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NON-TECHNICAL SUMMARY 

The condition of freshwater fish assemblages in the Bellinger Catchment, NSW 
 
PRINCIPAL INVESTIGATORS: Dean Gilligan 
 
ADDRESS: Industry & Investment NSW 

Batemans Bay Fisheries Office, 
PO Box 17, Batemans Bay NSW, 2536. 
Telephone: 02 4478 9111   Fax: 02 4472 7542. 

 
EXECUTIVE SUMMARY: 

An assessment of the condition of freshwater fish assemblages in the Bellinger and Kalang River 
catchments within the Bellingen Shire Council area was undertaken between November 2009 and 
March 2010 as part of the Northern Rivers Catchment Management Authority’s Bellingen 
Ecohealth Monitoring Project. Relatively limited sampling of freshwater fish assemblages within 
the Bellinger and Kalang River catchments has been undertaken in the past, and this survey 
represents the first comprehensive assessment of the entire fish community in the study area. The 
sampling methods and analytical procedures developed for the Murray-Darling Basin Authority’s 
Sustainable Rivers Audit and NSW Government’s Monitoring Evaluation and Reporting (MER) 
program were used. The freshwater fish condition monitoring component of the Ecohealth project 
includes estimates of fish numbers, biomass and community composition and reports on two key 
aspects of condition: species loss or ‘expectedness’ and the ‘nativeness’ of the fish community. 
 
Eighteen sites within the study area were sampled and 18 of the 24 native freshwater fishes 
predicted to have existed within the study area prior to European colonisation were collected. Only 
a single alien species, eastern mosquitofish, was detected. Analysis of the data suggests that 
freshwater fish communities within the Bellingen Shire Council portions of the Bellinger and 
Kalang River catchments were in Moderate condition at the time of sampling. Overall fish 
community condition ranged from Good in the coastal plain zone, to Moderate in the lowlands 
zone and Poor in the slopes, upland and highland zones. 
 
Given that only a single species of small bodied alien species was collected from only a single 
sampling location, and that 17 of the 18 sites attained perfect ‘nativeness’ condition ratings, alien 
species had little to no negative influence on fish community condition across the study area. This 
is quite a different situation to that pertaining throughout most inland catchments of NSW. 
 
In contrast, overall ‘Expectedness’ was Poor across the study area, suggesting that some species 
that were expected to have occupied sites within the study area prior to European colonisation 
(before ~ 1770) have been lost or now have restricted distributions within the catchment. Six 
species (25%) expected to have been present in the Bellinger and Kalang River catchments were 
not collected at any site. However, all but one of these were considered to be naturally rare in the 
study area anyway. More importantly, the 18 native freshwater fishes that were collected were 
generally found at fewer sites than expected. Expectedness was greatest in the coastal plain zone 
which was rated Moderate. The expectedness indicator then deteriorated to Poor in the lowland 
zone and Very Poor in the upland & highland zones. While the expectedness indicator may 
underestimate the condition of the fish community of the upper catchment zones, the overall 
assessment of Poor expectedness is a reasonable approximation of the catchment-wide condition 
given the lower than expected native species richness at the majority of sites. 
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When the two indicators are combined using an ‘expert rules’ approach, an overall catchment-wide 
fish community condition rating of Moderate is justified. 
 
KEYWORDS: 
Bellinger River, Kalang River, freshwater fish, monitoring 
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1.1. Introduction 

Fish are an integral component of aquatic ecosystems and act as good indicators of overall river 
health. Subsequently, the health of river systems reflects the broad scale cumulative impacts of both 
land and aquatic management practices (Davies et al. 2008). There are several advantages to using fish 
as bio-assessment tools (Harris 1995) including: 

• Fish are relatively long-lived and mobile, reflecting long-term and broad-scale processes. 
• Fish occupy higher trophic levels within stream ecosystems, and in turn, express impacts on 

lower trophic level organisms. 
• Fish are easy to collect and identify as their taxonomy is well documented. 
• Fish can be sampled and released alive in the field. 
• The ecology and habits of fish are relatively well known. 
• Fish are typically present in most waterbodies, including very small streams and polluted 

waters. 
• Biological integrity of fish communities can be assessed easily and interpretation of indicators 

is relatively intuitive. 
 
Further, as fish have a high public profile, with significant recreational, economic and social values, 
they foster substantial public interest (MDBC 2004). This enables effective demonstration of past 
degradation of ecosystems, the effects of current management practices and the effectiveness of 
rehabilitation efforts to the wider community. Fish community monitoring offers a valuable tool for 
catchment management, assisting informed prioritisation of available management options and 
enabling assessment of the effectiveness of initiatives such as implementation of on-ground (or in-
water) remediation. 
 
