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ABSTRACT

This paper proposes a novel multi-task statistical learning framework which aims to
concurrently address all the environmental challenges in the Alps. The goal is to analyse the
effects of lichen and fog on water balance. The objective is the analysis of water balance
mechanisms by investigating the contribution of fog and the role of forest age in the water
cycle. The methods include advanced multitask learning with statistical modelling techniques.
The results shown that interception plays a dominant role in the precipitation and
evapotranspiration partitioning, enhanced by lichens. Trees transpiration as lower in the young
stand and the evapotranspiration of soil and understory contributed considerably to the water
balance at both stands. Moreover, fog caused additional throughfall in mixed fog and rain
precipitation.

RESUME: Apprentissage multitache avec paramétrisation statistique pour une analyse
écohydrologique.

Cette étude examine les effets des lichens et du brouillard sur le bilan hydrique des
Alpes. L’objectif est I’analyse des mécanismes du bilan hydrique: contribution du brouillard et
role de I’Age de la forét dans le cycle de I’eau. Les méthodes incluent un apprentissage
multitdche avancé avec des techniques de modélisation statistique. Les résultats montrent que
I’interception joue un réle dans la précipitation et I’évapotranspiration, renforcée par de
lichens. La transpiration des arbres était plus faible dans le peuplement jeune, tandis que
I’évapotranspiration du sol et du sous-bois a contribué considérablement au bilan hydrique des
deux peuplements.

REZUMAT: invitare multisarcind cu parametrizare statistici pentru o analizi
ecohidrologica.

Acest studiu investigheaza efectele lichenilor si a cetii asupra echilibrului apei din
Alpii. Obiectivul este analiza mecanismelor de bilant al apei: contributia cetii si rolul varstei
padurilor in ciclul apei. Metodele includ invatare multisarcind avansata cu tehnici de modelare
statistica. Rezultatele au aratat ca interceptarea joaca un rol in compartimentarea precipitatiilor
si evapotranspiratiei, sporita de licheni. Transpiratia arborilor a fost mai scazuta in arboretul
tanar, iar evapotranspiratia solului si a tuféarisurilor a contribuit considerabil la echilibrul hidric
la ambele arborete. Ceata a provocat caderi suplimentare de precipitatii mixte de ceatd si
ploaie.
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INTRODUCTION

Background

Subalpine forests are fragile ecosystems with high importance for human water
resources as well as local and mesoscale climate (Montané et al., 2016; Wong et al., 2010).
The Alps represent an essential source of water availability in Europe (Kruse and Putz, 2014;
Wieser, 2010), a role expected to become even more crucial under climate change conditions.
Vegetation interacts profoundly with the water cycle, influencing both water availability for
human needs and the distribution between sensible heat and latent heat, therefore interacting
with the radiative forcing feedback mechanism (Wang et al., 2012; Jiang et al., 2004). For
instance, in mountain regions, the primary cause of land desertification and land cover change
is degradation of vegetation (Dregne, 2002; Hill et al., 1995). In turn, one of the main causes
of vegetation deterioration is water stress (Borgogno et al., 2010; Xia et al., 2009).

The water cycle mechanisms in the Alps are inextricably linked to the water required
for vegetation development. Mountain regions are essential sources of water which impact
extending far wider than their actual range (Beniston et al., 2011; Viviroli et al., 2007;
Messerli et al., 2004). However, they are also strongly affected by climate change with past
and projected warming exceeding the global average (Gobiet et al., 2014; Beniston, 2005).
Besides, subalpine forests in mountains are ecologically significant due to their unique
biodiversity and vulnerability to climate change (Zhang and Wang, 2023). While previous
studies have measured different components of the water balance (Netherer et al. 2019), little
is known about the frequency and influence of fog and the role of forest age in the water
balance.

The distribution of vegetation of mountain regions is largely driven by the change of
climate and soil conditions along elevation gradients (Grabherr et al. 2010; Nagy, 2006).
Besides, the pattern of vegetation is also influenced by the complex (micro-) topography
(Korner, 1998), which is an important, but often neglected factor in the mountain water
balance. In alpine environments, topography has a significant impact on vegetation distribution
patterns, vegetation activity, and hydro-climatic dynamics (Li et al., 2025). For instance, the
temperature and precipitation along elevational gradient have dominant effects on the
subalpine vegetation activities with alternating strength (Kakarla et al., 2025). Mountain
forests have a high capacity to influence the water balance by intercepting water through the
canopy and releasing it back to the atmosphere as vapour, which keeps the water cycle running
(Proutsos et al., 2025).

Water retention functions makes forest ecosystem to be one of the major regulators of
the climate (Chen et al., 2025). This is hence its principal ecological role enabling to preserve
the natural water balance in subalpine environment. Additionally, mountain forests reduce
runoff and increase infiltration (Yu et al., 2025). Consequently, vegetation density increases in
water yield and clear cutting, while in contrast, is increasing risk of higher runoff (Fines et al.,
2023). The cumulative effects of climate changes (precipitation) with forest degradation would
therefore have consequences on the ecohydrological status of subalpine environments. In the
Alps and other Central European mountains, the subalpine elevation belt is mostly covered by
forests dominated by temperate conifers (Bohn et al., 2000). Of these, the eastern part of the
Alps is particularly humid and is dominated by spruce forests. In the study area, spruce forests
cover 178,000 ha, which is 52.8% of all the forests in the region, which is covered by forests
on 45.7% of its surface (APBS, 2022). However, they are also strongly affected by climate
change with past and forecasted processes of warming exceeding global average (Augustaitis
and Pivoras, 2024).
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Warmer air temperatures may have very distinct consequences for alpine forests, such
as an increase in radial growth, which may depend on sufficient water availability to
compensate for the increased evapotranspiration (ET) (Vittoz et al., 2008). The increase of air
temperature and vapour pressure deficit (VPD) leads to forests being losing more and more
water through the process of evapotranspiration. Thus, moisture availability needs to be
considered to predict the consequences of future climate change. Forest overuse, changed
patterns of land use types, clear cutting, and local land degradation can lead to diverse
environmental problems, such as soil erosion, landslides, rockfalls, increased water runoff or
reduced water storage. Other effects include, for instance, the drying of springs and wetlands,
and biodiversity loss, and have severe impacts on livelihoods or even cause human deaths
(FAO, 1998). However, there are still gaps in the understanding of water redistribution in
forests and its consequences for land-use management, water policies, and the climate system.
In this paper, we contribute to fill in some of these gaps through analysis of water balance
mechanisms, specifically by investigating the contribution of fog and the role of forest age in
the water cycle.

Objective and goals

Despite the importance of the interaction between forests and regional hydrology, few
studies have determined the various components of the water cycle and evapotranspiration
partitioning at the basin level on forested terrain (Castelli et al., 2018). At the same time,
evapotranspiration process and its contribution by forests at the basin level is crucial for a
thorough understanding of energy, water, and carbon cycles in mountain forest ecosystems
(Zweifel et al., 2010). In particular, given the high cloud cover characterizing the Alpine
mountains (Chen et al., 2022), the question is what the direct contribution of fog water might
be to the hydrological cycle. Montane forests support formation of wind-driven clouds and fog,
providing crucial moisture to the ecosystems (Reger et al. 2011). Besides, this study explores
whether fog might indirectly contribute to ecosystem water availability. The formation of fog
favours unigue environments that host a wide variety of specific lichens and plants. In turn,
lichens can influence the water cycle due to their inherent water retention capacity.

Measurements of the water balance components are usually surrounded by
considerable uncertainties. Meanwhile, the numerical assessment of water balance components
is crucial for sustainable management of water basin and analysis of water cycle in mountains
(Bredemeier, 2011; L’Vovich, 1979). Such components have been affected by climate change
in subalpine environment over the recent years (Tscholl et al.,, 2025). In hydrological
approaches, water balance is widely based on simplifications and model generalizations (Buri
et al., 2023). Existing experimental studies where the different components of the water cycle
are directly measured are scarce. In the context of the interaction of forests and meteorological
drivers in conditions of climatic change, this study aims at better understanding of the
mechanisms of ecohydrology of a subalpine forested catchment.

