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CHAPTER 6 

Changes to Fish Assemblages during Restoration of the 

Connectivity to a Wetland 

6.1 Introduction 

Fragmentation of riverine habitats, with a subsequent loss of connectivity, has 

occurred worldwide and resulted in detrimental effects on both the biotic and abiotic 

environment (Nilsson et al. 2005; Tockner & Stanford 2002). This human modification 

of the natural connectivity to the detriment of the environment is particularly 

prevalent in coastal wetlands, which has led to a global surge in restoration projects in 

restoring these natural habitats (Arthington & Pusey 2003; Mitsch & Wilson 1996; 

Tockner et al. 1998; Turner & Lewis 1997). 

An ecohydrological understanding of the functioning of estuarine wetland ecosystems 

requires information on the influence of hydrological connectivity on biotic fluxes 

between aquatic habitats (Tetzlaff et al. 2007; Zalewski 2002). Connectivity is widely 

accepted as a controlling factor in species distribution because of its control of the 

hydrological and biotic fluxes (Lindborg & Eriksson 2004; Moilanen & Nieminen 2002; 

Tischendorf & Fahrig 2000). 

Connectivity between habitats shapes aquatic biological communities and is affected 

by any barriers added to the system (Able 2005; Cote et al. 2009; Gillanders et al. 

2003). Sheldon and Thoms (2006) found associations between longitudinal 

connectivity and hydrological disconnection compared with the assemblages of 

macroinvertebrates in four Australian dryland rivers. A French study has shown that if 

a fragmented river system has improved longitudinal connectivity, there is a 

subsequent increase in the diversity of amphibian, fish, macroinvertebrate and 

macrophyte populations (Amoros & Bornette 2002). 
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Engineered barriers such as those associated with flood mitigation programs have a 

detrimental effect on fish population (Pollard & Hannan 1994; Pressey & Middleton 

1982; Sammut et al. 1995). Loss of connectivity affects the abiotic and biotic features 

of the environment, which favours exotic fish species, whereas increased connectivity 

favours protected and native species. This was confirmed by Lasne et al. (2007) in 

studies on the Loire River, France, and by Holmquist et al. in a study on the 

anthropogenic changes to streams in the Caribbean. 

An understanding of the fish-habitat associations in an estuarine ecosystem can be an 

excellent indicator of the system’s ecological integrity (Karr 1991; Schiemer 2000). The 

physical and chemical environments and the ambient climate regime combine to form 

aquatic ecosystems, and continuing assessment of these environmental variables is an 

important part of estuarine ecosystem management (Gorman & Karr 1978; Norris & 

Norris 1995). 

Many wetlands on the Australian east coast have developed regions of acid sulfate 

soils due to lowering of the water table by engineering programs associated with flood 

mitigation. These wetlands, including Yarrahapinni, exhibit particular sensitivity to the 

alteration of the physical and chemical environmental variables. Lowering of salinity by 

flooding can result in atypical consequences due to unique chemical processes such as 

increases in acidity, decrease of dissolved oxygen content and potentially toxic levels 

of dissolved iron and aluminium in solution. These effects are common in such altered 

wetlands and affect fish and crustacean population dynamics (Indraratna et al. 2002; 

Johnston et al. 2004; Sammut et al.1996; Tulau & Naylor 1999; Walsh et al. 2004; 

Wilson et al. 1999). 

Many fish species migrate over long distances and can populate a diversity of habitats, 

so marine and estuarine fish can exhibit wide interannual fluctuations in their 

recruitment to a particular habitat (Fogarty et al. 1991; Rothschild 1986). Rose (2000) 

recognised six anthropogenic issues, apart from the natural sources of variability, 

when quantifying variations in habitat population dynamics. These issues are 
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difficulties in identifying individual stressors, complex habitats and non-intuitive 

responses, regional predictions made on unrealistic spatial scales, community 

interactions, ignoring sublethal effects and the cumulative effects of individual effects 

compounding. 

Defining the role of connectivity between various marine habitats provides an 

understanding of the population dynamics of many fish species in relation to their 

environment (Cowen et al. 2006; Matthews & Robison 1998; Park et al. 2003). 

However, distributions of aquatic organisms are equally affected by variations in the 

chemical and physical quality of their environment. A study of fish assemblage 

distribution must recognise the importance of these water quality variables (Matthews 

et al. 1992; Nevodaru 2002; Resh & Unzicker 1975). These complex interactions of 

environmental factors can be analysed by multivariate statistics; however, bivariate 

analysis of the reactions of individual species can be incorporated as a more 

quantitative measure of specific adaptation to the environment (Meffe & Sheldon 

1988; Vila-Gispert & Moreno-Amich 2002). 

This study aims to: 

1. Determine the role of the environmental water quality variables on changes to 

fish and crustacean assemblages in response to changes in connectivity. 

2. Relate this water quality effect to habitat migration categories for fish and 

crustaceans. 

3. Perform a before and after taxa abundance comparison for the Yarrahapinni 

floodgate region using the nearest similar reference creek as a control. 

4. Compare the study of Boys et al. (2011) with previous similar studies by Gibbs 

et al. (1999) and Kroon et al. (2004) for the influence of increased connectivity. 

5. Analyse the results for individual species to identify suitable connectivity 

indicator species for a subsequent study of the changes on fish assemblage 

distribution within various areas of the wetland during incremental 

connectivity increases. 
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6.2 Study Area 

The Yarrahapinni Wetland is a 600-ha coastal wetland on the Macleay River in northern 

NSW that originally consisted of two parallel mangrove creeks (3 & 7 km long) and an 

open shallow area known as the ‘Broadwater’, which contained extensive salt marsh, 

seagrass beds and intertidal flats. In 1971, the area was blocked off by approximately 1 

km of levee banks joining small mangrove islands with the inclusion of a structure of 

five one-way floodgates to facilitate discharge but stop tidal inflow, plus extensive 

drainage excavation of the waterways as part of an extensive flood mitigation program 

of the whole Macleay River estuary (Fig. 6.1). Drainage locations were all chosen to 

increase the area of useable farmland of property owners, and drainage excavation 

works were maintained on a regular basis until 1996. The resulting lowering of the 

water table and the enclosure by the levee banks resulted in the almost total loss of 

the mangroves, which were replaced by casuarina forests, the change of much of the 

wetland to acid sulfate soil and an 80% reduction of the waterways by siltation and 

phragmites infestation. 
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Figure 6.1: Study area and reference creeks (adapted from NPWS (2009)) 
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6.3 Data and Methods 

6.3.1 Data Collection 

In 1996, a research program of the NSW Department of Fisheries Research performed 

a fish sampling regime of three floodgate-affected estuarine regions (including 

Yarrahapinni) and three external estuaries to allow a ‘before and after’ statistical 

analysis of the effect of connectivity by floodgate openings on fish assemblages (Gibbs 

et al. 1999). Due to management difficulties, the floodgates were not opened for the 

Yarrahapinni sampling events. Kroon et al. (2004), from the same department, 

attempted a similar ‘before and after’ study in 2000–2001 of affected wetlands on the 

Macleay and Clarence Rivers. All of the Yarrahapinni floodgates were opened prior to 

the sampling, so there are no data before restoration of connectivity. During 2007–

2008, the author combined with the NSW Fisheries Research Department to conduct a 

similar ‘before and after’ connectivity study on the Macleay River, which resulted in 

extensive data from 10 fish sampling events before restoring connectivity by a partial 

floodgate opening and 14 sampling events after some connectivity had been restored 

(Boys et al. 2011). Three mangrove creeks of varying size, apart from the Yarrahapinni 

Wetland, were used as controls for the fish sampling trial. Two of these creeks (R1 and 

R2) are approximately 3 km upstream in Andersons Inlet and the third (R3) is in the 

main Macleay River, approximately 3 km from the river mouth on the main Macleay 

River (Fig. 6.1). 

The publications resulting from these three studies all involve results from 

comparisons from multiple waterways. Gibbs et al. (1999) compared results from six 

NSW rivers, Kroon et al. (2004) compared 13 waterways on the Clarence River, NSW, 

and four on the Macleay River, and Boys et al. (2011) compared results from four 

waterways on the Macleay River and seven from the Clarence River. 

The data for this chapter specific to the Yarrahapinni Wetland are taken from the NSW 

Department of Fisheries reports by Gibbs et al. (1999) and Kroon et al. (2004) and from 
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the author’s field work (sampling, identifying and recording) for the NSW Fisheries 

during 2007 and 2008. 

6.3.2 Fish Sampling Methods 

Fish and crustaceans were sampled on 24 occasions—10 before and 14 after the 

connectivity trial began on 4 December 2007, as shown in Table 6.1. The region inside 

the floodgate (MG) and the reference creeks R1 and R2 are all on the same section of 

estuary and were able to be sampled on the dates shown, at the slack water of high 

tide (plus or minus one hour). The reference creek R3 was usually sampled on the day 

before or after these dates to allow for sampling on the low tide. 

Table 6.1: Fish sampling dates 

BEFORE CONNECTIVITY AFTER CONNECTIVITY 

SAMPLENUMBER DATE SAMPLENUMBER DATE 

1 9/5/07 11 19/12/07 

2 30/5/07 12 25/1/08 

3 20/6/07 13 21/2/08 

4 17/7/07 14 27/3/08 

5 31/7/07 15 28/5/08 

6 29/8/07 16 11/6/08 

7 25/9/07 17 24/6/08 

8 18/10/07 18 10/7/08 

9 15/11/07 19 31/7/08 

10 4/12/07 20 20/8/08 

  21 17/9/08 

  22 8/10/08 

  23 20/11/08 

  24 2/12/08 

 



173 
 

Six fish seine samples were taken at each site: three at a distance of 50 m from the 

creek mouth and three at a distance of 150 m from the creek mouth (Fig. 6.2). The 

triplicate samplings were spaced to eliminate overlap, and the two areas were 

sufficiently spaced to be independent and provide two replicates per creek for each 

sampling occasion. This sampling procedure could not be followed for the region of the 

wetland behind the floodgates because this narrow, U-shaped, steep-sided channel 

was constructed to accommodate the floodgates. Instead, the first triplicate samples 

were taken at a site approximately 70 m west of the floodgate structure on the inside 

of the enclosing levee bank. 