Riverine health monitoring programs for the Murray-Darling Basin (the Sustainable Rivers Audit 
(SRA): Davies et al. 2008) and New South Wales (Monitoring, Evaluation and Reporting program 
(MER): Muschal et al. 2010) both incorporate fish community assessments. The sampling methods 
and analytical procedures developed for these programs are equally valid at assessing fish community 
health at smaller spatial scales – such as at the scale of Local Government Areas. 
 
Data presented in this report represent an MER-style assessment of freshwater fish health for the Bellinger 
and Kalang River catchments within the Bellingen Shire Council area. The Bellingen Shire Council area 
contains a majority of the catchment of both rivers, with the exceptions of the upper reaches of Spickett’s, 
Cooks, Platypus, Long, Tallowood, Sunday and Scraggy Creeks. Those portions of the Clarence, Coffs 
Coast and Nambucca catchments which fall within the Bellingen Shire Council area were not included. 
The study area equates to an area of 1,011 km2 containing around 491 km of freshwater streams of 
sufficient size to support fish populations (with average daily flow > 5 ML day-1) (Figure 1). The 
catchment includes large areas of inaccessible national park and nature reserve (36%) and large areas of 
State Forest (29%), particularly in the slopes, upland and highland catchment zones. In contrast, much of 
the floodplain of the lowland and coastal plain zones has been cleared for agriculture. Consequently, the 
study area contains a broad spectrum of impact, ranging from reaches in very good condition to others 
which may be heavily degraded. 
 
Relatively limited sampling of freshwater fish assemblages within the Bellinger and Kalang River 
catchments has been undertaken in the past (Llewellyn 1983, Raadik 2005, I&I NSW Freshwater Fish 
Research Database, unpublished data). This survey represents the first comprehensive assessment of 
the entire fish community in the study area. 

Bellinger River Fish Assemblages  Gilligan 



2  Industry & Investment NSW 

 
Figure 1. The study area of the Belliger Ecohealth freshwater fish condition monitoring project. 
 

1.2. Fish Condition Assessment 

The freshwater fish condition monitoring component described in this report includes estimates of fish 
numbers, biomass and community composition and reports on two key aspects of condition: species 
loss or ‘expectedness’ and the ‘nativeness’ of the fish community. 
 
Well defined and robust site selection, fish sampling and data analysis procedures were developed by a 
large team of representatives from fisheries management and research agencies in south-eastern 
Australia for the Murray-Darling Basin’s SRA project (MDBC 2008a), with sampling intensity and 
methodological refinements derived from an extensive pilot exercise in 2002/03 (MDBC 2004). The 
NSW MER freshwater fish sampling program (Muschal et al. 2010) built upon the SRA by applying 
the same design principles with some minor modifications necessary for application in coastal 
catchments. It was these MER methods that were applied within the Bellingen Shire Council area. 

1.2.1. Stream network and stratification 

The same criteria used to define the stream network for the SRA and MER programs were used for the 
Ecohealth Monitoring Project. The state-wide stream network was derived from the AUSLIG 
1:250,000 stream network as a base layer clipped according to the following criteria (MDBC 2008a): 

• Flow > 5 ML per day (based upon version 2.92 of the Fenner School of Environment and 
Society, Australian National University, unpublished) stream model (Stein 2008a,b); 

• Catchment area > 50 km2 at the downstream connection to the larger stream. 
 
This freshwater stream network was stratified into six zones based on altitude in order to account for 
natural changes in fish community composition within catchments and the predominance and 
importance of diadromous fishes in coastal rivers. These altitude zones are: coastal plain (3 – 30 m), 
lowland (31 – 200 m), slopes (201 – 400 m), upland (401 – 700 m), highland (701 – 1,100 m) and 
alpine (> 1,100 m). Zones with a total stream length of < 50 km were merged with neighbouring 
zones. 
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1.2.2. Site densities 

A power analysis and assessment of performance curves of data collected for the SRA in Murray-
Darling Basin catchments (MDBC 2004) suggested that a minimum of 18 sites be sampled in each 
valley (the SRA’s primary reporting unit) and a minimum of seven sites be sampled in each altitude 
zone within each valley. The MER program adopted the minimum site number of 18 for the primary 
reporting scale (CMA areas), but unlike the SRA, the number of sites per zone within valleys is 
allocated proportional to stream length within each zone. Given that the primary reporting scale of the 
Bellingen Ecohealth Monitoring Project is relatively small (the Bellingen Shire Council local 
government area), we utilised the minimum site number of 18 at that reporting scale and sites were 
distributed amongst the altitude zones based on their proportional stream length into; coastal plain (n = 
4), lowland (n = 8), slopes (n = 3) and uplands/highlands (n = 3). No minimum requirement for seven 
sites per altitude zone was applied. 

