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INTRODUCTION

A fundamental process shaping community structure
in most habitats is the influence played both spatially
and temporally by the arrival and subsequent survival
of new individuals (Connell 1985). This initial process
is responsible for the supply of individuals to existing
assemblages as well as the re-colonisation of denuded
areas or newly created space (Lubchenco & Menge
1978, Sousa 1984). In the marine environment, there-
fore, due to the effect of mixing in the plankton, supply
side ecology (Underwood & Fairweather 1989) usually
functions on a large, non-local scale in the shaping of
intertidal communities.

Numerous physical and biological factors play im-
portant roles in the arrival and subsequent survival of

recruits in intertidal assemblages. These include pro-
cesses that act at a limited local scale, such as the
impact of benthic grazers and predators (Hawkins &
Hartnoll 1983, Menge & Sutherland 1987), substrate
type and complexity (Raimondi 1988), and the avail-
ability of free space (Pierron & Huang 1926, Paine &
Levin 1981) and non-local processes including oceanic
currents (Crisp 1974, Roughgarden et al. 1987) and
changes in climatic conditions (Barry et al. 1995).
Whilst spatial and temporal distribution patterns of
organisms are governed to a certain extent by these
external factors (Hoffmann & Ugarte 1985, Roughgar-
den et al. 1987), the availability of recruits at the time
when suitable conditions exist for their settlement and
survival is paramount (Sousa 1984).

Recently, researchers have realised the importance
of examining processes at varying spatial scales in an
attempt to determine their generality and to what

© Inter-Research 2001

*Corresponding author: E-mail: hrsbwga@hkucc.hku.hk

Spatio-temporal variation in recruitment on 
a seasonal, tropical rocky shore: the importance

of local versus non-local processes

Neil Hutchinson, Gray A. Williams*

Department of Ecology & Biodiversity and the Swire Institute of Marine Science, The University of Hong Kong, 
Pokfulam Road, Hong Kong

ABSTRACT: The impacts of grazing and recruitment patterns on intertidal assemblage structure
were examined on a semi-exposed rocky shore in Hong Kong. Recruitment was monitored in plots
arranged in 3 different sites on the shore, in which fence treatments were used to manipulate grazer
access. Plots were colonised by a variety of sessile invertebrates, erect and encrusting algae through-
out the study period, with different species recruiting to sites 10s of metres apart during the same
time period. Recruitment was highest during the winter with erect and encrusting algae colonising
free space in all plots. While full fences around plots led to a higher percentage cover of algae, cover
in partially fenced and open plots fluctuated at different times and between sites. Free space avail-
ability was greatest during summer, due to the seasonal die-off of species and negligible recruitment,
as new species were unable to survive the extreme physical conditions during this period. The role of
the local process of grazing, therefore, appeared to be of secondary importance in structuring assem-
blages on Hong Kong shores compared to non-local processes such as recruit supply and seasonal
variation in physical stress.

KEY WORDS:  Hong Kong · Tropical rocky shores · Recruitment · Herbivory · Settlement · Nested
design · Spatial variation · Temporal variation

Resale or republication not permitted without written consent of the publisher



Mar Ecol Prog Ser 215: 57–68, 2001

extent these processes vary from previous localised
models (Underwood & Denley 1984, Underwood &
Petraitis 1993). Little work, for example, has been
conducted on medium (e.g. 10s of m) to small scale
(cm to m) spatial variation in arrival and survival of
species on intertidal rocky shores (Sousa 1984, Camus
& Lagos 1996), and studies have tended to concentrate
on differences between shores rather than variation
within shores (Underwood 1993, 1994). Studies have
shown recruitment to be spatially and temporally vari-
able (Sousa 1984, Jernakoff 1985), and sites in close
proximity, which one would expect to receive the same
potential pool of recruits (Johnson & Black 1984), can
have very different settlement patterns (Hawkins &
Hartnoll 1982, Johnson & Black 1982). Reasons for dif-
ferences in settlement at this scale may include varia-
tion in potential recruit densities in the water column,
coupled with other aspects such as localised, small-
scale variation in grazer densities on the shore result-
ing in an interaction between local and non-local pro-
cesses (Underwood & Jernakoff 1984). These smaller
scale patterns of recruitment have largely been over-
looked (see discussion by Roughgarden et al. 1987),
and their contribution to spatial variation in estab-
lished systems is seldom appreciated. In open systems,
therefore, processes usually thought of as shaping
assemblages at a large scale, such as recruit transport
in water currents (Johnson & Black 1998), may be
responsible for medium scales of spatial variation
within shores, rather than on-shore local processes to
which such differences are usually attributed (Gaines
& Roughgarden 1985). 

