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Understanding the factors governing species distributions is fundamental to freshwater 
ecology and biodiversity conservation. Conventional Species Distribution Models 
(SDMs) primarily explain species occurrences using environmental variables but 
generally overlook interspecific interactions and unmeasured ecological processes. Joint 
Species Distribution Models (JSDMs) overcome this limitation by simultaneously 
modeling multiple species and incorporating latent variables to capture residual species 
associations. This study represents the first application of a latent-variable JSDM to 
freshwater fish communities in Iranian inland waters, aiming to evaluate the combined 
effects of environmental drivers and hidden ecological interactions on fish assemblages 
in the western and central ecoregions of the southern Caspian Sea basin. Fish occurrence 
data for 22 species were collected from 175 randomly selected passable river sites using 
standardized electrofishing protocols. Environmental predictors included climatic, 
topographic, hydrological, and land-use variables. After multicollinearity assessment, 
ten predictors were retained for modeling. A multivariate probit JSDM with latent 
variables was implemented using the JSDM package in R. Results demonstrated that 
temperature and annual precipitation were the dominant environmental determinants of 
fish distributions, while watershed characteristics and human land use further influenced 
species occurrence. Residual correlation matrices revealed substantial positive and 
negative species associations that were not explained by measured environmental 
variables, indicating potential habitat sharing, ecological similarity, competition, and the 
influence of invasive species. Positive associations were observed between Salmo trutta 
and Oncorhynchus mykiss, whereas several native species showed negative correlations 
with invasive taxa. These findings demonstrate that incorporating latent variables 
substantially improves community-level distribution modeling by accounting for hidden 
ecological processes. The proposed framework provides a robust scientific basis for river 
restoration, invasive species management, biodiversity conservation, and ecosystem-
based freshwater management under ongoing environmental and climatic change. 
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Introduction 
Understanding how biological communities respond to environmental variation remains one 

of the principal challenges in ecology. Species distributions are determined not only by abiotic 
conditions but also by complex ecological interactions, including competition, facilitation, 
habitat sharing, and other biotic processes operating across multiple spatial scales. Predicting 
these relationships is particularly important in freshwater ecosystems, where habitat 
fragmentation, climate change, invasive species, and increasing anthropogenic pressures 
continuously reshape community composition. 

Species Distribution Models (SDMs) have become essential tools for predicting species 
occurrence and identifying suitable habitats. However, conventional SDMs generally assume 
ecological independence among species and therefore neglect biotic interactions that 
substantially influence community assembly. This limitation may reduce predictive accuracy 
and hinder conservation planning, especially in highly diverse freshwater ecosystems. Recent 
developments in community ecology have led to the emergence of Joint Species Distribution 
Models (JSDMs), which simultaneously model multiple species while incorporating both 
environmental responses and residual species associations. Through latent-variable approaches, 
JSDMs can identify hidden ecological gradients and unexplained covariance among species, 
providing a more realistic representation of ecological communities. 

Despite their growing international application, JSDMs have not previously been 
implemented for freshwater fish assemblages in Iran. Consequently, little is known about how 
environmental filtering and latent ecological processes jointly shape fish communities in the 
southern Caspian Sea basin. This study addresses this knowledge gap by applying a latent-
variable JSDM to investigate fish assemblages across the western and central Caspian 
ecoregions. Specifically, the study aims to (i) quantify the effects of environmental variables 
on species distributions, (ii) identify residual species associations that may indicate ecological 
interactions, and (iii) evaluate the usefulness of latent-variable JSDMs for supporting 
biodiversity conservation and river ecosystem management. The findings are intended to assist 
freshwater ecologists, conservation biologists, fisheries managers, and environmental decision-
makers seeking community-based approaches to ecosystem conservation. 

Method 
This research employed an observational ecological design based on species occurrence data 

collected from natural river systems within the western and central ecoregions of the southern 
Caspian Sea basin. A total of 175 randomly selected passable river reaches were surveyed 
during the autumn season using standardized electrofishing procedures recommended by the 
European Committee for Standardization (CEN). Sampling reaches covered multiple habitat 
types to ensure representative assessment of local fish assemblages. All captured individuals 
were identified to species level and released after sampling. 

The dataset included 22 freshwater fish species, representing endemic, native, and non-
native taxa. Environmental predictors were compiled from the WorldClim database together 
with GIS-derived topographic, hydrological, and land-use variables. Initially, nineteen 
bioclimatic variables were extracted; following Pearson correlation analysis and ecological 
expert evaluation, ten variables were retained to minimize multicollinearity. These included 
annual mean temperature, minimum temperature of the coldest month, maximum temperature 
of the warmest month, annual temperature range, annual precipitation, watershed slope, 
upstream drainage area, river segment length, agricultural land area, and urban land area. 

Species occurrence data were analyzed using the JSDM package in R (version 4.4) within a 
multivariate probit framework. Latent variables were incorporated to account for unexplained 
covariance among species after controlling for measured environmental predictors. Residual 
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correlation matrices were subsequently interpreted to identify potential ecological interactions, 
shared habitat preferences, competitive exclusion, and hidden environmental influences 
affecting fish community assembly. 

Results 
The latent-variable Joint Species Distribution Model (JSDM) provided a comprehensive 

assessment of the environmental and ecological factors structuring freshwater fish assemblages 
across the western and central ecoregions of the southern Caspian Sea basin.  

Among the environmental predictors, climatic variables emerged as the dominant 
determinants of species occurrence. Temperature-related variables, including annual mean 
temperature, minimum temperature of the coldest month, maximum temperature of the warmest 
month, and annual temperature range, exerted the strongest influence on the spatial distribution 
of most species. These variables were particularly important in distinguishing cold-water 
species from warm-water assemblages, highlighting the sensitivity of freshwater fish 
communities to thermal gradients. Annual precipitation also contributed substantially to species 
occurrence by influencing stream flow, habitat availability, and hydrological connectivity 
throughout the river network. Together, these climatic variables explained a considerable 
proportion of the observed variation in species distributions, confirming their fundamental role 
in shaping riverine fish communities. 

Despite the strong explanatory power of the measured environmental variables, the latent-
variable JSDM identified substantial residual correlations among species after accounting for 
abiotic effects. These residual associations indicate that additional ecological processes, 
including species interactions and unmeasured environmental factors, contribute significantly 
to community assembly. Positive residual correlations generally reflected shared habitat 
preferences, similar ecological requirements, or potential facilitative relationships. For 
example, Salmo trutta and Oncorhynchus mykiss exhibited one of the strongest positive 
associations, suggesting a high degree of habitat overlap associated with cold, well-oxygenated 
mountain streams. Similarly, Squalius turcicus and Squalius berak showed consistent positive 
correlations, indicating comparable ecological niches and co-occurrence within similar river 
habitats. Additional positive associations observed among species such as Capoeta razi, 
Sabanejewia aurata, and several benthic taxa further support the existence of habitat-sharing 
patterns within the study area. 