1.2.3. Site selection 

Two sites on the Bellinger River; Gordonville Crossing (coastal plains zone) and Chrysalis Steiner 
School (lowlands zone) were pre-existing DECCW macro-invertebrate monitoring locations selected 
a priori as part of the MER program. The remainder were randomly selected locations. For these, 
coordinates were generated in prioritised order using the following GIS procedure in ArcGIS 9.3: 

1. Convert the stream network from vector to raster with 100 m pixels using the Spatial Analyst 
toolbox. 

2. Randomly select points from within the raster layer using the ‘Generate random points’ tool in 
Hawths Tools (Beyer 2004) with no minimum distance between selected points. 

3. Stratify sites within valley zones but retaining a selection order indicator. 

1.2.4. Ground-truthing 

Each randomly selected location was ground-truthed in sequential order to identify if the site is 
sampleable, to establish access, identify any Occupational Health & Safety (OH&S) issues and to 
determine the most suitable sampling gear required to sample the site. Sampling must be possible 
within 500 m of the randomly selected coordinates. If the site was dry, inaccessible, the electrical 
conductivity exceeded 1,000 µS/cm at backpackable sites and 3,000 µS/cm at large boat electrofishing 
sites, or insufficient water exists to undertake the full sampling protocol, the site was rejected and the 
next random site was assessed. A maximum travel time of 2 hours from the vehicle or boat ramp to the 
randomly selected coordinates was applied for access to remote sites with no vehicle access. If travel 
times were greater than 2 hours, the site was rejected. 

1.2.5. Sampling methods 

Sampling protocols were generally identical to those developed for the SRA (see MDBC 2008a). 
However, in addition to the requirements of the sub-sampling procedure for measuring individuals of 
abundant species (over 50 individuals per site) described in MDBC (2008a, Section 6.3.4), up to an 
additional 20 individuals (randomly selected from the catch) were measured in each operation after the 
SRA sub-sampling procedure had been completed. Further, in addition to those species requiring the 
preservation of voucher specimens for verification of field identifications (IDs) in inland regions 
(MDBC 2008a, Table 8.3), table 1 lists taxa from coastal catchments where voucher specimens were 
required for independent validation of species identifications. 
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Table 1. Species requiring the preservation of voucher specimens (or a photograph) for 
independent validation of IDs. These are in addition to those specified in Table 8.3 of 
MDBC (2008a). 

Species Notes 

Anguilla australis When < 150 mm. 
Anguilla reinhardtii When < 150 mm. 
Craterocephalus marjoriae  
Glossamia aprion  
Kuhlia rupestris  
Leiopotherapon unicolor North coast only. 
Macquaria colonorum Preserve if small – photograph if large. 
Prototroctes maraena When < 100 mm. 
Rhadinocentris ornatus  
  
All estuarine fishes Preserve if small – photograph if large. 
All forms of Gobiidae in all catchments  
All species of Mordacidae Preserve both ammocoetes and adults. 
All species of Cyprinidae When < 50 mm. 
All species of Mugilidae When < 100 mm. 
All species of Plotosidae  Darling/Paroo/Warrego/ Condamine-Culgoa/ Border Rivers 

catchments only. 
All species of Salmonidae When < 100 mm. 
All species when collected outside their known natural 
range (including ornamental fishes) 

Preserve if small – photograph if large 

 

1.2.6. Biomass estimation 

For those species listed in Table 2, biomass (weight) of each individual measured was estimated based 
on their length using derived length : weight relationship equations. For those species not listed in 
Table 2, individuals were weighed as well as measured and the measured weight was used to represent 
biomass. 

1.2.7. Quality assurance and data management 

Following confirmation of the identity of those species where voucher specimens were collected, data 
were transferred from field data sheets into intermediate tables and were run through a series of 50 
range-checks to identify any outliers and inconsistencies in data recording. All potential errors were 
referred to the senior operator responsible for data collection at that site for confirmation and/or 
correction. The corrected intermediate tables were then appended into the I&I NSW Freshwater Fish 
Research Database for storage. 

1.2.8. Data Analysis 

1.2.8.1. Reference Condition 

To represent an un-impacted condition of fish communities within each valley zone, the SRA adopted 
an approach of establishing or estimating the presence/absence and rarity (the probability of collecting 
a species at randomly selected sites if it were sampled using the standard protocol prior to 1770) for  
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Table 2 Regression coefficients (b) and intercepts (a) in length : weight models. 

