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Abstract

Evaluating management strategies for fish catch development requires knowledge of movement patterns
and their spatial distribution. The Caspian kutum (Rutilus kutum, Kamenskii, 1901) is an important
commercial species throughout the southern coasts of the Caspian Sea. Stable isotope ratios are
powerful indexes that simplify the understanding of the migration of aquatic animals. This research
determined the stable isotope ratio of carbon (6'3C) and nitrogen (8'°N) for Rutilus kutum movement at
10 sites along the southern coastline of the Caspian Sea from January to December 2017. Spatial and
temporal variations in stable isotope values of the coastal communities in the Caspian Sea remain poorly
understood. These findings suggest that individual variation, but with a strong overall decline in 6'3C and
increasing in 8'°N and §'3C/8'°N ratio with age, too. These isoscpes showed that the §'°N ratio
increased and §'3C decreased from the east (Gomishan) to the west (Astara).

1. Introduction

The Caspian Sea is one of the most important closed seas in the world because of its unique natural
environment, geographical location, extent, and the existence of biological and non-biological reserves
(Karpinsky et al., 2005) and shows fluctuations at much shorter time scales than the world’s oceans
(Kroonenberg et al., 2008). The annual freshwater input into the sea is about 300 km3 by 130 rivers with
various sizes and flows (Saleh et al., 2018). The general current of surface water in the south of the
Caspian Sea is from west to east (Bohluly et al., 2018) which is influenced by wind direction, coastline
morphodynamic, and bottom topography (Kostianoy et al., 2019). During the past several decades, the
environmental condition of the Caspian Sea has changed significantly in response to the impacts of
several factors, such as anthropogenic pressures, fluctuations in sea level, and introductions of non-
native species (Pourang et al., 2005; Fazli et al., 2013).

In recent decades, technological advances in tools such as electronic tags for animal tracking (Hussey et
al,, 2017; Hays et al., 2019), chemical tracer analyses (Pethybridge et al., 2018), and ‘meta data’ analysis
(Edgar et al., 2016; McCauley et al., 2015) greatly expanded our ability to understand of fish biology,
feeding behavior, population dynamics, movement patterns, and behavior. By combining these
technologies with traditional field research, we can better understand the ecological and environmental
factors that influence fish populations, ultimately leading to more effective management practices and
conservation efforts.

By utilizing Chemical measurements, such as stable isotope analysis (SIA), researchers can better
understand the ecological and environmental factors that influence fish populations, ultimately leading to
more effective management practices and conservation efforts (Finlay et al., 2008). Isotope ratios in
organism tissues can serve as inherent markers of habitat because the environmental isotope ratios of
one or more elements typically differ among geographic locations (Bowen, 2010). Specifically, stable
isotope ratios of carbon (5§'3C) and nitrogen (6'°N) are powerful tools for assessing fish dispersion and
ecological relationships (Rodgers and Wing, 2008; Green et al., 2012). Isotopic fractionation (A) refers to
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the difference in the isotope ratio (e.g., ">N/"*N or '3C/12C) between a source and a product, such as
animal tissue. By measuring isotopic fractionation, researchers can gain insights into the underlying
biogeochemical processes that influence the isotopic composition of an organism's tissues, ultimately
leading to a better understanding of its ecological and environmental context (Peterson and Fry, 1987).

The fundamental aim of ecology is to determine the mechanisms that govern the influence of
environmental factors, particularly temperature and anthropogenic effects, on population dynamics (i.e.,
the number, biomass, and distribution of species) and the coexistence of species within natural
ecosystems (Thompson et al., 2016). By utilizing SIA and other tools, researchers can gain a more
comprehensive understanding of how these factors impact marine ecosystems and the organisms that
inhabit them. Marine ecologists face a significant challenge in quantifying the scale and magnitude of
dispersal among populations (Cowen et al., 2007).

