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A B S T R A C T   

Semi-arid floodplain vegetation is an essential component of floodplain and terrestrial ecosystems due to the 
wide range of services provided for waterbirds, woodland birds, amphibians and mammals, together with their 
contribution to natural carbon sequestration. Since overbank flooding has been considered the driving factor of 
vegetation distribution on floodplains, sustainable water resource management requires a better understanding 
of the influence of inundation on vegetation distribution. We examined the relationship between the distribution 
of four flood-dependant vegetation communities and associated long term inundation metrics on the upper 
Darling River floodplain using electivity analysis and a generalised additive model (GAM) by generating a total of 
10,478 individual inundation maps with a high spatial resolution over a period of 29 years. Our results show that 
the four dominant vegetation communities are situated differently in relation to inundation attributes. The 
inundation metrics better explained the variation in the distribution of River Red Gum than those of Black box, 
Coolabah and Lignum communities. We found that the floodplain forests and woodlands in the upper Darling can 
survive longer periods of drought and shorter inundation duration than previously reported. The results provide 
practical information for ecosystem management by offering a means of predicting changes in vegetation dis-
tribution in relation to alteration in flow regime resulting from water planning arrangements or climate change.   

1. Introduction 

Overbank flooding is a dominant driver of vegetation distribution on 
floodplains, including arid and semi-arid regions of high hydrological 
variability. In these climatic settings, floodplain vegetation is particu-
larly important to regional biodiversity (Selwood et al., 2017). On the 
large intermittently inundated floodplains of semi-arid interior 
Australia, vegetation communities are spatially distributed in relation to 
periodic inundation and drought, which may influence seedling germi-
nation, recruitment of seedlings to the adult cohort, and interspecies 
competition (Capon, 2005; Capon and Brock, 2006; Rogers and Ralph 
et al., 2010). Previous studies have related the distribution of floodplain 
vegetation communities to patterns of inundation derived from satellite 
imagery (Bino et al., 2015; Thomas et al., 2015), with flood duration, 
periodicity and maximum inter-flood period being important predictors 
(Wen et al., 2009, 2018). These vegetation communities, often struc-
turally distinct, shape patterns in the distribution of biota on floodplains, 

providing a roosting and breeding habitat for waterbirds (Bino et al., 
2020), woodland birds (McGinness et al., 2010), amphibians (Mac Nally 
et al., 2017), and mammals (Iles et al., 2010), as well as influencing 
patterns of natural carbon sequestration (Whitaker et al., 2015). An 
understanding of the influence of inundation on floodplain vegetation 
distribution is, therefore, key to interpreting and predicting the impact 
of water resource development on a range of ecosystem services asso-
ciated with floodplains. 

Floodplain vegetation has been modified both by physical alterations 
to the floodplain and modifications to flow regimes, through the 
imposition of dams and other flow control structures in many of the 
world’s river basins (Mateo et al., 2014). The abstraction of water for 
irrigated agriculture has altered the timing and volume of available 
water for floodplain inundation, and concern for third party flooding 
impacts has further restricted the range of overbank flooding options 
accessible to water managers (MDBA, 2012). Apprehension about the 
effect of water sharing arrangements on the viability and integrity of 
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floodplain ecological communities has been a critical element of water 
planning in many jurisdictions, including the Murray Darling Basin 
(MDB), Australia’s most agriculturally important river basin. Water 
plans, therefore, require informed projections of the effect of watering 
arrangements on the distribution of floodplain vegetation communities, 
and by implication, the ecological communities and ecosystem services 
they support. 

The Darling River catchment forms the northern half of the MDB, and 
the expansion of irrigated agriculture has been particularly rapid in 
recent decades (MDBA, 2016). The development of on-farm water 
storages and large-scale water harvesting has reduced flows in the 
Darling by one third compared to long-term averages (MDBA, 2016), a 
decline likely to impact on floodplain vegetation. While the current 
distribution patterns reflect the historical inundation regimes, flooding 
requirements of recruitment differ from those needed for maintenance 
of mature communities (Rogers and Ralph et al., 2010). Inundation 
events over recent years are unlikely, therefore, to provide an accurate 
picture of hydrological conditions associated with floodplain vegetation 
recruitment. 