Species  a b N 
Minimum 

(mm) 
Maximum 

(mm) r2 

Anguilla australis -6.9445 3.4632 107 32 1200 0.9815 
Anguilla reinhardtii -7.6576 3.811 153 100 1400 0.9638 
Galaxias brevipinnis -5.6292 3.3145 109  37 196 0.9858 
Galaxias olidus -5.387 3.1513 112 41 121 0.8746 
Gambusia holbrooki -5.1854 3.1421 215 15 58 0.8504 
Gobiomorphus australis -5.597 3.3201 995 20 174 0.9771 
Gobiomorphus coxii -5.8237 3.3903 128 33 195 0.9652 
Hypseleotris compressa -5.6725 3.4099 129 35 100 0.9256 
Macquaria novemaculeata -4.95 3.091 845     0.971 
Mugil cephalus -5.0215 3.0838 284 29 486 0.9962 
Philypnodon grandiceps -4.8517 2.8671 124 21 101 0.9291 
Philypnodon macrostomus -4.7797 2.8002 155 22 93 0.765 
Potamalosa richmondia -5.9561 3.4685 198 96 404 0.9414 
Retropinna semoni -5.6923 3.4186 657     0.7711 

Note: Regression coefficients (b) and intercepts (a) used to convert log(length) to log(weight) using the formula: 
log(weight) = a + b x log(length). Weight was measured in grams and length in millimetres. N is the number of individuals 
used to develop the regression equation and r2 is the coefficient of determination of the relationship. Minimum and maximum 
sizes represent the smallest and largest fish used to develop the model. 
 
 
each fish species within each valley and zone based on historical and current data, reference material, 
museum collections and expert knowledge (Davies et al. 2008). Rarity was scored as 1 (rare = median 
probability of occurrence of 0.1), 3 (occasional = 0.45) or 5 (common = 0.85) and these were termed 
the Reference Condition for Fish (RC-F). The same process was undertaken to estimate RC-F values 
for fish in coastal regions (Tables 3 and 4). However, within coastal regions an additional rarity 
category was added for species considered estuarine/marine vagrants, with a probability of occurrence 
estimated as 0.05. 

1.2.8.2. Metrics, Indicators and the Overall Fish Condition Index. 

Five fish metrics are derived from the raw data at each site, as described by Davies et al. (2008, Table 
3.3-1). These are aggregated into two fish condition indicators. The Nativeness Indicator (SR-FIn) 
represents the proportion of native versus alien fishes within the river and is calculated from three 
input metrics; proportion native biomass, proportion native abundance and proportion native species, 
combined using Nativeness Indicator Expert Rules (Davies et al. 2008 – Appendix 1). The 
Expectedness Indicator (SR-FIe) represents the proportion of native species that historically occupied 
the river that are still present and is calculated by combining two input metrics; the observed native 
species richness (at sites) over the zones RC-F value corrected for rarity (OE)1 and the total native 
species richness within zones over the zones uncorrected RC-F (OP) using Expectedness Indicator 
Expert Rules (Davies et al. 2008 – Appendix 1). These two indicators are then combined using Index 
Expert Rules (Davies et al. 2008 – Appendix 1) to calculate an overall Fish Condition Index (SR-FI). 
Expert Rules analysis was undertaken using the Fuzzy Logic toolbox in MatLab (The Mathworks Inc. 
USA). 
 

                                                      
1 The definition of the OE metric in Davies et al. (2008) is inaccurate and we referred to the definition of the OE 
metric in MDBC (2004, Table 14). 
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Table 3. The freshwater fish species predicted to have occurred in the Bellingen Shire Council study area prior to European colonisation. Descriptions of 
predominance within altitude zones correspond to RC-F categories for the Murray Darling Basins Sustainable Rivers Audit program and are used 
to generate the Expectedness Indicator (SR-FIe). 

Species Common name Coastal Plain Lowlands Slopes Uplands Highlands 

Anguilla australis Short-finned eel Occasional Occasional Occasional Occasional Occasional 
Anguilla reinhardtii Long-finned eel Common Common Common Common Common 
Arrhamphus sclerolepis Snub-nosed garfish Rare     
Galaxias sp. B Bellinger climbing galaxias Rare Rare Occasional Common Common 
Galaxias maculatus Common jollytail Rare     
Galaxias olidus Mountain galaxias    Rare Rare 
Gobiomorphus australis Striped gudgeon Common Common Occasional   
Gobiomorphus coxii Cox's gudgeon Occasional Common Common Occasional Rare 
Hypseleotris compressa Empire gudgeon Common Common Occasional Rare  
Hypseleotris galii Firetailed gudgeon Common Common Occasional Occasional Rare 
Hypseleotris klunzingeri Western carp-gudgeon Occasional Occasional Occasional Occasional Rare 
Macquaria novemaculeata Australian bass Common Common Occasional   
Melanotaenia duboulayi Duboulay's rainbowfish Common Common Common   
Mugil cephalus Sea mullet Common Common Occasional   
Neoarius graeffei Blue catfish Rare     
Notesthes robusta Bullrout Common Occasional Rare   
Philypnodon grandiceps Flat-headed gudgeon Common Common Occasional Occasional Rare 
Philypnodon macrostomus Dwarf flat-headed gudgeon Common Common Occasional Occasional Rare 
Potamalosa richmondia Freshwater herring Common Common Occasional Rare  
Pseudomugil signifier Southern blue-eye Common Occasional    
Retropinna semoni Australian smelt Common Common Common Occasional Rare 
Rhadinocentrus ornatus Softspined rainbowfish Occasional Rare    
Tandanus sp.2 Willung (Bellinger freshwater catfish) Common Common Common Occasional Rare 
Trachystoma petardi Freshwater mullet Common Common Occasional   

