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EXECUTIVE SUMMARY 

 

The South Australian River Murray wetlands baseline surveys (RMWBS) are the most 

comprehensive wetlands surveys ever undertaken in the Murray-Darling Basin (MDB). They 

have occurred each year since 2004, at 87 wetlands distributed from the SA/NSW/VIC border 

to the Murray Mouth. These major biological and physical surveys have been undertaken in a 

bid to learn more about the River Murray and its wetlands. Thus, at each wetland, baseline 

data on the site characteristics, fish, water quality, groundwater, vegetation, birds, frogs 

and/or macroinvertebrates has been collected. This information has been used to identify 

conservation values and derive wetland management plans for a number of wetlands. 

Wetland management plans include concise statements about local conservation values and 

planned management objectives. Importantly, the data provides a basis for evaluating the 

success of future management actions. 

 

Annual reports are available from each survey year but until now, there has been no attempt 

to integrate and analyse the total dataset for any ecological parameter. This report documents 

the analyses of the combined ‘fish’ dataset from 74 wetlands (some wetlands were dry at the 

times of sampling), including nine from the Lower Lakes (Murray Mouth to Wellington), six 

from the Lower Swamps (Wellington to Mannum), 35 from the Murray Gorge (Mannum to 

Overland Corner) and 24 from the Riverland (Overland Corner to the SA/NSW/VIC border) 

regions, and forms a milestone report for two projects funded under the Murray-Darling 

Basin Commission’s Native Fish Strategy: 

 

• MD746 - Evaluation of carp exclusion screens at wetland inlets 

• MD756 - Integrated Pest Management 

 

Analyses highlight four key regional patterns in the relative density and diversity of wetland 

fishes in SA, which are discussed in light of possible interactions with river flow and habitat 

availability. Carp specific information is also discussed in relation to the species’ broad 

habitat, dietary and ecological requirements and the apparent effectiveness of existing carp 

exclusion screens in controlling the density and biomass of carp within wetlands: 
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1. The Lower Lakes region contains the most diverse wetland fish assemblage of any region 

in the SA MDB. Species that are exclusively or predominantly (in which case, also in 

Lower Swamps wetlands) found in the Lower Lakes region include those that are tolerant 

of a wide range of salinities (euryhaline i.e. blue-spot goby, lagoon goby, congolli and 

small-mouthed hardyhead), migratory between fresh and salt waters (diadromous 

i.e. common jollytail, Tamar river goby, bridled goby, salmon trout and yellow-eye 

mullet) and/or listed as threatened under state (SA Fisheries Act 1982 i.e. southern pygmy 

perch) or national (EPBC Act 1999 i.e. Yarra pygmy perch and Murray hardyhead) 

legislation. Each of these species was also relatively more abundant in small-shallow 

wetlands in 2005-7, and southern pygmy perch alone were more abundant in ephemeral 

wetlands in 2004. 

 

2. Wetlands in the Lower Swamps region, on average, have the most diverse fish 

assemblages and the least variation in species counts across wetlands. 

 

3. The Riverland and Murray Gorge regions always recorded the highest relative densities of 

wetland fishes – particularly ‘generalist’ species with broad habitat and eco-physiological 

requirements such as bony herring, carp gudgeon, Murray rainbowfish, unspecked 

hardyheads, eastern gambusia and goldfish. These species, in addition to Australian smelt, 

dwarf flathead gudgeon, flathead gudgeon, golden perch, redfin perch and common carp 

all tend to be more abundant in permanent wetlands and in large-shallow, large-deep and 

small-deep relative to small-shallow wetlands.  

 

4. Species counts are typically lower and more variable in small-shallow ephemeral 

wetlands than in permanent wetlands. 

 

5. Patterns in the relative density and habitat use of carp were consistent across the four 

RMWBS regions. 

 

6. Patterns in the relative density and habitat use of carp were not related to the 

presence/absence of flow control structures (regulators) or carp exclusion screens, even 

after splitting the density data into age 0+ and 1+ components (2005–7 dataset only) 

based on a 100 mm (total) length criterion.  
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INTRODUCTION 

Anthropogenic degradation of the riverine environment and of wetlands, via myriad 

processes (i.e. river regulation, habitat destruction, over fishing, the introduction of exotic 

invasive fish), has resulted in significant declines in the diversity, range and abundance of 

freshwater fish throughout the Murray-Darling Basin (MDB) of south-eastern Australia 

(Cadwallader, 1978). Expert opinion suggests that native fish populations in the Basin’s 

rivers have declined under such processes to 10% of pre-European levels (MDBC, 2003).  

 
In South Australia (SA), once abundant species such as chanda perch (Ambassis agassizii) 

and southern purple-spotted gudgeon (Mogurnda adspersa) are now thought to be extinct, 

and the range of trout cod (Maccullochella macquarensis), Murray galaxias (Galaxias 

rostratus) and Macquarie perch (Macquaria australasica) appears to have contracted out of 

SA (Hammer & Walker 2004). Of the 42 freshwater species found within the SA MDB, 35 

are native and seven are exotic invaders (Hammer & Walker 2004). Of the 35 native species, 

26 are known to occur, or have occurred in wetlands of the Murray-Darling Basin, 

including 13 species of regional conservation significance (Table 1, adapted from Hammer 

and Walker 2004; Closs et al., 2005; Smith, 2006). Indeed, the highest diversity of wetland 

fishes (87% of all species) occurs in the SA MDB where euryhaline and diadromous species 

(i.e. congolli, common galaxias, small-mouthed hardyhead) contribute to species counts. 

Of the introduced species, common carp, gambusia, redfin perch and oriental 

weatherloach all may be abundant in wetlands, but carp overwhelmingly dominate the 

biomass (Nichols & Gilligan, 2004). 

 
The fact that many wetlands still contain rare and threatened fish species, sometimes in high 

numbers, reinforces the importance of healthy wetlands for the maintenance and 

rehabilitation of native fish communities (MDBC, 2003; Closs et al., 2005). Rehabilitation 

will require the amendment or reversal of existing human-induced threats to wetlands, which 

include overexploitation of wetland resources, reclamation of wetlands for agriculture and 

industry, altered hydrological regimes, introduced invasive species, salinisation, 

eutrophication, habitat destruction and grazing (DEH & DWLBC, 2003). Some threats are 

more of an issue at the wetland or reach scale (grazing, eutrophication and to some extent, 

salinisation), but altered hydrological regimes and invasive species are intimately related, and 

both are problematic at the catchment scale (Gehrke et al., 1995).  
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Table 1. Native and exotic freshwater fish in wetlands of the Murray-Darling Basin (after Hammer & 
Walker 2004; Closs et al., 2005; Smith, 2006). The conservation status of each species is indicated 
[State, SA = DEH (2003) & SA Fisheries Act 1982; National = EPBC Act 1999]. CrEn, Critically 
Endangered; En, Endangered; Vu, Vulnerable; R, Rare; (P), Protected under the Fisheries Act 1982. 
Species with no apparent conservation status are often abundant and/or widespread, but those marked 
with an (*) have a limited range. Ψ Captured during surveys in SA of the use of wetland inlets by 
riverine fish. ♣ Presently <400 km from the SA border; high risk to establish populations in SA over 
the next few years. 

 

  Cons. Status 
Common Name Scientific Name State (SA) National  

Native fish    
western blue-spot goby Pseudogobius olorum *  
small-mouthed hardyhead Atherinosoma microstoma *  
lagoon goby Tasmanogobius lastii *  
golden perch Macquaria ambigua ambigua   
flathead gudgeon Philypnodon grandiceps   
common galaxies Galaxias maculatus *  
carp gudgeon complex Hypseleotris spp.   
bony herring Nematalosa erebi   
Australian smelt Retropinna semoni   
unspecked hardyhead Craterocephalus stercusmuscarum fulvus   
Threatened native fish    
Murray rainbowfish Melanotaenia fluviatilis R  
dwarf flathead gudgeon Philypnodon sp. R  
Congolli Pseudaphritis urvillii R  
silver perch Bidyanus bidyanus Vu Vu 
Murray hardyhead Craterocephalus fluviatilis En Vu 
Murray codΨ Maccullochella peelii peelii R Vu 
freshwater catfishΨ Tandanus tandanus Vu (P)  
Yarra pygmy perch Nannoperca obscura En (P) Vu 
southern pygmy perch Nannoperca australis En (P)  
shortfinned eelΨ Anguilla australis R  
chanda perch Ambassis agassizii CrEn (P)  
southern purple-spotted gudgeon Morgurnda adspersa CrEn (P)  
river blackfish Gadopsis marmoratus En (P)  
Exotic / Invasive fish    
redfin perch Perca fluviatilis   
common carp Cyprinus carpio   
goldfish Carassius auratus   
eastern gambusia Gambusia holbrooki   
MDB wetland fish not in SA    
oriental weatherloach♣ Misgurnus anguillicaudatus   
spangled perch Leiopotherapon unicolour   
Hyrtl’s tandan Neosilurus hyrtlii   
Murray galaxias Galaxias rostratus   

TOTAL fish species in MDB 31 
TOTAL wetland fish currently in SA-MDB 27 
Threatened native fish 13 
Exotic / Invasive fish 5 
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Setting realistic targets for wetland restoration and rehabilitation requires knowledge of the 

ecological and habitat requirements of native fish, based on historical (best) or current 

assessments of their distribution and abundance. Previously, however, there have been no 

systematic surveys of wetland fishes (or other aquatic fauna and flora) in the South Australian 

Murray, aside from two surveys of fish in the Lower Lakes region (Wedderburn & Hammer, 

2003; Higham et al., 2004). Thus, the annual River Murray wetlands baseline surveys 

(RMWBS) were established to collect a snapshot of physical and ecological data on a subset 

of wetlands in the River Murray, from the SA/NSW/VIC border to barrages in Lakes 

Alexandrina and Albert (Holt et al., 2004). Since 2004, baseline data on the site 

characteristics, fish, water quality, groundwater, vegetation, birds, frogs and/or 

macroinvertebrates of 87 wetlands has been collected. This data has enabled the identification 

of critical regions/wetlands for management, and forms a baseline against which the 

effectiveness of future rehabilitation efforts can be compared. 