The characterisation of floodplain vegetation distribution based on 
inundation history does not allow forward projections unless linked in 
some way to a predictive model of inundation. However, the represen-
tation of floodplain inundation in river hydrology models is a chal-
lenging task. Detailed hydrodynamic representations of floodplain 
inundation are unviable over areas >1000 km2 (Teng et al., 2017) due to 
excessive run times, and modelling is complicated by the comparative 
lack of relief, and complex roughness associated with vegetation char-
acteristics (which may alter during a single flow event), and input and 
losses that are sometimes difficult to constrain within a model. 

To overcome these challenges, we previously developed a spatially 
explicit predictive inundation model for the upper Darling River flood-
plain using machine learning algorithms (Shaeri Karimi et al., 2019). 
Here, we utilised this model to characterise the inundation attributes 
associated with the key vegetation units on the upper Darling River 
floodplain an area that supports flood-dependent woody vegetation 
communities characteristic of the MDB. These include the River Red 
Gum (Eucalyptus camaldulensis), ubiquitously distributed through the 
MDB as a forest or woodland dominant, and typical of more frequently 
inundated river reaches. Coolabah (Eucalyptus coolabah), a woodland 
species more commonly found in the northern Murray Darling Basin 
where conditions become more hydrologically variable, is often asso-
ciated with ephemeral creek lines. The Black Box (Eucalyptus largiflorens) 
forms a woodland tolerant of the drier, less frequently inundated con-
ditions of the distal floodplain. Lignum (Duma florulenta) is a floodplain 
shrub, often densely forming, and tolerant of a range of drought and 
flood conditions. Their water requirements have been described in re-
views by Rogers and Ralph (2010), Roberts and Marston (2011) and 
Casanova (2015), though the evidence base for the hydrological de-
pendency of these species is often deduced from observations of limited 
spatial or temporal scale. Therefore, the upper Darling floodplain is an 
appropriate location to model the impacts of water resource develop-
ment on the distribution of the aforementioned dominant flood- 
dependant vegetation communities, given the importance of the river 
as a monitoring site (MDBA, 2016), and the availability of a high- 
resolution hydrological model and floodplain vegetation map. To ach-
ieve this, the distribution of vegetation communities needs to be char-
acterised in relation to inundation metrics predictable from the 
developed floodplain hydrology model. More specifically, we seek to 
determine the extent to which the distribution of E. camaldulensis, E. 
coolabah, E. largiflorens, and D. florulenta can be associated to flood 
duration, flood periodicity and inter-flood duration as represented by 
our hydrological model of the upper Darling River floodplain, and 
subsequently compare these results with the findings of previously 
published findings. If so, we can predict how modifications to flow 
regime, either through water planning arrangements or climate change 
might affect the spatial distribution of critical habitat on the Darling 

River floodplain. We also compare our results with the findings of pre-
viously published research. 

2. Materials and methods 

2.1. Study area 

The study area covers 1200 km2 of floodplain in the upper Darling 
River floodplain, located in north-western New South Wales (NSW) 
which is a part of the MDB in south-eastern Australia (Fig. 1c). The 
general topography of the study area is flat with elevations across most 
of the floodplain area being <100 m above sea level (Geocentric Datum 
of Australia). The area belongs to Köppen Climate zone of Bsh, i.e. hot 
semi-arid climate (Stern et al., 2000). The area is considered to have 
extreme climatic variability with low rainfall throughout the year 
(Thoms and Sheldon, 2000) and average annual rainfall for the period of 
1998–2020 totalling just 317.9 mm. The daily minimum and maximum 
temperature is 4.2 ◦C in July, and 37.7 ◦C in January, respectively 
(BOM, 2020). 