Movement, which is the shift in the spatial location of an individual over time, is driven by processes that
operate across various spatial and temporal scales. This movement is a strategy organisms use to locate
suitable breeding or feeding habitats, move towards or away from conspecifics, or simply relocate
(Preisler et al., 2013; Nathan et al., 2008). Studying the movement patterns of geographically mobile
animals is crucial for effective resource management, as highlighted by Peebles and Hollander (2020).
Understanding the reasons behind how and why species move between accessible habitats in different
regions and at different times is vital in determining the success of stock management efforts, as
emphasized by Evans et al. (2015). By gaining a more comprehensive understanding of animal
movement, we can make informed decisions about the appropriate management strategies required to
maintain healthy and sustainable populations of these species.

Migratory behaviors are observed in a wide range of terrestrial and aquatic species, involving varying life
habitats, distances traveled, migration frequency, and timing (Secor et al., 2020). Understanding animal
movement is crucial to comprehending population dynamics, predator-prey relationships, nutrient and
energy fluxes within food webs, and managing human-animal interactions (Truman et al,, 2017).
Furthermore, wildlife conservation planners aim to maintain connectivity between designated nature
reserves over large geographic areas (Kays et al., 2015). By studying migratory patterns and behaviors,
researchers can gain insights into the ecological and environmental factors that influence animal
movement, as well as develop effective conservation strategies for preserving wildlife populations and
their habitats. Understanding the migration ecology of a species is essential for effective management
and assessment, as the stock structure of the species is influenced by both regional and seasonal
movement (Kawazu et al., 2020). When organisms move from one habitat to another, their diet shifts,
causing a change in the isotopic content of their tissues (Herzka, 2005). If the isotopic composition of
available food sources differs following the move to a new habitat, this change will gradually be reflected
in the organism's tissues (Hesslein et al., 1993). Stable isotopes, such as the carbon stable isotope ratio
(673C) and nitrogen stable isotope ratio (6'°N), are essential tools for studying food sources, habitats,
and trophic dynamics in ecological communities (Bearhop et al., 2004; Layman et al., 2007). These
tracers have a wide range of applications in fields such as geology, ecology, archeology, climatology, and
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plant biology, as well as in metabolic flux analyses, proteomics, structural biology, pharmacology, and
drug design (Lehmann, 2016). Historically, radioisotopes were exclusively used for such purposes, but
stable isotopes have replaced them in many fields (Yang, 2016). Understanding the turnover rates of
stable isotopes in a consumer species' tissues is crucial for accurately interpreting their isotopic ecology
(Boecklen et al., 2011). In many stable isotope studies of fish, white muscle is the tissue of choice
(Trueman et al.,, 2012).

The Caspian kutum, a member of the Cyprinidae family, is an endemic anadromous fish found in the
brackish water habitats of the Caspian Sea and its freshwater branches (Gharedaashi et al., 2013). This
species is mainly distributed in the southern part of the Caspian Sea, accounting for more than 60% of
total catchments in the Iranian region (Abdolhay et al., 2010), and is rarely found in other areas of the
Sea, such as the North part and Volga River (Afraei Bandpei et al., 2010). The Caspian kutum migrates to
rivers for spawning during thermal changes and water currents (Shikhshabekov, 1979; Abdoli, 1999).
However, recent years have seen a significant decline in the wild stocks of Caspian kutum due to various
factors, including overfishing, industrial and agricultural sewage influx, sand mining, and unfavorable
conditions for natural spawning (Valipour and Maghsoodieh Kohan, 2018).

In this study, we utilized the temporal variation of carbon and nitrogen stable isotopes to examine
distribution patterns and species habitat scales, with the aim of inferring migratory movement histories
of Caspian kutum populations. Stable isotope analysis provides a powerful approach for reconstructing
migratory histories of individual fish, offering valuable insights into life history variability, habitat use, and
trophic interactions. Specifically, our study sought to use isotopic signatures in Caspian kutum scales to
achieve three main objectives: (1) identify migratory contingents; (2) assess the extent of movements
across the southern coasts of the Caspian Sea; and (3) examine whether these characteristics could be
used to understand ecological connectivity among R. kutum populations along the southern coasts of the
Caspian Sea. Collectively, these analyses offer novel insights into the migratory behavior of this endemic
fish, enhancing our understanding of Caspian kutum migratory patterns and informing effective long-
term conservation strategies for this species.

