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a b s t r a c t

Most early studies applying species distribution models (SDM) at large spatial scales (e.g.
global, continental or regional scale) use climatic/topographic predictors only. Remotely
sensed datasets are increasingly being used in local scale SDM for identifying, characterizing
and predicting animal habitats at the finer scales that are more relevant for on ground
biodiversity management. However, the SDMs based on remotely sensed data are rarely
assessed in highly fragmented landscapes, such as floodplains. In this study, we explore the
efficiency of using variables derived from time series of MODIS NDVI in models predicting
three turtle distributions in the highly fragmented Murray Darling Basin (MDB), Australia.
For each of the three broadly distributed turtles, namely, Macrochelodina expansa, Chelodina
longicollis and Emydura macquarii, we built five sets of Maxent (maximum entropy mod-
elling) SDMs, using a combination of the three classes of predictors (climatic, topographic,
and remotely sensed). We assessed the predictive power of these models using the area
under the receiver operating characteristic (AUC). In addition, we compared the models in
terms of niche overlap and the landscape metrics computed from the predicted distribution
maps. Our results demonstrated that the full models, which integrated all three classes of
predictors, were superior to other models with significantly higher AUC values (po0.001),
and was consistent for all three turtle species. For the best performing models, the NDVI-
based predictors had a larger contribution. Comparing with models with bioclimatic/
topographic variables, the models with topographic and NDVI-derived predictors had much
higher niche similarity with the best model (Schoener's D was 0.95, 0.95 and 0.94 for C.
longicollis, E. macquarii and M. expansa, respectively). Furthermore, models including
topographic and NDVI-derived variables predicted a more irregular and patchier config-
uration of suitable habitats reflecting the highly heterogeneous nature of the MDB flood-
plains. Our results demonstrated that NDVI based metrics have great potential in modelling
species distribution in fragmented patchy floodplains.

Crown Copyright & 2015 Published by Elsevier B.V. All rights reserved.

1. Introduction

Floodplains are among the most diverse, dynamic, pro-
ductive and populated (Naiman et al., 1993) but also the

most threatened (Tockner and Stanford, 2002) ecosystems
on Earth. Threats are mainly related to human activities
such river regulation and land clearing that cause habitat
loss and fragmentation (Krause et al., 2011). For example, in
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Murray–Darling Basin (MDB), the largest and most com-
mercially important river system in Australia, extensive
agricultural and water resource developments have caused
widespread degradation of both riverine and floodplain
biota with over 80% of the sub-basins in poor or very poor
condition (Davies et al., 2010). Currently, management
interventions, such as green infrastructure (European
Commission, 2011) and environmental water application,
i.e. allocating water to sustain the ecological integrity of
aquatic system (Mac Nally et al., 2014), are been increas-
ingly implemented to maintain and restore the degraded
ecosystems for biodiversity conservation. Because of the
multifunctional nature of floodplains, identifying and pre-
serving the distinct populations and their suitable habitats
in these highly fragmented landscape are the key to the
sustainability of any management programme.

Species distribution models (SDMs) aim to predict the
distribution of a species in geographic space based on its
known distribution in ecological/environmental space.
Through numerically relating the known species' occurrence
records with a suite of environmental variables of those
locations, the environmental conditions that are suitable for
a species can be defined (Elith and Leathwick, 2009). In the
past three decades, SDMs are increasingly being used in
many biological fields including biodiversity research (e.g.
Thuiller et al., 2004), conservation biology (e.g. Guisan and
Thuiller, 2005) and invasion biology (e.g. Palaoro et al., 2013).
The central premise of this approach is that the environ-
mental conditions at the occurrence locations can reasonably
explain species' physiology and probability of persistence
(Franklin, 2013). Among the diverse applications, SDMs have
been established as important management tools for pre-
dicting species distribution and identifying suitable habitat
to inform conservation decisions and priorities (Scott et al.,
2002; Austin, 2007; Carvalho et al., 2010).

