- or downshore during
each tidal cycle before returning to their resting level
(Chelazzi et al. 1988). Previous observations on the
behaviour of Nerita have not, however, investigated
longer-term variations in foraging patterns, such as
monthly or seasonal variation, al though a longer-
term study of N. plicata, N. textilis and N. undata in
Kenya showed these species to be more active on
spring than neap tides (Ruwa & Jaccarini 1988).

Nerita are important herbivores in the Hong Kong
rocky intertidal zone (Hill 1980). In contrast to other
tropical localities where the foraging behaviour of
Nerita has been studied (e.g. Panama, Levings &
Garrity 1983), Hong Kong has a strongly seasonal cli-
mate, with hot, wet summers and cool, dry winters
(Kaehler & Williams 1996). In addition, Hong Kong’s
tidal cycle also shows temporal variation, from semi-
diurnal (two unequal tides a day during spring tides,
with ~2.5 m tidal range) to almost diurnal tides (one
tide a day, with ~1.0 m tidal range, during neap tides,
Morton et al. 1996). As a result, rocky shores ex -
perience great temporal variation in environmental
factors, which are likely to influence foraging behav-
iour patterns of intertidal gastropods (Santini et al.
2011).

The present study investigated large and small
scale patterns of temporal variation (with season and
monthly cycles) in the foraging behaviour of an
abundant nerite, Nerita yoldii. The aim of this study
was to identify the general patterns of foraging of N.
yoldii to determine the overall rhythms that constrain
the behavioural repertoire of this species. Observa-
tions of smaller-scale (e.g. daily) variation in foraging
behaviour, and associated causal factors, were under -
taken to examine how labile the behaviour of this
species can be, and to describe how N. yoldii may re -
spond to local, environmental changes.

MATERIALS AND METHODS

Study sites

Two gently sloping sites (Site 1, ~9 and Site 2,~5 m
wide, ~17° slope), ~20 m apart, were selected at Lung
Kwu Tan, Hong Kong (22° 15’ N, 114° 10’ E) between
1.25 and 1.75 m above chart datum (CD; i.e. the
height of the lowest astronomical tide), which is the
most abundant zone of Nerita yoldii (Yeung 2006).
The high shore (>1.75 m above CD) at both sites
appeared  barren, whilst the mid and low shores were
covered by a layer of biofilm from June to December
and a low turf of macroalgae (Ulva spp., Enteromor-
pha spp.) from January to May (Yeung 2006). At both
study sites, a 50 × 50 cm grid of small holes was
drilled in the rock, into which a 50 × 50 cm aluminum
quadrat (evenly divided using nylon lines to form 100
5 × 5 cm squares) could be fitted via adjustable,
15 cm long, screw legs at each corner of the quadrat,
which held the quadrat over the rock surface.

Observations of foraging behaviour

To investigate temporal variation in the foraging
behaviour of Nerita yoldii, observations were con-
ducted for 24.5 h on 6 occasions in summer 2003 and
winter 2003/2004: 3 times during spring tides (daily
tidal range, >2 m) and 3 times during neap tides
(daily tidal range, <1.25 m). On each randomly
 chosen  sampling date, 18 different individuals (size,
14.4 ± 2.1 mm [mean ± SD]) were tagged 24 h before
observation (Σn = 2 sites × 2 seasons × 2 tidal condi-
tions × 3 d × 18 individuals per observation = 432).

At 30 min intervals, the location of tagged indi -
viduals was determined to the nearest 2.5 × 2.5 cm
square, by recording the corner of the respective 5 ×
5 cm square of the quadrat that the individual was
closest to (e.g. upper left) when viewed in the per-
pendicular plane. To do this at night, a red filtered
light was used, which did not appear to disturb the
nerites (see Little et al. 1988). Preliminary observa-
tions showed that Nerita yoldii are inactive and do
not move when they are submerged during high tide.
Observations were, therefore, not made when tagged
individuals were immersed by the tide, as they were
assumed to be inactive.

The environmental conditions experienced by indi-
viduals were defined as:
(1) immersed by the tide (an individual that was com-
pletely submerged by the tide); (2) immersed in a
pool (an individual that was completely submerged
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in a pool); (3) awash (an individual that was washed
by waves on the ebbing or rising tide); (4) wet,
emersed (an individual located in any wet microhab-
itat, but not washed by waves or submerged by the
tide or in a pool; an individual partially submerged
in a pool was also considered as wet, emersed); and
(5) dry, emersed (an individual located in any dry
habitat).

