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EXECUTIVE SUMMARY 

Changes in benthic community structure in Port Curtis were examined from quantitative (0.1m2
) grab 

samples collected at 30 stations on 12 sampling periods between 1995 and 2001. The total fauna 
collected included 35421 individuals and 409 species, of\\hich nearly 90% are apparently undescribed. 
Filter-feeding organisms dominated the bedforms at the survey locations and accounted for more than 
50% of the abundance and 30% of the species richness. The small bivalve mollusc Carditella torresi 
was the most common organism collected, and represented more than 14% of the total number of 
individuals. Most other organisms were rare by comparison, and 98% of species individually accounted 
for less than 2% of the total abundance. 

Temporal and spatial differences in community structure between stations were determined using a 
combination of Bray-Curtis dissimilarity indices, non-metric multidimensional scaling and analysis of 
variance techniques. Ordinations of species abundance data revealed strong ecological gradients 
principally driven by depth and sediment structure. Depth related differences in benthos were most 
pronounced between the subtidal and intertidal zones, and species abundance and richness were both 
significantly lower in the intertidal. Species abundance and richness were also found to be significantly 
lower in sediments that were either too coarse or too fme. 

Seasonal and interannual differences in species richness and abundance were significant, and both 
parameters displayed similar long-term trends. Over the course of this study mean species richness and 
abundance progressively declined and subsequently recovered by approximately 72%. Similar 
temporal trends were also evident for all common dietary groups (filter feeders, deposit feeders, 
scavengers and predators), and it appears that drivers underpinning observed changes have a consistent 
influence at most trophic levels. 

Explanations for long-term trends in abundance and richness were detennined through correlation 
analyses with key environmental ,-ariables. Both species richness and abundance were found to be 
highly correlated with turbidity measurements observed 4 months previously (r >0.8, p<O.Ol). This 
remarkable finding suggests that high levels of turbidity promote recruitment and growth of benthic 
organisms in Port Curtis. Strong correlations between regional rainfall, freshwater inflow, nutrient and 
chlorophyll a concentrations, add further support to the hypothesis that recent changes in benthic 
productivity within the estuary are principally the result of long-term climatic cycles including El Niiio 
events. 

INTRODUCTION 

Port Curtis is a shallow, semi-enclosed estuarine system situated on the central coast of Queensland 
approximately 500 kilometres north of the state capital Brisbane. Bounded by two large offshore 
islands (Curtis Island and Facing Island), the waters of Port Curtis form a narrow coastal embayment 
approximately 200 km2 in area. Freshwater flows are seasonally significant, and two major rivers 
(Boyne and Calliope) and numerous creeks discharge into the port. Strong tidal currents and a 5m tidal 
range also have major influences on the area's marine and intertidal ecosystems. The area supports a 
wide range of marine habitats including mangroves, seagrass beds, salt-marshes, coral reefs, and 
extensive mudflats and subtidal soft-sediments. 

Many of the regions coastal environments are considered significant in terms of conservation value. 
The Great Barrier Reef World Heritage Area commences at the low water mark on the mainland side of 
the Narrows and includes Curtis Island, while the offshore areas east of Curtis Island are included 
within the Mackay/Capricorn Section of the Great Barrier Reef Marine Park (GBRMPA, 1998). Areas 
in and around Port Curtis also pro\ide important feeding grounds for the endangered species Dugong 
dugon and have been declared part of the Rodd's Bay Dugong Sanctuary (GBRMPA, 1999). 

Industrial growth in the Port Curtis hinterland over the last 40 years has resulted in the development of 
several foreshore manufacturing, processing and bulk handling facilities. These include major alumina 
and aluminium processing plants, a coal-ftred power station, a cement works, several chemical 
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refmeries, and an extensive network of shipping wharves and storage facilities. The Port of Gladstone 
is now Queensland' s largest multi-cargo port and the fifth largest port in Australia, handling more than 
50 million tonnes of cargo each year. Other significant industries within the region include mining, 
agriculture, fishing and tourism. 

As the population and industries of the Port Curtis region continue to grow, so too does the potential 
for environmental degradation. Considerable visible changes to the coastline of Port Curtis haYe 
occurred in recent times, with over 650 hectares of mangroves and 990 hectares of salt-marsh being 
lost due to reclamation or environmental stress since the 1940's (QDEH, 1994). Concomitant changes 
to water quality and many subtidal marine habitats are largely undetermined due to a lack of 
quantitative, historical data. 

For several decades now, researchers have used measures of change in benthic marine communities to 
identify and monitor man-made impacts on the sea (Poore and Kudenov, 1978; Gray and Christie, 
1983; Warwick, 1993). The utility of the technique stems largely from the fact that benthic organisms 
are relatiyely non-mobile and tend to integrate effects of pollutants over time. Additionally, benthic 
organisms are comparatively easy to sample and enumerate to species level. In Port Curtis, several 
studies have also adopted macrobenthic sampling to assess the extent and persistence of man-made 
impacts. These include applications in the assessments of maintenance dredging at the Clinton Coal 
wharf, dredge spoil dumping in the outer harbour, land reclamation at Auckland Point and foreshore 
developments near Fisherman's Landing (WBM, 1991; WBM 1993a; WBM., 1996; SKM, 1999). 
Unfortunately, all of these surveys have only measured short-term change in macrobenthos (< 18 
months duration) over limited geographical areas. 

In 1993. the Gladstone Port Authority (GPA) commissioned the consultants WBM Oceanics to design 
a long-term macrobenthic monitoring programme for Port Curtis. The aims of this study were to 
quantitatively assess whether current or future anthropogenic activities significantly impact fauna and 
the Port Curtis ecosystem (WBM, 1993b cited in Small et al., 2001). To achieve these aims GPA 
established 16 sampling stations within the confines of Port Curtis during 1995. A further 14 stations 
were established by Southern Pacific Petroleum (SPP) between November 1995 and November 2000. 
Ten benthic grab samples have been taken from each of the 30 Port Curtis stations on an annual basis 
(during November) since their establishment. Additional sampling at the 16 GP A stations during April 
each year has resulted in a total complement of 460 grab samples being collected from Port Curtis in 
most recent calendar years. 

The bedforms of Port Curtis now represent one of the most intensively sun·eyed areas of soft-sediment 
in Australian waters. With more than 2600 benthic grab samples processed to date, the benthic 
sampling effort applied in Port Curtis now far surpasses that level of sampling applied in water bodies 
adjacent to major metropolitan centres including Port Phillip Bay on Melbourne's foreshore (-1500 
grabs: Poore et al., 1975; Poore and Raint:r, 1979; Coleman, 1993; Currie and Pa."!), 1996; Wilson et 
al., 1998; Currie and Party, 1999). Despite the wealth of available benthic data for Port Curtis, no 
attempt has yet been made to examine the environmental significance of any underlying temporal and 
spatial trends. This paper therefore examines a recent chronology of macrofauna! community structure 
in Port Curtis, and specifically considers observed differences in relation to physical, climatic and 
anthropogenic factors. 

MATERIALS AND METHODS 

Grab sampling 
Changes in the distribution and abundance of infauna at 30 stations in Port Curtis (Figure 1) were 
determined from van Veen grab samples collected on 12 sampling periods between 1995 and 2001. To 
avoid the possible confounding influence of large rainfall events on benthic species composition, all 
sampling was conducted over a 2-3 week period in April (post-wet season) and November (pre-wet 
season) of each year (ie NoY 95, Stations 1-20; Apr 96, Stations 1-20; Nov 97, Stations 1-20; Apr 97, 
Stations 1-24; Nov 97, Stations 1-24; Apr 98, Stations 1-24; Nov 98, Stations 1-24; Apr 99, Stations 1-
24; Nov 99, Stations 1-24; Apr 00, Stations 1-16; Nov 00, Stations 1-30; Apr 01, Stations 1-16). A 
total of 10 replicate 0.1m2 grabs were collected at each station and sampling period, and a 100g sub­
sample removed from each for sediment grain size analysis. The remaining sample was sieved on a 
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lmm mesh, and the fauna retained, sorted, identified and enumerated to the highest taxonomic level 
(generally species). Due to apparent inconsistencies in the discrimination and counting of live 
gastropod molluscs, this taxonomic group was omitted from all subsequent analyses. 

Sediment structure 
Particle size analysis was conducted on sediments from each sampling station to determine the strength 
of associations between macrobenthic faunal assemblages and the nature of the sediments surrounding 
them. A lOOg sub-sample of sediment from each grab was air-dried and ground with a mortar and 
pestle to retain discrete particles. The sample was then weighed and sieved through an agitated stack of 
Endecott test sieYes with apertures of 2mm, lmm, 500).Ull, 250J.!m, 125Jlm and 631JID. After dry sieving 
the sediment fractions remaining on the sieves were wet with sodium hexa-meta-phosphate dispersing 
solution, and the resultant slurry hand washed through the sieve stack until the wash water was clear. 
The residual material was then air-dried at 40°C until a constant mass v.as reached. The mass of each 
fraction was subsequently expressed as a percentage of the total sample mass. 

Statistical analysis 
Spatial and inter-annual differences between benthic communities at the 30 Port Curtis stations were 
examined using Bray-Curtis (B-C) dissimilarity measures (Bray and Curtis, 1957). The B-C 
dissimilarity measure is given by the following relationship: 

±lniJ-nikl 
1•1 

where n!i = the number of the ith species in the jth sample, nu. = the number of the itb species in the kth 
sample and Ojk = dissimilarity between the jth and kth samples swnmed over all .s species. This 
dissimilarity measure was chosen because it is not affected by joint absences, it gives more weighting 
to abundant than rare species, and it has consistently performed well in preserving 'ecological distance' 
in a variety of simulations on different types of data (Field et al., 1982; Faith eta/., 1987). 

The number of individuals of each species at each station and sampling period was summed prior to all 
community analysis. Double square root (N! ') transformations were also applied to the data before 
calculating B-C dissimilarity measures. These transformations were made to prevent abundant species 
from influencing the B-C dissimilarity measures excessively (Clarke and Green, 1988; Clarke, 1993). 
Multidimensional scaling (MDS) ordination was subsequently used to map spatial and temporal 
relationships in the B-C dissimilarities for all 30 stations and 12 sampling periods. The computer 
package PRIMER (Clarke and Gorley, 2001) was employed for all non-metric ordinations in this study. 
The final configurations presented were the best solutions (ie. exhibited the lowest 'stress' values, or 
least distortion) from a minimum of 100 random starts. Species which contributed most to differences 
between groups identified in MDS plots were determined using the SIMPER routine in PRIMER. 

The statistical significance of spatial and temporal differences in infaunal species abundance and 
richness was further examined using two-way fixed factor analysis of variance (ANOVA). Prior to 
these analyses, homogeneity of variance was examined using Cochran's test and heterogeneity 
removed where necessary with a double square root transformation. This transformation was used 
rather than a Log (N+x) transformation as it was consistent with the transformation used in the MDS 
plots, it ayoided the need for an arbitrary selection of x, and because the results of analyses using log 
(N=x) and double square root transformations are rarely distinguishable (Field et al., 1982; Clarke and 
Green, 1988). 

Power analyses were tmdertaken to determine the statistical power associated "'ith each tests performed 
on the macro benthic dataset. For the purposes of these analyses, the probability of committing a Type I 
error was set at 10% (a= 0.1) to reduce Type ll error. 

Environmental parameters 
While there is increasing evidence that global atmospheric changes have a profound influence on the 
abundance and distribution of many marine organisms including plankton, pelagic fish and cetaceans 
(Shane, 1995; Fromentin and Planque, 1996; Grover et al., 2002), the effects of global climatic change 
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on marine benthic assemblages remain largely unknown. This situation is principally due to a paucity 
of long-term benthic data sets that span completely, recurrent, atmospheric cycles of known dW'ation 
(eg El Nifio events; 5-8 years). The Port Curtis dataset is arguably the most comprehensive long-tenn 
benthic dataset in Australia, and offers an unprecedented opportunity to investigate the direct and 
indirect effect of climate change on benthic communities. To this end, seasonal changes in the mean 
abundance and diversity of benthic organisms in Port Curtis were examined in relation to temporal 
changes in a range of global and local environmental parameters. These included measW'es of the 
Southern Oscillation Index (SOl), rainfall and freshwater flows in the Port CW'tis catchment, and 
ambient measures of turbidity, chlorophyll a and dissolved reactive phosphate. Pearson correlation 
coefficients were used to examine the strength of association between the monthly means of all 
Yariables, and additionally to determine the presence of any delayed effects ( 4 months lag) on benthic 
abundance and diversity. 