 

Figure 6.2: Fish and water sampling regime for reference creeks 

The fish and crustaceans were sampled during daylight hours using a 6-mm mesh seine 

net with a 10-m headline and a 2-m drop with 60 plastic 60 x 35 mm floats on the top 

line and a 27 x 15 x 4 mm chain-weighted bottom line. The net was set in a U shape 

from the creek bank by wading or swimming and hauled to the bank, ensuring that the 

weighted bottom line was kept in contact with the creek bottom. 
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Larger fish were identified to species, measured and returned to the water alive, and 

the smaller fish and crustaceans were then euthanased in a benzocaine solution (150 

mg L–1) and preserved in a 25% solution of ethyl alcohol in seawater for transport back 

to the laboratory for later processing. All fish and crustaceans were identified to the 

lowest taxa level and the total number of individuals per taxon recorded. The length of 

all fish was measured with digital callipers and the standard length, from the tip of the 

snout to the caudal peduncle, recorded. Major prawn species were the only 

crustaceans measured and the carapace length (CL) recorded. 

6.3.3 Water Quality 

Water quality variables were recorded at each sampling event using a Horiba U-10 

water quality meter and a standard black and white Secchi disc, at the sampling site. 

The readings were taken at three equidistant points along a transect, at the top and 

bottom of the water column, for each of the triplicate fish sampling sites (Fig. 2). No 

bottom or Secchi readings were taken in water less than 50-cm deep. Measurements 

were made for temperature (°C), salinity (g L–1), dissolved oxygen (mg L–1), pH and 

Secchi disc depth. The mean of the three transect readings were taken for the 

narrower sampling sites, and the mean of the two within the region of the hauling area 

was used for the wider sampling sites. 

6.3.4 Data Analysis 

All of the data used in this paper were taken from the Boys et al. (2011) study unless 

specifically attributed to another source. The data were analysed for this study using 

PRIMER v6.1 applications of Bray-Curtis similarity to obtain non-metric multidirectional 

scaling ordination, cluster dendrograms and SIMPER similarity matrix analysis for 

assemblage comparisons. BIO-ENV was used for analysis of the relationship between 

the water quality and fish assemblages (Clarke & Gorley 2006; Clarke & Warwick 

2001). Statistical analyses were based on square root transformations and PRIMER S17 

Bray-Curtis similarity matrices, unless otherwise stated. 
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Reactions of individual species to the introduction of connectivity were treated by 

bivariate analysis to allow a more quantitative detection of behaviour to provide 

material for use in subsequent chapters of this thesis (Vila-Gispert & Moreno-Amich 

2002). 

6.4 Results 

Total fish and crustacean abundances from the Boys et al. (2011) study, before and 

after connectivity, are shown in Appendix A. The abundances of taxa assemblages for 

the three control creeks in the Macleay River and the Yarrahapinni Wetland were 

analysed for links with environmental variables, using BIO-ENV (Clarke & Warwick 

2001). The four physical, environmental water quality variables used were salinity (S, g 

L–1), dissolved oxygen (DO, mg L–1), pH and temperature (T, °C). These were compared 

with a Bray-Curtis similarity matrix of square root transformed taxa abundances, 

resulting in a BIO-ENV BEST table of the most significant Spearman rank correlation 

factors (Table 6.2). The three highest correlations are shown to allow for a comparison 

of correlation factors for different combinations of variables. 

Table 6.2: BIO-ENV comparisons of Spearman rank correlation factors for taxa 

abundances for all sampled sites compared with four environmental variables 

NUMBER OF 

VARIABLES 
SPEARMAN CORRELATION BEST SELECTIONS 

3 0.256 Temperature, pH, salinity 

1 0.255 pH 

3 0.252 
Temperature, pH, dissolved 

oxygen 

 

Results from Table 6.2 indicate very low correlations between the environmental 

variables and the taxa abundances across the whole study area, with no preference for 

any particular variable. 
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Taxa abundances of fish and invertebrate were classified according to life cycle 

categories for analysis in the combined Macleay–Clarence Rivers study, giving 

attention to the potential of varying species to migrate between estuarine habitats. 

Table 6.3 shows the results for a similar classification for the taxa abundances for the 

Macleay River. 

Table 6.3: Taxa abundances classified according to habitat migration categories 

CATEGORY 
SPECIES 

ABUNDANCE 

TAXA 

ABUNDANCE 
% OF TOTAL 

Estuarine/Marine 29 41,150 69 

Estuarine 2 13,003 22 

Freshwater/Estuarine 6 4582 7 

Ocean 2 320 0.5 

Freshwater 3 242 0.4 

 

The BIO-ENV Spearman rank correlation factors between taxa abundance and 

environmental variables, across the whole study area, according to these habitat 

migration categories, are listed in Table 6.4. 
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Table 6.4: BIO-ENV comparisons of Spearman rank correlation factors for categorised 

taxa abundances compared with environmental variables for all sampled sites 

CATEGORY 
NUMBER OF 

VARIABLES 

SPEARMAN 

CORRELATION 

BEST 

SELECTIONS 

Estuarine/ 

Marine 

2 0.279 pH, dissolved oxygen 

3 0.261 pH, dissolved oxygen, salinity 

2 0.253 pH, salinity 

Estuarine 

2 0.233 Temperature, pH 

3 0.194 Temperature, pH, salinity 

3 0.159 Temperature, dissolved oxygen 

Freshwater/ 

Estuarine 

2 0.098 pH, salinity 

1 0.091 pH 

3 0.070 Temperature, pH, salinity 

Ocean 

3 0.234 
Temperature, pH, dissolved 

oxygen 

4 0.209 All 

2 0.207 pH, dissolved oxygen 

Freshwater 

2 0.082 Temperature, dissolved oxygen 

3 0.076 
Temperature, pH, dissolved 

oxygen 

1 0.070 Temperature 

 

The results for the habitat migration categories shown in Table 6.4 also indicate very 

low correlations with any or all of the environmental variables. 

It can be seen in Figure 6.1 that the reference creek sampling site R3 is in a different 

section of the Macleay River, is much closer to the river mouth and was the only site 

sampled at slack low tide. The remaining two sampling sites (R1 & R2) are in the same 

Clybucca–Andersons Inlet section of the Macleay River; these and the floodgated 

wetland site (MG) were sampled at slack high tide, so they could be expected to be 
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more suitable for predicting future wetland rehabilitation behaviour. Table 6.5 lists the 

BIO-ENV Spearman rank. 

Correlation factors for the influence of the environmental variables versus the taxa 

abundances of these two reference sites. Site R2 is longer, wider and deeper than Site 

R1 so is more comparable to the study site (MG), and its depth allows the inclusion of a 

fifth environmental variable, Secchi Disc Depth (Se), for analysis. These results show 

that sample site R2 (only) is a slightly better indicator of the taxa abundance reaction 

to environmental variables, but the correlation factors are still low. 

Table 6.5: BIO-ENV Correlations for sample sites R1 and R2 

SITES 
NUMBER OF 

VARIABLES 

SPEARMAN 

CORRELATION 
BESTSELECTIONS 

R1 & R2 

2 of 4 0.247 Temperature, dissolved oxygen 

3 of 4 0.246 
Temperature, pH, dissolved 

oxygen 

2 of 4 0.230 Temperature, salinity 

R2 only 

3 of 5 0.318 
Temperature, dissolved oxygen, 

Secchi 

4 of 5 0.298 All except salinity 

2 of 5 0.293 Temperature, dissolved oxygen 

 

The highest BIO-ENV correlation combinations for the most abundant individual 

species using five environmental variables at sampling site R2 are shown in Table 6.6. 

Individual taxa species correlations are varied, but still of low significance, with no 

specific environmental variable choice dominating; these results justify the inclusion of 

the Secchi Disc Depth variable. 
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Table 6.6: BIO-ENV Spearman correlation factors for individual taxa species for Site 

R2 

SPECIES 
ABUNDANCE 

(Taxa) 

SPEARMAN 

CORRELATION 
BEST VARIABLE SELECTION 

Metapenaeus 

macleayi 
4847 0.399 Dissolved oxygen, Secchi 

Ambassis spp. 2511 0.262 Temperature 

Pseudogobius 

olorum 
1559 0.245 

pH, dissolved oxygen, 

Secchi 

Philypnodon 

grandiceps 
1140 0.052 pH 

Pandaculus lidwilli 1062 0.218 Temperature 

Pseudomugil 

signifer 
972 0.144 Temperature 

Redigobius 

macrostoma 
737 0.321 

pH, dissolved oxygen, 

Secchi 

Gobiopterus 

semivestitis 
425 0.013 Secchi 

Afurcagobius 

tamarensis 
331 0.364 Salinity 

 

A similar BIO-ENV analysis was conducted on the taxa abundances for the sampling 

within the wetland, Site MG, using the same five environmental variables. This was 

repeated after adding a sixth variable representing connectivity, using binary notation 

of 0 and 1 to represent the before and after floodgate opening configuration (Table 

6.7). 
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Table 6.7: BIO-ENV Spearman correlation factors for sampling site MG, with and 

without the connectivity variable 

CONNECTIVITY 

NUMBER 

OF 

VARIABLES 

SPEARMAN 

CORRELATION BEST SELECTION 

No connectivity 

2 of 5 0.413 pH, salinity 

1 of 5 0.411 pH 

3 of 5 0.409 
pH, dissolved oxygen, 

salinity 

Connectivity added 

3 of 6 0.666 
pH, dissolved oxygen, 

connectivity 

2 0f 6 0.662 pH, connectivity 

3 of 6 0.649 pH, salinity, connectivity 

 

Correlation factors within the wetland in Table 6.7 indicate a distinct influence on the 

taxa sample population by the pH level, which was not present in any of the external 

reference sampling sites. The inclusion of the connectivity variable indicates that 

physical access is the most important physical variable within the wetland, producing 

the only significant Spearman correlation factor from all the sampling sites. To 

establish that the different results before and after restoring connectivity did not 

result from a change in the physical environmental variables themselves within the 

wetland, the two conditions were compared (Table 6.8). These results indicate that the 

conditions before and after were very similar; therefore, the change in taxa 

assemblages is mainly attributable to connectivity. 