There have been relatively few studies of settle-
ment and recruitment of sessile species in tropical
regions (Lawson 1957), with studies on algal (Ma-
chado et al. 1992, Williams 1993b, Kaehler & Williams
1997) and invertebrate (Sutherland & Ortega 1986,
Sutherland 1987, Williams 1994, Walters et al. 1996)
recruitment concentrating on particular factors influ-
encing recruitment (e.g. substrate inclination and
shading effects), with little regard to changes in pat-
terns of recruitment over a variety of spatial scales
(but see Sutherland 1987). Settlement and recruitment
of sessile species have been shown to vary seasonally
on Hong Kong rocky shores (Hodgkiss 1984, Williams
1993b, Kaehler & Williams 1996). Survival of recruits
during summer is low, due in some part to increased
levels of physical stress (Williams 1993b, Kaehler &
Williams 1996). Previous studies have shown that
recruitment is variable and affected by differences in
various physical and biological factors (Kaehler & Wil-
liams 1996, 1997) at broad scales (e.g. tidal height).
Little is known, however, about patterns of recruit
survival over medium spatial scales at the same
height and to what extent variation in initial settle-

ment patterns and biological processes, such as graz-
ing, affects the distribution of recruits. The present
study is particularly concerned with how important
such local-scale impacts are in influencing recruit-
ment that may be spatially variable due to larger
scale, non-local processes.

MATERIALS AND METHODS

Study site. Experiments were conducted on a semi-
exposed stretch of shore at Cape d’Aguilar, Hong Kong
(22° 13’ N, 114° 12’ E). Three sites within 10s of metres
of each other (A,B,C) were chosen, with similar species
compositions, substrate angle (0 to 30°) and aspect at
1.5 m above chart datum (CD).

Exclusion plots. A nested experimental design was
used to examine spatial and temporal variation in
recruitment of sessile species at the 3 sites (A to C)
either with or without grazer access. To manipulate
grazer access, 3 treatments were used: unfenced (U)
plots, fenced (F) plots (to exclude molluscan grazers)
and partially fenced (P) plots (L-shaped fences at 2
opposite corners of the plots, as a control for potential
fence effects). A fence with an out-turned lip was used
to exclude mobile molluscs larger than the mesh size of
5 × 5 mm; 22 × 22 cm wire fences (allowing a 1 cm
boundary to control for edge effects and, therefore, a
20 × 20 cm experimental area in the centre) were
employed. At each of the sites, 15 plots were created
and 5 replicates of each treatment were randomly
assigned between the plots.

Plots were scraped with a metal blade to remove or-
ganisms already present, and blowtorched until white-
hot to sterilise. Treatments were then established, and
plots were left for 1 mo, during which time they were
visited on a regular basis (every 3 to 5 d) to maintain
and monitor the effectiveness of the fences against
grazers. Only on rare occasions were grazers found
within plots, necessitating removal. After 1 mo, sessile
species in each plot were identified and their percent-
age cover was recorded using a 100-point, double-
strung, 20 × 20 cm quadrat.

Sites were re-visited on the day after scoring, fences
were removed, and all plots were re-scraped and re-
burned. After this process, treatments were once again
randomly allocated to the plots. This procedure re-
sulted in sterile plots being created and left for 1 lunar
month, sampled, and then re-sterilised. Plot prepara-
tion and scoring was repeated for 14 mo from Septem-
ber 1997 to October 1998, including the 2 distinct Hong
Kong seasons (the hot, wet summer from May to Sep-
tember (~25 to 29°C) and the cool, dry winter from
November to March (~15 to 18°C); see Kaehler &
Williams 1996).
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Chlorophyll a variation. To analyse variation in
chlorophyll a concentration, rock chips (~3 cm2) were
collected from each plot after each month, and also
after blowtorching. Rock chips were rinsed in seawater
and transported to the laboratory damp, where chloro-
phyll a was estimated within 24 h of collection by cold
methanol extraction (see Nagarkar & Williams 1997).