Environmental data for these analyses were obtained from a variety of state, federal and statutory 
government sources. Values for the Southern Oscillation Index (SOl), which represent monthly 
differences in air pressure between Tahiti and Darwin, were provided by the Commonwealth Bureau of 
Meteorology. Local mean monthl) rainfall (mm) and freshwater flows (ML) were determined from 
daily measures recorded at the Department of Natural Resources and Mines ' monitoring station on the 
Calliope Ri\"er at Castlehope (approximately 15km upstream from Port Curtis). Monthly mean 
turbidity measurements (NTU) were derived from continuous logs ( 10 minute intervals) on a 
nephelometer unit deployed by the Gladstone Port Authority at Wiggins Island near the mouth of the 
Calliope River. This location \\'35 also proximal to the site for monthly measW"ements of surface 
chlorophyll a concentration by the Queensland Environmental Protection Agency. Finally, mean 
monthly phosphate concentrations were obtained from a continuous seawater analyser (Greenspan 
Aqualab, 6 hour intervals) recently established by the Gladstone Port Authority at Clinton Wharf. 

RESULTS 

General observations 
A total 409 species and 35421 individuals were found in the 2640 grab samples collected between 
November 1995 and April 2001. Of these species, nearly 90% (366) are apparently undescribed. 
Polychaetes, molluscs and crustaceans together accounted for more than 86% of the individuals and 
83% of all species collected. Other less common taxa encountered included echinoderms, chordates, 
cnidarians, sipunculids, pycgnogonids, nematodes, nemerteans and platyhelminths (Tables lA-B). 

Filter feeding organisms dominated the infaunal communities in Port Curtis, and accounted for more 
than 50% of the total abundance and nearly 30% of the total species richness (Tables lA-B). Deposit 
feeding organisms were also common, and represented more than 25% of the total abundance. ·me 
same group was also the most diverse, and accounted for nearly 35% of the total species compliment. 
Other trophic groups including predators, scavengers, grazers and parasites, were rarely encountered. 
Collectively these feeding groups represented less than 20% of the total number of individuals, and less 
than 35% of the total species diversity. 

The bivalve mollusc Carditella torresi was the most abundant species found during the study. This 
small (<5mm), filter feeding organism represented more than 14% of the total infaunal abundance, and 
was principally found at subtidal sampling stations. Few other species could be considered numerically 
dominant within the port. The ascidian Ascidia sydneiensis was the second most common species 
overall, but accounted for less than 4% of the combined abundance. A further eight species (including 
the bivalves Corbula tunicata, Mimach/amys gloriosa, Leionuculana superba, Mactra abbreviata, 
Placamen tiara, the ascidian Ascidiacea sp. 5, the polychaete worm Eunice vittata and the caridean 
shrimp Alpheus sp. ) were represented in 2-3% of the total. Howeyer, the majority of organisms (98% 
of species) were collected infrequently, and individually contributed less than 2% to the total 
abundance. 

Macrobenthic community analyses 
The MDS ordination (Figure 2A) maps spatial and temporal changes in benthic community structure at 
the 30 stations sampled between November 1995 and April 2001. The stress coefficient of 0.25 
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indicates that the ordination is not unduly distorted (Clarke, 1993), and a fair representation of the input 
dissimilarities in 2 dimensions. 

Because each sampling station has been assigned a separate symbol in Figure 2A, the relative locations 
and scatter of each S)mbol group represents the degree by which the community structure at each 
station differs, and furthermore how it has changed between seasons and years. Unfortunately there is 
considerable overlap in the spread of station symbols in this ordination, and few clear patterns are 
readily apparent. When station depths are superimposed on the same ordination, a distinct site pattern 
is evident (Figure 2B). Symbols for stations sampled in the intertidal zone of the port (stations 21, 22, 
23, 24) form a discrete and cohesive grouping in this ordination, and plot towards the upper right of the 
page. In contrast, symbols classifying stations located in 0-5m and 5-lOm depth zones largely 
intergrade and plot though much of the central region of the ordination. 

While depth appears to haYe a profound influence on the community structure of macrobenthic fauna 
within Port Curtis, sediment structure also plays an important role in modifYing ecological gradients in 
the waterway. This latter observation is readily demonstrated when the percentage of fine mud found 
at each station and sampling period is superimposed on the MDS ordination of benthic community 
structure (Figure 2C). In the ordination, stations located in the muddiest environments (76-100% silt) 
plot to\\ards the lower right of the page, while less muddy stations progressively plot towards the upper 
left of the page. Remarkably this pattern is preserved in stations situated in both intertidal and subtidal 
habitats. 

Bubble-plots of species richness, abundance and diversity superimp~sed on the MDS ordination 
(Figure 3A-D) provide compelling visual explanations for apparent spatial differences in community 
composition with depth and sediment structure. In these plots the diameter of the circle represents the 
magnitude of the variable on a monotonic scale, and high concentrations of larger circles infer regional 
elevations in that variable. By comparing Figure 3B with Figures 2B, 2C. and 3A, it is evident that 
most species on average are found in subtidal rather than intertidal environments. It is also clear from 
the same comparisons that species richness within the port is greatest in environments that are neither 
too silty nor too sand). Similar distributional patterns are also evident in infaunal abundances (Figure 
3C), with most organisms being recorded from moderately silty (26-75% silt), subtidal locations. 

While measures of species richness and abundance are highly correlated (r =0.61 , p<O.Ol), obsen-ed 
trends for these parameters do not translate to similar patterns in diversity. Measures of Shannon­
Wiener di\·ersity (H') (Figure 3D) are broad!) similar across most sampling stations/periods (J.I.H'= 
2.54 ± 0.03), and there is no tendency for this parameter to either increase or decrease with sampling 
depth or sediment structure. On closer examination, it is clear that this result is principally due to 
consistently high evenness values at most sampling stations/periods (J.I.J' = 0.79 ± 0.01). In other 
words, there is little species dominance, and individuals are uniformly distributed between species at 
each sampling station and period. 

Species contributions to group differences 
Species making major contributions to differences in community structure between the intertidal and 
subtidal regions were identified by calculating relative contributions to the overall average dissimilarity 
value (87.64; Appendix I). Remarkably, most organisms principally accounting for observed 
assemblage differences were bivalve molluscs. Carditella torresi, Bivalve #30, Mactra abbreviata, 
Placamen tiara, Azorinus sp. 2, Leionuculana superba, Corbula tunicate and Tellina sp. 7, collectively 
accounted for more than 16% of the average dissimilarity. These species were not necessarily 
abundant, by and large, but exhibited disproportionate population sizes between the intertidal and 
subtidal zones. 

Despite regional differences in abundance, few bivalve species could be regarded as characteristic of 
either the intertidal or subtidal zone. No one organism, for example, contributed 3% or more to the 
overall average dissimilarly, and it appears that much of the observed difference between the intertidal 
and subtidal is due to the presence or absence of suites of generally uncommon species. A total of 402 
species were encountered at subtidal locations and 143 species found in the intertidal. Of these species, 
136 were found in both the intertidal and subtidal zones, 226 were exclusively found in the subtidal, 
and further 7 species were restricted to the intertidal. 
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Temporal trends in community structure 
While the ordination plot presented in Figure 2A shows variation in benthos at all stations over the 
duration of the study, it does not readily demonstrate the level of change in community structure 
evident at each sampling station with time. To better illustrate temporal shifts in species composition at 
all 30 stations, the locations of individual stations and sampling periods have been highlighted on a 
series of individual plots (Figure 4A-B). In these plots the lengths of the lines connecting the larger 
circles (individual stations) indicate the magnitude of change in infaunal community structure between 
successive samplings ie short lines indicate little temporal change while longer lines reflect large 
temporal change. Additionally, the scatter of S)mbols in these plots provides a measure of the relative 
variation in community structure at each station, with tighter groupings of circles indicating greater 
temporal stability in species composition and abundance. 

As the lengths of the lines connecting successive samplings vary both at, and between, indiYidual 
stations, it appears that temporal influences on community structure are inconsistent. Station 1 0 for 
example shows 3 equal and moderately-sized shifts in composition during the first 4 samplings 
(November 95, April 96, November 97 and April 97). Station 14, by comparison, displays 3 
progressively smaller changes in composition over the same period, while station 9 displays the 
opposite. There is also little uniformity in the direction of change between samplings, and no general 
tendency for the most recent sampling locations in each plot to converge. Indeed the location of the 
fmal sampling in several stations (1 , 14, 17) is Yery much removed from the original configuration. At 
other sampling stations (9, 10, 16, 19, 20, 22, 23) there is a tendency for the most recent sampling 
location to be proximal to the position of the earliest sampling. In this latter group of stations the 
composition of organisms very closely resembles that initially described. 

In general, most stations display tight and relatively cohesive ordination groupings, indicating that 
there has been little overall change in the composition of organisms at their locations over the course of 
this study (Figure 4A-B). Five stations (1, 2, 7, 23, 24) do, however, exhibit considerable temporal 
scatter and highlight major shifts in community structure at these locations. The large change at station 
I can be readily explained by the relocation of the initial sampling site during Aprill998 to a position 
400m offshore. This relocation is a unique characteristic of the dataset, and was undertaken to 
accommodate land reclamation and wharf developments at the original sampling site. In the ordination 
of station 1 (Figure 4A) the relocation coincides with a marked shift (to the left) in the positions of 
stations sampled after the 5th successive sampling (November 1997), and underpins community 
differences associated with a change in sampling from inshore silts to offshore sands and gravel. 

Explanations for the large temporal changes in community structure at four other stations identified 
above are much more ambiguous. Stations 2 and 7 are located on moderately steep-shelving banks 
with variable sediment structures, and it is plausible that apparent temporal differences for these 
stations more accurately reflect small-scale spatial heterogeneity in sediment type. Additionally, both 
of these stations are located directly adjacent to major shipping channels, and may be subject to the 
direct and indirect effects of shipping traffic as well as the periodic effects of capital and maintenance 
dredging activities. Stations 23 and 24, by comparison, are located on large intertidal mudflats, several 
kilometres distant from any shipping channel. Both stations, nevertheless, undergo pronounced and 
pulsed changes in community structure during the 4th sampling period (November 1998). Because at 
this time the community structure for these stations more closely resembles that of a subtidal 
community (plotted on the MDS's towards the foot of the page), it is speculated that grab samples 
taken for these locations on this date were in fact collected from below the lowest astronomical tide. 
Shallow, subtidal drainage channels spread over much of intertidal zone at this location, and it is 
thought that inadvertent and coincidental sampling within such channels represents the most likely 
explanation for observed changes in community structure at these sites. 

A further series of MDS ordinations were constructed to investigate the collective nature of temporal 
trends in community structure across the port (Figure SA-C). In these analyses, onJy data for stations 1-
16 could be considered; stations 17-30 were sampled irregularly over time and there inclusion would 
have resulted in an unbalanced design and biased estimates of both species abundance and diversity. 
As in the previous ordinations the lengths of the lines joining successive sampling periods provide a 
measure of dissimilarity. In the base ordination (Figure SA) these lines become progressively longer 
during successive sampling periods up to April 1998, and the temporal trajectory tracks to the right 
hand side of the ordination. At this juncture, the community structure is most removed from its initial 
composition in November 1995. The high dissimilarity is maintained over the following three 
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samplings, but by April 2000 there is evidence that the community structure is moving back to its 
initial composition. By November 2000, the community composition more closely resembles that 
originally described, but still remains distinct and plots to\\ards the top of the ordination. The 
dissimilarity from the initial composition is, however, once again increased over the following 
sampling period, \\ith April2001 plotting at the apex of the ordination. 

The principal dri\·ers responsible for observed temporal movements in the pooled MDS ordination are 
readily determined from bubble plots of species richness and abundance (Figures 5B and 5C 
respectively). As previously described the diameter of the circle in these plots represent the magnitude 
of the variable, however, for additional clarity the summed counts for each variable are also given. In 
the plot of species richness there is a distinct trend of declining species numbers along a theoretical axis 
running between the upper left and lower right-hand comer of the ordination. A similar gradient is 
also eYident in the plot of species abundance. Collectively these plots show that species richness and 
abundance within the inner harbour declined by more than half during the 2.5 year period to April 
1998, but subsequently recovered to similar numbers over the ensuing 2.5 year period. Additionally, 
they indicate that despite apparent recruitment successes quite different suites of species survive in the 
port over the longer term. This is best evidenced by the degree of separation on the ordination of the 
November 1995 and November 2000 samplings. Both of these sampling periods have similar counts of 
species (and individuals) but share fewer than half of their combined species richness ( 131/280). 

