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Abstract. Climate change has been a serious matter in the last two decades and many studies focused on
its different aspects. The question about the effect of a changing climate on organisms is valid for every
single living soul. In this paper, we discussed the effect of climate change on geographical distribution of
Bromus tomentellus Boiss. in Central Zagros, Iran. To do so, we used 19 bioclimatic variables and 8
modeling approaches (Generalized Linear Model (GLM), Surface Range Envelope (SRE), , Flexible
Discriminant Analysis (FDA) Classification Tree Analysis (CTA), Artificial Neural Network (ANN),
Generalized Boosting Method (GBM), Multivariate Adaptive Regression Splines (MARS) and Random
Forest (RF)) to quantify the climate change in 2080 and scrutiny its effects on range shift of Bromus
tomentellus. The results showed that annual precipitation (BIO12), mean temperature of wettest quarter
(BIO8), mean diurnal range (BIO2) and temperature seasonality (BIO4) has the most importance for
habitat suitability of this species. Bromus tomentellus will lose 65% of its climatically suitable habitats
due to climate change in 2080, while 13.94% of current unsuitable habitats will become suitable. Thus, its
habitat will shrink by 51%. Most of habitat loss will be in the plains and almost all of habitat gain, is on
the highlands.
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Introduction

Climate is known as the long-term average weather of a region (IPCC, 2001). A
change in this average generally occurs in two forms: short-term fluctuations that are
random and long-term changes that follow a specific trend. The latter is known as
climate change and, in recent decades, has greatly increased in intensity. Many
scientists regard global warming as the result of human activities and believe that these
changes could largely affect the lives of many organisms (IPCC, 2007). Ecological
modeling of species is among the methods that can monitor these effects and determine
their dimensions. The results obtained from the modeling can be very useful in various
managerial decisions (Araujo and Guisan, 2006). One of the major effects caused by
changes in environmental conditions in general and climate changes in particular can
have on plant life is the alteration in the geographical distribution (Lawler et al., 2006).
Since plants cannot move fast and individually, they respond to environmental changes
with a relatively long delay; they move in the geographical environment after climate
change in order to find the environmental conditions, which are more suitable to their
life (Iverson and McKenzie, 2013). Many studies have been dedicated to examining the
dimensions and orientation of these changes. After investigating effects of climate
change on a species of dragonfly, Attorre et al. (2007) concluded that climate changes
could have dramatic effects on the biological ability of species in their habitat.
Collevatti et al. (2011) studied the effect of climate change on a tree species and
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expressed that climate change could cause loss in the parts of habitats and,
subsequently, genetic diversity at the subspecies level. King et al. (2013) conducted
their study on several species in ecotone between grassland and shrubland, in which
they used dynamic vegetation model to measure and investigate the movement of
distribution range of their studied species as a result of climate change. Morin and
Thuiller (2009) compared different modeling methods and tried to maximize the
efficiency of the models predicting movement degree of species due to climate change
and finished their work by introducing process-driven models as the best models. Many
studies have concluded that climate changes cause variations in geographical and spatial
distribution of species; therefore, planning is needed to protect and revive these species.
Aurambout et al. (2009) studied the effect of climate change on the spatial distribution
of a citrus species in Australia and concluded that this species would undergo
environmental stress as a result of climate change, which would restrict its life. They
then concluded that, to maintain this species, specific measures should be taken.
Zimbres et al. (2012) studied climate change and emphasized the role of protected areas
in the conservation and maintenance of insectivorous species of armadillo and anteater.
In one of the pioneering studies on the effect of climate change on the geographical
distribution of species, Peterson et al. (2001) studied Curassow bird in the Central
America and concluded that, if climate change continues at the current intensity, this
beautiful species would face serious problems to survive in the region. Keith et al.
(2008) investigate the extinction risk of different species as a result of climate change
and concluded that most of their studied species would suffer from reduction in their
climate distribution range as a result of climate change and some of them would be even
placed at the risk of extinction. In one of the largest studies on the effect of climate
change on species survival, Thuiller et al. (2005) examined 1350 plant species in
Europe using 7 climate change scenarios and concluded that climate change could be a
threat to plant biodiversity in Europe.

Nevertheless, regarding the considerable biodiversity, there is urgent need to conduct
studies of these kinds in Iran, especially for pasture plant species. This study was
carried out in a semi-arid region (Central Zagros) in Iran and aimed investigate the
potential impacts of change of the climate components on the geographical distribution
of an important forage species in these pastures.