Conversely, the model revealed several pronounced negative residual correlations that likely 
reflect competitive interactions, ecological segregation, or the influence of invasive species. 
Strong negative associations involving Carassius auratus, Pseudorasbora parva, and multiple 
native species suggest that invasive fishes may compete with indigenous taxa for habitat and 
food resources or indirectly modify community structure. Negative relationships were also 
detected between Rhodeus amarus and Pseudorasbora parva, as well as between 
Oncorhynchus mykiss and Neogobius melanostomus, indicating potential ecological 
incompatibilities or competitive exclusion. These findings are consistent with ecological theory 
predicting that species occupying similar niches may exhibit negative co-occurrence patterns 
when resources become limiting. 

The residual correlation matrix further demonstrated that not all unexplained associations 
necessarily represent direct biological interactions. Instead, some residual covariance may 
reflect unmeasured environmental drivers, such as microhabitat characteristics, substrate 
composition, localized water quality, riparian vegetation, or other fine-scale ecological 
processes that were not explicitly incorporated into the model. Consequently, the latent-variable 
framework captures both hidden environmental heterogeneity and potential biotic interactions, 
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providing a more realistic representation of community structure than conventional single-
species models. 

Collectively, these results demonstrate that integrating latent variables into Joint Species 
Distribution Models substantially improves the interpretation of freshwater fish assemblages 
by simultaneously quantifying environmental filtering and species co-occurrence patterns. The 
findings emphasize that accurate prediction of fish distributions requires consideration of both 
abiotic drivers and hidden ecological processes, thereby providing a stronger scientific 
foundation for biodiversity conservation, river restoration, invasive species management, and 
ecosystem-based freshwater planning in the southern Caspian Sea basin. 

Conclusions 
This study provides the first application of latent-variable Joint Species Distribution Models 

to freshwater fish communities in Iran and demonstrates their considerable advantages over 
conventional single-species distribution models. The results indicate that fish assemblages are 
jointly structured by environmental filtering and hidden ecological interactions, emphasizing 
that community-level modeling provides a more realistic understanding of biodiversity patterns 
than independent species analyses. 

The findings have important implications for river restoration, freshwater biodiversity 
conservation, invasive species management, and ecosystem-based environmental planning. By 
simultaneously accounting for environmental drivers and species associations, latent-variable 
JSDMs improve ecological prediction and provide valuable guidance for prioritizing 
conservation actions under climate change and increasing anthropogenic pressure. Future 
studies should integrate additional environmental variables, long-term monitoring data, and 
functional or phylogenetic information to further refine predictions of freshwater community 
dynamics and strengthen evidence-based management strategies for the southern Caspian Sea 
basin. 
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  ��:واژه����

 ، �����ت ا����ژ��ي

 ��، ��ز�� ����ک ����

 ، ای�����ن رود����

 . �������ی ����ن

���ي �����ي  و ���   ��درک �����ي �أ��� ز�����ه و ��ا�� ����ي �� ��ز�� ���ي 

��م  در  ا��ي  ا��اف  از  ����ي  �����ات   �� ���ي  ��ا��  �����ن  وا���  ����ي 

ا�� رود����   �� ��ای د�����ي  ��ر ���ي   ��  �� رو���د��ی ��ي  در  ای �����. 

��رد ا����ده ��ار �ي ����ا��اف  �أ���ات �����ت  )ر����، ���ر،  �����، �����ً   ��

����، �� �� ��ر  د�ي �����ر ����� ��د��ه ����� �ي ������ي و ���ه( را �� ��� 

��د. ��ا �� ����  �� �ي��ی �� د�� ���� در ��رد ��ز�� ���� ���ي�����ه ���� �� ��� 

��ی دا��ي ا��ان ا���م  در ��رد �����ن آب ��  �� ���ن ��ز�� ����ک ����   �� ا����

���� در   ���22ه ا��، ����� ������ �� �� ا����ده از �� ������ ��ردی �� ���ر  

��  ی ����ي در��ی ��ر، ��ز�� ����ک ��������ی و ���ي ����  ����� ز���ي

��ا��� ��  ��ی ����ک �ي��ی ��ز�� ����ا���م ��د. ����� ���ن داد �� ����� ��ل 

��دن �� �����ت ���� ��ي  و  ���ز���ي  �������ی  ا��ات  از  ز��ن  ا����ده   ��  ،��

������ ������ي ��������ه ��ل �������ی ����ن، ����� ���� ����ي در ��رد ���  

و  �ده  �� د��� ����ي ��ا��� ���� �� را در ��� �� ارائ� د�� و �����ت ��������

�� ��ل  ���ي ����. ، ���� ��� ������ي�� را ��د��ه  ���ي �� �����ت �������� 

��ر�ي �أ���    ��������   ��� ��ت   �� ��ر  �����ن  ��ا���   �� داد��  ���ن 

��ا��  ����. ا�� رو���د �ي�������ی ����ي )����� د�� و ��رش( و ر���� ��� ����

��ا�� �� �� ��� �� را آ���ر ���، �� �ي��ی ا����ژ��ي ��� ������ و ���وت����� 

��ی ��ف ������ی ����. �� ���ان ���ل  ��ی ����� از ������� از ���د ��� ������

  ��� ���� ������ل������ي  ر���� ����ي ��ل   و  Salmo truta  آ�ی ��ل    آ�ی 

Onchornycus mykiss  ���� ���� ز�����ه را �� ��  ������ ا�� ا�� �� ا�� دو ����

����� �ي ا��  ا���ا��ی دار��  ��و��  در  آ�ي   �����  ����� ����ان   �� ��ی  ��ا�� 

��ی ���ي و در  ��ی ����ي �� ��ر در ����� از ���� �����ي ����� ا���ی رود���� 

 ��ی ����� ��� ���. ���ض ��� و ����ل ���� 

��ر����ا��د  ا����د �� ا�� �����: ����ن و �����ت ����1404ا���. )  ،و ����ي  ���و  ،���ی  ؛����  ،�����ی  ؛����  ،���ي  ای در  (. ��ر�ي ��� �������ی 

��ا��� ����ک ������ل در��ی ��ر��ی ���ي در رود���� ��زی  و ������ ����� ��ی ����ار .��ی ���� ����ي   .7۹-۹7(،  1)1،  را���د��ی ���م �����ي 

https://doi.org/10.22034/jsesm.2026.252595 

 
  ��������ن ©

 https://doi.org/10.22034/jsesm.2026.252595: DOI                               : ا���� ���ي �����ي و ������ ������ ا��ان                     ����



 
 

 1404ز����ن  ، 1 ره��� ، 1ه دور  ، ��ی ����ار���م ������ و ������ ����� ی��را���د �������                                                    82 

 

 

 ����� 

.  (Thuiller et al., 2013)ا��    ي در ��م ����  ي از ��ا�ت ا��  ي� � �� در ��� و ز��ن  ����  � ���ز  ي� ����درک و � 

 Guisan et)   �����  �� �� �� �� ���ه وا��� ����  ي��ر�   ی��ا  ی ا��ار ��ور  ������1  �ز���  ی ����ل  �، ����  ���� ا

al., 2017)ی�����ي ����هاز ���  ی را �� ������ ا  ی ��ی ��دا�� �� �����ات ����   ��ا  � ا���ي در ا�� ��رد. ا�  

���� را ا�����ج    ي ����  ��ه�د�� �� ��ا��زه �ي  ���� و ������  ��زده ��ه �  ��. را��� ���������� ��   ي ����

 Guisan et)  �� ���ي ��در �� دو ���  ��ز��ن،    ���� در ���    �،���  ي� ���  ����ا  یآن را ��ا  ��و ��� ��ز  �� ��

al., 2017) ��� و�ي    ������ ��رد ا����ده ��ار � ������ ������ ����  ی��ا��� ��اي�  ��ی ��ز�� ��������ل��    ي. در

��،  ����  ی ��������  ی��ز ��ل  ی. ��ارو������د �� ��ر �ي  ی������  �����ي ��زو ���  ی ��ز��ل  ی�� ��انا��� آ

��ی  ��ل  در  .(Pollock et al., 2014)  ��د ي���� �   ����2 ��  ����ک   � ���ز  ی ���� ��ل  � �ا�  ی آ��ر  ی�� ������

��ی ��ز��  در ��ل  ��  ي��د، در ��� ����ط �ي  ي ���������  �� ��  �� ���� ����  �ن�ر���  ����ا  ��،��ز�� ����  

  ��� �� ����ي�   ��������� را �� ��رت ���ا  ���  ��  ��ی  يوا���� ��،  ����ه����  � ��  ي ������  ������ک ����

 داده ���ه ا��. � ���� ي ا����ده ��ه،� ���  �������ی

��ی  ��ی روزا��ون روش����� ا��، �� ���ه  ��د ������ ا  ی ��داده ��ر�ي  ی��ا  ����ز�� ����ک ������    �ي از آ���

 ;Karp et al., 2025; Korhonen et al., 2024)  �����ي  �ا��   �����ی  �������  �����  ي�� �ارز  ی��ا  ����

Lazagabaster et al., 2024; Stolf & Dunson, 2025; Taberlet et al., 2012)ی��ل، ��ر��د آ��� ��ا  � �. �� ا    ������

��ا�� ا��.   ����3ه ي���   ��� ���وار  ������  ��و ���  ي�������  ی�������  ���ي �����:�� ��رگ ���ز �� ���ود  ی��داده

  ��زده ��ه در ����  �� ���  ی���اد ��را�����  �ا������ ز  �������  ي�� از ��� ������� در وا��، ��ز�� ����ک ����

  ی���� و��د دارد. ��ا  � �ر�� ا  ی��ا  ��د�ور  � �. ��������ي  ��ا��ا  ��ر ��ا�ي�� ��  �� ���اد ����  ����ه� ���   ي������ 

  ��راه �� ���اول �� ���� ا���د از ����  �����،  �ه���� ���  ����4 ��ل ��و� ي���ي �� ������ز�� ����ک ����

����    ����ه� ���   ������وار  ������  ���ر��� ��  ��، �� در آن ��� ���� ��ل �� ���دارد  ����  ����5ن   ����ی ��� ��ل

  .(Warton et al., 2015)  �����ي

  ���ر ���ي��ی داده �ا������، ز � ���  ي��ی ����� ��� داده � �و ��� ����� ی��ا �ه��� و�� ����ک ���� ����ز

��د را ���ن    يز���   � �  و   ي����  ي ���� ا�� ������  �� ����� و در ���ي  ی ا��� در ��� و در ��ل ز��ن ��� آور

����� ���د، ا�����ط ��ل ���� ا��    ��و��د دا��� ���� و در �  ي ز���  ��  و   ي����  ي�� ��د������   يد���. ����� 

را    ��ي� �����   ��ا��ي�  � �����   ي و��د دا��� ����، ������ن ا��ات ���د�   ی ��  يدا��� ���� ا�� وا����  ی�����

 . (Hui & Poisot, 2016)  ���ه در ز��ن و ���ن ����د ����  ی�������� ی ��در ���ن

 .د���ي���ن �  ���� آب �  �ن ���� ��ت��� را در �����ز�� ����ک ���� ا����ده از  ارزش ، ی�� ������ �� �����

Tikhonov    را��و����  (Tikhonov et al., 2020)    داده��ل    � �از  ی ��ا  � �از ��������  یا����در  �ن� ���  ی���� 

از آب و ��ا  ي���  �ات���� ي ���ارز ی��ا ي���� د�� ا����ده ��د�� و ��ر��� یاار�����ت ���� ����� ي����� ي��ر�

��ف    ی ��������  ��ز�� ����ک را روی  (da Silva et al., 2023)  ����را��و    Dasilva  .����� ارائ� داد��  � �در ���

  ���ن��  ی������  ��ا���ي�� � ��ل  � �در ���� رود���� دورو ا���ل ��د�� و ���ن داد�� �� ا  ���ن��ي  و ���  ����آب �

 
1 Species Distribution Models ; SDM 
 joint Species Distribution Models; jSDMsـ 2
3 Residual Covariance Matrix 
4 Probit 
5 Latent variable Model; LVM 
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  ، ي� ��او��وا��� ��  ی در د���   . ��ا ����  �����ه  ي �� �����ک را از ار�����ت ز  ي ����   ی�� ��ده و ���� �ي��� را �����

���ن  د��ي����وب ا����ده �� �� ���ن �  ی������� در رود����ي  ���� ���  ي��ر�  ی��ا��ل ��ز�� ����ک    ��از  

از ���� د�� و و���ي�ي ��ی ز�����ه، ��� ���ي در ��ز�� �����ن دار��؛ در ��� ��ل،  د�� �� ��ا�� ����ي، 

������ي �������ي   ��� ��������ه  �����ت�� �ي��ی   �� ��  ز���ي،  ��ا��  و   .(Bokhutlo et al., 2023)��  ��ز��ر 

McLaughlin  و ����را��  (McLaughlin et al., 2024) ���  در ��ا�� ��زه آ��  را ���  ي ���� ��� 50از� � ��� �  

  ی ��از ����  ی�ر���  یو��ع را ��ا   ی �������   ،�ی ��ز�� ����ک�ي�� ����� �  ����� � ��د�� و در  ي��� ارز  �� ����

����� ��رد    ی ������  ی�� ����وت ��د و ��ا����  � �آن در �  ی ��ا���� ��ا  ����، ي���� ��در ����د �   � �و ���  ي ����

  ي ���ز��  �����  ی �� ���� ��ا��  ��ز�� ����ک ������    د��� ي������ت ���ن �  � ��� ر���، ا  ی ���ود ��د. رو  ي��ر�

و    ���ن��  ي���   ی��يوا����  �ي�����   ،ي�� ا��  ی������  ي��� ارز  ��،ي� ��������د �  ی���� ��ا   �،���آب �  ی��ي���

 �����.  � ���  ��� ي���� ا�����  ی�����درک ��آ

ی �����: �����  ����د  �ات ��� ���   ��وه �� ���ات ���ي از ����� ا����   ��ر  ی ��در  يدر ���� ����  ي ���  ی������

����� از  ���ي  و ����زی،ز�����ه  ���ورزی  ���ی،  ���ب  ی  از  ���ي  ����ي  آ��د�ي  ����ي،  و  ���ورزی  ��ی 

����  ��� �ي رو�� و ������ي  ���ي، ���   ��� د���ی   ��  ً����� �� ��  ي ا����  ی��������  ��رو��و �����    �ات ��و 

، ��وه �� �����ات ذ�� ��ه  (Esmaeili et al., 2014  ; Mostafavi et al., 2019;  Seifali et al., 2012)  ا��   ي ����

در ا��  .  ی ����ي در��ی ��ر �� ��� ���� از د�� دادن ز�����ه ��� ��ا���������ن ������د ��  ���ي �ي���

�� را ��� �����  ���ي ������ ار���ط ��� ز�����ه������ ��ي ��د�� �� ا����ده از ����� روا�� و �����ت ��� ���� 

 ��ی ���س ������ي ����. از ����

 

 ���س� پ�و�� روش

 ����� ��رد ������ 

ا����    در ���ب   ی ا���ز����ه��ر در ���ل و    ی ��در  ���� در ���ل ا��ان ��ار دارد ��    ��ر  ی �� در  ی آ��������

��ی  ��ی ز���������� ���� از �� ����� ز���ي در ��ک ا��ان �� ��م  ��182،100ه ا��. ا�� ���� �� �����  

 Mostafavi et  ;Mostafavi et al., 2019) ����� ��ه ا�� ��3ی ��را�ي و د�� 2، ار�����ت ��ر��1را و ���ب ��ر 

al., 2015)ی ز���ي ���ي  ای و ز���ي ��و�� ��رد ��� در دو �����. �� ���� �� ا�����ت در د���س �� ���ظ ��د��

��ی  ی ز���ي��ی ��را و ���ب ��ر( و ����ی )ار�����ت ��ری( ا���م ��د�� �� در ����ع ����� �����)ز���

 ������� ���� ا��.  ��131،352رد ������ 

 ��ی ز����آوری داده روش ��ع 

�� ���    DEMو از روی ����   CCM2در ا���ا ���� ز������ ��ی دو ا��ر��� �� ا��س �����ه داده ای ارو�� ���م  

�� ��ر    ا�����ه ����� ��داری  ���175    .(Hijmans et al., 2005; Vogt et al., 2007 )�����ج از ����اره �����  

در ا�� ���  ��    و��د ����ن  ���� د�  �����  ���  در���    ی��دار  �����ا����ب ����.    ��4ی ���� ��ر���د�ي �� رود����

 
1 Kura-South Caspian Drainages 
2 Caspian Highlands 
3 Turan Plain 
4 Wadeable 
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����ط �� �����داری �����ن �� و���� ا����و����    ��1و��� ا���د�� ارو�� �� ا��س    ي��ی ����� ���و��د ا��ازهو ا���ن  

(Cardoso et al., 2005)  ا���م ��د��  2015در ��ل(Mostafavi et al., 2015) . 

 

 
 ��رد ������ ���� �����   . ���1 

Figure 1. Map of the study area 

 

ــ��ـ�ه ــ� ��ـ��ي ز��ـ ــ��ـ�ه ��ی ��رد ���ـ��ـ�،��ـ� ���ـ ��ا�� ��ض   ��20   10  ی��ی ����� ��دار��ـ�  ��ی ا��ـ

� ��ـ �ب  رود�ـ �    ا���ـ �ا�ـ �  ���    100و �ـ ��ـ � ��داراز ��ل رود�ـ �    ی����ـ �    ��وه،�  � ـ.  (Langdon, 2001)��د�ـ ��ـ

آوری  رود���� و �� ��ر در ����� د�ـ� رود���� ��� ������د�ـ�   ��در �� ـ����ه  ����  � ��ر  � ��داری، ������

ــ�. �ـ� ���ـ� �ـ� ��ض رود�ـ��ـ� ����ـ� ــ�ی ��� آوری ���ـ��ـ�ن �ـ� آ�ـ� ��ار داده �ـ ــ�ه و در ر��ـ� از �ـ ــ�ک �ـ �ـ�ی �ـ

���ه � ���ه �� ��ف ����ن  ا��ـ ���ده ��د�� و �� ��� �ـ ��� آ�� ا�ـ ��ی ����� ��داری، ��ای �� ��� ��� ��ض �� �ـ

�� ���د�ـ� رود���� ���� ��ده و ���ي �� و �� ���ر رود���� ����� �يآب �� �ـ �  �� را �ـ ���د��. �زم �� ذ�� ا�ـ

 ��د����.  ��زی �ير���ي، ��ون ����ت ���دا �� دا�� رود����  �� از ������� �����ن  

 روش اس���اج �������ی �����

و از ��   ا�ــ���اج �ــ���   worldclim.orgاز �����ه داده    �����2 ز��ــ� ا����ي   ��1۹ی ز���ي ������،  �� ���� �� دوره   

��ای �� ز�����ـ�  ��� و ار���ع    �، � � ـ  ي �� �  � � ز�  �ـ�� ��ام ��ای �� ز�����ـ� ������� ����� �ـ�. ������� �������ی  

��� ��ر��ی  ��ی ��ـ�ورزی و    ��� ����ـ�� �ـ���. از ��ـ ��ي در ی ������ �� ���ان ������ه   �� ز�����ـ�  ��ر��ی �ـ ��ی ا��ـ

��ی  ا�� ��و�� ا�ــ���ده �ــ�. ��ــ��� �� ز�� ���ــ� و ��ل ��� رود���� ����� �� آن ز�� ���ــ� ��� �� ���اه ��� 

��� ����ي   � رود����، ��ـ � رود����، ��ل ����ي ���د�ـ � ز�����ـ� ���ي ��ـ��� ����ي ���د�ـ ����ي ���د�ـ

��ر��ی ��ـ�ورزی ���د�ـ� رود����، ��ـ��� ����ي ��ر��ی ا��ـ��ي ���د�ـ� رود����، ��رش ����ي ���د�ـ� رود���� در 

��رد آز��ن ������ي �����ن ��ار ������    �������  ، ي از �� ��   ی � � ����   ی ��ا ������ ���� و  Arc GIS 10.8 ��م ا��ار 

���، ��ي از آن   70و از ��� ��������ي �� ����ـ��ي ���ی  �ه در ���ـ� در�ـ� دا�ـ �س ������ت ���ي ا���م �ـ �� �� ا�ـ

 . ( Valavi et al., 2022) ����ي در��ی ��ر و �� ��� ��ر������� ا����ب ����  

 
1 CEN2003 
2 Bioclim 
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 ��ی ��رد ������ گ���

 وارد ��ا��� ��ل ��زی ��. ����1 ���ي ����� ��ول   �����22 ���ر و ���ب  

و و���� ا����دی   IUCN، و���� ح��ظ�� �� ����ی دن  ��ی ��رد ������، و���� ���� �� ������� ������  . ��1ول 

 آ��� 

Table 1. Study species, their native or non-native status, conservation status according to IUCN, and their 
economic status 

 

  

و���� 

 ا����دی

و���� 

 ح��ظ�� 

و���� ����  

 ��دن 
 ��م ا������  ��م ��ر�� ��م ���� ���� 

 Oncorhynchus mykiss ������ي NE ��� ورز�ي 
آ�ی ��ل

 Rainbow trout ���ن ر����

 Salmo truta ���ي  LC ��� ورز�ي 
آ�ی ��ل
 Brown trout ���� ��ل

 Topmouth آ��ر��  Pseudorasbora parva ��� ���ي  LC آ��ار���ي 
gudgeon 

 Eastern �����ز��  Gambusia holbrooki ������ي LC ��ارد
mosquitofish 

 Oxynoemacheilus bergianus ����اد  LC ا����ژ��ي 
�� ���ي  

 Berg Loach ��گ 

 Paracobitis abrishamchiani ����اد  NE ا����ژ��ي 
��چ  

 ا���������ي 
Abrishamchian's 

loach 

 Cobitis faridpaki ����اد  NE ا����ژ��ي 
 

  �� ���ي
ي �������  

Faridpak's 
spined loach 

آ��ار���ي و  
 Sabanejewia aurata ���ي  LC ا����ژ��ي 

�����ي  
�����ری  

 ���ي 

Hither Asia 
spined loach 

 Riffle Minnow ����� ��ر  Alburnoides eichwaldi ���ي  LC ا����ژ��ي 
 Filippi's bleak ���ي ��را  Alburnus filippii ���ي  LC ا����ژ��ي 