Two-way ANOV As on temporal and spatial differences 
The effects of sampling date and location on benthic species abundance are summarised in Table 2A. 
As the table shows significant (p<O.OOl) date, station and interaction terms (date*station), post-hoc 
multiple comparison tests were conducted for each main effect, and a series of marginal mean plots 
constructed to examine the interaction. The post-hoc Student-Newman-Keuls (SNK) test for 
differences in abundance between stations (Table 2B) shows that abundance was significantly lower 
during both April1998 and April1999, than at all other sampling periods. The table also confirms that 
more individuals were collected, on average, during November 1995 than at any other period during 
the study. There is little evidence in this table of any distinct seasonal patterns in species abundance 
with samples collected in April (post-wet) intergrading with those of November (pre-wet) oyer the 
duration of the study. A post-hoc SNK test also shows that mean abundances are significantly lower at 
most intertidal and several shallow subtidal stations (17, 18, 21, 22, 23; Table 2C). Additionally, it 
indicates that abundances are significantl> greater at station 12, 27 and 30, than at all other stations 
sampled. Despite such station differences, no longshore patterns in abundance are evident within the 
port, and there is no tendency for the number of individuals to change incrementally towards the 
northern or southern reaches of the inner harbour. Few patterns are also evident in the direction and 
magnitude of change in abundance between stations over time (Figures 6A-B). Although species 
abundances were generally lower midway through the term of the sampling project at most stations, 
seasonal changes for individual stations were frequently unparalleled, and undoubtedly contributed to 
the significant interaction term detailed in the ANOV A table (Table 2A). 

Results of a two-way ANOV A to assess differences in species richness between sampling dates and 
stations are presented in Table 3A. This table shows that there were significant differences (p<0.001) in 
species richness between sampling dates and stations and, additionally, a significant (p<0.001) 
date*station interaction. Like species abundance, the post-hoc SNK test for richness shows that this 
variable was significantly lower during April 1998 and April 1999, and significantly higher during 
November 1995 (Table 3B). It is noteworthy that the rank ordering of station dates in this table follows 
precisely that described for abundance (Table 2B). This relationship further validates the high degree 
of dependence between the number of species and individuals within the port, but also suggests that 
external seasonal and/or inter-annual influences elicit broadly similar responses in the population 
structures of most species. The multiple comparison test for station related differences in richness 
(Table 3C) also follows closely that for species abundance. It confirms that richness is significantly 
lower at all intertidal and one shallow subtidal station (17, 21, 22, 23, 24), furthermore it shows that 
richness is significantly highest at station 27 (in the Narrows). Plots of changes in individual station 
richness, once again, closely mirror those for abundance and generally display reduced numbers of 
species around the midpoint of the sampling project (Figures 7 A-B). No two stations, however, follow 
the same seasonal trajectory for species richness, and therein largely explain the presence of a 
significant station*date interaction term in the ANOVA table (Table 3A). 
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While differences are apparent between stations in the direction and magnitude of seasonal changes in 
both species richness and abundance, stations collectively exhibit unequivocal longer-term trends 
within the port (Figure 8). These are expressed as gradual declines in the number of organisms and 
species within the harbour from November 1995 to April 1998, and rapid increases in the same 
parameters from November 1999 to November 2000. These trend lines quite literally display the pulse 
of the port over a five year period, and indicate that overall species numbers and abundances have 
declined and subsequently recovered by approximately 72%. Remarkably, these same temporal trends 
in abundance and richness are maintained in the four most common dietary groups (suspension feeders, 
deposit feeders, scayengers and predators) (Figures 9A-B). It would therefore appear that the factors 
underpinning such changes have a consistent influence on most species, regardless of inherent 
differences in functional ecology. 

Environmental influences 
SOl values during the course of this study were initially positive, but became strongly negative through 
most of 1997 and early 1998. The index subsequently returned to a positive value in mid 1998, and 
remained largely positive through to the end of the study in April 2001 (Figure lOA). Sustained 
negative values of the SOl are generally indicative of El Nifio weather episodes, and are typically 
expressed by decreases in the strength of Pacific trade winds and reductions in rainfall over north­
eastern Australia (Commonwealth Bureau of Meteorology, pers com.). Positive values of the SOl, 
conversely, result in increased trade wind strength, and higher than average levels of precipitation 
throughout north-eastern Australia. While the SOl was not directly correlated with local monthly 
rainfall (Table 4A), it appears that general trends for rainfall in the Port Curtis catchment were broadly 
consistent with predicted changes in rainfall for the continent. This is demonstrated in a plot of monthly 
rainfall totals at Castlehope (Figure lOB), which shows that rainfall was markedly lower during the 
strong El Niiio episode of 1997/1998, than at any other time during the study. 

Because of variations in the intensity and duration of rainfall, and the porosity of catchment soils, 
freshwater run-off in creeks and rivers is not alvvays directly correlated with the volume of 
precipitation. There was, however, a highly significant relationship between regional rainfall and the 
volume of freshwater entering Port Curtis (Table 4A). Flow volumes in the Calliope River peaked 
during the study in January 1996, just after the first sampling event, and all subsequent monthly 
discharges were markedly reduced (<60%). Flow volumes did increase towards the end of the study, 
with two successive monthly flows in September and October 2000 collectively approximating the total 
volume discharged in January 1996. Between these dates, however, freshwater flow to the port was 
markedly reduced (Figure lOC). 

Soil erosion and the seaward transport of sediments during intense freshwater flow events are a 
common feature in northern Australian coastal waterways. This mobilisation of sediments in the water 
column during such events is typically expressed by increased levels of turbidity in the receiving 
waters. In Port Curtis, leveis of turbidity appear to closely follow the amount of freshwater inflow 
(Figures lOC-D). Despite this, measures ofturbidity at Wiggins Island (mouth of the Calliope River), 
were not strongly correlated with the volume of freshwater flowing through the waterway (Table 4A). 

The absence of a statistically significant correlation between flow and turbidity, suggests that other 
environmental factors may be influencing turbidity in the receiving waters of the port. Tidal re­
suspension of fine sediments is probably quite significant in shallower regions of the port (including 
Wiggins Island, where the turbidity logger was deployed) as the tidal range for the port is relatively 
high ( <5m). It is however unlikely that tidal influences have had a major impact on longer term 
turbidity measures for the port, given that tidal movements follow short-term and repetitive cycles of 
known periodicity, and would have been expressed equally over the duration of the study. Other 
possible confounding influences on turbidity at this location include wind-driven re-suspension of 
sediments during storm events and mobilisation of sediments during land reclamation works and 
dredging activities. Unfortunately the extent by which each of these factors may have influenced 
turbidity at the mouth of the Calliope River is difficult to assess from available data sources. 

The role of freshwater flows in the transport of nutrients from terrestrial sources to coastal waterways is 
widely understood. In Port Curtis, this linkage is effectively demonstrated by the strong correlation 
between flow through the Calliope River and the concentration of dissolved reactive organic phosphate 
at Clinton Wharf (approximately two kilometres from the river mouth) (Figure IOF and Table 4A). 
Likely sources for the influx of phosphate and other nutrients to the port include point source 
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discharges from a sewerage treatment plant situated on the Calliope River (approximately four 
kilometres upstream from the Clinton Wharf), and agricultural run-off from heavily grazed native and 
improved pastures in the upper catchment. Nutrients, including phosphate salts, are essential in 
maintaining and promoting primary production in aquatic ecosystems. This biological dependence is 
tentatiYely confirmed in Port Curtis by the strong correlation in concentrations of phosphate and 
chlorophyll a in the water column (Table 4A). Measures of chlorophyll a provide a rudimentary 
assessment of phytoplankton standing-stock, and fluctuations in this parameter can reflect the bio­
availability of food for higher trophic organisms, including many benthic invertebrates. Trends in 
chlorophyll a concentrations at the Calliope River mouth appear to closely follow general trends in 
benthic abundance and richness within the port (Figures 10F & 8), however no direct correlations were 
detected between the levels of chlorophyll a and either the nwnber or diversity of benthic organisms. 
The lack of any significant correlations here is not unexpected since benthic recruitment responses to 
favourable conditions will not be expressed simultaneously. Reproductive maturation, larval duration 
and juvenile growth rates differ between species and hence delayed responses in population size (as 
determined from collections of organisms larger than 1mm) are anticipated. 

In an effort to investigate possible delayed responses in Port Curtis benthos to variations in available 
food, correlation analyses were additionally conducted between all aforementioned environmental 
parameters and time-series measures of species abundance and richness advanced in time by 4 months. 
In this analysis, chlorophyll a was found to be uncorrelated with abundance and richness, as were 
measures of the SOl, rainfall, flow, and phosphate. Turbidity, however, was found to be highly 
correlated with both abundance and richness. Indeed more than 80% of the variation in both species 
abundance and richness could be explained by differences in turbidity. This remarkable fmding 
suggests that high turbidity within Port Curtis indirectly promotes benthic invertebrate recruitment. 
Furthennore the result appears to challenge a widely held assumption that sustained levels of high 
turbidity are deleterious to benthic community structure. A plausible explanation for these phenomena 
is that turbidity measurements for the port more accurately reflect suspended bio-available organic 
loads. Turbidity measurements in this study were derived colorimetrically and did not differentiate 
suspended inorganic fractions from suspended organic material. 

DISCUSSION 

While it is widely accepted that estuarine ecosystems are highly productive and critical to the 
maintenance of coastal bird-life and fisheries, very little is known about the invertebrate faunas that 
inhabit them. Invertebrate organisms play important roles in the diets of many shorebird and fish 
species, and can profoundly influence the abundance and species composition of these tertiary 
conswners (Bottom and Jones, 1990; Skagen and Oman, 1996; Stillman eta!., 2000). Invertebrates also 
play an integral role in the recycling of nutrients, and conservation of water quality within estuarine 
systems (Harris, 1999; Peterson and Heck, 1999). Understanding temporal and spatial change in 
invertebrate community structure, and the factors underpinning them, is therefore essential to the better 
management of these waterways. 

The present study suggests that global climatic phenomena can have a pervasive and significant impact 
on the benthic fauna of a sub-tropical estuarine system. During the most significant El Nifio episode of 
recent times (1997/1998), invertebrate numbers and diversity in Port Curtis were more than halved. 
This apparent drought induced change was similar in magnitude over a large geographical range 
(> 15km), and appears to have been conferred equally across most trophic components of the benthos. 
While the relative importance of each invertebrate species in Port Curtis as a dietary item for demersal 
fish has yet to be detennined, it is likely that certain components feature highly as prey items for a 
nwnber of demersal fish species. It is reasonable, therefore, to assume that significant changes in the 
population structures of demersal fish have occurred as a result of the general decline in benthos in Port 
Curtis. Historical trends in recreational fish catches for Port Curtis largely confirm this. Between 
1995/96 and 1998/99 average catch rates (median number of fish/person/trip) progressively declined by 
66%, but numbers of fish caught subsequently increased by a similar amount between 1998/99 and 
2000/01 (Platten, 2002). Sand whiting Sillago ciliata were the most common species caught in this 
study, and occurred in more than 80% to the total catch. As benthic invertebrates, and crustaceans in 
particular, represent the principal food source for fish in this genera (Hyndes et al. , 1997), it is 
speculated that changes in sand whiting numbers (at least) represent a direct response to the availability 
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of invertebrate prey items in the estuary, and an indirect response to the frequenc) of rainfall events 
and freshwater inflow. 

The importance of freshwater flows in sustaining and promoting the health of estuarine fish populations 
is becoming increasingly apparent. A number of recent studies have shown that pulses in river inflow 
play a critical role in altering the composition of larvae and distribution of juvenile fish and adults 
~ithin estuarine systems (Bottom and Jones, 1990; Strydom et al., 2002). Other longer term research 
has found that prolonged drought conditions result in reduced species richness and trophic diversity 
(Livingston., 1997). In the Fitzroy River Estuary, located approximately 40km to the north of current 
study site in Port Curtis, new research is showing that the incidence of major flood eYents has a 
significant effect on the recruitment success and subsequent growth of estuarine fish species including 
barramundi (Robins et al., 2002). As flows in the Fitzroy River Estuary are regulated b) a barrage 
located 50km upstream from the river mouth, it is increasingly recognised that the natural dynamics 
and productivity of this estuary are under threat from upstream water allocation processes. 