 

The ‘fish’ components of the 2004-2007 RMWBS had three broad aims, which were largely 

consistent across the survey years: 

 
1. Describe the fish assemblage at each study wetland, and identify threatened fish 

species that may be at risk from hydrology or management changes. 

2. Indicate the variability in fish species assemblages among regions. 

3. Identify management recommendations for each wetland, in relation to the resident 

fish community. 

 

This report documents the analyses of the combined ‘fish’ dataset from 74 wetlands 

(some wetlands were dry at the times of sampling), including nine from the Lower Lakes 

(Murray Mouth to Wellington), six from the Lower Swamps (Wellington to Mannum), 

35 from the Murray Gorge (Mannum to Overland Corner) and 24 from the Riverland 

(Overland Corner to the SA/NSW/VIC border) regions (after Walker & Thoms, 1993; 

Table 2, Figure 1), and forms a milestone report for two projects funded under the 

Murray-Darling Basin Commission’s Native Fish Strategy: 

 

• MD746 - Evaluation of carp exclusion screens at wetland inlets 

• MD756 - Integrated Pest Management @ Banrock Station 
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Figure 1. Overview Map indicating the general distribution of wetlands included in the ‘fish’ components of the 2004-7 RMWBS. Bioregions sampled include 
the Riverland (SA/NSW/VIC border downstream to Overland Corner), Murray Gorge (Overland Corner to Mannum), Lower Swamps (Mannum to Wellington) 
and Lower Lakes (Wellington to the barrages in Lakes Alexandrina and Albert). 

 

Overland Corner SA/NSW/VIC 
Border 

Mannum 

Wellington 

‘RIVERLAND’ 

‘MURRAY 
GORGE’ 

‘LOWER 
SWAMPS’ 

‘LOWER 
LAKES’ 

Adelaide 
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Table 2. Wetlands along the lower River Murray in South Australia surveyed in the 2004 and 2005–7 RMWBS. Within each survey, wetlands are arranged 
according to their river km distance from the River’s mouth. 

Wetland Code Region Year 

River km 
from 

Murray 
mouth Type Regulators 

Carp 
screens 

Mean 
depth 
(m) 

Surface 
Area (m2) Size category 

2004           

Templeton Tem Riverland 2004 601 Ephemeral Present Present < 1 340 000 small-shallow 

Woolenook Bend Woo Riverland 2004 588 Permanent Absent Absent > 1 2 441 000 large-deep 

Mundic Creek Muc Riverland 2004 564 Permanent Absent Absent > 1 2 565 000 large-deep 

Paringa Island Par Riverland 2004 561 Permanent Absent Absent < 1 607 000 large-shallow 

Martins Bend Mat Riverland 2004 528 Ephemeral Present Present < 1 170 000 small-shallow 

Gurra Gurra Lakes Gur Riverland 2004 522 Permanent Absent Absent < 1 3 000 000 large-shallow 

Ajax-Achilles Aja Riverland 2004 517 Permanent Absent Absent > 1 246 000 small-deep 

Thieles Flats Thi Riverland 2004 491 Ephemeral Absent Absent < 1 70 000 small-shallow 

Beldora Lagoons Bel Riverland 2004 456 Permanent Present Present < 1 1 565 000 large-shallow 

Loveday Bay Lov Riverland 2004 450 Ephemeral Present Present < 1 1 469 000 large-shallow 

Loch Luna Lol Riverland 2004 438 Permanent Absent Absent > 1 1 260 000 large-deep 

Hart Lagoon Har Murray Gorge 2004 380 Ephemeral Present Present < 1 728 000 large-shallow 

Nigra Creek Nig Murray Gorge 2004 364 Permanent Present Present > 1 93 000 small-deep 

Murbko Flat Muf Murray Gorge 2004 300 Permanent Absent Absent < 1 1 948 000 large-shallow 

Murbko South Muh Murray Gorge 2004 298 Permanent Absent Absent > 1 1 291 000 large-deep 

Murbpook Lagoon Mul Murray Gorge 2004 294 Permanent Absent Absent < 1 1 136 000 large-shallow 

Sinclair Flat Sin Murray Gorge 2004 286 Permanent Absent Absent < 1 580 000 large-shallow 

Devon Downs Swamp Dev Murray Gorge 2004 220 Permanent Absent Absent < 1 536 000 large-shallow 

Kroehns Landing Kro Murray Gorge 2004 217 Permanent Absent Absent < 1 671 000 large-shallow 

Forster Lagoon For Murray Gorge 2004 208 Permanent Absent Absent > 1 794 000 large-deep 

North Purnong Nop Murray Gorge 2004 195 Permanent Absent Absent < 1 945 000 large-shallow 

Paiwalla Pal Lower Swamps 2004 128 Ephemeral Present Present < 1 563 000 large-shallow 

Riverglades Rgl Lower Swamps 2004 118 Permanent Present Present < 1 446 000 large-shallow 
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Tolderol Tol Lower Lakes 2004 32 Ephemeral Present Absent < 1 2 405 000 large-shallow 

Milang Shores Mil Lower Lakes 2004 20 Ephemeral Absent Absent < 1 1 671 000 large-shallow 

Clayton Cla Lower Lakes 2004 9 Permanent Absent Absent > 1 1 420 000 large-deep 
Hindmarsh Island Estuary Hin Lower Lakes 2004 4 Permanent Absent Absent < 1 6 200 000 large-shallow 

2005–7           

Nelwood Swamp New Riverland 2007 633 Permanent Absent Absent < 1 111 000 small-shallow 

Murtho Park Mut Riverland 2005 603 Permanent Absent Absent > 1 245 277 small-deep 

Weila Wei Riverland 2005 601 Permanent Absent Absent > 1 245 277 small-deep 

Horseshoe Swamp Hor Riverland 2007 580 Permanent Absent Absent > 1 273 000 small-deep 

Reedy Creek (Paringa) Rep Riverland 2005 563 Permanent Absent Absent > 1 120 712 small-deep 

Nelwart Swamp Nel Riverland 2007 558 Permanent Absent Absent < 1 212 000 small-shallow 

Tanyaca Creek Tan Riverland 2007 557 Permanent Absent Absent > 1 756 000 large-deep 

Pyap Lagoon Pya Riverland 2006 466 Permanent Absent Absent > 1 452 000 large-deep 

Spectacle Lakes Spe Riverland 2005 462 Permanent Present Present < 1 1046 835 large-shallow 

Lake Bonney Lbo Riverland 2006 460 Permanent Absent Absent > 1 17 413 000 large-deep 

Yatco Lagoon Yat Riverland 2005 452 Permanent Absent Absent > 1 3 444 989 large-deep 

Banrock Station Ban Riverland 2006 431 Permanent Present Present < 1 1 200 000 large-shallow 

Overland Corner Ove Riverland 2005 425 Ephemeral Present Present < 1 170 572 small-shallow 

Jaeschke Lagoon Jae Murray Gorge 2007 383 Permanent Absent Absent < 1 235 000 small-shallow 

Ross Lagoon Ros Murray Gorge 2007 381 Permanent Absent Absent < 1 437 000 large-shallow 

Big Toolunka Bit Murray Gorge 2006 374 Permanent Absent Absent > 1 443 000 large-deep 

Little Toolunka Lit Murray Gorge 2005 371 Permanent Present Present > 1 911 000 large-deep 

Boggy Flat Bog Murray Gorge 2005 363 Permanent Absent Absent < 1 69 787 small-shallow 

Markaranka Mak Murray Gorge 2006 352 Ephemeral Absent Absent <1 642 000 large-shallow 

Wombat's Rest Backwater Wom Murray Gorge 2007 306 Permanent Absent Absent > 1 377 000 small-deep 

Donald Flat Lagoon Don Murray Gorge 2007 288 Permanent Absent Absent > 1 1 531 000 large-deep 

McBean Pound North Mcb Murray Gorge 2007 284 Permanent Absent Absent < 1 187 000 small-shallow 

Reedy Island Rey Murray Gorge 2007 282 Permanent Present Absent > 1 222 000 small-deep 

Paisley Creek Pai Murray Gorge 2005 276 Permanent Present Present > 1 40 370 small-deep 
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Sweeney's Lagoon Swe Murray Gorge 2005 271 Ephemeral Present Present < 1 147 649 small-shallow 

Noonawirra Noo Murray Gorge 2006 255 Permanent Present Absent < 1 111 000 small-shallow 

Mark's Landing Mar Murray Gorge 2007 242 Permanent Absent Absent < 1 1 929 000 large-shallow 

Punyelroo Pun Murray Gorge 2007 236 Permanent Absent Absent < 1 1 254 000 large-shallow 

Big Bend Bib Murray Gorge 2007 234 Permanent Absent Absent < 1 482 000 large-shallow 

Henley Park Hen Murray Gorge 2007 231 Permanent Absent Absent > 1 224 000 small-deep 

Devon Downs North Dev Murray Gorge 2006 222 Permanent Absent Absent < 1 2 627 000 large-shallow 

Purnong Pur Murray Gorge 2006 191 Permanent Absent Absent > 1 1 016 000 large-deep 

Craignook Cra Murray Gorge 2007 189 Permanent Absent Absent > 1 547 000 large-deep 

Bowhill Bow Murray Gorge 2007 183 Permanent Absent Absent < 1 481 000 large-shallow 

Maidment Lagoon Mai Murray Gorge 2007 181 Permanent Absent Absent < 1 669 000 large-shallow 

Teal Flat Tea Murray Gorge 2007 176 Permanent Present Present > 1 820 000 large-deep 