 

 

Table 6.8: Mean and standard deviation comparisons for environmental variables for 

wetland site MG before and after restored connectivity 
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Temperature pH Dissolved Oxygen Salinity 

  

(°C) 

 

(mg L–1) (g L–1) 

BEFORE Mean 20.22 7.12 6.92 2.08 

 
Std. Dev. 4.64 1.13 1.43 1.01 

AFTER Mean 20.56 7.46 6.54 1.89 

 
Std. Dev. 4.58 0.55 1.44 0.72 

 

A dendrogram of the PRIMER cluster analysis of the percentage similarities of the taxa 

abundances for Sites R2 and MG, before and after, is shown in Figure 6.3. The site MG 

Before (the only site without connectivity) is clearly shown to be dissimilar to the other 

three sites. 

 

Figure 6.3: Cluster analysis of the percentage similarities of taxa abundances for the 

Sites R2 and MG, before and after connectivity 

The same similarity relationship is displayed as a non-metric multidimensional scaling 

(nMDS) ordination in Figure 6.4. 
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Figure 6.4: nMDS ordination of abundances for Sites R2 and MG 

Two previous studies that performed similar technique abundance sampling on the 

floodgate area at Yarrahapinni are Gibbs et al.’s (1999) study with the floodgates 

closed for all samples and Kroon et al.’s (2004) study with the floodgates open for all 

samples. The similarities in the results of taxa abundances for the floodgate area (MG) 

between these studies and the results for Boys et al. (2011) are expressed as a PRIMER 

cluster analysis (Fig. 6.5) and as an nMDS ordination (Fig. 6.6). These figures show a 

high similarity between the two sets of results with no connectivity as well as with the 

two after connectivity. 
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Figure 6.5: PRIMER cluster dendrogram of abundance results for Gibbs et al. (1999), 

Kroon et al. (2004) and Boys et al. (2011) for the Yarrahapinni floodgate area (MG) 

 

Figure 6.6: nMDS ordination of abundance results for Gibbs et al. (1999), Kroon et al. 

(2004) and Boys et al. (2011) for the Yarrahapinni floodgate area (MG) 

The effects of the introduction of connectivity on individual species were also studied 

using species abundance results from the floodgate area (MG) and a single control 

creek (R2) because this reference site is the most similar in proximity, size, water 
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conditions and sampling methods. A SIMPER similarity percentage contribution one-

way analysis between the two sites is shown in Table 6.9, with the average similarity 

being 58.3%. 

Table 6.9: Species contributions to abundance similarities between Sites MG and R2 

SPECIES 
COMMON 

NAME 
RANK 

AVERAGE 

ABUNDANCE 
CONTRIBUTION(%) 

Metapenaeus 

macleayi 
School prawn 1 1904 46 

Pseudogobius 

olorum 

Exquisite sand 

goby 
2 734 23 

Ambassis spp. Glassfish 3 802 12 

Redigobius 

macrostoma 

Largemouth 

goby 
4 281 6 

Favonigobius 

exquisites 

Exquisite sand 

goby 
5 111 3 

Afurcagobius 

tamarensis 

Tamar River 

goby 
6 116 2 

Philypnodon 

grandiceps 

Flathead 

gudgeon 
7 223 2 

Gobiopterus 

semivestitis 
Glass goby 8 132 2 

Mugil cephalus Sea mullet 9 36 1 

Liza argentea Flat-tail mullet 10 61 1 

 

The fish abundances for the floodgate site (MG), before and after connectivity 

compared with a cluster dendrogram, using a fourth root transformation are shown in 

Figure 6.7. 
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                                                                    {------A-------}      {-----------------B----------------------} 

                 {--------GROUP I---------}       {-----------------------------GROUP II-------------------------} 

Figure 6.7: Cluster dendrogram of fish abundance for site MG, before and after 

connectivity 

Abundances before and after connectivity at the floodgate are shown in Table 6.10. 

These show that GROUP I represents species that showed little or negative reaction to 

connectivity, GROUP II is the species that reacted positively to connectivity, with 

GROUP IIa having no population abundance prior to connectivity and GROUP IIb having 

a small abundance before connectivity. 
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Table 6.10: Group abundances before and after connectivity 

SPECIES Abbrev. 
COMMON 

NAME 

Abundance 

Before 

Abundance 

After 
GROUP 

Philypnodon 

macleayi 
PHIMAC 

Dwarf flathead 

gudgeon 
168 30 

I 

Philypnodon 

grandiceps 
PHIGRA 

Flathead 

gudgeon 
517 263 

Pseudogobius 

olorum 
PSEOLO Blue spot goby 561 818 

Gambusia 

holbrooki 
GAMHOL Mosquito fish 31 27 

Mugil cephalus MUGCEP Sea mullet 37 41 

Lisa argentea LISARG Flat-tail mullet 0 53 

IIa 
Ambassis spp. AMBSPP Glassfish 0 697 

Favonigobius 

exquisites 
FAVEXQ 

Exquisite sand 

goby 
0 181 

Metapenaeus 

macleayi 
METMAC School prawn 18 2751 

IIb 

Redigobius 

macrostoma 
REDMAC 

Largemouth 

goby 
2 384 

Hyperseleotris 

compressa 
HYPCOM Empire fish 8 288 

Acanthopagrus 

australis 
ACAAUS 

Yellow finned 

bream 
1 50 

Afurcagobius 

tamarensis 
AFUTAM 

Tamar River 

goby 
2 130 

Gobiopterus 

semivestitis 
GOBSEM Glass goby 9 93 

Pseudomugil 

signifer 
PSESIG 

Pacific blue 

eye 
9 36 
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BIO-ENV BEST Spearman correlations between the six environmental variables used in 

Table 6.7 and the species abundances of these groups are shown in Table 6.11, and 

reinforce the importance of connectivity and the low correlation with the 

environmental variables. 

Table 6.11: BIO-ENV correlations of group species abundances and environmental 

variables 

SPECIES COMMON NAME GROUP 

Correlation 

without 

Connectivity 

Correlation with 

Connectivity 

Philypnodon 

macleayi 

Dwarf flathead 

gudgeon 

I 

0.179 (pH, Se) 0.232 (T, pH, C) 

Philypnodon 

grandiceps 
Flathead gudgeon 0.352 (pH) 0.355 (C, pH) 

Pseudogobius 

olorum 
Blue spot goby O.578 (pH, D, S) 0.578 (pH, D, S) 

Ambassis spp. Glassfish 

IIa 

0.240 (pH) 0.764 (C) 

Favonigobius 

exquisites 
Exquisite sand goby 0.097 (All) 0.681 (C) 

Metapenaeus 

macleayi 
School prawn 

IIb 

0.333 (pH) 0.607 (C, pH) 

Redigobius 

macrostoma 
Largemouth goby 0.107 (T, pH, S) 0.687 (C) 

Hyperseleotris 

compressa 
Empire fish 0.371 (T) 0.371 (T) 

Afurcagobius 

tamarensis 
Tamar River goby 0.340 (S) 0.420 (D,S,C) 

 

Bivariate analysis graphs for individual species abundances of the consecutive sampling 

for the floodgate area (MG) showing the change in behavioural fluctuations after the 
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introduction of connectivity after sample 10 for seven fish and one prawn species are 

shown in Figure 6.8. The results show a distinct increase in abundance with initial and 

continuing connectivity. 

 

Figure 6.8: Bivariate analysis of individual species abundance fluctuations before and 

after the connectivity introduction after sample number 10 
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The Ambassis species group, Amb. spp., dominated by the Port Jackson glassfish 

(Ambassis jacksoniensis) exhibited a similar reaction to connectivity, but the 

abundances only increased during the warmer months (Fig. 6.9). Detailed examination 

of the abundance figures shows that 91% of this species were captured between a 

temperature range of 23.5 °C and 25 °C. The temperature-related abundances for this 

species for the reference creek R2 show a similar pattern with a 77% capture for 

temperatures above 24.5 °C. This would indicate a mutual correlation between 

connectivity and temperature. 

 

Figure 6.9: Bivariate analysis of species Amb. spp. abundances before and after the 

introduction of connectivity 

Two closely related species, Philypnodon macleayi (dwarf flathead gudgeon) and 

Philypnodon grandiceps (flathead gudgeon) exhibited a negative reaction to 

connectivity (Fig. 6.10). The graphs for the remaining species were inconclusive in their 

evidence of the effects of connectivity. 
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   Figure 6.10: Reactions of Philypnodon species to connectivity (Smith & Fleer, 2007) 

Fish sampling methods can be selective in their catching efficiency and species 

suitability. A comparison of fish sampling techniques by Smith and Fleer (2007) for 

Australian fish species that are similar to those of this study is summarised in Table 

6.12. 

Table 6.12: Summary of comparison of fish sampling methods 

 SAMPLING METHOD 

BAIT TRAP FYKE NET GILL NET SEINE NET 

% Total Number 

of Species 
61 92 53 61 

Mean Length of 

Catch (mm) 
67 79 355 39 

 

To investigate the consistency of the seining technique used for this study in capturing 

the species encountered at the floodgate site, the results of the two sets of three 

replicate hauls (Fig. 6.2), for a single sampling occasion, were compared for similarity. 

The abundances for some sampling events were very low, so there was a need to 

choose a sampling occasion when abundances were high and more statistically 

reliable. The fish abundances increased after connectivity, with length of time after 

connectivity and in some cases temperature, so the sampling occasion chosen was 

number 23, which took place towards the end of the trial period, in November 2008. 
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The results are shown by a cluster dendrogram with the first seine (S1) being closest to 

the floodgate (Fig. 6.11). 

