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ABSTRACT
Recent changes in climate are transforming the situation of life on Earth,
including impacting the conservation status of many plant and animal species.
This study aims to evaluate potential impacts of climate change on a medicinal plant
that is known to be heat-tolerant, Capparis spinosa L. We used ecological niche
modeling to estimate current and future potential distributions for the species,
considering two emissions scenarios and five climate models for two time periods
(2050 and 2070). The results in terms of areal coverage at different suitability levels in
the future were closely similar to its present-day distribution; indeed, only
minor differences existed in highly suitable area, with increases of only 0.2–0.3% in
suitable area for 2050 and 2070 under representative concentration pathway 4.5.
Given that climate-mediated range shifts in the species are expected to be minor,
conservation attention to this species can focus on minimizing local effects of
anthropogenic activity.
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INTRODUCTION
In recent years, climate change has been established as a clear and emerging global
process, and adverse impacts on biological elements have been reported worldwide
(Bellard et al., 2012). Climate change effects have been documented for both
human populations and biodiversity (Chang et al., 2015); examples of the latter include
pest and disease outbreaks (Woods, Coates & Hamann, 2005), temporal reproductive
isolation (Lowry & Willis, 2010), and changes in species’ distribution and phenology
(Peterson et al., 2004). The situation is expected to become more dramatic as the
pace and magnitude of environmental changes quicken (Meehl et al., 2007),
and may prove to be more adverse in developing countries as compared to developed
countries (IPCC, 2014).

How to cite this article Ashraf et al. (2018), Impacts of climate change on Capparis spinosa L. based on ecological niche modeling.
PeerJ 6:e5792; DOI 10.7717/peerj.5792

Submitted 26 April 2018
Accepted 19 September 2018
Published 16 October 2018

Corresponding author
Uzma Ashraf,
ozmaashraf@gmail.com

Academic editor
Lisa Schwanz

Additional Information and
Declarations can be found on
page 9

DOI 10.7717/peerj.5792

Copyright
2018 Ashraf et al.

Distributed under
Creative Commons CC-BY 4.0

http://dx.doi.org/10.7717/peerj.5792
mailto:ozmaashraf@�gmail.�com
https://peerj.com/academic-boards/editors/
https://peerj.com/academic-boards/editors/
http://dx.doi.org/10.7717/peerj.5792
http://www.creativecommons.org/licenses/by/4.0/
http://www.creativecommons.org/licenses/by/4.0/
https://peerj.com/


Capparis spinosa, known commonly as flinders rose or caper bush, is an evergreen shrub
that prefers dry heat and intense sunlight. The drought- and salt-tolerant nature of the
species allows it to persist in a wide range of habitats, even on nutrient-poor, sandy,
and gravelly soils (Özkahraman, 1997; Sakcali, Bahadir & Ozturk, 2008). The species is
apparently native to dry regions of western and central Asia; however, long ago it spread to
the Mediterranean Basin, southern Europe, North and East Africa, Madagascar,
Australia, and Oceania (Inocencio et al., 2002; Chedraoui et al., 2017). Although sometimes
considered a weed, it has a long history as an archaeophyte (Jiang et al., 2007).
Immature flower buds, unripe fruits, and shoots are consumed as foods or condiments.
Flower buds, fruits, seeds, shoots, and bark of roots were traditionally used for
pharmacological purposes, especially for treating rheumatism (Jiang et al., 2007; Renfrew,
1973). This plant is widely appreciated for its medicinal properties, including curative
properties for a variety of health problems, particularly diseases of the spleen, kidney,
and liver (Sakcali, Bahadir & Ozturk, 2008; Khatib et al., 2016). These properties
apparently derive from compounds such as rutin, carotenoid, vitamin C, and
tocopherols (Khatib et al., 2016). This plant is also potentially important in combating
desertification and minimizing soil erosion, thanks to its drought-resistant natural history
(Sakcali, Bahadir & Ozturk, 2008).

Ecological niche modeling (ENM) and the related ideas of species distribution
modeling and habitat suitability modeling have gained popularity since they allow
evaluation of potential geographic distributions of species under scenarios of climate
change (Huntley et al., 2008). The approach employs information on environmental
variables associated with ecological niche constraints on a species in relation to
future distributions of those conditions as approximated by climate model outputs
(Araújo & Peterson, 2012). The result of these models is the coarse-resolution
correlative model of the ecological niche, which makes geographic predictions of the
distributional potential of species under present and future conditions. These models
are evaluated for predictive ability based on careful testing with independent
occurrence datasets.

Although several studies have examined structural and functional traits, phenotypic
plasticity, and genetic variation in this species (Saifi, Ibijbijen & Echchgadda, 2011;
Chedraoui et al., 2017), little information is available on its actual and potential geographic
distribution and climate change sensitivity. The present study therefore aims to
(1) characterize the species’ ecological niche with respect to climate, and (2) estimate
present and future potential distributional areas of C. spinosa worldwide.