Lake Carlet Lca Murray Gorge 2005 170 Permanent Absent Absent > 1 3 429 969 large-deep 

Younghusband You Murray Gorge 2005 168 Ephemeral Absent Absent < 1 136 413 small-shallow 

Reedy Creek (Mannum) Rem Lower Swamps 2005 144 Permanent Absent Absent < 1 1 009 195 large-shallow 

Rocky Gully Roc Lower Swamps 2005 114 Permanent Present Present > 1 61 869 small-deep 

Ukee Boat Club Uke Lower Swamps 2005 112 Permanent Absent Absent < 1 30 652 small-shallow 

Murrundi Mur Lower Swamps 2005 78 Permanent Absent Absent > 1 92 000 small-deep 

Loveday Bay Lov Lower Lakes 2005 76 Ephemeral Absent Absent < 1 368 038 small-shallow 

Pelican Lagoon Pel Lower Lakes 2005 46 Permanent Absent Absent < 1 1 852 025 large-shallow 

Poltalloch Station Pot Lower Lakes 2005 38 Permanent Absent Absent < 1 345 230 small-shallow 

Point Sturt Pos Lower Lakes 2005 14 Ephemeral Absent Absent < 1 71 689 small-shallow 
Hindmarsh Island Estuary Hin Lower Lakes 2005 4 Permanent Absent Absent < 1 176 349 small-shallow 
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AIMS 

Multivariate patterns (broad- and fine-scale) in fish community density and diversity were 

analysed, with regard to the following five factors: 

 

1. Region - 4 levels: Riverland, Murray Gorge, Lower Swamps, Lower Lakes 

2. Wetland Type - 2 levels: ephemeral, permanent 

3. Regulators (flow control structures i.e., box or pipe culverts) - 2 levels: absent, 

present 

4. Carp Exclusion Screens - 2 levels: absent, present 

5. Size - 4 levels: large-shallow, large-deep, small-shallow, small-deep, as 

cross-classifications of large: ≥ 400 000 ha, small: < 400 000 ha, deep: > 1 m, 

shallow: < 1 m (Table 2). 

Associations between native and invasive species and water quality parameters are also 

evaluated. 
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METHODS 

 
FISH SAMPLING  

 
Fish sampling was bi-annual (spring and autumn) during 2004-2006 but only occurred during 

summer in 2007, and methods developed for the inaugural sampling in 2004 were altered and 

refined from 2005 onwards. Consequently, readers should consult the relevant annual reports 

for specific information regarding the sampling approach used in each sampling year: 

 

2004 Holt, M.  et al. (2004). River Murray Wetlands Baseline Survey. Sinclair Knight 

Merz, Adelaide: 1032 pages. 

   

2005 Smith, B. B. (2006). Final report on the 'fish' component of the 2005 River Murray 

Wetlands Baseline Survey. Primary Industries and Resources SA, SARDI Aquatic 

Sciences, Adelaide: 83 pages. 

  

2006 Smith, B. B. and D. Fleer (2007). Final report on the 'Fish' and 'Water Quality' 

components of the 2006 River Murray Wetlands Baseline Survey. SARDI Aquatic 

Sciences Publication Number RD 04/0245-3. Primary Industries and Resources SA, 

SARDI Aquatic Sciences, Adelaide: 44 pages. 

 

2007  Smith, B., Conallin, A., Fleer, D., Hillyard, K. and Ellis, E. (2007). River Murray 

wetlands baseline surveys of fish, water quality and acidification risk to inform 

drought planning. Primary Industries and Resources South Australia, SARDI Aquatic 

Sciences. Publication No RD04/0245-5. Research Report Series Number 197. 

80 pages. 
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STATISTICAL ANALYSES  

 
Patterns in density and diversity 

 
Multivariate patterns in fish community density and diversity at the wetland level were 

analysed separately for the 2004 and 2005–7 data sets. This was because of the different 

sampling (hence, standardisation) methods employed between the two surveys. Also, because 

of the survey-level quality of the data, analyses were carried out separately on each of the 

five factors of interest (see Aims, above) so as to minimise potential issues due to unbalanced 

data or/and confounding effects. 

 

Patterns in relative densities were preliminarily assessed by canonical analysis of principal 

coordinates (CAP: Anderson and Willis, 2003). This consisted of a generalised discriminant 

analysis (ln(x+1)-transformed data, Bray-Curtis dissimilarities, automatic choice of m, 9999 

permutations; program CAP: Anderson, 2004a) which resulted in an ordination output 

(unconstrained principal coordinate (PCO) axes) followed by a constrained canonical analysis 

of the PCO axes themselves. Correlations |r| ≥ 0.20 of the canonical axes with the original 

variables (i.e. the individual fish species) were then highlighted for ecological interpretation. 

A distance-based permutational MANOVA (ln(x+1)-transformed data, Bray-Curtis 

dissimilarities, 9999 permutations; program PERMANOVA: Anderson, 2001) was then 

performed on the same groupings as defined above to provide a rigorous statistical test of the 

hypotheses (Anderson and Willis, 2003). Due to the unbalanced design resulting from the 

different number of replicates in each factor level (factors: Region, Type, Regulators, 

Screens) or cell (factor: Size), manually-generated orthogonal contrasts  (program 

XMATRIX: Anderson, 2003; Microsoft® Office Excel® 2007) for the individual effects 

were separately tested (ln(x+1)-transformed data, Bray-Curtis dissimilarities, 9999 

permutations; program DISTLM5: Anderson, 2004b) and, whenever applicable, pair-wise a 

posteriori orthogonal contrasts were also manually specified on subsets of the data 

(MJ Anderson, personal communication). Notably, wetlands with no records of fish were 

retained in the analyses (anonymous reviewer, personal communication). 

 

Patterns in fish community diversity (Legendre et al., 2005) between/among wetland groups 

and river regions (defined above, but with the added computational constraint of there being 

at least three wetlands per group) were analysed by a distance-based permutational test for 

homogeneity of multivariate dispersions (Jaccard dissimilarity, 999 permutations; program 
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PERMDISP: Anderson, 2004c). This approach, which is a multivariate extension of Levene’s 

test for comparing dispersion among groups on the basis of any distance/dissimilarity 

measure of choice, is especially suited to non-normally distributed and/or zero-inflated data 

sets and represents a useful complement to PERMANOVA (i.e. design-based) analyses for 

hypothesis testing (Anderson, 2006a,b). Notably, wetlands with no records of fish were 

excluded from these analyses. Diversity within/among groups and regions is described by 

(1) total species counts (gamma diversity, γ), (2) species counts averaged across 

wetlands (average richness,α ), and (3) the variation in species counts across wetlands 

(beta diversity, βW = γ/α −1).  

 

Overall relationships 

 

At the wetland level, relationships between environmental variables and fish community 

distribution and density were first analysed by variation partitioning of data matrices 

(Peres-Neto et al., 2006). This approach allows the testing and determination of the 

likelihood of sets of environmental predictors in explaining patterns in community structure. 

To this end, variation in the species (response) data matrix (i.e. the fish densities) was related 

to two separate environmental data matrices, respectively describing wetland features and 

water quality. The wetland features matrix consisted of the qualitative (predictor) variables 

Region, Type, Regulators, Screens, Size (defined above) which were converted into dummy 

variables (e.g. Legendre and Legendre, 1998); whereas the water quality matrix comprised 

the (standardised) quantitative variables dissolved oxygen (DO, mg L-1), Conductivity 

(EC, µs cm-1), pH, Temperature (°C) and Turbidity (secchi depth, cm) (the latter only 

available in the 2004 & 2007 data sets). Variation partitioning involved a canonical 

correspondence analysis (CCA: Legendre and Legendre, 1998) that was applied to the 

species data matrix of the Hellinger-transformed densities (Legendre and Gallagher, 2001) 

under program VarCan v. 1 (10000 permutations for CCA correction and tests; correction for 

fractions; 10 000 bootstrap samples), which provided adjusted R2 values and testing of 

fractions (Peres-Neto et al., 2006). With two matrices of independent predictors (i.e. wetland 

features and water quality), the variation in the species data matrix is partitioned into four 

fractions as follows: [a] and [b] representing the unique contributions of the wetland features 

and water quality environmental components, respectively; [c] measuring the shared variation 

between the two environmental components; [d] including the residual variation left 

unexplained by the (canonical) model. 
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The individual contribution of the environmental variables (including both wetland features 

and water quality together) in determining fish community composition was assessed again 

by CCA, using forward selection (499 permutations). This was followed by another CCA 

only on the retained (significant: α = 0.10 for heuristic purposes) variables. Analyses were 

performed under CANOCO 4.5.1 (ter Braak and Šmilauer, 2002), using log(x +1)-

transformed data and a permutational test (n = 499) under a reduced model for the 

significance of the first axis. Importantly, preliminary inspections of species response curves 

by generalised additive models (GAMs: Hastie and Tibshirani, 1990) suggested the use of 

CCA in favour of RDA due to prevailing unimodal relationships for the majority of the 

species examined (ter Braak, 1996). 

 

All-scale spatially-explicit models 

 

Spatial variability in fish community composition along the entire section of the Lower River 

Murray investigated in both surveys was explicitly modelled by the recent PCNM 

(principal coordinates of neighbour matrices) approach developed by Borcard and Legendre 

(2002) and Borcard et al. (2004). This eigenfunction-based methodology (Dray et al., 2006; 

Griffith and Peres-Neto, 2006) represents a significant implementation over trend surface 

analysis (e.g. Fortin and Dale, 2005) as it allows a complete dissection (= mapping) of the 

spatial structure of ecological data across the whole range of scales perceptible within a given 

data set. Analytically, PCNM base functions are obtained by performing a principal 

coordinate analysis (PCoA: Legendre and Legendre, 1998) of a truncated (or optimally so: 

see below) pair-wise geographic distance matrix between the sampling sites. Eigenvectors 

associated with positive eigenvalues and corresponding to the Euclidean representation of the 

truncated distance matrix are then used as spatial predictors in multivariate regression 

(single response variable) or canonical analyses (e.g. RDA, CCA; multiple response 

variables), either in combination with (cf. variation partitioning approach above) or in lieu of 

the environmental variables proper (sensu CANOCO terminology: ter Braak and Šmilauer, 

2002). 