 

Figure 6.11: Cluster dendrogram of the similarities of the six seine hauls for site 

(MG), seine no. 23 

6.5 Discussion 

The results of the BIO-ENV BEST comparison of the overall taxa abundances on the 

Macleay River and the four physical environmental variables (temperature, pH, salinity 

and dissolved oxygen), shown in Table 6.2, indicate a very low correlation with any or 

all of the environmental variables. A similar comparison (Table 6.3), with taxa 

abundances classified into five habitat migration categories, also indicated low 

correlation values, although there was a slight correlation of the estuarine/marine 

group with temperature (Spearman correlation 0.279). 

When the BIO-ENV BEST comparison of the taxa abundances against the same four 

environmental variables was limited to the two reference creeks in the same estuary 

as the floodgates (R1 and R2), the correlations were very low (Table 6.5). The two 

reference creeks R1 and R3 were too shallow to allow consistent recording of any 
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Secchi disc readings. A similar BIO-ENV BEST could be made on the deeper reference 

creek, R2, with the Secchi reading included. This gave a slight improvement with a 

Spearman correlation of 0.318 for temperature, dissolved oxygen and Secchi readings. 

A similar comparison for reference creek R2 and the same five environmental variables 

with the taxa abundances for individual species (Table 6.6) indicated that some species 

abundances did experience a slightly higher correlation with some variables. The 

school prawn (Metapenaeus macleayi) registered a correlation of 0.399 with dissolved 

oxygen and Secchi, Tamar River goby (Afurcagobius tamarensis) registered 0.364 with 

salinity and the largemouth goby (Redigobius macrostoma) registered 0.318 with 

temperature dissolved oxygen and Secchi readings. 

The same five environmental variables were compared in a BIO-ENV BEST analysis with 

the taxa abundances for the floodgate site (MG) before and after connectivity was 

introduced at the floodgate by the trial opening, with a sixth environmental variable, 

connectivity, being added (Table 6.7). This showed three correlations of about 0.41 

before the opening and three correlations of about 0.66 after, and all results 

registered an influence by pH values. To ensure that this improvement in correlation 

associated with connectivity was not because of improved water conditions after the 

floodgate opening, a comparison of the water quality values revealed very similar 

water quality, before and after the opening (Table 6.8). 

These various comparisons with the various environmental variables and taxa 

abundances from different selections of the experimental sampling sites all indicate 

that the only environmental variable exhibiting a significant influence on fish 

behaviour was that of connectivity. 

The reference creek R2 was chosen to perform some direct comparisons with the 

floodgate site (MG) due to its geographical proximity and physical similarity. 

Comparisons of the similarity of these two sites, before and after connectivity was 

introduced, were made by cluster analysis (Fig. 6.3) and nMDS ordination (Fig. 6.4). 

These show that the site MG before connectivity was very dissimilar to both the 
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reference creek R2 before or after connectivity and MG after connectivity. A study of 

the similarities in taxa abundances between the two previous studies by Gibbs et al. 

(1999), with no after connectivity results, and Kroon et al. (2004) with no before 

connectivity results, by both cluster analysis and nMDS ordination is shown in Figures 

6.5 and 6.6. The results for Gibbs et al. (1999) showed a high similarity (72%) with MG 

before connectivity was introduced and the results for Kroon et al. (2004) showed a high 

similarity (75%) with MG after connectivity. 

Individual fish species’ reactions to the change in connectivity conditions at the 

floodgates were studied by SIMPER similarity analysis (Table 6.8), cluster analysis (Figure 

6.7), BIO-ENV BEST environmental variable correlation analysis (Table 6.10) and 

bivariate analysis (Fig. 6.8, 6.9 & 6.10). 

There was a high level of agreement between the various techniques and a clear 

indication of the way in which some individual species reacted to the introduction of 

connectivity. Eight species were found to have exhibited a positive response to 

connectivity, which often improved as continuity continued. These were Acanthopagrus 

australis (yellow finned bream), Afurcagobius tamarensis (Tamar River goby), 

Favonigobius exquisites (exquisite sand goby), Gobiopterus semivestitis (glass goby), 

Hyperseleotris compressa (empire gudgeon), Liza argentea (flat-tailed mullet), 

Redigobius macrostoma (largemouth goby) and Metapenaeus macleayi (school prawn). 

The Ambassis species group, Amb spp., dominated by the Port Jackson glassfish 

(Ambassis jacksoniensis) displayed an equal affinity to connectivity and temperature and 

the majority were only present at temperatures above 23.5 °C, which was verified from 

the results for the reference creek R2. The related species Philypnodon macleayi (dwarf 

flathead gudgeon) and Philypnodon grandiceps (flathead gudgeon) showed the only 

negative response to connectivity. The remaining species were inconclusive in their 

reactions to the effects of connectivity. 

Sampling of fish populations by direct capture is possibly unique in biological 

population studies because direct observation of the sampling procedure is usually not 
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possible, so the efficiency and selectivity of the process is not directly obvious (Food 

and Agricultural Organization 2005). Many fish sampling techniques use very 

traditional fish capture methods based on various forms of netting or trapping. These 

methods are similar to those developed throughout a long history of food gathering 

and commercial fishing, and require a level of expertise to determine when and how 

they are deployed to be successful (Corcoran et al. 2001; Reid & Mandrak 2009). 

Considerations of this practical nature usually cannot be included in the development 

of an experimental field work plan for a research program, so the samples may not be 

a true representation of the population sampled (Poizat & Baran 1997). 

The results for seine hauling compared with other techniques (Table 6.11) showed that 

seining captured 61% of the total fish species present, had the smallest mean length 

(39 mm) of all the methods tested and that the larger fish species were the ones not 

being captured. Personal observation of the sampled areas in the floodgate region 

found that this area contains significant populations of Acanthopagrus australis 

(yellow finned bream), Mugil cephalus (sea mullet) and Liza argentea (flat-tail mullet) 

of sizes in excess of 100 mm, yet only the small (less than 30 mm) sized individuals of 

these species were present in the samples. These species are easily startled and can 

move very quickly over short distances. The combination of these results and 

observations would indicate that it is probable that the larger fish are being disturbed 

and escaping from the area as it is being seined and are not represented in the results.  

Comparisons of the similarities of the replicate seine hauls show that there is a good 

consistency of this selectivity (Fig. 6.11) within each set of three seines, so these 

limitations would not influence abundance comparisons, which are the basis of this 

study (Pierce et al. 1989; Pollard 1994). Planned future studies of individual species’ 

movements within the wetland will require cognisance of these limitations to the 

estimates of true population when seining is used as a sampling method, particularly in 

regard to larger sized fish. 
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6.6 Conclusions 

The conclusions of this study compared with the stated aims are: 

1. This study could find no significant correlation between the changes in taxa 

abundances associated with connectivity and the measured water quality 

environmental variables. 

2. There were no significant correlations between the various habitat migration 

categories of fish and crustacean species and the measured water quality 

environmental variables. 

3. A taxa abundance analysis, before and after the introduction of connectivity, 

comparing the floodgate region with a similar control creek, showed low 

similarities before connectivity and high similarities after the floodgate 

opening, confirming the importance of connectivity. 

4. Comparisons of the similarities between the taxa abundance data of this study 

and two previous similar studies showed high similarities between their results 

and those of the floodgate area, before and after the introduction of 

connectivity. 

5. Individual fish and crustacean species were identified for positive and negative 

reactions to the introduction of connectivity. Some factors affecting the 

interpretation of recorded fish abundances of planned future studies are 

identified. 
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CHAPTER 7 

Patterns of Spatial Distribution of Fish and Prawns in a 

Regenerating Wetland 

7.1 Introduction 

Programs involving the ecohydrologically based restoration of wetlands are achieving 

growing interest globally. They have been used on the Great Ruaha River, Tanzania 

(Mtahiko et al. 2006), the Erdos Larus Relictus Nature Reserve, Mongolia (Fang et al. 

2009), the Biebrza Wetlands, Poland (Wassen et al. 2006), the Pecatonica River, 

Wisconsin, United States (Booth & Loheide 2012), Lake Bryde catchment wetlands, 

Western Australia (Hipsey et al. 2011) and the Narran Lakes wetland system in NSW 

(Rayburg & Thoms 2009). By developing an understanding of the hydrological 

processes occurring within an aquatic environment, it is possible to develop a science-

based understanding of the changes in behavioural patterns of the biota within that 

system (Howe et al. 2007, Wassen & Grootjans 1996; Wolanski et al. 2004). 

The hydrology of the Yarrahapinni Wetland was extensively studied in Chapter 4, 

providing quantitative models of the effects of incrementally increased hydrological 

conductivity and the role of the changes of the fragmentation caused by beds of 

Phragmites australis. This detailed knowledge of the hydrology of the wetland allows a 

scientifically based study of the population dynamics of the re-inhabitation by fish and 

crustaceans of the Yarrahapinni Wetland. 

Population dynamics is the mathematical study of changes to populations and the 

biological and environmental processes contributing to these changes (Cushing 1998). 

The three major variables in population dynamics studies are births, mortalities and 

migrations (immigration, emigration and transmigration) in the population study area 

(Hayes et al. 1996). With a coastal wetland undergoing tidal re-inundation, the 

population study of fish and crustaceans focuses on migrations as the major cause of 

variations because sometimes major migratory changes occur within a small time 
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frame. Very few of the species found in the wetland breed there, and most 

recruitment occurs by migration into the system in the larval or early juvenile stages 

(Grant 1982; Kuiter 1993; McDowall 1996; Pollock 1982). 

Prior to any anthropogenic alterations, the Yarrahapinni Wetland was a region 

dominated by a tidal mangrove creek system, typical of estuaries along the east coast 

of Australia (Author personal observations 1966). Once estuarine reconnection of the 

impounded mangrove system occurs, they can resume their role as fertile habitats for 

breeding, foraging and sheltering for mammals, reptiles, birds, fish and crustaceans 

(Alongi 2002; Singkran & Sudara 2005; Taylor et al. 1998). Many species of fish and 

crustaceans utilise favourable tidal stream transport for ingression and egression of 

the mangrove creek systems during a 12-hour tidal cycle, whereas others choose to 

remain within the system in favourable environments (Arnold & Cook 1984; Bell et al. 

