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Kessler, 1872 and Comparison to Other Snow Trout Species in
Central Asia
Erkin Karimov 1,* , Bernhard Zeiringer 2 , Johan Coeck 3 , Pieterjan Verhelst 3 , Bakhtiyor Karimov 4,
Otabek Omonov 4, Martin Schletterer 2,* and Daniel S. Hayes 2

1 Department of Zootechnics and Veterinary, Tashkent State Agrarian University, Tashkent 100140, Uzbekistan
2 Institute of Hydrobiology and Aquatic Ecosystem Management, Department of Water, Atmosphere and

Environment, University of Natural Resources and Life Sciences, 1180 Vienna, Austria
3 Research Institute for Nature and Forest, 1000 Brussels, Belgium
4 Tashkent Institute of Irrigation and Agricultural Mechanization Engineers, National Research University,

Tashkent 100000, Uzbekistan
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Abstract: This study presents a comprehensive analysis of the length-weight relationship, condition
factors, and age of Schizothorax eurystomus in the Shakhimardan River basin in Central Asia, along
with a comparative perspective to other Schizothorax species in the region. The study found that
S. eurystomus exhibits positive allometric growth, which is consistent with similar patterns observed
in this species from the Syr Darya River basin. The two analyzed condition factors showed mean
values within the normal range, indicating good feeding and environmental conditions. However,
significant disparities between minimum and maximum values of these factors indicated varied
growth conditions which may be influenced by anthropogenic factors. Age estimation using opercular
bones showed variations in the total length among fish of the same age, and a clear age distribution
pattern across different sites. Younger fish predominantly inhabited the shallower, warmer, and
lower sections of the river, which is impacted by agricultural water diversion, while older specimens
were found in areas with higher discharge and deeper pools. Overall, this research provides valuable
insights into the life history traits of S. eurystomus, underlining the need for sustainable fishery man-
agement and conservation strategies in the Shakhimardan River basin. The findings also emphasize
the importance of considering habitat quality and anthropogenic pressures regarding understanding
both fish population dynamics and growth patterns.

Keywords: snowtrout; LWR; Shohimardon; Margilansay River; Syr Darya River; Uzbekistan;
Kyrgyzstan

Key Contribution: This study provides the length-weight relationship and two commonly used
condition factors for S. eurystomus from the Shakhimardan River basin, as well as age at various
lengths using opercular bones with the comparison to other Schizothorax species in Central Asia.

1. Introduction

For over half a century, length-weight relationships have played a crucial role in
fish ecological studies [1]. These relationships are instrumental in evaluating population
characteristics, such as estimating the size at first maturity [2,3], and calculating condition
factors. The condition factor is a vital metric for assessing a fish’s health, indicating that
fish with greater weight for a given length are in better condition [4]. This factor, along
with the length-weight relationship, is influenced by various environmental conditions,
such as food availability [5] and water quality [6,7], as well as biological, temporal, and
sampling factors [8]. Sampling factors, for instance, encompass a range of variables such as
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catchment area, fish community composition, fish weights as measured in each study, time
of collection, and potential errors by personnel or instruments. High values of condition
factors indicate that the fish is in a good condition and the environment is suitable for fish
growth [9]. Additionally, from a population perspective, factors such as age and sexual
maturity at a certain length are equally important, and length-weight relationships may
vary for fish from different localities and sexes, or for larval, immature, and mature fish [10].
Therefore, these indices can be used to evaluate the wellbeing of aquatic ecosystems [11].

Accurate estimates of age and growth are key to understanding population dynam-
ics [12]. Knowledge about the age structure within these populations can provide insights
into current environmental conditions and aid in making management decisions [13,14].
Otoliths are the most reliable structures for estimating a fish’s age, with opercular bones
being equally dependable [15]. One study found that age estimates with otoliths and
opercular bones yielded the same results in 93% of the cases [16]. In contrast, the use of
annual rings on scales for identifying the age of fish is often met with scrutiny due to their
tendency to yield unclear and inconsistent data, irrespective of the fish’s size [15]. Aging
through scales has been criticized mainly because it frequently leads to the underestimation
of age [17].

