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Abstract 

The climate system is changing at an unprecedented rate in the world. Climate change is having 

significant impacts on freshwater ecosystems and the fish species that inhabit them. The main 

purpose of this study was forecasting the distribution of northern pike, Esox lucius in the Caspian 

Sea basin under two optimistic (RCP 2.6) and pessimistic (RCP 8.5) scenarios of 2050 and 2080 

by the MaxEnt model in R software. Five environmental variables including, annual mean 

temperature, temperature annual range, annual precipitation, flow accumulation, and slope were 

used for the modeling. The obtained results demonstrated that the performance of the model in 

predicting species distribution was "excellent" (0.977) based on the AUC (Area Under the Curve) 

criterion. Moreover, the results indicate that the distribution range of northern pike is likely to be 

reduced by 2050 and 2080 under the both optimistic and pessimistic climate change scenarios. In 

conclusion, the decreasing distribution of this fish, which is a commercially important and 

interesting species in sport fishing, poses a serious threat to food security and livelihoods. 

Therefore, policy makers should pay more attention to conservation and stock management of 

this species in the future. 
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INTRODUCTION 

For millions of years, natural climate change 

occurring at a rate slower than the current 

anthropogenic-induced change has caused significant 

shifts in ecosystems, resulting in the emergence and 

extinction of species (Pörtner et al. 2014; Pletterbauer 

et al. 2018). This phenomenon is driven by human 

activities such as the burning of fossil fuels for energy 

production and deforestation (Ramanathan 2020). The 

world's rivers and fish populations that rely on them 

are being profoundly affected by the negative impacts 

of climate change (Makki et al. 2023 a,b). Hence, 

these changes as a source of extreme and 

unpredictable environmental variation represent one 

of the most significant threats to freshwater 

biodiversity (Woodward et al. 2010; Raven 2020; 

Mostafavi et al. 2021).  

The most significant impacts of climate change on 

freshwater fish are the alteration of water temperature, 

the volume and timing of flow, and the chemistry of 

freshwater ecosystems (Olden and Naiman 2010; 

IPCC 2014; Pletterbauer et al. 2018). Increased levels 

of carbon dioxide in the atmosphere lead to higher 

levels of carbonic acid in freshwater systems, which 

can cause changes in pH levels and affect the ability 

of fish to absorb oxygen. Changes in pH levels can 

also affect the growth and reproduction of many fish 

species (Robertson et al. 2016; Islam et al. 2022). In 

addition, climate change affects precipitation patterns 

and water availability, which can have a significant 

impact on freshwater fish populations. Changes in 

precipitation patterns can lead to more frequent floods 

and droughts, which can disrupt fish spawning and 

migration patterns, alter food availability, and cause 

habitat destruction (Robertson et al. 2016; Schmutz et 

al. 2018). Therefore, decision makers and managers 

should pay more attention to the vulnerability of rivers 

and aquatic animals to climate change. On the other 

hand, climate change is leading to the spread of 

invasive species, which can compete with native fish 

species for resources and prey on them directly. 

Changes in temperatures are suitable for some 
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invasive species as their distributions may increase 

(Bond et al. 2011; Rahel 2013; Mostafavi et al. 2019).   

Understanding the effects of climate change on 

individual organisms, species populations, 

communities, and ecosystems requires research in 

laboratories, micro- and mesocosms, field biota or 

communities, and modeling (Boyd & Hutchins 2012; 

Pörtner et al. 2014). Modeling is always less complex 

than original ecosystems. Therefore, we can make 

predictions about the future events and plan for them 

with minimal manipulation of the natural environment 

(Phillips et al. 2017). One of the most important 

methods for modeling the natural environment is 

Species Distribution Modeling (SDM), which is a tool 

to examine the relationship between a species' 

geographic distribution data (presence or abundance 

in known locations) and information about its 

environmental characteristics (Elith & Leathwich 

2009). 

To reduce the impacts of climate change, strategies 

can be developed that take into account the factors that 

assess the vulnerability of endangered species. In Iran, 

one of the native and economic species is northern 

pike, Esox lucius (Linnaeus, 1758).Several studies 

have been conducted on this fish covering topics such 

as physiology, morphology, molecular biology, etc.  

(Sattari et al. 2007; Khara et al. 2011; Imanpour 

Namin et al. 2011; Teimouri et al. 2011; Sakizadeh et 

al. 2012; Abbasi et al. 2013a,b, 2015; Samiei et al. 

