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ABSTRACT: Nearshore fish and macroinvertebrate assemblages of the Port River-Barker Inlet estuary, 
South Australia, were sampled by beach seine at monthly intervals between January 1985 and Decem- 
ber 1994. Multivariate analyses were used to determ~ne patterns in species distribution and abun- 
dance, to determine the influence of site, month and year on assemblage structure, and to identify 
trends in species composition over the decade. A total of 403626 individuals representing 56 species 
were recorded, with Aldrichetta forsteri, Hyporhamphus melanochir, Sillaginodespunctata and Pelates 
octolineatus responsible for 76% of the total abundance. Estuarine-opportunistic species were consis- 
tently dominant over the decade w ~ t h  marine stragglers and estuarine-dependents important in some 
years only. Abundances of the 19 species determined to be dominant varied between years, w ~ t h  some 
species, e.g. Spratelloides robustus, Hyporhamphus regularis, Arenigobius bifrenatus, Nesogobius 
sp. 3 and Cristiceps austrahs, demonstrating considerably greater inter-annual variability compared 
with others, e.g. S. punctata, A. forsteri, H. melanochir, P. octolineatus, Haletta semifasciata and Sillago 
schomburgkii. The importance of temporal scale in any assessment of community stability is re-stated; 
although individual species varied in abundance between months and years, assemblage structure was 
shown to be reasonably stable over the decade. Water temperature and salinity were weakly correlated 
with patterns in species composition and abundance. Further experimental studies are required to 
improve ecological understanding of the system's fish fauna and on-going monitoring is necessary to 
assess future changes to fish populations in relation to adjacent wetland developments. 

KEY WORDS: Estuarine fish - Assemblage structure - Spatial and temporal variability . Community 
stability . Environmental influences . Southern Australia 

INTRODUCTION 

Although fish and macroinvertebrate assemblages of 
temperate nearshore marine environments, particularly 
estuaries, have been investigated in some detail, the 
duration of many studies has been only 1 or 2 yr at most, 
thereby limiting the description of patterns in species 
composition and abundance to the seasonal scale (Morin 
et al. 1985, Grossman 1986, Gibson et al. 1993, Tremain 
& Adams 1995, Clark et al. 1996, Dye 1998). Variation in 

estuarine fish assemblage structure over the medium to 
long term is less well studied (Haedrich 1983) but 
nevertheless pivotal in any ecological assessment of 
how fishes use such environments. Studies of estuaries 
important to fishery production have demonstrated that 
seasonal and annual variation can only be identified 
after several years of sampling (Vance et al. 1996). 
However, few investigations of fish and macroinverte- 
brate faunas in estuaries or other nearshore habitats 
have been conducted over 5 yr or more; exceptions 
include Hillman et al. (1977), Yanez-Arancibia et al. 
(1985), Potter et al. (1986,1997), Loneragan & Potter 
(1990), Yoklavich et al. (1991) and Dye (1998). 
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The Port River-Barker Met system (138' 30' E, 34' 49' S) 
is the largest estuary in Gulf St Vincent, South Australia, 
covering approximately 20 km2 (Fig. 1). This offshoot 
from the gulf is a sheltered, marine-dominated environ- 
ment which generally experiences 2 tides per day (max- 
imum amplitude 52.5 m). Habitats within the estuary 
include mud flats, mangroves and samphire marshes 
dissected by narrow channels (Butler et al. 1977). Low 
and intermittent inflows of freshwater, via ephemeral 
creeks and stormwater drains, coupled with high evap- 
oration rates, are responsible for the maintenance of high 
salinities (generally >35 psu) throughout the system. 
Sediments range from coarse to fine sand (Thomas et al. 
1986) with inter- and sub-tidal substrates supporting 
either seagrass, mainly Zostera muellen and Hetero- 
zostera tasmanica, respectively, or no vegetation (Con- 
nolly 1994). 

The proximity of Adelaide (population > l  million), 
and a history of extensive industrial activity in the 
surrounding region, has resulted in the estuary being 
subjected to many anthropogenic influences (Connolly 
1994). Torrens Island is the site of an important 
seawater-cooled power station which has significant 
localised thermal influence on some of the estuary's 
fish species (Jones et al. 1996). Several sewage treat- 
ment plants release secondary stage effluent into the 
estuary, resulting in locally raised nutrient levels. 

Between 1985 and 1994 sampling was undertaken 
to monitor the abundance of economically important 
teleosts that use the Port River-Barker Inlet estuary as 
a nursery area (Jones 1984). The resulting data provide 
an important opportunity to describe seasonal and an- 
nual variation in the assemblage structure of fish and 
macroinvertebrate faunas inhabiting this warm- 
temperate estuary. Using multivariate statistical 
techniques, the aims of this study were to (1) identify 
the species contributing to, and those dominating, 
the nearshore fish assemblages; (2) identify spatial 
(between sites) and temporal (between months and 
years) variation in species composition and abun- 
dance; (3) investigate inter-annual changes in the 
abundance of the consistently dominant species 
over the decade; and (4) describe the relationship 
between certain environmental variables and assem- 
blage structure. 