The study area is situated between two of twelve “umbrella envi-
ronmental assets” (MDBA, 2016) established by the Murray Darling 
Basin Authority for the monitoring of hydrological and ecological tar-
gets across the northern basin. The segment contains several wetlands of 
significance, including 320 km2 of Toorale National Park and State 
Conservation Area; however, grazing accounts for the primary land use 
across the study reach (Crown Lands and Water Division, 2017). There 
are diverse types of vegetation in the study area. Mitchel Grass grassland 
is the main vegetation type, covering >37% of the study area (444 km2), 
followed by Coolabah woodland at 167 km2. The other communities of 
interest for this study (Lignum shrubland, River Red Gum forest/ 
woodland and Black Box woodland) cover a combined total area of 93 
km2. 

2.2. Vegetation information 

The State Vegetation Type Map (SVTM) is provided by the NSW 
Department of Planning, Industry and Environment for almost 80% of 
NSW in ESRI shapefile format. The SVTM represents the most complete 
and consistent information available about the distribution of Plant 
Community Types (PCT) across NSW (https://www.environment.nsw. 
gov.au/vegetation/state-vegetation-type-map.htm). The mapping pro-
cedure followed two parallel workflows of classification and spatial 
analysis using the best available imagery, site survey records, and 
environmental information (see OEH, 2017, for more detail). 

The Western region PCT map was used in this paper, which covers 
the entire study area. Four vegetation communities (Fig. 1a) were cho-
sen as response variables for this study, including River Red Gum, Black 
Box, Coolabah, and Lignum. The selected vegetation communities 
constitute 21% of the study area: River Red Gum (3%), Black Box (1%), 
Coolabah (14%), and Lignum (3%). 

The vegetation presence/absence raster layer was generated using 
ArcGIS 10.6 (ESRI, 2018) from the SVTM vector with a spatial resolution 
of 30 m × 30 m to match the inundation data (Fig. 1b) 

2.3. Inundation regime characterisations 

We applied a previously developed and tested inundation model 
(Shaeri Karimi et al., 2019) to predict daily wetland inundation at a 30 m 
resolution as a function of hydrologic, climatic and topographic pa-
rameters across the Darling River floodplain. The primary model input 
variable, river discharge at the Bourke gauge, allowed us to represent 
inundation characteristics on the Darling River floodplain beyond the 
inundation “snapshots” provided by the Landsat archive, with the 
further potential of hindcasting and projecting hydrological 
characteristics. 

The model was used to simulate the daily time series of the 
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inundation extent from 1988 to 2016. According to Brennan et al. 
(2002), the majority of wetlands (>75%) in the study area commenced 
to flow at discharges between 14,000–50,000 ML/d. Accordingly, river 
discharge higher than 30,000 ML/d at Bourke station was set as the 
overbank flow threshold (Cooney, 1994; Sheldon, 2017). Thus, inun-
dation maps for days with discharge higher than 30,000 were produced 
and for the rest of the days with a discharge record lower than the 
threshold, a base map was created and inserted to complete the daily 
time series of inundation extent over 29 years for inundation analysis. 

More than ten thousand (10,478) individual inundation maps were 
generated and analysed pixel by pixel, to extract statistical summaries of 
three major components of inundation regimes that are most important 
for plant species over longer time-scales: frequency, duration and inter- 
flood (Roberts et al., 2000; Thomas et al., 2015). 

In this study, total inundation (TI) was defined as the total number of 
days that each pixel was inundated over the period of record. The 
average duration of inundation (ADI) was calculated as the average 
length of individual inundation events. Maximum inter-flood (MIF) was 
characterised by identifying the maximum period between two 
consecutive flood events; in other words, the maximum number of days 
without flooding. 

TI, ADI, and MIF (inundation characteristics) were calculated for 
each pixel using the statistical software R (R Core Team, 2019). The 
maps are shown in Fig. 2. 

2.4. Data analysis 

The total inundation, the average duration of inundation, and the 
maximum inter-flood maps were categorised into different classes. The 
three classified inundation measures were overlayed on the four 
different presence/absence vegetation maps to count all pixels with the 
same vegetation type from each category of the inundation character-
istics (Fig. 3). 