Frequently, one or more of the components of the balance are assessed indirectly, with
a modelling approach. The same happens concerning flux partition techniques (Sanchez-
Carrillo et al., 2001). Meanwhile, major atmospheric boundary fluxes: evapotranspiration
(evaporation and transpiration) and irrigation and the lower boundary fluxes such as soil
percolation are essential elements of water balance and environmental sustainability of
mountainous forests (Chen et al., 2024; Idrees et al., 2022).

In this general context is required the study of the mechanisms of their functions
within water cycle.
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Fraction of water transpired by the vegetation

The evapotranspiration (ET) partitioning between evaporation (E) and transpiration
(T) is a fundamental topic relevant to the understanding of subalpine forest ecohydrology (Jin
et al., 2025). Recently, several models have been developed to partition ET and these models
have been tested across several climates, plant functional types and sites (Fang et al., 2016;
Lujano et al., 2016; Koliopanos et al., 2025). The ecosystems of Alpine forests, however, have
a specific input in the maintenance and regulation of the forest water cycle, by collecting and
filtering large amounts of water: 1. Considering that the soil is covered by high vegetation with
dense foliage, we can assume that soil evaporation represents a minor source of E as compared
to wet canopy E, contrary to what happens in sparse broadleaved forests like woody savanna;
2. Mountain forests have a specific combination of temperature and precipitation. In some
cases, the combination of high precipitation and low temperature is unique, exceeding the
combination of T and precipitation (P) depicted by the Sharma et al. (2016).

In ecohydrology, the partitioning is resolved by separating evapotranspiration into
evaporation from surfaces inside the forest and transpiration by the vegetation (Mastrotheodoros
et al., 2020; Savenije, 2004). While tree transpiration and soil evaporation can be measured
directly through sapflow sensors (e.g., using canopy chambers), evaporation from canopy
interception can be estimated indirectly or through modelling and simulation techniques; thus,
there are still uncertainties to be solved. For example, concerning the rate of wet canopy
evaporation estimated from eddy covariance measurements or as the differences between
precipitation, throughfall and stemflow, or those using the conventional Penman-Monteith-
equation by a factor of two or more (Holde and Gibbes, 2016; Holwerda et al., 2012).

The amount of water intercepted by the forest canopy varies with its age, structure and
leaf type (Leng et al., 2025). Depending on the stand characteristics, for instance, hardwood,
coniferous, lichen woodland, and closed-canopy forests, forest type is a major predictor of
canopy interception rates (Cau et al.,, 2025; Huang et al., 2025). Nevertheless, important
features are the occurrence of mosses and epiphytes which may intercept high amounts of
water (Bruijnzeel and Proctor, 1995). They store water inside the forest, sustain
evapotranspiration, decrease the Bowen ratio, and increase the air humidity (Pokpongmongkol
et al., 2025). In this way, rain and cloud forests maintain minimised (almost zero) water
pressure deficit conditions and pose little water stress to leaves, and particularly to epiphytes.
This could also be the case for temperate mountain forests, where needles can live for years
and epiphytes develop on boles and branches of old trees.

Study area

Subalpine forests, frequently show an abundant cover of epiphytes, bryophytes, and
particularly lichens (Rixen et al., 2007; Narukawa et al., 2003). The distribution of lichens in
spruce-fir forests is influenced by vertical position within the canopy which in turn contributes
to water balance. Their species composition is influenced by climate. However, there is scarce
information about their water-holding capacity and hence the extent of their interaction with
the water cycle. Due to their poikilohydric nature, they are also expected to behave differently
in terms of transpiration, presumably losing water without high water deficit limitation as the
trees do. For example, the diurnal cycle of evapotranspiration partitioning in subalpine cloud
forest with lichens would differ from the one in subalpine cloud forest through higher relative
humidity (Wen et al., 2022). Such behaviour would affect the ecosystem response to energy
partitioning. The presence of lichens can therefore represent an indirect effect of fog
occurrence as it is effective in providing water to these organisms, which makes
photosynthesis and develop as a function of their water status (Villegas et al., 2008).
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Lichen epiphytes play significant ecological role as an important biological category in
forest habitats of Alps (Espafia-Puccini et al., 2024). Epiphytic lichens are extremely reliant on
the traits of their host trees, especially the bark (Lyssaios et al., 2025). The distribution of
lichens varies according to available habitats and forest composition and maturity (Tumur et
al., 2025). In aged forests, lichens continue to grow on old plants and increase interception
capacity, when the stand leaf area index has already reached its maximum (Rodriguez-de la
Cruz et al., 2025). Highly diverse in species and genera, they increase canopy interception of
precipitation and absorb some essential components from the air and fog, which they then
release through leaching or decomposition (Belinchon et al.,, 2007). These processes
significantly contribute to the cycling of water and nutrients (Palmgqvist et al., 2017).

Alpine mountain forests may be characterized by high cloudiness, as measured by
Castelli et al. (2018) using satellite data. However, the amount of fog water available for the
water cycle in the mountain forest may be substantially different from that in rain forests and
cloud forests in the tropics. We hypothesise that fog may have a minimal impact on the annual
and seasonal water budget, also observed in subtropical cloud forests. However, most
importantly, we do not know how much moisture, may bring to the canopy structures. The
vegetation groups are even-aged forming an uneven aged structure at a larger scale. A large
group of dominant spruce trees with an age of approximately 200 years, and a second group of
young, about 30 years-old trees were present at the study site. In both stands, parts of the living
crown frequently reached the ground, indicating the closed-canopy forest type, irrespective of
age.

MATERIAL AND METHODS

The methods include advanced multitask learning with statistical modelling
techniques. The technical approaches include monitoring by the eddy covariance technique,
tree transpiration sensors, phenocam images, throughfall and stemflow gauges, water discharge
measurements, soil moisture sensors and epiphytes quantification for young and old forests
(Fig. 1). The influence of aged tree vegetation in the water balance was studied by estimating
and comparing water interception, epiphyte composition and temperature at different heights
with an adjacent young canopy forest. In this study, we employed two different methods, the
eddy covariance for measuring total evapotranspiration, and sap flow sensors to examine the
variability of the transpiration levels. Additional measurements at the soil level were
performed in an old and young forest, in which we measured soil moisture (Fig. 1). Water
discharge was measured at the catchment level. The forest is of natural origin and managed for
wood production.

The traditional harvest method creates small gaps, approximately 50 m wide, and
involves the thinning of surrounding trees. The result is a heterogeneous vegetation structure
with high variability in the composition of plant communities. To highlight the unique nature
of meteorological conditions during dry and wet conditions, we analysed the robust technigques
to measure meteorological variables in 2015 and 2019. Here, we evaluated the data during
days with fog presence (visibility below 1 km). The ratio of diffuse to the total global
radiation, the VPD, and relative air humidity (RH) were selected to characterise hours and days
without precipitation, with fog-only, with rain-only and with mixed precipitation (fog and rain)
during the first half of 2015 when half-hourly photos were available from a phenological
camera directly at the site.
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Figure 1: Position of the measurements using laser techniques.

The relation between precipitation type and these three meteorological drivers were
then used to predict the occurrence of fog and mixed precipitation during the study period
2019. These predictions were compared to fog observations from a public webcam located at
three km and 300 m lower in elevation than the study site. The water partitioning at the
catchment level was estimated for the old and young stand (old forest-of and young forest-yf,
respectively) for five months during the growing season of 2019. The periods of dry conditions
were compared, with fog and with rain, using data for 2015 and 2019, by including both the
observation (obs.) and the prediction (pred.) periods to assess the accuracy of the predictions.

The number of days characterized by dry conditions, fog, precipitation, and mixed
precipitation for 2015 and 2019, were calculated and discussed. Three representative time
periods from late May to early July, from mid-July to early September and from mid-
September to early November during 2019 were selected to study meteorological conditions.
Additionally, the supplementary information was used: global radiation: total global radiation
in the top row, diffuse global radiation in the middle, ratio of diffuse global radiation to total
global radiation, temperature and relative humidity, during dry, fog and precipitation periods
as well as times with mismatches between the observed and predicted fog.