The terms 'assemblage' and 'community' have been 
used with great flexibility in relation to ecological 
studies of fish faunas (Lasiak 1984, M.  Wagner pers. 
comm.). 'Fish assemblage', as used here, includes 
teleosts, elasmobranchs and macroinvertebrates (only 
species of economic importance) and indicates taxa 
were coincident in time and space without reference to 
the strength of their interaction. Detailed analyses of 
the individual, economically important teleosts for 

South Ausiral'i 

Fig. 1. The Port River-Barker Inlet estuary: location of sites (right), location of estuary in Gulf St Vincent (bottom left), and 
location of Gulf in South Australia (top left) 
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Year King's North Angas Quarantine Section % of 
Beach Arm Inlet Station Bank possible total 

1985 8 8 6 4 4 50 
1986 11 12 12 12 l 1  97 
1987 9 10 10 8 8 75 
1988 12 10 10 4 6 70 
1989 12 11 11 0 4 63 
1990 11 11 9 1 0 53 
1991 11 12 11 12 3 82 
1992 11 12 11 12 6 87 
1993 10 12 12 12 9 92 
1994 11 12 12 7 5 78 

which length-distribution data were collected Table 1. Frequency of monthly sampling at each site in the Port River- 

(n = 11, see Table 2) are not included here, Barker Inlet estuary, South Australia, 1985 to 1994 

rather change at the 'community' level, over 
the decade, was of principal interest. The 
ecological concept of conlmunity stability, 
and the importance of temporal scale in the 
interpretation of results, is discussed in rela- 
tion to these estuarine fish assemblages. 

MATERIALS AND METHODS 

Study sites. Five sampling sites were 
selected to reflect the range of habitats within 
the estuary (Fig. 1): (1) Section Bank repre- 
sented the marine entrance to the estuary and 
consisted of a large, moderately mobile coarse sand 
bank supporting patches of Posidonia sp. (2) King's 
Beach consisted of sand- and mud-flats, the latter 
supporting Zostera sp., adjacent to a deeper channel. 
(3) Quarantine Station consisted of patches of sand and 
mud, the latter supporting Zostera sp., adjacent to a 
deeper, major shipping channel which has been modi- 
fied by dredging. (4) Angas Inlet consisted of a large, 
mainly fine sand bank adjacent to a deeper channel 
and was the site most affected by thermal effluent 
(Jones et al. 1996). (5) North Arm consisted mainly of 
mud with a nearby large, shell-grit sand bank. All sites 
except Angas Inlet were subject to strong tidal flows. 
With the exception of Section Bank, all sites were 
adjacent to mangrove stands (Avicennia marina). 
Extensive areas of the floating macroalga Ulva aus- 
tralis were seasonally present (Connolly 1986). I n g ' s  
Beach, North Arm and Angas Inlet were more con- 
sistently sampled than either Quarantine Station or 
Section Bank (Table 1). 

Sampling methods. Monthly sampling was con- 
ducted between January 1985 and December 1994. 
All sampling was undertaken during the day and 
involved a single net haul, at each site, at slack low 
water (spring tide), with water depth generally 5 3  m. 
The same multifilament beach seine (18 ply), of 120 m 
length and 2.5 m drop, was used throughout the sur- 
vey period and comprised two 30 m wings (3 cm 
mesh) with a 60 m central bunt (1 cm mesh). At each 
site, the net was set in a semi-circle from a 6 m plan- 
ing-hull boat and then gradually hauled ashore, clos- 
ing the net and herding the fish into the bunt. Fish 
were transferred to a holding cauf (1 cm mesh), iden- 
tified and counted, with only the economically impor- 
tant species measured (caudal fork length, nearest 
cm), where >l00 individuals of a species were caught 
a random sub-sample only was measured. At each 
site water temperature (at depth -30 cm) was 
recorded and a water sample taken for salinity deter- 

mination using an  'Autolab' salinometer. No other 
environmental variables were quantitatively mea- 
sured during the study. 

Data analysis. Multivariate analyses of assemblage 
structure and its relationship with environmental data 
were undertaken using the CLUSTER, MDS, SIMPER, 
ANOSIM2, and BIOENV options of the PRIMER soft- 
ware (version 4-beta, Plymouth Marine Laboratory, 
Plymouth, UK) (Clarke & Warwick 1994). Species of 
fish were identified according to Hutchins & Swainston 
(1986) and Gomon et al. (1994). Although 56 species 
were recorded during the entire study, the decision 
was made to include only 30 in these analyses (Field et 
al. 1982, Clarke & Warwick 1994); taxa recorded less 
than once per month during the 10 yr (i.e. total number 
of recordings ~ 1 2 0 )  were excluded. Additionally, due 
to some inconsistencies in field identification, 6 of the 
smaller teleosts were combined in the following: 
Kestratherina esox and Atherinosoma microstoma as 
'atherinids', Kaupus costatus and Stigmatopora argus 
as 'syngnathids', and Meuschenia Ereycineti and 
Brachaluteres jacksonianus as 'monacanthids'. The 
resulting 3 'family' groups were then treated as single 
taxa (see Table 2). 