2.4.1. Electivity analysis 
Statistical associations between vegetation communities and the 

three calculated inundation measures were evaluated using an electivity 
index that has been applied successfully in landscape ecology (Pastor 
and Broschart, 1990; Host et al., 1996; Pan et al., 1999; Jensen and 
Bourgeron, 2001; De Jager et al., 2016; Miller-Adamany et al., 2019). 
This index was used to study whether a particular vegetation community 
elects for a given inundation feature, and if so, then it provides water 
managers with a prescription of broad-scale conditions that may be 
required for successful water allocation under a given set of environ-
mental conditions (Theiling et al., 2012). 

The formula to calculate the electivity indices of each vegetation 
community for each class of TI, ADI, and MIF was (Jacobs, 1974; Jen-
kins, 1979): 

Eij = ln
⌈(

rij
)(

1 − pij
)/(

pij
)(

1 − rij
)⌉

(1) 

where Eij was the electivity for vegetation type i on inundation class j. 

Fig. 1. a) Distribution map of targeted vegetation communities in the study area. b) Presence/Absence map of vegetation communities. Red, orange, green and blue 
coloured areas show the presence of vegetation communities (pixel value = 1) for Black Box, Coolabah, Lignum and River Red Gum respectively, whereas grey areas 
have pixel values of 0 representing an absence of each vegetation type. c) Location of the Darling River catchment, within the MDB in south-eastern Australia. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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rij was the proportion of vegetation type i at inundation class j, and pij 
was the proportion of the floodplain occupied by inundation class j. An 
electivity index <0 indicates avoidance, whereas values >0 imply a 
preference by the vegetation type for a given inundation class. 

The statistical significance of each Eij was tested using chi-square 
goodness of fit with one degree of freedom according to the following 
equation in Jenkins (1979): 

X2 = E2
ij/
[
1/xij + 1/

(
mj − xij

)
+ 1/yi + 1/(nt − yi)

]
(2)  

where xij was the area of vegetation type i on inundation class j, yi was 
the total area of vegetation type i in the floodplain, mj was the area of 
inundation class j and nt was the area of the entire floodplain. 

2.4.2. Generalised additive models 
To improve our understanding of inundation effects on vegetation 

distribution, the relationship between inundation characteristics and 
vegetation occurrence was examined using generalised additive models 
(GAMs; Hastie and Tibshirani, 1990). GAMs were chosen because of the 
ecological interpretability of their non-parametric response curves 
(Lehmann et al., 2002). Another advantage of using GAMs is that they 
can determine the non-linear relationship between a response variable 
and multiple explanatory variables without any restrictive assumptions, 
which means being data-driven rather than model-driven (Guisan et al. 
2002). 

To build the GAMs, the presence/absence vegetation maps were used 
as the response variable. For each of the four vegetation communities, a 
model was fitted by inundation explanatory variables using four sets of 
sample data. To ensure an equal prevalence (0.5) between presences and 
absences to avoid negative prevalence effects (Manel et al., 2001; Liu 

et al., 2005; Maggini et al., 2006; Guisan et al., 2017), a balanced 
random-stratified sampling design (Hirzel and Guisan, 2002) was 
followed. 

For each vegetation community, all the presence pixels were 
selected. To sample a number of absence records equal to the number of 
presences, the study area was stratified based on inundation charac-
teristics, including TI, ADI and MIF, using K-means clustering through 
the “unsuperClass” function in the “RStoolbox” R package (Leutner 
et al., 2019). A ratio of total presence/absence was randomly selected 
from each stratum out of absence pixels. This form of sampling indicates 
that our samples were roughly representative of the entire study area. 

Prior to model fitting, the collinearity of inundation variables was 
tested. Based on Dormann et al. (2013), the total inundation was highly 
collinear with the average duration of inundation (|r| > 0.7). As inter-
pretability of the results and the unique information provided by all 
explanatory variables were the primary objectives of the models; hence, 
instead of excluding the collinear variables or using principal compo-
nents analysis (Dormann et al., 2013; McElreath, 2016), two models 
were built for each vegetation community: one as a function of average 
duration and maximum inter-flood, and a second one as a function of 
total inundation and maximum inter-flood. 