In this respect, positive feedback might be established between the tree age and
evaporation fluxes. To estimate fog water and to determine the methodological applicability of
the workflow, the fog was derived from the comparison of the gross and net precipitation. To
better understand fog occurrence under changed external circumstances, we compared the
relevance of the measured meteorological conditions during three periods: with dry conditions
(dry), fog (less than one km visibility) and rainfall. Measured meteorological conditions
included the following parameters: relative humidity, temperature, radiation, wind speed and
direction, ratio of diffuse to total global radiation and vapour pressure deficit.
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RESULTS AND DISCUSSION

The average monthly precipitation, represented as a monthly sum and maximum daily
sum, showed the importance of convective rainfall events in the warm summer, while the cold
winters were comparatively dry (Fig. 2).
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Figure 2: Average monthly precipitation (monthly sum and maximum daily sum)
and temperature (monthly average and average daily maximum and minimum)
for 2019 (thick line) and for the period from 1999-2019).

The obtained results highlight the importance of days having both fog and rainfall
(mixed precipitation). Wagner and Petitta (2015) recorded observations over 254 days with
cloudy conditions (70%) in 2011, but did not obtain fog or mixed precipitation data.
Unfortunately, further characteristics like cloud thickness, droplet size, and the liquid water
content of fog as well as how many of these days were foggy (< one km visibility) were not
observed. These are important features useful to assess the importance of fog in the water
balance (Frumau et al., 2006). If we consider data from 2019, days with fog (defined as days
with fog and days with mixed precipitation) may account for 45% of cloudy days in 2011
(Wagner and Petitta, 2015).

Average values of radiation, relative humidity and vapour pressure deficit
(VPD) during days with precipitation, fog, and mixed precipitation in 2015 were calculated
to predict fog occurrence in 2019 (visualized in box plot on figure 3). Here, the
meteorological conditions (ratio of diffuse to total global radiation, VPD, and relative air
humidity (RH) are indicated during periods with fog (less than one km visibility),
precipitation, and dry conditions (dry) from January 1st until August 30th 2015 (top row)
and from May 25th until August 30th 2015 (bottom row). The ratio of total to global
radiation (ratio Rg dif/Rg tot) was lower during dry periods when total Rg was high. On
the contrary, diffuse Rg was less affected by rain and fog. As expected, VPD was higher
and relative air humidity (RH) lower during periods with dry conditions compared to periods
with fog and precipitation. Data variability was higher within the Rg dif/Rg tot ratio than
within the RH and VPD.
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Figure 3: Box plot diagram showing the statistical evaluation of the meteorological parameters
(ratio of diffuse to total global radiation, VPD, and relative air humidity, RH)
during periods with fog in 2015.

In 2019, the precipitation in the study area was generally in accordance with the
20-year average, except for a drier June, October, and November, which were 1.5- and
more than 3-fold, respectively, wetter than the average. These aberrations were also obvious
in the maximum daily precipitation. In fact, an exceptional snowfall event starting on
8th November, producing a considerable snow break especially in the young forest, effectively
ended measuring season. Likewise, air temperature deviated from the 20-year average in
2019, mainly during the first half of the year: February and June were too warm and May
was too cold.

Looking at time courses, air temperature (T) and VPD were overall lower during
foggy and wet days and increased during the first dry days, but decreased again towards
the end of the measuring period (Fig. 4). More specifically, the graph shows the time course
of global radiation (total global radiation top-left, diffuse global radiation top-center, ratio
of diffuse to total radiation top-right), air temperature (bottom-left), air humidity (bottom-
center) and vapor pressure deficit (bottom right) during a foggy period in late spring, end
of May, the start of June (a.) and end of October, the start of November 2019 (b.). The
relative humidity exhibited the opposite pattern of T and VPD. According to Vautard et al.
(2009), who observed a decrease in temperature during the day but an increase during the
night due to fog in long-term data in Europe, a different night-time sensitivity of temperature
is expected.
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Figure 4: Temporal variations of of global radiation, air temperature, air humidity,
and VPD during a foggy period.

Canopy evapotranspiration (ET) is the total flow of water vapour from canopy into the
atmosphere, mainly including the processes of transpiration and soil evaporation. Even though
the precipitation totals in June 2019 were below the long-term average, rainfall events occurred
quite regularly during the entire measuring period of 2019, with only one 5-day dry period at
the end of June and another 13 days in mid-September (Fig. 5).

The transpiration of the old (Tof) and young stand (Tyf) calculated from sap
flow measurements was low compared to canopy evapotranspiration from eddy
covariance measurements, which was applicable to both stands; however, time courses of
T and ET corresponded well with similar reactions to weather conditions and an overall
decrease starting in the second half of September. Surprisingly, Tyf was higher than Tof, as
a smaller projected crown area and higher tree density in the young stand more
than compensated for the higher sap flow of large single trees in the old stand. Consequently,
the regression line of Tyf to ET had a higher slope than that of Tof to ET, for both forest
types. The R2 of the correlation of T and ET was higher than 0.9. In contrast, neither ET nor T
correlated with P.

By splitting the days into dry, mixed precipitation (fog and precipitation), and with
rainfall-only, we found that, not surprisingly, ET was higher during dry days (55% of total ET
in 48% of days) and was suppressed especially in days characterized by the presence of mixed
precipitation (17% of total ET in 26% of days). This could be an effect of fog suppressing ET
as observed in cloud forests, but also because days with mixed precipitation occurred more
often in autumn when ET was generally lower because of both lower temperature and
phenology (senesced grasses). The periods of mixed precipitation during summer should be
further investigated.
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Figure 5: Above: Time course of daily precipitation (P, top left in continuous line for clarity)
as well as daily evapotranspiration measured with eddy covariance (ET) and daily transpiration
for the old (Tof) and young (Tyf) forest upscaled from sap flow measurements (top right).
Below: Correlation of daily ET, Tof, and Tyf with daily P (bottom left)
and correlation of daily Tof and Tyf with daily ET.

Water components from 2019-5-30 (DOY 150) until 2019-11-07 (DOY 311) are
studied at canopy level. The calculations were based on daily data divided into dry and
precipitation periods. The precipitation was measured inside and outside the forest (minor
amount of precipitation during “dry” period because periods were defined based on the outside
climate station alone), throughfall and stemflow measured with automatic tipping gauges,
storage/interception calculated as P — Tf — St. The throughfall in old (of) and young (yf) stand
versus precipitation accumulated to sampling dates of the manual gauges is shown in figures
6a, b. The values were measured with manual gauges (top left), automatic gauges (top middle)
and all gauges (top right). Correlation of throughfall of old (of, x-axis) versus young (yf, y-
axis) stand measured with manual gauges (bottom left), automatic gauges (bottom middle),
and all gauges (bottom right). The error bars show the standard deviation between gauges of
each stand in all plots.
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Figures 6a, b: The throughfall in old (of) and young (yf) stand
against precipitation accumulated to sampling dates
of the manual gauges.

In this research throughfall rates relative to precipitation were higher in the young
than in the old stand (Fig. 6a) even though the LAI in both stands was similar. Throughfall
is the important part of the gross precipitation that passes through the tree canopy and
reaches the soil. We detected that throughfall variability was higher in the manual gauges
than in the automatic ones as they covered a higher small-scale variability of Plant
Area Index (PAI)/LAI (Fig. 6a). A strong linear correlation (R? > 0.93) was found
between throughfall and precipitation for both stands and no clear increase in throughfall
ratio with P. Only the last data point with the highest amount of throughfall and P
was clearly above the linear regression line, indicating that the limits of the canopy’s
interception capacity were reached. The correlation between old and young stand throughfall
was very high (Fig. 6b).
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By looking at throughfall rates at a daily resolution and separating by precipitation
type, we found that throughfall was much higher during days with mixed fog and rain
precipitation (Fig. 7). This surplus in Tf (Tf/P = 0.28 for the young stand and Tf/P = 0.27 for
the old stand), was attributed to fog. The throughfall was captured during days with fog-only.
This parameter differs in diverse geographical areas significantly. For instance, in subtropical
cloud forests with a high frequency of fog, fog-only contributed with only 6% of throughfall
(Holder, 2004). This contrasts to the Japanese Alps, Mt. Tateyama, where Uehara and Kume
(2012) measured up to 35% of fog-only contribution in throughfall, attributed to the high wind
velocity and humidity in the Japan Alps. The lower contribution in the Alpine forest may be
explained by differences in air temperature and altitude. This result is in line with the
hypothesis that fog might have a minimal impact on the annual and seasonal water budget.
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Figure 7: Throughfall versus precipitation during mixed precipitation (mixed fog+P)
and rain-only (P) events in the young (yf) and old (of) forest.