The current rapid industrial expansion of the Port Curtis region is placing increasing demands on a 
finite supply of freshwater from the immediate catchments. Options are therefore being investigated by 
local, state and federal agencies for directing flows from the Fitzroy River to supply several ne~ly 
established and prospective industries in and around the city of Gladstone. Under these circumstances 
the volume of freshwater entering the lower Fitzroy Estuary would be depleted, quite possibly resulting 
in reduced fisheries productivity. Such changes might also threaten populations of resident predators 
such as dolphins and sea eagles, which have considerable conservation and ecotourism values. An 
alternative solution being considered involves harvesting water from an artificial impoundment, created 
by damming the Calliope River approximately 15km upstream from Port Curtis. In either scenario the 
ecological consequences are predictably negative, as the construction of dams, weirs and barrages 
across otherwise unimpeded rivers invariably cause a wide range of deleterious em ironmental impacts 
(O'Neill, 1994). 

Cyclical changes and random between-year variation make long-term human change in benthic 
communities often difficult to detect (Gray and Christie, 1983). Unfortunately data is often inadequate 
to determine whether any particular ecological change is directional rather than an unusual random 
fluctuation or part of a cyclical change. Like many estuaries with urbanised catchments, Port Curtis 
receives pollution from a wide range of sources including urban and industrial developments, 
commercial and recreational shipping and rural agriculture. While some impacts ( eg introductions of 
exotic marine organisms) are probably contributing to irreversible changes to the ecology of the Port, 
the relative significance of other man-made impacts ( eg fishing pressure and the growth of tourism) is 
unclear. 

Much of the uncertainty particularly over the longer-term significance of human disturbances in Port 
Curtis stems from limitations in sampling design. All current sampling stations are located within the 
industrialised inner harbour, and as such may be subject by varying degrees to human disturbances that 
are widespread in character. Several sampling and analytical solutions to this ubiquitous design 
problem have been proposed in recent years (Green, 1979; Bernstein and Zalinski, 1983; Stewart-Oaten 
et al., 1986; Underwood, 1991; Underwood, 1994; Keough and Mapstone, 1995). Central to all of 
these proposals is the need to establish and monitor control sites (ideally several) as well as putatively 
impacted sites, both before and after a planned development. This so called BACI design framework 
relies on the logic that an impact would cause a change in a given response variable ( eg mean species 
abundance) before compared to after the onset of the disturbance that exceeds the average change in the 
control!s over the same period. In these designs, explicit statements about the presence or absence of 
an effect can be provided from an assessment of the significance of interactions occurring between 
control and impacted sites over time. 

In principal, it would appear that less · ambiguous assessments of anthropogenic change in Port Curtis 
benthos may be promoted by establishing and sampling additional control stations out-with the 
geographical influence of any human disturbance. In practice, selecting appropriate control sites that 
are not spatially correlated by either disturbances or recruitment processes is problematic. Several 
significant changes to the Australian coastline have occurred since European settlement, and the 
ongoing contributions of such changes to benthic community structure are difficult to assess. E stuaries 
that are un-industrialised and situated adjacent to Port Curtis may not necessarily be good controls for 
gauging human induced change in Port Curtis; particularly, as they themselves may be subject to 
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progressive impacts from, for example, undocumented agricultural and forestry practices in their upper 
catchments. Despite such caveats, few other options are presently available. While the use of adjacent 
estuarine systems as controls may be less than perfect, it currently represents the best possible solution 
for bench-marking any future human degradation of marine communities in Port Curtis. 

In an effort to establish more suitable controls, an extensive pilot sampling project was recently 
undertaken. This study involved the collection of replicate benthic grab samples from over 180 stations 
located throughout the Curtis coast, and embraced a comprehensive range of depth and sediment types. 
Many of the sampling stations were located in nearby estuarine systems to the north and south of Port 
Curtis (Fitzroy River Estuary and Colosseum Inlet respectively), while others were located in oceanic 
waters to the east of the port. Spatial analysis of these biological data that expressly consider physical 
processes (detailed in a recently de\-eloped regional hydrodynamic model, Ian Webster, CSIRO, pers 
com.), should facilitate the identification of uncontiguous and relevant controls for Port Curtis. 
Moreover, the pilot study should significantly enhance our understanding of biodiversity and 
endemicity of marine benthos within the Port Curtis region. 

Hutchings (1999) recently reviewed the knowledge base for macro-invertebrates in Australian 
estuaries, and confmned that most of our taxonomic and ecological understanding sterns from only a 
limited geographical region. The paucity of information on sub-tropical estuaries is highlighted in the 
present study by the fact that nearly 90% of the organisms collected are apparently undescribed. While 
the lack of an identity for most species collected is probably a reflection of natural range limitations, it 
is a matter of some concern that several organisms collected in Port Curtis may be introduced. 

The establishment of exotic organisms in ports as a result of translocation on hulls and in ballast water 
of commercial shipping is not a new phenomenon (Byrne et al., 1997). The issue has only received 
attention in recent years as the impacts caused by biological invasions become apparent. The 
devastating effects of introductions such as the zebra mussel Dreissena polymorpha into the Great 
Lakes (Griffiths et al., 1991; Strayer 1991), the ctenophore Mnemiopsis leidyi into the Black Sea 
(Vinogradov et al., 1989) and the clam Potamocorbula amurensis into San Francisco Bay (Carlton et 
al., 1990) have all served to highlight the serious nature of this problem. 

The Port of Gladstone extends more than 15km along the foreshore of Port Curtis, and is the fifth 
largest multi-cargo port in Australia. Because of the port' s principal role in recent times as an 
international bulk export facility, the adjacent marine environment is considered vulnerable to 
introductions mediated by ballast water. Large qulllltities of water entrained in the hulls of vessels at 
overseas locations have been discharged into the port in recent years ( - 10 million tonnes annually since 
1995, Lewis et al., 2001), and with it quite possibly large numbers of exotic organisms. Of course, not 
all organisms introduced to a new environment will establish sustainable populations, and many that 
do, may not cause serious ecological changes (Clare Eno et al., 1997). New federal legislation 
prohibiting vessels deemed ' high risk' from discharging ballast water within Australian ports, should 
limit the incidence of exotic introductions, and in the longer term safeguard indigenous biodiversity. 
However, until such times as the taxonomic identities of most benthic organisms in Port Curtis are 
resolved, there will be considerable uncertainty over the estuary's percei\·ed image as a largely 
unperturbed ecosystem. 
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Figure 1. Map of Port Curtis showing the locations of 30 stations sampled for macrobenthos between 
November 1995 and April 2001. 
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Figure 2. Non-metric MDS plots of A) benthic community structure at 30 stations sampled in Port 
Curtis between November 1995 and April 2001, B) depth superimposed on community ordination, C) 
sediment structure superimposed on community ordination. 
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Figure 3. Plots of: A- Sampling stations, B- Species richness, C- Species abundance, and D- Shannon Weiner diversity superimposed on a non-metric MDS ordinations of 
benthic community structure. 
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Figure 4A. Non-metric MDS plots of seasonal changes in community structure at each sampling station (large circles) 
superimposed on an ordination of all sampling stations ·~ sampling periods (small circles) for the period November 1995 -
April 2001. Solid lines with arrows indicate the temporal sequence of sampling. 
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Figure 4B. Non-metric MDS plots of seasonal changes in community structure at each sampling station (large circles) 
superimposed on an ordination of all sampling stations * sampling periods (small circles) for the period November 1995 -
April 2001. Solid lines with arrows indicate the temporal sequence of sampling. 
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Figure 5. Non-metric MDS plots showing: A) seasonal change in benthic community structure between November 
1995 and April 2001 (data pooled from stations 1-16), B) total species richness (16 stations*lO grab samples) 
superimposed on primary ordination, and C) total species abundances (160 grab samples) superimposed on primary 
ordination. 
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Figure 6A. Plots of changes in mean species abundance at Port Curtis sampling stations surveyed 
between November 1995 and April2001. Means and associated standard errors are given for double 
square-root transformed abundances collected in 10*0.lm2 van Veen grabs I sampling date. 
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Figure 6B. Plots of changes in mean species abundance at Port Curtis sampling stations surveyed 
bet\.\-een November 1995 and April 2001. Means and associated standard errors are given for double 
square-root transformed abundances collected in 10*0.lm2 van Veen grabs I sampling date. 

STATION•I6 STATION•21 

•.. l 
···· ....•.. , ) ···········• ,, 

'y/ 

0~--~------~--~--~------~ 0·~------~----------~------~ 0~------~~~--~~~c-~~~ Jon9!) Jal'li6 JonD7 Jon98 JonDS. JanOO Jon01 Jon02JMt5 JoftH Jon97 JonOS Jon99 .JonOO JWIQI JonQ2Jon9& Jot!K Jon97 Jon!H5 Jot~!aD JonOO Joi"'I I Jan0.2 

Somp~"9 Dote SompH"9 Dote Sampling Dol e 

STATION•17 STATION• 22 

O~----------~----------~----Jon95 Jcn96 .Jon97 .Jon98 .Jof\19 JonQO Jot\01 Jon02JonDfi Jon96 Jol'lll7 Jof'S8 Jon99 Joi'IOO JanOl 

Sampling Dote Somplinc) Dote 

JonD5 JanDe Jo'l97 ..brM Jantll JonOO Jon01 

Somp(~t~g Dote 

3 

i 
§ 2 

.D .:; ...,. 

STATION=23 

Jon02.Jonl6 Jon96 Jant7 Jon98 Jon99 JodJO JQNJI 

Sampling Dote 

0~--------------~------------JGtor.j ~ .lotl91 ..bn98 Jon91 JonOO JonOI Jon02Jon95 Jol'li6 Jon!il? JonSN! Jon99 JonOO JottD1 

Sampling Dote Somj>lincJ Oote 

STATION•20 STATION-2!! 

l 

Jon02Jon95o Joni6 Jon.97 Jongt5 .Jcm9t JQnOO .lor'OI ..lon02 

Sompli"9 Dote 

Jori03_JonQ6 Jani6 JQAB7 Jan9B Jon98 Jonal Jon01 Jan02 

Somp~ng Dote 

STAT\ON•29 

Jon02Jantll Jon95 Jon97 Jot68 Jon99 JDnOO Jon01 .lonQ2 

Sompong Dole 

0·~--~------~----~--~------~ 0~--~--~--~----~--~--~--~ Jani~ Jorw91 Jon97 J~:~I'I9B Jon9t Janoo JonOt Jon02Jon96 JeniMI Jotlt7 Jonlil8 .JorSB JanOO Jon01 Jon02.Jon96 .JaniS Jon97 Ja i'QB Jontl JanCO JCII"'I1 Jon02 

SomplincJ Dote Sampling Dote Sampling Ooto 

22 
Centre for Environmental Management 



Port Curtis Macrobenthos 

Figure 7 A. Plots of changes in mean species riclmess at Port Curtis sampling stations surveyed 
between November 1995 and April 2001. Means and associated standard errors are given for double 
square-root transformed species counts collected from I O*O. lm2 van Veen grabs I sampling date. 
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Figure 7B. Plots of changes in mean species richness at Port Curtis sampling stations surveyed 
between November 1995 and April 2001. Means and associated standard errors are given for double 
square-root transformed species counts coUected from 1 0*0.1m2 van Veen grabs I sampling date. 
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Figure 8. Seasonal changes in infaunal species richness (broken line) and abundance (solid line) in 
Port Curtis. Mean and associated standard errors are derived from 10 replicate O.lm2 van Veen grabs 
collected from 16-30 sampling stations on twelve sampling periods between November 1995 and April 
2001. 
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Figure 9. Seasonal changes in the abundances (A) and richness (B) of six infaunal species groupings 
based on feeding type (deposit feeder, predator, scavenger, grazer and suspension feeder). Mean and 
associated standard errors are derived from 10 replicate 0.1m2 van Veen grabs collected from 16-30 
sampling stations on twelve sampling periods between NoYember 1995 and April2001. 
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Figure 10. Time series data for Port Curtis showing changes in: A) Southern Oscillation Index, B) total 
monthly rainfall at Castlehope, C) total monthly freshwater discharge from the Calliope River, D) mean 
monthly turbidity at Wiggins Island, E) chlorophyll a concentration at the mouth of the Calliope River, 
and F) phosphate concentrations at the Clinton Coal Whatf. Curves for quadratic regressions have been 
superimposed on all plots to highlight temporal trends. 
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Table lA. Change in mean abundance (N per O.lm2 ± s.e.) of infaunal species groupings (based on taxonomic affinity and feeding type) at 16-30 sampling stations surveyed 
on 12 sampling dates between November 1995 and Apri1 2001. 