1984; Krumme & Saint-Paul 2003; Laegdsgaard & Johnson 1995). 

The aim of this study is to investigate the population dynamics of the changes in 

distribution of fish and crustaceans throughout the Yarrahapinni Wetland as it 

underwent regeneration. 

To achieve this aim, the following objectives are addressed: 

1. Establish if the fish and crustacean populations, in general, have displayed 

preferential re-inhabitation to regions throughout the wetland. 

2. Determine the individual species’ preferences for the various wetland regions 

by analysis of the results of this study with the aid of prior published literature. 

3. Establish the growth rate and regional preferences for samples of the school 

prawn (Metapenaeus macleayi), the important commercial prawn species in 

the wetland. 

7.2 Methods and Study Area 

Fish and crustaceans were sampled using two techniques: 
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1.  Seine net 10 m long and 1.5 m deep with a 4 mm mesh: This technique 

was only suitable for sampling in the region near the floodgates, Site 1, 

where a sloping shoreline was available for net landing. Seine hauls 

were performed, in triplicate, at high tide at Site 1 at approximately 25-

day intervals during 2008, on 14 occasions. A second series of seine 

hauls was performed in 2010—six in February and six in June. 

2. Five fyke nets with 2 x 5 m long wings with six rings, two internal 

funnels, 4-mm mesh and a 5 x 5 cm exclusion mesh at the mouth to 

exclude birds, mammals and reptiles (Fig. 7.1). These nets were 

deployed for 24 hours at Sites 1, 2, 3, 4 and 5. There were 40 fyke net 

results from 24-hour deployments at five sites during 2010, 2011 and 

2012. This sampling program was restricted by availability of access to 

the upper reaches of Borirgalla Creek and flooding events, so not every 

site could be sampled on every occasion. 

 

Figure 7.1 Example of the structure of a fyke net (Fipec 2013) 

The positions of the sites for both techniques are shown in Figure 7.2. 
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Figure 7.2: Positions for the sites for fish and crustacean sampling 

It was not possible to deploy the fyke nets during floods or for any period following 

heavy rain events. The fast flow velocities, difficulty of access and the large amount of 
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debris carried by the runoff made leaving an unattended net for 24 hours impossible. 

Therefore, all of the fyke net results are from periods when the salinity recovery in the 

system was well advanced, and there are no fyke net results from periods of low 

salinity. 

Table 7.1: Coordinates for the fish and crustacean sites 

SITE COORDINATES  

 Latitude S Longitude N 

1 30 53.7 152 59.4 

2 30 53.1 152 59.1 

3 30 53.0 152 58.7 

4 30 52.9 152 58.7 

5 30 53.8 152 59.2 

 

A further series of three seine hauls were conducted in the upper freshwater region of 

the wetland system using the same seine net as described above. All three samples 

were taken from a small wooden bridge (known as Whalen’s Bridge), which is on the 

only access road in the freshwater section (Fig. 7.3). This bridge is located 

approximately 2.7 km upstream from the ‘limit of saline intrusion’ shown in Figure 7.2, 

at latitude 30 51.5 and longitude 152 57.7. This site is only accessible during very dry 

periods, by which time the aquatic plant population has recovered from any floods or 

other heavy rainfall periods, making seine hauling very difficult. Consequently, these 

seine sampling results are very inaccurate and can only be used as an indication of 

species’ presence. 
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Figure 7.3: Downstream photograph of the freshwater section of Borirgalla Creek 

taken from Whalen’s Bridge (NPWS 2009) 

7.3 Results 

The two sets of results are derived from very different techniques so are analysed 

separately. 

7.3.1 Seine Netting 

Table 7.2 shows the fish and crustacean abundances for seine netting at Site 1 and the 

catch per unit effort (CPUE) for each haul. 
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Table 7.2: The total abundances and catch per unit effort for the seine hauling during 

2008 and 2011 

FAMILY SPECIES ABUNDANCES 

  2008 2010 

  Total CPUE Total CPUE 

Ambassidae Ambassis spp. 697 16.6 239 19.9 

Electridae Gobiomorphus australis 6 0.1 – – 

 Hyperseleotris compressa 288 6.8 9 0.8 

 Hyperseleotris galii 7 0.2 – – 

 Philypnodon grandiceps 263 6.2 – – 

 Philypnodon sp1 30 0.7 – – 

Gerreidae Gerrus subfasciatus 3 0.1 – – 

Gobiidae Afurcagobius tamarensis 130 3.1 13 1.1 

 Favonigobius exquisites 181 4.3 8 0.7 

 Gobiopterus semivestitis 93 2.2 – – 

 Pseudogobius olorum 818 19.4 1 0.1 

 Redigobius macrostoma 384 9.1 2 0.2 

Muglidae Lisa argentea 53 1.3 – – 

 Mugil cephalus 41 1.0 – – 

Paralichthydae Pseudorhombus arsius 1 0.1 – – 

Poecilidae Gambusia holbrooki 27 0.6 4 0.4 

Pomatomidae Pomatomus saltatrix 1 0.1 – – 

Pseudomugilidae Pseudomugil signifer 36 0.9 114 9.5 

Sparidae Acanthopagrus australis 50 1.2 –  

 Rhabdosargus sarba 10 0.2 41 3.4 

CRUSTACEANS      

Penaeidae Metapenaeus macleayi 2751 65.5 907 75 
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These results show that, of the 21 species present in seine hauls during 2008, only 10 

were present in 2010. In addition, the species Hyperseleotris compresses, 

Pseudogobius olorum and Redigobius macrostoma had significantly lower abundances 

and CPUE ratios in 2010. The species Pseudomugil signifer showed an increase in 

abundances and CPUE. 

The fish and crustacean abundances for seine netting in 2008 and 2010 compared with 

a cluster dendrogram, using a fourth root transformation, are shown in Figure 7.4. 

 

 

 

Figure 7.4: Cluster dendrogram of fish and crustacean species for seine netting in 

2008 and 2010 

The cluster diagram in Figure 7.4 shows the species associations based on changes in 

abundance between 2008 and 2010. 

The seine netting results for the freshwater region are shown in Table 7.3. 

Table 7.3: Abundances for seine net sampling within the upper freshwater region 
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Date SPECIES ABUNDANCE 

 Gambusia holbrooki Hyperseleotris compressa 

7/2/2009 41 4 

30/3/2010 1 415 

14/2/2011 35 18 

 

7.3.2 Fyke Netting 

Table 7.4 shows the results for the 24-hour fyke net deployments during 2010, 2011 

and 2012 for the five sampling sites shown in Figure 7.1. 

 

Table 7.4: Fyke net Abundances at the five sampling sites 

SPECIES  SITE     

 1 2 3 4 5 Totals 

Acanthopagrus australis 26 11 8 0 63 108 

Afurcagobius tamarensis 25 6 2 0 11 104 

Ambassis spp. 1051 841 112 4 1447 3455 

Gambusia holbrooki 0 1 14 19 0 34 

Gobiomorphus australis 0 0 5 3 1 9 

Gobiopterus semivestitis 2 2 0 0 78 82 

Hyperseleotris compressa 0 154 1153 859 6 2172 

Metapenaeus macleayi 48 125 185 111 168 637 

Mugil cephalus 1 1 2 0 96 100 

Philypnodon grandiceps 29 23 62 23 23 160 

Pomatomus saltatrix 11 0 0 0 48 59 

Pseudogobius olorum 74 11 65 48 73 271 

Redigobius macrostoma 57 41 61 3 92 254 

TOTALS 1324 1216 1669 1070 2106 7385 
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The abundances of fish and crustaceans for the sites, shown in Table 7.2, are 

compared with the distance from the floodgates, in Figure 7.5, to indicate the degree 

of migration into the wetland as conditions changed. Site 5 is not included because it is 

not part of the Borirgalla Creek system and has experienced very little change in 

environmental conditions throughout the changes in wetland hydrology from 2007 to 

2012. 

 

Figure 7.5: Total abundances for each sampling event compared with the distance 

from the floodgates 

There is no indication of any correlation between overall abundances and distance 

from the floodgates in Figure 7.5. 

The fish abundances for Sites 1–4 were compared in a cluster dendrogram using a 

fourth root transformation (Fig. 7.6). 
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Figure 7.6: Cluster dendrogram of total abundances for Sites 1 to 4 

The grouping from the cluster diagram in Figure 7.6 shows the patterns in the 

similarities in abundance of the species for the Borirgalla Creek section of the 

Yarrahapinni Wetland. 

The patterns of similarities between sites by cluster analysis is shown in Figure 7.7. 

 

Figure 7.7: Cluster dendrogram showing similarities between Sites 1–5 

Group average

G
A

M
H

O
L

G
O

B
A

U
S

P
O

M
S

A
L

A
C

A
A

U
S

A
F

U
T

A
M

G
O

B
S

E
M

M
U

G
C

E
P

H
Y

P
C

O
M

A
M

B
s
s
p

M
E

T
M

A
C

R
E

D
M

A
C

P
H

IG
R

A

P
S

E
O

L
O

Samples

100

80

60

40

20
S

im
ila

ri
ty

Transform: Fourth root

Resemblance: S17 Bray Curtis similarity

Group average

3 4 2 1 5

Samples

100

90

80

70

60

S
im

ila
ri
ty

Transform: Fourth root

Resemblance: S17 Bray Curtis similarity



207 
 

Figure 7.7 shows a high similarity between Sites 1 and 5, which are both in the lower, 

more saline section of the wetland. There is also a high similarity between Sites 3 and 

4, which are both in the upper, more saline section of the system. 

The similarities in abundances between sites is also shown by an nMDS ordination (Fig. 

7.8). 