By looking at the same water components, split into approximately monthly periods, it
can be noticed that P increased from June to October, while ET was high until September, but
decreased strongly afterwards. The Tf/P ratio was higher in autumn (September and October)
than in summer, except for June in the old stand; correspondingly, the interception rate (1/P)
was lower. This should be associated with higher P, and with more mixed precipitation days
observed in autumn. Water components for five months were estimated from 2019-5-30 (DOY
150) until 2019-11-07 at canopy level roughly divided into months according to sampling
dates of the manual throughfall gauges.

To characterise the growing conditions for lichens, we measured some meteorological
variables inside the forest. As expected, the relative humidity was higher within the forest,
especially at 15 m, where VPD was lowest. Surprisingly, the temperature was not significantly
different outside and inside the canopy. The highest temperature and consequently highest
VPD was measured at 23 m but the differences were within the error range. Standard
deviations were high, as they were calculated over time, thus included daily and seasonal
variability, and were the highest within the canopy at 23 m. Therefore, the presence of lichens
is likely more related to humidity than to temperature.
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When accounting for the interception, tree transpiration contributed slightly less to ET
than the soil and understory E(T), while Kdstner et al. (1998) mention a contribution of the
understory that accounts for 10-70% of the total transpiration. Uncertainties regarding the
ability of sap flow measurements to measure and predict absolute values could have played a
role and led to an underestimation of tree transpiration, as mentioned literature (Flo et al.,
2019; Schlesinger and Jasechko, 2014; Wilson et al., 2001). Possibilities for in situ calibration
and realistic estimation of measurement errors are still open for examination in sap flow
research, even though steps are taken in this direction (Peters et al., 2018).

Discharge (DC) and the change in soil moisture (dSWC) completed the water balance;
as both were only measured for the entire forest, the same values were used for both forest
types. Both DC and dSWC were of minor importance compared to T and Esu. Most of the
discharge occurred during snowmelt in spring before the start of the measurement period.
Changes in soil moisture are important in water balance computation only at short time scales
and had nearly levelled out over the entire measuring period.

The abundance of lichens in the old but not in the young stand could be a main reason
for lower throughfall rates indicating a higher interception capacity in the old stand, even
though LAI was similar in both stands. Due to their protected status, we did not conduct a
survey on lichens, but we collected them from one fallen tree typical for the old forest. This
tree held 7.26 kg of dry lichens; 0.71 kg (10%) of them were located on the trunk and the rest
on the branches with the highest concentration at 22 m above the soil (at approximately 3/4 of
the tree height). Once rewetted, the lichens reached a fresh weight of 19.63 kg, thereby holding
12.37 kg of water; however, they lost 2/3 of that water again within two days when air-dried.

Considering that the projected crown area of the sampled tree was approximately 19.6
m? (average radius of the canopy 2.5 m), the amount of water held by the tree was 0.63 kg m™
or 0.63 mm. Notably, this amount of water can be refilled by each rain and fog event and is
consequently evaporated without stomatal control dependent on VPD. This is known as the
function of the forest to respond to radiative forcing by increasing the emission of latent heat
instead of sensible heat. Burgess and Dawson (2004) showed that part of this water and fog
can be directly absorbed by the plant through its leaves.

The results confirm the positive feedback loop involving hydrological and vegetation
components, which were particularly effective in the old stand due to its higher capacity to
store water in its canopy. This was also observed by Sillett and Van Pelt (2007) in an old-
growth redwood forest. In addition, it is known that epiphytes survive where humid conditions
are guaranteed. Therefore, fog may link the positive feedback loop between the presence of
lichens in old-growth forests and cool and humid meteorological conditions.

DISCUSSION

In this study, we quantified the capacity of the forest to intercept water in the canopy,
and we provided an estimate of this capacity in the two different forest stands, a 200-year-old
and a young, 30-year-old stand. The higher water storage capacity of the old stand did not
depend on the LAI, which was almost identical in the two stands, but on the other structures,
mainly epiphytes. Such organisms, typically represented by filamentous lichens, such as
Evernia divaricata and Pseudevernia furfuracea, were relevant for the water cycle in the old
section only and had a water-holding capacity of 0.6 mm for each precipitation event. The
relevance of this interception capacity was particularly high when precipitation was light
(based on field observations). In this case, the liquid water was used to refill the canopy and
soil reservoirs, without being lost as runoff. This large amount of water intercepted by the
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canopy, which represents most of the liquid precipitation in the old forest stand, is then locally
re-emitted as evaporation without stomatal control. In addition, in some ecosystem types, it has
been shown that part of this water and fog can be directly taken by the plant for its needs
(Burgess and Dawson, 2004)

In other regions, for instance, in tropical and cloud forests, fog represents a relevant
component of the annual water input (Fu et al., 2016; Bruijnzeel et al., 2011). Fog may
contribute between 0.2-4.0 mm day™ in subtropical and tropical cloud forest environments
(Bruijnzeel and Proctor, 1995). In a tropical rainforest, Holwerda et al. (2006) reported directly
measured maximum Liquid Water Content (LWC) values of approximately 100 mg/m® in
dense fog in Puerto Rico. However, their spectrometer applied a cut-off point of 50 um;
therefore, we cannot overlook that the actual LWC value may have been higher. Higher values
of 100-500 mg/m® have been observed in Quebec at an altitude of 850 m a.s.l. and between
100 mg/m® and 200 mg/m® in El Tofo (Chile). Measured fog in a subtropical cloud forest;
according to their measurements, fog accounted for more than half of the precipitation inputs
to the upper montane cloud forest on La Gomera Island (594 mm of fog against 900 mm of
precipitation). However, fog measured in a similar cloud forest on Tenerife Island was two
times higher (1,214 + 86 mm year™).

We noticed some differences in the ecosystem water partitioning at the basin level for
the 5-months measuring period, between the young and old stand (Fig. 8).
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Figure 8: Water partitioning for the young forest (left) and the old forest (right)
for the five months measuring period from 30.05.2019 until 11.07.2019.

Total precipitation was split into rainfall (P), mixed precipitation (Mixed fog + P)
according to fog observations. Interception (I) was calculated as the residual of measured P +
mixed fog+P — throughfall (Tf) — stemflow (Sf). Evapotranspiration of soil and understory
(Esu) was calculated as the residual of evapotranspiration (ET) measured with eddy covariance
for the whole forest minus interception (1) and tree transpiration (T) measured as sap flow.
Discharge (DC) and change of soil moisture (dASWC) were also measured for the whole forest,
deep percolation was not quantified for the measuring period as ET + DC + dSWC was greater
than total precipitation.

Throughfall and transpiration were higher in young forest. Consequently, interception
which was calculated as the residual of total P minus Tf minus Sf was lower in the young
stand. As intercepted water evaporates back to the atmosphere, interception accounted for a
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major part of ET (54% in the old forest and 33% in the young forest). Evaporation is a part of
the water cycle and provides a shortcut for precipitation water to return to the atmosphere
without having to pass through the soil or the living parts of plants. This partially explains the
low transpiration/ET ratios mentioned earlier. The evapotranspiration of soil and understory
was calculated as the residual of ET (Eddy covariance) — T — I, and was higher in the young
stand, where the interception was much lower. An independent measurement of soil/understory
ET using small-scale lysimeters or canopy chambers could provide additional information.

Though the water input through fog-only events at the site remained unknown, fog
clearly contributed in mixed fog and rain precipitation when it was estimated to cause 24% of
additional throughfall compared to rain only events. Also important, fog was not considered in
past studies. Findings reveal fog as a missing tie to model soil water recharge during days with
mixed precipitation and the decrease of evaporative conditions during dry periods in the
Alpine ecosystem.

Apart from the physiological aspect of water use by the plant, the capacity of the
intercepted water to act as a climate regulator at a local scale and the mesoscale is
climatologically relevant. One mm of water at 20°C represents 44.2 W m™ of latent heat,
which is emitted in place of sensible heat, thereby reducing the temperature and increasing the
availability of water vapour in the air. The role of fog is mainly to sustain this positive
feedback in the water cycle, favouring the presence of dense vegetation and lichens, and
increasing the availability of water vapour.