 Alburnus hohenackeri ���ي  LC ا����ژ��ي 
��وار��  

 Persian bleak ���ي

 Squalius berak ���ي  LC ��� ورز�ي 
�����س  
 ا������ ���

Mesopotamian 
chub 

 Squalius turcicus ���ي  LC ��� ورز�ي 
 

�����س  
 Turkish chub ���ي

 Bulatmai barbel زردک Luciobarbus capito ���ي  VU ��� ورز�ي 
 Mursa زردک ���ي  Luciobarbus mursa ���ي  LC ��� ورز�ي 
 Kura barbel �� ���ي  Barbus cyri ���ي  LC ��� ورز�ي 

 Capoeta razi ���ي  LC ا����ژ��ي 
  ���ه ���ي 

 Razi scraper رازی 

 Goldfish ��راس  Carassius auratus ��� ���ي  LC ��ارد
 Sharpbelly ���ه ���ي  Hemiculter leucisculus ������ي LC ��ارد

 Neogobius pallasi ���ي  LC ا����ژ��ي 
�و���ي  �

 Caspian goby ��ي

 Neogobius melanostomus ���ي  LC ا����ژ��ي 
��و���ي  

 Round goby ��ددم

 Rhodeus amarus ���ي  LC آ��ار���ي 
���ج  
 ای ����

European 
bitterling 
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  ����� آ��ری

، �� �� از ����  (Norberg et al., 2019)�� و��د دارد  ��JSDMازش    ی��ا  یآ��ر  ی ��ز��ر��ب ��ل  �����

. �� د���ل  �� ا����ده ��د  R    ����4.4  (Clark et al., 2017 )( در ����  jSDM)��  ��ز�� ����ک ����  ی��ز ��ل

���ن د���ه ��م    ���yij=0ن د���ه ���ر و    yij=1  � � د�(، ا��زه �ي201۹و ����ران )  ���ن����و  ی����� ��ار 

 ا��:  ���� ��ح ز ��. ��ل ��i = 1...nو  ��j = 1...J   �ي����، �� iدر ���  jو��د ���� 

yij = 1(zij > 0) 
zij = uij + eij 
uij = Xi,.B.,j 
ei ~ MVN(0,R) 

���ن    zij < 0و    ���ن د���ه ���ر  ��zij > 0د ��  ���� �ي  �����zij   � ����  � ��� ���� از ��  �ب � ���ر و �

  ������eij    ����هي���   یو ���   uij  ����هي�� ����  ي����ن ��ا�� ا�� �� ����ع ��  ��د���ه ��م ���ر ا��. ���

 . (Clark et al., 2017)ا�� 

،  Xi  ي �� ��  ي ���  ی �������  ������k = 1...Kب    ي ���ي �����  ����، �  � ����  ي د���ل ��ر��ب ��ل ��  ��

در    را  �� يدارد، �� وا����  و��د  J x J  ������وار  ��در ����  ����هي���   ی��ي. ������ B.,j  �ن�ر���  ��ا��. و ��ا

�� ��    ��� ي� �ي ���� را �  �ي ��آن ���� R ي �� �. د��ي�  ���ن در ��ل   ي ���  ی������ �� از ������ ������� �ن ��

  � �����  ����ه���ی ���ي. وا����ا����يا���ق �  ��ه ي� � �������  ���� از    � �   ���� �  ، ي� ���  ی �������� �� ��� 

 . (Clark et al., 2017) ���در ����� ��ا�� �ي ��� ��ی د���ي و��ع �� ���� را ���وط �� و��ع ����ا���ن ���

�� »���� وا��يِ ��������« ���� �� ا��ا��ً ���ا��� ���ي ����� د�� ��   ������ ���� ذ�� ا�� �� ����� ����ن 

�� وارد  ����ه داده��ه ا�� �� ��ای ����� �����ر ���ي� ����� آب روی آن ���ار��؛ ���� �� �ؤ��� آ��ری �����ه 

 .��ل ��ه ا��

 ا��ای ��ل 

 ����  �� ����   ��binomialی ���ر/��م ���ر، ��ل  ��ای داده JSDM ��ل ��رد ا����ده ��   در ا�� ��و��

logit   ازش  �1 ��ا��ي و �� ا����ده از دو ����� �������� ���ي ��د �� در ��ر��ب ���ی �����  ��22ی  ��ای داده��

  ��10ا��   thinning ���ار و �����  ���5000اد   burn-in ���ان��  ،���ار  ��10000اد  �  MCMC ���ی��. ��ای ����� 

  ��. ا��ا  verbose=1در ��� ����� ��. ��ل �� 

 ارز���� ��ل 

��ای ��ر�ي    3و ا���ف ��ا�� ����  ��MCMCای    ��2ای ارز���ي ��ل ���ی از دو ���� ا���اف ���دار رد���ي 

ا���اف در   ��ار����. ا���اف ���دار رد���ي � ا���� ��ل، �� �� ��ز�� ���� ����ار ر���ه ا�� �� ���، ا����ده �ي

ر���ر �����دی  ،  �� ����ز��آ�� ا���اف  د�� ��  ���ن �ي� و ���دار ا���اف ��ا�� ����،  د��ي�����    را  ��4 ���ار ��ل

���ي ���ر ���� از ���� ����� ز�� ���دار  ��ای ارز���ي د�� ��ل در ���  .دارد �� ���ای آ���ری  �� ������

AUC5    از ا�� ����  در  از    70ا����ده ������.  آ��زش ��ل و  ��ای  ���ط  آز��ن ا����ده    30در��  ��ای  در�� 

 .(Tobler et al., 2019)���� �ي

 
1 latent variable 
2 Trace plot MCMC 
3 Posterior Density – Deviance 
4 Iteration  
5 Area Under Curve 
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 �� و ��ث �����

 ��غ����ي ��رد ا����ده در �����زي 

����� �� ���ر��� از: ��ا�� د��ی ��د���� ��ه    ��10 از ا���ل آز��ن ������ي و ��� ��ر����ي، در �����  

(، ا���ف ��ا��� د��ی �������  BIO5(، ��ا��� د��ی ������� ��ه ��ل )د��ی ������، ��BIO6ل )د��ی �����، 

)ا���ف د��ی �����،   ��ل  ��ه  ��د����  د��ی  و ��ا��  ��ل  �������،  ��BIO7ه  ������� د��ی ����� )د��ی   ،)

BIO1  ����� رش��  ،)(BIO12)  ،د����� ����ي  �� در��، �����  ��ر��ی  ،  ��ل ��� رود����، ���   �����

 ا����ب ����.  ��زی��ل ��ای �����2 ��ول  ����� ��ر��ی ا����يزی و ���ور 

 

 ��ول �������ی ����� ��رد ا����ده ��ای �����زی  . ��2ول 

Table 2. Table of environmental variables used for modeling 

 ���ی واح� ا��ازه ����� �����

 ℃ ��ا�� د��ی ��د���� ��ه ��ل 

 ℃ ��ا��� د��ی ������� ��ه ��ل

 ℃ ا���ف ��ا��� د��ی ������� ��ه ��ل و ��ا�� د��ی ��د���� ��ه ��ل 

 ℃ ������� د��ی ����� 

 mm ��رش ����� 

 % ������� ��� ز������ 

 2Km ����� ����ي ���د�� رود���� 

 m ��ل ��� رود���� 

 ha زی در ز������ ����� ��ر��ی ���ور

 ha در ز������  ����� ��ر��ی ا����ي

 

 ارز���� ��ل

و   رو�� ���دی �� ��و�ي ����ي ��ارد ���ار�� ز����ه در ��لد��،  ���ن �ي ���MCMCدار رد���ي  2در ��� 

ا���ی ����ن �����ً ���ا�� و ������ ا�� و �����   , �������ن �ي  ��800    �����600ً در ���وده ��ود   ا���اف ���ار

 .��دوا��ي از ��� ��دن ز����ه در �� ����� ��ص د��ه ��ي

ا�� ���دار و���� �����ً ���ي دارد و ��ا��ی از ��م ����ا�ي آ���ر  ،  MCMC  از ��� ارز���ي ���ی ����ا�ي

������ت ز����ه ��ل �� ���وده �����ً ����ار ا���م �� �� ������ ����ا�ي ���� ���ل    د �� ���ن �������د��ه ��ي

 ا��. MCMC  ز����ه

  ای ��� �����ً ������و    ا�� ای ���������ً ��  �ز���  .د��را ���ن �ي ����ط ب ���� ��ز��ا���اف  ���دار  ،  ���3  

 ��ر�� ���� ا���اف  ای و �����ً ���ار ��دن����� ��د.  �ي  �����ه  ��710  ��6۹0 ���� ���� در ��ود  .  دارد

 .ای آ���ری ��اردر���ر �����دی �� ������ د�� �� ��ز�� �������ن �ي
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 ���MCMCدار رد����   . ���2 

Figure 2. MCMC trace plot 

 

 
 ���� ��ز��ا���اف ���دار   . ���3 

Figure 3. Posterior distribution deviation graph 

 

  �����AUC   ����  (،  ���۹0ن داده ��. ���� ����د �� �����زی ��ای ده ���� ����� ���ي )����� از    ��3 ��� در ��ول

( و ��� ��ای ���ر ���� ���  ��80    70(، ��ای ���ر ���� ����� ��ب ) ��۹0    ��80ای ���ر ���� ����� ���ي ��ب )���  

 �� د�� �����ي دارد. ������ي ���ر ����   ( دارد. ��ا �� ��ر ��ي ��ل ��ای ��70    �����6۹ ����� )���  



 
 

   89                                                       و ����ران��د ����آ ��ر�.../ ح�� �ن�����ک ��� ������ن در ��ز ی����اث�ات ��� ���ر�

 

 

 ��ی ��رد ا����ده ��ای �����زی ����AUC ��ول  . ��3ول 

Table 3. AUC table of the species used for modeling 

���� Alburnoides 
eichwaldi 

Alburnus 
chalcoides 

Alburnus 
hohenackeri 

Alburnus 
filippii 

Barbus cyri Capoeta razi 
Carassius 
auratus 

AUC 0.93 0.87 0.92 0.79 0.89 0.9 0.91 

���� Cobitis 
faridpaki 

Hemiculter 
leucisculus 

Gambusia 
holbrooki 

Luciobarbus 
capito 

Luciobarbus 
mursa 

Neogobius 
palassi 

Neogobius 
melanostomus 

AUC 0.9 0.76 0.98 0.67 0.77 0.92 0.72 

���� Oncorhynchus 
mykiss 

Oxynoemacheil
us bergianus 

Paracobitis 
abrishamchiani 

Pseudorasbora 
parva 

Rhodeus 
amarus 

Sabanejewia 
aurata 

Salmo truta 

AUC 0.98 0.87 0.97 0.94 0.98 0.76 0.89 

 

 ز��ه  � �غ  ط�ا��ات ��

���    از ��ا�� ����یو ��رش    ��������ي ����� د��  ��د، ���ن داد ��د��ه �ي  �����4 ��ل �������� �� در ���  

  ���ي   ی������هي����� �����ً �  ي � ���  ي ���   ی���� ���   ، ي�� ��ر ��  ����ه ��ا��� �����ن �����.�����  ز���ي

و ����ک    ����هي���  ي ����   ی��ي. ������ ��ا��� دا����در    ي����رود���� ��د�� و ا��ات ����  �ن ����  ���راز  

  �ي دو��  ����هي���   ی��ي��� ���   � �  و  ي ����   ������ ����ک �� ��ا  ���� د�  ��ا��ي�� �����  � ��  ی��ي������ 

  � ��� �� د�د�� �� ��� ��������ک ���ن �ي  ي ����ی ��ي. ������ د��ي�����ه را ���ن �   ي ������� �� ����� ز

د���ه روا�� ا����ژ��ي  ���ن��ا���  �� �ي  ����( ����وت �����   � �  ي �� �� )���   ���ن�   ي ����ز��  �� ���� آ��� �� ��ا

 �����.  ��ی ز������يز���ي، �� وا����ي���ي از ���� ر����، ��

 
 ��ث�� �������ی ����� �� ��ا��� �����ن ����� ��رد ������ . ���4 

Figure 4. The effect of environmental variables on the distribution of fish in the study area 

 و ����ک  ����ه ���ق �����ی ��� ������
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�� ��ا  ���� د�   ��ا�� ي�� �����  � ��  ي������    �يدو��  ����ه ي���  ی�� ي������   �� و/  ي ����   ������ ����ک 

�� ����  �� ���  د��ي����ک ���ن �   ي� ������ز  ی ��ي. ������د��ي�����ه را ���ن �   ي�� ����� �� ����� ز

 (.5)��� ���� �����  � � ي���

 

 
����ه از ��ل �������ی ����ن، ر�گ آ�� ������ ز�����ه �� ���ز��ی ز�������  ������ ������� ����  . ���5 

 و��د ����� �� ز�����ه ����ک��ی ���� ������ ��م ����ک ا�� و ر�گ ���� ������ ر���� ا�� و ر�گ 

Figure 5. Residual correlation matrix from the latent variable model, blue indicates shared habitat or habitat 
requirements, red indicates competition, and neutral colors indicate the absence of interaction or shared habitat 

 

  ��ي ��ده ا�� �������ی ����ن �� ا�� ������ �� ��ل ��2ل �������ی ����ن  ������1 ������ي ��������ه

�� را از ���� �������ی ���ن )��ا�� ����ي �� �����ژ��ي ����ن( �����  ���ي از ا�����ی ������ي ��� ���� ��

در ��� ����� آن �������ی ���ن،   �� از ���ي ا�� ����د، ������ي���. آ��� در ا�� ������ �����ه �ي

