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ABSTRACT: Triplicate samples of Corallina officinalis L. were collected from either side of 5 large mid-
shore pools on 3 shores in north-eastern England (Ravenscar, Filey Brigg and Flamborough) in order to
examine the patterns of variation in abundance of different ostracod species and in assemblage struc-
ture over a range of spatial scales. Three-way nested ANOVA showed that there was no significant dif-
ference in total ostracod abundance at any of the spatial scales examined. However, the 9 most abun-
dant ostracod species showed different patterns of abundance at the different spatial scales. Only 3
species showed significant variation in abundance between shores; however, most of the variation was
recorded at the between-pool, within-shore level. Seven species showed a significant variation in
abundance between pools nested within shores (100 to 200 m scale}, but not from within pools (5 to
10 m scale). Semicytherura nigrescens showed a significant variation in abundance at the km scale and
within-pool level but not between pools, whereas Hirschmannia viridis showed a significant difference
in abundance at 5 to 10 m scales, but not at the other scales. There was significant variability in species
richness (i.e. number of species per quadrat) at the km scale, but not at the other scales. However, there
was a significant variability in assemblage diversity (H') at the km scale and the 100 to 200 m scale, but
not at the 5 to 10 m scale. H' and the number of species per quadrat were significantly higher at Filey
Brigg than on the other 2 shores. An MDS plot generated from a Bray-Curtis similarity matrix showed
that the Flamborough samples formed a discrete cluster, whereas there was some overlap between the
Filey and Ravenscar samples. Two-way nested ANOSIM showed that there was a significant difference
in assemblage similarity both between shores using pools as samples and between pools using shores
as samples. SIMPER indicated that the absence of S. nigrescens and relative abundance of 2 other spe-
cies accounted for most of the dissimilarity between Flamborough and the other 2 shores. There was a
significant negative correlation between the percent similarity and the spatial distance between
quadrat pairs. The current study showed that there was considerable variation in individual ostracod
species abundance and in the assemblage composition at the 3 spatial scales and that overall assem-
blage similarity decreased with spatial distance between samples.
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INTRODUCTION

One of the primary concerns of marine ecologists has
been to determine why different habitats support dif-
ferent numbers of species (Heck & Wetstone 1977).
However, not only does the number and abundance of
species vary between habitats, but also within a habi-
tat at different spatial scales. This patchiness often
complicates the patterns of species abundance and, as
has been suggested, may not have been adequately
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addressed in many marine studies (Morrisey et al.
1992). In emergent substrate intertidal assemblages,
small-scale substrate heterogeneity appeared to
account for most of the variance in species abundance,
whereas much of the variance in species richness
occurred at larger scales (km) {Archambault & Bourget
1996). In a study of the spatial patterns of distribution
in intertidal invertebrates, Underwood & Chapman
(1996) detected variation in abundance at all spatial
scales examined. They suggested that the small-scale
variability was the result of behavioural responses to
small-scale differences in the micro-habitat, whereas
variability at the scales of hundreds of metres along-
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shore was the result of differential recruitment and
mortality of the species under study. They concluded
that, by examining the abundance of organisms at a
variety of spatial scales, both the processes acting upon
the distribution of marine invertebrates and the scale
at which they operate could be more clearly defined.
Variation in the distribution of the rocky shore benthos
has also been demonstrated at a micro-scale. Thomp-
son et al. (1996) observed large differences in micro-
algal species composition and diversity between bare
rock, barnacle plates and the pits upon the surface of
the barnacles. They also examined the diversity and
abundance of the macrobiota and noted that barnacles
supported a more diverse assemblage than did bare
rock or clumps of Fucus spp. They stressed the impor-
tance of biological habitat provision in the mainte-
nance of biodiversity and that, in order to describe bio-
diversity, assemblage structures should be examined
at a variety of spatial scales.