2. Materials and Methods
2.1. Study area

The study was conducted in ten sites along the southern coast of the Caspian Sea: Gomishan, Khajeh
Nafas, Miyankaleh, Sari, Babolsar, Nowshahr, Tonekabon, Anzali, and Astara (Fig. 1.). Seasonal
environmental parameters for ten regions on the southern coast of the Caspian Sea were obtained from
the Iran meteorological organization. Extracted environmental variables were Chlorophyll a concentration
(Chl a; pg/m3) and Sea surface temperature (SST; °C), which were observed by the National Aeronautics
and Space Administration (NASA) Moderate Resolution Imaging Spectrodiometer’'s Aqua sensor).

2.2. Sample collection
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To explore the movement of fish communities over a large scale (the southern coasts of the Caspian
Sea), collection sites monthly from the local catches of the commercial fishery from January 2016 to
March 2017. The fish obtained from each location were from the same age/ cohort by choosing fish of
similar length. Fish were euthanized by an overdose of eugenol (200 ppm) followed by a sharp blow on
the head, measured and muscle tissue was extracted in the field. All were immediately placed in vials in
liquid nitrogen containers for transport to Gorgan University of Agricultural Sciences and Natural
Resources where they were held at -80 °C freezer.

2.3. Sample preparation and analysis

For the examination of the §'3C and §'°N isotopic values of Caspian kutum dorsal muscle tissues,
samples were obtained from 230 specimens estimated to be 3-4 years old, with a mean (z SD) total
length of 71.1 cm (¢ 11.7) and mean (+ SD) weight of 1876.4 g (+ 903.4). Samples were cleaned
individually for 5 min with distilled water and freeze-dried for 48 h, ground and homogenized to a uniform
consistency using an automatic agate mortar (Retsch, Germany). Weighted all samples (ca. 0.6—0.7 mg)
were loaded into 3.5 x 5 mm tin capsules for stable isotope analysis. The reference material used was an
internal standard of known relation to the international standards of Vienna Pee Dee belemnite for carbon
isotopes and atmospheric nitrogen for nitrogen isotopes. Standard samples were run repeatedly in each
sequence. Standard deviations within reference samples were less than 0.2%o for carbon and nitrogen in
each sequence.

Nitrogen and carbon contents, as well as nitrogen (6'°N) and carbon (6'3C) stable isotopic composition,
were analyzed using an Isotope Ratio Mass Spectrometer interfaced with an Elemental Analyzer (EA-
IRMS). Isotope 6 values are presented as the per mil (%o) differences from international reference
materials. Stable isotope analysis was conducted by the Marine Ecology within Ocean and Earth Science,
National Oceanography Centre Southampton at the University Of Southampton, United Kingdom. The
stable isotope ratios are calculated as deviation standards following the formula:

61 SN or 6130 = ((R sample” Rstandard)/ Rs’candard) x1 03

Where Rggmple aNd Reangarg are the heavy-to-light isotope ratios (">N:*N and '3C:'%C) of the samples and
standards, respectively (Fry, 2006). The international standard for nitrogen is atmospheric N, and for
carbon is a marine limestone called Peedee Belemnite (Fry, 2006).

2.4. Data analysis

As the majority of the sample sets with two well-known Kolmogorov-Smirnov and Shapiro Wilk normality
tests examine variables (a significance level of 0.05) were used to check differences between groups. To
establish whether §'3C and 815N differed significantly between sites, we used Mann-Whitney U tests with

Bonferroni corrected p values (P < 0.05). Temporal variations in §'3C and §"°N values in fish species
between different sites and seasons were tested by one-way analysis of variance (ANOVA). We then used
Dunkan’s honest significant difference (HSD) multiple comparison post hoc test to distinguish significant
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differences between ages and locations. Pearson’s correlation (r) was undertaken to assess the
correlation between 8§'3C and §'°N values between the length and age or weight of individuals. All data
are demonstrated as mean * standard deviation. Statistical analyses were performed using the software
Microsoft Excel, SPSS (version 24 for Windows), and R (R Core Team, 2020). Maps and figures were
created in R using the package ‘ggplot2’ (Wickham, 2016).