2015). Although the modeling of distribution for this 

fish has not yet been studied in our country, and 

furthermore it is an important nutritional species, the 

current study aimed to investigate how climate change 

will affect the habitat and distribution of northern pike 

under future climate scenarios (RCP 2.6 and RCP 8.5). 

  

MATERIAL AND METHODS 

Study area and data occurrence: The studied area in 

this research contains rivers in the southern part of the 

Caspian Sea basin in Iran (Fig. 1). In general, the 

climate of Iran can be classified as arid to semi-arid, 

with more than 80% of the country characterized by 

less than 250 mm annual rainfall (Firouz et al. 1970; 

Coad 2021). The Caspian Sea basin is one of the most 

important basins in Iran, with a high level of 

biodiversity and unique species (Vasil′eva et al. 2015; 

Abassi et al. 2019; Coad 2021). This basin has more 

than 100 species out of 292 fish species of the inland 

waters ichthyofauna of Iran, including 83 native, 10 

exclusive endemic, and 17 exotic species (Eagderi et 

al. 2022). The species occurrence records were 

obtained from our fieldwork, previous literature, and 

Fig.1. Study area of northern pike in this research. 
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personal datasets of experts, which were considered as 

presence points. 

Species introduction: Northern pike belong to the 

family Esocidae and is one of the native species in the 

Caspian Sea basin (Coad 2016; Eagderi et al. 2022), 

mostly reported from the Anzali Mordab and its 

drainage canals, tributaries and other rivers (Fazli et 

al. 2014; Keivany, et al. 2016; Abbasi et al. 2019). The 

northern pike have the widest distribution range in the 

Northern Hemisphere (Coad 2016; Arlinghaus et al. 

2018), spawning from 24° to 69° in latitude and 

originally described from Europe (Forsman et al. 

2015; Eschmeyer and Fong 2016). It usually migrates 

to deeper, cooler-water at the height of summer 

(Abbasi et al. 2015; Coad 2016). Northern pike is an 

important commercial and sport fish and is found in 

the lower reaches of rivers along the Iranian shore 

(Coad 2016; Abdoli et al. 2016). Kiabi et al. (1999), 

Valipour and Haghighy (2000), and Abdoli & Naderi 

(2008) concluded that this species is conservation 

dependent in the southern Caspian Sea basin 

according to the IUCN criteria. Mostafavi (2007) 

listed it as conservation dependent in the Talar River, 

Mazandaran. Zarkami (2012) also provided synopses 

of biological data and habitat modeling on this 

extensively studied species. 

Environmental variables preparation: The 

environmental layers were extracted from different 

sites such as worldgrids and worldclim as well as 

Global hydrography datasets. Layers in the scale of 

Iran with ArcGIS ver. 10.8 were then standardized. 

Initially, 8 variables were provided. Afterwards, co-

linearity among environmental variables was tested 

using Pearson's correlation coefficient (r). Finally, 

some variables were selected for modeling (Table 1). 

In addition, if two variables were highly correlated (r 

> |0.70|), one of them was excluded according to our 

expert judgment (Elith et al. 2011). To represent 

climate change impacts, projected future climate 

variables for 2050 and 2080 with empirically 

downscaled bioclimatic data were used. The average 

of 10 General Circulation Models (GCMs) under 

optimistic (RCP 2.6) and pessimistic (RCP 8.5) 

greenhouse-gas emissions scenarios was considered. 

Modeling Technique: The MaxEnt model (Phillips et 

al. 2006) was applied to model the species in this 

study. The MaxEnt model was predominantly used 

when the data points included presence-only with a 

limited number of records (Elith et al. 2011; Fois et al. 

2018). In addition, for species with few presence 

records, it fits simpler models (Elith et al. 2011). To 

predict the potential distribution of northern pike fish, 

modelling was performed using the “MaxEnt” model 

(Phillips et al. 2006) in the R package dismo (Hijmans 

et al. 2017) in R programing (R Core Team 2018). The 

modeling was evaluated using 10-fold cross-

validation according to Valavi et al. (2019). To assess 

the accuracy of the modeling results, the Area Under 

the Curve (AUC) (Table 2) of the Receiver Operating 

Characteristic Curve (ROC) was computed (Lobo et 

al. 2008). AUC shows the power of the model to 

discriminate presences from random backgrounds 

TTable 1. Environmental variables were used for modeling and their estimates of permutation in MaxEnt modeling of northern pike 

in the Caspian Sea basin. 