Individual species abundances were converted to 
densities per 100 m2 (using an average area of 2290 m2 
swept by each haul, see Jones et al. 1996) prior to 
construction of conventional matrix arrays. The arrays 
were arranged into 2 formats to allow the testing of 
specific hypotheses. To test for differences between 
sites and months in each year, 10 'year' matrices (1985 
to 1994) were constructed with rows = species and 
columns = site/month samples. To test for differences 
between years, 4 'site' matrices (King's Beach, North 
Arm, Angas Inlet and Quarantine Station) were con- 
structed with rows = species and columns = montwyear 
san~ples. Section Bank was excluded from this latter 
analysis as sampling had occurred on only 50% of 
possible occasions over the study period (Table 1). 
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Fourth-root transformed biotic data were converted 
to triangular matrices of similarities between every 
pair of samples using the Bray-Curtis similarity coeffi- 
cient. Similarities between samples were graphically 
represented by dendrograms (with comparisons made 
at the 30% Bray-Curtis similarity level) and ordination 
plots using multidimensional scaling (MDS), 

Species principally responsible for sample groupings 
in each of the 10 'year' arrays were identified using 
SIMPER [Clarke & Warwick 1994). Those contributing to 
90 % of the total average similarity within sites (defined 
as typical of those sites) and 90% of the total average 
dissimilarity between sites (defined as species discrimi- 
nating between sites) were determined. To allow com- 
parison of the species contributions between years both 
average similarity (averaged across all sites sampled in 
each year) and average dissimilarity (averaged across all 
pairs of site-samples in each year) were calculated for 
these species only. From this, the species most consis- 
tently contributing over the decade were identified 
(n = 19, see Table 4) and the inter-annual variation in 
their contribution determined. Mean annual abundances 
(averaged across all sites sampled in each year) of the 
consistently dominant species were calculated to identify 
any trends in abundance. In the context of southern Aus- 
tralia, 4 seasons were defined as: summer (December to 
February), autumn (March to May), winter (June to Au- 
gust) and spring (September to November). 

The non-parametric ANOSIM2 test for a 2-way 
(crossed) layout without replication uses a randomiza- 
tion test to compare ranked similarities between and 
within groups selected a priori, and was conducted on 
the 10 'year' (groups: month and site) and 4 'site' matri- 
ces (groups: month and year), with each test involving 
5000 simulations. 

Mean monthly water temperatures and salinities were 
plotted against time for each site. Biotic and abiotic sim- 
ilarity matrices (the latter compiled in a similar manner to 
the species density data and involved all possible com- 
binations of the environmental samples using the Bray- 
Curtis coefficient) were compared using the BIOENV 
procedure which uses weighted Spearman rank coeffi- 
cients to assess agreement between patterns in the biotic 
and abiotic data [Clarke & Warwick 1994). At the time of 
analysis no test of significance for the BIOENV correla- 
tions was available and the procedure was considered an 
exploratory tool only (Clarke & Warwick 1994). 

RESULTS 

Species composition and abundance 

A total of 403 626 individuals representing 56 species 
were recorded: 45 teleosts (31 families), 4 elasmobranchs 
(3 families), 3 cephalopods and 4 crustaceans [Table 2). 
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Four species of teleost were responsible for 76% of the 
total abundance: Aldrichetta forsteri (39.5 %), Hypo- 
rhan~phus melanochir (15 %), Srllaginodes punctata 
( 1 2 . 5 % )  and Pelates octolineatus (9.4 %) (Table 2 ) .  The 
number of species recorded decreased moving into the 
estuary, with 46 species found at k n g ' s  Beach, Quaran- 
tine Station and Section Bank, and 34 and 32 at North 
Arm and Angas Inlet, respectively. The species which 
together contributed 180% of the total abundance at 
each site were all teleosts, with species contribution 
varying between sites; A. forsten, H. melanochir, S. 
punctata and P. octolineatus were the main contributors 
at 4 of the 5 sites, atherinids at 3 sites, while Arripis geor- 
giana, Haletta semifasciata and Spratelloides robustus 
were important only at  Section Bank (Table 3) .  

Dominant species 

A total of 19 species (of the 30 included in the 
analysis) were considered to be dominant, i.e. together 
contributing 290% of the average within-site similarity 
and average between-site dissimilarity in each year, 
and included teleosts and macroinvertebrates (Table 4).  
Of greatest influence were Aldrichetta forsten, Hypo- 
rhamphus melanochir, Sillaginodes punctata and 
atherinids, which were also the most abundant species 
(Table 3) .  Pelates octolineatus, Haletta semifasciata, 
Rhombosolea tapinna, Portunuspelagicus, Nesogobius 
sp. 3 and Arenigobius bifrenatus were also consistently 
important. Arripis georgiana, Arnpis truttacea, Sillago 
schomburgkii, monacanthids, Ovalipes australiensis, 
Pseudaphritis urvillii and Spratelloides robustus were 
important contributors in some years only. 

Ovalipes australiensis, Platycephalus speculator and 
Cnsticeps austraralis were identified as true &scriminating 
species at Section Bank, Rhombosolea tapirina and 
Penaeus latisulcatus at Quarantine Station, Hyporham- 
phus regularis at Angas Inlet and Pseudaphntis urvillii at 
King's Beach. 

Inter-annual variation of dominant species 

All of the 19 dominant species demonstrated some 
inter-annual variation in abundance, the magnitude of 
which differed considerably between species (Figs. 2 
& 3) .  Teleosts were grouped by this variability into 
groups of species whose mean annual abundance var- 
ied by a factor of 1 to 10 (Sillaginoidespunctata, Sillago 
schom burgkii, Aldrichetta forsten, Hyporhamph us 
melanochir, Haletta sernifasciata, and Pelates octolin- 
eatus), 10 to 20 (Arripis truttacea, Arripis georgiana, 
monacanthids, Pseudaphntis urvillii and atherinids), 
20 to 50 (Spratelloides robustus, Hyporhamphus regu- 
lans, Arenigobius bifrenatus and Cristiceps australis) 
and >l00 (Nesogobius sp. 3). Variation in the abun- 
dance of macroinvertebrates ranged between a factor 
of 1 to 10 (Ovalipes australiensis) and 10 to 20 (Penaeus 
latisulcatus, Portunus pelagicus). 