Approval for animal experiments: All experimental protocols were approved by the Gorgan University of
Agricultural Sciences and Natural Resources (GUASNR/96003041). All experiments were performed in
accordance with relevant guidelines and regulations. Our reporting of research involving animals follows
the recommendations of the ARRIVE guidelines (Animals in Research: Reporting In Vivo Experiments)
guidelines. https://doi.org/10.1371/journal.pbio.1000412.

3. Result
3.1. Spatial and temporal variation in SST and OC

Our comparisons are based on data collected at the station located on the southern coasts of the
Caspian Sea. The lowest mean OC (1.23 + 0.2ug/m3) was recorded in Gomishan (summer), while the
highest mean OC (4.77 + 0.8ug/m3) was recorded in Anzali (winter). Mean temperature ranged from 6.94
+ 0.2 °C in Astara (winter) to 30.85 + 2.5 °C in Khajeh-Nafas (summer). (Two- way ANOVA) (Figs. 2 and
3).

3.1. Stable isotope analysis

Isotope ratios were measured in Marine Ecology within Ocean and Earth Science, National Oceanography
Centre Southampton at the University of Southampton, United Kingdom. Descriptive statistics for stable

isotope (6'3C and &"°N) results by the assemblage as a whole are presented in Table 1. A visual display
of all stable isotope results combined and organized chronologically suggests oscillations in ranges of

both isotope ratios (Fig. 4), as well as in the relationship between §'3C and 6'°N values (see Table 1);
statistical analysis of all specimens confirms this pattern Boxplot showed the distribution of 6'3C and
875N ratios in different stations. Results of 6'3C and 6'°N analyses of fish tissue from ten stations of the
Caspian kutum we sampled are presented in Table 1. Overall §'3C values for fish samples ranged from a
minimum of -20.2 + 0.5%o (Astara) to a maximum of -19.76 + 0.5%o (Gomishan). In Astara 6'3C were
significantly less than those in Gomishan, Khajeh-Nafas and, Nowshahr (ANOVA, n =231, p >0.05).

875N values for Caspian kutum on the southern coasts of the Caspian Sea ranged from a minimum of

-7.78 £ 0.5%o (Gomishan) to a maximum of 9.15 + 0.5%o (Astara). In Astara §'°N were significantly more
than in other stations (ANOVA, n =231, p > The carbon Carbon to nitrogen (C:N) mass ratio ranged from
3.19t0 3.37 (mean =3.27,SD =0.13; Table 1).
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Table 1

Comparison of mean + SD stable carbon and nitrogen isotopic compositions between stations in the
southern coasts of the Caspian Sea

Station N Total Length (cm) Min, Max  §13¢ (%o) 675N (%o) C:N mass ratio
Gomishan 20 359,628 19.76+0.5%  7.78+0.59  3.19+0.09
Khajeh-Nafas 8 358,43 19.77+03%  7.81£0.29  3.21+0.06%
Miyankaleh 22 34.6, 59 -19.86+0.5% 8004079  3.30+0.172%¢
Sari 22 36,489 -19.90+0.3°® 8.02+0.7¢  3.28+0.122b%¢
Babolsar 25 37,495 -19.9840.8%  8.16+0.7%¢  3.22+0.10b
Nowshahr 32 29,502 19.8140.52  833+0.8%  325+0.120
Tonekabon 26 34,62 20014063 8.65+1.1°C 3.37+0.22
Roudsar 25 325,51 20.04+0.4% 869+0.7°¢ 3.30+0.172¢
Anzall 28 29,477 20.0240.4% 9154093 3.31+0.142
Al 22 31,545 20.2+0.5°  9.40£09°  3.31:0.1220

Spatially continuous isoscapes are illustrated by smooth changes in isotope ratios across the southern
coasts of the Caspian Sea, giving continuous isotopic gradients along map transects. These isoscpes

showed that 6'3C and 6'°N ratios increased from the east (Gomishan) to the west (Astara) (Fig. 5).