Nov-95 Apr-96 Nov-96 Apr-97 Nov-97 Apr-98 Nov-98 Apr-99 Nov-99 Apr-00 Nov-00 Apr-01 Abundance 

Taxonomic affinity 

Molluscs 10.33±0.71 8.99± 0.69 8.28 ± 0.41 6.64± 0.40 8.89:1::0.50 4.51 ±0.37 5.60:1::0.34 4.08±0.32 4.26±0.34 6.01 ± 0.48 7.38± 0.54 9.06± 1.04 18099 

Polychaetes 8.05:1: 0.59 6.29 ± 0.58 3.55 ± 0.27 1.85::::0.17 2.52± 0.20 0.53±0.06 1.56 :1: 0.15 1.03±0.09 1.28 ± 0.1 0 2.67 ± 0.19 5.46± 0.32 3.59±0.36 8258 

Crustaceans 2.73± 0.28 1.91 :1: 0.21 2.60 ±0.33 0.86::0.10 2.03 :1::0.21 0.78±0.15 0.72± 0.09 0.66±0.11 0.65± 0.09 1.77 ± 0.25 2.47:1:0.21 1.17±0.18 4017 

Chordates 1.68:1: 0.21 1.21 :1: 0.27 0.73:1:0.12 0.13 :t: 0.04 0.43:1:0.07 0.05 :1: 0.01 0.08 ± 0.02 0.12 ± 0.03 0.05 ± 0.02 0.25 ±0.06 5.41 :1: 1.29 2.42 ± 0.45 2923 

Echinoderms 1.34:1: 0.18 1.30 ± 0.17 0.47 ± O.Q7 0.43 ± 0.15 0.27 ± 0.05 0.05 ± 0.01 0.14:1:0.03 0. 16±0.04 0.20±0.04 1.19 ± 0.21 1.34 ± 0.22 2. 16:1::0.45 1774 

Cnidarians 0.14±0.04 0.22 ±0.07 0.17±0.05 0.09± 0.03 0.28± 0.08 0.03±0.01 0.01 ±0.01 0.02 ±0.01 0.03 ± 0.02 0.09±0.02 0.09±0.05 246 

Sipunculids 0.02:1: 0.01 O.ot ± 0.01 0.01 ± 0.01 O.Dl ± 0.01 0.04 :1: 0.02 0.07 ± 0.02 43 

Pycgnogonids 0.06± 0.02 0.04± 0.02 0.06± 0.03 0.01 :1:0.01 0.01 :1: 0.01 0.01 :1:0.01 36 

Nemerteans 0.04± 0.02 0.02:1: ~.01 0.01 ± 0.01 O.ot ± 0.01 0.02± 0.01 0.01 ±0.01 0.01 :1: :.01 21 

Platyhelminthes 0.01 ± 0.01 0.01 ± 0.01 3 

Nematodes 0.01:1: '.01 

Feedi111 type 

suspension 10.56±0.71 9.78±0.75 8.61 :1:0.46 6.00± 0.38 8.93:1:0.54 4.33 ± 0.37 4.30± 0.31 4.03 ± 0.35 3.55±0.31 5.86 ± 0.46 11.93 :1: 1.40 11.21± 1.14 19274 

deposit 8.90± 0.59 7.03 ±0.57 3.94 ±0.29 2.50 ± 0.24 2.78:1:0.18 0.92:1:0.12 2.24:1:0.19 0.83:1:0.07 1.44 ± 0.14 3.38 ± 0.29 5.44 ± 0.31 4.01 :1:0.50 9276 

predator 3.06±0.28 1.61 ±0.18 1.50± 0.13 0.77 ±0.07 1.33 ± 0.13 0.34±0.04 0.98 ± 0.09 0.70±0.08 0.94 ±0.09 1.44 :1: 0.12 2.95:1: 0.23 2.42 ±0.29 3918 

scavenger 1.81 :1: 0.18 1.53 ±0.16 1.82 ± 0.25 0.73 :1:0.09 1.41 ± 0.16 0.38±0.05 0.59± 0.08 0.48±0.06 0.50±0.06 1.28 ± 0.21 1.90 :1: 0.18 0.84± 0.13 2921 

grazer 0.06±0.02 0.01 ±0.01 0.02 ±0.01 0.01 :1:0.01 0.02±0.01 26 

parasite 0.01 ±0.01 0.01 ± 0.01 0.01 ± 0.01 6 

Sum ofMeans 24.40± 1.25 19.96± 0.91 15.86±0.77 10.01 ±0.60 14.45 ± 0.80 5.96 ± 0.40 8.12±0.51 6.05±0.37 6.43 ± 0.39 11.97±0.56 22.24± 0.83 18.49±0.83 35421 
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Table lB. Change in mean species richness (N per O.lm2 ± s.e.) ofinfaunal groupings (based on taxonomic affinity and feeding type) at 16-30 sampling stations surveyed on 
12 sampling dates between November 1995 and April 2001. 

Nov-95 Apr-96 Nov-96 Apr-97 Nov-97 Apr-98 Nov-98 Apr-99 Nov-99 Apr-00 Nov-00 Apr-01 Total Species 

Taxonomic affinity 

Molluscs 3.75 ± 0.18 3.50 ± 0.17 3.62 ± 0.14 2.78 ± 0.12 3.69 ± 0.16 2.17 ± 0.14 2.72±0.12 2.18 ± 0.13 2.17 ±0.13 2.88±0.16 3.36 ±0.16 3.81 ±0.28 110 

Polychaetes 4.56± 0.28 3.10 ± 0.19 2.47 ± 0.15 1.39 ± 0.11 1.77 ± 0.11 0.43 ± 0.04 1.03 ± O.Q7 0.76±0.06 0.93 ± 0.06 2.12±0.14 3.01 ± 0.14 1.98 ± 0. 16 128 

Crustaceans 1.74±0.14 1.22 ± 0.10 1.36 ± 0.12 0.65 ± 0.06 1.12 ± 0.08 0.38±0.04 0.56± 0.05 0.46 ±0.05 0.47 ±0.05 1.13± 0.10 1.39 ± 0.09 0.72±0.08 103 

Chordates 0.62 ± 0.05 0.37±0.04 0.35±0.04 0.10 ± 0.02 0.30±0.04 0.05 ± 0.01 0.08 ±0.Q2 0.08 ±0.02 0.05 ± 0.01 0.17±0.03 0.46 ± 0.04 0.58±0.06 12 

Echinoderms 0.74± 0.07 0.69±0.07 0.36±0.05 0.20±0.03 0.21± 0.03 0.05 ± 0.01 0.13:!: 0.02 0.11 ±0.02 0. 17 ±0.03 0.52±0.06 0.70:!: 0.07 1.16± 0.13 33 

Cnidarians 0.09± 0.02 0.08±0.02 0.09±0.02 0.06:!: 0.02 0.08±0.02 0.03 ± 0.01 0.01 ± 0.01 0.02±0.01 0.03±0.02 0.07 ± 0.01 0.02±0.01 9 

Sipunculids 0.02±0.01 0.01 ± 0.01 O.Ql ± 0.01 0.01 ± 0.01 0.04 ± 0.02 0.06:!: 0.01 5 

Pycgnogonids 0.05 ± 0.02 0.03 ± 0.01 0.04±0.01 0.01 ±0.01 0.01 :1:0.01 0.01 ±0.01 5 

Nemerteans 0.04± 0.02 0.02±0.01 0.01 ± 0.01 0.01 ± 0.01 0.02±0.01 0.01 ± 0.01 o.ot ± ·.o1 2 

Platyhelminthes 0.01 ± 0.01 0.01 ± 0.01 

Nematodes 0.01 ± ~.01 

Feeding type 

suspension 4.33 ± 0.21 3.60 ± 0.18 3.75±0.16 2.58 ± 0.13 3.59±0.17 1.99:1:0.13 2.14±0.12 2.06±0.13 1.79 ± 0.12 2.84 ± 0.16 3.33 ± 0.16 4.11 ±0.26 113 

deposit 4.34± 0.22 3.36 ± 0.19 2.50±0.14 1.47 ± 0.10 1.86 ± 0.10 0.56±0.05 1.28 ± 0.08 0.69±0.05 0.95±0.06 2.08 ± 0.14 3.17 ± 0.14 2.51 ± 0.19 149 

predator 1.63 ± 0.12 1.03 ± 0.08 1.01 ± O.Q7 0.60±0.05 0.89±0.07 0.27 ±0.03 0.66 ± 0.05 0.48:1:0.04 0.63 ± 0.05 1.13:1:0.08 1.51 ± 0.08 1.12 ± 0.10 50 

scavenger 1.26 ± 0.10 0.99 ± 0.08 1.03 ± 0.09 0.53:1:0.06 0.83 ± O.Q7 0.30 ± 0.03 0.45 ±0.05 0.38 ± 0.05 0.41:!: 0.04 0.83 ± 0.09 1.04 ± O.o? 0.53 ± O.Q7 92 

grazer 0.06 ± 0.02 0.01 ± 0.01 0.01:!: 0.01 0.01 ± 0.01 0.02 ± 0.01 3 

parasite 0.01 :!: 0.01 001 ±0.01 0.01 ± 0.01 2 

SumofMeans 11.61 :1: 0.48 8.99 :1: 0.39 8.29± 0.37 5.20 ±0.26 7. 18 ± 0.35 3.11 ±0.19 4.54 ± 0.25 3.61:1:0.20 3.78 ± 0.20 6.88±0.30 9.06 ±0.38 8.27 ±0.36 409 
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Table 2A. Results of two-way ANOVA on differences in the abundance of benthic organisms at thirty 
Port Curtis sampling stations surveyed on twelve dates between November 1995 and April2001. 

Source Type III Sum of. SfJ.uares 41. MeanSfJ.uare F s;8 .. Power(a2 
Corrected Model 465.89l(b) 259 1.799 14.236 : 0.001 1.000 

Intercept 4910.198 4910.198 38860.065 ~ 0.001 1.000 

DATE 139.964 11 12.724 100.700 : 0.001 1.000 
STATION 118.959 29 4.102 32.464 :0.001 1.000 
DATE* STATION 175.497 219 .801 6.342 ~ 0.001 1.000 
Error 295.673 2340 .126 

Total 8326.294 2600 

Corrected Total 761.564 2599 
p Computed using alpha - 0.1 
b R Squared = .612 (Adjusted R Squared~ .569) 

Table 2B. Results of Student-Newman-Keuls (SNK) post-hoc multiple comparisons test for 
differences in mean species abwtdance (-./-./transformed) between sampling dates. 

Subset 

Date N 1 2 3 4 5 6 7 8 

APR98 240 1.3240 

APR99 240 1.3377 

NOV99 240 1.4136 
NOV98 240 1.5698 

APR97 240 1.6426 
APROO 160 1.7319 
NOV97 240 1.8338 

NOV96 200 1.9068 
APROI 140 1.9170 

NOVOO 300 1.9504 
APR96 200 1.9722 
NOV95 160 2.1207 

Sig. .695 1.000 1.000 1.000 1.000 1.000 .241 1.000 
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Table 2C. Results of Student-Newman-Keuls test for (SNK) post-hoc multiple comparisons 
differences in mean species abundance (.Y..J transformed) between sampling stations. 

Station N 1 2 3 

23 70 1.2168 

22 70 1.2862 1.2862 

17 90 1.4083 1.4083 1.4083 

18 90 1.4250 1.4250 1.4250 
21 70 1.4338 1.4338 1.4338 
7 110 1.5102 1.5102 

20 90 1.5339 

3 120 1.5451 
2 120 1.5654 

120 1.5677 
24 70 1.5897 

5 120 1.5934 

29 10 

4 110 

14 120 

26 10 

8 120 
10 120 

19 90 
13 120 

11 120 

25 10 
15 120 

16 120 

9 120 

6 120 
28 10 

30 10 

12 120 

27 10 

Si!!i. .073 .059 .453 

Subset 

4 5 6 7 8 9 

1.4250 

1.4338 1.4338 

1.5102 1.5102 1.5102 

1.5339 1.5339 1.5339 1.5339 

1.5451 1.5451 1.5451 1.5451 

1.5654 1.5654 1.5654 1.5654 

1.5677 1.5677 1.5677 1.5677 
1.5897 1.5897 1.5897 1.5897 

1.5934 1.5934 1.5934 1.5934 

1.6812 1.6812 1.6812 1.6812 1.6812 

1.6996 1.6996 1.6996 1.6996 1.6996 

1.7549 1.7549 1.7549 1.7549 

1.7709 1.7709 1.7709 1.7709 

1.7868 1.7868 1.7868 

1.7897 1.7897 1.7897 

1.7941 1.7941 I. 7941 

1.8116 1.8116 1.8116 

1.8138 1.8138 1.8138 

1.8216 1.8216 1.8216 

1.8689 1.8689 

1. 8752 1.8752 

1.9250 1.9250 

1.9285 1.9285 

1.9789 

.070 .050 .070 .050 .159 .055 

CENTRAL QUEENSLAND 
Ut~tVERSITY - LIBRARY 

31 

10 11 12 

2.1542 

2.3360 
2.6921 

1.000 1.000 1.000 
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Table 3A. Results of two-way ANOV A on differences in benthic species richness at thirty Port Curtis 
sampling stations surveyed on twelve dates between November 1995 and April2001. 