Binomial GAMs were performed with the “mgcv” R package (Wood, 
2011) using a logit link function. Restricted Maximum Likelihood 
(REML) was selected for the automated estimator of smoothing pa-
rameters (Marra and Wood, 2011). The basis dimensions for TI, ADI, and 
MIF were specified as 10 to allow for potentially complex non-linear 
relationships. The Akaike Information Criterion (AIC), adjusted R2 and 
the percentage of deviance explained were used to assess the goodness of 
fit of the models. Additionally, modelling results were evaluated using 

Fig. 2. Spatial distribution of a) total inundation; b) average duration; and c) maximum inter-flood.  
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partial response curves. 

3. Results 

A general overview of inundation metrics preferred by different 
vegetation communities is shown in Fig. 3. It can be observed that 
almost 80% of the Black Box community was present in the areas with an 
inundation duration of one week or less. Half of the Coolabah preferred 
an average flood duration of two to three weeks, whereas, >70% of 
Lignum appeared in areas with the average duration between 7 and 14 
days. Finally, 60% of the River Red Gum community occurred in regions 
with inundation duration of 8 weeks and higher (Fig. 3a). 

With regards to the total inundation (Fig. 3b), the 3-month inunda-
tion class appeared to be the dominant class for Black Box (67%). About 
45% of the Lignum community occupied terrain that was inundated for 
3–9 months in the entire period studied. >80% of River Red Gum 
appeared to have a total inundation of 18 to 24 months, and nearly 70% 
of Coolabah occurred in a range of 12 to 24 months. 

In Fig. 3c, it is clear that River Red Gum, Coolabah and Lignum could 
survive a maximum of 5 to 15 years of inter-flood while this appeared to 
be >25 years for more than half of the Black Box community. 

Table 1 shows the association between each vegetation community 

and inundation parameters based on electivity analysis. The average 
duration of 7 days or less was only preferred by Black Box community. 
14 to 35 days of flood duration were favoured for both Coolabah and 
Lignum, while River Red Gum showed a strong positive association to 
the duration of 21 days and higher. The most preferred total inundation 
classes are 3 months and less for Black Box, 9 months and more for 
Coolabah, 15 to 21 months for Lignum and 15 months and higher for the 
River Red Gum community. There were strong preferences of a period of 
<10 years without flooding for Coolabah and River Red Gum commu-
nities, while Lignum and Black Box showed a higher range of tolerance. 

Two different GAMs were applied to estimate how inundation pa-
rameters influence the distribution of vegetation communities. GAM1 
was built involving average duration of inundation, and maximum inter- 
flood as explanatory variables, while total inundation and maximum 
inter-flood were used for GAM2. Comparative results from the two GAMs 
are summarized in Table 2 for each vegetation community. All three 
inundation variables included in the GAMs were statistically highly 
significant. 

Goodness of fit of the models ranged from 4% to 52% based on the 
percentage of deviance explained which shows the percentage of vege-
tation’s presence and absence variability explained by the models 
(Table 2). River Red Gum was the vegetation community best explained 

Fig. 3. Percentage of the four vegetation communities on each class of a) average duration of inundation, b) total inundation, and c) maximum inter-flood.  
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by inundation measures suggesting the most substantial impact of 
inundation on the presence and absence of this community. 

The low values of deviance explained for Lignum, Coolabah and 
Black Box, indicate that inundation variables are not sufficient to 
describe the vegetation distribution. Other environmental variables 
should be considered to improve the distribution model and achieve a 
higher proportion of explained deviance for these communities, espe-
cially if the models are going to be used for prediction purposes. 