As there is a reduction of water vapour in the air with possible future disruption of the
positive feedback in the water cycle in terrestrial ecosystems, the presence of old-growth
vegetation represents a critical element for climate regulation in the Alpine region. This
evidence is in line with recent studies indicating the capacity of natural forests to regulate
extreme heat conditions (Alkama and Cescatti, 2016). The results demonstrated that fog plays
an important role in the water balance. Fog water collection is crucial for water supplies,
maintaining surface water in the conditions of climate warming and groundwater. This is
especially notable for the periods based on the observation during numerous days with mixed
precipitation, maintaining for several days a high relative humidity inside the dense coniferous
crowns composing the forest.

CONCLUSIONS

In this study, the frequency of fog events in a subalpine coniferous forest in the Italian
Alps was quantified statistically and assessed the hydrological balance at basin and canopy
scales by combining different measurement approaches. The difference between water input in
rain and snow forms (fog not included) and water output as evapotranspiration and water
discharge, plus the variation in the soil water content, was 25 mm, within the uncertainty range
of the measurements. Though fog has not been included in past water balance studies, the
study revealed that fog combined with rainfall the same day, as mixed precipitation,
contributed to higher throughfall, which in turn contributes to higher net precipitation (soil
water recharge, in absence of runoff) and evaporative conditions inside the canopy.

Fog water helps the trees to maintain a large amount of leaf area, and the filamentous
lichens to grow in the upper canopy. These two features led to a large capacity of the crown,
mostly in the mature coniferous forest, to intercept liquid precipitation, release only a small
amount of precipitation to the soil and eventually to runoff. These processes contribute to the
sustaining of local ET with an associated reduction of the sensible heat flux. Still, the accurate
estimation of the amount of fog which was intercepted by the canopy is a future direction.
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From a hydrological perspective, this research complements recent evidence which

indicates that natural forests play a key role in dampening heat extremes above the vegetated
terrestrial ecosystems (Duveiller et al., 2020; Peterson et al., 2012; Alkama and Cescatti,
2016). It also attributes to fog and cloudiness the role of linkage in the positive feedback
between the presence of forests (Duveiller et al., 2021) and cool and humid meteorological
conditions. Since there are few studies dealing with the contribution of fog and lichens to the
water balance of mountain forest in subalpine areas, this work has contributed to filling in this
gap with a case of north Italian region.
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ABSTRACT

The Meghna River, vital for Bangladesh’s ecosystems and livelihoods, faces threats
from urbanization, agriculture, industrialization, pollution, and climate change. This study
examines the basin’s spatio-temporal dynamics, focusing on hydro-physico-chemical
properties (temperature, pH, dissolved oxygen, salinity) and bio-resources (phytoplankton,
zooplankton, and benthic macroinvertebrates). Field surveys, laboratory analyses, and satellite
imagery revealed consistent patterns, highlighting the ecosystem’s vulnerability and the urgent
need for conservation strategies to sustain ecological balance and livelihoods.

RESUME: Effet causal des attributs hydro-écologiques sur la distribution spatio-
temporelle des facteurs abiotiques et biotiques du bassin du fleuve Meghna (Bangladesh).

Le fleuve Meghna, crucial pour les écosystemes et les moyens de subsistance du
Bangladesh, est confronté par I’urbanisation, a I’agriculture, I’industrialisation, la pollution et
au changement climatique. Cette étude examine la dynamique spatio-temporelle du bassin en
se concentrant sur les propriétés hydro-physico-chimiques (température, pH, oxygéne dissous,
salinité) et les bio-ressources (phytoplancton, zooplancton, et macroinvertébrés benthiques).
Les relevés de terrain, les analyses en laboratoire et I’imagerie satellite ont révélé des
tendances cohérentes, soulignant la vulnérabilité de I’écosystéme et la nécessité de stratégies
de conservation pour maintenir I’équilibre écologique et les moyens de subsistance.

REZUMAT: Efectul cauzal al atributelor hidro-ecologice asupra distributiei spatio-
temporale a factorilor abiotici si biotici din bazinul raului Meghna (Banglades).

Raul Meghna, crucial pentru ecosistemele si mijloacele de trai din Banglades, se
confruntd cu amenintari tot mai mari din cauza urbanizirii, agriculturii, industrializarii,
poluarii si schimbarilor climatice. Acest studiu examineazad dinamica spatio-temporald a
bazinului Meghna, concentrandu-se pe proprietatile hidro-fizico-chimice (temperatura, pH,
oxigen dizolvat, salinitate) si bio-resurse (fitoplancton, zooplancton si macronevertebrate
bentonice). Sondajele din teren, analizele de laborator si imaginile din satelit au relevat modele
consistente evidentiind vulnerabilitatea ecosistemului si nevoia implementéarii unor strategii de
conservare pentru a sustine echilibrul ecologic si mijloacele de trai.
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INTRODUCTION

The complex aquatic ecosystems of the world have a huge conservation and economic
importance (Banaduc et al., 2020; Melack, 2016; Sender and Maslanko, 2014; Liao and
Huang, 2011; Sedefio-Diaz and Lopez-Lépez, 2009).

The Meghna River flows through Bangladesh. It is a lifeline and a life support system,
which feeds the land, sustains millions of people’s livelihoods, and hosts a complex system of
biotic communities. Here in the region where the sedimentary waters of the river expand the
green ambience of the countryside, a dynamic ecosystem unfolds. The Meghna River is one of
the eastern Himalayan rivers and a major river of the Ganges-Brahmaputra-Meghna Delta, the
largest deltaic system in the world. In the course of its meandering journey through
Bangladesh the Meghna River both sculpts the terrain, creating wide, fertile alluvial plains,
and sustains a diverse biome from its delta to its uplands. Its waters are critical supplying water
and food to millions who depend on its resources. (Sultana et al., 2023)

However, this major complex of ecosystems are facing several key challenges. It is in
threatened by pollution, deterioration of its physical environment, climate change, human
interference, etc. This study seeks a better understanding of the Meghna River basin’s
dynamics to allow the planification of future conservation and management strategies and
policies. Studying the Meghna River basin entails deciphering a puzzle of spatio-temporal
distribution in the basin. The hydro-physico-chemical characteristics and bio resources create a
very complex picture of this ecosystems mosaic. These patterns offer fundamental insights into
the health status of the basin and help us guide sustainable management practices. The main
hydro-physico-chemical features of the Meghna River have also been presented here,
explaining the current state of the river, the ways the river has changed in response to different
stressors, and the levels of these changes.

Recognizing characteristic attributes helps evaluate the river’s state and make
estimations about its future development (Miah et al., 2021). Key parameters such as water
temperature, turbidity, dissolved oxygen, phosphate content, total dissolved solids alkalinity,
carbon dioxide concentration, and salinity are all considered. These factors affect the aquatic
life in addition to indicate the general environment status characteristics (Rabbani et al., 2018).
The main bio resources of the Meghna River basin include phytoplankton, benthic
macroinvertebrates, and fish. These are not just inhabitants but essential components of this
complex group of ecosystems. The river water favors the growth of phytoplankton, which are
the foundation of the aquatic food chain. Their abundance, composition and distribution give
insights into the ecosystems. Similarly, all tissues are involved in maintaining the balance of
an ecosystem, including zooplankton, rotifers, copepods, cladocerans and other aquatic
organisms. Diverse and occupying a significant ecological position in the ecosystem, benthic
macro-invertebrates inhabit silt at the river bottom. Given population density and species
richness, their presence and abundance can reflect the conditions for the riverbed and indicate
the general state of the environment (Sarker et al., 2020).

Literature on the causal effect of spatio-temporal distribution of abiotic-biotic factors
on hydro-ecological attributes in the Meghna Basin is limited. A study conducted by the
Bangladesh Water Development Board, Ministry of Water Resources (Mes, 2001), explored its
spatial and temporal characteristics, its hydro-physico-chemical characteristics, and bio
resources. It will thus become easier to ensure the Meghna River remains pristine areas
conservation as a source of good livelihood. Analysis of all those parameters in the Meghna
Basin is not only an academic exercise. This research has key implications for the region’s
future development. This research will provide understanding of appropriate management
practices needed to support the conservation and utilization of the current resources.
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MATERIAL AND METHODS

Data collection procedure

Primary data used in this study were satellite data for sampling site selection, GPS
based field survey, hydro-physico-chemical attributes, plankton, and macro-benthic
community. Secondary data includes different thematic information and other relevant
published information.