Despite the acknowledged importance and extensive application in fisheries science,
length-weight relationships, condition factors, and age determinations are still unexplored
for numerous species [18]. There remains a significant gap in our understanding of the
genus Schizothorax which is prevalent in Asia and includes Schizothorax eurystomus, an
important snow trout species native to Central Asia (Figure 1). S. eurystomus is widely
distributed at higher elevations in China and Central Asia, encompassing many tributaries
of the Syr Darya River, particularly those located in the mountainous regions around the
Fergana Valley [19,20].

Figure 1. Schizothorax eurystomus from the Shakhimardan River (total length = 230 mm; weight = 166 g;
age = 5 years).

The scientific literature on this species is sparse, with only a few studies docu-
mented [19]. Consequently, this study is dedicated to establishing the length-weight
relationship, evaluating two commonly used condition factors, and determining the age
at various lengths of S. eurystomus using opercular bones, with results being compared
to other Schizothorax species in Central Asia. This research contributes essential insights
into the ecological characteristics and growth patterns of a species that has been largely
understudied.

2. Materials and Methods
2.1. Study Area

The Shakhimardan River, a left tributary of the Syr Darya River, originates near
Shakhimardan village within the Uzbekistan exclave of the same name in Kyrgyzstan. The
river starts at the confluence of the Aksu and Koksu Rivers, which have their sources on
the northern slopes of the Alai and Turkestan Mountain ranges (Figure 2A). Characterized
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by a permanent flow with seasonal dynamics, the Shakhimardan River flows northwest,
traversing the border between Uzbekistan and Kyrgyzstan. Along its course, it passes
through Kyrgyzstan before re-entering Uzbekistan near the village of Vodil (Figure 2B).
Downstream from Vodil, the river’s flow is extensively regulated. Numerous weirs divert
the river’s water into irrigation channels [21]. As the river approaches Fergana city, it
re-emerges as the Margilansay River, receiving sustenance from collector-drainage and
underground waters. The Margilansay River’s waters are predominantly allocated for
agricultural purposes and, consequently, do not reach the Syr Darya River.

Figure 2. (A) Location of the study area in Central Asia; (B) detailed map showing the sampling
locations Vodil, Shakhimardan, and Koksu.

2.2. Fish Sampling

Our field work, alongside limited available literature, indicate that only two fish
species are found in the Shakhimardan River basin upstream of the village of Vodil [20,22]:
the stone loach (Triplophysa ferganaensis) and the snow trout (Schizothorax eurystomus Kessler,
1872).

We collected a total of 738 S. eurystomus individuals from three locations along the
Shakhimardan and Koksu Rivers: (1) the Koksu River, (2) the Shakhimardan River down-
stream the confluence of Aksu and Koksu Rivers near the Shakhimardan mosque (hereafter:
Shakhimardan), and (3) the Shakhimardan River at Vodil near the Kyrgyzstan border
(hereafter: Vodil) (Figure 1). Sampling was conducted qualitatively at six occasions be-
tween September 2021 and July 2023 using fish traps and electrofishing gear [20]. The
river at Vodil site is characterized by shallow waters which is a result of numerous water
distribution facilities upstream. In contrast, the section near the Shakhimardan mosque
features deeper pools, and has the highest discharge among the three sites. The Koksu
River exhibits water depths intermediate between Vodil and the Shakhimardan site. Fish
identification was conducted following the methodologies of Berg [23] and Veselov [24].

Of the total catch, 118 specimens were measured onsite that were anaesthetized,
preserved in 10% formalin, and transported to the laboratory for further examination. The
remaining 620 specimens were also measured onsite, but were subsequently released back
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into the river at their capture locations. For each specimen, the total length was recorded to
the nearest 1 mm, and their wet weight was recorded to the nearest 0.1 g.