 

Figure 7.8: An nMDS ordination of similarities of abundances between sites 

Figure 7.8 shows the same grouping of Sites 1 and 5, and Sites 3 and 4, as well as 

indicating the lesser similarity of Site 2 to both these groups. 

All of the results for examining the total abundances of the fishing samples have 

revealed little information of value because the individual species appear to exhibit 

different behaviours. Therefore, it is necessary to examine each species separately, 

with the knowledge of their lifestyles gained from previous literature, so that their 

behaviour with the changing wetland hydrology can be successfully analysed. 
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7.4 Background and Results for Individual Species 

7.4.1 Acanthopagrus australis 

7.4.1.1 Background 

Acanthopagrus australis (yellow finned bream) is a marine teleost that spawns in the 

surf zones; the planktonic post larvae usually enter the estuaries at night during the 

full moon in spring and the transition to a littoral existence occurs in early summer, 

when the fish have a length of 13–14 mm (Pollock et al. 1983). They remain in the 

estuary with a wide-ranging diet of crustaceans, small fish, oysters and surface insects, 

usually remaining in the same area until spawning migration, although they sometimes 

will make slow migrations under changing environmental conditions (Grant 1982; 

Griffiths 2001). This important commercial and recreational species has an 

approximate growth rate of fork lengths of 14 x 10–2 m after one year, 20 x 10–2 m after 

two years and 24 x 10–2 m after three years, and can reach a size of 4 kg; it has a legal 

length of 25 x 10–2 m in NSW (Kuiter 1993; Pollock 1982). 

7.4.1.2 Results 

Direct observations within the Yarrahapinni Wetland reveal a large population of 

Acanthopagrus australis within the 15 x 10–2 to 25 x 10–2 m approximate size range, in 

the deeper, more saline region within approximately 1 km of the floodgates and levy 

bank structures. They are readily visible in all seasons, surface feeding on insects and 

readily attracted to any form of bottom disturbance in search of food. No fish of this 

size were captured by either sampling method because they are very agile in escaping 

a seine net and possibly discouraged from the fyke nets by the 5-cm exclusion grid. 

Instead, both sampling techniques only captured relatively small abundances of more 

juvenile fish in the 15 to 25 m–3 size range. The abundance for Acanthopagrus australis 

compared with the distance from the floodgate is shown in Figure 7.9. 
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Figure 7.9: Abundance of Acanthopagrus australis compared with distance from the 

floodgate 

Accepting the low abundances shown in Figure 7.9, there appears to be a strong 

correlation (R2 = 0.9224) with the distance from the floodgate region. Coupled with the 

background information on this species, this indicates the probability that 

Acanthopagrus australis displays a reluctance to move far from the more constantly 

saline lower regions of the wetland. 

7.4.2 Afurcagobius Tamarensis 

7.4.2.1 Background 

Afurcagobius tamarensis (Tamar River goby) is a member of the largest family of 

marine fishes, Gobiidae, which has 1500 species worldwide and are primarily slow-

moving benthic fish (Kuiter 1993). This species inhabits estuaries and coastal lakes in 

Tasmania, Victoria and NSW, showing a preference for silt and mud bottoms in quiet 

waters of estuaries (McDowall 1980). Afurcagobius tamarensis has indicated a high 

predilection for inhabiting estuarine systems that have had saline conditions reinstated 

and residing in the higher salinity sections of such systems (Boys & Williams 2012; 

Griffiths 1998). 
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7.4.2.2 Results 

Seine netting results for this species show CPUE of 3.1 for 2008 and 1.1 for 2010 at Site 

1. 

Figure 7.10 compares the fyke net abundances of Afurcagobius tamarensis with the 

distances from the floodgates. 

 

Figure 7.10: Abundances of Afurcagobius tamarensis compared with the distance 

from the floodgate 

Despite the low abundance for this species, Figure 7.10 shows a correlation of R2 = 

O.8288 with distance, which confirms the reluctance of this species to leave the more 

continuously saline lower reaches. 

7.4.3 Ambassis Spp. 

7.4.3.1 Background 

The Ambassis spp. are members of the family Chandidae (glassfishes), of which three 

genera and 14 species are known in Australia (Kuiter 1993). In NSW, the common 

species are Ambassis jacksoniensis (Port Jackson glassfish) and Ambassis marianus 

(estuary perchlet). During the sampling reported in Chapter 6, both species were 
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recorded in Macleay River estuaries, with Ambassis jacksoniensis far more frequent. 

No Ambassis marianus were recorded in the Yarrahapinni Wetland and the juvenile 

fish are very difficult to identify, so the species is entered in the results in the general 

sense, although it is probable they are all Ambassis jacksoniensis. The study in Chapter 

6 also identified that this species was more prevalent in the wetland during the 

warmer months. 

This pelagic species is often the dominant species in abundance studies in eastern 

Australian estuaries. It is prevalent in studies of fish populations over seagrass beds 

(Ferrell et al. 1993; Gray et al. 1996), is much more prevalent during daylight hours 

(Griffiths 1998; Jelbart et al. 2007) and gut analysis studies show a very clear 

preference for a diet of crab larvae (Hollingsworth & Connolly 2006; Mazumder et al. 

2006). 

7.4.3.2 Results 

This species showed high abundances for seine net sampling at Site 1 with CPUE of 

16.6 for 2008 and 19.9 for 2010. 

The fyke net abundances of Ambassis spp. at the four sites in Borirgalla Creek 

compared with distance from the floodgates are shown in Figure 7.11. There is strong 

negative correlation (R2 = 0.9463) between abundances and distance from the 

floodgates. 
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Figure 7.11: Abundances of Ambassis spp. compared with distance from the 

floodgates 

These results indicate that it is probable that Ambassis spp. are members of the group 

of fish that utilise favourable tidal stream transport to move into the wetland system 

to feed and then either return to the deeper, more saline region near the floodgates or 

leave the system until the next inflowing tide. 

7.4.4 Gambusia holbrooki 

7.4.4.1 Background 

Gambusia holbrooki (eastern mosquito fish) is an exotic freshwater poeciliid fish that 

was introduced to combat aquatic freshwater insects and has spread throughout South 

Australia, Victoria, NSW and coastal regions of Queensland (McDowall 1996). These 

are voracious predators of native fish and frogs and have been known to displace there 

species in aquatic environments (Ivanstoff & Aarn 1999; Pen & Potter 1991; Pyke 

2005). This species can tolerate a wide variety of environmental conditions but prefers 

freshwater environments (Classon & Booth 2002; Kennard et al. 2005). 
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7.4.4.2 Results 

Gambusia holbrooki showed low abundances for the seine sampling at Site 1 with 

CPUE of 0.6 for 2008 and 0.4 for 2010. However, it was one of the two species present 

in the three seine samples taken from the upstream freshwater region. 

A comparison of the fyke net abundances of Gambusia holbrooki with distances from 

the floodgate, shown in Figure 7.12, shows a strong correlation of R2 = 0.9147, which 

confirms the seine sampling results indicating a preference for a freshwater 

environment. 

 

Figure 7.12: Abundances of Gambusia holbrooki compared with distance from the 

floodgates 

7.4.5 Hyperseleotris Compressa 

7.4.5.1 Background 

Hyperseleotris compressa (empire gudgeon, empire fish) is primarily a freshwater 

species, and the juveniles prefer to mature in estuaries. It is common in coastal regions 

of NSW, Queensland and the Northern Territory, feeding on aquatic invertebrates but 

also grazing on algae and detritus (Classon & Booth 2002; McDowall 1996). This 
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species has been found to be prone to severe dermatitis, branchitus (gill inflammation) 

and mortality if exposed to the runoff from acid sulfate soils (Callinan et al. 2005). 

7.4.5.2 Results 

Hyperseleotris compressa was one of two species present in all three seine samples 

from the freshwater region. It was also present in the seine samples from Site 1 with 

the CPUE 6.8 in 2008 falling to 0.8 in 2010. 

The abundances for the fyke net samples compared with the distance from the 

floodgates are shown in Figure 7.13. 

 

Figure 7.13: Abundances of Hyperseleotris compressa compared with distance from 

the floodgates 

The correlation of R2 = 0.7637 between abundance and the distance within the 

wetland shown in Figure 7.13, in conjunction with the results from the seine sampling, 

indicate a clear preference of this species for the upper reaches of the system. 
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7.4.6 Philypnodon grandiceps 

7.4.6.1 Background 

Philypnodon grandiceps (flathead gudgeon) is found in Southern Queensland and most 

of NSW and Victoria, where it prefers the quieter waters of lakes, dams and estuaries. 

It also prefers mud or weed bottoms, and feeds on crustaceans, small fish and insects 

(Classon & Booth 2002; McDowall 1996). 

Results from other studies show that this species has the ability to tolerate a wide 

range of environments but prefers to move from the more saline regions of an estuary 

to more brackish conditions (Gehrke et al. 1999; Gray et al. 1996; Griffiths & West 

1999). 

7.4.6.2 Results 

Seine sampling results for Philypnodon grandiceps show a CPUE for 2008 of 6.2 and 0 

for 2010. The fyke sampling results compared with the distance from the floodgate are 

shown in Figure 7.14. 

The lack of correlation in the fyke samples shown in Figure 7.14 (R2 = 0.0504) and the 

results from the seine samples show that Philypnodon grandiceps has inhabited most 

of the estuarine wetland system. 
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Figure 7.14: Abundances for Philypnodon grandiceps compared with distance from 

the floodgate 

7.4.7 Pseudogobius olorum 

7.4.7.1 Background 

Pseudogobius olorum (blue spot goby) is found throughout NSW and Victoria; it is 

common in protected lakes and protected estuaries, where it prefers sandy to muddy 

substrates (McDowell 1996). 

