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Are soft-sediment communities stable? An example 
from a windy harbour 

S. J. Turner, S. F. Thrush, R. D. Pridmore, J. E. Hewitt, V. J. Cummings, M. Maskery 
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ABSTRACT: The macrobenthic soft-sediment communities at  6 sites in Manukau Harbour, New 
Zealand, have been quant~tahvely sampled at  bimonthly intervals since October 1987. Univariate (con- 
tingency-table analysis, Kendall's coefficient of concordance and Jaccard's similarity index) and multi- 
variate (non-metric multi-dimensional scaling and canonical con~munity ordination) analyses were 
used to assess the absolute and relative structural stability of the communities a t  each of the 6 sites over 
the first 5 %  yr of sampling. Despite short-term, seasonal and inter-annual variability, the communities 
have generally been persistent, in terms of their overall community structure, over the duration of the 
sampling programme. h4anukau Harbour is a dynamic and rigorous environment in terms of movement 
of water and sediments. Mean wind c o n d ~ t ~ o n s  were found to play an important role in contnbuting to 
variability in comn~unity structure at  different sites in the Harbour, probably as a result of s ehmen t  dis- 
turbance by wind-induced waves and bottom turbulence. In addition to local factors, there was also evi- 
dence that factors operating at  harbour-wide scales (e.g. water temperature) contributed to variability 
in community structure. The populations of some species exhibited marked temporal fluctuations. 
Major recruitment events potentially lead to altered physical, chemical or biological characteristics of 
the benthic habitat with concomitant effects on other species in the community. Despite the physically 
and biologically dynamic environment, the communities were persistent and exhibited both resistance? 
and resilience to physical disturbance and major recruitment events. Other studies have reported these 
to be  important factors contributing to instability in the structure of soft-sediment communities. 
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INTRODUCTION 

Shallow-water coastal and estuarine macrobenthic 
soft-sediment communities are subject to a variety of 
physical and biological disturbances which vary in fre- 
quency and intensity, as well as temporal and spatial 
extent. The structure (i.e. species composition and rel- 
ative species abundances) of these communities, and 
consequently their stability, may vary markedly in 
response to these disturbances. Major changes in the 
structure of benthic conununities, and correspondingly 
their stability, have been attributed to unusual climatic 
events including major storms leading to physical dis- 
turbance of the sediment (e.g. Eagle 1975, Rachor & 

Gerlach 1978, Dorjes et al. 1986), floods and droughts 
(e.g. Cloern & Nichols 1985, Nichols & Thompson 1985, 
Jones 1987), unusually high or low temperatures (e.g. 

Buchanan & Moore 1986, Dorjes et al. 1986, Beuken~a 
1989, 1992), El Nino events (Tarazona et al. 1988), as 
well as  the highly variable success or fail.ure of larval 
settlement and post-settlement survival of recruits 
(e.g. Davis & VanBlaricom 1978, Stull et al. 1986). 
Given this potential for disturbance to influence the 
stability of macrobenthic communities, the identifica- 
tion of temporally consistent patterns is important, not 
only in addressing issues fundamental to ecology, but 
also for the conservation and management of coastal 
resources. 

Stability is not a simple characteristic of a commu- 
nity, but rather a multiplicity of distinct attributes (Put- 
man & Wratten 1984). Theoretical and empirical ecolo- 
gists have used the term stability to mean a t  least 5 
different things: stability in the strict mathematical 
sense, persistence, variability, resilience and resis- 
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MATERIALS AND METHODS 

Field sites and methods. Manukau Harbour is a 
large (340 km2) shallow inlet, located on the west coast 
of the North Island, New Zealand (Fig. 1). Extensive 
intertidal sand-flats are a major feature of the Harbour, 
comprising about 40% (145 km2) of its area. The mac- 
robenthic infaunal communities of these sand-flats 
play an important role in the overall ecology of the 
Harbour (Pridmore et al. 1990). 