SDMs are now widely used across terrestrial, fresh-
water, and marine realms for both animals and plants
(Elith and Leathwick, 2009). Nonetheless, there were few
applications of SDMs in the highly fragmented patchy
floodplains (but see Shirley et al., 2013). In such environ-
ments, small habitat patches are surrounded by a matrix of
converted area, and are often hydraulically disconnected
by a network of canals, levee banks and roads (Wen et al.,
2013). The “patchy distribution” may pose a challenge for
SDMs because coarse resolution (e.g. 41 km) climatic and
topographic predictors are often used as environmental
predictors of a species' distribution. Even though these
parameters broadly determine the species' fundamental
niche (Woodwards, 1987), the static and relatively uniform
topographic and climatic variables may lack discriminating
power for floodplain habitats. Thus, finer scale habitat
quality variables are needed to produce accurate predic-
tions (Wilson et al., 2013). Although habitat data acquired
through ground surveys allow the development of SDMs
based on variables that are more causally related to species
occurrence, resource constraints typically prevent detailed
habitat assessments that involve extensive surveys, espe-
cially for river basin level or regional studies.

The accelerating availability of diverse, remotely sensed
products opens up the possibility to investigate the causal or
driving forces for species' distribution beyond topographic

and climatic conditions (Bradley and Fleishman, 2008;
Spanhove et al., 2012) by adding measured land surface
characteristics, such as land cover change, vegetation phe-
nology and structure (Cord et al., 2014). In many cases, the
inclusion of predictor variables derived from remotely sensed
data improves the accuracy of the model (Pettorelli et al.,
2011). In particular, these models tend to refine the maps of
species distribution and habitat, compared with models
limited to climatic and topographical variables (Morán‐
Ordóñez et al., 2012). Remotely sensed data provide mea-
surements and surrogates directly related to vegetation type
and structure, biomass, and other ecosystem variables that
collectively improve our understanding of habitat character-
istics (Pettorelli et al., 2005, 2011; Bradley et al., 2012; Wen
et al., 2012). Of the many high resolution remote sensing
products, the multi-temporal MODIS NDVI retains informa-
tion along environmental gradients (Bradley and Fleishman,
2008; McGarigal et al., 2009; Pettorelli et al., 2011) as well as
accounting for intra- and inter-annual changes in the envir-
onment (Cord and Rödder, 2011). Therefore, using time series
of MODIS NDVI can reduce classification and interpretation
errors common in categorical predictor variables such as land
use and vegetation type (McGarigal et al., 2009). This is par-
ticularly beneficial when modelling animal distributions at
ecological transitional zones or in highly patchy and dynamic
environments such as floodplains.

In this study, we are interested in modelling the current
distribution of three freshwater turtles in the MDB within
New South Wales. There are four species of freshwater
turtle inhabiting the MDB, of which three, the broad-shelled
turtle (Macrochelodina expansa), the eastern snake-necked
(or long-necked) turtle (Chelodina longicollis) and the Mur-
ray (or Macquarie) turtle (Emydura macquarii) are widely
distributed (Georges and Thomson, 2010). The three species
co-exist, and share elements of a common habitat, such as
slow flowing streams and rivers, but each species has its
own particular habitat requirements. M. expansa is a
selective and specialised predator. Its preferred habitats are
permanent waters such as rivers or deep-water lakes with
an abundance of snags. C. longicollis is an omnivorous sca-
venger. It prefers shallow lakes, the highly productive
floodplain swamps, and ephemeral water bodies with
abundant invertebrates. E. macquarii, like M. expansa, is
dependent on permanent and stable water bodies. E. mac-
quarii feeds on vertebrate carrion and aquatic plants. It is
able to scrape periphyton from submerged logs. We exclude
from the modelling the western saw-shelled turtle (Myu-
chelys bellii), which is confined to a few headwater streams
(Fielder et al., 2012). Globally, freshwater turtles are one of
the most threatened animal groups, with many species
already listed as critically endangered (Buhlmann et al.,
2009). Although only M. expansa is listed as threatened in
Victoria and South Australia, there is evidence that the
population of all three turtles in the MDB are declining
(Chessman, 2011), primarily in response to habitat loss,
fragmentation and degradation. Sufficient knowledge of the
current distribution is required to mitigate these threats for
the restoration and conservation of the turtle populations.
Thus, understanding whether fine-scale predictor-based
remote sensing data are needed to accurately predict turtle
occurrence has direct management implications.

L. Wen et al. / Remote Sensing Applications: Society and Environment 1 (2015) 85–9786



Download English Version:

https://daneshyari.com/en/article/4458785

Download Persian Version:

https://daneshyari.com/article/4458785

Daneshyari.com

https://daneshyari.com/en/article/4458785
https://daneshyari.com/article/4458785
https://daneshyari.com