MATERIALS AND METHODS
Study area and datasets
Occurrence data were obtained from the Global Biodiversity Information Facility
website (https://www.gbif.org), with an initial total of 6,371 occurrence points
corresponding to 15 infraspecies (Fig. 1; https://doi.org/10.15468/dl.cu3tvo). These data
were checked rigorously for georeferencing errors and spatial biases. Outliers and
botanical garden-based points were removed through careful assessment of data source
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and consultation of record metadata, leaving 5,508 points for further analysis.
To estimate the area (M) that has been accessible to the species over relevant time
periods (Barve et al., 2011), which should be used as the model calibration area,
we applied a buffer of 1,000 km around all of the known occurrence points (Fig. 1)
(Barve et al., 2011). In light of the relatively subtle differences between present
and future potential distributions, and considering the problems associated with model
transfers to other regions (Yates et al., 2018), we have opted not to transfer
our models globally, but rather to explore implications of climate change within the
M region only.

Environmental variables were obtained from the WorldClim climate data archive
(http://www.worldclim.org) (Fick & Hijmans, 2017), in the form of 19 bioclimatic
data layers summarizing potentially relevant climate dimensions at 2.5′ spatial resolution.
Parallel bioclimatic data layers were obtained for five downscaled general circulation
model (GCM) outputs at CCAFS Climate (http://www.ccafs-climate.org). We considered
2050 and 2070 as future time slices, under two emission scenarios: representative
concentration pathways (RCPs) 4.5 and 8.5. As such, we explored 5 GCMs � 2 time
periods � 2 RCPs = 20 future transfers of models for the species.

Figure 1 Known occurrences of Capparis spinosa L. worldwide used in model calibration. Full-size DOI: 10.7717/peerj.5792/fig-1
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Processing
Occurrence data were rarefied to leave no pair of points closer than five km using
SDMTools (Brown, 2014) in ArcGIS, reducing biases related to spatial autocorrelation.
This spatial filtering reduced the number of occurrence points still further to 1,287.
We divided these data into two equal parts at random to permit model calibration and
evaluation. We also calculated Pearson correlation coefficients among environmental
variables (Table S1) to avoid using non-independent variables in model calibration.
One from each pair of variables showing high correlations (i.e., r > 0.9) is eliminated
(Paulo et al., 2015; Bemmels et al., 2016). Variable choice from each pair for retention is
based on its variable importance in preliminary model runs (Table S1). Variables removed
were annual mean temperature, minimum temperature of coldest month, temperature
annual range, mean temperature of warmest quarter, and precipitation of wettest
and driest quarters. We further removed mean temperature of wettest and driest quarters,
and precipitation of warmest and coldest quarters, as they present odd spatial artifacts
(Ribeiro et al., 2017). Variables used as predictors in final models are presented in Table 1.

MaxEnt (version 3.3.4k) (Phillips & Dudík, 2008) was used for calibrating models,
as well as for assessing the importance of environmental variables (see above). Maxent
settings were 5,000 iterations, 10 random replicate analyses, and 10% test sample size;
all other options were left on default. For evaluation of model predictions, we used partial
receiver operating characteristic (ROC) approaches (Peterson, Papeş & Soberón, 2008).
Partial ROC statistics were calculated using online the Niche Toolbox site,
http://shiny.conabio.gob.mx:3838/nichetoolb2/, with 1,000 replicates and E = 0.1%
(Peterson, Papeş & Soberón, 2008). Final models were calibrated based on present-day
conditions and transferred to each of the 20 future-climate datasets.

Finally, we developed binary models based on relationships between the calibration
points and the raw model outputs. Threshold values were decided on the basis of the
calibration dataset, identifying the highest thresholds corresponding to 0%, 5%, and 10%
omission error rates. We calculated change in high, moderate, and low suitability
areas in all future transfers as follows: 0–0.09 threshold value (E = 0–5%) as low suitability
area, 0.09–0.19 threshold value (E = 5–10%) as moderate suitability area, and above
0.19 threshold value (E � 10%) as highly suitable area. Future-transfer maps were

Table 1 Percentage and permutation importance of variables for prediction of Capparis spinosa L.

Variables Percent importance (%) Permutation importance (%)

Mean temperature of coldest quarter 26.96 10.20

Annual precipitation 10.37 13.07

Precipitation of wettest month 1.15 2.57

Precipitation of driest month 6.05 2.20

Precipitation seasonality 0.83 0.77

Mean diurnal range 29.86 22.95

Isothermality 10.04 4.15

Temperature seasonality 9.50 29.90

Maximum temperature of warmest month 5.24 14.19
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thresholded based on the same criteria as the present-day models, and percentages of area
were calculated to facilitate comparisons.

RESULTS
The final model performed better than random expectations, based on the random
independent subset of occurrence data (area under the curve (AUC) ratio 1.85, P < 0.001)
(Fig. S1). Table 1 summarizes relative contributions of environmental predictor
variables to the model. The most important predictor variable was mean diurnal range
(Table 1), which is the difference between mean maximum monthly temperature and
mean minimum monthly temperature. Mean temperature of the coldest quarter was the
second most important factor for this species; the least important environmental variable
was precipitation seasonality. Indeed, precipitation-related variables in general showed
minimal contributions to model quality.

