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Section 5.  Relationships Between Waterbirds and 
Wetlands 

 
5.0 Introduction 

The temporary nature of most wetland habitats in arid Australia led to the suggestion that 

waterbird movements into the arid zone were an opportunistic response to flooding (see 

Section 1, this report). The extent of habitat for waterbirds in the Lake Eyre Basin and 

adjacent catchments (Section 3, this report) and its frequency of occurrence (Section 4) 

raises the possibility that some regions in the arid zone may be core feeding and breeding 

habitat for waterbirds and their presence is not simply an opportunistic movement from 

more mesic regions (see 3.5, this report). This raises questions about the extent and 

frequency of waterbird movements and the scale(s) (ie at wetland, catchment or landscape 

scales) at which they interact with the landscape. 

 

 

Fortunately a data set exists that can be used to examine the response of waterbirds to 

changes in wetland habitat availability at different scales in one part of the Australian arid 

zone. Kingsford, Bedward and Porter (1994) surveyed wetlands in north-western NSW at 

three monthly intervals from early 1987 to the end of 1990 and again in March 1993. The 

28 wetlands surveyed are distributed across 93,000km2 of north-western NSW that 

encompasses the floodplain of the Paroo River, the Cobham climatic region (Section 4, Fig 

4.1) and parts of the Bulloo Overflow (Fig 5.1). These surveys were part of an ongoing 

series of aerial surveys that continued after an initial survey in 1983 encountered large 

concentrations of waterbirds on some wetlands in the arid zone (Maher, Briggs and Parker 

1985). 

 

 

Waterbird abundance on individual wetlands ranged from zero to 70,000 with numbers on 

some wetlands changing by 10,000s in the three months between surveys (Kingsford, 

Bedward and Porter 1994). Total waterbird abundance for all surveyed wetlands ranged 

from 6,700 to 80,900. Three possible models might explain such changes. Firstly, 

waterbird abundance changes in response to local changes in habitat. Under this scenario, 

local resources become limiting or abundant, resulting in a concomitant change in 
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waterbird abundance. For example, food resources may change in species composition or 

abundance as salinity increases in a drying wetland or differ between proximate wetlands 

(see Halse et al 1993;  Kingsford 1993;  Kingsford and Porter 1994;  Timms 1997).  

Secondly, changes in waterbird abundance in the Paroo and Cobham catchments may be 

catchment-specific. For example, the Paroo catchment contains persistent wetlands (eg 

Mullawoolka Basin and Lake Numalla), whereas Cobham does not (Section 3). The Paroo 

wetlands may be a refuge for waterbirds during times of low habitat availability elsewhere 

(Maher 1991;  Maher and Braithwaite 1992;  Kingsford 1996). Thirdly, changes in 

waterbird abundance in the survey area may occur in response to changes in habitat 

availability outside the survey area. Given the abundance of wetlands in the Lake Eyre 

Basin (Section 3), waterbird abundance in the survey area (Fig 5.1) could be a response to 

increases or declines in habitat availability in that region. Also, all three models could 

operate concurrently on different temporal and spatial scales with different responses 

among  functional groups of waterbirds.  

 

 

In order to investigate the response of waterbirds in the area surveyed by Kingsford, 

Bedward and Porter (1994) to in relation to changes in wetland area, these data were 

analysed for spatial dependence and generalised linear models constructed (see McCullagh 

and Nelder 1989) that best explained the observed patterns of variation in waterbird 

abundance. For spatially dependent data, treating counts as independent observations 

results in larger error terms for any given model of abundance than if the spatial 

dependence were explicitly incorporated in the model (see Legendre and Fortin 1989;  

Legendre 1993). The models constructed were formulated explicitly to determine the 

relationship(s) between wetland area, both inside and outside the surveyed area, and 

waterbird abundance. Such relationships may be scale dependent, so data were aggregated 

to reflect possible relationships between waterbird abundance and habitat availability (see 

Section 3, this report).  
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Figure 5.1  Location of wetlands surveyed for waterbird abundance in the Paroo and 
Cobham catchments (Kingsford, Bedward and Porter 1994).Wetlands in black and 
numbered, light grey areas are subject to inundation, grey lines are catchment boundaries. 
 

 

5.1 Methods 

5.1.1 Waterbird abundance data 

At three-monthly intervals between March 1987 and December 1990, and again in March 

1993, the abundance of individual waterbird taxa or taxonomic groups were counted on 28 

wetlands in the survey area (Fig 5.1), giving a total of 476 (time x wetland) observations 

(Kingsford, Bedward and Porter 1994). Another wetland on the southern boundary of the 

survey area (#29, Fig 5.1) was surveyed irregularly and these data were not used in this 

analysis. The Cobham catchment lies between the Lake Eyre Basin and the Murray-

Darling Basin and is part of neither (Fig 5.1).  Its’ boundaries are the same as those 

depicted for the Cobham climatic region in the previous section (Fig. 4.1).  Details of the 

methods used to estimate waterbird abundance are detailed elsewhere (Kingsford, Bedward 

and Porter 1994; Kingsford 1999a).  

 

Each survey estimated the abundance of 43 species and four taxonomic groups (see 

Appendix 1;  Kingsford, Bedward and Porter 1994). The data were presented as bar graphs 
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showing total abundance, with error bars, and counts by species on each survey date for 

each wetland. The precision of counts varied between abundance classes, underestimating 

abundance when counts were less than 10 or greater than 5000 (see Kingsford (1999a) for 

discussion of survey errors and biases). Nonetheless the surveys were sufficiently precise 

to detect changes in the abundance of most species (Kingsford 1999a). Parts of these data 

have been published elsewhere (Kingsford 1996;  Kingsford and Porter 1999) but have not 

been analysed for responses to changes in habitat availability. The dates of satellite 

imagery used to estimate wetland area (Section 3, this report) were deliberately chosen to 

correspond with these surveys. 

 

5.1.2 Data manipulation 

In order to determine the relationships between waterbird abundance and habitat 

availability the counts for the 43 species and four taxonomic groups were aggregated into 

functional groups based on feeding habits (Table 5.1, after Kingsford 1991). These data 

were aggregated at three levels – for the individual wetland, for the Paroo and Cobham 

catchments and for the whole survey area, to reflect the different possible spatial 

interactions noted above. The data for Lake Altibouka (#28, Fig 5.1) were not used at the 

catchment level but were included at the individual wetland level and for the survey area 

as a whole. For this analysis the primary interest is responses to change in habitat 

availability, thus the time dependent component of habitat availability (Section 3) was 

removed and habitat availability was equated to wetland at each survey date. Wetland area 

was determined from satellite imagery (see Sections 2 and 3, this report). 

Table 5.1 Waterbird species counted in the survey area classified by functional group. 
 

Functional group Common Name Scientific name 
fish-eaters great crested grebe Podiceps cristatus 
 small grebes  
     hoary headed grebe Poliocephalus poliocephalus 
     little grebe Tachybaptus novaehollandiae 
 Australian pelican Pelecanus conspicillatus 
 darter Anhinga melanogaster 
 great cormorant Phalacrocorax carbo 
 pied cormorant Phalacrocorax varius 
 little black cormorant Phalacrocorax sulcirostris 
 Little pied cormorant Phalacrocorax melanoleucos 
Functional group Common Name Scientific name 
Fish-eaters cont’d pacific heron Ardea pacifica 
 white-faced heron Ardea novaehollandiae 
 great egret Ardea alba 
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 other egrets  
    intermediate egret Ardea intermedia 
     little egret Ardea garzetta 
 rufous night heron Nycticorax caledonicus 
 silver gull Larus novaehollandiae 
 whiskered tern Sterna hybrida 
 gull-billed tern Gelochelidon nilotica 
 Caspian tern Hydroprogne caspia 
 white-winged tern Chlidonias leucoptera 
diving ducks  hardhead Aythya australis 
and deep-water foragers blue-billed duck Oxyura australis 
 musk duck Biziura lobata 
 black swan Cygnus atratus 
 Eurasian coot Fulica atra 
dabbling ducks freckled duck Stictonetta naevosa 
 Pacific black duck Anas superciliosa 
 grey teal Anas gracilis 
 Australasian shoveler Anas rhynchotis 
 pink-eared duck Malcorhynchus membranaceus 
 chestnut teal Anas castanea 
grazing waterfowl plumed whistling-duck Dendrocygna eytoni 
 Australian shellduck Tadorna tadornoides 
 Australian wood duck Chenonetta jubata 
shoreline foragers black tailed native hen Gallinula ventralis 
 purple swamphen Porphyrio porphyrio 
 masked lapwing Vanellus miles 
 banded lapwing Vanellus tricolor 
large waders glossy ibis Plegadis falcinellus 
 Australian white ibis Threskiornis aethiopica 
 Straw-necked ibis Threskiornis spinicollis 
 royal spoonbill Platalea regia 
 Yellow-billed spoonbill Platalea flavipes 
 large waders  
     greenshank Tringa nebularia 
     black-tailed godwit Limosa limosa 
 brolga Grus rubicundus 
small waders black-winged stilt Himantopus himantopus 
 banded stilt Cladoryhnchus leucocephalus 
 red-necked avocet Recurvirostris novaehollandiae 
 small waders  
      black fronted plover Charadrius melanops 
     red-capped plover Charadrius ruficapillus 
     red-kneed dotterel Erthrogonys cintus 
     marsh sandpiper Tringa stagnatilis 
     sharp-tailed sandpiper Calidris acuminata 
     curlew sandpiper Calidris ferruginea 
     red-necked stint Calidris ruficollis 