2.3. Laboratory Analyses

For the age determination of the fish, opercular bones were analyzed. The opercular
bones extracted from the fish brought to the laboratory (n = 118) underwent a careful
preparation process. Initially, they were submerged in boiling water for a few minutes
to facilitate the removal of extraneous tissues. Next, broad-tipped forceps and a brush
were used to meticulously clean the opercular bones. The clean operculum was then
dried to ensure optimal conditions for observation and subsequent interpretation under a
microscope and with the naked eye [15,25]. The annual rings, as well as false annual rings,
can be clearly seen in well-dried opercular bones when viewed with reflected light against
a dark background. The winter period is distinguished by transparent dark zones, and the
summer period is distinguished by white zones [25].

2.4. Data Analyses

Following laboratory assessments, we assessed the relationships among various pa-
rameters, including total length (TL), wet weight (W), age, and the condition factors of
the fish.

The length-weight relation was calculated based on the formula W = aLb, where
‘W’ represents the (wet) weight of fish in grams, ‘L’ is the TL in centimeters, ‘a’ is the
scaling constant, and ‘b’ is the allometric coefficient (slope). The values of ‘a’ and ‘b’ were
estimated by logarithm-based linear regression, represented as Log(W) = log(a) + b ×
log(L), following methodologies outlined by Froose [26] and Le Cren [1]. We calculated the
95% confidence limits for ‘a’ and ‘b’, along with the coefficient of determination (r2), using
the equations proposed by Sparre and Venema [6].

The ‘b’ value of the length-weight relationship was tested for significant deviation
from the expected cube value of 3 using Bailey’s t-test. This test was conducted using
the formula t = b − 3/Sb, where ‘b’ is the regression coefficient from the length-weight
relationship, and ‘Sb’ is the standard error of ‘b’ [27]. The growth pattern was classified
based on the value of ‘b’: isometric growth, which is when small fish have the same form
and condition as large specimens for b = 3, positive allometric growth, which is when larger
fish have increase in weight more than length for b > 3, and negative allometric growth,
which is when larger fish have increase in length more than weight for b < 3 [26].

Following the recommendation by Froese [26], we estimated both Fulton’s condition
factor (K) [28] and the relative condition factor (Kn) [1,4] to assess the conditions of the fish.

Fulton’s condition factor (K), also known as the coefficient of condition, was estimated
as K = 100 × W/L3, where ‘W’ denotes the (wet) weight of the fish and ‘L’ its TL [28]. While
Fulton’s factor is typically used when fish have isometric growth, it remains valuable even
when allometric growth is considered more appropriate.

The relative condition factor (Kn) was estimated using the formula Kn = Wo/Wc, where
‘Wo’ is the observed (wet) weight of fish and ‘Wc’ is the calculated (or predicted) (wet)
weight, derived using the formula Wc = aLb [1,26]. The Kn values are directly interpreted,
with higher values indicating better fish condition. Thereby, Kn serves as an indicator of the
environmental conditions impacting the species: a Kn value ≥ 100 suggests good growth
conditions, whereas a value < 100 indicates poor growth conditions. We employed the
Kruskal-Wallis test to evaluate whether condition factors varied by sampling site or season
(March–July vs. September–November). When overall differences were detected, pairwise
post-hoc analyses were conducted using Dunn’s test. The significance level (α) was set at
0.05. p-values obtained from Dunn’s test were adjusted for multiple comparisons using the
Bonferroni correction.

All other assessments were performed using descriptive statistics, such as mean
and standard deviation (SD), and graphical data representation, including histograms
and boxplots.
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3. Results
3.1. Length-Weight Relationship

The caught specimens had a TL from 61 to 415 mm (Figure 3a), with a weight from
2 to 787 g. The length-weight relationship exhibited a high coefficient of determination
(r2 = 0.98; Figure 3b). The a-value was 0.007 and the b-value 3.126. The 95% Cl for the
b-value ranged from 3.098 to 3.154. The results of Bailey’s t-test confirmed that the b-value
was statistically significant, indicating a pattern of positive allometric growth.

Figure 3. (a) Length frequency diagram and (b) length-weight relationship of Schizothorax eurystomus
in the Shakhimardan River basin (n = 738). The black points represent the observed data points, the
blue line depicts the best-fit curve as indicated by the provided equation.