7.4.7.2 Results 

The seine net sampling abundance for this species dropped from a CPUE of 19.4 in 

2008 to 0.1 in 2010. Fyke net abundances when compared with distance from the 

floodgates (Fig. 7.15) show a lack of correlation with R2 = 0.0097. 
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Figure 7.15: Abundances for Pseudogobius olorum compared with the distance from 

the floodgate 

7.4.8 Redigobius macrostoma 

7.4.8.1 Background 

Redigobius macrostoma (largemouth goby) is mainly found in coastal NSW and 

Victoria, preferring muddy, weedy or seagrass estuaries (McDowall 1996). Other 

literature indicates that this species is capable of surviving in a wide range of 

environments and has a variable diet (Gray et al. 1996; Jelbert et al. 2007; Mazumder 

et al. 2005; Saintilan et al. 2007). 

7.4.8.2 Results 

The CPUE for seine sampling in 2008 was 9.1 and 0.2 in 2010. Abundances for 

Redigobius macrostoma when compared with the distance from the floodgate (Fig. 

7.16) show a poor correlation (R2 = 0.3956). The information from the background and 

results indicate that this species shows little preference for any particular region of the 

wetland. 
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Figure 7.16: Abundances of Redigobius macrostoma compared with the distance 

from the floodgates 

There is also a group of three fish species whose abundances, shown in Table 7.4, 

indicate that they made very little movement into the Borirgalla Creek system but 

moved laterally into the more saline section of the wetland from Site 1 to Site 5 (Fig. 

7.2). These species are Gobiopterus semivestitis, Mugil cephalus and Pomatomus 

saltatrix. 

7.4.9 Gobiopterus semivestitis 

7.4.9.1 Background 

Gobiopterus semivestitis (glass goby) is a common estuarine inhabitant in NSW and is 

often associated with vegetated tidal salt marshes (Clynick & Chapman 2002; Connelly 

et al. 1997; Mazumder et al. 2005). 

7.4.9.2 Results 

The seine net CPUE for this species was 2.2 in 2008 and 0 in 2010. The fyke net total 

abundance was 82 with two captured at Site 1, 78 at Site 5 and two from the other 
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sites in Borirgalla Creek. These results would indicate a preference for the region near 

Site 5. 

7.4.10 Mugil cephalus 

7.4.10.1 Background 

Mugil cephalus (sea mullet) is a commercially important species that matures in the 

estuaries and moves in schools to the sea to spawn (Grant 1982). 

7.4.10.2 Results 

Direct observations within the Yarrahapinni Wetland reveal a large population of Mugil 

cephalus within the 15 x 10–2 to 25 x 10–2 m approximate size range, more usually in 

the south-western region (where Site 5 is situated). They can be seen jumping clear of 

the water during the early morning and evening, and darting from the disturbance of a 

boat if the water is calm. None of these fish was captured by either sampling method; 

a small number were captured in the 15 x 10–3 to 25 x 10–3 m size range. 

The seine net CPUE for this species was 1.0 in 2008 and 0 in 2010. The fyke net total 

abundance was 100 with one captured at Site 1, 96 at Site 5 and three from the other 

sites in Borirgalla Creek. These results indicate that Mugil cephalus also shows a 

preference for the region of the wetland system in which Site 5 is situated. 

7.4.11 Pomatomus saltatrix 

7.4.11.1 Background 

Pomatomus saltatrix (tailor) is a schooling pelagic fish that spends its adult life close to 

the surf zone in the ocean, but the juveniles mature in the more saline regions of the 

estuary (Grant 1982). 

7.4.11.2 Results 

The seine CPUE for this species was 1 in 2008 and 0 in 2010. Fyke net sampling 

abundances were 0 for Sites 2, 3 and 4 in the Borirgalla Creek system, but in the more 
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constantly saline region, which includes Sites 1 and 5, the abundances were 11 and 48, 

respectively. These results clearly indicate a preference for Site 5. 

7.4.12 Metapenaeus macleayi 

7.4.12.1 Background 

Metapenaeus macleayi (school prawn) is a penaeid prawn that spawns at sea and is 

carried into the estuary, where it matures and then migrates back to the ocean in 

schools (Montgomery 2010). The maturing prawn spends much of the daylight hours 

completely buried in the substratum, where a respiratory current of water is drawn 

from between the particles in the overlying layer; hence, it has a definite preference 

for porous sand particles in the 500–1000 x 10–6 m size range (Ruello 1973). 

7.4.12.2 Results 

Seine CPUE for Metapenaeus macleayi were 65.5 for 2008 and 75 for 2010 for Site 1. 

The fyke net sampling results when compared with the distance from the floodgate are 

shown in Figure 7.17. This shows a weak correlation of R2 = 0.358, which is caused by 

the lower abundance reading for Site 4. 
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Figure 7.17: Total abundances of Metapenaeus macleayi compared with the distance 

from the floodgates 

It has been shown that Metapenaeus macleayi requires a porous substratum of fine 

sand, but at Site 4 (the furthest upstream), the substratum of the creek is mostly MBO, 

which would not be conducive to habitation of this species. Therefore, it seems 

justified to exclude this reading from the graph, as is shown in Figure 7.18. This figure 

also includes the results from Site 5 because there was strong evidence of prawn 

migration across the wetland as well as into Borirgalla Creek. This indicates a much 

stronger correlation of R2 = 0.9235. 
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Figure 7.18: Prawn abundances compared with distance for Sites 1, 2, 3 and 5 

There was visual evidence that the Yarrahapinni Wetland was returning to its original 

state as a prawn nursery with a growing number of sightings of immature prawns 

jumping clear of the water, sometimes in large numbers. To gain more evidence, from 

April 2012, all Metapenaeus macleayi prawns captured were measured by their CL. 

The CL is the distance from the posterior orbital edge to the middorsal posterior edge 

of the carapace (Ivanov & Krylov 1980). This time was chosen because April is about 

the time the post-larval prawns return to the estuaries. 

To establish if there was a size increase in the Metapenaeus macleayi prawn 

population in the wetland throughout the remainder of 2012, the median CL from each 

sample of prawns was compared with the date of capture (Fig. 7.19). 
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Figure 7.19: The median carapace length of Metapenaeus macleayi samples 

compared with date of capture 

There was no significant form of correlation from the results in Figure 7.19. 

Figure 7.20 shows the comparison of the median prawn CL per sample with the 

distance from the floodgates to investigate if different size prawns exhibit any wetland 

regional preferences. 
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Figure 7.20: The median carapace length of Metapenaeus macleayi samples 

compared with the distance from the floodgates 

There was no significant form of correlation from the results in Figure 7.20, indicating 

no pattern of regional preference by the juvenile prawns. 

7.5 Summary 

The results for the individual species show a wide range of behaviours in relation to re-

inhabitation of the Yarrahapinni Wetland because it was subject to incremental tidal 

restoration. However, there are clear indications from the results that sections of the 

fish species population exhibit similar behaviour, enabling the classification of fish into 

a small number of groups based on their behaviour in re-inhabiting the wetland. These 

groups are: 

 Group A: These species show a tendency to live in the less saline sections in the 

upper reaches of the wetland system, which is indicated by a positive linear 

regression in the abundance–distance diagrams. 

 Group B: These species show a tendency to live in the more saline sections in 

the lower reaches of the wetland system, which is indicated by a negative linear 

regression in the abundance–distance diagrams. 
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 Group C: These species show no pattern of preference for any specific region 

and have inhabited most areas of the wetland with fluctuating abundances. 

 Group D: Species of this group have shown no tendency to enter the Borirgalla 

Creek system, instead preferring to inhabit the south-western region where 

Site 5 is situated. 

The species members and the correlation coefficient R2 for each group are shown in 

Table 7.5. 

A comparison of the total abundances for each group with the distance from the 

floodgate is shown in Figure 7.21. 

Table 7.5: Species within each group and the group correlation coefficient 

GROUP SPECIES GROUP R2 

A Gambusia holbrooki 0.7686 

 Hyperseleotris compressa  

B Acanthopagrus australis 0.9542 

 Afurcagobius tamarensis  

 Ambassis spp.  

C Pseudogobius olorum 0.0672 

 Redigobius macrostoma  

D Gobiopterus semivestitis Not 

 Mugil cephalus applicable 

 Pomatomus saltatrix  
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(a) 

 

(b) 

 

(c) 

Figure 7.21: Group total abundances compared with distance from floodgates (a) 

Group A, (b) Group B, (c) Group C 
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Table 7.6: Percentages of the total group abundances for each Site (Group D) 

GROUP Percentage of Group Total Abundance (%) 

 Site 1 Site 2 Site 3 Site 4 Site 5 

D 5 1 1 0 93 

 

Figure 7.22 shows the groups that had significant abundances from fyke net sampling 

at each of the five sites. 
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Figure 7.22: Significant group abundances at each sampling site 
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7.6 Discussion 

The cluster dendrograms for both the seine and the fyke sampling (Fig. 7.4 & 7.6) 

revealed little information because they were examining the similarities between total 

abundances over the complete wetland. Distribution of total abundances between the 

different sampling sites (Fig. 7.5) also yielded little information of value and confirmed 

the need to study the distribution of species within the wetland on an individual 

species basis. 

Some of the CPUE figures were very low but were included in the study because 

species that exhibit schooling behaviour are often present in statistically significant 

abundances in a small number of samples and absent from the remainder. 

The severely reduced abundances of a number of species between the 2008 seine 

sampling and that for 2010 are not necessarily an indication they have left the wetland 

system. Further examination of the results revealed that they had left the saline 

conditions at Site 1, either to migrate from the wetland system or to migrate further 

into the wetland as the saline conditions moved further into the system. 

Juvenile taxa of two species of fish Acanthopagrus australis and Mugil cephalus are 

readily visible in the more constantly saline and low-velocity region incorporating Sites 

1 and 3. Specimens of this size range were totally absent from all of the samples; 

instead, very immature specimens of the same species, of a much smaller size range, 

were present. This is a clear indicator of the selectivity of the fish sampling techniques 

that were used and the need to view the ensuing results with such knowledge. 

The school prawn (Metapenaeus macleayi) was the only crustacean to have its 

information recorded in the study and it is treated separately from the fish results. 

Comparing the size of the school prawn by median CL with date of capture (Fig. 7.19) 

was inconclusive and exhibited no trend of growth rate during a nine-month period. 

