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1 Introduction 
 
Existing at the ocean-land interface, estuaries contain unique assemblages of animals and plants that 
support a range of human uses. Estuarine assemblages vary at a range of spatial and temporal scales 
(Morrisey et al., 1992a,b; Legendre et al., 1997; Kendall and Widdicombe, 1999; Edgar and Barrett, 
2002; Ysebaert and Herman, 2002; Noren and Lindegarth, 2005). Environmental variables that 
underlie this spatial variation within estuaries include primary productivity (Heip et al., 1995); 
degree of flushing (Ardisson and Bourget, 1997); seagrass biomass (Howard et al., 1989; Heck et al., 
1995), sediment particle size (Mannino and Montagro, 1997; Ysebaert and Herman, 2002; Dauvin et 
al., 2004); salinity (Ardisson and Bourget, 1997; Ysebaert and Herman, 2002), and chlorophyll a 
(Ysebaert and Herman, 2002). 
 
Understanding the spatial patterns in estuarine biodiversity and the environmental factors and 
processes that underlie this variation is a necessary prerequisite for sustainable management of 
estuaries. Therefore, the aims of this study are to describe the spatial and habitat-related patterns in 
the biodiversity of macroinvertebrates of the Coastal Lagoons. The specific objectives of this study 
are: 
 
(i) To survey the macro-invertebrate biodiversity occurring in representative habitats 

throughout the Coastal Lagoons, including seagrass, macro-algae, Phragmites australis and 
submerged sediment habitats at a variety of locations; 
 

(ii) To survey the environmental variation occurring in each of these habitats; and 
 

(iii) To prepare data from objectives (i) and (ii) as GIS layers; and to use canonical 
correspondence analyses and other data analyses tools to present the data for Bayesian 
Decision Networks Models and more generally to support the Management of the Coastal 
Lagoons. 
 

The distribution of benthic macroinvertebrates in estuaries has been described as a spatial and 
temporal mosaic (Morrisey el al., 1992a; Morrisey el al., 1992b). However, macrobenthic 
communities are sensitive to habitat disturbance and respond to pollutant stress through changes in 
species composition and abundance (Pearson and Rosenburg, 1978; Gray, 1981; Rygg, 1985; Gray et 
al., 1990; Warwick and Clarke, 1991; Reynoldson and Metcalfe-Smith, 1992; Warwick, 1993; Pinel-
Alloul et al., 1996). As a result, macrobenthic assemblages probably provide the best potential 
indicator of ecological or environmental change in coastal habitats.  
 
The dispersal and migration of benthic macroinvertebates is governed by complex interactions 
between physical and biotic processes. Stochastic factors causing variations in recruitment can 
influence patterns of succession, community structure and composition (Davis and Van Blaricom, 
1978; Underwood and Anderson, 1994). Immigration patterns for planktonic larvae are strongly 
influenced by prevailing hydrodynamic conditions. The “jetting” of larvae along topographically 
stable fronts on flood tides has been shown to influence the spatial patterns of recruitment in 
estuaries (Kingsford and Suthers, 1996). After the planktonic larvae of macroinvertebrates have 
been carried into an estuary their ultimate success depends on settlement and establishment. 
Substratum has been shown to influence patterns of establishment and change (Underwood and 
Anderson, 1994). 
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A benthic community is the assemblage of bottom dwelling species at a particular time and place. 
Benthic invertebrates are subdivided according to sieve mesh size into micro (<0.04mm) meio (0.04-
0.1mm), macro (0.5-2.0mm) and megafaunal (>2.0mm) components.  
 
Various models have been espoused to describe the different levels of macro-invertebrate 
communities. Macro-invertebrate communities in soft substrata have been termed low-grade 
communities, largely controlled by physical conditions or organic loadings, with less influence from 
biological interactions (Rainer, 1981; Horwitz and Blake, 1992). These fauna are apparently made up 
of a spatial mosaic of communities at different stages of maturity, constantly being “reset” by 
localised, small-scale disturbance. They are characterised by low diversity, high abundance and small 
size strata (O’Conner and Lake, 1994). However, many of these models come from a few 
investigations and a handful of observations. Because of the heterogeneous nature of macro-
invertebrate assemblages, it is often more sensible to ignore broad generalisations about 
community structure and evolution and consider each estuarine ecosystem as unique. 
 
Benthic macroinvertebrates have been used successfully as indicators of disturbance to marine 
ecosystems (Pearson and Rosenburg, 1978; Gray, 1981; Rygg, 1985; Gray et al., 1990; Warick and 
Clarke, 1991; Reynoldson and Metcalfe-Smith, 1992; Warick, 1993; Pinel-Alloul etal., 1996). 
Community structure, biomass and relative abundance of trophic groups and indicator species have 
been developed and used for this purpose. Measures of community structure are problematic 
because of gaps in understanding about interactions controlling diversity of communities and 
stability and resilience of the ecosystems. Species richness, diversity indices and measures of 
biomass are among the most commonly used indicators but there also exist problems with 
interpretation of the measurements. There are advantages and disadvantages of using macrobenthic 
assemblages as environmental indicators. The advantages include: 
 

• numerous species are found together in very small patches of habitat; 

• they come from a wide variety of types of fauna, notably polychaetes, molluscs and 
crustaceans, which means they represent a substantial element of local biodiversity; 

• methods of sampling and quantifying them are well known; 

• work on local species (particularly molluscs and crustaceans) has allowed development of 
experimental techniques to determine what causes changes in their composition and 
abundances; and 

• research in other parts of the world continuously adds knowledge, understanding and 
predictive capacity about their ecology and ecological responses to disturbances; 

 
The disadvantages include: 
  

• in natural habitats, they are very variable in space and time, making sampling designs 
complex and requiring a lot of effort in replication of samples; 

• fauna vary according to the structure of the habitat, previous history of the area, successes 
or failures of recruitment, etc. 

• there is a lot of uncertainty about the taxonomy and means of identifying species; and 

• the complexity of numerous species and relevant sampling designs has required a lot of 
effort to develop statistical analytical procedures capable of detecting patterns of change in 
the fauna; 

 
The advantages have generally been considered to outweigh the disadvantages, many of which can 
be addressed. The problems of multivariate spatial and temporal variance in faunal assemblages 
have been largely addressed (Dayton and Tegner, 1984; Underwood, 1991a & 1991b, 1992, 1993, 
1994; Morrisey et al., 1992a, 1992b, 1994a, 1994b; Glasby and Underwood, 1996; Chapman and 
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Underwood, 1997; Chapman, 1998; Underwood and Chapman, 1998). Temporal variation in 
macrobenthic fauna includes changes at many time-scales (including tide-to-tide, day-to-day, 
weekly, monthly and occasionally, seasonally). Impacts or other forms of environmental change 
must therefore be detected and interpreted against a background of temporal “noise”. In general, 
environmental changes are pulse (relatively short-term) or press (relatively long-term), which can 
elicit pulse or press responses. The statistical underpinnings were developed by Bender et al. (1984) 
and considered in environmental contexts by Underwood (1991a & 1991b) and Glasby and 
Underwood (1996).  
 
With regard to uncertainty about taxonomy, recent studies (Warwick, 1998; Gray et al., 1990; 
Warwick, 1993; Somerfield and Clarke, 1995; Chapman, 1998; MacFarlane and Booth, 2001) have 
indicated that patterns of anthropogenic disturbance may be as readily detected at coarse 
taxonomic resolution as could be detected at higher levels of taxonomic resolution. Generally, little 
difference in the perceived pattern of impact has been observed when species data were aggregated 
to the level of family, although distortions in the patterns were observed at coarser levels of 
taxonomic resolution. 
 