Specimens caught at Vodil had the shortest mean TL (123 mm ± 35.2 SD) of all the
sampling sites, followed by the Shakhimardan (mean = 169 mm ± 50.4 SD) and Koksu
River (mean = 192 mm ± 41 SD). The shortest fish caught in Koksu River measured
115 mm TL, which was much larger than the smallest specimen from Vodil (62 mm TL) or
Shakhimardan (61 mm TL). The largest specimen, with a length of 415 mm, was captured
at the Shakhimardan site. The fish size at Vodil did not exceed 212 mm TL.

3.2. Condition Factors

In our analysis, we estimated two distinct types of condition factors for S. eurystomus:
Fulton’s condition factor (K) and the relative condition factor (Kn).

For Fulton’s condition factor (K), the mean value was 1.03 ± 0.13 SD. Values ranged
from 0.61 to 1.63. Similarly, the relative condition factor (Kn) had a mean value of
101.00 ± 12.60 SD, spanning from 65.50 to 171.00. The frequency distribution for Ful-
ton’s condition factor indicated that 15% of the fish had K values <0.9, 55% had K values
ranging between 0.9 and 1.1, and 30% had K values >1.1. Meanwhile, the distribution for
the relative condition factor showed that 19% of the fish exhibited Kn values <90, 61% had
Kn values between 91 and 110, and 20% had Kn values >110.

Both conditions factors differed according to sampling location (K: χ2 = 46.01, df = 2,
p < 0.001; Kn: χ2 = 26.30, df = 2, p < 0.001). Regarding Fulton’s condition factor, pairwise
tests indicated that all three sites differed from each other (p < 0.002, respectively). For the
relative condition factor, fish from Shakhimardan had a higher condition than from Koksu
(p < 0.001) and Vodil (p < 0.001), but the latter sites did not differ from each other (p = 0.112)
(Figure 4).
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Figure 4. (a) Fulton’s condition factor (K) and the (b) relative condition factor (Kn) for S. eurystomus
specimens (n = 738) from three sampling locations in the Shakhimardan River basin (Koksu, Shakhi-
mardan, Vodil). The boxplots show the median, the bottom and top of the boxes the lower (Q1) and
the upper quartile (Q3), the lengths of the whiskers represent the data within 1.5 of the interquartile
range, and points are considered outliers. The notches indicate the 95% confidence interval around
the median.

Seasonal variation did not significantly influence the condition factor K (χ2 = 0.39,
df = 1, p = 0.531); however, it significantly impacted Kn (χ2 = 11.29, df = 1, p < 0.001),
with values being marginally higher from March to July when compared to September
to November.

When assessing the combined effects of sampling site and season, significant overall
differences were observed for both K (χ2 = 51.03, df = 5, p < 0.001) and Kn (χ2 = 33.36,
df = 5, p < 0.001). The disparities in K were primarily due to the samples from Vodil in
spring/summer, which displayed lower values than those from Koksu in both spring/summer
(p = 0.037) and fall/winter (p = 0.035), as well as when compared to Shakhimardan during
spring/summer (p < 0.001). Furthermore, K values were higher in Shakhimardan during
spring/summer relative to Koksu in fall/winter (p = 0.010). Vodil’s spring/summer samples
exhibited lower values than those from Shakhimardan in the same season (p < 0.001), and
Kn was lower in Koksu fall/winter samples compared to Shakhimardan in spring/summer
(p < 0.001). Pairwise comparisons not mentioned here did not show significant differences.

Table 1 presents a comparative analysis of the length-weight relationship condition
factor findings from the present study with those of similar research conducted on various
Schizothorax species in Central Asia.

Table 1. Comparative overview of condition factor findings Schizothorax species in Central Asia.

Species River n a b r2 95% CI K [Mean ± SD] Kn [Mean ± SD] Reference

S. eurystomus Shakhimardan
River basin 738 0.007 3.126 0.984 3.098–3.154 1.034 ± 0.133 100.765 ± 12.571 current

study

S. eurystomus Syr Darya
River 125 0.007 3.087 0.994 3.046–3.129 - 100.37 ± 8.53 [19]

S. fedtschenkoi Zarafshan
River 30 0.012 2.949 0.989 2.848–3.05 - - [29]

S. intermedius Tokyrauyn
River - - - - - 1.469 ± 0.048 - [30]

Notably, S. fedtschenkoi from the Zarafshan River exhibited a b-value slightly less
than three [29], and the K value for S. intermedius from Tokyrauyn River was recorded at
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around 1.5, which is about 30% higher than the value observed in our study. However, it is
important to mention that the latter study [30] did not provide other fish parameters or
sample size details. Additionally, our literature review did not uncover any other studies
addressing length-weight relationships and condition factors for Schizothorax species in
Central Asia.