Six permanent sites [AA (Auckland Airport), CB 
(Clarks Beach), CH (Cape Horn), EB (Elletts Beach), 
KP (Karaka Point), PS (Puhinui Spit)], each of 9000 m2, 
were established at approximately mid-tide level on 
sand-flats around the Harbour (Fig. 1). The sampling 
sites were chosen as being characteristic and repre- 
sentative of the intertidal sand-flat habitats in the Har- 
bour and were selected for their similarity in terms of 
overall physical appearance and near-surface sedi- 
ment composition (i.e. predominantly fine sand; Prid- 

Fig 1. Manukau Harbour, North Island, New Zealand, show- 
more et al. 1990). Repeated observations at all the sites 

inq the location of the 6 sampllnq sites, ~ ~ t t ~ d  line indicates indicate that sediment ~0mp0~it10n Was c o n ~ i ~ t e n t  Over 
area of sand-flat exposed atspring low tide. Wind rose data the duration of the sampling programme (authors' 
for Auckland International Airport (Manukall Harbour), unpubl. obs.). Sorting coefficients at all the sltes were 
October 1987 to February 1993; sector = 22S0, speed incre- typical of moderately to very well sorted sediments, 

ment = 10.0 m S-' 
suggesting low within-site variability in near-surface 

tance (e.g. Holling 1973, Connell & Sousa 1983, Begon 
et al. 1986, Underwood 1989, Pimm 1991). Persistence 
can be defined as the constancy in some parameter 
(e.g. number of species, taxonomic composition, size of 
a population) of the system over time; variability is the 
degree to which a parameter fluctuates over tlme; 
resilience refers to the ability of a system to recover 
and continue functioning after disturbance; and resis- 
tance describes the ability of the system to withstand or 
resist such perturbation in the first place. Virtually all 
the data collected on the stability of natural communi- 
ties has been concerned with persistence stability. 

In this paper we present data collected from the first 
5% yr of a continuing sampling programme under- 
taken to monitor macrofaunal communities inhabiting 
the intertidal sand-flats of Manukau Harbour, North 
Island, New Zealand (37" 02' S, 174" 41' E) (Fig. 1). The 
data are used to describe patterns of temporal variabil- 
ity in community structure and dynamics, community 
persistence over the duration of the sampling period, 
as well as the resilience and resistance of these com- 
munities to major natural physical disturbance and 
recruitment events. We specifically assess changes in 
community structure and stability in relation to both 
site-specific and harbour-wide variations in weather 
conditions, as well as to major changes in the abun- 
dance of individual species populations. 

sediment grain size (Pridmore et al. 1990). 
The sampling design and its justification are pre- 

sented in detail in Pridmore et al. (1990). Hewitt et al. 
(1993) and Thrush et al. (1994). Briefly, each site was 
divided into 12 equal sectors (25 X 30 m area), and on 
each sampling occasion 1 core sample (13 cm diameter 
and 15 cm depth) was taken from every sector. After 
collection, the samples were sieved through a 0.5 mm 
mesh, and fixed in 5 O/o formalin and 0.1 % Rose Bengal 
in seawater. All the macrofauna were sorted, identified 
to the lowest practical taxonomic level (generally spe- 
cies or species group), counted and preserved in 70 % 
alcohol. 

All but one of the sites were sampled at 2 mo inter- 
vals (in February, April, June, August, October and 
December) between October 1987 and February 1993. 
CB was sampled from December 1987. No sample was 
collected from any site in October or December 1988. 

Data analysis. Three measures of community persis- 
tence over the first 5% yr of the monitoring programme 
were calculated for each site. Absolute species' abun- 
dances were used to establish whether species' abu.n- 
dances were similar over time (r X s contingency-table 
analysis; Sokal & Rohlf 1981); abundance rankings 
were used to assess whether species' ranks were cor- 
related through time (Kendall's coefficient of concor- 
dance W; Sokal & Rohlf 1981); presence-absence data 
were used to examine the similarity in community 
composition through time (Jaccard's similarity index; 
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Legendre & Vaudor 1991). On the first sampling occa- 
sion 36 samples were collected from each site (see 
Pridmore et al. 1990). To provide a comparison with the 
variability in con~munity composition among a large 
number of samples collected at one time, Jaccard's 
similarity lndex was also calculated for these samples. 

The variability in community structure over the 
duration of the sampling period and the relative persis- 
tence of the communities at each site were examined 
using multivariate analyses. Data were analysed using 
non-metric multi-dimensional scaling (MDS; using 
PRIMER: see Field et al. 1982, Clarke & Green 1988, 
Clarke 1993), detrended correspondence analysis 
(using DECORANA: Hill 1979) and correspondence 
analysis (using CANOCO: Ter Braak 1988). The ordi- 
nation configurations obtained from the 3 techniques 
were essentially similar, thus only the results for the 
MDS ordinations, based on actual species abundances, 
are presented. The congruent configurations obtained 
using these dissimilar ordination techniques are a 
good indication that a realistic ordination has been 
achieved. 