Water quality variables such as dissolved oxygen, pH, salinity and turbidity have been shown to 
influence benthic community assemblages (Pearson and Rosenburg, 1978; Gray, 1981; Rygg, 1985; 
Gray et al., 1990; Warick and Clarke, 1991; Reynoldson and Metcalfe-Smith, 1992; Warick, 1993; 
Pinel-Alloul etal., 1996). A variety of sediment characteristics have also been shown to influence 
macrobenthic ecology (Gray, 1981; Edgar and Barrett, 2000; Freewater 2004). Sediment size, organic 
and nutrient content have been demonstrated to be of particular importance. Numerous studies 
have also demonstrated the influence of heavy metals to benthic assemblages (eg. Rygg, 1985; Stark, 
1998a & 1998b; Freewater 2004). However, MacFarlane and Booth (2001), suggest that for 
Australian estuaries with only moderate pollutant disturbance, it is difficult to distinguish between 
anthropogenic effects (such as heavy metals) and the effects of natural variables (such as high 
organic content, high silt/clay content and high nutrient content) as these characteristics are 
generally found to be strongly correlated with each other. Therefore, measurements of dissolved 
oxygen, pH, salinity of water, turbidity, organic carbon content and percentage fines of sediments 
were included in the analyses. Other variables considered in this study include the distance from the 
estuary mouth (beach berm), the condition of adjacent foreshore and the phytoplankton content of 
the overlying water body.  
 
There are two major methodologies for analysing ecological and environmental data collected to 
address investigations into environmental disturbance. The first is univariate analyses, which test 
hypotheses about single variables (e.g. the number of species in the samples or the abundance of a 
particular species). The logic, assumptions, methods and general procedures are well known. A 
popular statistical process for investigating ecological patterns is analyses of variance (Underwood, 
1981).  
 
The second set of methodologies is multivariate analyses, which test hypotheses about sets of 
species – where the data are the numbers of each of an array of different types of animals in each 
sample and may also include sets of environmental parameters collected with the invertebrate 
samples. The rationale and logic for using these procedures has been developed by Green (1979), 
Field et al. (1982), Clarke and Green (1988) and Clarke (1993). The general processes involve 
measuring the differences between samples by multivariate indices (e.g. Bray-Curtis measures of 
dissimilarity). These are then compared by permutation tests in procedures such as ANOSIM (Clarke, 
1993). Results can be displayed as maps (called non-metric multi-dimensional scaling diagrams), that 
show differences among samples. Canonical correspondence analysis is a particular ordination 
technique that results in a diagram (biplot or triplot) displaying both the sites and the species and, if 
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measured, the environmental variables in a reduced space (Ter Braak, 1995). It enables the 
researcher to evaluate differences in species composition between sites and to identify the 
environmental variables responsible for these differences in a single analysis. This property of 
ordination is the main advantage over other multivariate techniques that operate on (dis)similarity 
indices (e.g. similarity analysis, clustering and multidimensional scaling). Ordination techniques are 
capable of summarising very complex responses because they are not restricted to a single 
dimension (as for instance (dis)similarity analysis).  
 
The first objective of this study was to collect and identify to family level the macroinvertebrate 
community assemblages in each of the four lagoons. Another objective was to compare the 
macroinvertebrate assemblages from different habitats of the lagoons (i.e vegetated habitats such 
as Ruppia spiralis, Phragmites australis, Zostera capricorni, filamentous algae; and benthic habitats 
such as the beach berm, central basin and the fluvial deltas of creeks feeding the lagoons). This was 
tested by comparing the macroinvertebrate density, diversity and assemblage structure in each 
region. Another objective of the study was to determine whether environmental variables are 
influencing patterns of distribution and abundance of benthic macroinvertebrates.  
 
The following hypotheses were tested: 

• the number of families and number of individuals of all families of macroinvertebrates will 
differ among the different habitats of the four ICOLLs; 

• the community composition of the macroinvertebrates will differ amongst these habitats; 

• within a particular ICOLL habitat, the number of families, number of individuals and 
community composition of macroinvertebrates will differ among the four ICOLLs; and  

• differences in environmental variables among the habitats are related to any differences in 
the macroinvertebrates of these ICOLLs. 

 

2 Methods 
 

2.1 Collection of macroinvertebrates 
 

2.1.1 Benthic macroinvertebrates 
 
Macroinvertebrates on and in the sediment were sampled from three locations at each lagoon 
(beach berm, basin and creek delta). At each location there were two replicate sites (50 to 100 m 
apart) to consider spatial replication. Macroinvertebrates were sampled approximately 5 m from the 
shoreline in water 200-300mm deep by inserting a PVC corer into the sediment to collect a sediment 
core.  At each site, 7 sediment cores (100mm diameter x 100mm deep) were randomly collected. 
The core contents were transferred to plastic bags and transported to the laboratory where 5 cores 
from each site (2 cores were put aside for sediment analyses) were sieved through 1mm mesh 
screen (MacFarlane and Booth, 2001) and macroinvertebrate specimens were placed into 50ml 
plastic jars containing 5% formalin and Beibirch Scarlet stain. The specimens were later washed and 
preserved in 70% alcohol before identification to family level (Warwick, 1998; Gray et al., 1990; 
Warwick, 1993; Somerfield and Clarke, 1995; Chapman, 1998; MacFarlane and Booth, 2001). 
Identification was facilitated using dichotomous keys (Wadley, 1972; Robinson an Gibbs, 1982; 
Hutchings, 1984; Hutchings and Murray, 1984; Carpenter and Niem, 1998).  
 



10 
 

2.1.2 Macroinvertebrates among lagoon vegetation 

Ruppia spiralis  
 
The brackish water seagrass, Ruppia spiralis, was found growing in shallow, near shore environments 
at all four lagoons. At each location there were two replicate sites (50 to 100 m apart) to consider 
spatial replication. Five (5) random samples were collected from each replicate site within each 
lagoon. Plastic bags were quickly placed over the entire plant and the R. spiralis sample was cut off 
at the base. Each seagrass sample was placed in an esky with ice and transferred directly to the 
laboratory for analysis.  
 
Invertebrates were rinsed from the entire plant using 70% alcohol and macroinvertebrate specimens 
were placed into 50ml plastic jars containing 5% formalin and Beibirch Scarlet stain. The invertebrate 
specimens were later washed and preserved in 70% alcohol before identification to family level. The 
plant material was kept for biomass analysis. 

Phragmites australis  
 
The common reed, Phragmites australis, was also found growing in shallow, near shore 
environments at all four lagoons. At each location two replicate sites (50 to 100 m apart) were 
selected to enable consideration of spatial replication. Five (5) random samples were collected from 
each replicate site within each lagoon. All vegetation above the water was quickly cut off and 
removed and then a plastic bag was quickly placed over the entire plant and the P. australis sample 
was cut off at the base. Each sample was placed in an esky with ice and transferred directly to the 
laboratory for analysis.  
 
Invertebrates were rinsed from the entire plant using 70% alcohol and macroinvertebrate specimens 
were placed into 50ml plastic jars containing 5% formalin and Beibirch Scarlet stain. The invertebrate 
specimens were later washed and preserved in 70% alcohol before identification to family level. The 
plant material was kept for biomass analysis. 
 

Zostera capricorni  
 
The eel grass, Zostera capricorni, was found only at Wamberal and Avoca Lagoons. The seagrass 
meadows were relatively small and it was not possible to sample replicate sites (50 to 100 m apart) 
to consider spatial replication. Five (5) random samples sites of 0.25m2 were harvested from each of 
two (2) sites within both lagoons. All plants within each 0.25m2 quadrat were collected. A plastic bag 
was quickly placed over the entire plant and the sample was cut off at the base. Each sample was 
placed in an esky with ice and transferred directly to the laboratory for analysis. 
 