5.1.3 Statistical analyses 

Spatial dependence 
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Before developing a model to describe changes in waterbird abundance, the count data for 

individual wetlands were analysed for spatial dependence (see Legendre and Fortin 1989; 

Legendre 1993; Bailey and Gatrell 1995, p 155). There was no spatial structure in the 

abundance of any of the functional groups of waterbirds in the survey area. All 

correlograms of  the residuals of log abundance for all functional groups of waterbirds in 

the Paroo catchment showed that correlations between pairs of wetlands in all distance 

classes were rarely positive. Similarly, the semivariance (which is computationally related 

to the correlogram) was structureless at all pairwise distances between wetlands and any 

spatial structure in the data was unresolved at the scale of sampling. As a result, counts of 

waterbird functional groups can be regarded as independent and normal frequentist 

statistics applied to the data.  

  

Modelling abundance 

In order to investigate the responses of waterbirds to changes in habitat availability, counts 

of each of the functional groups of waterbirds at the individual wetland and catchment 

levels, for the survey area as a whole were modelled against wetland area.  

 

Generalised linear models (GLM) with a negative binomial error structure (see McCullagh 

and Nelder 1989;  Nicholls 1989,1991;  White and Bennetts 1996) were used to model the 

waterbird data following examination of null models with both Poisson and negative 

binomial distributions.  

 

Analyses were performed using Splus v3.4 (Mathsoft 1995). For a negative binomial 

distribution the mean is E(Y) = µ and the variance var(Y) = µ(1 + Ф)/Ф, where Ф (theta) is 

a dispersion parameter. Null deviance and Ф were estimated from an intercept model using 

glm.nb and the estimate of Ф fixed for all comparisons of deviance using the 

negative.binomial function (see Venables and Ripley 1994, p201). 

 

To determine the best-fit model for the data, factors were added to the model using a 

forward stepwise selection process (Nicholls 1989, 1991). All factors were added to the 

model singly and the factor with the lowest residual deviance retained. All remaining 

factors were again added singly to the new model. This was continued until no additional 

factors were significant and the previous model was retained as the final model. The final 
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model was evaluated by examining plots of the residuals on the fitted values for behaviour 

consistent with the negative binomial distribution. Goodness-of-fit of the model was 

determined using the Chi-squared statistic (see Venables and Ripley 1994, p187). The 

direction of change in abundance in response to each significant factor or category of a 

multicategorial factor was determined from the sign of the t-value. The t-values were not 

corrected for any lack of fit to the specified model as the variance σ 2 is not proportional to 

the mean µ for negative binomial distributions (see Aitkin et al. 1989, p225). 

 

To determine if changes in abundance occurred in response to local changes in wetland 

area, counts were modelled against wetland area for all wetlands in the survey area. 

Wetland area was calculated for the wetland where the count was performed and for 

distances of 5, 10, 25 and 50km from the wetland. Extreme values (large wetlands with 

few waterbirds or waterbird counts orders of magnitude greater than the mean) were 

retained if their inclusion in the model was consistent with the result if excluded (see 

McCullagh and Nelder 1989, p403) . If this was not the case extreme values were excluded 

from the analysis and changes to the data structure noted in the resultant table summarising 

the modelling outcomes (eg Table 5.3).  

 

To determine correlates of change in waterbird abundance at the catchment scale, counts 

were modelled against wetland area, and changes to wetland area, in the catchment and the 

Lake Eyre Basin. Wetland area was treated as a continuous variable and change in wetland 

area as a categorical variable with positive and negative values and a threshold (Table 5.2).  

Movement of waterbirds between regions is likely to be in response to large changes in 

wetland area (see Dorfman 1997), rather than area per se. Wetland area in all catchments 

or regions was highly variable and declined to < 1% of the maximum at some point. 

Thresholds are arbitrary, but are at least 10% of the maximum wetland area observed and 

approximate the lower limit of the larger changes in wetland area observed in each 

catchment or region. The Lake Eyre Basin was divided into its Upper Eyre and Lower 

Eyre regions (see Section 4, this report) and included in the model as a single entity or by 

region. In formulation of the models, if wetland area in the Lake Eyre Basin as a whole 

was retained as a significant factor, Upper Eyre and Lower Eyre were not fitted as 

additional factors. The same applied for the reverse situation.  
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Table 5.2 Changes in wetland area used as factor in generalised linear models to model 
changes in waterbird abundance in the survey area. 

 

Catchment or region Change in 
wetland area (ha) 

Paroo ± 20,000 
Cobham ± 2,000 
Lake Eyre Basin (Upper Eyre + Lower Eyre) ± 100,000 
Upper Eyre ± 100,000 
Lower Eyre ± 100,000 

 

5.2 Results 

5.2.1 General patterns of abundance in the survey area 

For six of the seven functional groups of waterbirds, the greatest numbers tended to occur 

on the wetlands of the Paroo (Fig 5.2). The exceptions were diving ducks and other deep-

water foragers. The greatest numbers of these occurred on Lake Altibouka at the southern 

end of the Bulloo Overflow (#28, Fig 5.1), particularly during 1988 and 1989. Their 

numbers were dominated by Eurasian coot and black swan (Kingsford, Bedward and 

Porter 1994). The other occurrence of large numbers of coots and diving ducks occurred in 

Cobham in March 1993.  Amongst fish-eating species, the only large concentrations 

outside the Paroo were at Lake Altibouka in March 1988, predominantly cormorants, and 

in Cobham in March 1993, predominantly cormorants and terns. The numbers of dabbling 

ducks are dominated by pink-eared duck. The two large occurrences of this species were in 

March 1990 in the Paroo and in March 1993 in Cobham, when numbers exceeded 50,000. 

 

Waterbird abundance on individual wetlands in the survey area was highly variable and 

not simply related to wetland area. Numbers on individual wetlands were greatest when 

wetland area was low (Fig 5.3). Only for diving ducks and deep-water foragers was the 

highest count on the largest wetland. On wetlands measured in this study as less than 

5,000ha waterbird counts ranged from zero to over 70,000.  
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Figure 5.2 Abundance of waterbirds by functional groups for each catchment in the survey 
area (source of data Kingsford, Bedward and Porter 1994). Note change of scale on 
vertical axis. Number of wetlands in parentheses. 
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Figure 5.3 Waterbird numbers on individual wetland areas by functional group for the 
Paroo (black dots, n = 374) and Cobham (red squares, n = 85). Note change of scale on 
vertical axis.
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Figure 5.3 cont’d 

 

 

 

5.2.2 Changes in waterbird abundance at the level of the individual wetland 

Although the results of most of the analyses of waterbird counts at the scale of the 

individual wetland were significant (Table 5.3), wetland area was a poor predictor of 

waterbird abundance. For instance, wetland area accounted for less than 5% of the null 

deviance for fish-eating species. For all functional groups model fit was poor and the 

analysis could not estimate a model-of-best-fit without the removal of extreme value for 

four functional groups. These were large wetlands with few birds.  

 

Inclusion of wetland area in the vicinity of the wetland being counted did not improve 

model fit except for fish-eaters and grazing waterfowl. Although significant, the increase 

in deviance explained was small. 
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Table 5.3 Single factor negative binomial GLM models of the change in abundance of 
functional groups of waterbirds on wetlands in the survey area in relation to wetland areas 
(* p < 0.05, ** p < 0.01, *** p < 0.001, n.s. indicates not significant). d.f. indicates 
degrees of freedom; ∆ deviance, change in deviance. 