Tidepools have not been as extensively studied as the
emergent subtrata of rocky shores (Metaxas & Scheib-
ling 1993). Recent studies have demonstrated that there
is marked variability in tidepool faunal and algal as-
semblage composition with tidal elevation (for reviews
see Hugget & Griffiths 1986, Metaxas & Scheibling
1994), within and between shores (e.g. harpacticoids:
Hicks 1980; ostracods: Hull 1998; nematodes: Trotter &
Webster 1983) and temporal variations in assemblage
structure (for reviews see Hicks & Coull 1983, Hicks
1985, Metaxas & Scheibling 1994). Each tidepool is con-
sidered to be unique with respect to its physical struc-
ture, rate of flushing by the sea, etc., which may
account for the observed high degree of variability in
the structure of tidepool assemblages (Metaxas &
Scheibling 1993). However, few studies have investi-
gated the effect of spatial scale on the composition and
abundance of tidepool meiofaunal assemblages.

Ostracods are important components of the phytal
meiofaunal assemblage, along with nematodes, mites
and harpacticoid copepods, which tend to be the dom-
inant phytal taxa in terms of both species richness and
abundance (Hicks 1985). Ostracod abundance and
assemblage structure have been shown to vary on a
temporal scale (Hull 1997), within shore related to tidal
elevation (Horne 1982, Hull 1998), between different
algal species with differing structural complexity
(Whately & Wall 1975, Hull 1997), and between shores
(Hull in press). As each tidepool can be considered a
distinct habitat, there may be significant levels of vari-
ation between pools due to founder effects, physical
processes or local population extinctions (Metaxas &
Scheibling 1993). Although not as diverse or abundant
as harpacticoids, phytal ostracod assemblages are a
useful tool for examining the dynamics of tidepool
assemblages as they form an important part of the

meiofaunal assemblage. The current study tests the
hypothesis that variation is not significant in ostracod
species abundance or in assemblage structure be-
tween 3 spatial scales: within pools on a 5 to 10 m
scale, between pools within shores (100 to 200 m scale)
and between shores (km scale).

METHODS

Sample collection and identification. Samples of
intertidal algae were collected from 3 shores; the
exposed shore on Peak Steel, Ravenscar (RS) (Grid
Reference NZ/984021), the exposed shore of Filey
Brigg (FBE) (Grid Reference TA/128816) and Selwicks
Bay a moderately exposed bay on the north side of
Flamborough Head (SB) (Grid Reference TA/257708).
The location of the 3 shores is illustrated in Fig. 1.

Samples of Corallina officinalis L. (hereafter referred
to by genus only) were collected from 5 large pools
(minimum dimensions, 5 m length, 2 m width) in the
mid-shore region of each of the 3 shores. As ostracod
abundance and assemblage composition varies with
both tidal height (Hull in press) and between different
algal species (Hull 1997), only samples of Corallina
were collected from mid-shore pools. Care was taken
to ensure that there was little variation in Corallina
morphology between pools and shores and that the
percent cover of algae was similar in all pools sampled
(approximately 60 to 70 % coverage). Within each pool,
3 replicate samples of Corallina were collected from a
depth of 10 to 15 cm using a 10 cm quadrat placed at
random from within a 50 cm? area from both the left-
and right-hand-side of each pool. An inverted plastic
bag was placed over the quadrat, and the algae were
scraped from the substrate into the bag in order to min-

FH

FFlamborough Head

Fig. 1. Map of the north-east coast of England showing the
location of the 3 shores sampled during the current study
(RS: Ravenscar, FB: Filey Brigg; FH: Flamborough Head)
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imise the loss of ostracods during sampling. By com-
paring the samples from either side of the pool, the
variation in ostracod abundance and assemblage
structure could be compared over a 5 to 10 m scale.
The sampling regime allowed for the comparison of
ostracod species abundance and assemblage structure
at a km scale (between shores), 100 to 200 m scale
(between pools within a shore) and a 5 to 10 m scale
(opposing sides of each pool). All samples were col-
lected during 3 d of sampling during 1 wk of spring
tides in the last week of June 1997. The ostracods were
removed from the algae and identified as described in
Hull (1997). The taxonomy is based upon that of Ather-
such et al. (1989), and all results are expressed as num-
ber of ostracods per 25 g dry weight of Corallina.