Peaks in abundance for a number of species 
occurred in the same year, e.g. Sillaginoides punctata, 
Aldrichetta forsteri, Arnpis truttacea and Rhombosolea 
tapirina (1990), Sillago schomburgkii, A. forsteri, 
Hyporhamphus melanochir and Portunus pelagicus 
(1991), and atherinids, Nesogobius sp. 3, Arenigobius 
bifrenatus, H. regularis, H. melanochir, Pelates octolin- 
eatus and Pseudaphritis urvillii (1993). 

Spatial and temporal differences in assemblage 
structure 

'Year' arrays 

Dendrograms and ordinations developed for the 10 
'year' matrices produced moderately defined group- 
ings of species samples (Fig. 4 ) .  At the 30% similarity 
level, the number of clusters varied between years 
from 2 (1990 and 1991) to 6 (1988). Section Bank sam- 
ples formed a distinct cluster in most years (with the 
exception of 1990 and 1993) while Angas Inlet (partic- 

Table 3. Species together contributing 580% of total abundance at each site, pooled across years, 1985 to 1994. See Table 2 for 
full species names 

S. punctata 
A. forsten 
P octolinea tus 
Atherinids 
H. melanochir 
A. georgiana 
H. semifasciata 
S. robustus 

King's Beach North Arm Angas Inlet Quarantine Station Section Bank 
n % n % n % n % n ?40 

28853 39.2 9231 10.1 8418 22.2 1206 8.9 
10046 13.6 24639 27 118389 63.2 6213 16.4 
9579 13 9832 10.8 15793 8.4 2698 7.1 

10422 14.2 15242 16.7 1302 9.6 
14219 15.6 21274 11.4 14904 39.4 4691 34.74 

2063 15.4 
1016 7.6 
508 3.8 

Total 58900 80 73163 80.2 1.55456 83 32233 85.1 
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Table 4 .  Average similarity (pooled across all sites) and average dissimilarity (pooled across all pairs of  sites) for 1985 to 1994 (see  
'Materials and methods: Data analysis'). Only species which together contributed >90'X3 o f  total similarity and dissimilarity are 
included, i .e.  those considered dominant Values presented are unitless and derived from S I M P E R  tables generated for each year 

(not presented). See Table 2 for full species names 

Average similarity 
A.  forsteri 
H. melanochir 
S. punctata 
S. schomburglui 
Atherinids 
P. octolineatus 
A. truttacea 
A. georgiana 
Monacanthids 
S. robustus 
H. semifasciata 
A. bifrenatus 
Nesogobius sp. 3 
R,  tapirina 
P pelagicus 
0. australiensis 
P, la tisulca t us 
H. regulans 
P. urviUii 

Average dissimilarity 
A.  forsteri 9.2 
H. melanochir 9.76 
S. punctata 8.97 
S. schom burgkii 4.7 
Atherinids 8.11 
P. octolineatus 7.49 
A. truttacea 
A. georgiana 7.55 
Monacanthids 
S. robustus 
H. semifasciata 3.22 
A. bifrenatus 6.1 
Nesogobius sp. 3 
R, tapirina 4.76 
P. pelagicus 
0. austrahensis 
P. latisulcatus 
H. regularis 
P. urviUii 

ularly in spring and summer) and King's Beach (in 
winter) clustered to a lesser extent. Dendrogram 
patterns were well supported by MDS groupings in all 
years, with samples from Section Bank and Angas 
Inlet/North Arm consistently furthest apart, implying 
that assemblage structure was more different between 
these sites than others. Stress values in 2 dimensions 
(2-D), a measure of the 'goodness of fit' of the ordina- 
t i o n ~ ,  varied between 0.15 (1989) and 0.24 (1986 and 
1993). Three-dimensional (3-D) stress values were 
lower-as would be expected-ranging between 0.1 1 
(1989) and 0.17 (1993). Such values indicated that the 
ordinations were potentially useful for pattern inter- 
pretation when used in conjunction with the relevant 
dendrograms (Clarke & Warwick 1994). 

ANOSIM2 tests resulted in significant differences 
(a  = 0.05) between the sites in 7 of the 10 years 
(Table 5). Differences between months, pooled across 
sites, were only significant in 1988 and 1993. 

'Site' arrays 

Dendrograms and ordinations developed from the 4 
'site' matrices resulted in less-well-defined patterns 
(not presented); 2-D stress values were between 0.24 
and 0.28, and 3-D values between 0.18 and 0.21. How- 
ever, ANOSIM2 tests identified significant variation 
between years at  North Arm and Angas Inlet. There 
was also considerable variation between months, 
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A. forsteri 

... . ' . . S  - ..A...... - 

of temperature (10.6 to 30.6"C, mean 20°C) 
and Section Bank the smallest (12.6 to 26.4% 
mean 13.8"C). The thermal influence of Tor- 
rens Island Power Station was apparent at the 
2 most affected sites, i.e. Angas Inlet and 
North Arm, with temperatures consistently 
higher, in all months, than at other sites. 