3.3. Age

The age analysis using operculum bones in this study revealed considerable variations
in total length among fish of the same age (Figure 5).

Figure 5. Length variability by age of S. eurystomus (n = 118) in the Shakhimardan River basin,
separated by sampling location.

The operculum bone analysis showed distinct patterns in the age distribution of fish
across different sites. Notably, of the fish aged one to two years (n = 38), the majority were
captured at Vodil, with only five exceptions from Koksu River. Furthermore, fish aged six
years and older were predominantly found at the Shakhimardan site (n = 10), except for a
single six-year-old specimen from Koksu River. The mean ages at the respective sites were
2.4 years at Vodil, 3.5 years at Koksu River, and 6.4 years at the Shakhimardan site.

Interestingly, a significant overlap in body lengths across different ages was observed
(Figure 5). For instance, an eight-year-old specimen from Shakhimardan location measured
175 mm, which was shorter than the largest two-year-old fish, measuring 188 mm in body
length, caught in Koksu River. This finding highlights the variability in growth rates and
physical development among individuals of the same species.

The age distribution differed across the three sampling locations (Figure 6). The major-
ity of the younger fish, particularly those under the age of two years, were predominantly
captured in the Vodil area. In contrast, all fish aged over seven years were exclusively
found at the Shakhimardan site.

In terms of specific age groups, 9.3% of the fish sampled were one year old. A
significant portion, amounting to 60.2%, were within the two to three years age range. Fish
aged between four to five years constituted 21.2% of the catch, and those aged six years
and above accounted for 8.5%.

The comparative analysis revealed that limited research has been conducted on the age
estimation of Schizothorax fish species in Central Asia. Among the published studies, two
focused on the age-length relationships of S. argentatus and S. intermedius, measuring total
length (Table 2), while two other studies investigated S. intermedius and S. pseudaksaiensis,
using standard length measurements (Table 3). Therefore, it is not feasible to directly
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compare the growth patterns of the same Schizothorax species across different rivers, but
only across species. Additionally, a key distinction in age determination techniques exists
between our study and previous research. While other studies relied on counting annual
rings on scales [23,30–32], our study employed operculum bones, offering a different
approach to age assessment.

Figure 6. Age-frequency composition of S. eurystomus specimens (n = 118) in the Shakhimardan River
basin, separated by sampling location.

Table 2. Comparison of mean total length (mm; rounded to the nearest whole number) by age for
different Schizothorax species in Central Asia.

River Species n 1 2 3 4 5 6 7 8 9 10 11 13 Reference

Shakhimardan
River basin S. eurystomus 118 105 134 166 191 216 236 253 246 320 343 - 415 Current

study
Tokyrauyn

River S. argentatus - - 140 - 222 253 271 302 338 367 398 440 - [30]

Kafernigan
River S. intermedius 119 105 162 223 268 325 415 583 646 722 - - - [32]

Table 3. Comparison of mean standard length (mm; rounded to the nearest whole number) by age
for different Schizothorax species in Central Asia.

River Species n 1 2 3 4 5 6 7 8 9 10 11 13 Reference

Shakhimardan
River basin S. eurystomus 118 88 114 142 165 187 204 217 214 280 295 - 365 Current

study
Chirchik

River S. intermedius - 90 139 159 217 248 266 278 - - - - - [31]

Issyk-Kul
Lake

S. pseudak-
saiensis - - - - - 305 326 382 429 451 477 - - [23]

Our results illustrated that S. eurystomus exhibits similar total lengths to other Schizotho-
rax species during their first year. However, a notably slower growth rate was observed
from ages two to ten (Table 2). In comparison, S. argentatus in the Tokyrauyn River demon-
strated a 15% higher growth rate across all ages, with the exception of the first year.
S. intermedius in the Kafernigan River ages seven and above were around twice as large
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as S. eurystomus and S. argentatus. Notably, no data were available for fish aged beyond
11 years, except for one specimen of S. eurystomus in the Shakhimardan River basin (Table 2).