Transect surveys. On a monthly basis, the percent-
age cover of sessile species and abundance of mobile
herbivorous molluscs at each site were determined to
examine possible differences in grazer pressure be-
tween the 3 areas. Surveys were conducted within the
same week as monthly plot manipulations, by ran-
domly placing ten 100-point, double-strung, 50 × 50 cm
quadrats along a 10 m transect at 1.5 m CD at each site.

Data analysis. Spatial and temporal variation in
recruitment was analysed using mixed-model ANOVA
to determine differences between and within sites and
treatments (Morrisey et al. 1992, Underwood 1997). A
4 factor model was used to examine variation in cover
of broad species groupings (defined in Tables 1 & 2)
and chlorophyll a concentration with season (2 levels,
i.e., winter and summer; orthogonal and fixed [winter =
November to March; see Kaehler & Williams 1996;
summer = May to September]), date (4 levels; random
and nested within season), site (3 levels; random and
orthogonal) and treatment (3 levels; fixed and orthogo-
nal). For comparison of herbivore abundance between
the transects at Sites A to C, a 3-factor model was used
to examine variation with season (2 levels; orthogonal
and fixed), date (4 levels; random and nested within
season) and site (3 levels; orthogonal and random).

As the same plots were used on a monthly basis, plots
were re-burned and treatments randomly re-allocated
among plots every month in an attempt to reduce po-
tential problems of non-independence. In cases where
there are significant interactions between random and
fixed factors in the model, it is not appropriate to ex-
amine these differences with multiple-comparison tests
(Underwood 1997). It was, however, possible to visu-
alise treatment differences using non-parametric multi-
variate techniques. Bray-Curtis similarities were calcu-
lated for fourth-root-transformed data in order to give
ordinations that were relevant for the most abundant
species. Two-factor, crossed ANOSIM (Clarke 1993)
was performed on separate dates using similarity
data to determine differences between sites (using
the means of treatments) and treatments (using the
means of the sites). Non-metric multidimensional scal-
ing (nMDS) ordinations were produced for 4 dates in
winter and summer to reveal whether similarities in
assemblage structure between dates varied with sea-
son. For nMDS ordinations, stress levels should ideally
be <0.1, but values <0.2 are thought to still give an ade-
quate representation of relationships between replicates
(see Clarke 1993). The significance of R values from
ANOSIM reflect differences in assemblage structure in
experimental plots among sites and among treatments
and are shown graphically (see Fig. 5) in order to indi-
cate how this varied on a monthly basis. More in-depth
analyses of data were required to reveal differences in
grazer-treatment effects within each separate site, and
these were performed using 1-way ANOSIM on each
sampling date, for each site.
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Table 1. Allocated groupings of sessile species found on semi-exposed shores in Hong Kong

Encrusting algae Erect algae Sessile invertebrates

Ralfsia expansa Endarachne binghamiae Tetraclita spp.
Hapalospongidion gelatinosum Enteromorpha spp. Capitulum mitella
Endopleura aurea Porphyra suborbiculata Balanus spp.
Hildenbrandia rubra Ulva spp. Spirorbids
Hildenbrandia occidentalis Dermonema frappieri
Coralline algae Ectocarpus sp.

Hinksia mitchelliae

Table 2. Allocated groupings of molluscan grazer species found on semi-exposed shores in Hong Kong

Chitons Limpets Coiled gastropods Littorinids

Acanthopleura japonica Cellana grata Nerita albicilla Nodilittorina radiata
Cellana toreuma Monodonta labio Nodilittorina vidua
Patelloida pygmea Planaxis sulcatus
Patelloida saccharina Chlorostoma argyrostoma
Siphonaria spp. Lunella coronata
Siphonaria japonica
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RESULTS

Recruitment patterns varied broadly throughout the
sites in winter and summer, with the greatest percent-
age cover of recruits occurring from November 1997 to
March 1998 (Fig. 1). Site A had the greatest range of
organisms recruiting to plots, including sessile inverte-
brates, coralline algae, erect and encrusting algae. In
contrast, recruitment at Sites B and C was predomi-
nantly by erect and encrusting algal species (Fig. 1),
with few sessile invertebrates.