 

PCNM analyses followed a protocol combining methodologies explained in Borcard and 

Legendre (2002), Borcard et al. (2004), Brind’Amour et al. (2005) and Griffith and 

Peres-Neto (2006). Specifically, models were implemented as follows: 
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1. Distances (in river km) between adjacent wetlands (calculated as the difference of each 

wetland’s distance from the River Murray mouth) were recorded and the largest value 

taken as the truncation distance, unless the latter was unduly wider than the other gaps, 

in which case supplementary ‘objects’ were added into the data matrix containing the 

site coordinates to detect features smaller than the widest gap (as per Borcard et al. 

2004). In both cases, one-dimensional data sets with irregular sampling schemes 

(i.e. irregularly-spaced sites) were available. 

2. Preliminary identification of a possible (linear) spatial trend was then performed by 

multiple regression analysis of the species density data matrix (Hellinger-transformed; 

program TRANSFOR: Legendre and Gallagher, 2001) against the vector of wetland 

coordinates (Euclidean distances, 9999 permutations; program DISTLM5: Anderson, 

2004b). If a significant trend was detected, then the wetland coordinates were included 

in later (multivariate) analyses as a covariable (Borcard et al., 2004). 

3. PCNM analysis was then carried out under program SpaceMaker2 n=500 (Borcard and 

Legendre, 2004), which outputs all eigenvalues (i.e. both positive and negative) along 

with the PCNM matrix of eigenvectors (= maps) associated with the positive 

eigenvalues. PCNM maps were then plotted individually and grouped by visual 

inspection into broad-, meso- and fine-scale components (i.e. the sub-models). 

4. Finally, relationships between fish species densities (Hellinger-transformed) and spatial 

structure (as represented by all PCNM maps, i.e. at all the identified spatial scales), 

along with the vector of wetland coordinates entering as a covariable (in case of a 

significant spatial trend), were assessed by running a first RDA (CANOCO v. 4.5.1) 

with forward selection of the significant (α = 0.10, for heuristic purposes) PCNM 

eigenvectors/maps. For each spatial scale, the significant PCNM maps were then 

retained and multiplied by a randomly chosen coefficient from the interval [−1,1], and 

the weighted set summed (Griffith and Peres-Neto, 2006). For each weighted set, 

represented by the PCNM sub-model at each of the (significant) spatial scales, a final 

RDA (as above) was performed which provided the species scores on the first canonical 

axis of each spatial sub-model (Brind’Amour et al., 2005). 
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RESULTS 

In total 132,982 fish from 27 species, including 22 native species and five exotic/invasive 

species was sampled from 74 wetlands during the 2004-2007 River Murray wetlands 

Baseline Surveys (Table 3-4). 

 

Table 3. Summary details for the 2004-2007 River Murray wetlands Baseline Surveys.  

Year Seasons Wetlands Species Fish Natives Exotics

2004 spring & autumn 27 19 52,011 15 4

2005 spring & autumn 21 27 28,901 22 5

2006 spring & autumn 8 13 18,564 9 4

2007 summer 18 15 33,506 10 5

74 27 132,982
 

 
 

Table 4. Abbreviations for the 27 fish species caught in the 2004–2007 River Murray wetlands 
baseline surveys. * denotes a non-native species. 

Species name Common name Code 

Aldrichetta forsteri yellow-eye mullet Af 
Amoya bifrenatus bridled goby Ab 
Arripis trutta salmon trout At 
Atherinosoma microstoma small-mouthed hardyhead Am 
Bidyanus bidyanus silver perch Bi 
Carassius auratus* goldfish Ca 
Craterocephalus fluviatilis Murray hardyhead Cf 
Craterocephalus stercusmuscarum fulvus unspecked hardyhead Cs 
Cyprinus carpio* common carp Cc 
Cyprinus carpio × Carassius auratus* carp × goldfish hybrid Cx 
Favonigobius tamarensis Tamar River goby Ft 
Galaxias maculatus common jollytail Gm 
Gambusia holbrooki* eastern gambusia Gh 
Hyperlophus vittatus sandy sprat Hv 
Hypseleotris spp. carp gudgeon Hy 
Macquaria ambigua golden perch Ma 
Melanotaenia fluviatilis Murray rainbowfish Mf 
Nannoperca australis southern pygmy perch Na 
Nannoperca obscura Yarra pygmy perch No 
Nematalosa erebi bony herring Ne 
Perca fluviatilis* redfin perch Pf 
Philypnodon grandiceps flathead gudgeon Pg 
Philypnodon spp. dwarf flathead gudgeon Ph 
Pseudaphritis urvillii congolli Pu 
Pseudogobius olorum blue-spot goby Po 
Retropinna semoni Australian smelt Rs 
Tandanus tandanus freshwater catfish Tt 
Tasmanogobius lastii lagoon goby Tl 
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Patterns in density and diversity 

 

Out of the five wetland-defining factors investigated, Region, Type and Size were responsible 

for significantly different patterns in both fish community density and diversity, and 

consistently so independently for the 2004 and 2005–7 datasets. However, no significant 

patterns emerged when grouping wetlands based on presence/absence of Regulators and of 

Screens, even after splitting of the common carp density data (2005–7 dataset only) into 0+ 

and 1+ components based on a 100 mm (total) length criterion (Vilizzi and Walker, 1999). 

 

Region 
 

Lower Lakes wetlands were always segregated relative to the other three regions, with 42.0% 

and 19.0% of the variation explained respectively by the first and second PCO axis in 2004, 

and 35.4% and 17.2% of the variation in 2005–7 (Figures 2-3). Amongst the latter regions, 

Lower Swamps wetlands also were distinguishable as a separate group, though only in 

2005-7. Indeed, the two Lower Swamps wetlands sampled in 2004 (Paiwalla, Pai; 

Riverglades, Riv) shared similar features to those in the Murray Gorge and Riverland, which 

in turn overlapped almost completely. ‘Singletons’ (sensu Legendre and Legendre, 1998) 

were also present, including Hart Lagoon (Har, Murray Gorge) in 2004, and in 2005–7 

Overland Corner (Ove, Riverland) and both Ross Lagoon (Ros) and Younghusband (You) 

(Murray Gorge). 

 

The number of PCO axes (m) automatically chosen by the preliminary canonical analysis was 

4 and 6 for the 2004 and 2005–7 data sets, respectively, achieving 51.8% and 70.2% of total 

correct allocations to the four pre-defined groups (= regions). CAP then yielded three axes 

(as min(g − 1, m) = 3, where g = 4 is the number of groups) with first squared canonical 

correlations 
2

1δ  = 0.948 and 0.901 (P < 0.001 in both cases), respectively. This was consistent 

with the PERMANOVA results (Table 5), which again separated the Lower Lakes 

assemblages from those of the other regions in 2005–7, and from the Murray Gorge and 

Riverland ones in 2004 (Lower Swamps wetlands not differing significantly). 
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Figure 2. Principal coordinate analysis (PCoA) scatterplot showing the fish community composition in wetlands surveyed in 2004 along the lower River 
Murray in South Australia. Codes as in Tables 2 and 4. The four shades from light gray to black indicate the region in which each wetland is located. 
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Figure 3. Principal coordinate analysis (PCoA) scatterplot showing the fish community composition in wetlands surveyed in 2005-7 along the lower River 
Murray in South Australia. Codes as in Tables 2 & 4. The four shades from light gray to black indicate the region in which each wetland is located. 
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Table 5. PERMANOVA results for factors affecting fish density in the lower River Murray in South 
Australia based on the 2004–2007 RMWBS data. Significant values in bold. Contrasts are 
a-posteriori pair-wise comparisons. 

 

Source df MS Fπ P 

2004     
Region 3 3325.838 2.205 0.022 
Residual 23 1508.591   
Contrasts     
Lower Lakes vs Lower Swamps 1 3233.617 1.550 0.130 
Residual 4 2085.724   
Lower Lakes vs Murray Gorge 1 6829.769 5.754 0.002 
Residual 12 1186.889   
Lower Lakes vs Riverland 1 5930.802 2.880 0.049 
Residual 13 2059.600   
Lower Swamps vs Murray Gorge 1 763.963 0.964 0.351 
Residual 10 792.280   
Lower Swamps vs Riverland 1 1123.792 0.604 0.453 
Residual 11 1859.539   
Murray Gorge vs Riverland 1 1982.645 1.429 0.358 
Residual 19 1387.089   

Type 1 9459.000 6.715 < 0.001 
Residual 25 1408.644   

Size 3 4362.544 3.176 0.004 
Residual 23 1373.368   
Contrasts     
Large-Shallow vs Large-Deep 1 1442.293 1.213 0.289 
Residual 20 1188.841   
Large-shallow vs Small-Shallow 1 10513.007 6.443 0.006 
Residual 17 1631.513   
Large-Shallow vs Small-Deep 1 1119.159 0.847 0.401 
Residual 16 1320.531   
Large-Deep vs Small-Shallow 1 10485.529 7.830 0.013 
Residual 8 1339.205   
Large-Deep vs Small-Deep 1 1752.086 8.078 0.125 
Residual 6 216.894   
Small-Shallow vs Small-Deep 1 6873.330 3.066 0.194 
Residual 3 2242.034   