 

Gilligan  Bellinger River Fish Assemblages 



Industry & Investment NSW  7 

Bellinger River Fish Assemblages  Gilligan 

Table 4. Predominantly marine – estuarine fish species predicted to have occurred within freshwater habitats within the Bellingen Shire Council study area 
prior to European colonisation. Descriptions of predominance within altitude zones correspond to RC-F categories for the Murray Darling Basins 
Sustainable Rivers Audit program (the new category ‘vagrant’ corresponds to a median probability of capture of 0.05) and are used to generate 
the Expectedness Indicator (SR-FIe). 

Species Common name Coastal Plain Lowlands Slopes Uplands Highlands 

Acanthopagrus auratus Yellowfin bream Rare     
Afurcagobius tamarensis Tamar goby Vagrant     
Ambassis jacksoniensis Port Jackson glassfish Vagrant     
Ambassis marianus Estuary glassfish Vagrant     
Arenigobius bifrenatus Bridled goby Vagrant     
Caranx sexfasciatus Big-eye trevally Vagrant     
Carcharhinus leucas Bull shark Vagrant     
Chanos chanos Milkfish Vagrant     
Elops hawaiiensis Giant herring Vagrant     
Gerres subfasciatus Silver biddy Vagrant     
Hippichthys penicillus Beady pipefish Vagrant     
Hyporhamphus regularis River garfish Vagrant     
Liza argentea Gold-spot mullet Vagrant     
Lutjanus argentimaculatus Mangrove jack Vagrant     
Macquaria colonorum Estuary perch Vagrant     
Megalops cyprinoides Ox-eye herring Vagrant     
Monodactylus argenteus Silver batfish Vagrant     
Myxus elongates Sand mullet Vagrant     
Paramugil georgii Fantail mullet Vagrant     
Platycephalus fuscus Dusky flathead Vagrant     
Pristis zijsron Green sawfish Vagrant     
Pseudogobius sp.9 Blue-spot goby Vagrant     
Redigobius macrostoma Largemouth goby Vagrant     
Scatophagus argus Spotted scat Vagrant     
Selenotoca multifasciata Striped scat Vagrant     
Tetractenos glaber Smooth toadfish Vagrant     
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The zone score for each indicator and the overall index was estimated using the median metric scores 
for sites in each zone (with the exception of OP which is derived at the zone scale). The standard 
deviation of median values was generated for each metric, indicator and the index following 1,000 
bootstrap iterations (with replacement). 
 
Bellingen Shire Council area scale metrics were estimated as the mean of the median zone metrics 
weighted by stream length within each zone. These council area scale metrics were then processed 
using the Indicator and Index Expert Rules to produce the Ecohealth Monitoring Project scale 
Indicators and the overall Fish Condition Index. 
 
All indicator and index scores produced by the Expert Rules analysis are scaled between 0 – 100, 
where 100 represents reference condition. A low score represents the loss of native species diversity 
and the dominance of alien fish. Descriptive labels associated with ‘bands’ of indicator and index 
scores are defined in Davies et al. (2008) as: 0 – 19 Extremely Poor, 20 – 39 Very Poor, 40 – 59 Poor, 
60 – 79 Moderate and 80 – 100 Good. 

1.3. Results 

Eighteen sites within the study area were sampled between 26 November 2009 and 17 March 2010. 
Eighteen of the 24 native freshwater fishes predicted to have existed within the study area prior to 
European colonisation were collected (Table 5). The five exceptions were western carp-gudgeon, soft-
spined rainbowfish, mountain galaxias, common jollytail, snub-nosed garfish and blue catfish. 
Yellowfin bream was the only estuarine species collected from the freshwater reaches sampled (Table 
5). Only a single alien species, eastern mosquitofish, was detected (Table 5). 
 
The Expectedness Indicator suggests that the retention of species existing within the Bellingen Shire 
Council area prior to European settlement is poor (SR-FIe = 0.41) (Table 6 and Figure 2a). That is, 
only a portion of the complement of species expected to have been collected at each site if sampling 
were conducted prior to 1770 were collected. Within individual altitude zones; sites within the coastal 
plain zone retained the most species (SR-FIe = 0.68) and were in moderate condition (with individual 
sites ranging from good to poor condition), sites within the lowland zone were in poor condition (SR-
FIe = 0.41)(with individual sites ranging from poor to very poor), sites within the slopes zone were in 
very poor condition (SR-FIe = 0.27) and sites in the Upland – Highland zone were also in very poor 
condition (SR-FIe = 0.21)(with individual sites ranging from very poor to extremely poor condition) 
(Table 6 and Figure 3a). 
 