MDS ordinations employing the Bray-Curtis simi- 
larity index were undertaken on the untransformed 
comn~unity data for each individual site. Significance 
testing of seasonal and annual differences between 
samples was undertaken using the ANOSIM (analysis 
of similarities) randomisation test based on rank simi- 
larities of the samples (Clarke & Green 1988, Clarke 
1993). A MDS ordination was also performed on the 
square-root transformed community data for all 6 sites 
combined. 

Canonical correspondence analysis (CANOCO) was 
used to identify relationships between the community 
ordination and the environmental variables: mean and 
maximum wind condition, derived from multiplying 
wind speed by a directional component which took 
into account the influence of wave fetch and the 
degree of protection afforded by adjacent sand-banks 

(wind data from Auckland International Airport 
Weather Station, NIWA Environmental Data); and 
mean and maximum water temperature (data from 
Auckland Reglonal Council 1994). 

RESULTS 

Patterns of variability in abundance 
and community composition 

The seasonal and annual variations in the total nuin- 
ber of individuals and species present in the commu- 
nity at  each site are  shown in Figs. 2 & 3 respectively. 
The contributions of the 3 major taxonomic groups 
(polychaetes, molluscs and crustaceans) to the total 
number of individuals and species are  also shown in 
Figs. 2 & 3. There was marked temporal variability of 
both the numbers of individuals and species, as well as 
the taxonomic composition of the communities, at  each 
site. The timing and magnitude of the fluctuations var- 
ied among the different taxonomic groups, both from 
one year to the next and between different sites. 

At some sites there was also evidence of consistent 
longer-term (i .e,  greater than annual) trends in the 
total number of individuals and species, as well as the 
taxonomic composition of the communities. For exam- 
ple, there was an  increase in the total number of indi- 
viduals recorded at  CB between 1987 and 1993, which 
can be attributed primarily to an  increase in the num- 
bers of polychaetes (Fig. 2). 

Univariate measures of community persistence 

Communities where the average similarity index 
based on presence-absence data is <0.60 can gener- 
ally be considered to have experienced measurable 
changes in their species conlposition (Rahel 1990). On 

the basis of the presence-absence data, 
the communities at  the 6 sites would 

Table 1. Univariate measures of community persistence. X': chi-squared 
analysis of r x s contingency-tables; df. degrees of freedom; W: Kendall's be as nOn-~ers is -  
coefficient of concordance; n: number of species; SI: Jaccard's sim~larlty tent (Table 1).  However, comparison 
index; all times. slrnilarity index for all samples over 31 sampling times; with the average similarity documented 
time 1: similarity index for 36 samples collected at time 1; ns: not significant, among the 36 samples collected at  each 

p > 0.05; 'significant, p < 0.05 
site at  the start of this study suqqests that 

AA 1203 2370 ns 0.526 80 ns 0 569 0517 1 each site at the start. The communities at  
CB 2175 3567 ns 0.533 124 ns 0.541 0.404 AA. CB. EB. PS and KP can thus be  

- - -  

Site Absolute abundance Abundance ranking Presence/absence 
d f X* W n S1 all times S1 time l 

species presence-absence) (Table 1). The 

there was greater similarity among the 
samples collected at  each of the sites over 
time than among the samples collected at  

CH 6040 3510 ' 0467 11811s 0.453 0.303 
EB 1924 2340 ns 0 509 79 ns 0 469 0 450 
KP 2103 312011s 0.422 0.375 0.480 105 ns 
PS 2017 2520 ns 0 556 85 ns 0.475 0.392 

judged as relatively persistent at all 3 
levels of community resolution (species 
abundances, abundance rankings and 
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200 1 Auckland Airport (AA) 

Karaka Point (KP) 

150 2001 

200 1 
Clarks Beach (CB) 

2001 Ellens Beach (EB) 

200 - 
Puhinui Spit (PS) 

150- 

Fe b Feb Feb Feb Feb Feb 
1988 1989 1990 1991 1992 1993 

Feb Feb Feb Fe b Feb Fe b 
1988 1989 1990 1991 1992 1993 

Time - Total number of ~nd~viduals 
Fig. 2. Temporal variation in the mean (k standard error) total number of individuals and the 
mean number of polychaetes, molluscs and crustaceans in the communities at 6 sites in Manukau - Number Of Crustaceans 

Harbour from October 1987 to February 1993. Data for the less abundant taxonomic groups (e.g. A Number Of Molluscs 

echinoderms) are included in the total values but are not presented separately. No samples were Number of Pol~chaetes 

collected in October or December 1988 

same species were generally found at each site (i.e. 
local extinctions and colonizations were of infrequent 
occurrence), and their absolute abundances, as well as 
their abundance rankings, remained relatively con- 
stant over the duration of the monitoring period. At 
CH, the absolute species abundances, but not the 
abundance rankings or species presence-absence, var- 
ied significantly over time (Table 1) .  