Materials and Methods
Studied species and region

Bromus tomentellus Boiss. which belongs to Gramineae family, Pooideae sub-family,
and Bromeae tribe (Fitter and Peat, 1994), is a perennial grass with a splay root and
numerous leaves which are covered by white and dens fluff. Its global distribution is
limited to western Asia and flora Iranica (Rechinger, 1963-1998) describe it as a semi-
steppe to steppe species which is found in 1500 to 3400 meters elevation. This species
lives in rocky lands and freely disperse its root in the soil (Fitter and Peat, 1994). B.
tomentellus establishes in different soil textures and have a significant role in runoff
reduction, but cannot stand the salinity of the soil (Armaki et al., 2013). Elevation,
precipitation and temperature are the most important environmental factors affecting this
species. In Isfahan province (part of Central Zagros region), this species can be find from
1900 to 3700 meters of elevation in semi steppe habitats. The precipitation of its habitats
range from 200 to 450 mm which can alter regarding microclimate. Its populations are
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more dense in the plains in comparison with mountains (Eftekhari et al., 2007). This plant
is one of the important grasses of semi-steppe pastures in Iran (Mesdaghi, 2003). This
species grows in the areas with the rainfall of about 400mm, and tolerates the minimum
rainfall of 250mm. Forage yield of this species depends on annual rainfall and its
distribution (Eftekhari et al., 2007) (Fig. 1).

Nasip DEMIRKUS 5367

Figure 1. Bromus tomentellus

The studied region in this research had the area of 2202659 ha in the central part of
Zagros Mountains, which is very important in terms of biodiversity and ecological value
(UNDP and GEF, 2005). Also, this region is economically and socially important for
the nomadic and rural communities who use its pastures for grazing their livestock (Fig.
2). Field studies including harvest of geographical coordinates of the presence of this
species in Central Zagros were conducted in spring 2014 and 2015.
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Figure 2. Central Zagros region, Iran

Climatic variables

In this study, 19 bioclimatic variables (Hijmans et al., 2005) were used as climate
factors describing Bromus tomentellus habitat, which have been applied in many studies
as the basis for monitoring effects of climate change on organisms (especially, plants)
(Xu, 2014; Thuiller et al., 2005). These variables are mainly influenced by season,
temperature, and rainfall; therefore, despite their climatic nature, they are also
ecologically significant. Table 1 describes these variables.
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Table 1. Description of bioclimatic variables

Abbreviation  Description Abbreviation  Description
Mean Temperature of Coldest
BIO1 Annual Mean Temperature B1011 Quarter
Mean Diurnal Range (Mean of monthly
B102 (max temp - min temp)) B1012 Annual Precipitation
BI10O3 Isothermality (B1O2/BIO7) (* 100) BIO13 Precipitation of Wettest Month
Temperature Seasonality (standard
Bl104 deviation *100) B1014 Precipitation of Driest Month
Precipitation Seasonality
BIO5 Max Temperature of Warmest Month B1015 (Coefficient of Variation)
BIO6 Min Temperature of Coldest Month B1016 Precipitation of Wettest Quarter
Temperature Annual Range (BIO5-
BIO7 BIO6) B1017 Precipitation of Driest Quarter
BIO8 Mean Temperature of Wettest Quarter B1018 Precipitation of Warmest Quarter
BIO9 Mean Temperature of Driest Quarter B1019 Precipitation of Coldest Quarter
BIO10 Mean Temperature of Warmest Quarter

Modified from: www.worldclim.org

Indeed, it should be noted that, considering that the correlation between input
variables to the used models can cause considerable error in the output of the models
(Braunisch et al., 2013), first, the existence of correlation between bioclimatic variables
modified by Pearson test was examined and the layers with more than 80% correlation
with each other were determined. To solve this problem, some of them (based on
correlation degree) were removed and this process was repeated until the correlation
between the remaining layers reached below the specified limit.

Used models

The information presented here are largely borrowed and modified from Marmion et
al. (2009); we have explored all the references though.

Generalized Linear Models

GLM was introduced to statistics by Nelder and Wedderburn (1972). McCullagh and
Nelder (1989) describe a GLM as a mathematical extension of linear models. These
models are not sensitive to different types of statistical distributions and are suitable for
nonlinear relationships; besides, they use traditional practices used in linear modelling
and analysis of variance (ANOVA). In this study we used biomod2 to run a stepwise
GLM were akaike value to compute the best model (Thuiller, 2003).