2005–7     

Region 3 5565.203 5.984 < 0.001 
Residual 43 930.015   
Contrasts     
Lower Lakes vs Lower Swamps 1 5711.460 4.037 0.015 
Residual 7 1414.932   
Lower Lakes vs Murray Gorge 1 13629.437 12.712 < 0.001 
Residual 28 1072.153   
Lower Lakes vs Riverland 1 13136.481 12.594 < 0.001 
Residual 16 1043.098   
Lower Swamps vs Murray Gorge 1 1295.241 1.501 0.172 
Residual 27 863.003   
Lower Swamps vs Riverland 1 1496.468 2.251 0.071 
Residual 15 664.690   
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Murray Gorge vs Riverland 1 2337.810 1.822 0.072 
Residual 36 1283.331   

Type 1 11047.247 10.548 < 0.001 
Residual 41 1047.289   
Total 42    

Size 3 2255.772 2.302 0.003 
Residual 42 979.792   
Contrasts     
Large-Shallow vs Large-Deep 1 1240.900 2.477 0.007 
Residual 20 500.964   
Large-shallow vs Small-Shallow 1 4505.628 3.383 0.007 
Residual 23 1331.940   
Large-Shallow vs Small-Deep 1 919.175 1.661 0.103 
Residual 19 553.507   
Large-Deep vs Small-Shallow 1 4505.628 3.383 0.007 
Residual 23 1331.940   
Large-Deep vs Small-Deep 1 353.901 1.037 0.408 
Residual 19 341.110   
Small-Shallow vs Small-Deep 1 3107.077 2.196 0.054 
Residual 22 1415.090   

 
 
 
Correlations |r| > 0.20 of the individual species with the first canonical axis for both survey 

data sets are provided in Tables 6 and 7, respectively. Importantly, a positive correlation with 

the above axis indicates (overall) decreasing numbers from the Riverland/Murray Gorge to 

the Lower Swamps and Lower Lakes regions; a negative correlation an opposite pattern. 

Specifically, bony herring, carp gudgeon, Murray rainbowfish, and unspecked hardyhead, 

along with non-native Eastern gambusia (2005–7) and goldfish (2004) were always more 

abundant in the Riverland and Murray Gorge regions relative to Lower Lakes and, especially, 

Lower Swamps wetlands. Whereas blue-spot goby, common jollytail, congolli, Murray 

hardyhead, smallmouthed hardyhead, Southern pygmy perch, Yarra pygmy perch 

(both surveys), bridled goby, lagoon goby, salmon trout, Tamar river goby, yellow-eye mullet 

(2005–7 data set only) always occurred in the Lower Lakes region either exclusively or 

predominantly (in which case, also in Lower Lakes wetlands), with the exception of dwarf 

flathead gudgeon (in 2004) which was found also in Riverland and Murray Gorge wetlands 

along with non-native common carp (again, in 2004). 
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Table 6. Patterns in the density of fish species caught during the 2004 RMWBS showing absolute 
correlations |r| ≥ 0.20 with canonical axis 1, along with their average density (CPUE). RL: Riverland; 
MG: Murray Gorge; LS: Lower Swamps; LL: Lower Lakes. L-S: Large-Shallow; L-D: Large-Deep; 
S-S: Small-Shallow; S-D: Small-Deep. 

Region 
correlation 

|r| ≥ 0.20 
RL MG LS LL 

carp gudgeon complex 0.626 2203.4 1115.2 127.5 7.3 
unspecked hardyhead 0.510 48.9 26.3 11.0 0.0 
Murray rainbowfish 0.355 2.4 8.5 2.5 0.0 
bony herring 0.254 100.0 341.0 232.5 44.5 
goldfish 0.239 4.9 3.9 5.5 1.0 
common carp -0.297 188.8 145.6 9.0 184.3 
dwarf flathead gudgeon. -0.343 3.2 6.4 8.5 19.5 
Yarra pygmy perch -0.495 0.0 0.0 0.0 45.0 
Murray hardyhead -0.613 0.0 0.0 0.0 20.0 
southern pygmy perch -0.614 0.0 0.0 0.0 9.0 
congolli -0.715 0.0 0.0 0.0 4.0 
blue-spot goby -0.782 0.0 0.0 0.0 26.5 
small-mouthed hardyhead -0.788 0.0 0.0 0.0 177.5 
common jollytail -0.789 0.0 0.0 0.0 37.3 

Type  Ephemeral Permanent   

bony herring 0.831 5.0 269.1   
flathead gudgeon 0.776 3.4 23.9   
dwarf flathead gudgeon 0.682 1.4 9.6   
carp gudgeon complex 0.667 254.4 1770.4   
unspecked hardyhead 0.608 1.9 42.5   
redfin perch 0.586 0.0 1.9   
golden perch 0.580 0.1 7.5   
common carp 0.557 252.6 119.3   
Australian smelt 0.458 1.6 14.5   
eastern gambusia 0.412 104.8 141.6   
Murray rainbowfish 0.344 5.3 3.9   
goldfish 0.309 4.0 4.0   

Size  L-S L-D S-S S-D 

bony herring 0.734 181.1 317.7 0.0 174.5 
flathead gudgeon 0.660 16.8 21.0 0.0 44.0 
dwarf flathead gudgeon. 0.610 6.2 11.7 0.0 12.5 
carp gudgeon 0.579 1349.3 1448.0 37.3 2642.5 
unspecked hardyhead 0.556 34.8 18.5 0.0 78.0 
golden perch 0.555 4.4 10.7 0.0 5.0 
redfin perch 0.535 0.9 3.3 0.0 1.0 
Australian smelt 0.464 15.1 3.5 0.0 13.0 
common carp 0.459 247.6 49.8 1.0 12.0 
Murray rainbowfish 0.354 3.6 3.3 0.0 19.5 
eastern gambusia 0.240 156.4 72.2 193.0 7.0 
goldfish 0.219 2.8 4.7 7.3 6.5 
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Table 7. Patterns in density of fish species caught during the 2005–7 RMWBS showing absolute 
correlations |r| ≥ 0.20 with canonical axis 1, along with their average density (raw). Abbreviations as 
in Table 6. 

Region 
correlation 

|r| ≥ 0.20 
RL MG LS LL 

carp gudgeon complex. 0.688 69.2 102.7 14.3 0.1 
unspecked hardyhead 0.485 56.3 35.2 5.0 2.3 
bony herring 0.483 16.2 25.5 10.1 1.8 
eastern gambusia 0.385 8.9 10.3 11.8 0.4 
Murray rainbowfish 0.264 1.1 1.5 1.1 0.0 
congolli -0.419 0.0 0.0 0.0 1.7 
Yaarra pygmy perch -0.419 0.0 0.0 0.0 0.2 
Tamar River goby -0.419 0.0 0.0 0.0 1.2 
salmon trout -0.419 0.0 0.0 0.0 0.0 
yellow-eye mullett -0.419 0.0 0.0 0.0 0.9 
bridled goby -0.419 0.0 0.0 0.0 0.4 
Murray hardyhead -0.497 0.0 0.0 0.8 1.7 
blue-spot goby -0.586 0.0 0.0 0.0 2.2 
lagoon goby -0.604 0.0 0.0 0.1 19.1 
southern pygmy perch -0.733 0.0 0.0 0.0 1.1 
small-mouthed hardyhead -0.861 0.0 0.0 0.2 51.3 
common jollytail -0.872 0.0 0.0 0.7 7.6 

Type  Ephemeral Permanent   

unspecked hardyhead 0.776 0.3 37.5   
bony herring 0.775 0.1 20.2   
carp gudgeon complex 0.518 24.7 76.7   
flathead gudgeon 0.449 0.6 15.0   
Australian smelt 0.444 0.4 10.3   
eastern gambusia 0.397 3.9 9.5   
common carp 0.375 16.8 19.2   
dwarf flathead gudgeon 0.370 0.0 1.2   
Murray rainbowfish 0.367 0.1 1.3   
golden perch 0.341 0.0 0.4   
redfin perch 0.315 0.1 0.6   
southern pygmy perch -0.282 1.1 0.0   

Size  L-S L-D S-S S-D 

bony herring 0.851 22.0 15.2 14.8 25.2 
unspecked hardyhead 0.829 20.6 62.3 20.1 29.2 
carp gudgeon complex 0.724 50.6 118.4 41.7 70.7 
Murray rainbowfish 0.588 1.5 1.7 0.6 0.9 
golden perch 0.543 0.4 0.3 0.2 0.8 
dwarf flathead gudgeon 0.520 0.7 2.4 0.4 0.5 
eastern gambusia 0.496 13.3 6.8 13.4 4.5 
Australian smelt 0.496 17.2 11.3 4.0 6.5 
flathead gudgeon 0.405 22.0 15.4 9.1 10.4 
redfin perch 0.404 0.8 0.8 0.1 0.4 
goldfish 0.293 0.9 0.3 1.1 0.7 
Murray hardyhead -0.280 0.0 0.0 0.7 0.4 
bridled goby -0.326 0.0 0.0 0.2 0.0 
yellow-eye mullet -0.326 0.0 0.0 0.4 0.0 
salmon trout -0.326 0.0 0.0 0.0 0.0 
Tamar River goby -0.326 0.0 0.0 0.5 0.0 
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southern pygmy perch -0.326 0.0 0.0 0.1 0.0 
congolli -0.326 0.0 0.0 0.8 0.0 
lagoon goby -0.330 4.1 0.0 4.6 0.0 
blue-spot goby -0.421 0.0 0.0 1.0 0.0 
common jollytail -0.446 0.8 0.0 2.6 0.2 
southern pygmy perch -0.463 0.0 0.0 0.5 0.0 
small-mouthed hardyhead -0.575 0.0 0.0 22.5 0.1 

 

 

Finally, gamma diversity (total species counts, γ) was found to decline with distance from the 

Murray mouth in 2005-7 (Table 8). It was greatest in permanent wetlands in all years and in 

small-shallow wetlands in 2005-7 relative to small-deep, large-shallow and large-deep 

wetlands. Average richness (species counts averaged across wetlands within a region, α ) 

also was significantly higher in permanent wetlands in all years, and in Lower Swamp 

wetlands in 2005-7.  Beta diversity (the variation in species counts across wetlands, βW) in 

general was significantly higher in ephemeral wetlands, and higher in small-shallow Lower 

Lakes wetlands relative to similar wetlands in the other three regions, although this latter 

pattern was statistically supported only for the 2005–7 data set (due to the presence of only 

two wetlands surveyed in the Lower Lakes in 2004, these could not be included in the 

analyses: cf. Methods). Riverland and Murray Gorge wetlands showed overall similar values 

for beta diversity, followed by the Lower Swamps region, which showed the lowest values 

(2005–7 data set). 