��ا��� ������ ��ارد ز��  �� ���ي ����ه ا��. �����ا��، ��ا�� ��� )���� �� ���ي( در ا�� ������ �ي�����ن ��� ����

�����: 

 ��اری �� ������ي ����� ر����، ���� �������ت ������ ��� ���� −

 
1 Residual Correlation Matrix 
2 Latent Variable Model 
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ا�� )��ای ���ل �����ات ر������س در  �� در ��ل ا��ي وارد ���ه ���ه���ی��ا�� ����ي �� ا����يِ ا��ازه −

 .ای، ���ر ���ر���ن ��ص و ���ه(��ی ���������ر ز�����ه، آ��د�ي

د��� و ���� ا��ا��/����  ��ه ����� ���� ���� د�� �� د�� �� �ي ��:ا��ات ����ي �� ����ژ −

 .����ز��ن �� �� ��� ���� �ي��

 �� ���� ������� ����� 

در ا�� ������،  ��� ����  ������2ي   �� 1ا����ع   ���د�� ����د  �������ی  ��������ه  ا��  �� �� از در�������� 

���ن �ي را  ��ل  �� ���ا����ع   �:���،  ���يا����ع  : ����،  ���� ا����ع  :آ�ي  :��ا�����  .د�������ي  ،  ��د�� 

 ا����ع. ��ت �����: �����ه ��یر�� 

�� �����،  د���ه ر���� �����ه ��� �������ن  �� در ������ �� ر�� ���� ���ن داده ��ه ا��،  ��ی ���ي������ي

�� ���� ا�� �أ���ات ا����ژ��ي ���ي دا���  �����  ��ی �����  ��ای ����  ا�� ���� ��ر�� ����� ا�����   �� و��ه

��  ��ا��� ������ ا����ده ����ک از ز�����ه�ي��د،  �� �� ر�� آ�ي در ����� د��ه �ي����  ��ی  ������ي� و  ����

 (. Inoue et al., 2017)  �� ���ز��ی ا����ژ��ي ����� �����

دارای ������ي ���� و ���ي ��   ���ن آ�ی ر����ای، ���ي ��راس و ��لآ�ی ��ل ����، ���ج ������ل ������

�� ������ي ���ي �� ���ي دار��. ������ در ���� ����� ������  زردک ���ي ������ي ���ي دار�� و �� ���� ����

���� ���ه�����   ����  ����� �����س  ���ي،  �����س  رازی،  ���ي�� ا������،  ���ي  �����ری  ��چ  ���ي   ،

���� ������ي ���ي  آ�ی ��لو ��وار�����ي ������ي ���� دار�� و ���ي �� ��ل  �����ي �������يا��������ن،  

ی �����  د���ه��ا�� ���ن������ي ����ي دار��، �� �ي ا������ل �����س ���ي و �����س ����� ���ان ���دار��.  

�� ������ي   ���ي ��راس و ����� ��ر ر�� ��� ��� �ي�� و ������ ���ی ����� ����� �� ���ر در ز�����هآن

�� از ����ل ا�� �������ی ����ي ����د  ��.  ���ي ��ی دار�� �� ���� ا�� ���ي از ر���� ��ا�ي �� ز������ي ��

ا���ی ���ي ��ی در و��ع �����ن دو ���� ��ا�� ���ي از ��ارد  ا�� ا��� �ي  �� ���ي ����ه ا��  در ��ل، ���ز �� 

 ،���وت در ����� ��ا�ي ،ا�����ی ���ه���ي �� در ��ل ا��ازه���وت در ز�����ه، ��ر���� ��� ����: ���� ز�� �����

���وت  و    ��ه از ��ل ا�� �������ی ����ي ��ف ،�����ر ����ي �� ����ي ،�����ي�ي و ��مز����ی  ���وت در و���ي

���ان ����� ز���ي ���ي  �����ي ��را ����� ��  ������3ي ��������ه  �����ا��ا��.    ��داری�����-آ���ر��زی  در ������ 

 .����� ��د

در ���ن    .��ی د��� ا���� ���ادی از ���� ����آ�ی ��ل��ل ���� ����� ���، ا���ی ����ر ���ي��ي از ������

���ي  ���ي �������ي، �� ���ي، �� زردک، زردک ���ي، ���ه  از ����  ��ه���اد ز��دی ���� ���� �ا�� ����   ����ط ��

ا�� ����� ����ر  ����.  � د��ه �ي��� ���� د��  ��گ، ��وار�� ���ي، ���ه ���ي رازی، �� ���ي، �����س ���ي و 

در �� ����، �� از ����ل �������ی ����ي ��ل، �� ���ر    آ�ی ��ل ������ل ���ر د�� و ���ن �ي ���� ا�� 

 .ا�� ا�� ����� را ����� ��راً »ر����« دا��� ��و�ي دارد�� �� ا���ی ��������ه ����ر ���ي از ا�� ����

��������ه ����ر ���ي و��د دارد �� ���� �������ی ����ي  ا����ع   ��� ا���ی و��ع ا�� دو ���� ��  ���ً ا��

ای ��ای ��ر�ي ر����، ���وت در ر��ز�����ه ��  ��ا�� �����ا�� ����ع �ي�،  وارد��ه �� ��ل ����� داده ���ه ا�

 .��ه ��������� ����ي ��ف

 
1 association 
2 correlation 
3 Residual correlation 
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����ي، آ��ر��، ���ي ��راس  آ�ی ر������لای،  ���ج ���� ���ي ���در ��� ���� ����ي از ������، ��� ����

ا��  ��د.  د��ه �ي  ر�� آ�ي ����� �� ���ه��    ��ی ���� ��ی ������ي،  ��ی د���و ���ادی از ����  و ����� ��ر

�� ا����ل و��ع �����ی دارد، �� از ����ل �������ی ����ي ��ل، ����� �����ی  ���ي �� ��ي از آن�� در ��������

��� ���ن �ي اا�� �ي  .د����� و��ع ���� د���  ��ا��  ،  ����� ��ا�ي �����،  ���ز��ی ز������ي �����ز  ��ا�� ���ي 

 ����،  وارد ���ه  ل �� �� ����� ����ي ��� �� در ��،  ���� ����� ���� �� ��ا�� ����ي،  ���رو��ژ��ي �����

 .ا�����ي را ���ن د�� �����1ي ��ا�� �� ��وه ��م�����ا�� ا�� ��� از ������ �ي

���ر��� از: ��وار�����ي، �� ���ي، �����س  ��    ��د�� در ��� د��ه �ي  د��� ���  ��� را��� ����ر ��ی ���� 

ی  د���ه���ن    ��ا��ا�� را��� �ي  ��  ���ي �����ری ���ي.���ي �������ي و �� ا������، �����س ���ي، �� ���

������ ا���ی و��ع �����ي دار�� �� ����ً ���� �������ی ����ي  ��رد  ��ی  در ����  ��ا�� ���� �� ��� ����

ا ���ه  داده   ����� �ي  .����ل  ���نا��  ��  ��ا��  ��ز  و�ي   ،���� ���ي  دو  ا��   ����� ز������ي  ���ز��ی  د���ه 

��ا�� ���ي از ���ز��ی ز������ي �����  ای �ياز ��� ا����ژ�� ���� را���  .����  2را��� ������  ������ي �� ���ي