To extend our analyses beyond a single population and consider Caspian kutum isotopic patterns on a
broader scale, bulk values of 6'3C and 6'°N were plotted from Caspian kutum samples collected the
southern coast of the Caspian Sea (Fig. 6). The results indicated broad patterns of population clustering
between stations. Within these strong groupings, we noted that all specimens sampled from stations
clustered together. The bulk SIA values from each region haven't a relatively broad range.

It seems that the samples in Gamishan and Astara stations, by separating stations, have two different
populations. The samples of Sari, Babolsar and Nowshahr in the east of the Caspian Sea and the
samples of Rudsar, Anzali in the west of the Caspian Sea are more mixed together. Probably, samples
from the west and east of the Caspian Sea are mixed due to the samples from Tonekabon. The results
showed that some Gamishan fish migrated from the east part of the sea to Anzali. Some samples
belonging to Miankala-Sari are from the Gamishan place and some fish are from the west of the sea.
Samples from Babolsar to Rudsar-Anzali have migrations from east to west and vice versa. Furthermore,
the Caspian kutum from Astara to Babolsar also offshore migrate. So, the samples of these regions were
not observed in Rudsar-Anzali, Gamishan and Miankale-Sari samples (Fig. 6).
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For Caspian kutum ontogenetically, was employed to estimate the contribution of different age groups,
with individuals grouped into four age classes. When age 2-5 fish were analyzed, there were significant
differences in fish age (ANOVA One-Way). The §'°N ratio showed a comparatively greater proportion of

the numbers of Caspian kutum at age 5, and fewer fish at age 2. For the §'3C ratio, the greatest
proportion showed at ages 3 and 5. These results reveal considerable individual variation, but with a

strong overall decline in 6'3C and increasing in 8"°N and §'3C/&'°N ratio with age (Table 2,).

Table 2

Comparison of mean + SD stable carbon and nitrogen
isotopic compositions between ages in Caspian kutum

Age §13c 615N 613¢/6"5N

2 -19.76 £0.36°  7.65+0.45° 3.23%0.11°
3 -19.82+£0.392  8.07+0.87°¢ 3.26+0.12%
4 19.97+0.47% 8524092  3.28+0.142b
S -20.16+0.822  9.12+0.70®  3.33£0.192

Conclusion

Using stable isotope compositions are being utilized to study the migratory behavior of fish populations
by several researchers (Trueman et al., 2012; Redding et al., 2020; Ghosh et al., 2022; Sheehan et al.,
2022). In summary, this study quantified the movement of the Rutilus kutum community on the southern
coasts of the Caspian Sea, while movement varied between sites, it was not limited to species that move
to reproduce. Our results are not consistent with the hypothesis that a single stock unit of the Caspian
kutum occurs on the Southern coasts of the Caspian Sea. In recent years, stable isotopes have
increasingly received attention for their ability to provide complementary information (Garcia-Vernet et al.,
2022). This is a common result in studies of this type conducted of the Caspian kutum, and the
fluctuations have been usually attributed to migratory movements that implied crossing different isotopic
baselines, seasonal variation in feeding patterns and diet composition, or a combination of both
(Eisenmann et al., 2016; Eerkes- Medrano et al,, 2021).