Satellite data for sampling site selection

Sampling sites were selected by analyzing real-time satellite imagery from Google
Earth Engine, 2021. Twenty sampling stations with three sub-stations were selected along the
Meghna River basin, starting near Brahmanbaria and extending through the Shahbazpur
channel following the main river course, downwards to the Meghna Estuary including Hatiya
and Monpura islands (Tab. 1, Fig. 1). The distance between sampling sites was approximate 20
km and the distance between three consecutive sub-stations was approximate one km covering
a total of three-km stretch in each sampling site, to represent the whole Meghna River basin
from upper to lower Meghna.

Table 1: List of selected sampling stations.

Stations Location name District
s1 Singapore Jame Mosque (sub-station 1, 2, and 3)
S2 Ashuganj Ferry Terminal (sub-station 1, 2, and 3) Brahmanbaria
sS3 Sahabnagor Bazar (sub-station 1, 2, and 3)
s4 Nazarpur Natural Park (sub-station 1, 2, and 3) Narsingdi
S5 Tidirchar (sub-station 1, 2, and 3) Comilla
sS6 Gazaria (sub-station 1, 2, and 3) Munshiganj
s7 Ekhlashpur Launch Terminal (sub-station 1, 2, and 3)
S8 Horina Ferry Terminal (sub-station 1, 2, and 3) Chandpur
s9 Altaf Master Launch Ghat (sub-station 1, 2, and 3)
S10 Motirhaat Machh Bazar (sub-station 1, 2, and 3) Laksmipur
S11 Alexander New Launch Terminal (sub-station 1, 2, and 3)
S12 Ruhulamin Market Masque (sub-station 1, 2, and 3)
513 Sukh Char (sub-station 1, 2, and 3) Noakhali
S14 Sonadia (sub-station 1, 2, and 3)
s15 Daulatkhan Launch Terminal (sub-station 1, 2, and 3)
sS16 Tajumuddin Launch Terminal (sub-station 1, 2, and 3)
S17 Char Annadaprasad (sub-station 1, 2, and 3)
s1g | Char Kukii Mukri (sub-station 1, 2, and 3) Bhola
S19 Monpura Launch Terminal (sub-station 1, 2, and 3)
S20 Monpura Bangla Bazar (sub-station 1, 2, and 3)
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Figure 1: Location of the sampling stations.

Analysis of hydro-physico-chemical attributes

Primary data regarding hydro-physico-chemical properties were obtained through field
experiments conducted on-site, followed by laboratory analysis. Temperature, electrical
conductivity, salinity, pH, transparency, dissolved oxygen, TDS, and turbidity were measured
on-site to evaluate the hydro-physico-chemical characteristics; subsequently analyses of free
carbon dioxide, hardness, alkalinity, and ammonia were conducted in the laboratory (Water
Quality Laboratory, Bangladesh Fisheries Research Institute, Riverine Station, Chandpur).

Collection of samples

Each sampling station yielded three subsamples of water. Using a 500 ml bottle and a
previously cleaned plastic tube only the surface water was sampled.

Preservation of samples

Collected water samples were preserved for laboratory analysis through specific
methods (Tab. 2).
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Table 2: Use of preservatives in chemical analysis of water (Sarker et al., 2020).

Parameter Preservative Permissible time
Carbon-dioxide Cooling at< 4°C 24 hrs
Alkalinity Cooling at 4°C 24 hrs
Hardness 1 ml Conc. HNO3 L™ 7 days
Ammonia 1 ml Conc. H,SO, L™ 7 days

Analysis of physico-chemical properties of water

The EC300A conductivity meter was used to measure the temperature, salinity,
electrical conductivity, and total dissolved solids (TDS) in the water. The pH meter
(EcoSense® pH100, YSI Inc.) was used to measure the pH level. The transparency of the
water was determined using a Secchi disk. The Turbidity Meter (Portable) (Turb® 430 T
WTW Germany) was used to test the turbidity of the water. As recommended by Sarker et al.
(2020), the total alkalinity of the sample water was ascertained using the titration method with
0.02 N H,SO,4. NH4-N was determined according to Sultana (2023) using a spectrophotometer
(Digital UV Spectrophotometer, Labtronocs). According to Sarker et al. (2020), the
complexometric titration method was used to determine the hardness of the sample water using
ethylene diamine tetra acetic acid (EDTA). The water’s dissolved oxygen content was
measured using a DO meter (EcoSense® DO200, YSI Inc.). The titration method was used to
measure free carbon dioxide. 0.045N Na,CO; was used to titrate in accordance with APHA
(1976), to determine free carbon dioxide in water.

Collection and identification of plankton

Plankton were collected at each sampling station by sieving 50 liters of water from
about 10 to 12 cm below the surface, passing it through a 25 um mesh net, and then
condensing it to 25 ml. After the plankton population accumulated in the container, it was
moved to another bottle, preserved in 4% formalin right away, labeled, and brought to the
laboratory for additional testing. Before each sample was examined under a microscope, it was
gently agitated. Using a wide mouth graduated pipette, one milliliter of the agitated sample
was transferred to a Sedgewick Rafter counting cell. By counting the number of plankton per
focus of the tiny field, the abundance of the organism was assessed.

The total number of plankton per litre of water was estimated using the following
formula: N = ((A*C)/L), where, A = Average number of plankton counted per ml concentrated
sample, C = Volume of concentrated sample in ml, L = Volume of original water in litre
passed through the plankton net, N = Total number of plankton/L of original water.

Collection and identification of macro-benthic community

The macro-benthos was collected from all sampling stations using the Ekman (15.2-
by-15.2-cm cutting edge, 5.5 kg). The samples were processed following APHA (1976)
standard procedures after being passed through a 0.595 mm sieve. With the exception of
worms, which were classified by family, all organisms were recognized by genus or species.

Thematic information

Thematic data, including historical maps and other secondary data, were collected
from Bangladesh Fisheries Research Institute, Department of Fisheries, Asiatic Society of
Bangladesh, Bangladesh Water Development Board and Meteorological Department.

Post-hoc testing

This test was carried out after a statistical analysis where we have performed multiple
significance tests. Post-hoc analysis is a way to adjust or ‘reinterpret’ results to account for the
compounding uncertainty and risk of Type | error that is inherent in performing statistical tests.
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RESULTS AND DISCUSSION

The study was designed for characterizing and performing spatio-temporal modelling
of causal influences on niche resources using deterministic stressor modelling. For this study
different primary and secondary data (hydro-physico-chemical attributes, riverbed attributes,
data about bio-resource data, etc.) were collected and analyzed.

a) Spatial distribution and fluctuation of hydro-physico-chemical attributes with
bio resources

Spatial fluctuation of hydro-physico-chemical attributes such as water colour (light
greenish to blackish), depth (min. 5.65 m at Nazarpur and 60 m at Daulatkhan) water
temperature (min. 18°C at Nazarpur and max. 32.87°C at Char Kukrimukri), pH (min. 7.20 at
Nazarpur and max. 8.5 at Ashuganj), dissolved oxygen (min. 5.67 mg/L at Char Alexander and
Tajumuddin, and max. 9.35 mg/L at Gazaria), free carbon dioxide (min. 6.27 mg/L at
Ekhlaspur and max. 19.67 mg/L at Gazaria), alkalinity (min. 43 mg/L at Singapore Mosque
(S.M.) and max. 124 mg/L at Char Kukrimukri), hardness (min. 58 mg/L at Shahebnagar and
max. 257 mg/L at Char Annadaprasad), transparency (min. 35 cm at Tajumuddin and max. 113
cm at Singapore Mosque), salinity (min. 0 ppt from S. M. to Altaf Master Mach Ghat and max.
9.92 ppt at Sonadia), Turbidity (min. 1.89 FNU at Shahebnagar and max. 84.67 FNU at
Motirhat), TDS (min. 62.33 ppm at S. M. and Nazarpur and max. 6,698.33 ppm at Char
Kukrimukri), Conductivity (min. 144.33 puS/cm at S. M. and max. 9,826.67 uS/s at Char
Kukrimukri) of sampling sites were monitored (Tab. 3, Figs. 1-2). All the hydro-physico-
chemical parameters were found within acceptable ranges, although free carbon dioxide near
Horina (18.02 mg/L), transparency near S. M. (111 cm), turbidity near Char Alexander (104
FNU) were found slightly high. Ammonia was detected only at Gazaria (0.35 mg/L) and
Ashuganj (0.25 mg/L) only. Most attributes across all stations varied statistically (Fig. 7). Air
temperature was positively associated with water temperature, DO, CO,, NH; and plankton
composition (Fig. 8). Among the three clusters, S2-S4, S8-S16, and S20 formed the biggest
cluster with maximum similarity (Fig. 9). Among 16 driving factors, plankton and CPUE were
found as a major driver factors, TDS and conductivity were secondary drivers (Fig. 10).
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Figure 2: Spatial distribution and fluctuation of hydro-physico-chemical attributes
along with bio resources.
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Figure 3: Contemporary distribution of hydro-physico-chemical attributes along with bio
resources (in situ).