Site differences

Sessile invertebrates

Balanus spp. (predominantly B. amphitrite), Tetra-
clita spp. (predominantly T. japonica) and spirorbids
recruited sparsely to plots at each of the sites. Percent-
age cover in plots varied between sites, with B.
amphitrite occurring predominantly in plots at Site A

and spirorbids in plots at Sites B and C. Recruitment
of B. amphitrite occurred in November/December in
grazer exclusions (fenced plots) at Site A (~5% ± 7;
mean ± SD), whereas recruitment of spirorbids occur-
red in November at Site B (~8% ± 16) and year-round,
but at lower levels (~2% ± 2) at Site C. The overall per-
centage cover of sessile species recruits was greatest in
fenced and partially fenced plots in all sites and least in
unfenced plots throughout the study (Fig. 1). Sessile
invertebrate cover on un-manipulated stretches of
shore within sites sampled on the transects was rare,
with sessile invertebrates recruiting predominantly on
cleaned rock surfaces in manipulated plots.

Erect algae

The abundance of erect algae found in winter 1997
varied considerably among the sites (Fig. 1). While the
highest percentage cover occurred mainly in fenced
plots and least in unfenced plots, cover in partially
fenced plots varied considerably on a monthly basis
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Fig. 1. Mean (+ SD) variation in sessile species recruitment in experimental plots created on a monthly basis at Sites A to C (n = 5).
Note scale changes
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and often at levels more similar to the fenced than
unfenced plots. Site A had the highest number of
species in winter 1997, with peaks of Endarachne
binghamiae in February (~12% ± 10; mean ± SD),
green sporelings in December (a mixed group contain-
ing Enteromorpha sp. and assorted green algal sporel-
ings; ~10% ± 20), Hinksia mitchelliae in February
(~7% ± 9), Porphyra suborbiculata in December to
March (~10% ± 12), and Ulva spp. in January (~11% ± 7)
all recruiting to fenced plots. In contrast, H. mitchelliae
did not occur in plots at either Sites B or C during the
study, and there was no recruitment of Endarachne
binghamiae at Site C and only 1 occurrence of this spe-
cies in February at Site B (~70% ± 25). Plots at Site B
were predominantly colonised by P. suborbiculata, and
those at Site C by a mixed turf of green sporelings. As
was seen for un-manipulated areas on transects, there
was no recruitment of erect algae during summer in
unfenced plots and only very sparse recruitment, on
rare occasions, in fenced and partially fenced treat-
ments (<1%). The same species were found on the
transects, except that mixed green sporelings were only
briefly recorded in August on Transect A. The per-
centage cover of erect algae in plots was consistently
higher than on transects at the sites (generally <10%
cover on transects), although there was a dramatic
peak in cover of P. suborbiculata at Site B during Janu-
ary 1998, which covered almost 80% of the rock sur-
face and was the highest total cover found at any site.

Encrusting algae

Recruitment of encrusting algae at Sites A to C
varied considerably between months, peaking from
November 1997 to February 1998 (Fig. 1). Cover of the
red alga Hildenbrandia rubra was greatest in Novem-
ber at Site A (~15% ± 10; mean ± SD), and in Decem-
ber and January at Sites B and C (~5% ± 8). Other
encrusting species recruiting in plots at Site A included
coralline species that peaked in cover in November
and December (Fig. 1), and the brown alga Ralfsia
expansa (~5% ± 4) as well as rare occurrences (<5%
cover) of Hapalospongidion gelatinosum, Endopleura
aurea and Hildenbrandia occidentalis. At Site B, R.
expansa peaked in cover from November to January in
fenced plots (~5% ± 6), in December in partially fenced
(~20% ± 40) plots, and in January in unfenced plots
(~50% ± 30). Cover of Hildenbrandia rubra and R.
expansa at Site C was low (<5%), whereas cover of
coralline spp. peaked in February (~13% ± 6). On tran-
sects at Sites A and C, the percentage cover of encrust-
ing species was generally low (<3%). A greater variety
of species was found on the transects than in the plots
at each site; however, the species complements on

transects included all those found in experimental
plots. Cover of H. rubra was consistently high (~15 to
30%) on Transect B from October to May, before drop-
ping during summer 1998, after which it was reduced
to low levels similar to those of other species. There
was considerable patchiness in plots and transects
(high standard deviations: Fig. 1).