In contrast, the Nativeness Indicator demonstrates that the fish assemblage within the Bellingen Shire 
Council area is Good (SR-FIn = 1.00) (Table 6 and Figure 2b), with alien species having virtually no 
negative influence of fish community condition. This was due to a very low abundance of only a 
single small bodied introduced species, eastern mosquitofish, at only a single site (Table 5). 
 
Aggregation of these two fish condition indicators into the overall Fish Condition Index suggests that 
the fish community condition across the Bellingen Shire Council study area is moderate (SR-FI = 
0.61) (Table 6 and Figure 2c). Within individual altitude zones; sites within the coastal plain zone 
were in good condition (SR-FI = 0.86) (with individual sites ranging from good to moderate 
condition), sites within the lowland zone were in moderate condition (SR-FI = 0.61) (with individual 
sites ranging from moderate to poor), sites within the slopes zone were in poor condition (SR-FI = 
0.49) and sites in the upland – highland zone were in poor condition (SR-FI = 0.44) (Table 6 and 
Figure 3c). 
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Table 5. The fish species collected from sites within the Bellingen Shire Council study area. The sole introduced species is highlighted in black. Average 
abundance is the average number of individuals of each species collected from sites within each altitude zone. The Proportion of sites is the 
proportion of sites each species was collected from within each altitude zone. 

 Coastal Plain (n = 4) Lowlands (n = 8) Slopes (n = 3) Uplands / Highlands (n = 3) 

 
Average 

abundance 
Proportion of 

sites 
Average 

abundance 
Proportion of 

sites 
Average 

abundance 
Proportion of 

sites 
Average 

abundance 
Proportion of 

sites 

Yellowfin bream 0.25 0.25  
Short-finned eel 2.25 0.75 0.625 0.25 2 1 3.33 0.67 
Long-finned eel 8 0.75 10 1 14.67 1 4.67 0.67 
Blue catfish - -  
Snub-nosed garfish - -  
Bellinger climbing galaxias - - 0.25 0.125 - - 6.33 0.67 
Common jollytail - -  
Mountain galaxias - - 
Eastern mosquitofish 5.25 0.25  
Striped gudgeon 30.5 1 6.5 0.625 - -  
Cox's gudgeon 9 0.5 31.75 1 41.33 1 - - 
Empire gudgeon 37 1 - - - - - - 
Firetailed gudgeon - - 1.25 0.125 - - - - 
Western carp-gudgeon - - - - - - - - 
Australian bass 6.75 0.75 - - - -  
Duboulay's rainbowfish - - 3.5 0.125 - -  
Sea mullet 4.25 0.5 - - - -  
Freshwater mullet 4.5 0.5 - - - -  
Bullrout 2.75 0.5 0.125 0.125 - -  
Flat-headed gudgeon 2.75 0.5 - - - - - - 
Dwarf flat-headed gudgeon 0.25 0.25 - - 0.33 0.33 - - 
Freshwater herring 11.5 0.5 - - - - - - 
Southern blue-eye 1 0.5 3.125 0.25  
Australian smelt 4.25 0.5 19.75 0.75 47.67 1 - - 
Soft-spined rainbowfish - -  
Willung (Bellinger freshwater catfish) 1.5 0.5 0.5 0.25 - - - - 
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Table 6. Median (± standard deviation) Expectedness Indicator, Nativeness Indicator and 
combined Fish Condition Index values within altitude zones and across the 
Bellingen Ecohealth fish monitoring project area. 

 Expectedness Indicator Nativeness Indicator Fish Condition Index 
 (SR-FIe) (SR-FIn) (SR-FI) 

Coastal plain 0.681± 0.136 1.000 ± 0.026 0.861 ± 0.118 
Lowland 0.405 ± 0.024 1.000 ± 0.000 0.610 ± 0.020 
Slopes 0.267 ± 0.019 1.000 ± 0.000 0.488 ± 0.016 
Upland – Highland 0.206 ± 0.057 1.000 ± 0.000 0.439 ± 0.034 
    
Catchment-wide 0.406 1.000 0.613 

 

Gilligan  Bellinger River Fish Assemblages 



Industry & Investment NSW  9 

 
Figure 2. Catchment and site scale Expectedness Indicator (a), Nativeness Indicator (b) and 

the overall Fish Condition Index (c) values within the Bellingen Ecohealth Fish 
Monitoring project. Catchment scale condition is represented by the background 
colour of the study area. Site scale condition is represented by the colour of the 
circle plotted as the sampling locations. Low values (yellow shades) reflect poor 
fish assemblage condition and high values (blue shades) reflect good fish 
assemblage condition. 
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Figure 3. Zone scale Expectedness Indicator (a), Nativeness Indicator (b) and the overall 

Fish Condition Index (c) values within the Bellingen Ecohealth fish monitoring 
project. Low values (yellow shades) reflect poor fish assemblage condition and 
high values (blue shades) reflect good fish assemblage condition. 
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1.4. Discussion 

Freshwater fish communities within the Bellingen Shire Council portions of the Bellinger and 
Kalang River catchments were in Moderate condition at the time of sampling, between November 
2009 – March 2010 (Figure 2c). Overall fish community condition ranged from Good in the coastal 
plain zone, to Moderate in the lowlands zone and Poor in the slopes, upland and highland zones 
(Figure 3c). 
 