 
Model Residual 

deviance 
d.f. ∆ deviance d.f. Significance 

Fish-eaters      
Null 462.40 475    
Area of central wetland  447.24 474 15.16 1 *** 
Area of wetland within 5 km 446.28 474 16.12 1 *** 
Area of wetland within 10 km 448.70 474 13.70 1 *** 
Area of wetland within 25 km 459.59 474 2.81 1 n.s. 
Area of wetland within 50 km 461.36 474 1.04 1 n.s. 
Deepwater foragers and diving ducks      
Null 429.68 475    
Area of central wetland  413.90 474 15.78 1 *** 
Area of wetland within 5 km 414.03 474 15.65 1 *** 
Area of wetland within 10 km 415.05 474 14.63 1 *** 
Area of wetland within 25 km 422.58 474 7.10 1 * 
Area of wetland within 50 km 426.57 474 3.10 1 n.s. 
Dabbling ducks      
Null 450.27 475    
Area of central wetland  432.22 474 18.05 1 *** 
Area of wetland within 5 km 432.78 474 17.49 1 *** 
Area of wetland within 10 km 434.73 474 15.54 1 *** 
Area of wetland within 25 km 448.32 474 1.95 1 n.s. 
Area of wetland within 50 km 449.97 474 0.30 1 n.s. 
Grazing waterfowl          (wetlands < 10,000 ha only)      
Null 233.66 473    
Area of central wetland  221.18 472 12.48 1 *** 
Area of wetland within 5 km 219.18 472 14.48 1 *** 
Area of wetland within 10 km 226.46 472 7.20 1 ** 
Area of wetland within 25 km 233.33 472 0.32 1 n.s. 
Area of wetland within 50 km 231.20 472 2.46 1 n.s. 
Foragers                            (wetlands < 5,000 ha only)      
Null 272.67 470    
Area of central wetland  246.32 469 26.34 1 *** 
Area of wetland within 5 km 247.78 469 24.89 1 *** 
Area of wetland within 10 km 239.36 469 33.31 1 *** 
Area of wetland within 25 km 260.59 469 12.08 1 *** 
Area of wetland within 50 km n.a.  n.a.   
Large waders                     (wetlands < 5,000 ha only)      
Null 357.06 470    
Area of central wetland  334.86 469 22.20 1 *** 
Area of wetland within 5 km 335.93 469 21.14 1 *** 
Area of wetland within 10 km 349.63 469 7.44 1 ** 
Area of wetland within 25 km 356.06 469 0.81 1 n.s. 
Area of wetland within 50 km 356.95 469 0.11 1 n.s. 
Small waders                     (wetlands < 5,000 ha only)      
Null 346.00 470    
Area of central wetland  337.77 469 8.23 1 ** 
Area of wetland within 5 km 338.27 469 7.73 1 ** 
Area of wetland within 10 km 340.71 469 5.28 1 * 
Area of wetland within 25 km 345.96 469 0.04 1 n.s. 
Area of wetland within 50 km 343.87 469 2.13 1 n.s. 
      
 
 
 
 
5.2.3 Changes in abundance at the catchment scale and in the survey area  
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Analyses of changes in waterbird abundance at the catchment scale show that changes in 

waterbird abundance in the Paroo catchment and in the survey area as a whole are 

correlated with changes in habitat availability in the Lake Eyre Basin (Tables 5.4 and 5.5).  

 

 

Changes in waterbird abundance in the Paroo were correlated with changes in wetland area 

in the Upper Eyre region or the Lake Eyre Basin as a whole. For instance, in fish-eating 

species, deep-water foragers and diving ducks, and foraging waterfowl, changes in wetland 

area in the Lake Eyre Basin accounted for 60-64% of the observed variation in numbers. 

For dabbling ducks and large and small waders, changes in wetland area in the Lake Eyre 

Basin accounted for 46-56% of the observed variation. Only for shoreline foragers was 

there no apparent response to changes in wetland habitat inside or outside the Paroo 

catchment (Table 5.4). 

 

 

Changes in waterbird abundance in the Cobham catchment could not be modelled 

adequately because of numerous zero counts and the influence on the models of high 

abundance on one wetland in March 1993 (see Fig 5.2). 

 

 

For two waterbird functional groups, fish-eating species and deep water foragers and 

diving ducks, significant factors explaining variation in the observed abundance for the 

Paroo were not significant for the survey area as a whole (Table 5.5). For the other 

functional groups the same factors were significant for the survey area as a whole that were 

significant for the Paroo catchment and accounted for similar percentages of the variation. 

Changes in abundance of shoreline foragers again showed no apparent response to changes 

in wetland habitat inside or outside the survey area (Table 5.5). 

 

 

The association between waterbird abundance and changes in wetland area in the Lake 

Eyre Basin were not the same for all functional groups of waterbirds. In all cases where a 

decrease in wetland area in the Lake Eyre Basin, or part thereof, is a significant predictor 

of waterbird abundance in the Paroo the association is positive, with bird numbers 
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increasing in the Paroo (Table 5.5). However, the direction of change in abundance differs 

between functional groups when there has been an increase in wetland area in the Lake 

Eyre Basin.  

 

 

In dabbling ducks there is an immediate decline in numbers in the Paroo catchment when 

there is a significant increase in wetland area in the Lake Eyre Basin (Fig 5.5). The same 

response is evident for small waders, although the decline in their numbers is more 

specifically correlated with an increase in wetland area in the Upper Eyre (Table 5.5). By 

contrast, there was a general increase in the numbers of fish-eating species after extensive 

flooding in the Lake Eyre Basin in March 1989 (Fig 5.4) and the numbers of fish-eating 

species in the Paroo is positively correlated to all changes in the Lake Eyre Basin, both 

positive and negative. The same general increase in numbers is evident for deep-water 

foragers and diving ducks, and grazing waterfowl (see Fig 5.2) and the numbers of these 

functional groups are also positively correlated to both positive and negative changes to 

wetland area in the Upper Eyre region (Table 5.5).  
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Table 5.4  Single factor models of the change in abundance of functional groups of 
waterbirds in the Paroo catchment in relation to wetland area or change in wetland area, 
from negative binomial generalised linear models (* p < 0.05, ** p < 0.01, *** p < 0.001, 
n.s. indicates not significant). d.f. indicates degrees of freedom; ∆ deviance, change in 
deviance. Value in brackets is % deviance accounted for by model. Note no multi-factor 
models were significant. 

 
Model Residual 

deviance 
d.f. ∆ deviance d.f. Significance 

Fish-eaters      
Null 17.83 16    
Wetland area in Paroo 16.19 15 1.63 1 n.s. 
Change in Paroo (± 20,000 ha)    12  2  
      
Wetland area in Lake Eyre Basin 12.82 14 4.36 1 * (25.3) 
       - wetland area in Upper Eyre 14.04 14 3.14 1 n.s. 
       - wetland area in Lower Eyre 12.79 15 5.03 1 * (28.2) 
      
Change in Lake Eyre Basin (± 100,000 ha) 12.18 11 3.17 2 n.s. 
    -change in  Upper Eyre (± 100,000 ha) 6.16 11 9.19 2 ** (59.9) 
    -change in  Lower Eyre (± 100,000 ha) 10.85 12 5.03 2 n.s. 
      
Deepwater foragers and diving ducks      
Null 18.69 16    
Wetland area in Paroo 15.98 15 2.72 1 n.s. 
Change in Paroo (± 20,000 ha)   6.33 12 5.93 2 n.s. 
      
Wetland area in Lake Eyre Basin 13.28 14 4.58 1 * (25.6) 
       - wetland area in Upper Eyre 14.03 14 3.83 1 n.s. 
       - wetland area in Lower Eyre 16.48 15 2.21 1 n.s. 
      
Change in Lake Eyre Basin (± 100,000 ha) 9.53 11 1.79 2 n.s. 
    -change in  Upper Eyre (± 100,000 ha) 4.55 11 6.76 2 * (59.8) 
    -change in  Lower Eyre (± 100,000 ha) 10.23 12 2.02 2 n.s. 
      
Dabbling ducks      
Null 18.99 16    
Wetland area in Paroo 15.19 15 3.80 1 n.s. 
Change in Paroo (± 20,000 ha)   13.59 12 3.23 2 n.s. 
      
Wetland area in Lake Eyre Basin 15.37 14 3.49 1 n.s. 
       - wetland area in Upper Eyre 14.73 14 4.13 1 * (21.9) 
       - wetland area in Lower Eyre 18.38 15 0.61 1 n.s. 
      
Change in Lake Eyre Basin (± 100,000 ha) 7.37 11 9.28 2 ** (55.7) 
    -change in  Upper Eyre (± 100,000 ha) 11.50 11 5.14 2 n.s. 
    -change in  Lower Eyre (± 100,000 ha) 13.72 12 3.11 2 n.s. 
      
Foraging waterfowl      
Null 21.83 16    
Wetland area in Paroo 21.41 15 0.42 1 n.s. 
Change in Paroo (± 20,000 ha)   14.13 12 5.92 2 n.s. 
      