 

 

Type 
 

CAP selected 3 and 9 axes for the 2004 and 2005–7 data sets, respectively, with 85.1% and 

66.7% total correct allocations of the wetlands to the ephemeral and permanent type. Given 

that only two groups were compared, one single CAP axis resulted with squared canonical 

correlations 
2

1δ  = 0.582 and 0.839 (P < 0.001 in both cases), respectively. PERMANOVA 

corroborated these results (Table 5). 
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Table 8. Patterns in diversity, as measured by average richness (α ), gamma diversity (γ), beta 
diversity (βW = (γ/α  − 1) and average distance from centroid based on the Jaccard (jz ) measure, for 
fish species in wetlands sampled along the lower River Murray in South Australia (cf. Table 4) during 
the 2004–7 RMWBS. Significant (α = 0.05) deviations from centroids in bold. 

Grouping 
αααα
 γ βW 

jjjjzzzz
 

2004     
Type     
Ephemeral 6.5 16 1.462 0.465 
Permanent 10.9 20 0.827 0.212 

Size1     
Large-Shallow 10.5 17 0.612 0.231 
Large-Deep 11.0 16 0.455 0.176 

2005–7     
Region     
Riverland 9.6 14 0.456 0.234 
Murray Gorge 9.9 17 0.714 0.240 
Lower Swamps 14.0 18 0.286 0.161 
Lower Lakes 10.6 24 1.264 0.424 

Type     
Ephemeral 5.2 16 2.097 0.545 
Permanent 10.7 27 1.529 0.224 

Size     
Large-Shallow 10.5 17 0.612 0.231 
Large-Deep 11.0 16 0.455 0.176 
Small-Shallow 9.2 26 1.822 0.410 
Small-Deep 11.6 19 0.638 0.195 

1 No results for Small-Shallow and Small-Deep combinations due to n < 3. 

 

Positive correlations of individual fish species with the only CAP axis indicate higher 

(relative) densities in permanent wetlands (Tables 6-7). These were true of native Australian 

smelt, bony herring, carp gudgeon, dwarf flathead gudgeon, flathead gudgeon, golden perch, 

Murray rainbowfish and unspecked hardyhead, along with non-native European perch 

(in all years), common carp  (in 2005-7) and Eastern gambusia and goldfish (in 2004). A 

significant negative correlation (hence, higher density in ephemeral wetlands) was instead 

displayed only by southern pygmy perch in 2004. Finally, the higher (absolute) density 

displayed by Murray rainbowfish in ephemeral wetlands (hence, despite its significant 

correlation with permanent ones) is the result of being present in consistently higher numbers 

in Hart Lagoon, relative to the other ephemeral wetlands where it was either found only in 

very low numbers or it was absent. The same applies to goldfish in the ephemeral Templeton 

wetland. 
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Size 
 

CAP selected 4 axes in both data sets, with 63.0% and 47.8% total correct allocations of the 

wetlands to the four area × depth groups, respectively. There were three CAP axes with first 

squared canonical correlations 
2

1δ  = 0.810 and 0.370, respectively (P < 0.001 and P = 0.006). 

PERMANOVA supported these findings, with a posteriori pair-wise comparisons contrasting 

small-shallow relative to large-shallow (both 2004 and 2005–7 data sets) and also large-deep 

(2005–7 only) wetlands (Table 5). 

 

Positive correlations of individual fish species with the first CAP axis pointed to higher 

density in large-shallow, large-deep and small-deep relative to small-shallow wetlands 

(Tables 6-7). Specifically, Australian smelt, bony herring, carp gudgeon, dwarf flathead 

gudgeon, flathead gudgeon, golden perch, Murray rainbowfish, unspecked hardyhead, and 

non-native Eastern gambusia, European perch, goldfish and common carp (the latter in the 

2004 survey only) were overall less abundant in the small-shallow wetlands; whereas the 

opposite was true blue-spot goby, bridled goby, common jollytail, congolli, lagoon goby, 

Murray hardyhead, salmon trout, smallmouthed hardyhead, Southern pygmy perch, Tamar 

River goby, Yarra pygmy perch, yellow-eye mullet (2005–7 data set only). 

 

Overall relationships 

 

Variation in fish community distribution and density in the wetlands surveyed was 

significantly explained independently by both wetland features and water quality parameters 

in 2004, but only by the first set of variables in 2005–7 (Table 9). Interestingly, the amount of 

total explained variation was about 60% in the former data set but only 17.5% in the second. 

Further, in both cases no significant portion of shared variation between wetland features and 

water quality was explained, and these two components explained similar proportions of 

variation (P = 0.508 and 0.310, respectively). 
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Table 9. Variation partitioning (canonical correspondence analysis) of the adjusted percentages of 
unique contribution of two environmental components ([a] Wetland features: Region, Type, 
Regulators, Screens, Size; [c] Water quality: DO, EC, pH, Temperature, Turbidity) to the density of 
fish species in wetlands along the lower River Murray in South Australia sampled during the 2004-7 
RMWBS (cf. Table 3 and Table 4). Significant (α = 0.05) contributions in bold. 

Environmental component Variation explained P 

2004   
 [a] Wetland features 0.434 < 0.001 
 [b] Shared 0.059  
 [c] Water quality 0.104 0.006 
 [d] Residual 0.402  

2005–7   
 [a] Wetland features 0.175 0.002 
 [b] Shared − 0.015  
 [c] Water quality 0.015 0.211 
 [d] Residual 0.825  

 

Canonical correspondence analysis (CCA) mirrored the variation partitioning results, in that 

both wetland features and water quality variables were initially included into the matrix of 

environmental variables. Preliminary CCAs (forward exclusion of variables) retained Lower 

Lakes (hence, Region), Type and Regulators (wetland features variables), DO and EC 

(water quality variables) in the 2004 data set, and similarly Lower Lakes, Type and DO in the 

2005–7 data set. These results overall reflected the findings from CAP, PERMANOVA and 

variance partitioning, but with the notable difference of including presence/absence of 

regulators in the 2004 survey as well as one water quality variable (DO) in the 2005–7 data 

set. 

 

In 2004, all four axes were canonical with the first one significantly (P = 0.002) explaining 

49.6% of the variation in the data, and the remaining three accounting together for an 

additional 15.2%. There were also strong species–environment correlations for all four axes 

(r = 0.988, 0.831, 0.903 and 0.547, respectively). The first axis was mainly a ‘regional’ one 

that distinctly separated the Lower Lakes wetlands, along with their species (cf. Table 6), 

from those in the other three regions (i.e. Riverland, Murray Gorge and Lower Swamps), and 

it also incorporated wetland features represented by type (ephemeral or permanent) and 

presence/absence of regulating structures (Figure 4). This was likely the result of 

interrelationships between the three factors describing wetland features that, due to the 

structure of the present survey, could not be modelled explicitly by a design-based 

(uncounfounded) approach (cf. Methods). The second axis was related to the water quality 

variables DO and EC, and this resulted seemingly from an ‘outlier’ wetland (Milang Shores) 
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in the Lower Lakes featuring very high values of DO (second highest after Thieles Flats in 

the Riverland region, in which no fish were caught) compared to the other wetlands and 

where only non-native common carp were caught. 

 

In the 2005–7 data set, three of the four axes were canonical with the first one significantly 

(P = 0.002) explaining 32.6% of the variation in the data, and the remaining two accounting 

together for an additional 6.5%. There were also strong to moderate species–environment 

correlations for the three axes (r = 0.892, 0.557, 0.640, respectively). As in 2004, the first axis 

was associated to both regional and structural wetland features, separating distinctively 

Lower Lakes wetlands (and associated species) from those of the other three regions. 

Wetland type (but, unlike in the 2004 survey data, not presence/absence of regulators) was 

also superimposed on these patterns, as per above (Figure 5). Finally, the second axis 

corresponded to a gradient in DO with high values recorded at Point Sturt (Pos) and Loveday 

Bay (Lov) wetlands (Lower Lakes), Younghusband (You) and Sweeney’s Lagoon 

(Swe) (Murray Gorge) and Overland Corner (Ove, Riverland). 
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Figure 4. Redundancy analysis (RDA) biplots for the 2004 survey data relating: fish species to environmental variables (left), fish species to wetlands (middle), 
and wetlands to environmental variables (right). DO = dissolved oxygen; EC = conductivity; Type = permanent/ephemeral; Regulators = present/absent. Codes 
as in Tables I and II. 
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Figure 5. Redundancy analysis (RDA) biplots for the 2005-7 survey data relating: fish species to environmental variables (left), fish species to wetlands 
(middle), and wetlands to environmental variables (right). DO = dissolved oxygen; EC = conductivity; Type = permanent/ephemeral; Regulators = 
present/absent. Codes as in Tables I and II. 
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All-scale spatially-explicit models 

 

For the 2004 survey data, a significant (P < 0.001) linear trend in the species density was detected, 

so that the vector of wetland coordinates was incorporated as a covariable in subsequent 

(direct gradient) models. Spectral decomposition of the spatial coordinates yielded 13 positive 

eigenvalues, hence corresponding eigenvector maps. These were grouped into broad- (PCNMs 1-5), 

meso- (PCNMs 6–9), and fine-scale (PCNMs 10–13) sub-models. RDA with forward selection of 

variables for the species density data matrix against the whole set of eigenvector maps 

(with the wetland coordinates entering as a covariable) retained PCNMs 1, 4 (broad scale) and 10, 