Non-metric MDS ordinations 

The MDS ordinations for the communities at the 6 
sites are given in Fig. 4 .  The MDS plots show that at 
each site some changes in community structure 
occurred between the sampling periods and from year 
to year For example, the communities at  CB and CH 
underwent progressive, directional changes in struc- 

ture, with differences apparent between samples col- 
lected at  the beginning of the monitoring period and 
those collected at  later dates. Conversely, the ordina- 
tion for AA shows a cyclic change in community struc- 
ture, with the samples collected in the fifth year of the 
study occupying positions in the ordination space 
which are closer to those for the first year compared to 
the intervening years of the study. The relatively low 
stress levels for the 2-dimensional ordinations of the 
untransformed mean species abundance data indicate 
an acceptable representation of the similarities in com- 
munity structure has been achieved (see Field et al. 
1982, Clarke 1993). 

Significance testlng with ANOSIM indicates that, for 
most of the sites, seasonal and annual differences in 
community structure occurred (Table 2). Although 
most of the differences between the seasons were not 
significant (p > 0.05), there was a general tendency for 
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Auckland Airport (AA) Clarks Beach (CB) 
30 1 30 1 

Cape Horn (CH) Elletts Beach (EB) 
30 i 30 i 

3ol Karaka Point (KP) 3ol Puhinu S p ~ t  (PS) 

Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb 
1988 1989 1990 1991 1992 1993 1988 1989 1990 1991 1992 1993 

Time - Tolal number of species 

Fig. 3. Temporal variation in the mean (+ standard error) total number of species and the mean - Crustacean specles 
number of polychaete, mollusc and crustacean species in the communities at 6 sites in Manukau - M,ll"sc species 
Harbour from October 1987 to February 1993. Data for the less abundant taxonomic groups (e.g. - Polychaete species 
echinoderms) are included in the total values but are not presented separately. No samples were 

collected in October or December 1988 

the communities sampled in the summer months 
(December and February) to be dissimilar to those 
sampled in the winter months (June and August), with 
April and October samples dissimilar to each other and 
the other months (Table 2). Thus, significant differ- 
ences in community structure occurred a t  AA between 
February and June or August, April and August or 
October, as  well as  between October and June. At CB, 
significant differences occurred between June and 
December and between February and June or August. 
Significant differences between August and December 
or February and October and June occurred at KP, and 
between August and February or April, as well as April 
and October at PS. The greatest number of significant 
differences in community structure were reported a t  
EB, where the February samples were significantly dif- 
ferent from all but the December samples. There were 
also significant differences between the April and 

October, and June and December samples at this site. 
CH was the only site where community structure did 
not differ significantly on a seasonal basis. This is at- 
tributable to major annual fluctuations in the seasonal 
abundance of individual species populations increas- 
ing the total variance over the study period (Fig. 2).  

Annual differences identified with ANOSIM indicate 
that there was continual change in community struc- 
ture over the duration of the study, with consecutive 
years generally being more similar in structure than 
non-consecutive years (Table 2). At EB, for example, 
community structure in year 1 (1988) was similar to 
that in year 2,  but dissimilar to that in subsequent 
years; in year 2 ,  community structure was similar to 
that in years 1 and 3; in year 3, to that in years 2 and 4; 
in year 4,  to that in years 3 and 5; while in year 5, com- 
munity structure was similar to that in year 4 but sig- 
nificantly dissimilar to that in earlier years. At CB and 
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(a) Auckland Airport (AA) (b) Clarks Beach (CB) 

Axis 2 

(c) Cape Horn (CH) 

Axis 2 

(e) Karaka Point (KP) 

Axis 2 

(d) Elletts Beach (EB) 

1 

Axis 2 

( f )  Puhinui Spit (PS) 

Axis 2 Axis 2 

Fig. 4. Multi-dimensional scaling ordinations of untransformed community data for each site in Manukau Harbour, at each time 
between October 1987 and February 1993. The points are connected in time sequence; the broken line joins samples collected 
in August 1988 and February 1989, no samples were collected in October or December 1988. Axis values are purely arbitrary 
and are not given. Stress values for the 2-dimensional ordinations are: (a) AA = 0.110, (b) CB = 0.154, (c] CH = 0.099, (d) EB = 

