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Objective: Assessment of influencing environmental fluctuations on organisms in aquatic
ecosystems is of high importance in the management and conservation of them. The
present study aimed to investigate ecological niche shifts of Caspian Kutum (Rutilus frisii)
under the effects of environmental condition changes in southern waters of the Caspian Sea
during a decadal period (catch seasons 2002/03 and 2011/12).

Method: The ecological niche modeling was applied using commercial catch data and
remotely-sensed environmental data. The random forest method was used to evaluate
ecological niche relationships.

Results: The results showed significant (P < 0.001) decreases in day-time sea surface
temperature (SST) and near-surface chlorophyll-a concentration (Chl-a) during the study
period. The importance levels of SST, slope, and distance to riverine entrance locations in
defining fish ecological niche were increased over the decadal period, while Chl-a and
particulate organic carbon (POC) content had lower importance levels at the end of the
period. The estimations of optimum ecological ranges of SST indicated considerable
decreases over the period, but for other parameters, there were increasing patterns of
optimum levels with extending their ranges compared to the initial catch season. Also,
spatial shifts were obtained in the occurrence of the ecological niche conditions over the
coastal regions.

Conclusions: The findings of this study indicated considerable changes in the ecological
niche of the Caspian Kutum during the decadal period and its spatial distribution over the
southern coastal waters of the Caspian Sea.
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Introduction

Assessment of the impacts of environmental fluctuations on organisms in aquatic ecosystems
is of high importance in the management and conservation of them. Species responses to the
changes in their surrounding environments are species-specific and they are capable of
tolerating new conditions and adopting to them during long periods, or considering their
movement ability, they could change their geographical presence extents to find better
ecological conditions. As one of the main approaches to evaluating species-environment
relationships, ecological niche modelling (ENM) is extensively used to investigate alterations
in species’ occurrence patterns due to fluctuations in environmental and habitat characteristics
over time and space.

The present study aimed to investigate ecological niche shifts of Caspian Kutum (Rutilus
frisii) under the effects of environmental condition changes in southern waters of the Caspian
Sea during a decadal period (catch seasons 2002/03 and 2011/12). This fish has high
commercial and conservation importance and regarding the reduction of its catch levels
during the last decades, the outputs of this study could help fisheries managers to better
understand the probable role of the environmental condition changes in regulating and
explaining spatiotemporal changes of catch levels.

Materials and Methods

The ecological niche modelling (ENM) was applied using commercial catch data of the fish
(as Catch per unit of effort (CPUE) for the catch seasons of 2002/03 and 2011/12, and
remotely-sensed environmental data, including near surface chlorophyll-a concentration (Chl-
a), day-time sea surface temperature (SST), particulate organic carbon concentration (POC),
bottom slope, and distance from the river mouth. The random forest (RF) method was used to
evaluate ecological niche relationships. The fluctuations in environmental parameters’ levels
were compared between studied catch seasons and their importance in defining the ecological
niche of the fish was analyzed. Also, the changes in optimum ranges of the environmental
variables for the Caspian Kutum were compared during the decadal period and geographical
occurrences of the optimum ecological niche over the studied coastal extent were investigated
for the catch seasons.

Results

The results showed significant (P < 0.001) decreases in day-time sea surface temperature
(SST) and near-surface chlorophyll-a concentration (Chl-a) during the study period. The
importance levels of SST, slope, and distance to riverine entrance locations in defining fish
ecological niche were increased over the decadal period (SST: 17.03% to 25.02%; slope:
20.16% to 20.86%; Distance: 17.86% to 21.27%), while Chl-a and particulate organic carbon
(POC) content had lower importance levels at the end of the period (Chl-a: 22.08% to
16.07%; POC: 22.85% to 16.78%).

The estimations of optimum ecological ranges of SST indicated considerable decreases
over the period from the range [25.2, 25.4]°C in 2002/03 to [22.2, 22.8]°C in 2011/12, but for
other parameters, there were increasing patterns of optimum levels with extending their
ranges compared to the initial catch season (POC: from [427, 439] mg m™ to [528, 799] mg
m>; Slope: from [0.09, 0.15] ° to [0.24, 0.39]°; Distance: from [0.7, 2.1] km to [2.1, 6.2] km).
Spatial analysis of the occurrence of optimum ecological conditions over fishing areas
showed complete shifts in these areas during the study period. On the other hand, a high
proportion of fishing points maintain their non-optimum ecological niche condition. Despite
the overall increase in the number of fishing points having the optimum ecological conditions,
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there was a considerable increase in areas with optimum conditions along the western part of
the coastal region, besides the nearly stable eastern optimum locations.

Conclusion

The findings of this study clearly showed considerable changes in the ranges of the
environmental variables defining the ecological niche of the Caspian Kutum during the
decadal period. Considering the significant decrease in water temperature over fishing areas,
the optimum temperature range for the fish was decreased, while increasing and expanding
trends were obtained for other environmental parameters. Spatial analyses of optimum
ecological ranges of environmental variables indicated spatial shifts in geographical incidence
of optimum ecological areas where in addition to the eastern range of fishing points with the
optimum niche condition, a distinct apparent range of them along the western coastal regions
were distinguished at the end of the period. The obtained results could lead to a better
understanding of the environmental dynamics of fish abundance fluctuations and the preferred
ecological conditions over the southern waters of the Caspian Sea and improve the
management plans with the exploitation and/or conservation goals for the Caspian Kutum as a
valuable species.
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