Individual vegetation responses to the inundation parameters were 
also identified using partial response curves and compared with elec-
tivity indices (Figs. 4 and 5). Visual comparison of the electivity indices 
with GAM response curves for River Red Gum showed high similarity 
among the results (Fig. 4). According to both methods, probability of 
River Red Gum presence was high at ADI > 21 days, TI > 450 days, and 
MIF < 12 years. The GAM response curves for other vegetation com-
munities also support the electivity results (Fig. 5). 

4. Discussion 

Knowledge of water requirements of wetland vegetation is critical 
for sustainable water resource management, aiming to maintain the 
ecological integrity of the river-floodplain system (Swirepik et al., 
2016). A quantitative flow-ecology relationship is required to support 
environmental water managers in making decisions about how much 
and when to prescribe water releases from large dams to attain envi-
ronmental targets (Rosenfeld, 2017). Although there is substantial 
literature on flow-ecology relationships (Webb et al., 2013; Chen and 

Olden, 2018), the majority are for in-stream biota, particularly fish. 
Moreover, the transferability of the empirical flow-ecology relationships 
across space and time varies between species (Chen and Olden, 2018). In 
this study, we quantified the water requirements of four major woody 
vegetation communities in the semi-arid Australian floodplain by link-
ing the community occurrence and the inundation history derived from 
a well-calibrated and spatially explicit fine-scale inundation model 
(Shaeri Karimi et al., 2019). We found that the floodplain forests and 
woodlands in the upper Darling were generally able to survive longer 
drought than suggested by previous studies (Table 3). Specifically, the 
woodlands can survive longer drought and shorter inundation duration 
than previously suggested. Our findings highlight the importance of 
local-scale research for effective environmental water management. 

River Red Gum is the most studied of the four communities. How-
ever, much of current understanding of the water requirements of 
floodplain vegetation in the MDB has been derived from studies in the 
southern part of the basin (Roberts and Marston, 2011; Colloff et al., 
2015) where conditions are less arid and hydrologically variable than 
the northern basin. Further, subspecies of the dominant tree species may 
differ across the basin. Both E. camaldulensis and E. coolabah have sub-
species arida more commonly encountered in the northern basin, which 
may confer differences in drought tolerance to those subspecies 
observed in the southern basin. These considerations along with the 
detail made possible by the mapping and hydrological modelling of 
species at a landscape scale may explain some of the differences between 
our findings and previous reviews of water tolerances of dominant 
floodplain tree species of the MDB (Table 3). 

The maximum inter-flood period associated with the distribution of 
River Red Gum in the Darling is consistent with estimates provided by 
Doody et al. (2015) for the Yanga National Park in the Southern MDB, 
who suggested that while the species could survive droughts of up to 15 
years, below-average rainfall would likely leave the species in very poor 
condition, and many would die. Mapping of the extent and condition of 
River Red Gum in the Macquarie Marshes in the northern MDB before, 
during and following the “millennial drought” of 1999–2009 has 
demonstrated the tolerance of the species to droughts of decadal dura-
tion (Bino et al., 2015, Sandi et al., 2019). 

Black Box is a drought-hardy tree, occurring on floodplains with 
irregular and infrequent flooding, but also in areas that are almost never 
flooded (Casanova 2015). The survival thresholds currently acknowl-
edged by water managers are mainly based on studies in South Australia 
such as the Chowilla floodplain, where the survival of floodplain trees is 
dependent on the infrequent flooding to freshen the shallow saline 
groundwater (Doody et al. 2009). In our study area, the aquifer within 
the reach of root system imposes a low risk to the floodplain trees in 
terms of salinity (Overton et al., 2018). The accessible fresher ground-
water might contribute to the relatively longer inter-flood period. 

In the MDB, Lignum can occur as extensive shrubland and as un-
derstory in woodlands such as Black Box and River Cooba (Roberts and 
Marston, 2011). It can persist in a relatively dormant state for long pe-
riods, growing only when conditions are favourable (i.e. flooding or 
heavy rainfall), reflecting the high resistance to water deficits (Wen 
et al., 2018). Our results showed that there were considerable overlaps 
in the preferred maximum inter-flood period between Lignum and Black 
Box, reflecting the coexistence of the two species often observed in the 
upper Darling floodplain. 