Salinity ranges (psu) were broadly similar 
for all sites with the exception of King's 
Beach: 30.44 to 41.66 (King's Beach), 33.98 to 
40.45 (Angas Inlet), 33.1 to 39.88 (North 
Arm), 34.5 to 39.87 (Section Bank) and 34.21 
to 39.41 (Quarantine Station) (Fig. 6). Lower 
than average salinities were recorded in 
late 1987 (summer, North Arm), mid 1991 
(spring, King's Beach and North Arm) and at 
all sites in late 1992 (spring, particularly 
King's Beach) and were likely the result of 
major rainfall events. 

Relationships between biotic and 
environmental variables 

BIOENV correlation values were extreme- 

better than salinity, in a manner consistent 

ly low for both salinity and temperature 
40 - 
20 

considered separately in only 4 of the 10 

- 
Monacanthids considered separately, and both variables - combined, in all years (Table 6). Water tem- 

20 - with the biotic patterns, in all years except 

years, i.e. 1985, 1986, 1990 and 1994. 

0. * - perature appeared to group the samples 

10 

0 

DISCUSSION 

pooled across years, at King's Beach, North Arm and 
Quarantine Station (Table 5). 

than those resulting when each variable was 

-- 
<l . .. 

Environmental factors-water temperature and salinity 

- 
R. tapirina 1985 and 1994. The salinity + temperature 

.*l- - - .  combination produced correlations higher 

The highest temperatures were recorded at Angas 
Inlet (maximum 33.goC, summer 1985 and 1990) and 
the lowest at North Arm (minimum 10.6"C, winter 1993) 
(Fig. 5 ) .  North Arm also experienced the greatest range 

2 

....+.....*..... =-' 

Nearshore fish assemblage structure 
Fig. 2. Mean annual abundances (pool.ed across all sites) of the dominant 
teleosts of economlc ~mportance ,  1985 to 1994. Vertical axes are num- The Port River-Barker Inlet estuary sup- 
bers of individuals-note different scales. Error bars are standard error ports large abundances of nearshore fj,shes, 

Diversity is generally low (<l00 species, Ken- 
nish 1990) and the assemblage structure is dominated 
by relatively few species. Such patterns are typical of 
temperate estuaries and embayments, with the num- 
bers of families and taxa recorded comparable with 
those found in Australia (Bell et al. 1984, Loneragan et 
al. 1986, 1989, Loneragan & Potter 1990, Humphries et 
al. 1992, Potter et al. 1993, Potter & Hyndes 1994, 
Edgar & Shaw 1995a, Jenkins et al. 1997a) and else- 
where (Horn 1980, Haednch 1983, De Ben et al. 1990, 
Kennish 1990, Yoklavich et al. 1991, Tremain & Adams 
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- .  

Atherinids I 

500 Nesogobius sp.3 

0 A A A 
W - 

Inlet and North Arm. This is consistent 
with other temperate estuaries where the 
numbers of species decrease moving into 
the estuary (Horn & Allen 1985, Potter et 
al. 1986, Kennish 1990, Loneragan & 
Potter 1990). 

The role of estuaries in providing habi- 
tat for juveniles and adults of econom- 
ically valuable species is well accepted 
(Haedrich 1983, Bell et al. 1984, Kennish 
1990, Loneragan & Potter 1990, Potter et 
al. 1990). Here 67 % of all individuals 
caught were considered to be of eco- 
nomic value, supporting the findings of 
Jones et al. (1996). 

Life-history pattern (Lenanton & Potter 
1987) has been identified as an important 
factor determining species distribution 
and abundance in the Port River-Barker 
Inlet system (Jones et al. 1996) as else- 
where (Loneragan et al. 1989, Potter et al. 
1990, 1993, 1993, Yoklavich et  al. 1991). 
Although the estuary lacks the well- de- 
fined environmental gradients typical of 
other systems, species distribution 
patterns are, in terms of life-history, 
consistent with those of true estuaries (as 
defined by Day 1981). Lenanton & Potter 
(1987) categorised species that frequent 
estuaries as either estuary-dependents 
(confined to estuaries for their entire life- 
cycle), estuary-opportunists (enter estuar- 
ies as juveniles but the estuary is not es- 
sential to the species' long-term success) 
or marine stragglers (enter estuaries ir- 
regularly and generally in low numbers). 

Estuarine-opportunists dominate the 
Port River-Barker Inlet nearshore fish 
fauna, e.g. Aldrichetta forsteri, Sillagin- 
odes punctata, Hyporhamphus melano- 
chir, Pelates octolineatus, Portun us pela- 
gicus, Arripis georgiana, Arripis trutta- 
cea, Sillago schomburgkii and Rhombo- 
solea tapirina. Both marine stragglers, - - 

Fig. 3.  Mean annual abundances (pooled across all sites) of the dominant including 1 species of atherinid, Haletfa 
crustaceans and teleosts not of econonlic importance, 1985 to 1994. Vertical semifasciata, and Spratellojdes robus- 
axes are numbers of individuals-note different scales. Error bars are  

standard error tus, and estuarine-dependents, including 
Pseudaphritis urvillii, Arenigobius bifre- 
natus, Nesogobius sp. 3 and 1 species of 