Spatial variation in grazer exclusion

There were significant differences in the percentage
cover of coralline algae and sessile invertebrates in
experimental plots during the study, with interactions
between site, treatment and time (Table 3). The per-
centage cover of recruits of erect and encrusting algae
in plots also varied significantly, with interactions
between site × date (time) as well as treatment × date
(Table 3). In contrast, for chlorophyll a concentration
there were no significant interactions between factors,
but there was significant variation with date and with
site (Table 3, Fig. 2). Although further differences

61

Fig. 2. Mean (±SD) variation in chlorophyll a concentration
for all experimental plots created on a monthly basis at 

Sites A to C (n = 5)
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between treatments were not testable and pooling pro-
cedures could not be used on this data set (Underwood
1997), there did, however, appear to be patterns
between treatments with generally higher values in
fenced plots (grazer exclusions) than in the other treat-
ments (Fig. 2). While the total abundance of grazers
differed significantly between sites (Table 4), with the
highest abundances at Site A (Fig. 3), there were no
obvious patterns in percentage cover of algae (Fig. 1)
and chlorophyll a concentration (Fig. 2) in plots at dif-
ferent sites associated with this variation.
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Table 4. Comparison using 3-factor, nested ANOVA of total
grazer abundance on 3 transects (Sites A to C), on 4 random
dates within the winter and summer of 1997 to 1998. Signifi-
cant differences are shown in bold. Se: season; Da: date; Si: site

Source df MS F p F vs

Se 1 80.5042 No test
Da(Se) 6 14.1542 0.70 0.6556 Si × Da(Se)
Si 2 497.7375 24.60 0.0001 Si × Da(Se)
Se × Si 2 48.9542 2.42 0.1309 Si × Da(Se)
Si × Da(Se) 12 20.2292 1.07 0.3864 Residual
Residual 216 18.8977

Fig. 3. Mean (+ SD) abundance of molluscan grazer groups on
the 3 transects (Sites A to C) (n = 10). See Table 2 for details 
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The general pattern for all sites was for greater re-
cruitment in fenced plots than in partial or unfenced
plots (Fig. 1). There was not, however, a consistent
pattern of variation between partially fenced and un-
fenced plots, as on some dates percentage cover of
recruits was greater in partial plots and on others in
unfenced plots (Fig. 1). nMDS plots of assemblage data
showed that there were identifiable differences in
assemblage structure between treatments at the differ-
ent sites (Fig. 4). Groupings of similarity can be seen in
winter (Fig. 4), with experimental treatments separat-
ing out from each other more clearly than site differ-
ences, e.g. distinct groups in February. These patterns,
however, were not consistent among months, e.g. dis-
tinct differences in groupings of treatments and sites in
January differed greatly from those in February. As
would be expected, with low recruitment occurring in
summer, there was little difference between treat-
ments and sites, with groupings including all combina-
tions of sites and treatments, and with no apparent
pattern (Fig. 4) even when stress values indicated the
strongest possible relationships (e.g. June and July). 