Data analysis. Cochran's test (Underwood 1997) was
used to test for the homogeneity of variances, and to
remove any heterogeneity all ostracod density data
were logjox+1 transformed prior to analysis of vari-
ance (ANOVA). Student-Newman-Keuls (SNK) tests
were performed a posteriori to determine the source of
the significance between means after 1-way ANOVA
(Fowler et al. 1998). Three-factor nested ANOVA was
used to determine if there was any significant variation
in total ostracod abundance between shores (S),
between pools (P) nested within shores, and between
replicates collected from opposite sides of the pools
(SP) nested within pool. The same procedure was also
used to examine the patterns of abundance of the 9
most abundant ostracod species (total number of indi-
viduals sampled > 250). Shore, pool nested within
shore and the side of pool nested within pool were ran-
dom factors in the analysis.

Shannon-Wiener diversity (H') and number of spe-
cies (S) were calculated for each replicate quadrat
sample. As H' was normally distributed, ANOVA was
used to test for significant differences in diversity as
described above (Magurran 1989).

A Bray-Curtis similarity matrix was produced using
group average clustering on square-root transformed
ostracod abundance data (the default transformation)
for each quadrat using the PRIMER (Plymouth Rou-
tines In Multivariate Ecological Research) analysis
package. The resulting similarity matrix was then used
to generate a multi-dimensional scaling (MDS] plot to
produce a visual representation of the similarity of
the quadrats. A 2-way nested analysis of similarities
(ANOSIM) was applied to the similarity matrix in order
to test the null hypothesis that there was no significant
difference in similarity between the different shores or
between pools nested within shores. ANOSIM calcu-
lates an overall global rho statistic (R-statistic), which is
then compared to the R-statistic calculated for all the
possible permutations of the replicates (Clark & War-
wick 1994).

Using the quadrats as samples, the programme SIM-
PER from the PRIMER package was used to estimate
the overall dissimilarity in assemblage structure be-
tween the shores (i.e. Filey versus Ravenscar, Filey
versus Flamborough and Ravenscar versus Flambor-
ough) and overall similarity of the samples within a
shore. SIMPER was also used to determine the magni-
tude of the contribution of each species to the overall
dissimilarity between the shores {Clark & Warwick
1994). The Bray-Curtis similarity matrix was also used
to examine the relationship between distance hetween
quadrat pairs and the ostracod assemblage similarity.
The matrix was re-organised into a file which repre-
sented the percent similarity between paired quadrats
on a variety of spatial scales, e.g. all within-pool, right-
or left-hand-side sample comparisons (cm scale}, be-
tween either side of the pool comparisons (5 to 10 m
scale), between pools within shore (100 to 200 m scale),
between Filey and Ravenscar (17 km), between Filey
and Flamborough (25 km), and between Ravenscar
and Flamborough (42 km). A Spearman rank correla-
tion coefficient was used to determine if there was a
relationship between distance between samples and
percent similarity of the ostracod assemblage (Fowler
et al. 1998).

RESULTS
Species abundance

A total of 19 ostracod species were recovered from
the samples collected from the 3 shores. The mean
abundance (expressed as number of individuals per
25 g dry weight of Corallina) of the total number of
ostracods and the 9 most abundant species (>250 ind.)
was examined at a variety of spatial scales using a 3-
way nested ANOVA (Table 1). There was no signifi-
cant difference in total ostracod abundance at any of
the spatial scales examined. However, the pattern of
variation in abundance at various spatial scales was
not the same for the 9 most abundant species. Five spe-
cies (Paradoxostoma variabile [Baird], P. hibernicum
Brady, P. ensiforme Brady, Heterocythereis albomacu-
lata [Baird| and Xestoleberis aurantia [Baird]) showed
no significant variation between shores and either side
of a pool nested within pool, but significant variation
between pools nested within shores. Cytherois fischeri
G.W. Mdller and Cythere lutea O.F. Muller demon-
strated significant levels of variation between shores
and between pools nested within shores but not
between samples from either side of the pool nested
within pool. There was a significant difference in the
abundance of Semicytherura nigrescens (Baird) be-
tween shores and between either side of a pool nested
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Table 1 Summary table of the results of 3-way nested ANOVA for the total abundance of ostracods and the 9 most abundant
ostracod species (total number of individuals sampled >250). S: shore, P: pool, PS: opposite sides of pool

Source df Mean square F p

Total ostracod abundance

S 2 0.0317 0.95 0.415
P (S) 12 0.0335 1.30 0.313
PS (P[S]) 15 0.0258 1.81 0.054
Residual 60 0.0142