To investigate the influence of temperature vari-
ables on individuals’ foraging behaviour, air (~5 cm
above the rock surface), seawater, dry and wet rock
surfaces and crevice temperatures were measured
hourly during each observation period (±0.1°C, n = 5)
at both study sites with an Omega K-type (Teflon
insulated) thermocouple (dia meter, 0.25 mm) con-
nected to a portable thermo meter (Omega).

Study sites were revisited at low tide and the posi-
tion of each individual, measured at each half-hour
interval, was relocated on the rock surface. A prelim-
inary study showed that the error of this scoring
method was 11.25 ± 7.3 mm (n = 20, Yeung 2006).
To account for the influence of surface complexity
(see Erlandsson et al. 1999), the shortest distance
traveled by an individual between 2 successive
recorded locations was measured using a chain (link
length, 5 mm) laid on the rock surface to follow the
rock contour.

Data analysis

A foraging excursion was defined as the duration of
movement of an individual from being stationary,
usually in a refuge (crevice or pool), onto the open
rock surface, and then back to become stationary,
again usually in a refuge. To estimate the direction of
each foraging excursion, the direction (±1°, mea-
sured by protractor, with 0° indicating upshore and
180° downshore) and displacement (±1 mm) that
individuals moved from (1) their initial refuge to the
furthest traveled point (outward phase = foraging
range), and (2) the furthest point to the subsequent
final refuge (return phase), were measured (after
Chelazzi et al. 1983).

The displacement (R) and direction (Φ) of resultant
vectors of outward and return phases during differ-
ent seasons and tidal conditions were calculated
using circular statistics (Batschelet 1981). To in -
vestigate if individuals exhibited non-random move-
ment (i.e. directional movement) when on the out-
ward and return phases to and from the furthest
traveled points, Rayleigh’s test (see Batschelet 1981,
Chapman & Underwood 1992b) was used to deter-

mine if the direction of the resultant vector  differed
significantly from random during different seasons
and tidal conditions.

Percentage activity (%) was calculated as the
percentage of individuals exhibiting movement at
a particular time. Other parameters used to inves-
tigate the foraging behaviour of the traced indi -
viduals were: (1) total distance traveled (cm, the
sum of the distance traveled by an individual dur-
ing a foraging excursion); (2) foraging range (cm,
the maximum displacement of an individual from
its initial refuge during a foraging excursion); (3)
maximum speed (cm min−1, the maximum speed
achieved by an individual during a foraging excur-
sion) and (4) activity duration (h, the total duration
that an individual was active during a foraging
excursion).

To investigate temporal variation in foraging para-
meters, a 3-way, mixed model ANOVA was con-
ducted with season (2 levels, summer and winter;
fixed and orthogonal), tidal condition (2 levels, spring
and neap tides; fixed and orthogonal) and sampling
date (3 d; random, nested within season and tidal
condition). Within this model, there is no replication
of the factor ‘season’ (as only one winter and summer
period were sampled); therefore, a significant sea-
sonal effect has to be interpreted as specific to the
year of investigation. Data from the 2 sites were
pooled (Σn = 18 × 2 = 36) prior to analysis for each day
to increase statistical power as there was no signifi-
cant difference (t-tests: p > 0.05) in mean values of
the various parameters between the 2 sites. Data
were checked for normality and homogeneity of vari-
ances, and transformed where necessary. Significant
fixed factors were further analyzed using Student-
Newman-Keuls (SNK) multiple comparison tests (Zar
1999).

RESULTS

Environmental variables

On the 12 observation days, seawater tempera-
ture ranged from 27 to 32°C in summer and from
15 to 22°C in winter, which was similar to the air
temperature (27 to 31°C in summer, 15 to 19°C in
winter; Table 1). The temperature on the dry rock
surface was relatively higher (27 to 34°C in sum-
mer, 13 to 25°C in winter) than in crevices (26 to
33°C in summer, 14 to 22°C in winter) or on the
wet rock surface (26 to 32°C in summer, 13 to 20°C
in winter; Table 1).
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Foraging behaviour of Nerita yoldii