Further examination of assemblage variation with 
2-factor, crossed ANOSIM showed that there were sig-
nificant differences between sites in all months except
June (Fig. 5), and that treatment effects across sites
also varied significantly in all months, except May
(Table 5, Fig. 5). There appeared to be some general
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Fig. 4. nMDS plots of similarities in species recruitment for Cape d’Aguilar Sites A to C. Data represent variation between
fenced (f), partially fenced (p) and unfenced (u) experimental plots (n = 5)

Fig. 5. Monthly variation in global R values for sites from 
2-factor ANOSIM (a), treatments from 2-factor ANOSIM (b)
and treatments at each site from 1-factor ANOSIM (c). Open

symbols represent significant differences (p < 0.05)
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treatment effects from November to March (Table 5),
with unfenced plots being significantly different from
fenced plots at these times, and more variable rela-
tionships between fenced and partially fenced plots.
Significant differences were also generally found be-
tween sites throughout the study (Table 5). Analysis
with 1-factor ANOSIM on each sampling date showed
that significant differences in assemblage structure
between treatments varied between sites (Fig. 5). The
expected difference, if the partial fences were a suc-
cessful control for fence effects and grazer exclusion
had an effect, would have been for no difference
between partial and unfenced plots, but a significant
difference from fenced plots. While this occurred in
some cases during winter (e.g. Site B in December and
February as well as Site A in February: Table 6), it was
not consistent across sites or dates, with significant
differences between treatments being found 67% of
times between fenced and unfenced treatments, and
42% of times for differences between the other treat-
ments (Table 6). Such differences were less apparent
during summer, with significant differences between
fenced and unfenced treatments in only 8% of cases,
between fenced and partially fenced treatments in
17% of cases, and no differences between partially
fenced and unfenced plots (Table 7). 

DISCUSSION

Spatio-temporal variation in recruitment patterns

The present study highlights the fact that recruitment
of sessile invertebrates and algae is highly variable
within semi-exposed shores in Hong Kong. At any point

in time, recruitment to areas of the shore within rela-
tively short distances (i.e. 10s of metres) of each other
may differ in both the species recruiting and the density
of new recruits. This patchy recruitment can also be
seen at smaller spatial scales (metres), with highly vari-
able distributions of species between plots within the
same site. Such spatially and temporally patchy recruit-
ment also occurs on shores in the Mediterranean,
where differences between experimental blocks within
100s of metres of each other were suggested to be pri-
marily due to variation in the availability of propagules
(Benedetti-Cecchi & Cinelli 1993). Benedetti-Cecchi &
Cinelli also found temporal variation in the magnitude
of colonisation, with greater cover during winter than
summer, whereas in the present study the actual spe-
cies colonising plots also varied throughout the year. 
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Table 5. Summary table of R values from pairwise tests between
fenced (F), partially fenced (P) and unfenced (U) plots; and
between sites (A to C) from 2-factor ANOSIM on all dates.
Significantly different comparisons (p < 0.05) are shown in bold

Month F vs P F vs U P vs U A vs B A vs C B vs C

September –0.013 0.269 0.237 0.667 0.637 0.023
October 0.083 0.192 0.008 0.212 0.212 –0.008
November 0.514 0.573 0.123 0.489 0.421 –0.004
December 0.387 0.438 0.133 0.308 0.169 0.227
January 0.128 0.813 0.533 0.864 0.527 0.451
February 0.765 0.799 0.202 0.363 0.570 0.442
March 0.130 0.379 0.111 0.335 0.297 0.178
April 0.259 0.277 0.036 0.176 0.268 0.050
May –0.045 0.023 –0.002 0.107 0.106 0.123
June 0.107 0.160 0.000 0.072 –0.008 0.080
July 0.133 0.100 –0.016 0.100 0.133 0.033
August 0.158 0.086 0.011 0.158 0.086 0.011
September 0.276 0.488 0.089 0.383 0.116 0.143
October 0.188 0.267 0.033 0.138 0.186 0.199

Table 6. Summary table of R values from pairwise tests be-
tween fenced (F), partially fenced (P) and unfenced (U) plots
from 1-factor ANOSIM on 4 dates in winter. Significantly 

different comparisons (p < 0.05) are shown in bold

Month Site F vs P F vs U P vs U

December A 0.372 0.302 0.372
B 0.528 0.952 0.028
C 0.260 0.060 0.000

January A 0.008 0.512 0.066
B 0.224 1.000 1.000
C 0.152 0.928 0.532

February A 0.976 1.000 0.064
B 1.000 1.000 0.000
C 0.320 0.396 0.542

March A –0.040– 0.346 0.302
B 0.070 0.070 0.000
C 0.360 0.720 0.030

Table 7. Summary table of R values from pairwise tests
between fenced (F), partially fenced (P) and unfenced (U)
plots from 1-factor, ANOSIM on 4 dates in summer. Sig-
nificantly different comparisons (p < 0.05) are shown in bold