An extensive study of the growth rate and mortality of the school prawn in a number 

of NSW estuaries, including the Clarence River (Montgomery et al. 2010) offers some 
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explanations for this result. This study found that the prawn population in a section of 

an estuary comprises many cohorts because of groups of post-larval prawns entering 

continuously over an extended period. It also found that male and female prawns 

exhibit a different growth rate. The mortality rate of the prawns is very high, mainly 

due to predation, and only a minority of the stock reaches maturity. To analyse this 

very complex situation successfully requires considerable data and special data 

analysis techniques, such as the Schnute model (Schnute 1981), to achieve a growth 

rate analysis. There is a need for further, more extensive research to establish the role 

of the regenerated wetland as a habitat for the school prawn (Metapenaeus macleayi). 

The study in this chapter is compromised to some extent by the inability to correlate 

the internal rehabitation of the wetland by aquatic species directly with environmental 

conditions, particularly salinity. As mentioned, all of the sampling had to be performed 

in dry periods when the wetland was in advanced recovery from flooding events. A 

cost-effective, practical method of fish sampling, for a single operator, in fast-moving, 

debris-laden streams does not appear to exist. However, using an ecohydrological 

approach, it has been possible to utilise the hydrological understanding of the 

changing conditions of the wetland to make informed judgements on the 

environmental conditions encountered by the aquatic fauna. 
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CHAPTER 8 

Discussion and Conclusions 

The program of tidal re-inundation, originally planned by the NSW NPWS, for the 

Yarrahapinni Wetland had not yet been completed at the end of this study. The 

original program anticipated the need for further openings of the floodgate structure 

and possibly another opening in the enclosing levy bank to allow sufficient tidal 

inundation for complete rehabilitation. The need for these further changes has 

diminished because the present degree of tidal re-inundation has produced significant 

rehabilitation of the wetland. 

Many observations were made during field work in the wetland that are not within the 

scope of this study and are not of a quantitative nature, but are still relevant to the 

state of rehabilitation of the wetland. When the original wetland mangrove creek 

structure was isolated from tidal influence, the mangroves were predominately 

replaced by vast stands of swamp oak (Casuarina glauca). These oaks were 

progressively dying during the duration of this study because of the increasing wetland 

salinity caused by the tidal re-inundation. Many of these trees are now falling over, 

sometimes across the Borirgalla Creek system, often creating a navigation obstacle to 

the point that field trips in the latter part of the study required tree-cutting equipment 

to gain access to the creek system. The number of juvenile grey mangrove (Avicennia 

marina variety australasica) trees has also increased across the entire estuarine 

section of the wetland, indicating a re-inhabitation of this species within the wetland. 

At the start of this study, there were many barren, iron-stained regions, with very 

acidic soils, known as ‘acid sulfate scalds’ (Fig. 3.9 & 3.12). These areas no longer exist 

and are difficult to find because they have been overgrown with revegetation, 

indicating the soil acidity has been remedied. 

There were also observations during field studies involving the avifauna of the 

Yarrahapinni Wetland. In the early stages of this study, the predominant species 
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encountered were ducks and grebes in the waterways. In the later stages of the study, 

the obvious species were flocks of cormorants, either roosting in the vegetation or 

hunting in the waterways, and white herons (Ardea alba modesta) wading and feeding 

in the shallows. Both of these birds usually only inhabit estuarine environments. 

There were also observations confirming signs of rehabilitation of the Yarrahapinni 

Wetland that are within the scope of this study. At the start of this study, the creek 

section of this wetland was severely blocked by seven stands of Phragmites australis 

that severely restricted hydrological connectivity within the wetland. These blockages 

progressively diminished throughout the period of the study because of gradually 

increasing salinity, as is recorded throughout this thesis. 

Chapter 7 also records the casual observations of the increase of surface sightings of 

fish and prawns. These include increased activity of juvenile sea mullet (Mugil 

cephalus) jumping clear of the water and the increased activity of yellow finned bream 

(Acanthopagrus australis) feeding at the surface and congregating around disturbances 

to the substratum. There was also an increase, in the latter part of the study, of 

sightings of school prawns (Metapenaeus macleayi) jumping from the water to escape 

predators, either singularly or in schools. 

Overall, there is clear evidence from both the findings of this thesis and casual 

observations during field work that the Yarrahapinni Wetland has undergone 

significant restoration. However, it is doubtful that this wetland will ever completely 

return to its original state. As described in Chapter 3, Andersons Inlet, the external 

estuary for the Yarrahapinni Wetland, was originally a tributary of Clybucca Creek, 

terminating approximately 3 km upstream from the Yarrahapinni floodgates. During 

flooding, the floodwaters discharging from the Clybucca–Collombatti Wetland 

bypassed Andersons Inlet and flowed via Clybucca Creek. 

The flood mitigation works in 1970 turned Andersons Inlet from a terminating 

backwater into the main channel for outflow from the now degraded Clybucca 

wetland, which also has acid sulfate soil problems due to extensive drainage and a 
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floodgate installation at its entrance. This results in prolonged discharge of rainfall 

runoff from flooding events in the Clybucca wetland, past the Yarrahapinni floodgates, 

available for its tidal re-inundation (see Chapter 5). 

The water entering the Yarrahapinni Wetland is of a significantly lower quality than 

was available prior to the 1970 changes, so it is unlikely that full rehabilitation will ever 

be achieved until the Clybucca wetland is also subject to some form of remediation. 

Samplings for the survey of fish and prawn distributions within the wetland (Chapter 7) 

were more restricted than anticipated because of the restrictions of access to the 

wetland during flooding events and the difficulty of sampling in fast-moving, debris-

laden water. This meant that sampling was only achieved during the recovery phases 

of flooding events, so no information was obtained during periods of lower salinities. 

Future research could focus on fish movements during flooding events, to investigate if 

the re-inhabitation of the upstream sections of the estuarine wetland is permanent or 

temporary, occurring only during the recovery section of the flooding cycle when the 

fish vacate lower salinity regions. Research of this nature has been achieved by using 

radiotelemetry on fish that were implanted with radio transmitters (David & Closs 

2002) or by electrofishing (Jowett & Richardson 1994). 

The major conclusions resulting from the preparation of this thesis are: 

1. Ecohydrology, which is growing in popularity, was shown to be the appropriate 

approach for comparing the biotic and abiotic systems of aquatic environments 

such as a coastal wetland. 

2. Connectivity is the controlling factor in understanding the environment of 

fragmented riverine systems. 

3. Hydrological connectivity is a physical vector quantity that has a magnitude and 

direction and can be treated as mathematical variable. Quantifying the degree 

of hydrological connectivity with some form of mathematical identity allows an 

analysis of both its qualitative and quantitative effects on an environmental 
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system. This study was able to quantify hydrological connectivity by identifying 

the percentage of floodgate opening available for inflow at the various stages 

of the tidal re-inundation. This allowed for an analysis of the effects of inflow 

on the wetland’s hydrology on a mathematical basis. 

4. Many studies of riverine systems correlate the rainfall in that river’s catchment 

area to that river’s hydrology. In many of these systems, the rainfall is 

predictably seasonable and is temporally infrequent. A coastal tidal riverine 

system, such as the Yarrahapinni Wetland, is often subject to frequent rainfall 

of predictable and varying magnitude. This study found a poor correlation 

between rainfall magnitude and its effects on that estuarine system. The effect 

of a particular rainfall event in such a system depends not only on the 

magnitude of that event but also on the proximity and intensity of previous 

rainfall events (see Appendix B for Andersons Inlet and Fig. 4.33 for the 

Yarrahapinni Wetland). However, a strong correlation exists between the water 

level in the reservoir providing the driving force for outflow of the catchment 

rainfall into the estuary and its effect on that estuary. For Andersons Inlet, this 

reservoir is the water level in the Clybucca–Collombatti Wetland, which is 

dependent on discharge into this estuaries system through the Clybucca 

floodgate system (see Chapter 5). For the Yarrahapinni Wetland, the reservoir 

is the freshwater section of this system, which is restricted from discharge of 

catchment rainfall into the estuarine section by the large blockage by 

Phragmites australis (see Chapter 4). 

5. There have been many programs conducted in recent years to rehabilitate the 

acid sulfate soil affected wetlands on Australia’s eastern coast by tidal re-

inundation. Many of these programs have incorporated some form of structure 

limiting tidal inflow to avoid the increased salinity in the wetland encroaching 

on agricultural land and subterranean water supplies. These structures tend to 

be less cost efficient, require constant maintenance and are prone to 

vandalism. Results from this study indicated that a significant degree of 
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rehabilitation without these problems of salt intrusion, cost and maintenance 

may be achieved by an increase in the hydrological connectivity into the 

wetland, by approximately 25% (see Chapter 4). There is a need for further 

research to explore this approach because it could provide a simpler, cheaper 

method of rehabilitating these wetlands. It is noted that this wetland originally 

had the advantage of significant stands of Phragmites australis, which buffered 

the salinity intrusion, allowing for a slower increase in salinity upstream, as 

these reed beds dispersed. Without such assistance, it may be necessary to 

supplement this method with a small in-stream floodgate structure in the 

upper reaches of the estuarine influence as an added protection against the 

problem of salinity intrusion. 

6. This study found that even a very small increase in the hydrological connectivity 

(4%) of estuarine water into the Yarrahapinni Wetland was sufficient to 

improve significantly the abundances of fish and prawns within the system. 

7. There was no overall pattern in the geographical distribution of the 

repopulation by fish and prawn species, of the Yarrahapinni Wetland, as its 

hydrological connectivity with the external estuary was increased. This study 

found three groups of fish species that exhibited quite different patterns of 

repopulation. One group tended to repopulate only the lower reaches of the 

wetland, which had consistently higher salinity levels. Another group preferred 

the more brackish conditions in the upper reaches of the estuarine section of 

the system. The third group exhibited no preference for a particular region but 

was equally abundant throughout the whole system. 
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Appendix C Unfiltered Readings for Salinity Recovery as Portrayed in Figure 5.5 

 

 

 