 .���ی در��ره ��� ���� ا����ت ز�����ه و ��ا��� ����ي آ��� ��ر�ي ��د����، ا���� ��ای �����

 

 ��ث 

ا��، �� ا�����ً �� د���  دارای ������ي ���������ي ��گ ��� ���ي ��را و  ��ی �� ������ي ���� ��ی����

������ي ���� دار�� ��  .���ي رازی و �����س ��� ا������  ���ه  ز������ ا����ی ����� �� ر���ر��ی ��ز�����ه

آ�ی  آ�ی ��ل ���� ��ل������ ��� ��ل  .��ی آ�ي ����� ����ز���ي در ��ا�ي �� ����ند���ه ������ ا�� ���ن

�����ي  . �(Abdoli, 2016)ر���� ����ي ��� ������ي ز������ي و��د دارد �� �� ������ت ����ي ����ا�ي دارد  

ی ا���اک ز������ي  د���ه��ا�� ���ن�ي �����س ���ي و �����س ��� ا������  ��، ��������� ���ن ���ي از ����

���ي �� ���ز��ی ا����ژ��ي ����� �����ً  ا�� �� ����ای ����� ����. ������ت ���ي ���ن داده��ی ������� ا���ا��ی

�� (. ا).Ovaskainen et al ,2017  ��داری ������رت ����ک ���ه ��ا��� ����� را ����ی دار�� و �ي������ي ��ی

�ي������ي  ���� ���ن��ی   ������ وا����يد���ه��ا���  �����ی  �أ���ات   �����  ،������ در  ��ی  ����ه 

 . (et al., 2012 Barberán)���� ��ی �����، ز�����ه

ا�� ������ي ���ي ���� ا�� ���ي از ر���� ��ای    ���ج ���� ای و آ��ر�� و��د دارد ��  ������ي ���ي ��� 

���ان  ��  آ��ر��  ������ت ������� ا��س    .����  ای���ج ����  ای ����� �����ان ������ آ��ر��  ����� �� �أ���ات ���ي 

.  ( Tabasinezhad et al., 2023)  ��ا�� �� ���ع ز���ي ���ي �أ��� ���ي ���اردای ����� ������ ��ه ا�� �� �ي����

د���ه ر���� �� �� ����� ��  ���ن��ا��  ��د �� �ي����ي ��و���ي دمآ�ی ر������ل  ������ي ���ي ��� ������  

��ا�� �� ��ا��  ای ����� �ي���ان ������  ��د ��و���ي دم ا�� �� ������ت ����� ���ن داده.  ��ی ����� ����ز�����ه

��ا��  د��� �� �ي������ي ���ي ��ی ���ن �ي  ���ي ��راس و ����� ��ر  ���ي ��������� .���ي �أ��� ���ي ���ارد

���� و �����ً  ���ي از ر���� �� �� ����� ���ود ����. ر���� ز���ي ��ي از ��ا�� ����ی در ����� ��ا��� ����

ر����    ا�� ����� �� ����� .( ,1982Tilman)  د�� �� دو ���� ����� �����ي را ��رد ا����ده ��ار د���ز���ي رخ �ي

��ا��� در ��  ��ی ا����ژ��ي ����� �����، ��يآ���ن���ي �� دارای ��� ��������ا�ي دارد، �� ���ن �ي3 ا����ری

 ��� دا���  ������ي  ����ي  ��ت  ��ای  ��ل��ل  .Gause, 1971)(��ز�����ه  ��  آ�ی   ���� ��راس  ���ي  و   ����

 
1 assemblage 
2 facilitation 
3 Competitive Exclusion Principle 
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�� د��� ���� ���ی ��ا�� ����ي، از ���� د����ی ����� و ����د  ������ي ���� ���� �����. ���ي ��راس  

��،  د�� �� در ر���� �� ���� ������ �� آن ا���ن �ي��ی �����ي ز���ي ���. ا�� و���ي��ا�� در ز�����ها����ن، �ي

��� و  ��ی ��د و ز�ل ز���ي �يدر آب����  آ�ی ��لو�ي ��ل  ��ی �� ��ا�� ���، ���� ����و��ه در ������

��ا��  ��ی ����� �� �����ات در ز�����ه �ي��د. ���ر ���� ای ���س �� �����ات ����ي ������ �ي���ان ������

��ی  ��ا�� در ز�����ه�� د��� ���� ���ی ��ا�� ����ي، �ي  ��راس  ���ي   .�� ����� ا�� ���ي �أ��� ���ي ���ارد

��ی ��د و ز�ل ���ز دارد. �����ا��، ا����ل ر���� ������  �� آب���� آ�ی ��ل��ل�����ي ز���ي ���، در ���ي �� 

�����ات در ����� آب، ����� ا��ا�� د�� �� ���� ا����ن،    .��ی ����ي ���� ا����� ا�� دو ���� در ز�����ه

  ���ي ��راس   ����. در ���� ��ا��ي، ���� ا�� �����  ����آ�ی ��ل��ل  و �� ��ر  ��راس��ا�� �� ��� ���ي  �ي

�� ���� ��   ������  .�أ��� ���ارد����  آ�ی ��ل��ل��ی  ��ر ��������� �� ����� ��ا�ي و ز�����ها��ا�� ����� و ��

���ي ��راس  ��ی ������ ا��، ���ر ��� از ��  �� ���� ���ات آ��ی و ���ي����  آ�ی ��ل��لرژ�� ��ا�ي  

 . �أ�����ار �������� آ�ی ��ل��ل��ا�� �� ����� در �����ر ز����ه ��ا�ي، �� د����ي �� ����� ��ا�ي  �ي

 

 گ��ی�����

�����ه������ي ���� و ���ي  ��� ������ی  ���ن��ی ����� �ي��ه  ا����ژ��ي  ��ا��  �����ه  روا��  د���ه 

  ي ����ز���ا�� �� ��ت �� ��ا�� � ����� �������� �� ا ��  .��ی ����� ����ز���ي �� �أ���ات ��������� ر����، ��

������    ��دارد. ا  ي��ا�� آ�  ی ����� و ا�  ی��ا  ي���� ����  ی����� � �  �� ����� ��د، ���  ����ه� ��ی ��� يو ������ 

��ا��    ی���� و ����������  ����ز  ی��ز�� را در ��ل�������ر    و  ي����ورت در ��� ����� �����ن ��ا�� ��

د��� �� ��ا��� �����ن ��ر �� ��ت ��� �أ��� �������ی ����ي  �� ���ن �يداده.  ���ي������ �   یارود����

  ي� �ا����ژ  ی���� و ���وت�����  ��ا��ي����� از ����� �   ��د� رو  � ���  .����( و ر���� ��� ������رش)����� د�� و  

  ی ����ف ����  ی������� از ����   ی��������  � ��� �� ��� ��� از ���د �  ��ا��ي�� را آ���ر ���، �� �����  ���

�ي������،    .�� ��  ����� ����ان  ا��   �� ا���ا��ی�����  ��ا��  ��و��  در  آ�ي  ا���ی  �����   ����� �����ي  ��ی 

 .��� ���  ��ی ���������و ����ل  ��ی ���ي در ����� از ����  ��ی ����ي �� ��ررود����
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