Month Site F vs P F vs U P vs U

May A –0.124– –0.008– –0.092–
B 0.000 0.000 0.000
C –0.012– 0.078 0.086

June A 0.082 0.240 0.000
B 0.000 0.000 0.000
C 0.240 0.240 0.000

July A 0.300 0.300 0.000
B 0.000 0.000 0.000
C 0.100 0.000 –0.048–

August A 0.166 0.218 –0.100–
B 0.070 0.070 0.000
C 0.380 0.340 0.000
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Recruitment of organisms on intertidal rocky shores
world-wide is known to be patchy both in space and time
(Dayton 1973, Sousa 1984, Menge 1991), primarily due
to disturbance events, variation in grazing intensity, and
general patterns of recruitment and succession. Such
variation in recruitment can also be seen elsewhere on
tropical rocky shores. In Panamá, for example, a recent
study found considerable spatial and temporal variation
in recruitment in experimentally cleared plots, with
few species recruiting throughout the year, both between
and within shores (Camus & Lagos 1996). In the present
study, recruitment was patchy within a predictable
seasonal time frame (i.e. winter and summer), which can
be viewed as another, temporal, scale of variation in the
Hong Kong intertidal.

Differences in plots throughout the year may be due
mainly to variation in the availability of recruits rather
than the influence of grazers, although it should be
remembered that organisms recruiting in summer are
those that are able to survive the harsh physical condi-
tions at this time of year. If physical stress is reduced,
for example, by shading or spraying the shore with
water, more species are able to survive (Buschmann
1990, Williams 1994, Kaehler & Williams 1998). Pat-
terns in the present study may, therefore, indicate
those species which are able to recruit and survive at
this time rather than the total potential recruits avail-
able in the water column (Connell 1985), as on the
shore studied some algae not found on open rock sur-
faces were seen in shaded crevices where there may
be reduced levels of physical stress (Williams 1994). 

As with other studies (Benedetti-Cecchi & Cinelli 1993,
Kaehler & Williams 1998), species recruiting to cleared
areas of rock are usually found elsewhere on undis-
turbed stretches of the shore, although there are excep-
tions such as the thin, mixed turf of green sporelings that
are only rarely found on other areas of the shore (Kaehler
& Williams 1998). Such fugitive species, which are found
during the initial stages of succession on many shores
(Murray & Littler 1978, Niell & Varela 1984), are often re-
placed with time by other species. As plots in the present
study were cleared on a monthly basis, no conclusion
can be drawn as to how succession might proceed, nor
how the species complements might have changed over
a longer time period. Previous studies (Williams 1993b,
Williams et al. 2000), however, suggest that while succes-
sional changes will occur over the winter, these changes
are largely erased later in the year due to the summer
die-off associated with high levels of physical stress.

Spatio-temporal variation in grazer exclusion

There was no underlying pattern from the exclusion
of molluscs to suggest consistent treatment effects, e.g.

one might expect grazing to have an effect in winter
and not summer, or in areas with higher overall grazer
densities (Site A). Whilst it appears that exclusions
(fences) lead to increased levels of colonisation com-
pared with open areas, lack of clear differences be-
tween exclusion and control treatments (partial fence
and unfenced plots) make it difficult to resolve treat-
ment effects. The increased colonisation may have
been due to a decrease in grazing because of the
exclusion of herbivorous molluscs, or an experimental
artefact due to the partial fence, such as shading or
propagule entrapment (see discussion by Hall et al.
1990). Previous studies on Hong Kong shores have
shown that herbivore exclusion has an effect low on
the shore, year-round, but only at the level examined
(mid-shore, 1.5 m CD) during winter (Williams 1993b).
At this level, such differences between treatments
(Williams 1993a, b, 1994) have, however, only become
apparent after a longer period of time (differences in
algae seen after >170 d, no chlorophyll a differences
after 30 d: see Williams 1993b) than the month that
plots were maintained in the present study. 