A similar pattern could be detected for standard length assessments on total lengths.
As detailed in Table 3, S. eurystomus demonstrated a standard length comparable to that of
the S. intermedius in the Chirchik River during their first year. However, from ages two to
seven, S. eurystomus exhibited a mean growth rate that was around 25% slower than that
of S. intermedius. Additionally, S. pseudaksaiensis displayed a notably faster growth, with a
standard length about 50% greater than that of S. eurystomus at ages five to ten (Table 3).

4. Discussion

This study analyzed the length-weight relationship, condition factor, and age of
S. eurystomus in the Shakhimardan River basin, Uzbekistan, with comparisons drawn to
other Schizothorax species from Central Asia.

The target species displayed positive allometric growth, as evidenced by a b-value >3,
aligning with the range outlined by Le Cren [1]. This growth pattern, where fish gain
weight disproportionately to length increase, was also noted in the Syr Darya River basin
population of S. eurystomus [19]. In contrast, a study on the same species in China’s Tarim
River reported a significantly higher b-value of 3.38 [33], suggesting variability in growth
patterns across different populations, or even within the same population over time [5–8].

While numerous factors such as sex, gonadal maturity, reproductive cycles, food
availability, and environmental conditions can influence fish growth [34], these were
not explicitly considered in the current study. In this research, fish specimens were col-
lected over a lengthy period of almost two years, encompassing both spring/summer and
fall/winter seasons.

The mean value of Fulton’s condition factor (K) for S. eurystomus was found to be
within the normal ranges, as suggested by Soni and Ujjania [34], who posited that a
K value of ≥1 is indicative of adequate feeding and favorable environmental conditions.
Additionally, we observed a mean relative condition factor (Kn) values close to 100, with
values in spring and summer being slightly higher than in fall and winter, which also
suggests good growth conditions for the species. Nonetheless, the marked variation
between the minimum and maximum values, as highlighted in Figure 4, suggests that a
substantial number of specimens are living in less-than-ideal growth conditions. Lower Kn
values, for example, may signal poor food availability or high predator density, whereas
higher values could indicate high food abundance or lower predator density [35,36]. In
contrast, Kn values ≥ 100 typically occur when fish have access to optimal feeding and
habitat conditions [37]. Thus, variations in condition factors provide insights into the
disparities in various factors [1], including the species’ life history and climatic conditions
like temperature, as well as environmental factors such as competition for food and habitat
quality, and large-scale anthropogenic interventions in the natural environment [38]. Our
field observations revealed notable differences in the river sections sampled. Some areas
were characterized by rich and diverse habitats, while others had undergone artificial
modifications to their beds and banks. Consequently, the observed variations in condition
factor values might be attributed to these river habitat conditions, especially during low
water periods. Particularly, fish from the Shakhimardan site exhibited higher condition
factors than the other sites, and this was partially seen when including the factor of season.
It is worth mentioning that the condition factor does not indicate if fish can successfully
complete their life cycle. Moreover, it may well be that the fish are not able to access
(optimal) spawning habitats. However, due to the abundance of food they are in good
condition. Other sampling techniques in combination with telemetry techniques can
provide insights on that [39].

It is recognized that opercular bones provide age estimations closely comparable to
those obtained from otoliths [15,16]. This method has been well-documented for various
fish species, and is generally considered more accurate than other techniques involving
scales, vertebrae, spines, or other hard parts of fish [15]. For instance, age estimates from
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otoliths in S. curvifrons were found to be in close agreement with those derived from
opercular bones [40]. Additionally, opercular bones have been identified as advantageous
for age estimation in species such as Esox lucius [41] and Cyprinus carpio [42].