Invertebrates were rinsed from the entire plant using 70% alcohol and macroinvertebrate specimens 
were placed into 50ml plastic jars containing 5% formalin and Beibirch Scarlet stain. The invertebrate 
specimens were later washed and preserved in 70% alcohol before identification to family level. The 
plant material was kept for biomass analysis. 
  

Filamentous algae  
 
All of the lagoons, with the exception of Terrigal, contained filamentous algal habitats. The algae 
were generally a mix containing specimens of Cladophera glomerate, Enteromorpha intestinalis and 
Chaetomorpha linum, which generally covered the substrate and much of the water column above. 
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Because these species were generally found together or in very close proximity to each other, no 
attempt was made to sample individual species, rather heterogeneous samples containing a random 
mixture of two or three species were collected. 
 
At each location there were two replicate sites (50 to 100 m apart) to consider spatial replication. 
Five (5) random samples were collected from each replicate site within each lagoon. Plastic bags 
were quickly placed over an area, approximating one-quarter of a 0.25m2 quadrat, and the 
filamentous algae sample was cut off at the base. Each seagrass sample was placed in an esky with 
ice and transferred directly to the laboratory for analysis.  
 
Invertebrates were rinsed from the entire plant using 70% alcohol and macroinvertebrate specimens 
were placed into 50ml plastic jars containing 5% formalin and Beibirch Scarlet stain. The invertebrate 
specimens were later washed and preserved in 70% alcohol before identification to family level. The 
plant material was kept for biomass analysis. 
 

2.1.3 Environmental variables 
 

Water quality 

 
A YEO-KAL 2000 water quality probe was used to sample temperature, pH, salinity, dissolved oxygen 
concentration (DO) and turbidity. A variety of environmental variables were also assessed to explore 
relationships between these variables and community assemblages. These variables were recorded 
in the field.  
 
Other water quality parameters, Total Nitrogen (TN), Total Phosphorous (TP) and chlorophyll a 
concentration in lagoon water were analysed from samples taken in the field. A 3–5 g sample of the 
frozen sediment was placed in a glass centrifuge tube and left to thaw. It was then centrifuged to 
remove water, rinsed with 15 ml of acetone, mixed and sonicated. After a 2–3 min extraction the 
sample was centrifuged once more (10 min, ~ 2500 rpm). The extraction was repeated until the 
visual disappearance of the supernatant colour (usually no more than three times). The sample was 
passed through filter paper which was then ground in 10 ml ethanol (Ritchie 2006, 2008). The 
supernatant was then examined in a Varian Cary 50 UV-VIS spectrophotometer at wavelengths 
between 600 and 750 nm to look for peaks indicating the presence of photosynthetic pigments.  The 
fluorescence of collected samples was also examined using a commercially available fluorometer 
(Aquation Pty Ltd).  With this technique, the intensity of fluorescence increases in proportion to the 
concentration of cells (see APHA Standard Methods “Fluorometric determination of Chlorophyll a”). 
After zeroing the fluorometer output against an ethanol blank, three 3 ml replicates from each water 
sample were measured. 
  

Sediment quality 

 
Sediment cores were analysed for organic carbon content (%) and percentage fines of sediments 
(<63 µm).  Each of the 48 sediment samples was transferred into an appropriately labelled metal 
tray. The trays were then transported into a 105˚C oven for three days in order to evaporate any 
water within samples. All traces of organic material (including plant matter and shells) were then 
removed from each sediment sample. An analysis of organic content (OC) for each sediment sample 
was then conducted by calculating the loss of ignition in a 550˚C oven (LOI%; Allen, 1989). Using a 
mortar and pestle, each sediment sample was then ground. Taking 100g of sediment from each tray, 
samples were then sieved into size fractions of >63µm (sand and gravel) and <63 µm (silt and clay). 



12 
 

These fractions were then converted into percentage proportions of >63 µm (sand and gravel) and 
<63 µm (silt and clay) for each sample. 
 

Algal Biomass 

 
Algal habitats within the Coastal Lagoons are limited in spatial distribution and so to minimise the 
potential impact caused by large-scale habitat removal, the sampling effort to quantify algal biomass 
was minimised. Plant biomass from each algal habitat was sampled together with invertebrates as 
described above (section 2.1.2).  
 
In the laboratory, each sample was washed and the aboveground biomass separated from the 
below-ground biomass. Samples were not acid treated as there was little contamination with 
epiphytes and sediment. The samples were then oven-dried to a constant weight (80 o C for 48 h) 
and weighed to 0.01 g. Biomass of Zostera capricorni (gm-2) was determined by pooling plants in 
each harvested 0.25m2 quadrat sample, weighing after being dried at 60oC for seven day and then 
multiplying by four (4). Because each sample of the other aquatic plants approximated one quarter 
of each 0.25m2 quadrat, the biomass (gm-2) was estimated by multiplying the dry-weight (g) by 
sixteen (16). 
 

Other variables 

 
Other environmental variables included, distance from lagoon entrance (beach berm) and fetch 
(measured using GIS), condition of foreshore habitat and depth. 
 

2.1.4 Statistical procedures 
 
The species richness of macroinvertebrates in each habitat is the total number of species recorded 
from each site. The total density of macroinvertebrates in each habitat is the average of the total 
densities in each site.  
 
A combination of multivariate statistical analyses was used to investigate and test for differences 
between community assemblages. Multi-dimensional scaling (MDS), based on Bray-Curtis similarity 
matrices, was used to produce ordination plots. Goodness of fit was measures using Kruskal’s stress 
formula (Kruskal and Wish, 1978). Analysis of similarity (ANOSIM) was then used to test for 
significant differences between locations. BIO-ENV analyses were also conducted in order to 
statistically link any biotic patterns to sampled environmental variables. These procedures were 
done using the PRIMER V.5 software package (Plymouth Marine Laboratories, U.K.). Canonical 
correspondence analyses (Ter Braak, 1995) were done to evaluate differences in species 
composition between sites and to identify the environmental variables responsible for these 
differences. Canonical correspondence analysis was done using Canoco 4.5 (2002). 
 

2.1.5 Geospatial data 
 
The following data sets were digitised for spatial representation in the ESRI ArcMap Geographical 
Information System (Projected Coordinate System: GDA 1994 MGA Zone 56): 
 

• polygon defining the boundaries of each sampled habitat; 

• total species richness of macroinvertebrates; 
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• species richness of macroinvertebrates in each habitat; 

• total density of macroinvertebrates in each habitat; 

• assemblage type for each habitat; 

• sediment grain size distribution; 

• surface water chlorophyll a; 

• sediment organic matter 

• turbidity; 

• salinity, conductivity; 

• biomass of benthic microalgae; 

• distance to estuary entrance; 

• fetch; and 

• median depth 
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3 Results 
 

3.1 Benthic macroinvertebrates 
 

Benthic macroinvertebrates collected were sorted and identified to family level. All specimens 
collected are listed in Table 2.13. Some general trends were apparent. Such as, Nerid worms were 
the most abundant invertebrate collected. Capitellid worms were also abundant. Exoedicerotidae 
amphipods were the most abundant crustacean. Bivalves from the family Trapeziidae were the most 
abundant mollusc collected. 

Table 3.1 Total number of benthic macroinvertebrate specimens collected and identified to family 
level.  