Wetland area in Lake Eyre Basin 18.23 14 3.13 1 n.s. 
       - wetland area in Upper Eyre 19.65 14 1.71 1 n.s. 
       - wetland area in Lower Eyre 19.12 15 2.71 1 n.s. 
      
Change in Lake Eyre Basin (± 100,000 ha) 14.13 11 5.44 2 n.s. 
    -change in  Upper Eyre (± 100,000 ha) 7.10 11 12.47 2 ** (63.7) 
    -change in  Lower Eyre (± 100,000 ha) 12.40 12 7.65 2 * (38.2) 
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Table 5.4 cont’d 
 
 
Model Residual 

deviance 
d.f. ∆ deviance d.f. Significance 

 
Shoreline foragers        (for counts less than 8,000 only) 

     

Null 19.97 15    
Wetland area in Paroo 19.94 14 0.03 1 n.s. 
Change in Paroo (± 20,000 ha)   15.93 11 0.89 2 n.s. 
      
Wetland area in Lake Eyre Basin 18.91 13 0.00 1 n.s. 
       - wetland area in Upper Eyre 18.85 13 0.06 1 n.s. 
       - wetland area in Lower Eyre 19.87 14 0.10 1 n.s. 
      
Change in Lake Eyre Basin (± 100,000 ha) 11.74 10 4.01 2 n.s. 
    -change in  Upper Eyre (± 100,000 ha) 11.98 10 3.77 2 n.s. 
    -change in  Lower Eyre (± 100,000 ha) 12.44 11 4.38 2 n.s. 
      
 
Large waders 

     

Null 19.84 16    
Wetland area in Paroo 19.37 15 0.47 1 n.s. 
Change in Paroo (± 20,000 ha)   13.95 14 4.01 1 n.s. 
      
Wetland area in Lake Eyre Basin 16.38 12 3.46 2 n.s. 
       - wetland area in Upper Eyre 17.94 14 1.90 1 n.s. 
       - wetland area in Lower Eyre 16.38 15 3.46 1 n.s. 
      
Change in Lake Eyre Basin (± 100,000 ha) 13.98 11 3.97 2 n.s. 
    -change in  Upper Eyre (± 100,000 ha) 9.09 11 8.86 2 * (49.4) 
    -change in  Lower Eyre (± 100,000 ha) 13.61 12 4.34 2 n.s. 
      
 
Small waders 

     

Null 20.03 16    
Wetland area in Paroo 17.00 15 3.04 1 n.s. 
Change in Paroo (± 20,000 ha)    14  1  
      
Wetland area in Lake Eyre Basin 19.66 12 0.18 2 n.s. 
       - wetland area in Upper Eyre 18.37 14 1.46 1 n.s. 
       - wetland area in Lower Eyre 19.88 15 0.15 1 n.s. 
      
Change in Lake Eyre Basin (± 100,000 ha) 9.94 11 8.36 2 * (45.7) 
    -change in  Upper Eyre (± 100,000 ha) 11.50 11 5.14 2 n.s. 
    -change in  Lower Eyre (± 100,000 ha) 13.72 12 3.11 2 n.s. 
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Table 5.5  Single factor models of the change in abundance of functional groups of 
waterbirds in the survey area in relation to water area or change in water area, from 
negative binomial generalised linear models (* p < 0.05, ** p < 0.01, *** p < 0.001, n.s. 
indicates not significant). d.f. indicates degrees of freedom; ∆ deviance, change in 
deviance. Value in brackets is % deviance accounted for by model. Note no multi-factor 
models were significant. 
Model Residual 

deviance 
d.f. ∆ deviance d.f. Significance 

Fish-eaters      
Null 17.92 16    
Wetland area in survey area 14.96 15 2.97 1 n.s. 
Change in survey area (± 20,000 ha)   13.12 12 1.55 2 n.s. 
      
Wetland area in Lake Eyre Basin 16.44 14 1.09 1 n.s. 
       - wetland area in Upper Eyre 16.53 14 1.00 1 n.s. 
       - wetland area in Lower Eyre 16.54 15 1.39 1 n.s. 
      
Change in Lake Eyre Basin (± 100,000 ha) 13.50 11 0.68 2 n.s. 
    -change in  Upper Eyre (± 100,000 ha) 10.45 11 3.73 2 n.s. 
    -change in  Lower Eyre (± 100,000 ha) 13.83 12 0.85 2 n.s. 
      
Deepwater foragers and diving ducks      
Null 19.10 16    
Wetland area in survey area 18.93 15 0.16 1 n.s. 
Change in survey area (± 20,000 ha)   10.36 12 1.86 2 n.s. 
      
Wetland area in Lake Eyre Basin 18.85 14 0.23 1 n.s. 
       - wetland area in Upper Eyre 18.93 14 0.14 1 n.s. 
       - wetland area in Lower Eyre 18.84 15 0.25 1 n.s. 
      
Change in Lake Eyre Basin (± 100,000 ha) 9.89 11 2.29 2 n.s. 
    -change in  Upper Eyre (± 100,000 ha) 11.06 11 1.11 2 n.s. 
    -change in  Lower Eyre (± 100,000 ha) 9.92 12 2.30 2 n.s. 
      
Dabbling ducks      
Null 19.39 16    
Wetland area in survey area 18.16 15 1.23 1 n.s. 
Change in survey area (± 20,000 ha)   11.03 12 2.45 2 n.s. 
      
Wetland area in Lake Eyre Basin 15.46 14 3.81 1 n.s. 
       - wetland area in Upper Eyre 15.64 14 3.64 1 n.s. 
       - wetland area in Lower Eyre 18.52 15 0.86 1 n.s. 
      
Change in Lake Eyre Basin (± 100,000 ha) 5.46 11 7.62 2 * (58.3) 
    -change in  Upper Eyre (± 100,000 ha) 9.38 11 3.69 2 n.s. 
    -change in  Lower Eyre (± 100,000 ha) 11.15 12 2.33 2 n.s. 
      
Foraging waterfowl      
Null 21.70 16    
Wetland area in survey area 21.14 15 0.56 1 n.s. 
Change in survey area (± 20,000 ha)   13.42 12 6.11 2 n.s. 
      
Wetland area in Lake Eyre Basin 18.93 14 2.21 1 n.s. 
       - wetland area in Upper Eyre 19.98 14 1.16 1 n.s. 
       - wetland area in Lower Eyre 20.00 15 1.70 1 n.s. 
      
Change in Lake Eyre Basin (± 100,000 ha) 13.09 11 5.63 2 * (30.1) 
    -change in  Upper Eyre (± 100,000 ha) 7.61 11 11.11 2 ** (59.3) 
    -change in  Lower Eyre (± 100,000 ha) 10.92 12 8.33 2 * (43.3) 
      
 
Table 5.5 cont’d 
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Model Residual 

deviance 
d.f. ∆ deviance d.f. Significance 

 
Shoreline foragers 

     

Null 20.12 16    
Wetland area in survey area 20.11 15 0.01 1 n.s. 
Change in survey area (± 20,000 ha)   14.86 12 1.27 2 n.s. 
      
Wetland area in Lake Eyre Basin 19.05 14 0.03 1 n.s. 
       - wetland area in Upper Eyre 18.97 14 0.11 1 n.s. 
       - wetland area in Lower Eyre 19.89 15 0.22 1 n.s. 
      
Change in Lake Eyre Basin (± 100,000 ha) 11.12 11 4.04 2 n.s. 
    -change in  Upper Eyre (± 100,000 ha) 11.41 11 3.76 2 n.s. 
    -change in  Lower Eyre (± 100,000 ha) 11.75 12 4.38 2 n.s. 
      
 
Large waders 

     

Null 19.94 16    
Wetland area in survey area 19.03 15 0.92 1 n.s. 
Change in survey area (± 20,000 ha)   13.33 12 3.77 2 n.s. 
      
Wetland area in Lake Eyre Basin 17.54 14 2.40 1 n.s. 
       - wetland area in Upper Eyre 18.53 14 1.41 1 n.s. 
       - wetland area in Lower Eyre 17.75 15 2.20 1 n.s. 
      
Change in Lake Eyre Basin (± 100,000 ha) 13.45 11 3.65 2 n.s. 
    -change in  Upper Eyre (± 100,000 ha) 8.60 11 8.50 2 * (49.7) 
    -change in  Lower Eyre (± 100,000 ha) 13.00 12 4.10 2 n.s. 
      
 
Small waders 

     

Null 19.68 16    
Wetland area in survey area 17.97 15 1.71 1 n.s. 
Change in survey area (± 20,000 ha)   12.45 12 5.22 2 n.s. 
      
Wetland area in Lake Eyre Basin 18.33 14 0.27 1 n.s. 
       - wetland area in Upper Eyre 17.32 14 1.28 1 n.s. 
       - wetland area in Lower Eyre 19.19 15 0.50 1 n.s. 
      