Nowadays, the utilization of marine biological resources is increasing due to the increase in the world
population. Meanwhile, environmental changes are one of the effective factors in the exploitation of
these resources (Behrenfeld et al,, 2006). The environmental changes, sea surface temperature (SST),
and chlorophyll a, are widely used for biochemical and biological analysis and description of the life
cycle of oceans and seas. Changes in water temperature are diving significant effects on the biological
conditions of many marine organisms that have Consequences for marine ecosystems (Fazli et al.,
2022). Knowledge of marine aquatic species distribution is one of the most important agents for
understanding the effects of climate and other environmental factors on population ecology (Asante et
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al,, 2017). The environmental parameters include season changes, geographical location, weather, wind,
nutrition, depth, light, temperature, water salinity, etc (Froese, 2004) and have a significant effect on the
catch and migration of the Caspian kutum (Patimar, 2008). With the increasing temperature in March and
April, there have been more migration, because adult fishes come to the coasts for spawning. Spawning
of South Caspian kutum occurs at a temperature of 9 in April (Afraei Bandpei et al., 2010). Differences in
spawning peak and migration months are due to geographical location and water temperature changes.

The biggest challenge is investigating how environmental parameters are closely linked to other factors
and play different roles during migration. The environmental variables are often interrelated, making it
difficult to identify which variables are most important in influencing migration. For example, there is a
strong relationship between photoperiod and water temperature in moderate climates.

Furthermore, the relative importance of each environmental parameter may depend on the local habitat
specification which occurs during the migration (Torregroza-Espinosa et al., 2021). Despite these
challenges, several studies have been shown repeatedly that a few environmental factors affect fish
migration. Water temperature can trigger and synchronize migratory activity in fish. This situation can
occur under two conditions. First, in heterogeneous thermal environments; for a specific population, the
temperature may overstep the range of thermal tolerance. Hence, the fish are forced to quest for a new
suitable thermal habitat. Second, the population's thermal needs may change. As an example, the optimal
temperature for growth may not be suitable for reproduction. Nonetheless, the temperature is known as a
coordinator factor during reproduction migration. This is true, especially since it happens in a relatively
short time- migrations (Bernal, 2011).

Using Bayesian stable isotope mixing models provided valuable insights into permit ecology and
conservation (Brownscombe et al., 2022). Quinzan et al. (2016) studied the influence of the environment
on the migration pattern of Atlantic pomfret (Brama brama) in North-eastern Atlantic waters; results show
the key factor of this species’ migration is a strong influence of temperature at 200 m depth along with
the upwelling in the Galician (NW Iberian) waters. Length alternation distributions indicate an increase in
size between successive seasons supporting the hypothesis that migration is a feeding strategy and a
return to tropical waters of origin for spawning. The present study shows that the temperature of the
water is a key variable in appointing migration patterns of the Caspian kutum.

Maruyama et al. (2001) investigated Change in stable nitrogen isotope ratio in the muscle tissue of a
fluvial-lacustrine amphidromous goby, Rhinogobius sp., in the Lake Biwa natural system. Researchers
expressed that because the §'°N of age-0 + fish greatly decreased after their upstream migration from the
lake, about 80% of the variation in §1°N was ascribed to growth. The results of this study showed that the
half-shift period for §'°N was estimated as being longer than 1 month with the portion of growth and
metabolic turnover in the field. Growth is primarily responsible for isotopic variations in fish muscle and
was needed to examine the role of metabolic turnover using slow-growing fish. The present results

showed:; the 67°N values vary between stations and increase from Gomishan to Astara. Hence, the
relationship between muscle 8'°N and fish size with environmental parameters and life history can be
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used as a proxy to study the preferred habitat, in defining the preference of individuals tracking the
migratory behavior with an age of Rutilus kutum across its life history stages. MacKenzie et al. (2012)
study showed that marine location can be inferred from the carbon isotope composition of Atlantic
salmon (Salmo salar) which changes with sea surface temperature. In addition, applying this technique
can be used to identify the place of any pelagic animals for which tissue archives and matching records
of sea surface temperature are available. Hoffman et al. (2011) identified trophic linkages of larval fish in
Lake Superior coastal habitats using naturally occurring differences in the stable isotope ratios of
nitrogen (6'°N) and carbon (8'3C). For all species, 6'3C was increasingly negative with increasing weight.
Trends in 6'°N with increasing weight varied among species; an increase, decrease, and no change in
85N was observed. The result showed fish obtained a constant signature after a 10-fold gain in body
mass, implying their tissue was at isotopic equilibrium with their diet. MacKenzie et al. (2014) tested the
temporal stability of isoscapes of carbon and nitrogen isotopes across the North Sea over a ten-year
period; using jellyfish tissues. They showed that hydrodynamic and biogeochemical processes control the
distribution of carbon and nitrogen isotope values, and thus that the underlying isoscapes are temporally
stable.