Family Total no. individuals 

Crustraceans Mictyridae 2  
Hymenosomatidae 3  
Paracalliopiidae 39  
Exoedicerotidae 51  
Sphaeromatidae 7  
Aegidae 2 

Polycheates Nereididae 210  
Hesionidae 7  
Spionidae 5  
Capitellidae 54  
Orbiniidae 29 

Molluscs Trapeziidae 44  
Eulimidae 1  
Trochidae 1  
Psammobiidae 0  
Donacidae 3  
Assiminidae 5  
Mytilidae 7 

Insects Chironomidae 21  
Chrysopidae 1  
Trichoptera  15 

 

In total, 412 individual macroinvertebrates were collected from benthic sediments. This total 
consisted of 22 families: 7 families of Molluscs, 5 families of Polychaetes, 6 families of Crustaceans 
and 3 families of Insects (table 3.1.). Macroinvertebrates were most diverse and abundant within the 
central mud basin region (e.g. 9 families of macroinvertebrates were found within Avoca basin 
samples; figures 3.2 – 3.4). Macroinvertebrates were least diverse within the beach berm region and 
no macroinvertebrates were found within Terrigal beach berm samples (figures 3.2 – 3.4). Only one 
species from one macroinvertebrate family (Paracalliopiidae) was found within the beach berm. This 
family was also not found within any of the other two regions. Numbers of macroinvertebrate 
families were highest within the basin region of all ICOLLs, while being lowest within the beach berm 
region of all ICOLLs (figures 3.5 – 3.8). 
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Figure 3.1 Mean densities of macroinvertebrates within Wamberal ICOLL 

  

 

Figure 3.2 Mean densities of macroinvertebrates within Terrigal ICOLL 
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Figure 3.3 Mean densities of macroinvertebrates within Avoca ICOLL 

 

 

Figure 3.4 Mean densities of macroinvertebrates within Cockrone ICOLL 
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Figure 3.5 Mean number of macroinvertebrate families within Wamberal ICOLL 

 

 

Figure 3.6 Mean number of macroinvertebrate families within Terrigal ICOLL 
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Figure 3.7 Mean number of macroinvertebrate families within Avoca ICOLL 

 

 

Figure 3.8 Mean number of macroinvertebrate families within Cockrone ICOLL 
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3.2 and 3.5) and by looking at pairwise tests, differences are high between the beach berm region 
and the other two (basin and creek), while (despite being significant) were relatively low between 
basin and creek regions (i.e. low R stat and higher Sig. level; table 3.6). 

Table 3.2 Two-way nested ANOSIM (with region nested within ICOLL) testing for differences 
between regions (a: across all ICOLLs; b: random sample from a large number). 

Global Test TESTS FOR DIFFERENCES BETWEEN REGIONS (a) 

Sample statistic (Global R) 0.613 

Significance level 0.10% 

Number of permutations 999 (b) 

Number of permuted statistics greater than or equal to 
Global R 0 

 

Table 3.3 Two-way nested ANOSIM (with region nested within ICOLL) testing for differences 

between ICOLLs (a: using region as samples; b: random sample from 15400)  

Global Test TESTS FOR DIFFERENCES BETWEEN ICOLL (a) 

Sample statistic (Global R) -0.127 

Significance level 74% 

Number of permutations 999 (b) 

Number of permuted statistics greater than or equal to 
Global R 739 

 

Table 3.4 Pairwise tests for Two-way nested ANOSIM (with region nested within ICOLL) 

  R Significance Possible Actual Number >= 

Groups Statistic Level % Permutations Permutations Observed 

Wamberal, Terrigal -0.042 40 10 10 4 

Wamberal, Avoca -0.296 80 10 10 8 

Wamberal, Cockrone -0.167 80 10 10 8 

Terrigal, Avoca -0.083 70 10 10 7 

Terrigal, Cockrone 0.167 30 10 10 3 

Avoca,    Cockrone -0.222 70 10 10 7 

 

Table 3.5 One-way ANOSIM (region) testing for differences between regions 

Global Test 
TESTS FOR DIFFERENCES BETWEEN 

REGIONS 

Sample statistic (Global R) 0.326 

Significance level 0.10% 

Number of permutations 999 (a) 

Number of permuted statistics greater than or equal to Global R 0 
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Table 3.6 Pairwise tests for One-way ANOSIM (region) between ICOLLs 

  R Significance Possible Actual Number >= 

Groups Statistic Level % Permutations Permutations Observed 

Basin, Beach 0.586 0.1 Very large 999 0 

Basin, Creek 0.053 1.3 Very large 999 12 

Beach, Creek 0.456 0.1 Very large 999 0 

 
As five macroinvertebrate samples were so distinctively different from all others, overall MDS 
ordination plots of these data depict the majority of samples being clumped close together, while 
the five outliers are spread out far from the majority (figures 3.9 and 3.11). As a result of this, the 
ordination plot was edited. Overall ICOLL macroinvertebrate assemblages were removed so that 
region based macroinvertebrate assemblages could be shown. The ordination plot for 
macroinvertebrates in regions shows that the beach berm region (on the left) is different from the 
other two regions (basin and creek; on the right; figure 3.10). Additionally, the ordination plot 
depicts the same result as the pairwise test for the regional one-way ANOSIM; that the beach berm 
regions are very different from the others, while basin and creek regions are far less different from 
each other (table 3.7; figure 3.10). 
 

 

 

Figure 3.9 Two-dimensional MDS ordination of macroinvertebrates within ICOLLs 
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Figure 3.10 Two-dimensional MDS ordination of macroinvertebrates in regions from all ICOLLs 

 

Similarities of percentages (SIMPER) for region depict which macroinvertebrate families have caused 
any significant difference in macroinvertebrate assemblages between regions of all ICOLLs. Only 
families that typify these differences are outlined, as these are the distinguishing taxa for each 
region.  
 
The Arthropod family Paracalliopiidae was found to be the primary cause of difference between 
beach berm regions and the others (basin and creek; table 3.8). This family was most abundant 
within the beach berm regions of the ICOLLs. Families Capitellidae and Exoedicerotidae were the 
main causes of difference between basin and creek regions, with these families being more 
abundant within creek regions (table 3.8). 
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Figure 3.11 Two-dimensional MDS ordination of macroinvertebrates within ICOLLs 

 

Table 3.8 SIMPER of region for all ICOLLs (* taxon is more important in region at top of column) 

 Beach Creek Basin 

Beach Paracalliopiidae   

Creek Paracalliopiidae* 
Nereididae 

Nereididae        
Capitellidae 
Exoedicerotidae  

 

Basin Paracalliopiidae*     
Nereididae 

Capitellidae*  
Exoedicerotidae*
          

Nereididae     
Capitellidae 
Exoedicerotidae 
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Using one-way ANOSIM, regions of ICOLLs were also compared individually between ICOLLs (i.e. 
creek region alone was compared between ICOLLs). Beach berm regions were not compared due to 
insufficient samples containing counts of macroinvertebrates (e.g. no macroinvertebrates were 
collected from Terrigal beach berm samples). There was an overall significant difference between 
the creek regions of all ICOLLs (table 3.9). Largest differences in creek regions were between 
Wamberal and Terrigal ICOLLs, Wamberal and Avoca ICOLLs, Terrigal and Cockrone ICOLLs and 
Avoca and Cockrone ICOLLs (table 3.20). Smaller differences in creek regions were found to be 
between Wamberal and Cockrone ICOLLs and Terrigal and Avoca ICOLLs (table 3.10). 