Overall nativeness of the fish community was Good (Figure 2b), with only a single species of small 
bodied alien species detected (eastern gambusia), with the species only collected from a single 
sampling location (Johnston Drain), a heavily degraded coastal plain zone site (see Appendix 1 for 
site photo). Because of this species’ small size and relatively low abundance, it had little influence 
on the nativeness score at this site. Given that no alien species at all were collected from the 
remaining 17 sites, they all received perfect nativeness ratings (Figure 2b). Consequently, alien 
species had little to no negative influence of fish community condition across the study area. The 
only other alien species we are aware of that may inhabit the Bellinger catchment are koi strain 
common carp (Cyprinus carpio) which were reported to be present in the Bellinger River in the 
township of Bellingen (Graham et al. 2005). We did not collect or observe any carp during our 
field sampling. 
 
In contrast, overall expectedness was Poor across the study area (Figure 5a) suggesting that several 
species that were expected to have occupied sites within the study area prior to European 
colonisation (before ~ 1770) have been lost or now have restricted distributions within the 
catchment. 
 
Six species (of 24) expected to have been present in the Bellinger and Kalang River catchments 
were not collected at any site surveyed. Western carp-gudgeon are present in the Clarence 
catchment to the north and the Macleay and Manning catchments to the south at altitudes of 
between 19 – 1140 m (I&I NSW Freshwater Fish Research Database). Consequently, they were 
expected to be present at between 21% and 69% of sampling locations up to 700 m altitude and at 
less than 20% of sampling locations above 700 m altitude in the Bellinger – Kalang River study 
area. Soft-spined rainbowfish are known to occur in the Clarence catchment and the Coffs Coast 
catchments to the north and in Deep Creek immediately to the south, at altitudes between the tidal 
limit and 140 m altitude (I&I NSW Freshwater Fish Research Database). They were expected to be 
present at 21 – 69% of sites in the coastal plain zone and less than 20% of sites in the lowland zone 
of the Bellinger – Kalang River study area. Mountain galaxias are present in the Clarence 
catchment to the north and Macleay catchment to the south at altitudes of 510 – 1280 m (I&I NSW 
Freshwater Fish Research Database). Although this species was not detected by Raadik (2005) 
during recent intensive surveys of the uplands and highland zones of the catchment, we expected 
them to be present at less than 20% of sites in the uplands and highlands zones because of their 
presence in neighbouring catchments. The remaining three species, common jollytail, snub-nosed 
garfish and blue catfish, are likely to be naturally rare in the Bellinger – Kalang River study area 
(I&I NSW Freshwater Fish Research Database) and were only expected to be collected at less than 
20% of sampling locations in the coastal plain zone. Perhaps more important than the species that 
were not collected at all, was that the 18 native freshwater fishes that were collected, were 
generally found at fewer sites than expected. The only exceptions being short-finned eel, long-
finned eel and Cox’s gudgeon, which were found at approximately the same number of locations as 
expected. 
 
Median expectedness was greatest in the coastal plain zone which was rated as Moderate (Figure 
3a). However, expectedness in this zone was also the most variable (Table 6), as two of the four 
sampled locations in the zone had very high expectedness (Gordonville Crossing & Tutt’s: Figure 
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2a), but the other two had Poor expectedness values (Johnston’s Drain and Mozzies; Figure 2a). 
The expectedness indicator then deteriorated to Poor condition in the lowland zone and Very Poor 
in the upland & highland zone (Figure 3a). This observation is surprising given that a vast majority 
of the slopes, upland and highland zone of the study area is protected by national park or nature 
reserve and the area upstream of the sampling locations, as well as the habitats present at the 
sampling locations’ appeared to be undisturbed and in very good condition. Yet these zones 
received poorer expectedness ratings than the more impacted lowland and coastal plain zones. 
 