1995). There was no sampling at night nor in deeper atherinid, were important contributors but to a lesser 
channel habitats and therefore the total number of spe- extent than estuarine-opportunists. Species identified 
cies recorded may be an underestimate. The numbers as discriminators between the sites were either marine 
of species recorded were greatest at the 'mid' and stragglers, i.e. Ovalipes australiensis, Platycephalus 
'outer' sites, i.e. Quarantine Station, King's Beach and speculator and Cristiceps australis (at Section Bank), 
Section Bank, and lower at the 'inner' sites, i.e. Angas estuarine-opportunists, i.e. R. tapirina and Penaeus 
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Table 5. ANOSIM2 results for tests on (a) the 10 'year' arrays Inlet, over 1 yr and concluded that either the former 
(differences between sites, pooled across months, and differ- had not been greatly affected or both waterways were 
ences between months, pooled acoss sites) and (b) the 4 'site' equally affected by human activity, In Western 
arrays (differences between years, pooled across months, and 
differences between months, pooled across years) ns: non- tralia, Loneragan & (lgg0) the 

significant probabilities at the 0.05 level influence of site (and month) to be greater than that of 

(a) 'Year' arrays 
Year Differences Differences 

between sites between months 

1985 0.14 ns 0.21 ns 
1986 0.0002 0.09 ns 
1987 0.003 0.68 ns 
1988 0.07 ns 0.005 
1989 0.03 0.56 ns 
1990 0.11 ns 0.39 ns 
1991 0.013 0.12 ns 
1992 0.002 0.45 ns 
1993 0.004 0.003 
1994 0.014 0.35 ns 

(b) 'Site' arrays 
Site Differences Differences 

between years between months 

King's Beach 0.07 ns 0 
North Arm 0.002 0.032 
Angas Inlet 0.009 0.17 ns 
Quarantine Station 0.55 ns 0.004 

year on assemblage structure in the Swan River and 
within the Peel-Harvey Estuary assemblages at the 
mouth site were significantly different from those of 
the inner sites of Peel Inlet and the Harvey Estuary 
(Loneragan et al. 1986). 

Temporal variation-influence of month and year. 
Evidence of community stability? 

Although change in ecological systems occurs at  all 
temporal scales, our consciousness of variation in the 
long term is generally less than that in the short term 
(Valiela 1987). Long-term variability may be subtle 
and easily masked by large year-to-year variation 
(Franklin 1987). Whether communities (assemblages) 
can ever be considered stable is largely dependent 
upon the temporal scale of any investigation (Connell 
& Sousa 1983, Wiens 1984, Giller & Gee 1986, Wiens et 
al. 1986). As Williamson (1987) notes, communities are 
dynamic under constantly changing conditions, and in 
the long term no community is stable with respect to 
evolutionary change. 

latisulcatus (at Quarantine Station), or estuarine- Our study offers the opportunity to consider the 
dependents, i.e. Hyporhamphus regularis (at Angas concepts of stability and temporal scale in relation to 
Inlet) and P. urvillii (at King's Beach). estuarine fish assemblages; the longer term, as used 

here, refers to periods greater than 3 yr (see Valiela 
1987). Although few researchers have had the benefit 

Spatial variation-influence of site of such data covering a decade or more, conclusions 

There are structural differences in 
the nearshore assemblages that corre- 
late well with distance into the estuary,. 
e.g. marine stragglers (Ovalipes aus- 
traliensis, Platycephalus speculator 
and Cristiceps a ustralis) were domi- 
nant at the 'outer' site (Section Bank) 
but absent or less significant at sites 
further into the estuary. Although 
assemblage structure varied between 
months and years (in terms of changes 
in abundance of certain species), 
differences between the sites were 
confirmed both within years and 
between years, broadly consistent with 
patterns detected over 19 mo by Jones 
et al. (1996). Connolly (1994) detected 
no difference between assemblages 

- KING'S BEACH 
ANGAS INLET 

- - W  NORTH ARM 
- QUARANTINE STATION 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 
JAN JAN JAN JAN JAN JAN JAN JAN JAN JAN 

from the 2 waterways comprising the 
estuary, i.e. the Port River and Barker Fig. 5. Monthly water temperatures at all sites, 1985 to 1994 
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42 in any year varies between species 
from 1 (e.g.  Arripis truttacea, Rhom- 

40 bosolea tapinna and monacanthids) to 
4 or 5 (Aldrichefta forsten) (Jones et al. 

38 1996). Analysis of individual species 
z size-distribution data would allow the 
P - -1 identification of different cohorts-no 
2 36 .- 
C discrimination between year-classes is .- - 
m 
v, 

included in our analysis-and their 
34 KING'S BEACH respective seasonal movements. Sub- ' - - . - - - ANGAS INLET sequent testing might then be expected --- NORTH ARM 
32 -. - .  QUARANTINE STATION to demonstrate month to be of greater 

-. . - SECTION BANK significance within any year. 

30 Annual variation in assemblage 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 structure is apparent over the 10 yr 
JAN JAN JAN JAN JAN JAN JAN JAN JAN JAN from the significant differences in the 

fish assemblages detected at all sites 
Fig 6. Monthly salinities at all sites, 1985 to 1994 except at Quarantine Station. Angas 

Inlet and North Arm are those most 
regarding 'stability in the long term' are frequently affected by the thermal effluent from Torrens Island 
to be found in the literature in relation to studies Power Station and seasonal variation in species com- 
conducted over only 1 or 2 yr (e.g. Livingston et al. position and abundance has been previously shown 
1976, Lasiak 1984). (Jones et al. 1996). Relative abundances, reflecting 