Source TJ!f!.e Ill Sum of_ Sfi.uares 41 MeanSfi.uare F Sig. Power(al 
Corrected Model 238.045(b) 259 .919 11.356 ~ 0.001 1.000 

Intercept 3676.565 1 3676.565 45427.987 ~ 0.001 1.000 

DATE 74.615 11 6.783 83.814 "0.001 1.000 

STATION 57.688 29 1.989 24.579 :0.001 1.000 

DATE* STATION 85.693 219 .391 4.835 : 0.001 1.000 

Error 189.380 2340 .081 

Total 6093.147 2600 

Corrected Total 427.425 2599 
a Computed using alpha = 0.1 
b R Squared= .557 (Adjusted R Squared- .508) 

Table 3B. Results of Student-Newman-Keuls (SNK) post-hoc multiple comparisons test for 
differences in mean species richness ( ..J..J transfotmed) between sampling dates. 

Subset 

Date N 1 2 3 4 5 6 
APR98 240 1.1623 

APR99 240 1.2112 

NOV99 240 1.2734 

NOV98 240 1.3917 

APR97 240 1.4183 

APR OO 160 1.5340 

NOV97 240 1.5666 

APR01 140 I 6323 

NOV96 200 1.6369 

NOVOO 300 1.6421 

APR96 200 1.6622 

NOV95 160 1.7878 

Si~. .080 1.000 .342 .244 .710 1.000 
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Table 3C. Results of Student-Newman-Keuls (SNK) post-hoc multiple comparisons test for 
differences in mean species richness (..J..J transformed) between sampling stations. 

Subset 

Station N 1 2 3 4 5 6 8 9 10 11 

22 70 1.1130 

23 

21 

17 
24 

18 

7 

3 
1 

20 

2 

4 

5 
14 

29 

19 

25 
11 

10 

13 

8 
15 
16 

26 

6 

9 
28 

30 

12 

27 

Sig. 

70 1.1192 

70 1.2066 1.2066 

90 1.2840 1.2840 1.2840 

70 1.2848 1.2848 1.2848 

90 1.3082 1.3082 1.3082 
110 

120 
120 

90 

120 

110 
120 
120 

10 

90 

10 

120 
120 

120 
120 
120 

120 

10 
120 

120 

10 
10 

120 
10 

1.3179 1.3179 1.3179 1.3179 

1.3836 1.3 836 1.3836 1.3836 1.3836 

1.3994 1.3994 1.3994 1.3994 1.3994 
1.4047 1.4047 14047 1.4047 14047 

1.4082 1.4082 1.4082 1.4082 1.4082 

14335 1.4335 1.4335 1.4335 1.4335 

1.4363 1.4363 1.4363 1.4363 1.4363 
1.4977 1.4977 1.4977 1.4977 1.4977 1.4977 

1.5095 1.5095 1.5095 1.5095 1.5095 

1.5258 1.5258 1.5258 1.5258 

1.5457 1.5457 1.5457 

1.5477 1.5477 1.5477 

1.5539 1.5539 1.5539 

1.5559 1.5559 1.5559 

1.5592 1.5592 1.5592 

1.5616 1.5616 1.5616 

1.5853 1.5853 1.5853 1.5853 

1.5857 1.5857 1.5857 1.5857 

1.6536 1.6536 1.6536 

1.6759 1.6759 
1. 7701 1. 7701 

1. 7737 1. 7737 

1.8933 

2.0488 

.079 .068 .057 .082 .062 .181 .064 .279 .057 .159 1.000 
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Table 4. Pearson correlation coefficients betv.-een: A) longMtenn series (November 1995 M April 2001) 
of the Southern Oscillation Index (SOl), rainfall in the Calliope catchment, freshwater discharge to Port 
Curtis, turbidity at Wiggins Island, chlorophyll a concentration at the Calliope River mouth, phosphate 
concentrations at Clinton wharf, and benthic species richness and abundance; B) Pearson correlations 
with a delay of 4 months in all parameters except for species richness and abundance. Significant 
correlations are denoted at the: ** 1% level and *5% level. 

SOl Rain Flow Turbidity Chlorophyll Phosphate Richness 
(A) -no lag 
SOl 
Rain 0.20 
Flow 0.16 0.66** 
Turbidity -0.01 -0.05 0.06 
Chlorophyll -0.19 0.44'" .• 0.48** 0.11 
Phosphate O.DI 0.44* 0.20 0.09 0.46* 
Richness 0.13 0.33 0.21 0.16 0.43 -0.19 
Abundance 0.13 0.39 0.34 0.17 0.56 -0.17 0.98*'' 

(B) - 4 month lag 
Richness -0.08 -0.09 -0.03 o.so·:·• 0.12 0.24 
Abundance -0.04 -0.10 -0.09 0.82"* 0.15 0.28 0.98** 
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Appendix 1. Mean infaunal species abundances at two depth strata in Port Cwtis. Levels of species contributions to regional 
differences are given here as the percentage contributions of individual dissimilarity measures to the overall average dissimilarity 
(87.64). Note that species have been ranked here according to total species abundances at all sampling stations and sampling periods. 

Rank Specie• 

Carrhrrl/o lorrtsi 

Ascldio sydMimsi: 

Corhula tunicata 

~ Acidiacea sp. 5 
MrnrochlomJJ g/ona-a 
Emtict \'mata 

7 UfonuCIIIOI1tl 31lpcr·ba 

f Moctra abbrn~ma 
Q Placam~11 hara 
10 Alpheus sp. 