0.131, (e) KP = 0.126, ( f )  PS = 0.127 
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Table 2. Summary of pairwise significances of ANOSIM 
comparisons of months and years. ns: not significant, p > 0.05 

Comparison of months 
Site Oct 

AA Lkc ns 
Fe b ns 
Apr 5",, 
Jun 5% 
Aug ns 

CB Dec ns 
Feb ns 
Apr ns 
Jun ns 
Aug ns 

CH Dec ns 
Feb ns 
Apr ns 
Jun ns 
Aug ns 

EB Dec ns 
Fe b 5 ?,CB 

Apr Socl 
Jun ns 
Aug ns 

KP Dec ns 
Feb ns 
Apr ns 
Jun 5% 
Aug ns 

PS Dec n S 

Feb ns 
Apr 5% 
Jun ns 
Aug ns 

Comparison of years 
Site 1988 

Dec Feb Apr Jun 

CH, significant differences in community structure 
also occurred between years 2 and 3; at  KP between 
years 1 and 2 ,  and years 2 and 3; and at PS between 
years 1 and 2 and years 4 and 5. Thus, at these sites the 
greatest amount of change in community structure 
generally occurred at  the beginning and middle of the 
monitoring programme, with communities appearing 
more similar in structure in the later years. The excep- 
tion was AA, where there were no significant differ- 
ences in community structure between years 2 and 3 
and year 5, suggesting that a cyclical change in struc- 
ture has occurred. 

Pooled MDS ordination 

A MDS ordination was performed on the square-root 
transformed community data for all 6 sites combined 
(Fig. 5). Despite the variability in composition evident 
in the individual MDS ordinations for each site (Fig. 4) ,  
the pooled MDS configuration reveals consistent dif- 
ferences in community structure between AA, CB, CH, 
EB and PS. The communities at these sites have main- 
tained distinctly different species compositions and 
abundances, and there is no evidence for changes in 
the fundamental community structure characteristic of 
these sites. The community at  KP was not so discrete or 
consistent in structure, exhibiting similarities to the 
communities at  CB, EB and PS at  different times dur- 
ing the 5% yr period. 

The relative magnitude of total compositional 
change over the sampllng period, as indicated by the 

2 
Axis 2 

Fig. 5. Multi-dimensional scaling ordination of square-root 
transformed community data for all sites in Manukau Har- 
bour, at  each time between October 1987 and February 1993. 
Axis values are purely arbitrary and are not given. 

Stress value = 0.166 
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extent of migration of the community in the ordination 
space, provides a comparative measure of the variabil- 
ity and persistence of each community. This was quan- 
tified using the standard deviation of the distance to 
the centroid of the cluster of points representing each 
site in the 2-dimensional ordination space (Table 3). 
The standard deviations indicate that the communities 
exhibited different degrees of variability and thereby 
also persistence. The communities at CB and PS were 
the least variable or most persistent in composition, 
showing the smallest change in their position in the 
ordination space during the 5% yr of the study. In con- 
trast, the greatest amount of variation in community 
structure occurred at AA, CH, EB and KP. 

To relate these variations in the ordination space to 
actual changes in community structure, the points of 
maximum divergence in the ordination space for each 
site in Fig. 5 were selected. The mean abundances of 
the 8 top-ranked species in the samples at these times 
are presented in Table 4 .  The differences in commu- 
nity structure at different sampling times were a 
reflection of the fluctuating species' abundances. How- 
ever, even a t  times of maximum variability in commu- 
nity structure, between 2 and 5 of the highest-ranked 
species were common to the communities. There is 
thus no evidence for complete turnover of the top- 
ranked species in any of the communities. 

Table 3. The centroid of the cluster of points representing 
each site in the 2-dimensional ordination in Fig. 5 and the 
standard deviation of the distances to the centroid from the 

points in the cluster for each site 

Site Centroid SD 

AA 1.50 0.33 
CB 0.73 0.19 
CH 1.20 0.32 
EB 0.88 0.32 
KP 0.56 0.31 
PS 0.22 0 12 

Canonical correspondence analysis (CANOCO) 

The solution of the CANOCO is presented in Fig. 6. 
Maximum wind condition and mean and maximum 
water temperature were all poorly correlated with 
their respective axes (axis 1, r = 0.59; axis 3, r = -0.57; 
axis 4, r = 0.30) and thus contributed relatively little to 
explaining the differences in community structure at 
each site. The poor correlation between maximum 
wind and the major explanatory axis (48.9% of the 
variance was accounted for by axis 1) is indicative that 
other factors are necessary to explain some of the 
between-site differences in community structure (e.g. 