Table 1 
Electivity indices for the four vegetation types and different inundation 
characteristics.  

Inundation Measures Vegetation Communities 

Average Duration (day) Black Box Coolabah Lignum River Red Gum 

0–7 +1.83* − 1.99* − 0.08* − 5.02* 
7–14 − 1.40* − 0.23* − 0.09* − 2.51* 
14–21 − 1.34* +0.90* +0.22* − 0.23* 
21–28 − 1.36* +1.18* +0.20* +1.02* 
28–35 − 1.19* +1.03* +0.47* +1.49* 
35–42 − 0.97* +1.22* − 0.12* +2.57* 
> 42 − 0.61* +0.30* − 0.04 +2.96*  

Total Inundation (month) 
< 3 +1.82* − 2.73* − 0.55* − 6.25* 
3–6 − 0.12* − 1.17* +0.58* − 4.74* 
6–9 − 1.49* − 0.48* − 0.06* − 3.18* 
9–12 − 1.67* +0.11* − 0.53* − 2.12* 
12–15 − 1.30* +0.64* − 0.17* − 0.88* 
15–18 − 1.51* +1.04* +0.17* +0.09* 
18–21 − 1.31* +1.09* +0.47* +1.31* 
21–24 − 0.96* +1.22* − 0.15* +2.57* 
> 24 − 0.61* +0.30* − 0.04 +2.96*  

Max Inter-flood (year) 
< 5 − 0.61* +0.30* − 0.04 +2.96* 
5–10 − 1.64* +1.71* − 0.10* +1.53* 
10–15 − 0.48* − 1.05* +0.54* − 3.65* 
15–20 +1.35* − 2.17* +1.48* − 5.45* 
20–25 +1.63* − 2.12* +0.40* − 3.68* 
> 25 +1.66* − 3.59* − 1.50* − 6.63*  

* Indicates that electivity index is significantly different from 0 at p < 0.001 

Table 2 
Results from GAMs performed between the presence/absence of four vegetation communities and inundation characteristics.  

Community GAM1: s(ADI) + s(MIF) GAM2: s(TI) + s(MIF) 

AIC R2 (adj) Dev. explained (%) AIC R2 (adj) Dev. explained (%) 

Black Box 58,117  0.197  16.7 57,419  0.205 17.7 
Coolabah 421,257  0.216  16.6 421,843  0.214 16.4 
Lignum 108,176  0.051  3.73 106,543  0.071 5.19 
River Red Gum 44,229  0.569  49.6 42,166  0.593 52  
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Despite being an iconic species in the hot and dry northern MDB and 
Lake Eyre Basin, the water requirements of Coolabah are not well 
defined (Roberts and Marston, 2011). Thus, our findings fill a significant 
knowledge gap. Wen et al. (2018) found that Coolabah and Black Box 
communities had comparable resilience to water deficits suggesting they 
can both survive prolonged drought as confirmed in this study. 

The thresholds reported in this study are for the sustenance of the 
vegetation communities only because vegetation condition cannot be 
inferred from the current vegetation map. Under prolonged drought or 
insufficient inundation (i.e. short duration), all vegetation communities 
will be stressed and suffer a reduction in the ecological values they 
provide. For example, Lignum shrubland is an important habitat for 
colonially nesting waterbirds and the freckled duck (Foster, 2015), a 
contribution not provided in the degraded state. The management 
intention of the Murray Darling Basin Authority is to maintain at least 
70–90% of forests in good condition, a state which cannot be maintained 
if watering strategies shift towards the outer limits of drought tolerance. 