The foraging behaviour of Nerita yoldii
was closely related with the tidal cycle.
When the tidal level was >1.75 m above CD
(when nearly all individuals were im -
mersed), activity was very low (Figs. 1−3, for
individual days see Fig. S1A−D in the Sup-
plement at www.int-res.com/ articles/suppl/
b016p177_supp.pdf). Activity began on the
ebbing tide and ended when individuals
were wet by the rising tide, and was low
when individuals were on dry substratum
(Figs. 1−3). Activity peaks in summer were
usually ~60% of the studied populations,
with an occasional high of ~90% on both
spring and neap tide days. In winter, the
percentage activity varied greatly on differ-
ent days, between ~5 and 60% (Fig. 1).
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Temperature (°C)
Season Tide Day Seawater Air Crevice Dry rock Wet rock 

surface surface

Summer Spring 1 31.1 30.3 32.3 33.3 31.9
2 29.6 28.9 30.8 30.9 29.9
3 29.1 29.3 31.2 31.6 30.3

Neap 1 29.8 30.9 33.2 33.4 30.8
2 27.8 27.4 26.7 27.7 26.2
3 29.2 29.3 32.5 33.7 29.9

Winter Spring 1 21.3 16.5 20.7 22.2 19.4
2 19.1 18.8 21.9 25.1 21.8
3 15.8 13.0 14.3 13.6 13.9

Neap 1 18.8 15.4 17.7 16.5 15.4
2 18.6 18.4 19.6 19.2 18.2
3 15.5 18.0 20.6 20.5 18.9

Table 1. Nerita yoldii. Summary (mean, n = 96) of seawater, air, crevice,
wet rock surface and dry rock surface temperatures on the 12 d used to 

observe foraging behaviour

Fig. 1. Nerita yoldii. Representative examples of the tidal cycle and variation in the percentage activity of N. yoldii, separated
into different conditions at Sites 1 and 2, on 1 d of each season and tidal condition, n = 18. Open horizontal bars indicate  daytime,
solid bars nighttime and hatched bars dusk or dawn. Dotted horizontal lines delimit the abundant zone of tracked individuals
(results for individual days are given in Fig. S1A−D in the Supplement at www.int-res.com/ articles/suppl/ b016p177_supp.pdf)

http://www.int-res.com/articles/suppl/b016p177_supp.pdf
http://www.int-res.com/articles/suppl/b016p177_supp.pdf
http://www.int-res.com/articles/suppl/b016p177_supp.pdf
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On summer spring tides, there was no activity dur-
ing the morning high tide period until the tide
dropped below 1.75 m above CD (Figs. 1 & 2). Per-
centage activity then rose to form the first peak dur-
ing the daytime ebbing tide in the afternoon (the
lower of the low tides on spring tide days, ~0.5 m
above CD). After this, the activity dropped to a trough,
when individuals were dry and emersed by the low
tide. The tide then rose to the lower of the 2 high
tides of the day (to ~1.0 m above CD), after which the
second peak of activity was recorded on the ebbing
tide when individuals were on wet, emersed rock
surfaces (Figs. 1 & 2). Activity decreased again as the
tide rose to cover the nerites, and no activity was
recorded when the tidal level was >1.75 m above CD
and all individuals were immersed (Figs. 1 & 2). Two

activity peaks were also recorded on summer neap
tide days (Figs. 1 & 2), beginning when the tide
ebbed and  individuals were awash, and ending
with the rising tide when individuals were im mersed
(>1.75 m above CD). This pattern was repeated twice
every day when the tidal level ranged between
1.0 and 1.5 m above CD. The activity peaks during
the afternoon and night (~14:00 to 00:00 h) were
greater (~60%) that those during the morning (~40%,
~03:00 to 12:00 h; Figs. 1 & 2) on all neap days.

Activity was much lower on winter spring tide days
than in the summer and was highest when the tide
ebbed from the midnight high tide when the tidal
level was ~0.5 to 1.5 m above CD (Figs. 1–3). As well
as this peak, a smaller peak (<20%) was re corded
between ~12:00 and 19:00 h (Figs. 1 & 3). On winter
neap tide days, activity was greatest (~50%) when
the tide ebbed from the midday high tide (~16:00
to 03:00 h) and indi viduals were on wet, emersed
 surfaces (Figs. 1 & 3). Activity decreased, however,
when the tide rose above 1.5 m above CD but
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Fig. 2. Nerita yoldii. Mean percentage activity and tidal
height on summer spring and neap tide days, calculated
from the average values of 3 observation days at 2 sites. Dot-
ted horizontal lines represent the abundant zone of tracked
individuals. Open horizontal bars indicate daytime, solid
bars nighttime and hatched bars dusk or dawn (results for
individual days are given in Fig. S1A−D in the Supplement)

Fig. 3. Nerita yoldii. As in Fig. 2, but for winter tides
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increased again and formed another, smaller (~20%)
peak when the tide ebbed again in the morning
(~03:00 to 16:00 h; Figs. 1 & 3).