11 (fine scale), with no significant PCNMs at the meso scale. Spatially-explicit relationships for 

species and environmental variables were modelled separately against the resulting broad-scale and 

fine-scale sub-models (Figure 6) 

 

The broad-scale sub-model separated the Murray Gorge wetlands from Murbko Flat to Kroens 

Landing from all others investigated (Figure6). Eastern gambusia and Australian smelt 

(lowest negative scores) and bony herring and European perch (highest positive scores) were the 

species that most markedly contributed to the variation in the fish community density at this scale 

(Table 10). The former species were comparatively less abundant in such wetlands, whereas the 

latter were more abundant. The fine-scale sub-model pertained to the wetlands within the Lower 

Lakes region and featured a ‘blip’ at Milang Shores (Figure 6). This was due to the absence therein 

of unspecked hardyhead (lowest negative scores) and the non-native goldfish and Eastern gambusia 

(highest positive scores); unspecked hardyhead weer absent in all Lower Lakes wetlands surveyed, 

whereas goldfish and eastern gambusia were always present (Table 10). 
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Figure 6. Principal coordinates of the neighbour matrices (PCNM: Borcard and Legendre, 2002) eigenvector maps at the two significant spatial scales 
identified along the extent of wetlands (from upstream to downstream, based on their river km distance from the mouth; codes as in Table II) surveyed in the 
Lower River Murray in 2004. RL = Riverland; MG = Murray Gorge; LS = Lower Swamps; LL = Lower Lakes. 
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Table 10. Species scores on the first canonical axis of each spatial scale (PCNM: Borcard and Legendre, 
2002) submodel for fish in wetlands along the lower River murray in South Australia sampled during the 
2004–7 RMWBS. Species that markedly contribute to a given scale in bold. 

Species Broad Meso Fine 

2004    
small-mouthed hardyhead -0.409 -0.305 0.273 
silver perch -0.128 -0.152 -0.361 
goldfish -0.063 0.104 0.440 
Murray hardyhead -0.138 -0.277 -0.146 
unspecked hardyhead -0.345 -0.304 0.275 
common carp 0.009 0.141 -0.279 
common jollytail -0.120 0.183 0.562 
eastern gambusia -0.433 -0.347 0.281 
carp gudgeons 0.325 0.257 -0.180 
golden perch 0.034 0.130 -0.012 
Murray rainbowfish 0.171 0.110 -0.080 
southern pygmy perch -0.342 -0.261 0.321 
Yarra pygmy perch 0.360 0.095 0.038 
bony herring -0.284 -0.249 0.377 
redfin perch -0.012 -0.412 0.119 
flathead gudgeon -0.313 -0.152 0.103 
dwarf flathead gudgeon -0.314 -0.108 0.201 
congolli -0.378 -0.273 0.130 
blue-spot goby -0.403 -0.333 0.265 
Australian smelt 0.128 0.499 -0.001 

2005–7    
yellow-eye mullet -0.219 -0.360 0.299 
bridled goby -0.219 -0.360 0.299 
salmon trout -0.449 -0.349 -0.241 
small-mouthed hardyhead -0.219 -0.360 0.299 
silver perch -0.130 0.007 -0.001 
goldfish -0.075 -0.227 -0.167 
Murray hardyhead -0.126 -0.205 -0.146 
unspecked hardyhead -0.296 -0.025 0.295 
common carp 0.231 0.053 0.128 
carp x goldfish hybrid 0.174 -0.074 -0.002 
Tamar River goby -0.219 -0.360 0.299 
common jollytail 0.038 0.266 0.106 
eastern gambusia -0.504 -0.204 -0.336 
sandy sprat -0.145 0.446 0.175 
carp gudgeon complex 0.487 0.192 0.177 
golden perch -0.085 0.417 0.393 
Murray rainbowfish 0.048 0.396 -0.008 
southern pygmy perch -0.241 0.186 -0.476 
Yarra pygmy perch 0.193 0.136 0.199 
bony herring -0.219 -0.360 0.299 
redfin perch 0.086 0.023 0.313 
flathead gudgeon 0.120 0.316 0.175 
dwarf flathead gudgeon 0.166 0.392 0.126 
congolli -0.318 -0.421 -0.051 
blue-spot goby -0.219 -0.360 0.299 
Australia smelt 0.208 0.214 0.143 
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freshwater catfish -0.365 -0.415 0.323 
lagoon goby -0.228 0.309 0.496 

 

For the 2005–7 survey data, a significant (P < 0.001) linear trend in the species density data was 

again detected, so that the vector of wetland coordinates was included as a covariable in subsequent 

models. Spectral decomposition of the spatial coordinates produced a total of 24 PCNM maps, 

which were grouped into broad- (PCNMs 1–8), meso- (PCNMs 9–15), and fine-scale 

(PCNMs 16-24) sub-models. RDA with forward selection retained PCNMs 1, 2, 7 (broad scale) and 

23 (fine scale), again with no significant PCNMs at the meso scale. Spatially-explicit relationships 

for species and environmental variables were modelled separately against the resulting broad-scale 

and fine-scale sub-models (Figure 7). 

 

The broad-scale sub-model separated all Murray Gorge wetlands downstream of Markaranka 

(Mar, where no fish were found) and Reedy Creek (Ree, Mannum) and Rocky Gully (Roc) in the 

Lower Swamps from the remaining wetlands along the Lower River Murray (Figure 7). The species 

that most markedly contributed at this scale were carp gudgeon and dwarf flathead gudgeon 

(with the lowest negative scores) and small-mouthed hardyhead, common jollytail, blue-spot goby 

and lagoon goby (with the highest positive scores) (Table 10). The former species were found in 

higher numbers from Wombat’s Rest Backwater (Wom) down to Rocky Gully (Roc) relative to the 

other wetlands; whereas the latter were either never found in all of these wetlands (blue-spot goby), 

or were caught in very low numbers in the most downstream wetlands starting from Lake Carlet 

(LCa). The fine-scale sub-model not only segregated the Lower Swamps and Lower Lakes wetlands 

from those in the other two regions (i.e. Riverland and Murray Gorge) but highlighted wetland-level 

differences within the two downstream regions themselves, with the highest spike at Loveday Bay 

(Lov) in the Lower Lakes (Figure 7). The species that most markedly contributed to the variation at 

this scale were common jollytail and Southern pygmy perch (lowest negative scores), and golden 

perch and catfish (highest positive scores), the first group being present at Loveday Bay, the second 

absent (Table 10). 
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Figure 7. Principal coordinates of the neighbour matrices (PCNM: Borcard and Legendre, 2002) eigenvector maps at the two significant spatial scales 
identified along the extent of wetlands (from upstream to downstream, based on their river km distance from the mouth; codes as in Table II) surveyed in the 
Lower River Murray in 2005-7. RL = Riverland; MG = Murray Gorge; LS = Lower Swamps; LL = Lower Lakes. 
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DISCUSSION 

The River Murray wetlands baseline surveys are ‘snapshots’ of the current physical and ecological 

condition of wetlands from the SA border to the Murray mouth, taken either once or twice per 

annum. Two physical parameters (water quality and groundwater) and up to five ecological 

parameters (fish, vegetation, macroinvertebrates, frogs and birds) have been investigated at each of 

87 wetlands since 2004. Information gained has led to the development of community-driven 

wetland management plans and water savings measures to combat ongoing drought conditions 

within the SA MDB (disconnection of select wetlands from the main river to achieve evaporative 

savings), and informed the protection of wetlands, threatened fishes and habitats (Holt et al., 2004; 

Smith, 2006; Smith et al., 2007; Smith & Fleer, 2007). Importantly, it provides a mechanism to 

assess the effectiveness of future management. Previously however, there has been no attempt to 

integrate and analyse the total dataset for any ecological parameter, and as such, there has been no 

consideration of the driving factors (i.e., physical, chemical, hydrological, physiological, migratory 

or other ecological requirements) behind the patterns in density and diversity of aquatic wetland 

flora and fauna. Consideration of those driving factors is critical to inform species/habitat 

conservation and rehabilitation efforts with management objectives that are logical, realistic and 

achievable. 

 

The results of the analyses from the combined ‘fish’ dataset from the 2004-7 RWMBS have 

highlighted regional patterns in the diversity and density of wetland fishes in SA, which are 

discussed here in light of possible interactions with river flow and habitat availability. Carp specific 

density and distribution information in relation to the species’ broad habitat, dietary and ecological 

requirements is also discussed, as is the apparent effectiveness of existing carp exclusion screens in 

controlling carp populations within wetlands. 
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General patterns in the diversity and density of wetland fishes in SA 

 

1. The Lower Lakes region contains the most diverse wetland fish assemblage of any region in the 
SA MDB. Species that are exclusively or predominantly (in which case, also in Lower Swamps 
wetlands) found in the Lower Lakes region include those that are tolerant of a wide range of 
salinities (euryhaline i.e.  blue-spot goby, lagoon goby, common jollytail and small-mouthed 
hardyhead), migratory between fresh and salt waters (diadromous i.e. congolli, Tamar river 
goby, bridled goby, salmon trout and yellow-eye mullet) and/or listed as threatened under state 
(SA Fisheries Act 1982 i.e. southern pygmy perch) or national (EPBC Act 1999 i.e. Yarra pygmy 
perch and Murray hardyhead) legislation. Each of these species was also relatively more 
abundant in small-shallow wetlands in 2005-7, and southern pygmy perch alone were more 
abundant in ephemeral wetlands in 2004. 