 

Table 3.9 One-way ANOSIM (creek) testing for differences between ICOLLs (a: random sample from a 

large number) 

Global Test 
TESTS FOR DIFFERENCES BETWEEN 

ICOLLs 

Sample statistic (Global R) 0.562 

Significance level 0.10% 

Number of permutations 999 (a) 

Number of permuted statistics greater than or 
equal to Global R 0 

 

Table 3.10 Pairwise tests for One-way ANOSIM (creek) between ICOLLs 

  R Significance Possible Actual 
Number 

>= 

Groups Statistic Level % Permutations Permutations Observed 

Wamberal, Terrigal 0.933 0.1 8008 999 0 

Wamberal, Avoca 0.704 0.1 8008 999 0 

Wamberal, Cockrone 0.5 0.2 462 462 1 

Terrigal, Avoca 0.129 3 92378 999 29 

Terrigal, Cockrone 0.817 0.1 8008 999 0 

Avoca,    Cockrone 0.518 0.1    

 

MDS ordination plots similarly show these differences and similarities. Macroinvertebrate 
assemblages are similar between the creek regions of Wamberal and Cockrone and especially 
Terrigal and Avoca ICOLLs (figure 3.12 and 3.13). Alternatively, while still being significant 
significantly different Wamberal is dissimilar to Terrigal and Avoca ICOLLs, Terrigal is dissimilar to 
Cockrone and Avoca is dissimilar to Cockrone (figure 3.12 and 3.13). 
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Figure 3.12 Two-dimensional MDS ordination of macroinvertebrates within creek region between 
ICOLLs 

 

 

 

Figure 3.13 Two-dimensional MDS ordination of macroinvertebrates within creek region between 
ICOLLs (subset of clumped points within Figure 2.31) 

 

The following similarities of percentages (SIMPER) for creek region depict which macroinvertebrate 
families have caused any significant difference in macroinvertebrate assemblages between creeks of 
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ICOLLs. Only families that typify these differences are outlined, as these are the distinguishing taxa 
for each ICOLL’s creek region. 
 
Nereididae (Polychaete worms), Trichopterae (Caddis fly larvae) and Sphaeromatidae (Isopods) 
families were found to be the primary cause of difference between creek regions of Wamberal and 
Terrigal ICOLLs, with these families being more abundant within Wamberal. Similar results were 
obtained for differences between creek regions of Wamberal and Avoca ICOLLs. Capitellidae 
(Polychaete worms) and Hesionidae (Polychaete worms) families were found to be the primary 
cause of difference between creek regions of Terrigal and Avoca ICOLLs, with these families being 
more abundant within Terrigal. Sphaeromatidae, Caddis fly larvae and Exoedicerotidae (Amphipods) 
families were found to be the primary cause of difference between creek regions of Wamberal and 
Cockrone ICOLLs, with these families being more abundant within Wamberal. Nereididae and 
Exoedicerotidae families were found to be the primary cause of difference between creek regions of 
Terrigal and Cockrone ICOLLs, with these families being more abundant within Terrigal. Nereididae 
and Capitellidae families were found to be the primary cause of difference between creek regions of 
Avoca and Cockrone ICOLLs, with these families being more abundant within Avoca. 
 
There was an overall significant difference between the basin regions of ICOLLs (table 3.11). 
Significant differences in basin regions were Wamberal and Terrigal, Wamberal and Avoca, 
Wamberal and Cockrone, and Terrigal and Cockrone ICOLLs (table 3.12). However, there were no 
significant differences in basin regions between Terrigal and Avoca, and Avoca and Cockrone ICOLLs 
(table 3.12). MDS ordination plots support these differences and similarities. Macroinvertebrate 
assemblages within Wamberal ICOLL are dissimilar to the other three ICOLLs (figure 3.14). Similar 
differences occur between Terrigal and Cockrone ICOLLs, while Avoca and Terrigal, and Avoca and 
Cockrone ICOLLs are similar to each other (figure 3.14).  

Table 3.11 One-way ANOSIM (basin) testing for differences between ICOLLs (a: random sample from a 
large number) 

Global Test 
TESTS FOR DIFFERENCES BETWEEN 

ICOLLs 

Sample statistic (Global R) 0.657 

Significance level 0.10% 

Number of permutations 999 (a) 

Number of permuted statistics greater than or 
equal to Global R 0 

 

Table 3.12 Pairwise tests for One-way ANOSIM (basin) between ICOLLs 

 R Significance Possible Actual 
Number 

>= 

Groups Statistic Level % Permutations Permutations Observed 

Wamberal, Terrigal 0.998 0.1 92378 999 0 

Wamberal, Avoca 0.89 0.1 92378 999 0 

Wamberal, Cockrone 0.885 0.1 3003 999 0 

Terrigal, Avoca 0.076 7.2 92378 999 71 

Terrigal, Cockrone 0.65 0.1 3003 999 0 

Avoca, Cockrone 0.172 11 3003 999 109 
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Figure 3.14 Two-dimensional MDS ordination of macroinvertebrates within basin region between 
ICOLLs 

 

The Following similarities of percentages (SIMPER) for basin region depict which macroinvertebrate 
families have caused any significant difference in macroinvertebrate assemblages between basins of 
ICOLLs. Only families that typify these differences are outlined, as these are the distinguishing taxa 
for each ICOLL’s basin region. 
 
Exoedicerotidae and Trapeziidae (Bivalve molluscs) families were found to be the primary cause of 
difference between basin regions of Wamberal and Terrigal ICOLLs, with these families being more 
abundant within Wamberal. Trapeziidae and Exoedicerotidae families were found to be the primary 
cause of difference between creek regions of Wamberal and Avoca ICOLLs, with these families being 
more abundant within Wamberal. Capitellidae and Nereididae families were found to be the primary 
cause of difference between creek regions of Terrigal and Avoca ICOLLs, with these families being 
more abundant within Terrigal. Trapeziidae and Exoedicerotidae families were found to be the 
primary cause of difference between creek regions of Wamberal and Cockrone ICOLLs, with these 
families being more abundant within Wamberal. Nereididae and Capitellidae families were found to 
be the primary cause of difference between creek regions of Terrigal and Cockrone ICOLLs, with 
these families being more abundant within Terrigal. Capitellidae and Nereididae families were found 
to be the primary cause of difference between creek regions of Avoca and Cockrone ICOLLs, with 
these families being more abundant within Avoca. 
 

3.2 Macroinvertebrates among lagoon vegetation 
 
A total of 2746 macroinvertebrates and fish were collected from the vegetated habitats, sorted and 
identified to family level (table 3.13). The tiny (2-4mm) Assiminid gastropods were the dominant 
invertebrate found among Ruppia spiralis and the most abundant of the invertebrates overall. 
Sphaeromatid isopods were also very abundant among Ruppia spiralis. The total abundance and 
species richness among these habitats at each lagoon are summarised graphically in Figure 3.15.  
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Table 3.13 Total number of macroinvertebrate specimens, collected from seagrass and algal habitats, 
identified to family level 

Order Common name Family Phragmites Filamentous** Zostera** Ruppia Total 

Crustraceans Crabs Grapsidae 0 2 0 3 5 

 Spider crabs Hymenosomatidae 0 2 0 0 2 

 Penaeid shrimps Palamonidae  2 0 8 5 15 

 Amphipods Parametilitidae 29 0 0 0 29 

  Paracalliopiidae 58 3 68 15 144 

  Exoedicerotidae 42 116 47 1 206 

 Isopods Sphaeromatidae 0 11 0 194 205 

  Aegidae 201 0 0 0 201 
Polycheates  Nereididae 0 0 10 14 24 
Molluscs Gastropods Assiminidae 0 0 0 868 868 

  Pyramidelloidea 7 18 0 0 25 

  Hydrobiidae 21 75 18 288 402 

  Marginellidae 0 5 10 0 15 

 Bivalves Mytilidae 0 10 0 0 10 
Insects Fly larvae Chironomidae 75 0 1 339 415 

 Lace wing larvae Chrysopidae  0 50 0 0 50 

 Caddis fly larva Trichoptera 0 0 0 0 0 

  Nematoda 0 0 7 0 7 

 Stonefly Plecoptera 1 0 0 0 1 

 Damsel fly Zygoptera 2 0 3 0 5 

 Crane fly  Tipulidae 15 0 0 0 15 

 Water strider Veliidae 1 0 0 5 6 

 Dragonfly larvae Anisoptera 4 0 0 6 10 

 Spider Pisauridae 29 1 0 1 31 
Fish Fish  16 4 22 4 46 

 Pipefish  0 0 9 0 9 

Total   503 297 203 1743 2746 

*Filamentous algae was only sampled at Wamberal and Cockrone 
** Zostera was only sampled at Wamberal and Avoca 
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Ruppia contained the largest number of invertebrates and was among the most species rich; 
however, Zostera had the greatest diversity of species (figure 3.15).  
 