11 Myochamidac 

12 Eunl~ sp. I 

13 Lumbrlneris sp. 2 

14 Mlldanidae 6 

I 5 A/01dis hydroplca 

16 Bivalvia 30 

17 Ophiuroidca .S 
18 Motirol11s sp. I 
J 9 Arcn tortuoso 

20 AI)1Hs fo/carr:s 
21 Cuspidaridae I 
22 De.:;aminidae I 
23 Opbiwoidca II 

24 Poctinidae I 

25 Trichobranchidae I 
26 Anodcmtia omr&so 
27 Solecurridae t 

28 Oph<llna sp. I 
2Q .tnrtgona matmra 
30 Ascidiacca 2 

31 Thoracica 1 
32 Droparr·a denma 
33 A/ph<HSOt. ~jlcHs 
H Eurnce sp. 4 
35 Cardira in<rt~J.X~la 

36 Orbiaiidae I 
37 A:orinHs sp. 2 

38 Nematoneris rmfconJi.; 

39 So/#1<//ir>D sp. I 

40 Gl)"'""' sp. I 
4 1 lsopoda 1 

42 Ampbipocb4 

43 T•llina sp. 3 
-1-1 Pah,.s hereradon 
45 ;.-.p/11)~ sp. I 

46 T10aidacea I 

47 Cor/nrla :mlcara 
48 Ophiuroidea I 

49 T•llino sp. 1 
50 Ermrco sp. 5 
51 Moldanidae 3 

52 Jsopodo 2 

53 Ascidael 

S4 Amphipoda 2 
55 Popl11o urrdu/ora 

56 Armand;a sp. I 

51 Ophiuroidea 8 
S8 Goeiadidae 3 
S9 Oploiuroidea 14 

60 T•llfno sp. I 
61 L11mbrineris sp. 3 
62 Stemoprs :£~rtalo 

63 Stngma euronia 
64 Paphles sp. I 
6S Ceriantluria I 
66 Larnona sp. I 

67 Mynlidae I 

68 Nercididae 5 
6Q Ophiuroidca 18 

70 Telll1ra sp. 4 

71 /so/do prr/ch</la 
72 Tanardac»a 2 

73 A:orimrJ sp. 3 
74 T•llnra sp. 2 

75 Syll"Jdael 

16 Matdanidae I 

11 OJQ~Id•.· d•ll• 

Subtidal 

21.17 

5.49 

5.36 
~.17 

4.89 

H O 
4.65 

2.60 

3.18 
2.73 
2.84 
2.62 

2.28 
2.26 

1.91 

0.72 

1.76 
1.15 
1.68 
1.4Q 

1.38 
1.46 
1.41 
J.3Q 

1.3~ 

1.18 
1.32 
1.22 
1.24 

1.17 

1.15 
0.<14 

0.88 

1.03 

1.02 

1.02 

0.02 
0.96 

0.87 
0.80 
0.88 
0.86 

0.62 
0.80 
0.76 
0.75 

0.77 
0.1S 

0.08 
0.73 

0.72 
0.71 

0.62 
0.63 

0.57 

0.61 

0.59 

0.53 

0.56 

0.50 

0.45 
0.50 

0.35 
0.4Q 

0.4Q 

0.47 
0.44 

0.41 
0.40 

0.27 

0.38 

0.3S 
0 .35 

0.28 

0.33 

0.31 
0.29 

Intertidal 

0. 17 

0.60 

0.03 

1.00 

9.23 

0.40 

1.40 

0. 13 

0.40 

2.40 

1.17 

IO.Q7 

0.43 

0.03 

0.17 

1.03 

om 

0.07 

1.33 

0.60 

O.QJ 

1.10 
1.37 
O.Q3 

1.57 
0 .20 

0.50 

M7 
0.17 
0.07 

1.87 

0.23 

0.23 
0.33 

0.13 

5.23 
O.Q7 

0.67 

0. 10 

0.37 

0.27 

0.03 
0.37 

0.60 

0.10 

1.10 

om 

0.03 

0.03 

1.03 

0.17 

0. 13 
0.47 

0.03 

Dissim. 
2.71 

1.03 
1.62 

0.14 
1.2Q 

1.21 
1.65 

1.83 

1.67 
1.49 

1.32 
1.42 
).3Q 

0.44 

1.35 
1.95 

0.7!: 
0.64 

1.00 
0.82 

0.92 

0.76 

0.27 

0.23 

O.S2 
1.10 
0.43 

1.10 
0.85 

0.48 
0.2'1 

1.01 
0.99 

0.45 
0.20 

0.64 
1.66 
0.67 

0.74 

0.94 

0.74 
0.52 

0.6S 

0.66 
o.ss 
0.59 

0.51 

0.44 

1.53 
0.54 

0.31 
0.32 

0.99 
0.35 
0.60 

0 .24 

0 .38 

0.61 

0.44 

0.37 

0 .67 

0.51 
0.91 

0.40 

0.20 

0.39 
0.34 

0.31 

0.24 

0.43 
0.29 

0 .37 
0.25 

O.SI 
0 .24 

0 .10 
0.25 

% Contr. 
3.0Q 

1.18 
1.84 

0.16 

1.47 
1.38 

1.88 
2.09 

J.QO 
1.70 

LSI 
1.62 

1.58 
0.50 

1.54 
2.22 

O.ZQ 
0.73 

1.14 
O.Q4 

1.05 

0.86 
0.31 

026 
0.59 

1.26 
0 .49 

1.25 
0.97 

0.55 

0.33 

1.1 5 
1.13 
0.51 

0.23 

0.73 

1.89 
0.77 

0.84 

1.01 

0.84 
0.60 

0.14 
0.15 

0.62 
0.67 

0.65 
0.50 

1.15 
0.62 

0.36 
0.37 

1.13 
0.40 
0.68 

0.28 

0.43 
0.70 
0.50 

0.4 2 

0.77 

0.64 
1.03 

0 .46 
0.22 

0.45 

0.3'1 

0.36 
0.28 

0.49 

0.33 

0.42 
0.2Q 

0.59 

0 .27 

0.11 
0.28 

35 

Rank Species 

78 Phtnl/a wardl 

79 Goniadidoe 2 
80 Cr~&Pidarla sp. I 
81 Moldanidae 2 
82 Bivalvia 33 

83 Amphipoda 3 

84 Gobiidae l 

85 Pirarmw>ri 

86 Sabellidae 2 
87 Sfrlb/ooonrt1 sp. 
88 .\nrbel!idoe I 
8Q Garf mromrrla 
QO Syllidae 2 

91 T•llimap. 5 
'12 Trypauchen mr<roetpho/u;; 
93 Cumacea 1 

94 Polynoidae 3 
95 Stgoll01r sp. I 

<o/1 Capitellidae I 
97 lsopoda 1 

98 E1tpm1lhah; sp. I 

99 L11mbrlnerl: sp. I 
I 00 Holothuroidea 3 
101 Amploipoda I 

102 Bivalvia 27 

I 03 Nereididae 9 

I 04 Ceriatharia 2 

I OS PorocDBIIidae I 

106 Amp/rm"tlnp.l 

I 07 Bivalvia I Q 

l 08 Branchtomma nigomtuctJ!ala 

109 Veoeridae I 
110 GtJri sp. I 

I ll Thonrcico 2 
112 Uarph)"SO sp. 2 

11 3 Ncreididae 8 

114 Narhrla sp. I 

liS SisJlionidac I 
116 Opbiuroidea I 0 

117 Opha&roidea 15 

118 Spionidae 4 

119 Ophiuroidea 13 

120 S.bellariidae I 
121 Eunlco sp. 2 

122 Modlo/11s nJodiolru 
123 Saheltidae 5 

124 Spionidae 2 

125 l!otoma:ms sp. 2 
126 Nerr:ididae 4 
127 lsopo<j,l6 

128 Polyaoidae 4 
129 Hopla.cloplm sp. I 

130 Semclidae I 
131 To/lfna sp. 6 

132 Bivalvia 31 

133 N<:O"Ciclidae 10 

134 Xlllthidse I 

135 Opbiuroidea 4 

136 Bilalvia 43 

I 37 Ophluroidea 12 
138 Ampbipoda 9 

139 T•llina sp. 9 

140 Ophiuroidea 20 

141 Paphl16 sp. 2 
142 }.:arphy.a sp. I 

143 Sobellidae 7 

144 Opbiuroidea 9 
145 Naromas/!IS sp. I 
146 Sobellidae 4 

147 DorviUoidoe I 

148 Paphiu erma/a 
149 Euidotoo sp. I 

I SO Antho:wa I 

151 uocurtdo::/ilom•nrwa 
152 A:ori"'IS sp. I 
I 53 Ophiuroid<o 2 

154 Tmoidace.o 3 

Subtidal 

0.30 

0.26 
0.27 

0.28 
O.tr. 
0 .27 

0.27 

0.2S 

0.2 1 
0.26 

0.25 
0.26 

0.26 
0.21 

0.25 

0.24 

0.25 
O. JQ 

0.24 

0.24 

0.24 

0.24 
0.23 

0.23 
0.22 

0.03 

0.22 

0.21 

0.21 

0.21 

0 .21 

0.19 

0.06 
0 .20 

0.12 

0.17 
O.IQ 

0.10: 

0.18 
0.18 

0. 18 
0.1 8 

0.18 

0.18 

0.17 
0.18 

0.18 

0.17 

0.17 

0.17 

0. 16 

0. 16 

0 .16 

O.o7 
0.14 

0.12 

0.14 
0.15 
0.00 
O. lS 
0.12 

0.14 
0.14 
0.13 
0.08 

0.14 

0.1 3 

0.13 

0. 13 

0. 11 
0.12 

0.12 

0.12 
0.12 

0.07 
0. 11 

0.09 

Intertidal Dissim. 
0.27 

0.20 0.35 

0. 10 0.37 

0.14 
1.63 0.29 

0.16 

0.36 

0.13 0.28 

0.43 0.43 
O.Q3 0. 15 

O.o? 0.31 

0.06 

0.13 
0.40 0.46 

O.o? 0.39 

0.28 

0.20 
0.47 0.41 

0.21 
0.26 

0.06 
0.20 
0.29 

0.03 0.20 
0.08 

l.SO 0 ,18 

0.02 

0 .03 0.23 
0.02 

0.03 0.08 
O.JQ 

0. 13 0.23 

1.13 0.35 

0.08 

0.60 0.34 

0.20 0.26 

0.16 
O.o? 0.28 

0.09 
0. 10 

0 .10 
0. 13 

0.03 0.28 

0.14 

0 .20 
0.09 

0.09 

0.12 

0.16 

0.10 

O.o3 0.23 

0.13 

0.12 

0.70 0.39 

0 .13 0.20 

0.21 0.22 

0. 10 0.38 
0.10 

1.10 0.18 

0. 10 

0.20 0.23 
0.07 0.11 

0.09 

O.o7 0.17 
0.43 0.29 

0.10 

0.06 

0.09 

0.01 
0.13 0.21 

O.oJ 0.16 

O.QJ 0.13 

0 .08 
0 .11 

0.33 0.35 
0.11 

0.17 0 .32 

~0 Contr. 

0.31 

0 .40 
0 .42 

0.16 
0,33 

0.18 
0.42 

0.32 
0.49 

0. 17 

0.35 

0.07 

0. 15 
0.53 

0.44 
0,3 1 

0.23 
0.46 

0.23 
0.30 

0.07 
0.23 

0.33 
0.22 

0.09 

0.20 
0.02 

0.26 
0.02 

0.09 

0.22 

0.27 
0.40 

0. 10 

0.3Q 

0.30 
0.1 8 
0.32 

0. 10 

0.12 

0. 11 
0. 15 

0.32 
0. 16 

0.23 
0.11 

0. 10 
0. 13 

0.18 
0. 11 

0.26 

0. 15 

0.14 

0.45 

0.23 

0.25 

0.43 

0 .11 
0.20 

0. 12 
0.26 

0.12 
0. 10 

0.20 
0.33 

0.12 
0.06 

0.1 1 

0.08 

0.24 

0. 18 

0.15 

0.10 
0.13 

0.40 
0.13 

0.37 
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Rank 

ISS 
156 
131 
ISS 

IS9 

160 
161 
162 
163 
164 
16S 
166 
167 
168 
169 
170 

171 

172 
1; 3 

174 

113 
176 
177 
178 

179 

ISO 
181 
182 

183 
184 

18S 

186 

187 
188 
189 

190 
191 

192 
193 

194 
195 

196 
197 

198 
199 

200 
201 

202 

203 
2();1 

205 
206 

207 

~08 

209 
210 
211 

212 

213 
214 
215 
216 
217 

218 
219 

220 
221 
222 
223 
224 
22S 
226 

227 
228 
229 
230 

231 

232 

233 

234 
235 
236 
237 

Species 
Ostracoda I 
Bivalvia24 
Ophiuroideo 6 
CJ/Iiam..·wop. 
Decapoda3 

PbyUodocidoe 3 
Vcoericbe2 
Bivalvia 53 
Latemtda corurricra 

Capitcllidoc 3 
Flabelligeridae I 
Hippolytidae I 

lsopoda 8 
TCRbcllidae I 

Amphamidae I 
Holotlluroidea I 
PW<ooonidae 2 
XJnthidac 14 

Alplw11S richardsont 

Bivahia 35 
Polynoidae t 
E1po/ymnta sp. 

A&lcroidea l 
Scrpulidae I 

$a"')1M'I'· l 
Bivalvia 2S 
Sipuncula 6 

Bogueidael 
Nermeneal 

Bi\-.1\ia 45 

Oecapodal 
lsopoda 3 
Sabcllidae 9 

Virg11/arta sp. 
Xanthidae l I 

Arcidac2 
Goniodidae l 
A-/QCT'C: . .,rtmchtrtm 'i1Jiermrchum 
Metapenaerts 'I'· I 
Polynoidae 2 
X•hidae2 
l.~(J(OtnO.:IU$ 5p. 3 

M'!iiclae l 
Phyllodocidac I 
Sabellidae l 
Pl$ra ryJ)ha 

Anthozoa4 
End~t~ .Jtrougham 

N,.eididae I 
Stotttalopoda l 
Sipuncula l 
Sol't~ntna fN!t.lina 
Ampbinorndae I 
Bi.-alvia 28 

Polyplacophoro 2 
Diogenidae 2 

MaldanidaeS 
Tellinidao l 
Ttllma op. 8 
Bivalvia 29 

Nen:ididae 6 
Cirratulidae 2 

Nuculaaidae I 
Sccloplar modagc=ari•nm 

Spionidac I 
Paphia grH!us 
Aiicidiacea 7 
Bivalvia 26 

Cephalopoda I 
Diogmidac I 

Dccopoda 2 
Pinnidae l 
Polywo;dae S 

P~3 

Cllpn:llidac 
Sal.cllidae8 
Bi,alvia 21 
Ophiuroidea 16 
Opbiuroidea 21 
Majidae3 
Alc:oyonooea t 
Astropoctiuidae I 
Volachlamp1 nngaporinus 

Subtidal 

0.03 

O.ll 

0.11 
0.07 

0.04 
0.10 

0.10 
0. 10 

0.06 
0.09 

0.09 

0.08 
0.09 

0.09 
0.09 

0.09 
0.09 

0.02 
0.09 

0.04 
0.09 

0.09 

0.08 

0.08 

0.07 

0.08 
0.08 
0.01 

0.06 
0.03 

0.07 
0.07 

O.D7 
0.06 

0.03 
0.06 

0.07 
0.07 

O.Ool 
0.07 

0.07 
0.06 

0.06 
0.06 

0.06 
0.03 

0.06 

0.06 
0.06 

o.os 
0.06 

0.06 
0.06 

0.06 
0.06 

0.06 

0.06 
O.Ool 

0.05 
0.03 

0.();1 

0.05 

0.05 
0.03 

0.03 
O.Ool 
0.04 

0.04 

0.03 
0.04 
0.04 

0.04 
O.QJ 

0.04 
0.04 

0.04 
0.04 

0.04 
O.Ool 

0.04 
0.04 

0.04 

Intertidal 

0.60 

0.27 

o.so 

0.30 
0.03 

0.53 

0.37 

0.47 

0.07 
0.30 

0.07 

0.37 
0.10 

0.20 

0.27 

0.10 

0.40 

0.10 

0.10 

0.07 

Diuitn. 

0.30 

0 .06 

0.09 

0.34 
0.15 
0.06 

0.13 
0. II 
0. 18 

0.09 

0. 14 

0.12 

0.06 
0.08 

0.06 
o.o• 
0.06 

0.24 
0. 1 I 

0.39 
0.10 

0.05 
0.12 
0.08 

0.10 

0.04 
0.06 

0.23 

0.13 

0.36 

0.04 

O.D3 
0.02 
0.14 

0.20 
0.26 

0.07 

0.06 

0.33 
0.07 
0.10 

o.os 
O.D7 
0.10 

0.05 

0.21 

0.03 

0.06 

0.06 

0.28 

0.08 

0.03 
0.07 
0.();1 

0.03 

0.24 

0.03 

O.Ool 
0.10 
0.08 

0.04 

0.08 
0.03 

0 .04 
0.06 

0.05 

0.08 
0.04 

0.02 

0.20 
0.05 

0.05 
o.os 
0.14 
0.05 

0.05 
0.03 
o.os 
0.04 

0.06 

O.Ool 
0.07 
O.DJ 

%Contr. 