Temporal variation in foraging parameters

The resultant vectors of the furthest point traveled
from the initial refuge (outward phase) were close to

180° (i.e. downwards) for both seasons and tidal con-
ditions (Fig. 4) and were generally longer in summer
and on neap tide days (Fig. 4). The resultant vectors
from the furthest point traveled to final refuges (return
phase) were close to 0° (i.e. upwards) during both sea-
sons and tidal conditions (Fig. 5). Rayleigh’s test showed
that directions of all resultant vectors were signifi-
cantly different from a uniform distribution. The dis-
tance of the resultant vectors towards the furthest point
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Resultant vector: 193°, 29.7 cm, z = 29.57, p < 0.01 Resultant vector: 186°,  47.6cm, z = 31.30, p < 0.01

Resultant vector: 159°, 13.7cm, z = 4.46, p < 0.05 Resultant vector: 183°, 25.9 cm, z = 10.49, p < 0.001

Fig. 4. Nerita yoldii. Variation in the maximum foraging displacement and direction of N. yoldii from initial refuge to furthest
point traveled (outward phase), and the resultant vectors for different seasons and tidal conditions; n represents the number 

of recorded foraging excursions



traveled and towards the final refuges were generally
higher in summer and on neap tides (Figs. 4 & 5).

In general individuals moved further from refuges,
at greater speeds and for longer durations (Table 2,
Fig. 6) in summer than in winter. Foraging range and
maximum speed showed a significant interaction
between season and tidal condition (Table 2, Fig. 6).
In summer, both foraging parameters did not show
large variation between tidal conditions; however,

in winter both were greater on neap than on
spring tides (Fig. 6). Variation between sampling
days (Da(Se × Ti) in Table 2, nested within the inter-
action of season and tidal condition) was also highly
significant in all tests (Table 2). Daily variation could
be seen in all measured parameters, such as on Day 3
of the summer neap tide recordings when nearly all
foraging parameters were reduced as compared to
other summer neap tide days (Fig. 6). In contrast, on
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Fig. 5. Nerita yoldii. Variation in the maximum foraging displacement and direction of N. yoldii from the furthest point  traveled
to final refuge (return phase), and the resultant vectors for different seasons and tidal conditions; n represents the number of 

recorded foraging excursions
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the third day of the winter spring tide
recordings all foraging parameters were
lower than on other winter spring tide
days. These interactions clearly showed
daily variation in the intensity of foraging
behaviour within the normal predictable
pattern.

DISCUSSION

General patterns of foraging

Zann (1973) suggested that nerite for-
aging behaviour is related to tidal level:
low shore nerites are active when they
are emersed during low tide, whilst
high shore nerites are active during high
tide (Zann 1973, Chelazzi 1982). As such,
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Source df Total distance Foraging Maximum Activity 
traveled range speed duration
(27.71) (2.222) (7.17) (0.239)

Se 1 38.64 *** 35.99 *** 47.33 *** 27.37 ***
Ti 1 4.80 4.03 4.92 3.90
Se × Ti 1 2.22 6.02 * 7.81 * 2.02
Da(Se × Ti) 8 7.21 *** 4.99 *** 4.22 *** 8.05 ***
Residual 420

Table 2. Nerita yoldii. Summary of F-ratios and SNK multiple comparison
tests after 3-way, mixed model ANOVA to investigate variation in 4 forag-
ing parameters: total distance traveled, foraging range, maximum speed
and activity duration between season (Se, fixed and orthogonal), tidal con-
dition (Ti, fixed and orthogonal) and sampling day [Da(Se × Ti), random
and nested within season and tidal condition]; Σn = 2 Se × 2 Ti × 3 Da × 36
individuals (sites were pooled) = 432. Values in parentheses are error
mean squares. Cochran’s test for homogeneity, C = 0.11, 0.13, 0.12 and
0.13 (p > 0.05) after natural log transformation for foraging range and
square root transformation for total distance traveled, maximum speed and
activity duration, respectively. Significant factors are indicated by *p < 