The potential distribution for the present day identified by our models indicates that
this species is able to maintain populations in arid, semi-arid, and Mediterranean
climate regions, including parts of Asia, Africa, Europe, and Australia (Fig. 2), with highly
suitable conditions covering 16% of the study area. For future model transfers, results in
term of areal coverage (Table 2) at different suitability levels were closely similar to

Figure 2 Potential distribution of Capparis spinosa L. under present day climatic conditions. Full-size DOI: 10.7717/peerj.5792/fig-2
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present-day patterns (Figs. 3 and 4). Overall, only minor differences existed in highly
suitable area, with increases of 0.2–0.3% in suitable area under RCP 4.5 (2070) and
RCP 4.5 (2050), respectively (Table 2; Figs. 3 and 4). Indeed, under all scenarios,
areal coverage by suitable conditions changed only negligibly between present-day and
future conditions.

DISCUSSION
Model performance evaluation is a key step in determining the accuracy of ecological niche
models and the resulting distributional predictions (Peterson, Papeş & Soberón, 2008).
Maxent models often have high accuracy in comparison to other modeling algorithms
(Elith et al., 2006; Phillips, Anderson & Schapire, 2006; Chalghaf et al., 2016), and indeed
our model performed well, anticipating independent data subsets much better than
null expectations. Although transfers of niche models to future conditions require additional
assumptions (Peterson, Cobos & Jiménez-García, 2018), our tests at least confirm the ability
of our model predictions to anticipate present-day distributional phenomena.

For both current and future time periods, countries having Mediterranean climates,
with hot and dry summers (drought conditions) were predicted as highly suitable for this
species, such as Portugal, Spain, France, Morocco, Italy, Greece, Hungary, Turkey,
Bulgaria, Armenia, and parts of Tunisia, Egypt, Libya, Algeria, Afghanistan, Tajikistan,
Pakistan, Yemen, and Australia. Countries at higher latitudes were predicted to hold
unsuitable habitat for this species: for example, Latvia, Ukraine, Belarus, Lithuania,
Kazakhstan, Turkmenistan, China, Ireland, and UK. Variable contributions also revealed
that hot and dry climates appear to be key for this species, as precipitation was much less
important than temperature in model calibration.

The potential distribution of C. spinosa showed stability in some parts of the world, and
mild expansion in others, in the face of changing climates into the future. Being a
xerophytic shrub, the species offers several ecosystem services regarding erosion
control, and shows remarkable adaptability toward harsh environments (Chedraoui et al.,
2017). The species grows mainly in arid and semi-arid environments in tropical
regions, and thus can be used to combat desertification and soil erosion (Sakcali,
Bahadir & Ozturk, 2008). It is also considered an important plant both economically and
medicinally, and has been used in Chinese, Ayurvedic, Siddha, and Unani medicine
from many centuries (Faran, 2014). For instance, its root bark has analgesic,
anthihaemorrhoidal, depurative, anthelmintic, and tonic properties, and has been used to
treat gastrointestinal infections (Faran, 2014).

Table 2 Area calculations for two representative pathway (RCPs) for two time slices for the potential
distributional area of Capparis spinosa L.

Classification Current (%) 2050 (%) 2070 (%)

RCP 4.5 RCP 8.5 RCP 4.5 RCP 8.5

Unsuitable 66.94 66.71 67.36 66.69 66.87

Moderately suitable 17.24 17.21 16.84 17.14 16.98

Highly suitable 15.83 16.08 15.81 16.17 16.15
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Figure 3 Maps of the potential distribution of Capparis spinosa L. under 2050 climate conditions ((A) map shows the average prediction for
RCP 4.5, (B) map shows the average prediction for RCP 8.5). Full-size DOI: 10.7717/peerj.5792/fig-3
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Figure 4 Maps of the potential distribution of Capparis spinosa L. under 2070 climatic conditions ((A) map shows the average prediction for
RCP 4.5, (B) map shows the average prediction for RCP 8.5). Full-size DOI: 10.7717/peerj.5792/fig-4
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This plant is native to Asia, and has a long history farther west, in Mediterranean
Europe; it is invasive in North America (Chedraoui et al., 2017). The medicinal properties
of this species are appreciated across its native range. Our models indicate that climate
change poses few or no direct challenges to its persistence. Anthropogenic pressures
such as human population pressure and associated land-use change and livestock
grazing, may reduce its populations, leading to soil erosion and desertification, which
would require restoration and rehabilitation of land areas toward conservation.
Chedraoui et al. (2017) presented a comprehensive review of the social, economical, and
ecological properties of C. spinose; the review also encouraged studies on this species
in relation to climate change in the Mediterranean region, which is presented in this
contribution.

CONCLUSION
In this study, ENM was used to assess the likely current and future potential distribution of
C. spinosa, under different emissions scenarios for two time periods (2050 and 2070).
These explorations revealed that, under future climatic scenarios, impacts of these changes
on the distributional potential of C. spinosa will be minimal. Temperature places
strongest constraints on populations of the species. As this species can grow in hot and arid
environments, this species may increase in the arid, semi-arid, and Mediterranean climate
regions in the future.
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