 

Plausible explanations for the Lower Lakes containing the most diverse fish assemblage include the 

regions’ diverse array of available habitats and the presence of a variable hydrology, driven 

predominantly by wind-induced current-flows. In regards to the former, the Lower Lakes region 

comprises Lakes Alexandrina and Albert (and the Coorong Estuary; together they form 

a RAMSAR-listed wetland of international significance, DEH & DWLBC, 2003). The Lakes are 

separated from the estuarine Coorong by a series of low-lying barrages, which were constructed in 

1940 to keep sea water from the lower Murray, and which now control the release of river water 

through the Murray mouth to the Southern Ocean. The construction of the barrages, therefore, 

changed the ecology of the Lakes from estuarine to freshwater and flooded shoreline habitats by 

450-600 mm (Walker & Thoms, 1993). Shoreline habitats now range from wind-swept sandy 

beaches, to hyper-saline lagoons, ephemeral salt lakes and channelised, well-vegetated, shallow 

swampy floodplains (particularly along the western shores, (Wedderburn & Hammer, 2003; Holt et 

al., 2004). Inflow to the Lakes comes predominantly from upstream, but there is some seasonal 

input from surface water run-off and from the Finniss, Angus and Bremer River catchmnts in the 

eastern Mount Lofty Ranges (Smith & Hammer, 2006). Thus, as the confluence of stream, river, 

swamp, wetland, lake and estuarine environments, the Lower Lakes region contains one of the 

states most diverse ranges of aquatic habitats for freshwater fishes, and it is unsurprising that the 

region is a biologically significant area (Wedderburn & Hammer, 2003). 

 

In an otherwise wholly-regulated riverine environment, wind-induced current flows also may be 

critical in maintaining diverse populations of wetland fishes, including threatened fishes, within the 

Lower Lakes region (and incidentally, in wetlands of the Lower Swamps (Smith et al., 2007). These 

flows are conspicuous within the stretch of water between Weir and Lock 1 at Blanchetown and the 

barrages in the Lower Lakes. In that section of the river, strong and persistent south-westerly or 
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north-easterly winds cause water levels to fluctuate by ± 50 cm (Webster et al., 1997; Smith et al. 

Unpub. Data);  southerly winds ‘push’ surface water from the lower Lakes towards Weir 1 - 

effectively raising river levels near Blanchetown and lowering them near Wellington, and vice versa 

for persistent northerly winds. Fluctuations in river levels cause shoreline/riverine wetlands to 

partially fill and empty, which creates bi-directional flushing flows that maintain desirable water 

quality and habitat characteristics; current velocities resulting from flushing flows in wetland inlets 

of up to 0.6 m.s-1 and gross exchanges of water between the river and off-stream wetlands of up to 

1.2 GL in one week have been recorded (Smith et al., Unpub. Data). 

 

2. Wetlands in the Lower Swamps region, on average, have the most diverse fish assemblages and 
the least variation in species counts across wetlands. 

 

There is a general scarcity of wetland habitat in the Lower Swamps region, caused by ‘reclamation’ 

of swamplands for agriculture (cattle grazing). In that regard, 96.6% of the 10,500 hectares of 

former natural floodplain has been destroyed (DEH & DWLBC, 2003) and a majority of off stream 

habitat is now disconnected from the main river channel by earthen levees, stabilised by exotic 

willows (Salix spp) (Walker & Thoms, 1993). The few wetlands that are available appear to be 

utilised by a more homogenous and diverse fish assemblage, perhaps because of a general lack of 

choice. 

 

3. The Riverland and Murray Gorge regions always recorded the highest relative densities of 
wetland fishes – particularly ‘generalist’ species with broad habitat and eco-physiological 
requirements such as bony herring, carp gudgeon, Murray rainbowfish, unspecked hardyheads, 
eastern gambusia and goldfish. These species, in addition to Australian smelt, dwarf flathead 
gudgeon, flathead gudgeon, golden perch, redfin perch and common carp all tend to be more 
abundant in permanent wetlands and in large-shallow, large-deep and small-deep relative to 
small-shallow wetlands.  

 

 

The Riverland region has a wide floodplain (5-10 km) with extensive permanent and ephemeral 

wetlands, anabranches, billabongs, deflation basins and lakes through which the River Murray 

meanders freely (Walker & Thoms, 1993; Holt et al., 2004). Within the Murray Gorge region 

(downstream from Overland Corner until near Mannum), the river becomes constrained to a narrow 

floodplain (2-3 km) flanked by 30 m high limestone cliffs. These regions comprise 80% of the 

lower Murray, which, above Blanchetown is a series of highly regulated stepped pools (formed by 

Weirs 1-5 and their associated navigable lock chambers). 
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Altered hydrological regimes have changed the frequency, duration and extent of flooding within all 

wetlands; historically-seasonal wetlands now are held in an unnaturally filled or dry state, 

depending on whether they are sited below or above pool-level. Consequently, long-established 

links between environmental cycles and the ecology of wetland flora and fauna has been disrupted 

(“de-synchronised”) (Kingsford, 2000). Changed hydrological regimes have probably contributed to 

some native fish species becoming extinct in SA (i.e. chanda perch, Hammer & Walker 2004), 

whilst generalist native fishes (above) and especially exotic invasive fish have benefited – hence 

their increased density in these regions (Gehrke et al. 1995). Further, diversity tends to be lower in 

these regions (diversity declines with distance from the Murray mouth, Table 8) probably because 

estuarine (especially) and other native species wanting to migrate from the Lower Lakes/Swamps 

regions to the Murray Gorge and Riverland region currently have their passage blocked by Weir 1 

at Blanchetown. In fact, the analyses highlight a linear trend in decreasing species diversity with 

distance from the Murray mouth. This will begin to be remedied from late-2007 with the 

construction of vertical slot fishways at Locks 1 and 3, and thereafter at Locks 2, 4, 5, and 6 as part 

of a Murray River structural works program to provide passage for migratory fish from the sea to 

Hume Dam; a distance of 2225 km. 

 

4. Species counts are typically lower and more variable in small-shallow ephemeral wetlands than 
in permanent wetlands. 

 
Whilst the abundance of small-shallow or ephemeral wetlands has declined along the Murray since 

the onset of regulation, it is clear that they play an important role in the life-histories and 

perseverance of a number of (small-bodied) native fishes, including several species with 

conservation significance (i.e. Yarra and southern pygmy perch, Murray hardyhead). During times 

of filling, these habitats provide abundant plankton and invertebrate prey, and important refuge 

areas from invasive species such as redfin perch, common carp and eastern gambusia (Smith 2006). 

Unlike permanent wetlands which offer year-round access, colonisation of ephemeral wetlands 

(hence, species counts and density) will be affected by the timing, frequency and duration of filling. 
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Carp specific information 

 

5. Overall patterns in the relative density and habitat use of carp were consistent across the four 
RMWBS regions.  

 

Carp are habitat, forage and ecological generalists. In regulated lowland rivers (such as in the South 

Australian Murray) where they are most abundant, carp may be found amongst all the major and 

minor aquatic habitat types including the main channel, floodplain lakes, anabranches, swamps, 

billabongs, irrigation channels, macrophytes, open water, overhanging riparian vegetation, undercut 

banks and woody debris (Gehrke & Harris, 2000; Stuart & Jones, 2002; Nicol et al., 2004). Thus, it 

is unsurprising that they were recorded in similar relative densities throughout SA MDB wetlands 

among the four regions, and were not associated with particular wetland Types 

(permanent/ephemeral) or wetland Size (small-shallow, large-shallow, small-deep, large-deep)1. 

 

6. Overall patterns in the relative density and habitat use of carp were not related to the 
presence/absence of flow control structures (Regulators) or carp exclusion Screens, even after 
splitting the density data into 0+ and 1+ components (2005–7 dataset only) based on a 100 mm 
(total) length criterion. 

 

Carp exclusion screens are “physical barriers of variable mesh size and design that are placed 

across inflow points with a view to excluding large fish from entering or exiting a wetland” 

(Meredith et al. 2005). They are typically fitted to flow control structures (in place of ‘stop logs’) 

such as box- or pipe culverts, which are used to manage wetland water in a way that is amenable to 

short-term modification i.e. implementing ‘naturally-variable’ wetting/drying cycles, or varying the 

timing, duration, speed and to a lesser degree the extent, of inundation (Jensen, 2002). This ability 

to manage wetland water is particularly attractive to river managers, hence the widespread and 

unabated installation of wetland flow control structures, particularly in South Australia. 

 

Carp exclusion screens promise favourable outcomes for native aquatic flora and fauna by 

excluding large carp from wetlands to minimise competitive interactions and ecological impacts. 

Whilst the premise is simple, the effectiveness of carp exclusion screens was not demonstrated by 

these analyses; the relative density of carp was not related to the presence/absence of flow control 

structures or carp screens, despite the fact that 20% of surveyed wetlands (n = 16) had screens 
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installed. This lack of association endured even when the 2005-7 dataset for carp was analysed 

separately for adults (> 100 mm total length, TL) and juveniles (<100 mm TL). 

 

Whilst systematic surveys have not been undertaken, cursory evaluations of existing screens 

suggest numerous design and operational failings. In particular, there are no operational guidelines 

governing their design, construction and management. Hence, screens tend to be made from diverse 

farm fencing materials with variable mesh dimensions and orientations, fitted to a flow control 

structure (at permanent and ephemeral wetlands) and left in place indefinitely. The impacts of carp 

exclusion screens on the passage of native fishes also have not been quantified and vandalism may 

be widespread; without secure locking mechanisms, screens may be removed entirely, left ajar, or 

obstructed from closing by the intentional placement rocks or other debris (Smith, 2006). These 

problems surely will have contributed to the lack of association between the relative density of carp 

in study wetlands and the presence/absence of carp exclusion screens. However, they are being 

addressed through a project funded by the Murray-Darling Basin Commission entitled, ‘Evaluation 

of carp exclusion screens at wetland inlets”. 
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1 The absence of carp-habitat associations in wetlands precludes further analyses of their impacts on the distribution, 
abundance and diversity of other ecological parameters recorded from the 2004-7 RMWBS, such as delicate submerged 
vegetation (such as Vallisneria spp.), benthic macro-invertebrates or water quality. 
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