0.34 

0.07 
0.10 
0,3Q 

0.17 
0.06 

D. IS 
0. 13 

0.20 
0.10 

0.16 
0.13 

0.07 
0.09 

0.07 
0.08 

om 
0.28 

0. 12 
0.44 
0.11 

0. 06 
0.14 

0.09 
0. 11 

0.05 
0.07 

0.27 
0.14 

0.4 1 
0.03 

0 .04 

0.02 
0.16 

0.33 
0.29 

0.08 
0.07 

0.40 
0.08 

0.12 
0.06 

0.08 
0.12 

0.06 
0.23 
0.();1 

0.06 

0.06 

0.32 
0.09 
0.06 
0.08 

o.os 
0.06 

0.27 
0.05 

o.os 
0.11 

0.09 
0.03 

0.09 
0.03 

0.04 
0.07 

0.06 
0.09 

0.04 
0.03 

0.22 
0.03 

0.05 

0.06 
0.16 

0.06 
0.03 

0.03 
0.06 

0.05 
0.07 

0.05 
0.08 

0.04 

36 

Roak 
238 
239 

240 

241 

242 

243 

244 
245 
246 
247 

248 
249 
250 

251 

252 

253 
234 
255 

256 
257 

2S8 
239 
260 
261 

262 
263 

264 
265 
266 
261 
268 

269 
210 

271 

272 
273 

274 
213 
276 
2n 
278 

270 

280 
281 

282 
283 

284 
285 
2&6 
287 
288 

289 

290 
291 
292 
293 

294 
293 
296 
297 

298 
2QQ 
300 
301 

302 
303 

304 

305 
306 

307 

308 
309 

310 

31 I 
312 
313 
314 

315 

316 
317 

318 
319 

320 

Species 
Phyllodocidae 4 

Sabcllidae 6 
Tcllinidae3 

Xanthidae 12 
BivalveS I 
Bivalvia 41 

Bivalvia 47 
Bivalvia Sl 

Ophiuroidea 3 
Polyplacophora I 
Marphys;> sp. 3 
Nereididae 2 
Ani)Jhipoda 8 
Polyoda11te3 QIJSh'Dlim..~J 

Anthozoa3 
Pyalog011ida2 
1')-<:nogonida ~ 

Ascidiaoea 3 
.\scidiooea 4 
Lliochrid< . sp. 2 
Cm-ditasp. 2 

Nepht;.idae I 
Nereididac 3 

Ampbipoda5 
Docapoda 4 

Amphipoda 7 
Sipuacula 2 

Pwaonidae I 
Scaiibregmidac I 

Xant•idae 20 
Crinoidea l 

C.piteOidae 2 
Caphellidae4 
M<:O-l1J"iS rndeavori 

}.ittopmae()]Ni;.· ~"CMguineae 

Syllidoe 3 
Tcllinidae2 
X.OthidaeS 
.\phroditidae I 
Oligochoeta l 

Bi\•lvia 17 
Bivahia 50 

Bivalvia 52 
Ophiuroidea 17 

Polyplacopboro 3 

L•iochride~ sp. I 
Clib,marius fQfniafJJs 

Ecltinometridae I 
FlabelJi&eridac 2 
Po11unidae I 

Po11unidoe 2 
Ptcriidae I 
XmtbidaeS 
Amphamidoe 2 

Amplrict<il sp.l 
Bopyridae I 
Amhozoa 2 

Nerwllltea2 
Py<:oogonida 1 
!')'Ctlogonida 3 
.<\steroiclea 3 

8ivalve78 
Bivalvia 13 

Biulvia 20 
Biulvia 23 

Bivalvia 38 
Bil.alvia44 
Cinatulidae I 
Archtrtus sp. I 

Ncmotoda I 
Aq>~oda6 

Aslropcaillidae 2 
Asuopcaillidae 3 
loopoda 5 

Smili"mop. I 
Pandalidae I 

Plr>"llodoco malmgrem 
Pilarzjidac I 

Xttlllhidae IS 
Acrocirridae 1 

Arabellidae 2 
o .. racoda 2 
A,.croidca2 

Subtidal 

0.04 

0.04 
0.02 

0.02 
0.03 

O.DJ 
0.03 
0.03 

0.03 
0.03 

0.03 
0.03 

0.03 
0.03 

0.03 
0.03 

0.03 
0.03 

0.03 
0.03 
0.03 

O.D3 
0.03 

0.03 
0.01 

0.03 
0.03 

0.03 
0.03 

0.03 
0.03 
0.02 

0.03 

0.02 
0.02 
0.02 

0.03 
0.01 

0.02 
0.02 

0.02 
0.01 

0.02 
0.02 

0.01 
0.02 

0.01 
0.02 

0.02 
0.02 

0.01 
0.02 
0.01 

0.02 

0.02 

0.02 
0.02 

0.02 
0.02 

0.02 
0.02 

0.02 
0.02 

0.02 
0.02 

0.02 
0.01 
0.02 
0.02 

0.02 
0.02 
0.02 

0.01 
0.02 

0.02 
0.02 

0.02 
0.02 

0.01 
0.01 

0.01 
0.01 

0.01 

Port Curtis Macrobenthos 

Intertidal 

0.17 

0.17 

0.03 

0.07 
0.03 

0.17 

O.QJ 

O.QJ 

0.07 
0.03 

0.13 

0. 10 

0.03 

0.10 

0.07 

0.07 

0.10 

0.07 

0.07 
O.QJ 

Dis run. 
0 .05 

O.Ool 
0.08 
0.17 

0.02 

0.09 
0.03 

0.06 

O.OJ 
0.04 

0.03 

0 .04 

0.11 

0.11 

0.03 
0.();1 

0.01 
0.();1 

O.Ool 
0.02 
0.04 

O.o3 
0.03 
0.03 

O.o<J 

0.03 
0.05 
0.04 

0.07 
0.04 

0.05 
0.07 

0.02 
0.06 

0. 13 

0.07 

0.02 
0.25 

0.03 
O.D2 
0.03 
0.12 

0.07 

0.02 
0.09 

0.03 
0.14 
0.03 

0.04 

0.04 

O.ll 

0.03 
0. 13 

0.03 
0.03 

0.02 

0.02 

0.03 
0.02 

0.02 

0.03 

0.02 
0.01 

0.02 

0.02 

0.03 
0.11 
0.02 
0.03 

0.02 

0.03 
0.02 

0.06 
0.03 
0.03 
0.02 

0.02 
0.02 

0.15 
0.08 

0.01 

0.02 

O.DJ 

% Contr. 
0.06 

0 .04 
0 .09 

0.20 
0.02 

0.1 1 
0.03 

0.07 

0.04 

0.04 

0.06 
0.05 
0.13 
0 .13 

0 .03 
0.04 

0.01 
O.OS 

0.04 
O.oJ 
0.05 

0.04 
0 .03 

0.03 
0. 10 

0 .03 
0.05 
0.04 
0.08 

0.04 
0.03 

0.07 

0.02 
0.07 

0.17 
0.08 

0.02 
0.28 

0.04 
0.03 

0.04 
0.13 

0.09 
0.02 
0.10 

0.03 

0. 16 
0.04 
0 .05 

0.04 
0.12 

0.03 
O. IS 

0.03 
0.03 

0.03 
0.02 

0.03 
0.02 

0.02 
0.04 

0.02 
0.01 
0.02 

0 .02 
0.03 

0.13 
0.02 

0.03 
0.03 

0.03 
0.03 

0.07 
0.03 

0.03 
0.02 

0.02 
0.03 

0.17 
0.09 

0.01 
0.02 
0.03 
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321 Bivalvia 36 

322 Bivalvia 42 

323 B1vatvia 54 
324 BivalviA 56 
325 O,.iuroid .. I~ 

326 Callionassidoe I 
327 

328 
329 

330 
331 

332 

33-4 
335 

336 

337 

338 
33Q 

340 

341 
342 

343 
344 

345 
346 
347 

348 
349 

350 
351 

352 
353 

354 
355 

356 
357 

358 
359 

360 
36) 

362 

363 

364 
365 

366 

36'1 

368 

369 
370 

371 
372 

373 
374 

375 
376 

377 
378 

379 

3:0 

381 
382 

383 
384 

385 
386 

387 
388 
380 

3~ 

391 

392 
393 

394 
3~ 

396 

397 

3~8 

399 

400 

401 
402 

403 

Dw)-branchu" sp. I 
Ecbiooidac I 
Hcsionidae l 
Elam~nop :is lmtata 
Majidae4 

Majidoe5 

Decapoda6 

Poly.:ladida I 
Ocypoda2 

Chonlata 1 

Sipuncula 3 

Penaeidae I 
Pilumnidae2 
Ponunidae4 

Ponunidae S 
Sabellidae 10 

Spionldae 3 
Tridlobranchidae 2 

Trichochaetidae I 
Vcneridae 3 
XantlUdoe 7 
Anu• graeffn 
Oligochaeto 2 

8ft alvia 40 

Bivalvia 55 
Retnipodi& I 
_'!OIOIIIQSfii.J sp. 4 
C.1rdiidae I 
Chanlidacl 

Corbula sp. 2 
ar .. t. : rp. 1 

Maldanidae 4 

Malclanidae 7 

Malleidae I 
Mietyrid.ae I 
lsopoda 4 

Ocypoda3 

Ph}'llodocidae2 
Eumu:iD :~angtnn~a 
PrOCfSM dimorpha 

SabeJUdae3 
Pmtdcncallmgma sp. 
SY!I"atbidac I 
PSbtllmotr•ta sp. I 
!hwrinasp. I 
X..tbidae 10 

Xmthidae 16 

Xantbldae 4 

Ampharetidae 3 

Ascicliocea 6 

Asteroidea 4 

Bival\lia 32 
Bi\.dvia 46 

Bh·•tvia4S 
CallianiSsidac 2 

Capitcllidac 5 

Capitcllidae 6 

Carditidae 3 

Ptcrucridoc 

Hesionidac 2 
Lalret1/~s pygmoeus 
lsopoda l3 

MI£Ciollidac I 
Majidao7 
Nereididae 7 

Aloo)"'OIacea 2 
Amphipoda II 
Amphipoda 27 

Decapoda5 

Decapoda 8 

.\mphipoda 10 
Ocypoda I 

Ocypoda 6 
Ostroooda 6 
Sipuncula 4 
Phyllodocidao S 
Ptoriidao 2 

Subtidal 

:0,01 

0.01 
0.01 

0.01 
0.01 

0.01 
0.01 
0.0 1 

0 .01 
0 ,01 

0.01 
0.01 

0.01 
0.01 

0.01 

0.01 
0.01 

0.01 
0.01 

0.01 

0.01 
0,01 

0.01 
0.01 

0.01 
'0,01 

0.01 
0.01 

0.01 
0.01 

0.01 

0.01 
0.01 
0,01 

0.01 
0,01 

0.01 
0.01 

0.01 

:o.o1 
0.01 

0.01 
0.01 

0.01 
0.01 

'0.01 
0.01 

0.01 
0.01 

0.01 

:0.01 
·:0.01 
·'.0.01 

:0.01 

·o.o1 
0.01 
:0,01 

.0.01 

:0.01 

:0.01 

'0.01 

:0.01 
'0,01 

•:0.01 

:0.01 

'.0.01 

:0.01 

·o.o1 

0 .01 

-.o.o1 
:o.o1 

:0.01 

:0.01 

:o.o1 
'0.01 

<0.01 

lntcn:MliJ Dissim. ~, Contr. 
0.06 0.07 

0.03 0.07 0.~ 

0.07 

0.03 

0,10 

0.03 

0.07 

0,07 

0.03 

0.03 

0.07 

0.03 

O.G3 

0.03 

0.01 0.01 

0.01 0.01 

0.01 0.02 

0.01 0.01 
0.01 

0.02 

0.01 

0 .05 

O.G3 

0.02 

O.Q3 

0.02 

0.13 
0.01 

0. 11 
0,02 

:0.01 
o.oz 
0.02 

0.01 

0 .01 

0.02 

0.02 

0.02 

0.16 

0.10 
0.01 

0.01 
0.01 

0.01 
0,07 

·o.o1 
0,01 

0.01 

0.01 

0.0 1 

0.01 

0.01 

0.05 

0.01 

O.D7 
0.01 

0.01 

0.01 

0.01 
0.01 

0.05 
0.02 
0,02 

0,01 

0.05 

C.OI 
0.01 

0.01 

0.01 

0.01 

0.01 

0.02 

:0.01 

0.05 

0.01 

0.01 

0.01 

·o.o1 
0.01 
:0.01 

'0.01 

0.01 

0.01 
0.01 

0.06 

:0.01 

0.06 
0.01 

0.01 

0.06 
0.01 

0.01 

0 ,01 

0.01 

0.01 

0.02 
0.02 

0.01 
0,05 

0.03 
0.02 

0.03 
0.02 

0.15 
0.01 

0.13 
0.02 

0.01 
0.03 

0.02 

0.02 

0.02 

0.02 
0,02 

0.02 
0,19 

0.11 
0.02 

0.01 
0.01 

0.01 

0.08 

<0.01 

0.01 

0.01 

0.01 

0.01 

0.01 
0,01 

0.05 
0,01 

0.08 
0.01 

0.01 
0,01 

0.01 
0.01 

0.06 
0.02 

0.02 
0.01 

0.05 
0.()] 

0.01 
0.01 

0.01 

0.01 

0.01 

0.02 
:0,01 

0.06 
0.01 

0.01 
0,01 

:0.01 

0 ,01 

:0.01 

'0.01 

0.01 
0.01 

0.01 
0.07 

:o.o1 
0.06 

0.02 
0.01 

0.06 
0.02 

0.01 

0 .01 

0.01 

0.01 

404 Scylloridao I 
405 Xantbidac 17 

406 Xantbidac 18 

407 X..tbidae 19 
408 X..thidac 3 

4~ Xanthidae6 

37 

Subtidal 
· '0.01 

0.01 
·o.o1 

·o.o1 
:0.01 

Port Curtis Macrobenthos 

lt~tertidal Dissim. ~- ContT. 
0.01 0 .01 

0.01 0.01 
0.01 0.01 

O.G3 0.06 0.07 
0.01 0 .01 

0.01 0.01 
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