Change in Lake Eyre Basin (± 100,000 ha) 9.72 11 6.84 2 * (41.3) 
    -change in  Upper Eyre (± 100,000 ha) 11.95 11 4.61 2 n.s. 
    -change in  Lower Eyre (± 100,000 ha) 17.21 12 0.45 2 n.s. 
      
 

 

 

 

 

 

 

 

Table 5.6  Direction of change (+ or ─) in waterbird numbers for significant factors in 
GLM for each waterbird functional group in the Paroo catchment and in the survey area 
as a whole. Significance of result based on t-value (positive response indicated by + p < 
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0.05, ++ p < 0.01, +++ p < 0.001 and negative responses indicated by ─ p < 0.05,   ─ ─ p 
< 0.01, n.s. indicates not significant). Note: Cobham catchment data not included (see 
earlier). 

 

 
Factor  Paroo Survey area 

 
Fish-eaters 

  

wetland area in Lake Eyre Basin + + n.s. 
wetland area in Lower Eyre + + n.s. 
increase in wetland area in  Upper Eyre  + + + n.s. 
decrease in wetland area in Upper Eyre + + n.s. 
   
 
Deepwater foragers and diving ducks 

  

wetland area in Lake Eyre Basin + + n.s. 
increase in wetland area in Upper Eyre  + + n.s. 
decrease in wetland area in Upper Eyre + + + n.s. 
   
 
Dabbling ducks 

  

wetland area in Lake Eyre Basin ─ n.s. 
increase in wetland area in Lake Eyre Basin ─ ─ 
decrease in wetland area in Lake Eyre Basin + + 
   
 
Foraging waterfowl 

  

 decrease in wetland area n.s. + 
 decrease in wetland area in Upper Eyre + + + + + + 
 increase in  wetland area in Lower Eyre  + + 
 decrease in wetland area in Lower Eyre + + + + + 
   
 
Shoreline foragers 

  

 n.s. n.s. 
   
 
Large waders 

  

decrease in wetland area in Upper Eyre + + + + 
   
 
Small waders 

  

increase in wetland area  ─ ─ n.s. 
increase in wetland area in Upper Eyre ─ ─ ─ ─ 
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Figure 5.4  Change in numbers of dabbling ducks (hatched bars) in the Paroo catchment 
and change in wetland area in the Lake Eyre Basin (open bars).est. indicates estimate and 
n.a., not available due to cloud cover in satellite imagery (see Section 3, this report). 
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Figure 5.5 Numbers of fish-eating waterbirds in the Paroo catchment (bottom) and 
changes to wetland area in the Upper Eyre region (top). est. indicates estimate and n.a., 
not available due to cloud cover in satellite imagery. 
 
 

 

5.3 Discussion 

5.3.1 Scale-dependent variability in abundance 

The analyses presented here suggest that the wetlands of the Lake Eyre Basin play a key 

role in determining waterbird abundance in the Paroo River catchment and possibly 

elsewhere in inland regions of eastern Australia. Of the three possible models which might 

explain changes in waterbird abundance in the surveyed area (see 5.0, this report), the third 

accounts for most of the variation. In this model, changes in waterbird abundance in the 

survey area occur in response to changes in wetland area elsewhere. For five of the seven 

functional groups of waterbirds, numbers increased in the Paroo when there had been a 

decline in wetland area in the Lake Eyre Basin. The Lake Eyre Basin on occasion has vast 
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areas of newly inundated wetland habitat which can support large numbers of waterbirds 

(Kingsford and Porter 1993;  Kingsford 1995;  Kingsford, Curtin and Porter 1999). As 

these waters recede the few semi-permanent wetlands in the basin are unlikely to support 

the large numbers of waterbirds that use the region during floods and they must move 

elsewhere.  

 

The correlation between a change in wetland area in the Lake Eyre Basin and waterbird 

numbers in the Paroo River catchment was not observed for the survey area as a whole. 

For fish-eating species and deep-water foragers and diving ducks there was no significant 

relationship. This suggests that the dynamics of waterbird abundance in the Paroo and 

Cobham catchments are different for some functional groups of waterbirds: the second 

model for change in waterbird abundance in the survey area. 

 

It is not clear from the data how the Cobham and Paroo catchments differ functionally. 

Unlike the Paroo, the greatest numbers of fish-eating species, deep-water foragers and 

diving ducks, and dabbling ducks observed in the Cobham catchment occurred on the 

largest wetland (Fig 5.3). However, a general model of an increase in waterbird numbers 

with increasing wetland size is not supported by other data from this catchment. It is likely 

that the large numbers of birds observed on Salt Lake (#4, Fig 5.1) in March 1993 were 

simply responding to a marked increase in food supply following inundation (see  

Braithwaite and Frith 1969; Maher and Carpenter 1984; Briggs and Maher 1985;  Crome 

1986). Individual wetland attributes affect local abundance of waterbirds (eg Halse et al 

1993;  Kingsford and Porter 1994;  Savard, Boyd and Smith 1994;  Murkin, Murkin and 

Ball 1997;  Timms 1997) rather than wetland size: first model for change in local 

abundance of waterbirds. The differences between wetlands may relate to food supply or 

some other factor, which may be accentuated by processes operating at much larger scales.  

 

Wetlands in the Paroo catchment often supported the greatest number of waterbirds when 

water levels inside and outside the survey area were low and the remaining wetlands began 

to operate as refugia for waterbirds (Maher 1991;  Maher and Braithwaite 1992;  Kingsford 

1996; also see Kingsford and Porter 1999). The importance of in-water processes for 

determining waterbird abundance is further supported by the independence of counts of 

waterbirds on adjacent wetlands. 
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The negative correlation between the abundance of dabbling ducks in the Paroo and 

wetland area in the Lake Eyre Basin and the positive correlation for fish-eating species, 

deep-water foragers and diving ducks, and foraging waterfowl suggests another scale of 

interaction for the latter groups. For dabbling ducks there is an immediate decline in 

numbers when there are floods in the Lake Eyre Basin and an increase as the floods recede 

(Fig 5.5). These changes in abundance in the Paroo may be in the 10,000s and involve 

virtually the whole population moving away from the surveyed wetlands in the three 

months between counts (Fig 5.2 and 5.5). This suggests that the Paroo is a true refuge for 

dabbling ducks, where birds are under few pressures to move out of the arid zone. By 

contrast, the positive correlation of abundance of fish-eating species, deep-water foragers 

and diving ducks, and foraging waterfowl in the Paroo to both increases and decreases in 

wetland area in the Lake Eyre Basin suggests a process of habitat use operating at larger 

spatial and temporal scales. Under this scenario, birds emigrate into the arid zone from 

more mesic regions during periods when there has been a sequence of floods. Bird 

numbers build up while habitat is sufficiently abundant that individuals are not competing 

for resources (Fig 5.7). Such a model has been proposed by Dorfman (1997) for 

cormorants in Australia.  

 

The negative correlation between abundance of small waders in the Paroo and wetland area 

is indicative of a process operating at large spatial scales and increases in wetland area 

may provide a trigger for movement elsewhere. Alternatively, the correlations are 

coincidental and passages of small waders across inland Australia occur independently of 

changes to wetland area, as long as some exist (see Thomas 1970). 

 

5.3.2 Models of waterbird movements 

Like other numerical or conceptual models of waterbird abundance and movement in 

Australia (Frith 1962, 1963;  Norman 1970;  Briggs 1977;  Gentilli and Bekle 1983; 

Woodall 1985;  Briggs and Holmes 1988; Norman and Nicholls 1991;  Halse et al 1993; 

Kingsford 1996;  Dorfman 1997;  Kingsford, Curtin and Porter 1999;  Kingsford and 

Porter 1999;  Kingsford et al 1999), this study identifies rainfall and its effects on wetland 

area as the primary driving factor of changes in distribution and abundance. However, 

unlike others the results of this study specifically identifies changes in wetland area in the 
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Lake Eyre Basin as the most significant factor determining the distribution and abundance 

of waterbirds in another part of the arid inland of Australia. The mobility of most 

waterbirds suggests that it is likely that this influence extends over large areas of the arid 

zone.  

 

This conclusion can be criticised on two grounds. Firstly, the relationships are correlative 

and birds may respond to changes in wetland area at another scale. Secondly, since 

wetland area in all other catchments in Australia have not been incorporated into the 

models, the analyses are incomplete. Kingsford (1996) and Kingsford and Porter (1999) 

propose a local movement model for ducks (Anatidae) in the Paroo River catchment in 

which birds disperse off the larger wetlands to the many small wetlands that occur on the 

floodplain during wet periods. These small wetlands are productive feeding habitat and 

retain water long enough for some species to breed (Lawler and Briggs 1991;  Kingsford 

1996 and references therein). As these small wetland dry out the birds return to the larger 

wetlands. There is nothing in the current study to discount this model for waterfowl. 