 

 
 

Category and Source Variable Permutation importance (%) 

Bioclimatic variables 

(www.worldclim.org) 

BIO1 

(Annual Mean Temperature) 
1.2 

BIO7 

(Temperature Annual Range) 
10.2 

BIO12 

(Annual Precipitation) 
67.2 

Global hydrography datasets 

(http://hydro.iis.u-

tokyo.ac.jp/~yamadai/MERIT_Hydro/) 
Flow Accumulation 16.7 

Topographic variables 

(www.isric.org www.worldgrids.org) 
Slope 4.8 

 

http://www.worldclim.org/
http://www.isric.org/
http://www.worldgrids.org/
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(Phillips et al. 2009). The AUC score is a powerful 

tool for measuring model performance because of its 

independence from threshold selection. The AUC 

ranges between 0 and 1, with 0.5 showing a random 

prediction performance and 1 showing perfect 

discrimination. Values under 0.5 indicate models 

worse than random (Elith et al. 2006). The “equal 

training sensitivity and specificity” of the MaxEnt 

report was used to determine the suitable threshold for 

prediction (Liu et al. 2013). For northern pike, the 

percentage of reduction (% loss), expansion (% gain), 

and stable sites (% stability) as well as range changes 

for species were calculated (Makki et al. 2023 a,b). 

 

RESULTS 

After correlation test, five environmental variables 

i.e., BIO1 = Annual mean temperature, BIO7= 

Temperature annual range, BIO12= Annual 

precipitation, Flow accumulation, and Slope were 

used for modeling (Fig. 2). 

The result of evaluating the efficiency of the 

MaxEnt model using the AUC index (i.e. 0.977) 

shows that this model has a great ability in predicting 

the distribution of northern pike (Fig. 3). Also, based 

on the results, the Annual Precipitation is the most 

important variable than the other variables 

in determining the distribution of this species (Fig. 4). 

The obtained results of modeling the distribution of 

northern pike under the influence of climate change 

indicate that in all the scenarios and time scales 

studied, the model prediction will show both increase  

TTable 2. Quantitative and qualitative classification of model performance based on the AUC index. 

 

 
 

AUC value Model performance 

0.6–0.7 Very Poor 

0.7–0.8 Poor 

0.8–0.9 Good 

0.9 – 1 Excellent 
 

Fig.2. Five environmental variables, 

which are selected in this study, bio1: 

Annual Mean Temperature bio7: 

Temperature Annual Range, bio12: 

Annual Precipitation.    
 

 

 

 

 
 

Fig.3. Receiver operating characteristic (ROC) curve and 

AUC index. 
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(gain) and decrease (loss). However, the loss is greater 

than the gain, and consequently, the range change is 

negative for all optimistic and pessimistic scenarios 

(Table 4 and Fig. 5). Moreover, the highest severity is 

the pessimistic scenario of 2080 (-81.38 %).  

 

DISCUSSION AND CONCLUSION 

Continued emissions of greenhouse gases and climate 

1.2

67.2

10.2

16.7

4.8

0

10

20

30

40

50

60

70

80

Annual Mean

Temperature

Annual

Precipitation

Temperature

Annual Range

Flow

Accumulation

Slope

P
er

ce
n
t

Environmental variables

Fig.4. Variable importance for distribution of northern pike. 
 

 

 

 

 
 

Fig.5. Distribution of northern pike under different climate change scenarios for 2050 and 2080. 
 

 

 

 

 
 

Current prediction 

 

Optimistic (RCP 2.6) Pessimistic (RCP 8.5) 
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TTable 4. Percentage of gain, loss, and range change of species under scenarios for 2050 and 2080. 

 

 
 

Scenarios Optimistic 

(RCP 2.6) 

Pessimistic 

(RCP 8.5) 

Time 2050 2080 2050 2080 

Gain  

Loss 

Range change 

1.20 

69.46 

-68.26 

1.04 

76.87 

-75.83 

0.02 

77.59 

-77.57 

0.01 

81.39 

-81.38 
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change will cause disasters worldwide (Lee 2020). 

Hence, a framework for managing and monitoring the 

consequences is needed. This framework should 

encompass a comprehensive range of conservation 

management actions, from research and development 

to implementation and public outreach (Dasgupta & 

Ehrlich 2019). To control the effects of climate 

change, different strategies must be implemented, 

such as enhancing our understanding of its impacts on 

species and ecosystems, creating decision-making 

tools and adaptation methods, integrating climate 

change adaptation plans into existing management 

and research programs, planning and policy-making, 

and improving the management and restoration of 

existing species and ecosystems to increase their 

resilience (Ramanathan 2020; Rahel 2022; Makki et 

al. 2023a). 