There are three possible explanations as to why the upper catchment zones had poorer expectedness 
ratings than lower catchment zones. The first is that, because of the lack of access to many 
randomly selected locations within much of the slopes, upland and highland zones, those sampling 
locations in the most remote sections of the study area were rejected. By default, sampling 
locations therefore were concentrated into areas with reasonable access. This could potentially 
result in a bias towards lower metric and indicator values if more accessible locations correspond to 
more impacted parts of the catchment area. The second potential explanation is that the large floods 
in the Bellinger catchment in February, April, May, late October and early November 2009 
(Gauging Station No. 205016: Bellinger at Fosters), the later two being shortly before fish 
sampling commenced, may have displaced fish species formerly present at sites in the upper 
catchment and left a temporarily depauperate fish assemblage during the sampling period. Finally, 
our expectations on pre-European prevalence (our RC-F scores) may have been too optomistie for 
the slopes, upland and highland zones. The review of historical and current data, reference material, 
museum collections and expert knowledge undertaken to estimate the RC-F scores for each species 
were based not only on the Bellinger catchment, but all neighbouring catchments between the 
Clarence and the Manning, and are considered representative of the bio-region in general. 
However, the steep escarpment and particularly high stream gradient in the slopes, upland and 
highland zones of the Bellinger catchment may naturally restrict the upstream colonisation of 
estuarine dependant diadromous species, and could be responsible for a naturally reduced fish 
assemblage in these zones. As a consequence, whilst the coastal plain and lowlands zones were 
adequately represented by these bioregion-wide RC-F assessments, perhaps the slopes, upland and 
highland zones were not. Therefore, these zones may have received poor ratings despite being at or 
close to pre-European condition. Either factor alone, or all three in combination may be responsible 
for the observed low expectedness in upper catchment zones. Whilst there is some justification for 
considering that the expectedness indicator may tend to underestimate the condition of the fish 
community of the upper catchment zones, the weighting of median zone metrics by stream length 
within zones to estimate catchment-wide condition does tend to counteract the effect given that > 
60% of the catchment’s waterways are within the lowland and coastal plain zones. Manipulation of 
the data suggests that even if the expectedness of the slopes, upland and highland zones was in 
moderate condition, the catchment wide expectedness rating would still be Poor and the overall 
Fish Condition Index would still be rated as Moderate. 
 
Although two sites (Gorndonville Crossing and Tutt’s – Bellinger River coastal plain) had high 
species richness, in general the overall assessment of Poor expectedness is considered a reasonable 
approximation of the catchment-wide condition, given the lower than expected native species 
richness at the majority of sites. When combined with the Good nativeness rating across all sites, 
the overall catchment-wide fish community condition rating of Moderate (SR-FI = 0.61) is 
probably appropriate. However, because this is the first MER-type assessment that has been done at 
this small a scale in NSW, questions remain about a number of issues regarding the use and 
interpretation of a freshwater fish indicator at the local scale. These include the applicability of the 
SRA metrics, the stratification by altitude zone (rather than by river style or subcatchment, for 
example) and the site selection process. It is recommended that further consideration of these issues 
be undertaken before future use of a fish indicator is undertaken for evaluating river health in small 
coastal catchments in NSW. 
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Appendix 1: Site photos and coordinates

 
 

Coastal plain zone sites 

 
Gordonville Crossing – Bellinger River  
(Coordinates: -30.4187, 152.8459)  
 

 
Tutts – Bellinger River 
(Coordinates: -30.43373, 152.87755) 
 

 
 
 
 
 

 
Mozzies – Picket Hill Creek 
(Coordinates: -30.53312, 152.96496) 
 

 
Johnston Drain – Johnston Drain 
(Coordinates: -30.47461, 152.95219) 
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Lowland zone sites 

 

 
Chrysalis Steiner School – Bellinger River 
(Coordinates: -30.4329, 152.722) 
 

 
Tallowood Point – Never Never River 
(Coordinates: -30.34494, 152.90866) 
 

 
Buffer Creek – Buffer Creek 
(Coordinates: -30.38195, 152.84199) 
 

 
 
 
 
 
 

 
Maydale – Stony Gully 
(Coordinates: -30.37489, 152.8736) 
 
 
 
 
 

 
Middle Bean – Bean Creek 
(Coordinates: -30.48284, 152.71481) 
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Lowland zone sites (cont.) 
 

 
Bishops Creek – Bishops Creek 
(Coordinates: -30.41107, 152.63969) 
 

 
Emmett – Kalang River 
(Coordinates: -30.50468, 152.76293) 
 
 

 
Promised Land – Little Promised Land Creek 
(Coordinates: -30.3513, 152.89801) 
 
 

 
 
 

Slopes zone sites 

 
Woods Creek – Unnamed Woods Creek 
tributary (Coordinates: -30.45498, 152.536) 
 

 
Little Scrag – Scraggy Creek 
(Coordinates: -30.49522, 152.51674) 
 
 

 
Fishers Creek – Fishers Creek 
(Coordinates: -30.48482, 152.54362) 
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Upland zone sites 

 

 
Rosewood Cascade – Rosewood Creek 
(Coordinates: -30.36744, 152.80626) 
 

 
Neverland – Sassafras Creek 
(Coordinates: -30.36932, 152.78461) 
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