Wetland area in the Paroo is correlated with wetland area in the Upper Eyre region as the 

weather systems that bring rainfall to one are likely to bring rainfall to the other. 

 

It is unlikely that the factors that influence waterbird abundance in the survey area operate 

at only one scale and that those interactions are constant through time. The analyses 

presented in this section simply asked the question whether changes in waterbird 

abundance in the survey area could be explained by changes in wetland area in the Lake 

Eyre Basin. The abundance of habitat in that region (see Section 3) and the strength of the 

relationship between abundance and changes to wetland area in the Lake Eyre Basin 

amongst most functional groups of waterbirds suggests that the conclusion is reasonable. 

The same correlation was not evident for changes in wetland area in the Paroo catchment. 

 

It seems unlikely that the local movement model would adequately explain changes in 

waterbird abundance for the majority of functional groups of waterbirds. For fish-eating 

species in particular, the extensive wetlands of the Lake Eyre Basin, when in flood, 

provide a great abundance of food resources and numbers build-up following inundation 

(see Waterman and Read 1992;  Kingsford 1995; cf Dorfman 1997, p 161).  
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Taking into account the results of this study and the observations of Kingsford (1996), 

Dorfman (1997) and Kingsford and Porter (1999), the following models of waterbird 

movement into and out of the survey area are proposed. For fish-eating species, patterns of 

movement and abundance respond to changes in habitat availability at large spatial and 

temporal scales. Movement into and through the survey area is in response to an increase 

in the frequency of inundation in the Lake Eyre Basin or a large flood event (Fig 5.6), such 

as occurred in March 1989. Once full, the many wetlands in the Lake Eyre Basin may 

persist for several years (Kingsford, Curtin and Porter 1999) and continue to provide 

suitable habitat even though subsequent inflows of water may be relatively small compared 

to the original flood. Thereafter numbers in the survey area initially increase as the Lake 

Eyre Basin drys out (see Dorfman 1997, p158) and eventually decline as the inland 

continues to dry. This pattern of wetting and drying may extend over several years and is 

perhaps closest to the opportunistic model of wetland use in the arid zone proposed by 

Frith (1982) and others.  

 

 

For dabbling ducks the spatial and temporal scales at which they interact with changes in 

habitat are different to that proposed for fish-eating species. The abundance of dabbling 

ducks in the survey area appears more directly dependent on the abundance of habitat in 

the Lake Eyre Basin during wet periods and the persistence of wetlands in the Paroo 

during dry periods. Ducks are highly responsive to changes in resource availability and 

numbers change by orders of magnitude over short time periods. For example, numbers of 

ducks on Lake Blanche on the Lower Cooper Creek increased from less than 3,000 in 

August 1990 to approximately 20,000 by December and over 60,000 by February the next 

year (Kingsford, Curtin and Porter 1999). Changes of a similar magnitude were observed 

in the survey area (Fig 5.4). The proposed model of movement and change in abundance 

for dabbling ducks in the survey area is one in which habitat availability in the Lake Eyre 

Basin has a direct and immediate impact on numbers inside the survey area, both positive 

and negative (Fig 5.7). This overlays any local movement that may occur in response to 

local increases in habitat availability. In this model dabbling ducks in the survey area are 

opportunistic exploiters of any local increases in resources but largely dependent in the 
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longer term on the resources provided by the Lake Eyre Basin and the refugia in the Paroo 

and elsewhere, eg the Coongie Lakes. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.6   Model of movements of fish-eating waterbirds observed in the survey area 
(dashed line) in response to changes in habitat availability. Size of arrow proportional to 
the hypothesised strength of the response. Dark arrows are movements during periods of 
high habitat availability and grey arrows represent movements during dry periods. 
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Figure 5.7  Model of movements of dabbling ducks observed in the survey area (dashed 
line) in response to changes in habitat availability. Size of arrow proportional to the 
hypothesised strength of the response. Dark arrows are movements during periods of high 
habitat availability and grey arrows represent movements during dry periods. 
Incorporates the ideas of Kingsford (1996) and Kingsford and Porter (1999), 
 
 
 
5.4 Conclusion 
 
Unlike many waterbirds on other continents, it is not possible to predict the distribution of 

endemic waterbirds in inland Australia based on migratory routes or seasonal movements. 

Most endemic species that frequent the arid inland are regarded as nomadic, particularly 

waterfowl (Frith 1982;  Schodde 1982;  Davies 1984;  Briggs 1992;  Kingsford 1996). For 

waterbirds in north-western NSW the wetting and drying cycles of the Lake Eyre Basin 
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appear to have a greater influence on local abundance than local changes in wetland area. 

The geographical extent of this influence across Australia is open to conjecture but is 

likely to be large given the abundance of wetland habitat that occurs there. 

 

The associations identified here are strong but only correlative. The true importance of the 

Lake Eyre Basin to waterbirds will only be determined through a detailed understanding of 

the movements of waterbirds within and across regions in a range of environmental 

conditions. 

 

 

Section 6.  Conclusion 
 

6.0 Introduction 

In Australia, most endemic waterbirds are nomadic or move irregularly with no strong 

seasonal influences on their movement (see Frith 1982;  Marchant and Higgins 1990;  

Briggs 1992). Most are known to frequent the arid zone, and high concentrations of 

waterbirds have been recorded in the driest parts of the continent (Kingsford 1993, 1995; 

Halse, Pearson and Kay 1998;  Kingsford, Curtin and Porter 1999).  However, most of our 

understanding of waterbird ecology comes from studies outside the arid zone (Kingsford 

1995). Although valuable for elucidating many aspects of the feeding and breeding 

ecology of waterbirds, site-based studies have little predictive power as to the impacts of 

resource use decisions on waterbirds that move widely across the arid inland and the more 

mesic coastal regions of Australia. In the arid zone of Australia, water extraction and 

diversion have potential ecological impacts far distant from the point of extraction and, in 

the case of waterbirds, far beyond the limits of the catchment in which the extraction or 

diversion occurs (see below). As water resources come under increasing development 

pressure and the potential adverse effects of climate change become clearer, there is an 

urgent need for a landscape perspective of waterbird use of wetlands. 

 

 

 

6.1  Landscape ecology of waterbirds in Australia 
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Abundance of waterbirds varies considerably at local, regional and biogeographic scales, 

although the ecological processes determining change in abundance may be different at 

each scale. In ducks (Family Anatidae) in particular, there are marked differences in 

movement and breeding. Many Northern Hemisphere species are strongly migratory and 

exploit brief periods of high productivity at high latitudes to breed (Marchant and Higgins 

1990). Most regular movements by Southern Hemisphere species are local, with some 

(especially Australian) species being highly dispersive during periods of flooding or 

drought and altering their reproductive effort with environmental conditions (Kingsford 

1989; Briggs 1992). Patterns of habitat use and abundance are perhaps more easily 

explained in northern species where there are strong seasonal effects but, even there, 

geographic patterns of settlement to feed and breed are not fixed (eg Smith 1970; Johnson 

and Grier 1988; Lovvorn 1989; Hepp and Hines 1991).  

 

The results in Section 3 of this report show that while there is an abundance of wetland 

habitat in inland Australia, the distribution of habitat is highly variable in space and time. 

The period for which most individual wetlands retain water is extremely short relative to 

the lifespan of the individual. Thus, while it is self-evident that waterbirds in an arid 

environment must respond to environmental variation in resources, it is less clear as to the 

spatial and temporal scales at which they respond to changes in habitat availability and the 

impact this variation has on fitness of individuals in the population. For a sedentary species 

the effects of local changes in resource levels can be immediate and profound. For a 

mobile species, the significance of change will depend on the degree to which changes in 

one part of the landscape affects its fitness in another (Van Horne 1991;  Dolman and 

Sutherland 1994). 

 

The results in Section 5 of this report suggest that for some waterbirds in the arid zone, the 

impetus to move is a change in wetland availability elsewhere in the arid zone. 

Furthermore, these dynamics are sustained throughout wet and dry phases. This suggests 

that waterbird populations adjust their distribution to exploit abundant resources elsewhere 

or to avoid perishing as local resources decline. These changes in abundance may occur in 

response to irregular changes in habitat availability in regions many hundreds of 

kilometres distant. For dabbling ducks in the Paroo catchment, numbers changed in the 

opposite direction to local habitat availability. As wetlands in the Paroo and elsewhere 
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dried, numbers of waterbirds increased by orders of magnitude. During a wet phase 

numbers declined. The results in Section 5 suggest that they moved in response to changes 

in habitat availability in the Lake Eyre Basin even though local habitat availability was 

increasing. Thus, local changes in waterbird abundance do not reflect local habitat 

availability and birds are interacting with the landscape at larger scales. Furthermore, 

changes in habitat availability at the regional scale may influence waterbird abundance 

across the continental (see below).  