The results of this study indicate that the 

distribution range of northern pike is likely to be 

reduced by 2050 and 2080 under both optimistic 

(RCP2.6) and pessimistic (RCP8.5) climate scenarios, 

thus conservation measures for this species is 

necessary. Management of freshwater conservation 

requires the regulation of water, land within the water 

body (the bed), land within the catchment, and 

biodiversity in freshwater ecosystems (Robertson et 

al. 2016; Coad 2021). Policy options for addressing 

freshwater conservation issues include altering 

property rights (e.g. purchase of land), implementing 

regulations (e.g. setting bottom lines, prohibiting 

activities), establishing directions from the central 

government, setting scientific and best practice 

standards, providing tools, and offering additional 

support for transformation (financial and non-

financial), (Schmutz et al. 2018; Pletterbauer et al. 

2018). 

According to the study of Arlinghaus et al. (2023), 

there are increasing reports of declines of freshwater 

fishes. Specifically for pike, multiple causes underlie 

the decline in the central and southern Baltic Sea. To 

understand the possible reasons underlying the recent 

decline in pike abundance and biomass in the lagoons 

in the southern Baltic Sea, they compiled data and 

literature emphasizing possible environmental trends, 

including those related to anthropogenic factors, in the 

last 10–20 years since about 2000. In another study, 

potential habitats of northern pike, which are 

predatory, were predicted in the rivers (Han, 

Nakdong, Geum, Seomjin and Youngsan) of Korea. 

The prediction results have shown that the 

physiological habitat suitability of species was mainly 

controlled by heat or cold stress, which resulted in 

biased habitat distribution. Northern pike was 

predicted to prefer basins at high latitudes (Shim et al. 

2023). Khaval et al. (2010) found that pike controlled 

coarse fish in carp culture ponds, reducing unwanted 

fishes by 79.3% and 74.3%, respectively, at  pike 

densities of 200 and 500 individuals per hectare. Pike 

fed mainly on frog juveniles but reduced unwanted 

fish such as Carassius auratus, Hemiculter leucisculus, 

Alburnus alburnus, and Pseudorasbora parva by 94.0, 

88.9, 62.4 and 56.82%, respectively. In studies 

conducted in Iran, it was found that northern pike 

mainly feed on Carassius sp., Hemiculter leuciscus, 
Rhodeus caspius, Alburnus chalcoides, Atherina 
boyeri, Gambusia holbrooki, Chelon saliens, 
Alburnus hohenackeri, and Ponticola bathybius. Thus, 

this fish plays an important role in controlling non-

native fish in the region (Abdoli et al. 2022). 

For fish, temperature is the master abiotic factor 

that controls and limits fish physiology (hemato-

physiology, metabolism, immune system) at all stages 

of the life cycle, and is also a key factor affecting 

species redistribution (Khaval et al. 2010; Schmutz et 

al. 2018). When water temperatures even slightly 

increase, it can cause stress, reduce growth rates, and 

increase mortality in many freshwater fish species that 

are adapted to specific temperature ranges (Rahel 

2022). An increase in water temperature due to 

climate change can cause physical changes that have 

ecological implications, such as a decrease in the 

viable habitat, altering species distribution ranges, 

decreased availability of food and nutrients, and 

reduced habitat connectivity (Robertson et al. 2016; 

Mostafavi et al. 2021; Islam et al. 2022). Whereas, 

freshwater fishes cannot disperse without connections 

of the freshwater systems, if the rivers are 

disconnected and they do not enter suitable habitats, 
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 they may face destruction (Pletterbauer et al. 2018; 

Makki et al. 2023a).  

Accordingly, adaptive management should be 

maintained as a fail-safe, given the delayed 

detectability of a climate change signal, which could 

mean that adjusting freshwater management practices 

based on empirical observations may come too late to 

be useful. We need to further investigate ways to 

evaluate the resilience of ecosystems to effectively 

direct conservation efforts toward the most vulnerable 

or fragile habitats, or alternatively, strengthen the 

stability of those ecosystems (Robertson et al. 2016; 

Pletterbauer et al. 2018; Dasgupta 2021). Managers 

have three options for responding to these changes: 

"Resist" change to maintain or restore historic abiotic 

and biological conditions; "Accept" change and 

manage within the new conditions; or "Direct" change 

to produce new conditions considered desirable by 

humans (Rahel 2022). In order to ensure the survival 

of freshwater ecosystems and the species within them, 

"Protecting" and "Restoring" critical habitats, such as 

rivers, wetlands, and lakes, are two approaches that 

can be taken to ensure the continued survival of fish 

species (Ferraro et al. 2015; Muhar et al. 2018). 