There are some limitations associated with the inference of flood 
tolerance and preference based on our hydrological modelling. First, 
access to groundwater is important to the survival of trees on the 
floodplain (Arthur et al., 2011; McGinness et al., 2013), and ground-
water could not be represented in our model. Intermittent flood pulses 
during extensive droughts can recharge lateral bank groundwater re-
serves to a distance of up to 120 m on the Murray River (Doody et al., 
2014) providing a subsidy to River Red Gum. The wide range of flood 
tolerances observed for Coolabah and Black Box in our study may relate 
to their capacity to utilise groundwater to several metres’ depth in distal 
floodplain locations (Colloff et al., 2015). In our study system, the Upper 
Darling alluvial groundwater can be conceptualised as having a shallow 
(i.e. sediments of the Narrabri formation) and a deep (i.e. Gunnedah and 
Cubbaroo formations) aquifer system (Geoscience Australia, 2019). The 
shallow aquifer reaches a depth of 25 m below ground level (NSW 
Government, 2020), thus, the shallow groundwater is within reach of 

the investigated woodland communities and could have great effects on 
the survival and persistence of the tree species. The shallow (fresh and 
accessible) and deep (saline and non-available) aquifers are generally 
not hydraulically connected, and the shallow aquifers are typically 
perched and recharged directly via the Darling River channel in high 
river flows, and the floodplain in overbank events (NSW Government, 
2020). Therefore, the groundwater available for plants is also directly 
associated with inundation regimes, and the presence of sediment 
aquifers may act as a buffer to prolong vegetation survival during 
extended drought events. Second, Lignum can exhibit dieback following 
extensive drought (Doody and Overton, 2012), and recover of condition 
following drought is longer on the Darling than for the floodplain tree 
species (Wen et al., 2018). The phase of recovery during the mapping 
exercise is challenging to interpret, and may, therefore, present a con-
servative estimate of the drought tolerance of Lignum. 

5. Conclusion 

By combining machine learning techniques and environmental pa-
rameters along with the vegetation community occurrence to identify 
the relationship between vegetation distribution and inundation char-
acteristics, the technical challenge of flow-ecology modelling in flood-
plains which is critical for sustainable water resource management, was 
overcome. In this study, the electivity indices better served our purpose 
than GAMs by clearly showing the positive or negative association be-
tween each class of inundation metrics and vegetation occurrence. 
However, GAM results confirmed that, although the hydrological regime 
is reported to be a critical factor influencing vegetation distribution, 
other environmental factors should be considered while studying 
vegetation distribution especially for Black Box, Coolabah and Lignum. 
This study has important implications for sustainable water resource 
management in the MDB as it enhances our understanding of the 
inundation requirements of four key floodplain vegetation communities 

Fig. 4. Visualization of the associations between the distribution of River Red Gum community and inundation metrics. a) Electivity plots indicating the rela-
tionship between River Red Gum presence or absence and average duration of inundation, total inundation and maximum inter-flood. Partial response curves of 
GAMs for River Red Gum community based on b) average duration and max inter-flood (GAM1), and c) total inundation and max inter-flood (GAM2). Shaded areas 
around the response curve are 95% confidence intervals of the estimated curves. The vertical bars on the x-axis indicate observation values of each inundation 
variables. The y-axis label indicates the covariate name and the estimated degrees of freedom of the smooth curve. The y-axis represents the probability of occurrence 
of River Red Gum in logit scale. The zero value indicates the probability of 50%; for example, the probability of occurrence of River Red Gum is higher than 50% in 
areas with the average duration of inundation higher than 20 days. (For interpretation of the references to colour in this figure legend, the reader is referred to the 
web version of this article.) 

S. Shaeri Karimi et al.                                                                                                                                                                                                                         



Ecological Indicators 124 (2021) 107429

8

Fig. 5. a) Electivity plots indicating the relationship between vegetation occurrence and different inundation classes. b) Partial response curves of GAM1 (Left), and 
GAM2 (Right), showing the relationships between the four selected vegetation communities and explanatory variables. The y-axes represent the responses of 
vegetation presence and absence to the respective variables. For each variable, the smoothed function (s) from the model denotes the degrees of freedom. e.g., s(ADI, 
8.63) means the smooth function for average duration having 8.63 degrees of freedom. 
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critically and provides a tool for predicting the impact of future water 
development projects or climate change on floodplain vegetation 
communities. 
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