 

Maher and Braithwaite (1992) observed a similar increase in waterbird numbers in the 

Paroo River catchment during a drying phase. In their study, maximum density occurred 

two years after flooding, although change in numbers between samplings was both positive 

and negative. The timing of peak abundance varied among waterbird taxa. Herons, egrets, 

ibis and spoonbills were at their highest densities at the end of the wet phase, while grebes, 

ducks, terns and gulls were at their peak abundance during the dry phase. While the 

observations of Maher and Braithwaite support the premise that waterbirds are interacting 

with habitat availability at large spatial scales, changes in abundance were not consistent 

across all wetlands or functional groups of waterbirds. As with the current study, numbers 

of ducks and small waders declined on terminal playas following flooding and increased 

during the dry phase. However, this pattern was not true of all other wetlands, although 

true for the Paroo catchment as a whole. This suggests that local changes in waterbird 

abundance are a product of both local movement (Maher and Braithwaite 1992; Kingsford 

1996, Kingsford and Porter 1999) and regional responses to habitat availability (Section 5), 

and that these responses operate concurrently (see Lawler and Briggs 1991).  

 

Lawler and Briggs (1991) suggested that different elements of Australian wood duck 

(Chenonetta jubata) populations in north-western New South Wales initiate breeding in 

response to either local or regional changes in habitat availability. Furthermore, that these 

different elements were part of the one population moving on a constantly changing 

mosaic of habitat. The results of Section 5 suggest that most waterbird populations in the 

region respond to changes in habitat availability at the regional scale. These movements 

result in local abundance changing by orders of magnitude over short periods of time (eg 

Kingsford, Bedward and Porter 1994;  Kingsford 1996;  Kingsford, Curtin and Porter 
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1999) and local changes in abundance mostly reflect movement and not changes to 

population size. 

 

The results of Section 3 of this report show that during an 11-year period that included 

periods of drought, there were wetlands in the arid zone at all times. Habitat availability in 

the Lake Eyre Basin and Paroo catchment was particularly high, even when compared to 

more mesic regions in the south-east of the study area. Furthermore, modelling of wetland 

filling events suggested that patterns of wetland filling observed during those 11 years 

were typical of the previous 100 years (see Section 4, this report). Thus, the apparent 

paradox of high concentrations of waterbirds in the driest parts of the continent may be 

explained by an abundance of habitat that only becomes apparent when one integrates the 

occurrence of temporary resources at large spatial scales.  

 

The view that patterns of waterbirds abundance are determined by interactions with habitat 

at multiple scales is further supported when data on waterbird abundance in the lower 

Paroo catchment are viewed in conjunction with other abundance data. The period of 

lowest habitat availability in the study area as a whole (Section 3) during the 11 years 

studied was March 1988.  At this time most of the eastern half of the continent was in 

drought and wetland habitat was confined to the south-east of the continent and a few 

permanent wetlands in the Lake Eyre Basin, the Paroo catchment and several lakes in 

Western Australia, including Lake Gregory. At this time, numbers of waterbirds on Lake 

Gregory were estimated to exceed 650,000 (Halse, Pearson and Kay 1998). These included 

dabbling ducks (375,000; predominantly grey teal, Pacific black duck and pink-eared 

duck), deep water foragers and diving ducks (165,000; predominantly Eurasian coot and 

hardhead duck) and fish-eating species (66,500; predominantly little black cormorant, 

pelican and darter).  

 

An increase in waterbird numbers in the Paroo catchment in March 1988 when wetland 

area in the Lake Eyre Basin was low (Section 3) is consistent with a model in which the 

Paroo acts as a refuge during time of drought. This would require movement of hundreds 

of kilometres during a drying phase. That waterbird numbers on Lake Gregory were 

extremely high at the same time as waterbird abundance across eastern Australia are low 

(see Kingsford et al 1999) suggests that there is another scale of interaction that requires 
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movement over thousands of kilometres during a drying phase. Thus, some species may 

interact with available habitat at the continental scale. 

 

The abundance of temporary wetlands and the high degree of landscape connectivity 

across most of inland Australia (see Section 3) gives mobile species of waterbird the 

opportunity to utilise wetlands wherever they occur on the continent. A band recovery 

from a grey teal showed that it averaged at least 178km/day to cover more than 2,320km in 

13 days (Frith 1959b). This suggests that some waterbird species are capable of large daily 

movements across land hostile to waterbirds, or that large interconnected mosaics of 

wetland habitat exist that facilitate movement across large distances. While the results of 

Section 3 show that interconnected mosaics of wetlands create apparent pathways for 

movement of waterbirds across much of the continent, there is no indication of the 

capacities of waterbirds to move along these pathways nor the point in a drying phase 

where movement is no longer possible.  

 

6.2  Threats to waterbird populations 

6.2.1   Small scale perspectives on large scale processes 

If waterbirds interact with temporary wetlands on the regional and continental scales 

suggested here and arid Australia is core feeding and breeding habitat for some 

populations, resource use decisions that affect one part of the arid zone wetland mosaic 

could impact populations across much of the continent. Thus, resource use decisions that 

consider only local effects are inappropriate and conservation efforts that focus on 

individual wetlands with seasonally high waterbird abundance will fail in the absence of 

sympathetic management of other elements of the wetland mosaic (see Haig, Mehlman and 

Oring 1998). 

 

Conservation efforts for wetland ecosystems tend to concentrate on identifying individual 

wetlands that are deemed important based on some set of agreed criteria. In Australia the 

‘Directory of Important Wetlands’ (ANCA 1996) lists 520 wetlands, of which 42 are 

classified under the Ramsar Convention (Davis 1994) as wetlands of international 

importance. In the whole arid zone study area considered in this study (Section 3), only 

four non-coastal wetlands are classified under the Ramsar Convention, the Macquarie 

Marshes in New South Wales (see Kingsford and Thomas 1995), the Currawinya lakes that 
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include Lakes Wyara and Numalla, Lake Pinaroo in north-west New South Wales, and the 

Coongie Lakes in north-eastern South Australia.  

 

A wetland can be classified as internationally important based on its use by waterfowl, if a) 

it regularly supports 20,000 waterfowl; or b) it regularly supports substantial numbers of 

individuals from particular groups of waterfowl; or c) it regularly supports 1% of the 

individuals in a population of one species or subspecies of waterfowl (ANCA 1996). The 

ambiguity in these criteria is the frequency of occurrence that denotes the use of a wetland 

as ‘regular’. This study suggests that the regularity of waterbird occurrence is an 

inadequate criterion on which to judge wetland importance in the Australian context. For 

example, results from annual aerial surveys in northern New South Wales and southern 

Queensland show that pink-eared duck rarely occurred in high concentrations on the same 

wetland more than once in a 12 year period and that each year concentrations greater than 

1000 occurred on wetlands that had not been recorded to do so previously (Kingsford 

1996).  

 

An estimate of the waterbird population of arid Australia in a dry year, 1995, was upwards 

of 8 million birds (Kingsford and Halse 1999). Although this estimate should be treated 

with caution, it is an extraordinary number for a region that has few permanent wetlands. 

Viewed against the known variation in numbers at specific locations, this estimate of 

waterbird abundance highlights the dynamic nature of the relationship between waterbirds 

and habitat use and the likely difficulties in developing strategies that will conserve habitat 

adequately for waterbirds. Opinions on the ability of a reserve system to conserve mobile 

fauna that exploit ephemeral resources are mixed. Some advocate extensive networks of 

reserves and protected areas (Frederick et al. 1996; Fahse, Dean and Wissel 1998), while 

others are of the view that nomadic fauna defy adequate conservation using the reserve 

system model (Woinarski et al  1992). Alternatives to the reserve system are measures that 

protect conservation values on lands used for other purposes (Woinarski et al. 1992, 

Briggs 1994).  

 

It is unlikely that a program of waterbird population monitoring and adaptive management 

of resources, as advocated for North America (Nichols, Johnson and Williams 1995; 

Williams, Koneff and Smith 1997), will be adequate for the conservation of Australia’s 
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waterbird populations. Even if the resources were available to monitor waterbird numbers 

systematically across the continent, the background against which numbers vary is so 

variable that the opportunity to respond to any significant change in waterbird numbers 

would probably have passed by the time the agent(s) of change had been identified. 