Flexible Discriminant Analysis

Flexible discriminant analysis (FDA) is a method that uses linear discriminant
analysis (LDA) developed by Fisher (1936) as the basis. In LDA, it is possible to
choose several optimal variables from a large number of variables to determine and
separate the groups available in the response variable. LDA performs this task by
multiple linear regressions; but, if nonlinear equations dominate a relationship, it will
face a problem. Therefore, Hasti et al. (1994) used a flexible series of equations rather
than linear equations to fit the values. Using this flexibility, linear equations are not the
only equations that are fitted and tested on the data, but also other types of equations
(quadratic, cubic, logarithmic, etc.) are used and, finally, the best equation is selected.
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Classification Tree Analysis

CTA is an alternative to regression techniques and has been used rather often in
biogeographical and environmental studies (Franklin, 2002). CTA uses recursive
partitioning to split the data into increasingly smaller, homogenous, subsets until a
termination is reached (Venables and Ripley, 2002). The optimal length of the tree is
selected by a 50-fold crossvalidation. The advantage of CTA is that it allows capturing
of non-additive behaviour and complex interactions. However, CTA has a tendency to
produce overlycomplex models that lead to spurious interpretations (Breiman et al.,
1984). CTA is used frequently for biogeographical and environmental studies (De’Ath
and Fabricius, 2000; Vayssiere et al., 2000; Franklin, 2002; Thuiller, 2004).

General Boosting Method

GBMs were recently introduced in ecology. They are highly efficient in fitting the
data, are non-parametric and combine the strengths of different modern statistical
techniques (Ridgeway, 1999). Here, GBM was implemented into R (R Development
Core Team, 2004) using the library GBM (Generalized Boosted Regression Modelling).
GBM is based on the Gradient Boosting Machine developed by Friedman (2001). GBM
proceeds via sequential improvements. Boosting is a numerical optimization technique
for minimizing a loss function (such as deviance) by adding at each step a new tree that
best reduces the loss function (Ridgeway, 1999; Elith et al., 2008). Environmental
variables are input into a first regression tree, which maximally reduces the loss
function. For each following step, the focus is on the residuals. For example, at the
second step a tree is fitted to the residuals of the first tree. The model is then updated to
contain two trees, and the residuals from these two trees are calculated. The sequence is
repeated as long as necessary (Elith et al., 2008). The maximum number of trees was set
to 3000, and ten-fold cross validations were performed. GBM belongs to the class of
learning methods.

Surface Range Envelope

Statistical bases of SRE method, which is also known as BIOCLIM, were first
founded by Nix in 1986 (Nix, 1986). This method is a distributed-centered algorithm
that extracts the values of climate layers corresponding to the presence points of species
and cumulatively sorts them. The set of values of all climatic layers corresponding to
presence points of species constituents the so-called climatic “"envelope™ of species
(climatic conditions including all presence parts of the species). Many studies have
pointed out the statistical foundations of modeling and statistical limitations of the
method (Fisher et al., 2001; Guisan and Zimmermann, 2000; Walther et al., 2004;
Ward, 2007), and in some other studies, this method has been introduced as an
appropriate method for modeling species distribution scope and niche (Elith et al., 2006;
Hijmans and Graham, 2006).

Random Forest

RF belongs to the machine learning methods (Breiman, 2001). Random Forest
generates hundreds of random trees. A selective algorithm limits the number of
implemented parameters in each tree. A training set for each tree is chosen as many
times as there are observations, among the whole set of observations. For each node of
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trees, the decision is taken according to randomly selected environmental parameters.
Trees thus constructed are not pruned and are as large as possible. After the trees have
been built, data are entered into them and each grid square will be classified by all trees.
At the end of the run, the classification given by each tree is considered as a “vote”, and
the classification of a grid square corresponds to the majority vote among all trees
(Breiman, 2001). RF was used by Prasad et al. (2006) for vegetation mapping under
current and future climate scenarios.

Multivariate Adaptive Regression Splines

MARS combines classical linear regression, mathematical construction of splines
and binary recursive partitioning to produce a local model in which relationships
between response and predictors are either linear or nonlinear (Friedman, 1991). A pre-
processing algorithm of the explanatory variables uses the basic functions (BF) max
(0,X = ¢) and max (0,c — X) to transform the environmental variables into a new set of
variables. The main difficulty is to find appropriate “c” values, but a suitable choice
makes it possible to approximate any functional shape (Briand et al., 2004). Then,
MARS performs successive approximation of the system using different intervals of the
transformed variables ranges, by a series of linear regressions. Examples of the use of
MARS in biogeographical studies can be found in several articles (Muifioz and
Felicisimo, 2004; Corte-Real et al., 1995; Heikkinen et al., 2007).