Paradoxostoma hibernicum

S 2 0.7732 153 0257
P (S) 12 0.5065 448  <0.0001
PS (P[S]) 15 0.1131 136 0200
Residual 60 0.0834

Heterocythereis albomaculata

S 2 0.2450 0.69 0.520
P (S) 12 0.35641 8.69 0.001
PS (P[S]) 15 0.0622 1.42 0.166
Residual 60 0.0437

Cytherois fischeri

S 2 1.7393 4.06 0.045
P (S) 12 0.4288 6.49  <0.0001
PS (P[S]) 15 0.0660 0.83 0.645
Residual 60 0.0790

Semicytherura nigrescens

S 2 16.05 278.74 <0.0001
P(S) 12 0.0576 0.44 0.921
PS (P[S]) 15 0.1311 2.18 0.017
Residual 60 0.0603

Mean square F p

Source df

Paradoxostoma variabile

S 2 0.6514 2.83 0.098

P (S) 12 0.2299 13.93  <0.0001
PS (P[S]) 15 0.0165 0.72 0.759

Residual 60 0.0230

Paradoxostoma ensiforme

S 2 0.5954 1.51 0.260

P(S) 12 0.3944 9.05 <«0.0001
PS (P[S]) 15 0.0436 0.67 0.803

Residual 60 0.0650

Xestoleberis aurantia

S 2 0.4706 1.34 0.300

P(S) 12 0.3527 6.03 0.001

PS (P[S]) 15 0.0584 0.99 0.481

Residual 60 0.0593

Cythere lutea

S 2 0.2450 10.61 0.002

P (S} 12 0.3541 3.24 0.017

PS (P[S)]) 15 0.0622 1.26 0.255

Residual 60 0.0437

Hirshmannia viridis

S 2 0.1635 0.84 0.455

P (S) 12 0.1943 1.26 0.331

PS (P[S]) 15 0.1540 469 <0.0001
Residual 60 0.0348

within pool but not between pools nested within
shores. Hirschmannia viridis O. F. Miller showed sig-
nificant differences in abundance only between sam-
ples from either side of the pool nested within pools.

Assemblage composition

There was a significant difference in the total num-
ber of species per quadrat at the shore level, but not
at the other spatial scales examined (Table 2). At the
shore level, samples from Filey Brigg contained sig-
nificantly more species per quadrat (mean = 13.4 + 1.1
standard deviation [SD]) than those from Ravenscar
(mean = 12.3 + 2.0 SD) and Flamborough (mean = 9.9
+ 0.9 SD), and the Ravenscar quadrats contained sig-
nificantly more species than those from Flamborough
(ANOVA, F, 4 = 45.85 p < 0.001: SNK p = 0.05).
There was also a significant difference in diversity
(Shannon-Wiener H') between shores and between
pools nested within shores (Table 2), but not between
samples from opposing sides of the pools nested
within pools. Overall, the diversity of the samples
from Filey Brigg (mean = 2.20 + 0.9 SD) was signifi-

cantly higher than that found at Flamborough (mean
= 1.79 £ 0.15 SD) and Ravenscar (mean = 1.91 + 0.27
SD) (ANOVA, F,g; = 36.4, p < 0.001: SNK p = 0.05),
and there was considerable variation in diversity
between the pools nested within each shore. In terms
of individual species distribution, 14 species occurred
on all 3 shores (Paradoxostoma variabile, P. ensiforme,

Table 2. Summary table of the results of 3-way nested

ANOVA for the total number of ostracod species per quadrat

and Shannon-Wiener diversity (H'). S: shore, P: pool, PS:
opposite sides of pool

Source dt Mean square F p

Number of species per quadrat

S 2 95.67 26.58 <0.0001
P(S) 12 3.60 1.91 0.119

PS (P(S]) 15 1.889 1.03 0.438

Residual 60 1.833

Shannon Wiener (H')

S 2 1.2983 13.18 0.001

P (S) 12 0.0985 2.43 0.050

PS (P[S]) 15 0.0397 1.81 0.054

Residual 60 0.0220
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in all cases (Filey average similarity between samples
= 70.2%, Ravenscar = 75.9% and Flamborough =
78.9%). Tables 3 to 5 illustrate the species that con-
tributed the most to the average dissimilarity between
shores. Table 3 shows that 6 species accounted for