 

 For waterbirds, the main conservation issue in Australia is water and its use (Briggs 1994, 

Kingsford 1999bc;  Kingsford and Halse 1999) and not the spatial arrangement of any 

reserve system established to protect them. The results of Section 3 show extensive 

potential habitat for waterbirds after inundation. The great difficulty in water management 

is the allocation of resources that are highly variable spatially and temporally and flow 

across regional and State boundaries (see Kingsford 1999c). The conservation of 

waterbirds in Australia will take a commitment by the community to the preservation of 

resources over large areas in the face of uncertain benefits and outcomes (see Kingsford 

and Halse 1999, Kingsford 1999b). 

 

6.2.2  Water extraction and diversion 

There are numerous examples of the negative impacts on wetland ecosystems of water 

extract or diversion, the most dramatic of which is the drying of the Aral Sea and its loss of 

biodiversity (Micklin 1988;  Williams and Aladin 1991). In arid Australia, the extraction 

or diversion of water has already had impacts on the ecology of our dryland rivers and 

wetland systems (eg Kingsford and Thomas 1995;  Kingsford and Johnson 1998), with the 

prospect that these impacts will expand to rivers as yet unaffected (Walker, Puckridge and 

Blanch 1997;  Kingsford, Boulton and Puckridge 1998;  Kingsford 1999;  Puckridge 

1999). What is less clear is the precise nature of the impacts on waterbird populations at 

the spatial and temporal scales at which waterbirds interact with habitat.  

 

Localised declines may be of little regional or national significance to the total population, 

or of such importance that populations never fully recover from resource use decisions that 

affect the extent or frequency of occurrence of feeding and breeding habitat on particular 

wetlands (see Maher 1988).  Given the small number of persistent wetlands in the arid 

zone (Section 3;  eg Coongie Lakes, Lakes Mipia and Koolivoe, the Bulloo Overflow and 

the Mullawoolka Basin), any resource use that altered the water regime of these wetlands 
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could significantly reduce the number of refugia for waterbirds in the arid zone at times of 

drought.  

 

Equally severe on waterbird populations may be water diversion that keeps peak flows 

below thresholds needed for breeding. The Macquarie Marshes are one of the most 

important breeding sites for colonially-nesting waterbirds in Australia (Kingsford and 

Johnson 1998 and references therein). The number of nests following regulation of the 

Macquarie River are currently estimated to be half those that could be expected on an 

unregulated river (Kingsford and Johnson 1998). Given the apparent response of 

waterbirds to changes in habitat availability over large geographic areas (Section 5), this 

decline in nest numbers could be expected to impact bird numbers over a large area. Some 

nomadic species of waterbird may depend on large populations to find habitat and 

stimulate breeding and therefore population changes due to habitat loss may be sudden and 

unpredictable (Frederick et al 1996). 

 

6.2.3  Climate change 

Typically it is assumed that the response of individual species to climate change is to alter 

their range limits or their abundance (Schneider and Root 1996). This model of change 

conceptualises the response as incremental, with steady alterations of range (Parmesan 

1996; Huntly 1997; Price 1997; Parmesan et al 1999) or changes in the timing of migration 

or breeding (Sparks and Carey 1995; Beebee 1997;  Root 1997;  Crick and Sparks 1999; 

Sparks 1999;  Sparks and Yates 1997) as temperatures steadily rise. This model of species 

responses to climate change developed from observations of temperate environments of the 

northern hemisphere where ecosystems are generally highly productive and subject to 

strong seasonal effects. The impacts of climate change on Australia’s biota are unlikely to 

be as predictable and are potentially catastrophic (Jones and Pittock 1997; also see 

Schneider and Root 1996). 

 

The Australian biota already deals with considerable climatic variability with multi-

decadel, regional, inter-annual and seasonal variability in rainfall (Stafford Smith and 

Morton 1990). Australian birds have a number of strategies to cope with this variation, 

including nomadism, physiological and behavioural adaptations to reduce water use, 

reproductive strategies triggered by rainfall, variation in clutch size and multiple broods 
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(depending on season) and colonial nesting (Schodde 1982;  Davies 1984). Thus, 

population increases are irregular and can be separated by years. In the case of the banded 

stilt (Cladorhynchus leucocephalus), an opportunistic breeder on shallow lakes of the arid 

inland, breeding events are infrequent and may be separated by a decade or more 

(Marchant and Higgins 1993 and references therein). These birds are reliant on the passage 

of the remnants of  tropical cyclones over the arid inland to fill one of the many shallow 

lakes, as occurred at Lake Torrens in 1989 (Williams, De Dekker and Shiel 1998) and 

Lake Ballard in 1992 (Minton, Pearson and Lane 1995). Any decrease in the frequency of 

large flood events in arid Australia has the potential to have catastrophic impacts on these 

and other species. 

 

There is greater uncertainty about the likely scenarios for climate change in Australia than 

elsewhere on the globe (CSIRO 1999). The two existing models of climate change for the 

Australian region differ in their complexity and the predicted direction of change for 

rainfall. The first is based only on ocean surface temperatures and predicts an increase in 

summer rainfall Australia wide of up to 30% by 2030, and a decline or no change in winter 

rainfall in the southern and eastern regions of the continent (CSIRO 1992;  CSIRO 1999). 

The second, a coupled ocean/atmosphere model, predicts a stronger and more extensive 

decrease in winter rainfall across the continent. Unlike the ocean temperature model, the 

coupled model predicts a general decrease in summer rainfall in Australia (CSIRO 1999). 

This is likely to be accompanied by a decrease in the frequency and intensity of summer 

rainfall. 

 

Given that most flooding events in inland Australia are tropical in origin (Section 4, this 

report), the most significant climatic change for waterbirds would be alterations to the 

frequency, path and intensity of tropical systems, particularly cyclones, across inland 

Australia.  Currently none of the climate models have the ability to predict changes in the 

behaviour or characteristics of tropical cyclones, and thus impacts of climate change over 

arid Australia remain highly speculative.  

 

If 20mm mean monthly rainfall in the previous 3 months is all that is required to initiate 

wetland filling across most of arid Australia, small changes in rainfall as a result of climate 

change will have large effects. For example, modest increases in mean rainfall, < 10%, 
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could transform some currently temporary wetlands to permanent wetlands (Bowler 1982;  

Kotwicki and Allan 1998). The transformation of a large water body, such as Lake Eyre 

(Kotwicki and Allan 1998), to a permanent wetland would likely reduce the multi-decadel 

and inter-annual variation in habitat in inland Australia for some species, such as fish-

eating species. With time this would likely produce a concomitant increase in abundance 

of some species. For waterfowl (ducks, geese and swans) the presence of a large 

permanent wetland may facilitate survival or negate the need to move elsewhere during 

periods of drought but is unlikely to produce the food resources needed for a marked 

increase in abundance to occur. For waterfowl in the Australian environment food 

resources are generally most abundant in the weeks and months immediately following 

inundation (Frith 1959;  Braithwaite and Frith 1969;  Maher and Carpenter 1984;  Briggs 

and Maher 1985;  Crome 1986;  Lawler and Briggs 1991). For there to be a marked 

increase in waterfowl abundance in inland Australia it is likely that the frequency of 

flooding of temporary wetlands would also need to increase.  

 

If the alternate climate change scenario were to happen, ie a decrease in rainfall in inland 

Australia, the impacts on species dependent on the inland wetlands could be catastrophic 

as the intervals between flooding events increase and opportunities to breed become 

increasingly infrequent. Particularly for species that breed almost exclusively on the 

temporary wetlands of the inland, such as the banded stilt and freckled duck (Stictonetta 

naevosa). In addition, significant habitat modification in the south-east of the continent 

(Briggs 1994) may reduce options for other species to adjust their distribution. In North 

American, numbers of waterfowl are predicted to decline by more than half by 2060 in 

response to declines in wetland abundance due to climate change (Sorenson et al 1998, 

also see Bethke and Nudds 1995). It is likely that changes in an already highly variable 

environment such as arid Australia would be at least as much and would potentially see 

numbers of some populations collapse. 

 
 
 
 
 
 



116 

 
 

Section 7.  Communication 
 
 
7.1  Publications arising (up to 30 August (1999). 

 
Refereed Papers 
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Roshier D A, D W Lamb and R M Rumbachs. Remote sensing and area estimation of arid 
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Roshier D A.  (1997). The response of waterbirds to variation in wetland availability in 

arid Australia. Birdlife International/ WWF Workshop on the impacts of Climate 
Change on Flora and Fauna. Boulder, Colorado, 19-22nd September 1997. 

 
Roshier D A. (1998). Spatial and temporal variation in wetland distribution in arid 
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habitats in arid Australia. Quaternary Deserts and Climate Change Conference (IGCP-
349), University of Wollongong, Australia, July 1997.  
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