Artificial Neural Networks

ANN is a powerful rule-based modelling technique (Lek and Guegan, 1999), which
is increasingly used in bioclimatic envelope modelling (Thuiller, 2003; Heikkinen et al.,
2006). A network contains three different types of layers: the input layer (in which the
environmental variables are input), the hidden (intermediate) layers and the output
layer. Each layer is composed of independent neurons; each of them treats separately
the outputs of all neurons from the previous layer as inputs of multivariate linear
functions. The process is continued until processing of the output layer. To avoid over
fitting in neural networks, a fourfold cross-validation method was implemented to stop
training of networks. Once the complete network is built, the different weighting factors
of the multivariate linear functions are chosen by minimizing the quadratic error of
estimate (Marmion et al., 2009).

After calibration of models, their results used for evaluation purposes. Confusion
matrix has been built and using classic equations, the area under the curve (AUC) of a
receiver operating characteristic (ROC) plot of each model was calculated. Marmion et
al. (2009) described this method as: “AUC is a graphical method assessing the ability of
a model to predict the absence or presence of species on the basis of given criteria (e.g.
climate variables), by representing the relationship between the false positive fraction
and the true positive fraction of the related confusion matrix of the evaluated model
(Fielding and Bell, 1997).”

The applied models were implemented by biomod2 in R environment (Thuiller,
2003). To do so, 20% of the species presence data was devoted to the evaluation and
80% to the implementation of these models (finding the relationships between the
species and environment). Also, the prevalence amount was considered equal to 0.5 in
these models, which is a common practice in determining prevalence (McPherson et al.,
2004; Liu et al., 2005). This process was repeated for 10 times for each of the used
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models; at each time, evaluation and implementation parts were randomly selected from
the data. Finally, for each model, the results were obtained from these 10 runs.

Results

After conducting Pearson's correlation analysis and removing layers with high
correlation, it was found that 8 layers (BIO8, BIO2, BIO3, BIO4, BIO12, BIO14,
B1015 and B1018) were not highly correlated with each other and can be used to enter
the final model.

To assess the accuracy of the maps produced by the model, AUC of ROC plot was
used (Table 2). This index were calculated and reported in two parts: sensitivity
(probability of species presence in a place that is present in the reality) and specificity
(probability of expressing the absence of the species in a place that is absent in the
reality).

Table 2. AUC, Sensitivity and Specificity of applied models

Model ANN CTA FDA GBM GLM MARS RF SRE
Value 0.891 0798 0.842 0969 0.858 0.87 0.999  0.762

AUC  Sensitivity 95312 95312 82812 93.75 875 76.562 100 76.562
Specificity ~ 78.958 64.249 74.259 91.624 75996 83.146 98.979 75.894

Based on these results, all models are functioning good, because whenever an
implemented model has the AUC values of more than 0.7 and 0.9, it will be considered
a good and excellent model, respectively; otherwise, the model is weak (Swets, 1988).
Also, relative contribution of each of the input variables to the models in predicting
suitable sites for the species presence is shown in Table 3.

Table 3. Importance of each climatic variable in the used models for studying Bromus
tomentellus geographic distribution

Importance of each climatic variable in models

Variable ANN CTA  FDA GBM GLM MARS RF SRE
BIO12 0.34 0.47 0.18 0.51 0.38 0.2 0.31 0.28
BIO14 0 0 0 0 0 0 0 0.001
BIO15 0.04 0 0 0.06 0 0.23 0.06 0.18
BIO18 0.12 0 0 0.006 0.03 0.018 0.10 0.04
BIO2 0.11 0 0.25 0.03 0.08 0.15 0.10 0.10
BIO3 0.006 0 0.10 0.02 0.09 0.07 0.06 0.12
BIO4 0.09 0 0.20 0.025 0.14 0.17 0.10 0.027
BIO8 0.29 0.53 0.27 0.35 0.27 0.16 0.26 0.24

Maps in Figure 3 show the suitable regions predicted for the species by each of the
used 8 models.
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Figure 3. Current Bromus tomentellus geographical distribution based on climatic variables

using different models
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Finally, to obtain a general conclusion about the requirements and suitable regions
for the species presence, results of the models that were appropriate in terms of
assessment (all models) were summed up using consensus technique and the
environmental needs of the studied species (Table 4) along with a single map of suitable

regions for distribution were prepared.