At every sampling station, the pH of the Meghna River’s water was found to be within
the range of 7.0 to 8.0, indicating a neutral or alkaline condition (Ahmed et al., 2005). Total
alkalinity ranged from 48 to 98 mg/L, with mean values of 74.61 + 11.37 mg/L, according to
Hasan et al. (2015a). The concentrations of dissolved oxygen (DO) varied greatly, with mean
values of 7.24 + 1.03 mg/L and a range of 5.91 to 9.50 mg/L (Hasan et al., 2015a).

b) Temporal distribution and fluctuation of hydro-physico-chemical attributes
with bio resources

Temporal fluctuation of hydro-physico-chemical attributes (Fig. 3) such as water
colour (light greenish to blackish) water temperature (18-31.67°C, Avg. 25.88°C), pH (7.2-8.5,
avg. 8.07), dissolved oxygen (5.67-9.35 mg/L, avg. 7.22 mg/L), free carbon dioxide (6.27-
19.67 mg/L, avg. 13.11 mg/L), alkalinity (43.67-124 mg/L, avg. 64.91 mg/L), hardness (58-
257.67 mg/L, avg. 146.98 mg/L), transparency (35-113 cm, avg. 60.46 cm), salinity (0-9.92
ppt, avg. 0.80 ppt), turbidity (1.89-84.87 FNU, avg. 22.07 FNU), TDS (62.33-6,698.33 ppm,
avg. 1,356.65 ppm), conductivity (144.33-9,826.67 uS/cm, avg. 2417.58 uS/s) and ammonia
(0-0.42 mg/L, avg. 0.04 mg/L) of sampling sites were monitored (Fig. 4 (A-D)). All the
physico-chemical parameters were found within acceptable ranges, although free carbon
dioxide, transparency and turbidity were slightly elevated throughout the winter season (Tab.
3). Ammonia was detected only at Gazaria and Ashuganj during winter. Most of the attributes
of all stations differed statistically (Fig. 7).

Hasan et al. (2015a) reported that variations in air temperature had an impact on the
water temperature) According to Ahmed et al. (2005), the Meghna River’s water surface
temperature ranged from 24.1 to 30.5°C, with a mean of 27.6 + 0.68. The Hooghly-Bhagirathi
River system’s ideal water temperature was estimated by Bhaumik et al. (2011) ranged from
29.3 to 30.2°C for breeding and migration of Hilsa fish. They also estimated the threshold
values of physico-chemical parameters for hilsa migration, breeding, and rearing. Ahmed et al.
(2005) reported that TDS had a mean of 0.20 = 0.05 and varied between 0.12 and 0.32 mg/L.
The Meghna River system had the highest conductivity value (220 mS/cm), according to
Ahmed et al. (2005).
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Rainfall and water temperature were also identified as significant factors influencing
species distribution (Hossain et al., 2013a). According to Maes et al. (2004), one of the key

factors influencing fish distribution and abundance is dissolved oxygen.

Table 3: Summary of observed data; Wid-Width, Dep-Depth, Sal-Salinity, AT-Air
Temperature, WT-Water Temperature, pH-pH, DO-Disolved Oxygen, Alk-Alkalinity, Har-
Herdness, Tra-Transparency, Con-Conductivity, TDS-Total dissolved solid, NHz;-Ammonia.

Wid Dep Sal AT WT pH DO CO,
(m) (m) (ppt) Y @) (mg/L) | (mg/L)
AVG 6.63 29.19 2.21 27.91 25.88 8.07 7.22 13.11
RANGE | 31.73 54.33 9.92 12.87 13.67 1.30 3.69 13.40
SEM+ |1.91 3.74 0.68 0.92 0.91 0.07 0.30 0.94
CV% 1.29 0.57 1.38 0.15 0.16 0.04 0.18 0.32
PE + 1.29 2.52 0.46 0.62 0.61 0.05 0.20 0.63
MaxE + | 25.60 50.15 9.18 12.41 12.19 0.96 3.98 12.59
Precision | 0.19 0.09 0.21 0.02 0.02 0.01 0.03 0.05
Alk Har Tra Tur Con TDS NH;
AVG 83.51 146.98 64.91 22.07 2417.58 1356.65 0.04
RANGE | 80.33 199.67 78.00 82.78 9682.33 6636.00 0.42
SEM+ |5.38 14.95 4.47 4.97 713.88 411.12 0.03
CV % 0.29 0.45 0.31 1.01 1.32 1.36 3.09
PE + 3.63 10.08 3.02 3.35 481.51 277.30 0.02
MaxE + | 72.23 200.52 60.00 66.65 9577.75 5515.81 0.36
Precision | 0.04 0.07 0.05 0.15 0.20 0.20 0.47
308 sasStd. —(S) —(F) —(W) =—Awp. 900 ¢ {000 =137 N e 1 =—{F} =) —_—
150 00 _; LT
g " 00 g
= 2 boué = +-::::
- s00 Z
B wo-éi :: ::m
z I 300 : Z 300
s 200 F S 00
- 100 ';5 100
0 o -.‘ e o .
.{h;\{" ‘\@Q‘n@# ? L
- 0\. C‘\'

A)

Gazaria.

B) Char Alexander.

sl —s)

=
&
i

Average and Standard value

S, —(

(F) w0 (S —v g,

= al

o g
] @ &

\
2

= \\g

N
& e
o R

.\'\.

5 %
&

a
&
@

L ECRL)
1400
1 204k
(L]
B
ikl
i

20K

Average and Stamdard valo

C)D

aulatkhan.

D) Char Annadaprasad.
Figure 4: Temporal (in situ) distribution and fluctuation
of hydro-physico-chemical attributes (A-D).
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c) Spatial distribution and variation of bio resources

Eight groups and 60 species of phytoplankton and seven groups and 35 species of
zooplankton were recorded in the Meghna Basin (Tabs. 4 and 5). The abundance of plankton
was highest in Nazarpur and lowest in Char Kukrimukri (Fig. 4a). The relative abundance of
zooplankton was four times lower than phytoplankton (Figs. 4b-c). Among all phytoplankton
groups, chlorophyceae was the most abundant and dinophyceae was least abundant (Fig. 4d).
Among all seven zooplankton groups (35 species), cladocera was the most abundant and
oligohymenophycae was least abundant (Fig. 4e). Hasan et al. (2015b) categorized six families
of  phytoplankton, including Bacillariophyceae,  Chlorophyceae, = Cyanophyceae,
Euglenophyceae, Dinophyceae, and Xanthophyceae, encompassing 58 genera. Additionally,
they identified various groups of zooplankton, specifically Copepoda, Cladocera, and Rotifera.

The phytoplankton and zooplankton abundance in the Meghna Basin highlights the
ecological dynamics of aquatic ecosystems, chlorophyceae dominated the phytoplankton
community and cladocera prevailed in zooplankton. This pattern aligns with Hasan et al.
(2015b), who reported similar phytoplankton diversity, supporting the notion that certain taxa
thrive in specific conditions. The discrepancy between the abundance of phytoplankton and
zooplankton suggests potential bottlenecks in the food web, with lower zooplankton biomass
possibly impacting higher trophic levels, as noted in similar studies exploring the ecological
implications of plankton dynamics in lotic systems (Reynolds, 2006; Wetzel, 2001).