 
 

 

Figure 3.15 Total mean abundance and species richness of invertebrates among vegetated habitats  
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One-way ANOSIM tests for invertebrate communities among the different algal habitats 
demonstrated that all habitats were significantly different (p < 0.5). The more important results are 
the pair-wise R values, which provide an absolute measure of how separated the sites are, on a scale 
of indistinguishable (0) to all similarities within sites are less than any similarity between sites (1). 
Some habitats being well separated (R > 0.75: R. spiralis and Z. capricorni), overlapping but clearly 
different (R > 0.5: R. spiralis and the filamentous algae) or overlapping but not very well separated (R 
< 0.5: Z. capricorni and the filamentous algae). However, some habitats were found to be barely 
separable at all (R < 0.25: P. australis and Z. capricorni; P. australis and the filamentous algae). These 
patterns of similarities and differences are illustrated using an nMDS ordination (figure 3.16). 
 

 

Figure 3.16 nMDS ordination comparing different macroalgal habitats 

 
One-way ANOSIM tests for invertebrate communities among R. spiralis between each of the four 
lagoons demonstrated that Terrigal was significantly different from all other lagoons (p < 0.5). The 
pair-wise comparisons indicate that R. spiralis communities in Terrigal overlap with the R. spiralis 
communities in the other lagoons but are still clearly different (R > 0.5). R. spiralis communities in 
Wamberal, Avoca and Cockrone were found to be barely separable at all (R < 0.25). These patterns 
of similarities and differences are illustrated using an nMDS ordination (figure 3.17). 
 
One-way ANOSIM tests for invertebrate communities among P. australis between each of the four 
lagoons demonstrated that collectively the lagoons are significantly different from each other (p < 
0.5). Pair-wise comparisons indicate some that P. australis communities overlap but clearly different 
(R > 0.5: Terrigal and Avoca, Terrigal and Cockrone); some are overlapping but not very well 
separated (R < 0.5: Wamberal and Terrigal, Wamberal and Avoca, Wamberal and Cockrone); 
however, Avoca and Cockrone were found to be barely separable at all (R < 0.25). These patterns of 
similarities and differences are illustrated using an nMDS ordination (figure 3.18). 
 
One-way ANOSIM tests for invertebrate communities among Z. capricorni between Wamberal and 
Avoca demonstrated that they were not significantly different from each other (R = 0.051, p > 0.5). 
However, one-way ANOSIM tests for invertebrate communities among filamentous algae between 
Wamberal and Cockrone demonstrated that they were significantly different from each other (R = 
0.619, p < 0.5). These results are illustrated with nMDS ordinations (figures 19-20). 
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Figure 3.17 nMDS ordination comparing R. spiralis invertebrate communities at each of the four 

coastal lagoons 

 

 

Figure 3.18 nMDS ordination comparing P. australis invertebrate communities at each of the four 

coastal lagoons 

 

Ruppia spiralis habitats - stress = 0.13

Wamberal

Terrigal

Avoca

Cockrone

Phragmites australis - stress = 0.1

Wamberal

Terrigal

Avoca

Cockrone



31 
 

 

Figure 3.19 nMDS ordination comparing Z. capricorni invertebrate communities at Wamberal and 

Avoca  

 

 

Figure 3.20 nMDS ordination comparing filamentous algae invertebrate communities at Wamberal and 

Cockrone  
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3.3 Water quality  
 

Water temperature was relatively constant within lagoon sites though there was some variation 

between lagoons (Figure 2.13).  
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Figure 2.13 Mean water temperature (°C) at each site for each lagoon (A = Basin, B = Berm, C = Creek 

delta) 

 

Levels of dissolved oxygen were generally high (close to 100%) though marginally lower at Wamberal 

(Figure 2.14). The pH levels tended towards neutral (7.0) though slightly higher levels were recorded 

for Avoca and Cockrone (Figure 2.15). 

 

 

0

2

4

6

8

10

12

14

16

18

A1 A2 B1 B2 C1 C2 A1 A2 B1 B2 C1 C2 A1 A2 B1 B2 C1 C2 A1 A2 B1 B2 C1 C2

Wamberal Terrigal Avoca Cockrone

Te
m

p
e

ra
tu

re
 °

C

Sites

Water temperature

0

20

40

60

80

100

120

A1 A2 B1 B2 C1 C2 A1 A2 B1 B2 C1 C2 A1 A2 B1 B2 C1 C2 A1 A2 B1 B2 C1 C2

Wamberal Terrigal Avoca Cockrone

D
O

 %

Sites

Dissolved Oxygen



34 
 

Figure 2.14 Mean dissolved oxygen concentration (%) at each site for each lagoon (A = Basin, B = Berm, 

C = Creek delta) 

 

 

Figure 2.15 Mean pH at each site for each lagoon (A = Basin, B = Berm, C = Creek delta) 

 

Salinity values (‰) were generally similar at all sites with the exception of Cockrone, which had 

slightly elevated values in basin and delta regions (Figure 2.16). These salinities are consistent for 

ICOLLs that have been closed for several weeks. The results for Terrigal are therefore surprising 

given the frequent openings to the sea. 
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Figure 2.16 Mean salinity (‰) at each site for each lagoon (A = Basin, B = Berm, C = Creek delta) 

 

Turbidity levels (NTU) varied between sites with the highest levels recorded at Creek deltas. 

Generally, turbidity was low and water clarity was high (Figure 2.17).  

 

Organic carbon concentrations (%) varied markedly between sites and lagoons (Figure 2.18). Not 

surprisingly, the beach berms sediments generally had low organic carbon content and were 

comprised of relatively coarse marine sands (Figure 2.19). The finest sediments (<63 µm) were 

generally found among the creek deltas (Figure 2.19). 
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Figure 2.17 Mean turbidity (NTU) at each site for each lagoon (A = Basin, B = Berm, C = Creek delta) 

 

Figure 2.18 Mean organic carbon (%) at each site for each lagoon (A = Basin, B = Berm, C = Creek delta) 

 

 

Figure 2.19 Mean percentage fines  (%<63 µm) at each site for each lagoon (A = Basin, B = Berm, C = 

Creek delta) 
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Ruppia 112.7 g m–2 (dry weight) or  Ruppia biomass (25-414 g DW m-2) 

 

Need other parameters – chl a, biomass, TN, TP etc – need parameters for sed and water 

3.3 Habitats 
 

Lagoons varied substantially in the composition of their habitats (Figure 4). Wamberal 

lagoon was dominated by large areas of Ruppia sp., with smaller areas of algae. Small areas of 

Zostera capricorni were present adjacent to the northern and southern shores of the lagoon near 

the entrance. The majority of the lagoon was < 1 m to 1 m depth (with deeper areas of 3-4 m) 