Despite short-term fluctuati.ons in the abundances of recruitment success, of individual dominant species in 
the species determined here to be dominant, assem- any year, and their importance at each site, may help 
blages may be considered to maintain some stability to explain variation in assemblage structure over the 
(as defined by Southward 1986), with the populations 10 yr (Livingston et al. 1976, Morin et al. 1985, Wright 
of the dominant species ('core' species of Southward 1988, De Ben et al. 1990, Potter et  al. 1997). 
1986, 'regular' species of Tyler 1971) fluctuating Overall, the results do not indicate any clear trends 
around different equilibria (Williamson 1987). As such, in species composition between 1985 and 1994. How- 
assemblage structure within the Port River-Barker ever, as previously noted, abundances of some species, 
Inlet estuary could be defined as relatively stable in particular, Spratteloides robustus, Hyporhamphus 
between seasons compared with between years. regularis, Arenigobius bifrenatus, Nesogobius sp. 3, 

Such stability, resulting in patterns of species abun- and Cristiceps australis, demonstrate greater inter- 
dance and distribution within estuaries being to some annual variability. The majority of the dominant 
extent predictable between seasons, has been identified species, which may be considered resilient and more 
as a feature of estuaries and similar habitats (Kennish stable in the longer term, are estuarine-opportunists, 
1990, Tremain & Adams 1995). Seasonal changes in 
species composition and abundance, reflecting both 
spawning events within the estuary and seasonal move- Table 6. BIOENV results indicating the influence 01 tempera- 

ments to and from the adjacent marine environment, ture and salinity. Values are the weighted Spearrnan rank 
correlation coefficients for each cornb~nation No test of 

be expected to significance is currently available, results only indicate the 
structure (Livingston et al. 1976, Yoklavich et al. 1990, nature and magnitude of any relationship 
Potter et  al. 1997). Spawning season and arrival time of 

is surprising given the seasonal immigrations and emi- 1989 0.105 -0.071 0.046 
grations of many species. It is suggested that the consis- 1990 0.164 0.035 0.185 0.185 0105 1 

larvae and juveniles 
importance in the Port River-Barker Inlet estuarv have 
previously been reported (Jones et al. 1990, 1996). That 
the ANOSIM2 results showed little significant influence 
of month at the year level, compared with the site level, 

Year Temp. only Sal. only Temp. + sal. Max. correlation 

1985 -0 046 -0 046 0.003 0.003 
0.019 -' Oo6 0.036 0.036 

1987 0.205 0.013 0.181 0.205 
1988 0.115 -0.082 0.080 0.115 

of age-classes contributing to the dominant populations 

~ - -. 

tent presence of many of the dominant species at some 
sites, in every month, in any year, masks the influence of 
any monthly immigrations and emigrations. The number 

Igg1 0,054 - O . l  l 0  - O . O 2 O  0.054 
1992 0.187 -0.156 0.064 0.187 
1993 -0.023 -0.100 -0.035 -0.023 
1994 0.006 -0.018 0.029 0.029 
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and to a lesser extent marine stragglers. Such species 
generally have wider distributions (compared with 
estuarine-dependent species) and may be considered 
as having 'open populations' (Giller & Gee 1986, 
Young 1995) with broader dispersal capabilities and 
are possibly less influenced by intrinsic factors wlthin 
the estuary. For example, both Arripis truttacea and 
Arripis georgiana spawn off the south coast of Western 
Australia and variation in recruitment, in South 
Australia, has been linked with oceanographic and 
climatic factors (Lenanton et al. 1991, G .  K. Jones 
unpubl, data).  In comparison, the more variable, 
mainly estuarine-dependent species are likely to be 
'closed populations' and thereby more directly influ- 
enced by natural and anthropogenic factors within the 
estuary. Factors controlling reproductive activity and 
recruitment success of many species inhabiting this 
estuary, including those of economic value, still remain 
to be investigated. 

Ecologists are often hesitant in utilising other 
sources of potentially valuable biological information 
(particularly from anecdotal sources, Rose 1997) which 
may provide useful background for such longer term 
studies. For example, information regarding changes 
to recreational catches in the Port River, a popular 
fishing destination for many South Australians, over 
last 40 to 50 yr suggests some interesting changes in 
the more abundant species. Bennett (1997) reported 
that Liza argentea (not determined to be a dominant 
species in our study) was the main species caught in 
the 1930-1940s but had declined in abundance by the 
early 1960s, apparently to be replaced by Acanthopa- 
grus butcheri (also not dominant here).  Large catches 
of Pseudaphritis urvillii (one of the dominant species in 
our study) and Scomber australasicus (not recorded in 
our study) were also more prevalent in the past. 

Influence of environmental factors 

Water temperature and salinity were not the princi- 
pal determinants of patterns in nearshore species 
composition and abundance in this study. Connolly 
(1994) avoided sampling the thermally affected areas 
and concluded distance from open water to be the only 
environmental factor of importance in matching pat- 
terns in the Port River-Barker Inlet fish assemblages. 
Jones et al. (1996) proposed that water temperature, as 
a function of distance from the source of thermal 
effluent from Torrens Island Power Station, directly 
influenced species distribution and abundance in 
seasonally different ways. 