Fig 6.  Canonical correspondence analysis ordination of 
untransforrned community data for all sites in Manukau Har- 
bour, at each tune between October 1987 and February 1993 

the differences between the bivalve-dominated com- 
munity at AA and the polychaete-dominated commu- 
nity at CH). Axis 2,  which accounted for 36.7% of the 
variance, was strongly correlated with mean wind con- 
ditions (r = 0.80). The position of each site along axis 2 
in the ordination space can thus be related to the loca- 
tion of the sites along an environmental gradient gen- 
erated by mean wind. The sites were clearly separated 
along this axis into those where community structure 
was most affected by mean wind, namely AA and CH, 
and communities a t  CB, EB, KP and PS, which were 
less affected by mean wind (Fig. 6). 

DISCUSSION 

Evaluation of community persistence and variability 

The detection of community stability does not re- 
quire that a community remain unchanged, but rather 
that the observed change in structure is not larger than 
can normally be expected to occur given the natural 
temporal and spatial variability of the populations. 
Thus, if we are to demonstrate that a community ex- 
hibits persistence, there is a need for an objective eval- 
uation of how much variation in structure a community 
can exhibit, while preserving a certain recognisably 
similar structure. A community can be regarded as 
most stable when the absolute abundance of each spe- 
cies remains constant over time, and least stable condi- 
tions occur when even the presence or absence of com- 
ponent species is unpredictable over time; i.e. local 
extinct~ons and colonizations are of frequent occur- 
rence (Rahel 1990). At intermediate levels of stability, 
the absolute abundances of individual species fluctu- 
ate, but the same species are always present and their 
abundance rankings remain constant (Rahel 1990). 
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Table 4 .  Mean number of indiv~duals per core (* standard error) for the 8 top-ranked species In the samples a t  the points of max- 
imuln divergence of the trajectory in the ordination space for each site in Fig. 5. Species common to both sample tlmes are shown 

in bold 

Site Date Species Abundance Date Species Abundance 

AA Feb 1990 Macomona liliana 
Waitany] brevirostris 
Magelona ?dakini 
Aonides oxycephala 
Austrovenus stutchburyi 
Mactra ovata 
Exosphaeroma spp. 
Trochodota dendyi 

Feb 1988 Nucula hartvigiana 
Macomona liliana 
Magelona ?dahni 
Heteromastus filiformis 
Nemerteans 
Notoacmea helmsi 
Syllis sp. 
Owenia fusifor~nls 
Hiatula siljquens 

CH Oct 1987 Heteromastus filiformis 
Magelona ?dakini 
Macroclymenella stewartensis 
Goniada emerita 
Nemerteans 
Mysids 
Colurostylis lernurum 
Arthritica bifurca 

Feb 1988 Heteromastus filiformis 
Magelona ?dakini 
Macomona liliana 
Macroclymenella stewartensis 
Torridoharpinia hurleyi 
Nucula hartviglana 
Lepidodontidae 
Goniada emerita 

Feb 1990 Magelona ?dakini 
Macomona liliana 
Nucula hartvigiana 
Macroclymenella stewartensis 
Anthopleura aul-eoradiata 
Owenia fusiformis 
Sypharochiton pelliserpentis 
Notoacmea helmsi 

Feb 1988 Boccardia syrtis 
Exosphaeroma spp. 
Macomona liliana 
Nucula hartvigiana 
Heteromastus filiformis 
Magelona ?dakini 
Colurostylis lemurum 
Nicon aestuarinensis 

Apr 1991 Nucula hartvigiana 
Macomona liliana 
Aonides oxycephala 
Magelona ?dakini 
Austrovenus stutchburyi 
Orbinia papillosa 
Nemerteans 
Hia tula siliquens 

Feb 1993 Boccard~a syrtis 
Macroclymenella stewartensis 
Sphaerosylljs semiverricosa 
Syllis sp. 
Ostracods 
Nucula hartvigiana 
Heteromastus filiformis 
Macomona liliana 

Feb 1992 Boccardia syrtls 618.9 (36.2) 
Sphaerosyllis semiverricosa 4 1.0 (6.5) 
Heteromastus filiformis 31.5 (2.2)  
Euchone sp. 16.7 (1.6) 
Nemerteans 11.6 (1.7) 
Goniada emerita 8.2 (1.0) 
Ostracods 6.3 (0.9) 
Macroclymenella stewartensis 4.2 (0.8) 