(Figure 5) and contained extensive areas of medium and fine sand (Figure 6). Terrigal lagoon 

consisted entirely of unvegetated sediment (Figure 4), of < 1 m to 1 m depth (with deeper areas of 3-

4 m) (Figure 5), and coarse-fine sand (Figure 6). Avoca lagoon consisted of large areas of algae and 

Ruppia sp. in the southern arm of the lagoon and small patches of Z. capricorni in the central section 

near the entrance (Figure 4). Average depth of Avoca lagoon was < 1 m to 1 m with a deep section 

(2-4 m depth) south of the island (Figure 5). The dominant sediment in Avoca lagoon was coarse and 

medium sand (Figure 6). The dominant habitat in Cockrone lagoon was algae and Ruppia sp. (Figure 

4), with average depth being < 1 m to 1 m apart from a deeper 2-3 m section near the entrance 

(Figure 5). The sediment composition of Cockrone lagoon was coarse and medium sand (Figure 6). 
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Figure 4. Habitat composition of Gosford’s coastal lagoons. 
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BIO-ENV analyses were conducted to compare biotic patterns of macroinvertebrate assemblages to 

the environmental variables using mean data for two sites within each region of all four ICOLLs.  

Biota and environment matching was conducted using the BEST subroutine using Euclidean 

distances rather than transformed data based on Bray-Curtis similarity measures. The environmental 

variables considered were: 

1. temperature 

2. DO 

3. pH 

4. salinity 

5. turbidity 

6. OC 

7. sediment fines  

With a Spearmans correlation of 0.345, salinity and turbidity were found to be the most 

distinguishing environmental variables to the biotic patterns of macroinvertebrate assemblage 

within all regions of all ICOLLs (Table 2.24).  

Table 2.24 Best results for Biota and Environment variable matching 

No.Vars Corr. Selections 

2 0.345 4,5 

3 0.344 3-5 

4 0.318 1,3-5 

3 0.318 1,4,5 

2 0.308 3,5 

1 0.308 5 

3 0.288 1,3,5 

2 0.288 1,5 

4 0.270 3-5,7 

3 0.270 4,5,7 

 

 

In an attempt to interpret patterns of distribution and abundance of macroinvertebrates, whilst at 

the same time giving consideration to environmental variables which influence these patterns, a 

canonical correspondence analysis (CCA) was conducted. The first CCA biplot (Figure xx) illustrates 

relationships between both macrobenthic families and complete sample-units (comprised of the 

abundance of all families in a particular sample) to each other and to the complete suite of 

environmental variables (i.e. Total Nitrogen (TN), Total Phosphorous (TP), Chlorophyll a (Chl a), 

Salinity (Sal), Dissolved Oxygen (DO), Temperature (Temp), pH, Turbidity (Turb), Organic Carbon 

(OC), Percentage Fines (Fines), Distance from beach berm (Dist) and Foreshore Condition (FC)) . Each 
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point represents the weighted average of the family or sample-unit (ter Braak and Verdonschot, 

1995). Individual families are denoted by triangles with the name of the family abbreviated to first 

three letters (see Table xx for full family name). The relationship between families and 12 

environmental variables is significant (P-value = 0.0080 < 0.05). 

The arrows point in the direction of maximum change in an environmental variable. The length of 

the arrow is directly proportional to the rate of change in the variable – the longer the arrow the 

greater the rate. In general, environmental variables with long arrows are likely to be more closely 

related to the pattern of variation displayed between families and sample-units than are short 

arrows. The combined plot of families, sample-units and environmental arrows is in fact a biplot that 

approximates the weighted averages with respect to the environmental variables. By projection of 

the sample or the family (by eye) orthogonally onto arrows corresponding to environmental 

variables the family/environmental relationships can be elucidated. This procedure enables 

identification of variables that principally influence particular families or sample-units and enables 

them to be ranked in terms of their response to particular variables.  

 

The weighted averages are approximated as deviations from the mean value of each environmental 

variable, which is represented by the origin. Inferred weighted averages are higher than the mean 

when a projected point lies on the same side of the origin as an arrow-head, and are lower than 

average when the origin lies between a projected point and an arrow-head. 

 

Families or sample-units that are unrelated to the environmental variables tend to be placed near 

the origin, and consequently are not distinguished from families or sample-units having true optima 

there. CCA also has the tendency to place species-poor sites which are generally environmentally 

impoverished sites at the end of the horizontal dimension of the biplot. 

 

In all CCAs the beach berm samples containing the Paracalliopiidae amphipods were omitted to help 

spread the remaining invertebrates. It is apparent, without statistical analysis, that Paracalliopiidae is 

most strongly influenced by the presence of the beach berm and its presence in the biplot 

concentrates the other invertebrates too tighly. It can be seen in Figure 2.34 that several families are 

grouped tightly and are it is difficult to distinguish individual families. To clarify relationships, 2 

further CCAs were undertaken, separating water quality variables from the variables related to 

distance from beach berm, foreshore condition and the sediment variables, organic carbon and 

percentage fines (Figure 2.35 and 2.36).   
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Figure 2.34 CCA Biplot with family and environmental values (Test of significance of all canonical axes: 

Trace = 2.459, F-ratio = 2.165, P-value = 0.0080, Goodness of fit (%): 31.6,  55.7,  69.1,  80.0) 

(Families: Mic, Mictyridae; Hym, Hymenosomatidae; Par, Paracalliopiidae; Exo, 

Exoedicerotidae; Sph,  Sphaeromatidae; Aeg,  Aegidae; Ner, Nereididae; Hes, Hesionidae; 

Spi, Spionidae; Cap, Capitellidae; Orb, Orbiniidae; Tra, Trapeziidae; Eul, Eulimidae; Tro, 

Trochidae; Psa, Psammobiidae; Don, Donacidae; Ass, Assiminidae; Myt, Mytilidae; Chi, 

Chironomidae; Lac, Lacewing larva; Cad, Caddis fly larva) 
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Figure 2.35 Species-Water Quality CCA Biplot with family and environmental values and without beach 

berm samples (Test of significance of all canonical axes: Trace = 2.155, F-ratio = 3.432, P-

value = 0.0020, Goodness of fit (%): 35.4, 59.4, 74.2, 84.1) (Families: Mic, Mictyridae; Hym, 

Hymenosomatidae; Exo, Exoedicerotidae; Sph,  Sphaeromatidae; Aeg,  Aegidae; Ner, 

Nereididae; Hes, Hesionidae; Spi, Spionidae; Cap, Capitellidae; Orb, Orbiniidae; Tra, 

Trapeziidae; Eul, Eulimidae; Tro, Trochidae; Psa, Psammobiidae; Don, Donacidae; Ass, 

Assiminidae; Myt, Mytilidae; Chi, Chironomidae; Lac, Lacewing larva; Cad, Caddis fly larva) 

(499 permutations under reduced model). 
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Fig 2.36 Species-sediment/distance from berm/foreshore condition  CCA Biplot with family and 

environmental values and without beach berm samples (Test of significance of all canonical axes: 

Trace = 1.162, F-ratio = 1.869, P-value = 0. 0100, Goodness of fit (%): 52.8, 78.1, 94.0, 100.0) 

(Families: Mic, Mictyridae; Hym, Hymenosomatidae; Exo, Exoedicerotidae; Sph,  Sphaeromatidae; 

Aeg,  Aegidae; Ner, Nereididae; Hes, Hesionidae; Spi, Spionidae; Cap, Capitellidae; Orb, Orbiniidae; 

Tra, Trapeziidae; Eul, Eulimidae; Tro, Trochidae; Psa, Psammobiidae; Don, Donacidae; Ass, 

Assiminidae; Myt, Mytilidae; Chi, Chironomidae; Lac, Lacewing larva; Cad, Caddis fly larva) (499 

permutations under reduced model). 