Finally, the impact of climate change on freshwater 

fishes is a growing concern that requires urgent 

attention and action. Importantly, the main action for 

controlling climate change is to reduce greenhouse gas 

emissions and slow the rate of temperature increase. 

To reduce greenhouse gas emissions, strategies such 

as increasing the utilization of renewable energy 

sources, enhancing energy efficiency, encouraging 

sustainable land management practices, halting 

deforestation, transforming transportation systems, 

and initiating reforestation should be employed 

(Dasgupta et al. 2021). Additionally, policies and 

regulations can be implemented to limit the 

introduction and spread of invasive species, as well as 

to promote sustainable fishing practices that minimize 

the impact on fish populations. According to the 

results of the current study, it is expected that the 

range of distribution of northern pike will decrease in 

the future. However, this species is an important 

economical species that provides nutrition for people, 

and anglers catch this species in rivers along the 

Caspian Sea shore; thus, across its distributional 

range, the species has high fisheries value, and 

regionally for commercial fisheries. Based on the 

above, a decrease in the distribution of this fish as a 

nutritional species is a threat to food security, and 

decision makers should pay more attention to the 

conservation of this species.  
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 کاملمقاله 

 گونه یک عنوانبه Esox lucius ،اردک ماهی پراکنش بر اقلیم تغییر اثرات محورمدل ارزیابی

 ایران در خزر دریای جنوبی آبریز حوضه در خوراکی مهم
 

 3مجتبی ذولجودی زرندی ،*2حسین مصطفوی ،*1ثابتسید حامد موسوی ،1نژادنجمه طبسی

 1گروه شیلات، دانشکده منابع طبیعی، دانشگاه گیلان، صومعهسرا، ایران.
 .ایران تهران، بهشتی، شهید دانشگاه محیطی، علوم پژوهشکده اکوسیستم، مدیریت و زیستی تنوع گروه 2

 .ایران تهران، شناسی و علوم جوی،اقیانوس پژوهشگاه ملی3 
 

تأثیرات  ها های ساکن در آنهای آب شیرین و گونهای در حال تغییر است. این روند تغییر اقلیم بر اکوسیستمسابقهشکل بیدر سراسر جهان، سیستم اقلیم به :چکیده

( و RCP 2.6بینانه )ی اقلیمی خوشماهی در حوضه آبریز خزر تحت سناریوهابینی گستره پراکنش اردک. مطالعه حاضر با هدف پیشگذاشتتوجهی خواهد قابل

انجام پذیرفت. پنج متغیر شامل، میانگین دمای سالیانه، محدوده دمای  Rافزار با استفاده از مدل مکسنت در نرم 2202و  2202های ( در سالRCP 8.5بدبینانه )

بینی پراکنش گونه دست آمده، عملکرد مدل در پیشبا توجه به نتایج بهسازی استفاده شدند. سالیانه، میزان بارش سالیانه، جریان تجمعی و شیب برای انجام مدل

ها و سازی نشان داد که احتمالاً پراکنش این گونه در تمامی سالعلاوه، نتایج مدلبه ( ارزیابی شد.799/2)عالی  AUC (Area Under the Curve)براساس معیار 

رود و در شمار میخوراکی به-یک گونه با ارزش اقتصادی ماهیبا توجه به اینکه اردک توجهی کاهش پیدا خواهد کرد.صورت قابلبینانه و بدبینانه، بهسناریوهای خوش

 تواند تهدیدی برای امنیت غذایی و معیشت جامعه محسوب گردد.رو کاهش پراکنش آن در آینده میای برخوردار است، از اینغذایی جوامع محلی از جایگاه ویژهسبد 

 .قائل شوندگیران باید در خصوص حفاظت از این گونه با ارزش و مدیریت ذخایر آن توجه و اهمیت بیشتری گذاران و تصمیمدر نتیجه، سیاست

 .غذایی امنیتزیستی، حفظ تنوع سازی پراکنش گونه،مدل جهانی، گرمایش کلیدی:کلمات

 

 