S

* 49.3% of the dissimilarity between Filey and Raven-

scar; however, all 6 species were present on both
shores. Five species accounted for 48.6% of the dis-
similarity between Filey and Flamborough (Table 4).
Semicytherura nigrescens accounted for 17.3% of this
dissimilarity and was totally absent from Flamborough,

MDS|1

Fig. 2. MDS plot generated from a Bray Curtis similarity
matrix of the individual samples collected from each of the 3
shores. {O) Flamborough, (¢) Filey Brigg, (+) Ravenscar

Stress = 0.078

P. hibernicum, P. nealei Horne & Whit-

taker, P. normani Brady, P. robinhoodi

Horne & Whittaker, Cythere lutea, Hete-
rocythereis albomaculata, Hirschmannia
viridis, Cytherois fischeri, C. pusilla Sars,
Xestoleberis aurantia, Palmoconcha lae-
vata [Norman)|, and Hemicytherura cellu-
losa [Norman]). However, 2 species were
found at Filey Brigg that did not occur at
either Ravenscar or Flamborough (Xesto-
leberis rubens Whittaker and Hemicy-
there villosa [Sars]). A further 2 species
were found at both Ravenscar and Filey
Brigg but not at Flamborough (Semi-
cytherura nigrescens and Semicytherura
sella |Sars]) and Loxoconcha rhomboidea
{(Fischer) only occurred at Flamborough.

The MDS plot in Fig. 2 was generated
from the calculated Bray-Curtis similarity
matrix. The Flamborough quadrats formed
a discrete separate cluster to the left of the
diagram, and although most of the Filey
Brigg samples clustered together there
was an overlap in similarity between the
Ravenscar and Filey Brigg samples. The
nested ANOSIM indicated that there was
a significant difference in assemblage
similarity between shores using all pools
as samples (R = 0.815, p < 0.001%) and
between pools using shores as samples
(R = 0.318, p <0.001%). Most of the ob-
served difference in similarity appeared
to be accounted for by the separation of
the Flamborough samples from those of
the 2 other shores. The within-shore aver-
age similarity between samples was high

yet it was a common species at Filey. A similar pattern
was seen between Flamborough and Ravenscar where
5 species accounted for 45% of the dissimilarity
between the shores (Table 5). S. nigrescens was com-
mon at Ravenscar but did not occur at Flamborough,
and 1 further species, Xestoleberis depressa, was

Table 3. Species (ranked in order of importance) which contributed the most
to the average dissimilarity in assemblage structure between the shores;
comparison between Filey and Ravenscar (average dissimilarity = 30.6 %)

Species Average Average % contribution to
abundance abundance overall dissimilarity

at Filey  at Ravenscar between shores

Paradoxostoma variabile 36.8 16.2 10.6

P. hibernicum 8.2 4.6 8.2

Hirschmannia viridis 20.6 14.1 8.0

Semicytherura nigrescens  21.0 20.7 7.5

P. ensiforme 14.6 11.6 7.5

Cytherois fischeri 3.3 5.1 7.5

Table 4. As for Table 3; comparison between Filey and Flamborough (aver-
age dissimilarity = 39.0%)

Species Average Average % contribution to
abundance abundance at overall dissimilarity
at Filey = Flamborough  between shores
Semicytherura nigrescens  21.0 0.0 17.3
Cythere lutea 3.2 12.9 8.9
Paradoxostoma variabile 36.8 28.2 8.0
Cytherois pusilla 4.2 0.2 7.7
Hirschmannia viridis 20.6 18.6 6.6

Table 5. As for Table 3; comparison between Ravenscar and Flamborough
(average dissimilarity = 42.3 %)

Species Average Average % contribution to
abundance at abundance at overall dissimilarity
Ravenscar Flamborough  between shores
Semicytherura nigrescens  20.8 0.0 17.8
Cytherois pusilla 5.6 0.2 8.0
Cythere lutea 4.1 12.9 7.2
Cytherois fischeri 5.1 0.4 6.1
Xestoleberis depressa 2.5 0.0 6.0
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Fig. 3. Graph to illustrate the relationship between percent
similarity (mean + SD) and the distance on a logl0 scale
between quadrat pairs

found in low densities at Ravenscar but did not occur at
Flamborough.