However, there are instances where opercular bones are considered less reliable in
comparison to other structures. For example, they were found to be less effective than
otoliths and vertebrae in S. o’connori [43], and less accurate than scales and otoliths in Labeo
rohita and Channa marulius [44]. In the case of Mastacembelus mastacembelus, age estimation
from opercular bones was deemed unreliable due to the loss of primary annuli in the early
stages of life [45].

We also tried to estimate age based on scales, i.e., annual rings, collected from the
area of the body above the lateral line under the dorsal fin [31,40]. The rings on scales
were often indistinct, not obvious, and unclear, regardless of fish size (Figure 7). As well,
they were prone to damage during preparation. Therefore, these data have not been
presented. Nonetheless, scales have traditionally been the most popular method for aging
most cyprinids, owing to the ease of collection and preparation, and also the fact that
one can take scales without damaging the fish [46,47]. However, the use of scales has
faced criticism, mainly due to the frequent underestimation of age [17]. This inaccuracy
in age estimation from scales can often be attributed to the reabsorption of annuli and the
formation of false rings due to stress or food scarcity, as well as the diminished growth of
scales as fish age, leading to less distinct annuli [15,17,40].

Figure 7. (a) Opercular bone and (b) scale of a 2-year-old Schizothorax eurystomus from the Shakhimar-
dan River. The blue arrows show annuli on operculum and the yellow dots represent possible annual
rings on the scale (Photos: E. Karimov).

A notable pattern in age distribution was observed: most fish aged between one and
four years were found in the Vodil area, while older specimens were predominantly caught
in the Shakhimardan and Koksu sites. It is important to highlight that specimen older than
six years were exclusively found at the Shakhimardan site. This distribution may be linked
to environmental factors. The lower section of the Shakhimardan River, characterized by
shallower waters due to extensive agricultural water diversion, has lower flow velocities
and warmer water temperatures. These factors potentially make it more conducive for
younger fish populations. In contrast, the Shakhimardan site, with its higher water flows
and deeper pools, likely provides a more suitable habitat for older and larger specimens.
Another contributing factor could be the high flow periods and mudflows during spring
and summer, caused by snowmelt runoffs. These events may result in the downstream
displacement of younger fish [48], explaining their prevalence in the lower river sections.
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Additionally, the presence of water distribution facilities and dams without fish passages
on the Shakhimardan River between the sampling sites likely hinder sub-adult and adult
specimens from returning upstream. Consequently, while fish survive in certain areas,
their inability to recolonize upstream river reaches has become evident [49]. The snow
trout is significant for recreational fishing in the Shakhimardan exclave. However, the local
community reported a noticeable decrease in fish abundance in the river over time, also
highlighting frequent instances of illegal fishing and overfishing, especially during the
spawning season. Such practices could significantly contribute to the declining population
of larger specimens in the Shakhimardan River basin.

A comparison of the age-length relationships determined in our study with those
reported in other studies reveals that S. eurystomus in the Shakhimardan River basin
exhibited the slowest growth rate among the Schizothorax species in Central Asia. For
example, the growth rate of S. eurystomus in our study was nearly half of that observed for
S. intermedius from the Kafernigan River [32]. Notably, the Kafernigan River is characterized
by a longer free-flowing section and a higher mean annual discharge of 156 m3/s, compared
to a mere 9.7 m3/s in the Shakhimardan River [21,50]. This disparity suggests that a longer
river continuum and higher mean flows, offering more diverse habitats and food resources,
likely facilitates enhanced fish growth.

5. Conclusions

This study on Schizothorax eurystomus within the Shakhimardan River basin has signif-
icantly advanced our understanding of the species’ growth, condition, and age patterns.
The observed positive allometric growth pattern, as well as the condition factors’ values,
underscore the species’ effective adaptation to its natural habitat. The age analysis, facili-
tated using opercular bones, has revealed a distinct spatial segregation of age groups within
the river system, with younger specimens primarily located in the lower river sections
that are affected by human activities. This pattern suggests that habitat fragmentation and
anthropogenic pressures, such as water abstraction, could pose substantial threats to the
snow trout population. In summary, the findings from this study provide a deeper under-
standing of the ecology of S. eurystomus and offer valuable insights for fishery research,
management, and conservation efforts.
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