 
Figure 2.35 suggests that in the absence of the other variables related to sediment and location, the 
invertebrates form 3 distinct groups. The first of these are grouped around higher nutrient values 
and lower salinities and lower dissolved oxygen levels. The second group are the opposite to this and 
the third group are associated with higher turbidity and more acidic water. This latter group include 
the insects, found in the creek deltas. The bipolots indicate that the insects and the bivalve mollusc 
Trapeziidae are also influenced by distance from the beach berm and higher organic carbon content 
(Figure 2.36), as would be expected given the results of the previous biplot (Figure 2.35). The bulk of 
the remaining macroinvertebrate communities are concentrated closer to the origin and 
demonstrate a relationship with the finer sediments found in the basin and creek delta regions.  
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4 Discussion 
 

Aside from documenting the macroinvertebrate communities of the lagoons, the objectives of this 

study were to compare the macroinvertebrate assemblages of different regions. This was tested by 

comparing the macroinvertebrate abundance, diversity and assemblage structure. An additional aim 

of this study was to determine whether or not particular environmental variables influence patterns 

of distribution and abundance of macroinvertebrates within these lagoons. 

 

Numbers of families and individuals of macroinvertebrates were highest within the central mud 

basin region of all ICOLLs and lowest within the beach berm region of all ICOLLs. As such, the 

hypothesis that; the number of families and number of individuals of all families of 

macroinvertebrates will differ among the three regions (beach berm, basin and creek), of the four 

ICOLLs; has been supported. Of the 22 families of macroinvertebrates, only one species of one family 

(Paracalliopiidae) was found within the beach berm region of Wamberal, Avoca and Cockrone 

lagoons. This family, however, was not found within the beach berm of Terrigal Lagoon nor any of 

the non-beach berm regions of any of the ICOLLs.  

 

There was an overall significant difference in macroinvertebrate assemblages between ICOLLs 

regions for all ICOLLs. Generally, beach berm regions are very different from other regions, while 

basin and creek delta regions are similar. This was tested by two-way nested ANOSIM (with region 

nested within ICOLL), one-way ANOSIM (just on region) using pairwise tests and MDS ordination 

plots. The hypothesis that; the community composition of the macroinvertebrates will differ among 

the three regions (beach berm, basin and creek), of the four ICOLLs; has also been supported. As 

family Paracalliopiidae was only found within berm regions, this taxon was the primary cause of 

difference between beach berm regions and others.  

 

Regions of ICOLLs were also individually compared between ICOLLs (e.g.  creek delta regions were 

compared between ICOLLs). However, due to insufficient samples containing counts of 

macroinvertebrates within berm regions (e.g. no macroinvertebrates were collected from Terrigal 

beach berm samples), beach berms were not compared. By conducting a one-way ANOSIM testing 

for differences between creek regions; there was an overall significant difference in 

macroinvertebrate assemblages between creek regions of all ICOLLs. Likewise, there was an overall 

significant difference in macroinvertebrate assemblages between basin regions of Wamberal and 

Terrigal, Wamberal and Avoca, Wamberal and Cockrone, and Terrigal and Cockrone ICOLLs. 

However, no significant differences in basin regions were found between Terrigal and Avoca, and 
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Avoca and Cockrone ICOLLs. MDS ordination plots have supported these results. As significant 

differences between creek regions of all ICOLLs and between basin regions of most ICOLLs, the 

hypothesis that; within a particular ICOLL region, the number of families, number of individuals and 

community composition of macroinvertebrates will differ among the four ICOLLs; has been also been 

supported.  

 

Biota-environment matching analyses were conducted to compare biotic patterns of 

macroinvertebrate assemblages to the environmental variables using mean data for two sites within 

each region of all four ICOLLs. These analyses showed that with high Spearmans correlation, salinity 

and turbidity were the most distinguishing environmental variables to patterns and differences of 

macroinvertebrate assemblages between the regions of all ICOLLs. The hypothesis that; differences 

in environmental variables such as salinity and water temperature, percentage of silt/clay and 

particulate organic content  in sediments among the three regions will be related to any differences 

in the macroinvertebrates of those ICOLLs; has been supported. However, differences in sampled 

quality parameters may, in some instances, have been influenced by the timing of the sampling 

event. For example, water temperature differences may be related to the ambient temperatures 

throughout the day. The lower DO at Wamberal may also be related to the time of sampling as 

oxygen levels are likely to increase with diurnal photosynthesis processes. Similarly, the pH levels 

recorded for Avoca and Cockrone may also be related to increased photosynthetic activity likely to 

be experienced with prolonged sunshine.  

 

Environmental influences from freshwater tributaries are known to contribute to differences of 

macroinvertebrate assemblages between the three regions of an estuary. With freshwater being 

constantly input into estuaries, variations in salinities between regions are common. Additional 

influences of salinity include the low berm heights of ICOLL allowing for flushing of high saline sea-

water into berm regions of ICOLL. The BIO-ENV results support this reasoning. Also, a study 

conducted by Underwood and Anderson (1994) has shown that sedimentary characteristics of 

estuarine substratum can influence patterns of macroinvertebrate establishment and change. As 

settling velocity varies with the size, shape, volume and density of creek derived sediment (Branson 

et al, 1996), variations in water turbidity within estuaries is likewise known to influence 

macroinvertebrate assemblages within ICOLLs by affecting rates of dietary required algal and 

phytoplankton growth. Heavier sediment settles faster than finer sediment basins of the fluvial delta 

are typically composed of gravel and sand, while silt and clay continues to carry further into the 

central mud basin (Roy et al., 2001). Settling velocity similarly influences macroinvertebrate 
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assemblages due to the different grain sizes being found within each sedimentary zone or ICOLL 

region. Each sedimentary zone has been shown to provide different benthic habitats for 

macroinvertebrate assemblages within ICOLLs (Etter and Grassle, 1992; Snelgrove and Butman, 

1994). Finally Rainer (1981) and Horwitz and Blake (1992), refer to macroinvertebrate assemblages 

found within the fine sediment characteristics typical of the central mud basin as being low-grade 

assemblages governed by physical processes, small-scale disturbances and organic loading rather 

than biological processes. As a result, macroinvertebrate assemblage of the basin region can be 

described as having high abundances, low diversities and small size stratums (O’Conner and Lake, 

1994). The results of this study support this concept. 

 

Many issues are known to arise when measuring community structures and assemblages of 

macroinvertebrates. Limitations of such studies include a lack of understanding about the 

interactions controlling diversities of assemblages as well as the stability and resilience of 

ecosystems. Using species richness, diversity and measures of biomass of macroinvertebrates as 

indicators of ecological state can lead to problems in their interpretation. For example 

macroinvertebrates are spatially very variable, which requires complex sampling designs and a need 

for high replication. This issue had to be overcome in order to appropriately fulfil the aims of the 

study. Furthermore, this high variability and need for complex sampling designs also leads to the 

requirement of complex statistical procedures in order to detect any patterns, differences and 

similarities between various macroinvertebrate assemblages. 

 

The use of Canonical Correspondence Analyses (CCA) have attempted to address this. Results of CCA 

biplots demonstrated significant relationships between macroinvertebrate communities 

communities and environmental variables, such as sediment grain size, organic carbon content of 

sediments, distance from beach berm and various water quality parameters. These biplots 

supported other analyses used here (such as SIMPER and Bio-Env) and indicated that these variables, 

characteristic of the different regions investigated here, are influencing patterns of distribution and 

abundance of macrobenthic community assemblages. 
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