0.05 and ***p < 0.001

Fig. 6. Nerita yoldii. Mean (+SD) daily variation in the total distance traveled, foraging range, maximum speed and activity 
duration in different seasons (summer and winter) and tidal conditions (spring and neap)
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Nerita yoldii showed a typical, low-shore nerite for-
aging behaviour. The activity pattern of N. yoldii
is generally predictable, foraging when awash or
emersed, which is similar to behaviour of N. scabri-
costa and N. funiculata in Panama (Levings & Garrity
1983). As with other Nerita species (Chelazzi et al.
1988), N. yoldii are zonal shuttlers, moving down
shore when the water level drops, and foraging
above and moving behind the retreating tide. The
mid-shore feeding zone (an area rich in filamentous
cyanobacteria and diatoms) of N. yoldii was gener-
ally lower on the shore than their refuges. Moving
downshore to forage may, therefore, increase the
probability that an individual will encounter a rich
food supply (Lubchenco & Gaines 1981). As the tide
rises, the nerites moved back upshore ahead of the
flooding tide to take shelter in refuges. During high
tide, N. yoldii became immersed and were inactive
in crevices, which is similar to the high- to mid-shore
N. funiculata, which seek refuges to avoid the high
risk of predation from fish during high tide, or from
crabs during nocturnal emersion periods in Panama
(Levings & Garrity 1983). In contrast, on the same
shores in Panama, the higher-shore neritid, N. sca -
bricosta, which also forages whilst awash, is able to
avoid risk of predation by fish whilst immersed by
aggregating above the high tide mark. These differ-
ences in foraging behaviour in species co-occuring
on the same shore confirm the importance of shore
level in determining species’ potential foraging stra -
tegies (Zann 1973, Levings & Garrity 1983, Williams
& Little 2007).

The foraging behaviour of nearly all intertidal gastro -
pods shows some relation to tidal conditions (Hawkins
& Hartnoll 1983, Williams & Little 2007). Various
causes have been proposed to drive these behaviours
(Little 1989). The lack of activity of Nerita yoldii
during immersion may, for example, be due to preda-
tion risk, and many low-shore Nerita species are
active only during low tide when they are emersed or
awash (Levings & Garrity 1983). Experiments on N.
scabricosta and N. funiculata, for ex ample, showed
that nerites placed experimentally underwater on
open rock surfaces, or offered to fish in experimental
tanks, suffered heavy mortality from puffer (Diodon
spp.) and porcupine (Arothron spp.) fish (Levings &
Garrity 1983). Local muricid gastropods are reported
to feed on  nerites (Taylor & Morton 1996), and mainly
forage during high tide when they are immersed by
the tide (Chow 2004). Predation risk may, therefore,
limit N. yoldii ’s activities during immersion and force
the species to inhabit refuges, although there is no di-
rect evidence for this.

In the present study, most Nerita yoldii were inac-
tive on dry, emersed substrata and during daytime
emersion, especially on afternoon summer low tides,
and most hid in re fuges (crevice or pools) where tem-
peratures were lower than on the adjacent open rock
surface (Williams & Morritt 1995). Physical factors,
such as desiccation, osmotic and thermal stress, are
known to limit activity during emersion, as suggested
for N. scabricosta (Levings & Garrity 1983) and N.
forskalii and N. polita (Safriel 1969).

Environmental variables and temporal variation

Various foraging parameters of Nerita yoldii,  similar
to other intertidal gastropods, appear to be extremely
labile, varying with time over various scales (includ-
ing season and tidal condition and on a daily basis,
Burrows & Hughes 1989, Little 1989, Williams & Lit-
tle 2007). Previous studies have shown Nerita species
exhibit larger temporal variability in grazing activi-
ties compared with other grazers (Forrest et al. 2001,
Wai & Williams 2006). N. yoldii exhibited clear sea-
sonal variability in behaviour, foraging for ~5 h d−1 in
summer, which is similar to N. polita and N. textilis
(Chelazzi 1982), but only ~2 h d−1 in winter. Percent-
age activity was also generally higher in summer
than in winter, with individuals foraging for longer,
travelling greater distances, moving farther away
from their refuges and achieving faster speeds. Vari-
ability in foraging behaviour between seasons has
also been noted in many intertidal gastropods as a
response to variation in environmental or intrinsic
factors (reviewed by Chapman & Underwood 1992a)
and may have important consequences for growth
and reproduction (Morais et al. 2003).