Table 4. Niche characteristics of Bromus tomentellus in Central Zagros

Climatic variables affecting Occurrence range of species in Relative contribution in
Bromus tomentellus habitat variable describing suitable
climatic habitat (%)
Annual Precipitation (BIO12) 315-420 mm 33
Mean Temperature of Wettest
Quarter (BIO8) -55-0.0°C 30
Precipitation Seasonality
(BI102) 15-16°C 10
Temperature Seasonality
(BIO4) 8270-8650 (standard deviation *100) 10

Geographical distribution maps of the species

By studying climate change in different time periods, species distribution maps in
these periods were developed based on the climatic requirements. These maps were
prepared for the present period and 2080. Figure 4 indicates the two relative suitability

maps of habitats for Bromus tomentellus in the studied time periods.
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Figure 4. Consensus map of relative suitability of Bromus tomentellus climate conditions

49°300°F S0°00°F 50°300°F SI00°E

(Right: Present time, Left: 2080)
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Changes in Bromus tomentellus geographical distribution

To investigate the impact of climate change on the geographic distribution of species,
first, a critical level was used (calculated based on ROC criteria) to classify habitat
suitability maps into two classes of appropriate and inappropriate and, then, the
difference in each of these two classes was calculated and prepared as a table and a map
(Table 5, Fig. 5).

Table 5. Changes in the geographic distribution of the studied species in the time steps

Ii as:r Ea aseer Stable Stable Lost Gained Habitat Habitat Habitat
Pres)énce Abs)elnce Presence Absence Habitat habitat Loss Gain Change
(ha) (ha) (ha) (ha) (Percent)  (Percent)  (Percent)
(ha) (ha)
CA“g;’g%‘és 731248 1471411 252009 1369452 478339 101959  65.41 13.94 51.47

z N Predicted Bromus tomentellus Range Shift

g ! Based on A2 scenario, HadCM3, 2080
z

Legend
mm Turend to Unsuitable

B Remained Suitable

[—]Remained Unsuitable 1:1,200,000

Sui — w— Kilometers
[ Turend to Suitable o 15 30 P

49°300°F S0°00°F 50°300°F SI°00°E

Figure 5. Changes of suitable geographical scope for Bromus tomentellus in the present
climate conditions compared with 2080

Discussion and Conclusion

Results of the study were highly consistent with those of autecological studies that
have been previously done on this species as far as determining the climate needs of
Bromus tomentellus was concerned. For example, Saboohi and Khodagholi (2013)
studied climatic needs of B. tomentellus and concluded that precipitation and cold
season temperature are the most important factors affecting this species, similar results
were also obtained in the present study. Results of this study showed that, in the studied
region, Bromus tomentellus was moved toward the west as a result of climate changes
(which generally has higher elevation). To be precise, we can say that the average
height of the regions in which the species was present was 2,550 m. But, based on our
modeling results, this value was stated as 2700 meters in 2080 (in A2 scenario). Similar
results have been also obtained in many of the studies in which the movement of species
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influenced by climate change has been studied. In an article published in Nature,
Thuiller (2007) stated that the climate change will cause the movement of plant and
animal species to the 160 m higher elevations, by average. A study that was conducted
on plant communities located in the southwest region of the United States showed that
most of the plant communities were moved pole ward or to the heights in response to
climate changes (Archer and Predick, 2008). Stenothermic species which are present in
the places that cannot move to higher altitudes, can sustain maximum damage by
climate change (Anderson, 2013). Bakkenes et al. (2002) studied higher plants in
Europe and found similar results. The studied species was a cool-season grass species
with a relatively wide ecological niche, but it will be forced to shift its geographic range
as a result of climate change.

Three-dimensional space of the most important climate conditions related to the
species

To define the ecological niche of Bromus tomentellus in Central Zagros, concept of
Hutchinson's ecological niche was used (Hutchinson, 1957). The three climatic
components affecting the species were depicted in a three-dimensional space and the
suitable ecological situation was determined for this species in this space (Figs. 6 and 7,
respectively).

BIOS

BIOS

BIO12

Figure 7. Position of Bromus tomentellus ecological niche in three-dimensional space of
climatic conditions
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The Bromus tomentellus ecological position in the three-dimensional space of the
environmental variables reflected its tolerance range against three components of this
space. The more the number of the ecological environment dimensions of
environmental variables, the more accurate the Bromus tomentellus ecological niche
would be determined. Thus, complete ecological niche of each species could be
determined in an environmental hyper volume (Hutchinson, 1957).

According to the results obtained in this study, large changes are expected to happen
in the distribution of this species along with climate change. These changes are in a way
that could limit the suitable climatic conditions for the life of this important and
effective species in the studied region. Therefore, to improve the conditions, the least
thing that can be done is to control the destruction of Bromus tomentellus habitat
through managing livestock grazing and preventing the landuse change of pastures. If
we do so, we can hope that climate change cannot excessively attenuate or even
completely eliminate this valuable species from the regional flora by itself and maybe
physiological, phenological, and morphological adaptations of this species would help it
fight the climate changes.
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