Fig. 3 illustrates the percent similarity in ostracod
assemblages (mean + SD) between 2 quadrats plotted
against the distance between the quadrat pairs on a
log scale. There was a significant negative correlation
between the percent similarity between paired quad-
rats and the sampling distance between them (Spear-
man rank correlation coefficient, ry = ~0.723, p <0.001).
Therefore, the similarity of the ostracod assemblage
decreased with increasing distance between the
quadrat pairs. The relationship at first glance appears
to be linear; however, further sampling is needed
before the nature of the relationship can be fully
described.

DISCUSSION

There were different patterns of variation in individ-
ual species abundance and in assemblage structure
between the 3 spatial scales examined. Many different
processes affect the distribution and observed differ-
ences in abundance of intertidal organisms, and hypo-
theses about these processes can be proposed once
patterns have been identified at the appropriate spatial
scales (Underwood & Chapman 1996). There was no
significant variation in total ostracod abundance at any
of the spatial scales examined; however, individual
species showed variation in abundance at the different
spatial scales. In 3 of the 9 species examined there was
a significant vanation in abundance between shores
(km scale). Unlike many benthic invertebrates, ostra-
cods have a limited dispersal capacity between shores
as they deposit eggs upon the substratum, have no
planktonic larval stage, nor are they active swimmers
(Athersuch et al. 1989). However, all developmental
stages of harpacticoids (once thought to have limited
dispersal capacity) have been found suspended in the

water column and also attached to algal drift (Hicks &
Coull 1983). The shores examined during the current
study were inter-spaced by sandy beaches (an unsuit-
able habitat for phytal ostracods). However, ostracods
may be able to disperse between shores by clinging to
algal drift or transport in the water column (Hull in
press). Such large-scale variation in species abun-
dance could also be attributed to differences in repro-
ductive activity, recruitment and mortality of the adults
of the individual species between the shores (Under-
wood & Chapman 1996).

In a study of emergent substrate intertidal assem-
blages, Archambault & Bourget (1996) showed that
much of the variation in species richness occurred at a
large scale (km}. In the current study, the number of
species per quadrat also varied on a km scale but not at
the smaller scales. Both diversity (H') and the number
of species per quadrat were significantly higher at
Filey Brigg than the other 2 shores. Average within-
shore assemblage similarity was reasonably high (70 to
78.9 %), but the figures also reflect within-shore varia-
tion between the separate quadrats. The MDS plot
(Fig. 2) showed that much of the variation between
shores was accounted for by the separation of the
Flamborough samples from those of Filey Brigg and
Ravenscar, and ANOSIM suggested that there was a
significant difference in assemblage structure between
shores and within shores. A closer examination of the
pattern using the SIMPER procedure revealed that 3
relatively common species accounted for most of the
dissimilarity between the Flamborough samples and
those of the 2 other shores. One of these species, Semi-
cytherura nigrescens, demonstrated a marked discon-
tinuity in distribution between shores, being totally
absent from Flamborough but present on the other 2
shores. This species is known to have a wide distribu-
tion throughout the British Isles (Athersuch et al. 1989),
and the absence of this species from Flamborough can-
not be explained at present. The overall pattern in
assemblage structure was one of decreasing similarity
with distance between quadrat pairs (Fig. 3), although
total ostracod abundance did not vary between shores.
This is a typical pattern, as samples collected from
small spatial scales are generally more similar than
those from further apart (Underwood & Chapman
1996). However, further sampling is required at inter-
mediate distances between 0.1 and 17 km and at
>42 km in order to further examine the nature of this
relationship.

Seven out of 9 ostracod species showed variation in
abundance on a scale of 100s of metres, i.e. between
pools, reflecting local processes acting upon the tide-
pool assemblages. Similarly, Metaxas & Scheibling
(1994) found significant levels of variation in the abun-
dance of most taxa sampled from between pools within
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a tidal zone. Local differences in recruitment and
extinction processes could be important factors that
create variation in abundance between pools (Metaxas
& Scheibling 1993). As already mentioned, most ostra-
cods produce benthic egg masses and some species
(e.g. the genus Xestoleberis) retain the eggs inside the
carapace during the early stages of development
(Hagerman 1978). Therefore, differences in abun-
dance between pools could be the result of the differ-
ential patterns of reproduction between the separate
pools.