Apr 1991 Macomona liliana 
Aonides oxycephala 
Austrovenus stutchburyi 
Travisia olens var. NZ 
Orbinia papillosa 
Hiatula siliquens 
Nemerteans 
Heteromastus filiformis 
Zeacumantus lutulentus 

Apr 1992 Heteromastus filiformis 
Magelona ldakini 
Sphaerosyllis serniverricosa 
Nemerteans 
Macomona liliana 
Notoacmea helmsi 
Boccardia syrtis 
Owenia fusiformis 

Feb 1991 Macomona Iiliana 
Nucula hartvigiana 
Heteromastus filiformis 
Exosphaeroma spp. 
Waitanyi brev~rostris 
~iatula-siliquens 
Colurostylis lemurum 
Aonides oxycephala 

Communities at 5 of the sites (AA, CB, EB, KP, PS) monitored (Table 1) and can, therefore, be regarded as 
have been persistent in terms of their absolute species highly stable. Despite the apparent overall persistence 
abundances, abundance rankings and species pres- of the communities, there were significant within- and 
ence-absence over the first 51/2 yr that they have been between-year differences in community structure 
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(Table 2 ) .  Between-site differences, in terms of the pat- could be substantially shorter than the period required 
terns and magnitude of variability in community struc- for the complete turnover of community dominants. 
ture at any one time, were also apparent (Figs. 4 & 5, The present study covered a period of 5'12 yr (which is 
Table 3). This implies that the balance of species longer than the generation times of many of the domi- 
within each community is being affected to different nant species in the communities), during which time 
degrees by environmental and biological variables and we have been unable to detect significant changes in 
that the changes are likely to have been dominated by community stability at  the sites. 
the influence of local rather than geographical scale 
events. However, the occasional coincidence in the 
timing and magnitude of fluctuations in the total num- Effects of physical disturbance on community 
ber of individuals and species at each site is indicative persistence and variability 
of harbour-wide scale events affecting community 
structure at each of the sites. For example, the low Shallow-water coastal and estuarine habitats are 
abundances and species diversities in the samples col- considered to be rigorous and dynamic environments, 
lected in February 1990 (Figs. 2 & 3) coincided with a characterised by large predictable and unpredictable 
period during which summer water temperatures were fluctuations in environmental variables and subject to 
>20°C for at least 1 mo longer than in other years continual disturbance. Such processes have widely 
(Auckland Regional Council 1994). been regarded as acting to prevent communities from 

The community at  CH may be regarded as exhibit- developing to persistent stable states, except as an 
ing an intermediate level of stability. The community averaged condition over large temporal and spatial 
exhibited long-term structural persistence in terms of scales. Conversely, prolonged periods of high persis- 
species abundance rankings and species presence- tence stability in benthic communities have generally 
absence (Table 1). However, the significant differences been attributed to physical environments that are rela- 
in absolute species abundances recorded over the tively free of disturbance (e.g.  Buchanan et al. 1986, 
duration of the study were a reflection of the large pop- Lopez-Jamar et al. 1986). 
ulation fluctuations which characterised the commu- Manukau Harbour is a dynamic and rigorous envi- 
nity at this site (Fig. 2 ) .  These population fluctuations, ronment in terms of movements of water and sedi- 
which primarily involved relatively short-lived poly- ments. The main flow is tidal and the degree of tidal 
chaetes (e.g.  Boccardia syrtis), while predictable with flushing is relatively high as a result of the fact that a 
regard to the annual timing of their occurrence, were large proportion of the Harbour is emptied at every 
unpredictable in terms of their magnitude. Large low tide (Heath 1975, Heath et al. 1977). Wind speeds 
recruitment and mortality events can induce physical, exceeded 33 knots on an average of 69 d each year 
chemical and/or biological alterations in the habitat, between 1987 and 1993, and 51 knots on an average of 
which may lead to sequential changes in the ranking 3.6 d each year. Particularly windy years were 1987, 
and dominance in a suite of other species, with poten- 1988 and 1991, with wind gusts exceeding 33 knots on 
tially significant consequences on overall community more than 80 d. Both tidal cycles and wind-related 
structure. V. J. Cummings, R. D. Pridmore, S. F. Thrush meteorological events influence hydrodynamic condi- 
& J. E. Hewitt (unpubl.) have suggested, for example, tions in the Harbour. 
that negative juvenile Macomona liliana/adult Boccar- The prevailing wind direction over Manukau Har- 
dia syrtis interactions inhibit the recruitment of PI. lil- bour is from the southwest and west in all seasons, 
iana and have contributed to the low abundances of winds from the northeast are not uncommon (Fig. 1).  
the bivalve on Te Tau Bank (CH) in Manukau Harbour. The percent frequency of occurrence of winds from 