Water temperature and salinity have been consid- 
ered the most influential physico-chemical factors 
determining the distribution and abundance of estuar- 

ine fish faunas (Haedrich 1983, Kennish 1990) and 
consequently strong correlations between these 
factors and species data would be expected (Allen 
1982, Horn & Allen 1985, Potter et  al. 1986, Loneragan 
et al. 1987, De Ben et al. 1990). The Port River-Barker 
Inlet system is not an  estuary sensu stricto, freshwater 
inputs are minimal and highly variable, and tempera- 
ture and salinity gradients are less well defined, 
suggesting the area is a marine embayment rather 
than an  estuary. That species diversity decreases 
moving away from the mouth is confounding in the 
apparent absence of such environmental gradients. 
Fish faunas of other estuaries demonstrate an  influ- 
ence of environmental factors more in keeping with 
the typical estuarine model (Bell et al. 1984, Loneragan 
et al. 1986, 1987, De Ben et al. 1990, Loneragan & 

Potter 1990, Potter & Hyndes 1994) while previous 
studies of marine embayments (Wright 1988, 
Yoklavich et al. 1991) have identified patterns similar 
to those found in the Port River-Barker Inlet estuary. 

Factors not quantified in this study, including habitat 
structure (e.g. vegetation and substrate type), depth,  
degree of wave exposure, distance from open water, 
turbidity, nutrient levels and heavy metal concentra- 
tions, may allow a more thorough explanation of 
patterns in species distribution and abundance (Edgar 
& Shacv 199513, Jenkins & Sutherland 1997, Jenkins et  
al. 1997). Local commercial fishers had suggested that 
1991 and 1992 were good recruitment years for blue 
crabs Portunus pelagicus and western king prawns 
Penaeus latisulcatus in Gulf St Vincent and speculated 
that heavy winter rains, resulting in increased turbidity 
levels in inshore habitats across the gulf, had reduced 
predation on these species (M. Kangas pers, comm.). 
Although this remains to be investigated, salinities 
reported here support the higher rainfall in 1991 and 
1992, and a peak in abundance of P. pelagicus was 
recorded in 1991. 

Connolly (1994) caught more species at  seagrass sites 
on all occasions in the Port River-Barker Inlet while 
Jones et  al. (1996) postulated that the disappearance of 
seagrass, possibly due  to thermal pollution, has resulted 
in reduced densities of some species at  the most affected 
sites. In Western Port, Victoria, although Edgar & Shaw 
(1995a) reported greater numbers of Aldrichetta 
forsteri collected from seagrass sites (compared with 
unvegetated habitats), commercial catches actually 
increased following a period of seagrass dieback (Mac- 
Donald 1992). In the Port River-Barker Inlet, A.  forsteri 
was more abundant at the most thermally affected site 
(Angas Inlet) where seagrass was absent. 

The increased presence of Ulva australis within the 
system (Connolly 1986), linked to nutrient enrichment 
from sewage effluent, particularly affects the North 
Arm and I n g ' s  Beach sites. Both of these sites demon- 
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strated significant annual variation in assemblage 
structure between 1985 and 1994. Changes in the 
abundance of some species, e.g. Aldrichetta forsten 
and monacanthids, may be linked with nutrient- Ulva 
australis levels, although our data suggest a complex 
explanation; the latter have dramatically increased in 
abundance in recent years while the former have 
declined across all sites. Increased abundance of A. 
forsteri has been linked to nutrient enrichment in the 
Peel-Harvey estuary, Western Australia, and attrib- 
uted to increased food availability and protection from 
avian predation (Lenanton et al. 1984). 

Few published data exist regarding the quantity or 
quality of 'freshwater' inflows to the Port River-Baker 
Inlet system; however, several creeks and major storm- 
water drains have historically provided highly variable 
inputs. Wetlands that receive input from stormwater 
drains have recently been constructed to the northeast, 
east, southeast and south of Barker Inlet and such 
developments will modify the hydrology of Barker 
Inlet. Estuarine-dependent species, requiring a more 
truly estuarine environment, could experience some 
decline in abundance in the future, as the estuary 
becomes even more of a marine embayment. Monitor- 
ing of the abundances of these species in particular, 
using this study as a baseline, would allow the effects 
of any development on the estuarine environment to 
be identified. 

CONCLUSIONS 

Long-term studies are unusual in science (Taylor 
1987), particularly in the marine environment. This is 
due in part to the greater resources such studies 
require and the conflict between the objectives of 
scientists and short-term pressures facing resource 
managers (McAninch & Strayer 1987). However, most 
key ecological concepts need long-term data to pro- 
vide a context against which meaningful hypotheses 
may be formulated and tested (Franklin 1987). 

This study provides some evidence of stability 
in nearshore fish assemblage structure despite the 
between-year abundance of some species varying by 
1 or 2 orders of magnitude. It is suggested that a major 
environmental perturbation, such as the recent Barker 
Inlet wetlands development, may be required to bring 
about any significant change in the structure of these 
fish assemblages. Patterns such as those identified in 
this study cannot be demonstrated by many studies of 
estuarine fishes, the majority of which are less than 
3 yr in duration. Such short-term studies, conducted in 
ltLls estuary at any period within the term of our study, 
would have provided a briefer 'snapshot', and may 
have resulted in quite different conclusions being 

drawn regarding the variability of certain species and 
thereby overall assemblage structure. 

The data gathered between 1985 and 1994 represent 
an important baseline against which future research, 
monitoring and specific hypothesis testing may be 
conducted. Continued sampling, but focussed at 1 or 2 
sites only, and over a period within the year when 
'indicator' species would be expected to be abundant, 
may allow the sampling effort to be reduced, whilst 
still providing important information regarding the 
status of the Port River-Barker Inlet's nearshore fishes. 
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