Trueman et al. (2017) assess the accuracy and precision that can be obtained through such as carbon
and nitrogen dietary-isotope-based location methods known as individual locations, and herring with well-
understood population-level distributions in the North Sea. In this study, the spatial patterns of §'3C and
§'°N ratio in the pelagic food webs of the North Sea are well explained with a combination of river
nutrient inputs, hydrology, and winter regeneration of sediment nutrients.

We expected a better level of isotopic separation across the southern coast of the Caspian Sea and a
larger role of 613C in explaining differences between stations, but our results are consistent with the
hypothesis that a single stock unit of Rutilus kutum occurs on the Southern coasts of the Caspian Sea. In
total, clear reasons explaining the lack of separation between stations be that fish move freely and
regularly between sub-basins in the Caspian Sea and maps didn't show the 6'3C differences between
stations are not obviously pronounced:; but, we observed §'3C ratio was increased from Gomishan to
Astara. That 6'°N value appears to be unaffected by Caspian kutum size or diet probably reflects the
relatively uniform length of fish in the study. Nevertheless, increasing the §'°N ratio from Gomishan to
Astara is likely due to riverine inputs and physical circulation patterns in the Caspian Sea. The eastern
parts of the Caspian Sea coasts are comparatively low compared to central and western draining into
proper with significant agricultural and sewage inputs; which can explain the differing 8'°N patterns
observed between stations.

The results suggest that the muscles §'3C and §'°N composition which ordinally reflects environmental
conditions can prove to be useful to analyze the groups of the Caspian kutum population across its
distribution. Furthermore, fish movement patterns in the Caspian Sea are not comprehensively identified.
As this study, the temperature and chlorophyll-a effects are factors that cause an impact on movement
behavior in the Rutilus kutum of the southern coasts of the Caspian Sea. Whereas, it is necessary that a
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repeated sampling at larger spatial and temporal levels and coverage of different growth stages should
be assumed so that results can be used with confidence to make suitable management strategies. In fact,
more study is required to reduce the scientific gap of the migration routes and to resolve the
indeterminacy in recognizing the niche or habitat of their maximum growth or aquaculture. Conservation
strategies and stock assessment can be evaluated with isotopic signatures to raise the fish species'
production and total size increase.
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Figure 1

Map of the southern coast of the Caspian Sea and depicting geographic position of the Caspian kutum
sampling location sites
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Seasonal changes of Sea surface temperature in southern coasts of the Caspian Se
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Seasonal changes of OC in southern coasts of the Caspian Sea
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Boxplot (meanz standard deviation) of muscle §'3C and 6'°N ratios measured for Caspian kutum
between different stations in the southern coasts of the Caspian Sea. Points represent outliers.
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Figure 5

Kriging map of the southern coast of the Caspian Sea: Spatial variation of nitrogen and carbon isotopes
from Caspian kutum between stations. Spatial patterning of an environmental property underlying
variation in Caspian kutum isotope ratios in the southern coasts of the Caspian Sea. (A) The spatial
distribution of 8'°N isotope ratios between stations; (B) The spatial distribution of §'3C isotope ratios
between stations.
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Figure 6

Relationship between carbon and nitrogen values for Rutilus kutum collected from different stations
along the southern coasts of the Caspian Sea. Sites including: G: Gomishan, K: Khajeh-Nafas, M:
Miyankaleh, S: Sari, B: Babolsar, N: Nowshahr, T: Tonekabon, R: Roudsar, Z: Anzali and A: Astara. A

special pattern was not shown for this species.
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