It is possible that due to differential flushing rates,
etc. (Metaxas & Scheibling 1994), small differences in
temperature or differences in duration of higher tem-
peratures between the pools could also affect patterns
of abundance. Temperature affects the rate of growth
and development of ostracod eggs and instars (Hager-
man 1978), and Horne (1982} suggested that the devel-
opment of instars proceeded at a faster rate at higher
tidal levels. Therefore it is possible that minor varia-
tions in temperature regime could lead to differential
hatching and development rates of the constituent spe-
cies and therefore differences in abundance between
pools. This may also account for the within-pool vari-
ability of Hirschmannia viridis, where samples taken
from different sides of the pools showed significant
variation in abundance.

Although not active swimmers, most ostracods are
active crawlers and both Cythere lutea and Hetero-
cythereis albomaculata are thought to undergo sea-
sonal migration to the sublittoral zone during the win-
ter months (Whately & Wall 1975). During periods of
immersion, dispersal between pools is therefore highly
likely in such species. However, other rarer species
appear very patchy in their distribution, present in
some pools but absent in neighbouring pools, and fur-
ther investigations are required in order to estimate
the ability of the different species to move between
and colonise different pools.

The effects of grazing and predation are thought to
be more intense in tidepools {Metaxas & Scheibling
1993). Coull & Wells (1983) investigated the effects of
fish predation on meiofaunal assemblages. They found
that Corallina acted as a refuge to the meiofauna
preyed upon by the blenny Helicogramma medium.
Sea anemones were thought to affect the abundance of
the harpacticoid Tigriopus californicus, although fish
were thought to be the major predators of this species
(Dethier 1980). During the current study, the presence
or absence of predators was not recorded, and the
ostracods were sampled from Corallina, which is
thought to provide a refuge against fish predators
(Coull & Wells 1983). Some workers believe that fish
predation is only important when the fish are trapped
for long periods of time in a pool (Gibbons 1988); how-

ever, it is not possible to rule out predation as a factor
which may have affected ostracod abundance between
pools.

Only 2 species, Hirschmannia viridis and Semicythe-
rura nigrescens, demonstrated significant variation in
abundance within pools (i.e. 5 to 10 m scale). Small-
scale abundance patterns have been suggested to
result from the behaviour of the organism in response
to microhabitat changes (Underwood & Chapman
1996). Although the samples were collected from Cora-
llina, variability in abundance may be the result of
small-scale processes such as changes in food avail-
ability and water flow (Metaxas & Scheibling 1993).

Tidepools can be regarded as an intermediate habi-
tat type between the subtidal and the emergent rocky
shore benthos (Metaxas & Scheibling 1993), and care
must be taken when comparing these habitats with the
emergent benthos. Despite this note of caution, there
are similarities between the dynamics of tidepool
assemblages and those of the emergent substratum.
Like the assemblages found upon the emergent sub-
stratum, tidepool assemblage structure has been
shown to vary with tidal elevation and season (algae:
Dethier 1982; ostracods: Hull 1997, 1998; hyperbenthic
assemblages: Metaxas & Scheibling 1993; tidepool
macrofaunal assemblages: Huggett & Griffiths 1986).
Phyta’1 meijofaunal assemblages have been shown to
demonstrate variation in assemblage structure and
diversity on a temporal scale (e.g. Johnson & Scheib-
ling 1987, Preston & Moore 1989, Jarvis & Seed 1996)
and between algal species with differing complexity
(Gee & Warwick 1994, Jarvis & Seed 1996, Hull 1997).
The current study also reflected the similarity between
tidepool assemblages and those of the emergent sub-
stratum. In both assemblage types, species richness
appeared to demonstrate significant variation on a
large spatial scale (km) whereas variation in species
abundance appeared to occur on a smaller scale (i.e.
100 m and 10 m scales). In order to describe the species
richness and abundance of tidepool assemblages, sam-
ples should be collected from a range of spatial scales,
both within and between shores.
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