Variability in food availability can also contribute
towards seasonal variation in foraging behaviour
 (Little 1989). The standing crop in the Hong Kong
rocky intertidal is generally reduced in summer
 (Nagarkar & Williams 1999). Individuals, therefore,
would need to be ‘more active’ to obtain enough food
to meet their metabolic requirements. A reduction in
food availability has been proposed to drive indi -
viduals to forage more actively in Cellana tramoserica
(Parry 1984), Collisella digitalis (Cubit 1984) and
Monodonta labio (Takada 2001). The effect of season-
ality on the activities of intertidal gastropods, however,
varies with species. The limpet Helcion pectunculus,
for example, exhibits higher activity in winter owing
to increased wave action (Gray & Hodgson 1997).

Temporal variation was also found between spring
and neap tide days, activity being higher on neap
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than on spring tides. This is a function of time awash,
as individuals are awash for longer on neap tide days
(see also Ng & Williams 2006). On spring tide days, in
contrast, individuals are immersed for longer or dry
and emersed, resulting in low activity. The monthly
tidal cycle and the relative tidal height occupied by
the nerites therefore largely determines foraging
behaviour (see also a similar case in the limpet Cel-
lana grata, Santini et al. 2011). Tidal conditions can,
however, exhibit different effects on the foraging
activities of intertidal gastropods. Nerita species in
Kenya, for example, were more active on spring
tides, which was suggested to be due to the changing
amplitude of the tidal range (Ruwa & Jaccarini 1988).

The percentage activity and all foraging parame-
ters for Nerita yoldii varied between sampling days.
Such temporal plasticity of foraging behaviour is
probably due to daily variations in environmental
conditions (Chapman & Underwood 1992a), indicat-
ing that N. yoldii is able to modulate its behaviour in
response to local changes in environmental condi-
tions. Such plasticity may be important in ensuring
that individuals maximize opportunities to gain
energy, or minimize risk to extreme physical condi-
tions (Mery & Burns 2010). Events like rain can over-
ride other environmental conditions and modify the
activities of intertidal gastropods (Lee & Williams
2002). On a hot summer afternoon during prelimi-
nary observations, for example, most nerites were
inactive as the rock surface was dry and the tide was
low. A sudden rain shower, however, wet the rock
and reduced rock temperature, stimulating the ner-
ites to become active and forage until the rock sur-
face became dry again (A. C. Y. Yeung pers. obs).

Patterns of foraging excursions

Nerita yoldii exhibited various patterns of foraging.
Most active individuals in summer (~63%) moved
onto the open surface and then back to refuges. In
contrast, in winter many (~43%) individuals moved
onto the open surface and then remained stationary,
and finally moved back to refuges after being awash
by the rising tide. The period of time individuals
stayed on the open rock surface was longer in winter,
although activity duration was higher in summer.
Higher physical stress (heat stress and desiccation)
during summer may force the active N. yoldii to
return to their refuges after foraging to minimize the
time spent on open rock surfaces (a time-minimization
strategy, see Burrows & Hughes 1991). This would
minimize physical stress, and hence increase sur-

vival, as high mortalities of intertidal organisms are
recorded during afternoon low tides in summer
(Williams & Morritt 1995). In winter, on the other
hand, the risk from physical stress is much lower, so
the driving force to minimize the duration spent on
open rock surfaces is reduced, and individuals can
adopt more of an energy maximization strategy (see
Evans & Williams 1991, Santini et al. 2011). In these
situations, the foraging pattern and the duration
spent on open rock surfaces may only be limited
 during the immersion period (e.g. owing to marine
predators). Individuals adopting this pattern may
also benefit from greater amounts of food cropped,
by foraging on open rock surfaces for longer (Bur-
rows et al. 2000, Santini et al. 2011).

The present study shows that the foraging behav-
iour of Nerita yoldii has a general pattern, probably
as a result of predictable environmental conditions
(season and tidal changes). Within this pattern, how-
ever, it is highly labile as a response to day-to-day,
local variation in other environmental factors such as
air temperature (see Williams & Little 2007, Mery &
Burns 2010). This small-scale temporal lability may
be important in habitats where day-to-day changes
may exceed tolerance limits of snails, such as on
 tropical shores (see Santini et al. 2011 for similar
responses in a limpet, Cellana grata), and allow spe-
cies such as N. yoldii to be successful in such extreme
environments.
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