The perception as to whether a given community is the southwest and west was 31 % over the period 
persistent, or otherwise, will be dependent on scales of 1987 to 1993. The greatest incidence of strong winds 
time and space (e.g. Sutherland 1981, Connell & Sousa ( > l 0  m S-') was also from these directions. The 
1983, Connell 1985). With regard to time, it has been CANOCO results revealed a contrast between the 6 
widely advocated (e.g. Davis & VanBlaricom 1978, sites, reflecting the influence of mean wind conditions 
Connell & Sousa 1983, Holland 1985) that statements on community structure, with community structure at 
about the stability of communities should be based on AA and CH apparently most affected by mean wind 
data collected over intervals of time greater than the condition (Fig. 6). Wind-generated wave activity is 
life spans of the community dominants in order to likely to be consistently greater at  AA and CH, which 
avoid Frank's (1968) tautology. Sutherland (1990), are located in the eastern and northern reaches of the 
however, has argued that the observation period Harbour and exposed to the greatest wave fetch (see 
should be sufficiently long that there is no doubt that Fig. 1). The environment is likely to be considerably 
no significant change in stability has occurred. This less dynamic at CB and ER, located in the southwest- 
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ern corner of the Harbour, and at  PS, located close to 
AA, but afforded some protection from southwest and 
westerly wind-generated wave activity by a large 
sand-bank west of the site. 

The most obvious impacts of variations in wind 
speed on the macrobenthic communities are likely to 
arise from wind-generated wave activity leading to 
increased turbulence and currents which, in turn, 
result in increased physical disturbance of the surface 
sediments. Smaller, surface-living fauna are likely to 
be buried or washed away by the action of the turbu- 
lent water. Only those larger or deeper-burrowing spe- 
cies or organisms otherwise adapted to withstand peri- 
odic erosion and burial are likely to survive. Wind will 
also contribute to desiccation stress at times of low tide, 
with potential effects on the survival of some species. 
Less obvious impacts are  the effects of sedimentary 
and hydrodynamic conditions on the relative success 
of larval, juvenile and adult transport and settlement 
(Nichols & Thompson 1985). 

Nevertheless the general patterns of community 
types appear to have persisted at  each site, with essen- 
tially the same set of species present from one sample 
period to the next, implying the presence of an under- 
lying stability to community structure at each site. 
There is no evidence for either large-scale, consistent 
directional changes in con~munity structure, or com- 
plete species turnover in any of the communities. 
Rather than acting to prevent communities developing 
to persistent stable states, the dynamic physical envi- 
ronment may have been conducive to the development 
and maintenance of stable con~munities. The passive 
transport of post-settlement stages through wind-gen- 
erated wave activity may represent a major mode of 
recolonization following disturbance and will thereby 
assist in maintaining the persistence of the sand-flat 
communities (see Thrush et  al. 1991). 

Conclusions 

Despite the dynamic physical environment and the 
large abundance fluctuations that characterize many 
of the species populations, the long-term (>5 yr) pic- 
ture that emerges from this study is one of persistence 
stability. This overall persistence was evident despite 
marked differences in the structure characteristic of 
the macrobenthic communities at  each of the sites (cf. 
the bivalve-dominated communities at  AA versus the 
polychaete-dominated communities at  CH). Further- 
more, all the communities exhibited a degree of 
resilience, in that after different types and magnitudes 
of physical disturbance and major recruitment events, 
the communities tended to retain their original struc- 
ture, rather than exhibiting large-scale, long-term 

changes in species composition and abundances. 
Although many species showed variable population 
numbers, their continuous presence in the samples fur- 
ther attests to their resilience. The tendency of the 
communities to retain recognisably similar structures 
over time, despite significant physical disturbance and 
dynamic biological events is further testimony to the 
resistance to change exhibited by these communities. 
Continued monitoring of the benthic communities in 
h4anukau Harbour will reveal whether the magnitude 
of fluctuations in community structure continues, or 
whether there are trends away from the current persis- 
tent state. 
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