Whilst the present study found differences in per-
centage cover between treatments throughout the 14 mo
of the study, the effect of grazer exclusion varied both
with time and between sites within a shore. While total
fences successfully excluded molluscan grazers and the
partially fenced and unfenced plots contained grazers
during surveys at all 3 sites at low tide, observations
when plots were immersed revealed that the herbivo-
rous fish Entomacrodus stellifer and the crab Grapsus
albolineatus gained access to, and appeared to feed on,
erect algae and the turf of green sporelings during both
winter and summer. Whilst the timing of such observa-
tions was irregular, it raises the question of how suc-
cessful these exclusion designs are on all Hong Kong
shores and whether roofed cages would be more effec-
tive. Previous exclusion experiments on local shores
(Williams 1993b, Kaehler 1996) found that fenced plots
without roofs were able to promote vigorous algal
growth, in contrast to experiments elsewhere in the
tropics, e.g. Panamá (Menge et al. 1985), where growth
was found only in roofed cages which excluded crabs
and fishes. While large densities of fishes and crabs do
not appear to occur in Hong Kong (Williams 1994), and
results from past studies suggest that they do not play
as important a role on Hong Kong shores (Williams
1993b, 1994, Kaehler 1996), there may be sufficient
densities, on some shores, to affect recruitment pat-
terns. Also, while low-tide surveys found significant
differences between grazer densities at the different
sites, there does not appear to be any relationship be-
tween this and percentage algal cover or chlorophyll a
concentration in plots of different treatments. This sug-
gests that transect counts may not be a good indicator of
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the actual grazing pressure exerted at the sites, or that
between-site differences in grazing pressure were not
of a sufficient magnitude to produce such variation. 

Local versus non-local processes

The abundance of species in an assemblage may be
increased by disturbance events if free space is limit-
ing and created when species propagules are present
and available for recruitment (Kim & DeWreede 1996).
The availability of propagules is, therefore, extremely
important, as the creation of a patch at a certain time
of the year may result in a different assemblage to that
produced at a different time (Jara & Moreno 1984,
Menge et al. 1993). The intensity and timing of propag-
ule availability (Underwood & Fairweather 1989) are,
therefore, important in influencing the eventual struc-
ture of intertidal communities, as recruitment itself
is known to be spatially and temporally variable at a
variety of scales (Underwood & Denley 1984, Menge &
Sutherland 1987, Roughgarden et al. 1987, Menge
1991, Lively et al. 1993).

In addition to the creation of free space, the pro-
cesses involved in settlement and recruitment (for def-
initions see Connell 1985) are likely to be ultimately
responsible for the patchy distribution of organisms
elsewhere on intertidal shores (Raimondi 1990). The
factors responsible for settlement and recruitment vary
between species, as they may have different require-
ments and respond to specific cues such as surface
chemistry (Crisp 1974) and rock type (Raimondi 1988).
Resident species can also have an effect, as factors
such as grazing and bulldozing (e.g. Denley & Under-
wood 1979) are in some cases partly responsible for
variation in recruitment intensity (Niell & Varela 1984).
All of these factors combined together with recruit sur-
vival (Connell 1985), patch size (Sousa 1984), season
(Hoffmann & Ugarte 1985, Kaehler & Williams 1997)
and tidal characteristics (Shanks 1986) affect recruit-
ment and the resulting assemblage structure. 

Although recruitment patterns varied between dif-
ferent treatments and sites, there was no evidence to
suggest that variation in grazing pressure within the
shore examined at Cape d’Aguilar consistently, or pre-
dictably, affected sessile species recruitment patterns.
While grazing may result in decreased cover of sessile
invertebrates and algae, it does not play as important a
role as large-scale, non-local processes such as recruit-
ment and fluctuations in levels of physical (i.e. thermal
and desiccation) stress.

In Hong Kong, while the local process of grazing
shapes assemblage structure to a certain extent, it is
secondary in importance to non-local processes. Re-
cruit availability/supply and the large fluctuations in

physical stress that occur seasonally with the onset of
summer appear to be primarily responsible for the pat-
terns of change observed in the assemblage structure
on Hong Kong semi-exposed tropical shores.
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