Table 4: List of available phytoplankton.

Group Genus no

Cyanophyceae Spirulina, Scenedesmus, Microcystis, Polycystis, Anabaena, Nostoc, | 10

Oscillatoria, Coelosphaerium, Phormidium, Rivularia

Chlorophyceae Pediastrum,  Closterium,  Ankistrodesmus, Eudorina, Crucigena, | 22
Chlamydomonas, Ceratium, Acanthocystis, Gonatozygon, Microspora,
Genecularia, Pleodarina, Spirogyra, Volvox, Mougeotia, Zygnema,

Oedogonium, Tetraspora, Penium, Coelastrum, Docidium, Tetrapedia

Bacillariophyceae | Naviculla, Melosira, Amphora, Tabellaria, Frustulia, Coscinodesmus, | 18
Cyclotella, Ditoma, Fragilaria, Nitzchia, Polycistis, Stphanodesmus,
Gomphonema, Anomoeoneis, Asterionella, Campylodiscus, Gyrosigma,

Stephanodiscus

Zygnematophyceae | Euastrum, Staurastrum, Netrium, Spirotenia, Cosmarium 5
Ulvophycea Ulothix 1
Fragilariophyceae | Synedra 1
Trebouxiophycae Botryococcus, Protococcus 2
Dinophyceae Ceratium 1

Table 5: List of available zooplankton.

Group Genus no
Protozoans Euglena, Phacus, Volvox, Difflugia, Colpoda, Euglepha, Spirostomum 7
Rotifers Brachionus sp., Trichocera, Polyarthra, Asplancha, Keratella, Filinia, | 12

Rotaria, Lindia, Mytilina, Eubranchiopus, Trichocera
Copepods Nauplius, Diaptomus, Cyclops, Mesocyclops, Limnocalanus 5
Cladocerans Daphnia, Diaphnosoma, Sida, Leptodora, Eubranchipus 5
Diaphanosoma Chydorus, Bosmina, Moina, Ceriodaphnia 4
Ostracods Cypridopsis 1
Oligohymenophorea | Paramecium 1
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Six groups of benthic macro-invertebrates were abundant in the Meghna River basin,
among which Annelida was the most abundant and pleuroceridae was the least abundant group
(Fig. 6¢). The Singapore Mosque site had the highest abundance and highest number of groups
while the Ashuganj Ferry Terminal had the lowest abundance and number of groups of benthic
macroinvertebrates (Figs. 6a-b).

In the Meghna River basin, research has indicated a significant diversity of benthic
macro-invertebrate groups, with annelids (segmented worms) being the most abundant, likely
due to their role in nutrient cycling and sediment aeration, which enhances ecosystem
productivity (Wetzel, 2001). In contrast, the Pleuroceridae family, which includes freshwater
snails, was noted as the least abundant group, potentially indicating habitat preferences and
environmental stressors (Holt et al., 2004). The Singapore Mosque site displayed the highest
abundance and variety of macro-invertebrate groups, suggesting optimal habitat conditions
(e.g., stable substrates and availability of food resources conducive to biodiversity (Friedrich et
al., 2015). Conversely, the Ashuganj Ferry Terminal’s low abundance and limited group
diversity may reflect anthropogenic impacts such as pollution and habitat alteration (Burdon et
al., 2019), underscoring the importance of habitat conservation in maintaining aquatic
biodiversity.
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The catch per unit effort (CPUE) of Hilsa fish (Tenualosa ilisha) exhibited positive
associations with water quality parameters such as CO,, alkalinity, and hardness (Fig. 7),
suggesting that favorable nutrient conditions may enhance the availability of food resources
and suitable habitats for this species (Mahmud et al., 2022). Conversely, the negative
correlation with transparency (Fig. 7), suggests that turbidity may impair the visual foraging
ability of Hilsa, potentially leading to decreased feeding efficacy and lower CPUE (Hossain et
al., 2014b). Additionally, the negative relationship with the composition of available plankton
implies that changes in the plankton community, possibly due to eutrophication or other
anthropogenic impacts, could influence the growth and reproduction of fish species, further
impacting fishery yields (NGges et al., 2016). These findings underscore the importance of
maintaining optimal water quality for sustaining Hilsa populations and highlight the need for
effective management strategies to preserve critical aquatic ecosystems.
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Post Hoc statistical test checkerboard visualizes the relationships between various
water quality parameters and Catch per Unit Effort (CPUE). The black cells indicate
statistically significant relationships between pairs of variables, while the white or blank cells
show no significant association. The shaded cells may highlight specific levels of significance,
providing further insight into noteworthy interactions (Fig. 8).The dendrogram provides a clear
visualization of how the samples can be grouped based on similarity, with the clusters’
proximity reflecting their degree of similarity (Fig. 9).

The PCA biplot illustrates the relationships between various water quality parameters
and Catch per Unit Effort (CPUE), with the two principal components (Component 1 and
Component 2) representing the most significant variations in the data. The black points
represent individual samples, while the blue arrows show the direction and strength of
correlations between variables. Variables that point in the same direction, like TDS and CPUE,
are positively correlated, indicating that increases in one may correspond with increases in the
other. The plot highlights how different water quality factors contribute to variations in CPUE,
providing insight into the key environmental factors influencing fish abundance (Fig. 10).
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CONCLUSIONS

The Meghna River Basin in Bangladesh is a critical complex of ecosystems that
sustains livelihoods, biodiversity, and provides vital resources. Through careful data collection
and analysis, this research sheds light on the complex dynamics of the Meghna River basin. It
revealed the spatial and temporal fluctuations of hydro-physico-chemical attributes, including
water temperature, pH, dissolved oxygen, and other key parameters. These attributes help
identify specific aspects of river health and responses to external stressors, thus serving as
indicators for ecological assessments. This study also revealed various types of bio resources
present in the basin from plankton to benthic macroinvertebrates. It is important to understand
the quantity, composition, and distribution of these taxonomic groups species for
comprehensive environmental assessment. Besides, by clarifying the ecological importance of
plankton and benthic macro-invertebrates data this study provides evidence for evaluating
ecological balance in the basin. Ecologically and culturally, this study offers valuable insight
that can help guide the protection and management of the Meghna River basin. Thus, by
specifying and explaining the nature of these spatio-temporal dependencies within this
ecosystem, this research provides critical information useful to policymakers and conservation
organizations. The results can guide efforts to mitigate the impacts of pollution, habitat
degradation, climate change, and anthropogenically induced pressures.
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ABSTRACT

Floras of cyanobacteria, chlorophytes and euglenozoa of 14 glacial lakes and a pond in
the Kackar Mountains National Park collected on 19 July, 28 August and 10 September 2020
comprised 66 species. Cyanobacteria were predominant (46.96%), Nostoc (Cyanobacteria) and
Trachelomonas (Euglenozoa) were the most abundant. Physicochemical analysis and
bioindicator species indicate that the studied waters are fresh, with low salinity and near-
neutral or low-alkaline pH and are not polluted with organic matter. Statistical analysis of the
data showed that algal and cyanobacterial floras are individual in geographically defined
habitats.

RESUME: Les cyanobactéries, les algues vertes et les euglénoides dans les lacs de
haute montagne de la zone protégée de Kackar (Rize, Turquie).

Les flores de cyanobactéries, de chlorophytes et d’euglénozoaires de 14 lacs glaciaires
et d’un étang du parc national des monts Kackar, collectées les 19 juillet, 28 aodt et 10
septembre 2020, comptaient 66 especes. Les cyanobactéries étaient prédominantes (46,96%),
dont Nostoc (cyanobactéries) et Trachelomonas (euglénozoaires) étaient les plus abondantes.
L’analyse physicochimique et les espéces bioindicatrices indiquent que les eaux étudiées
sont douces, avec une faible salinité et un pH proche de la neutralité ou faiblement alcalin et ne
sont pas polluées par des matiéres organiques. L’analyse statistique des données a montré que
les flores algales et cyanobactériennes sont distinctes dans des habitats géographiguement
définis.

REZUMAT: Cianobacterii, alge verzi si euglenoide din lacurile de munte inalte ale
zonei protejate Kagkar (Rize, Turcia).

Florele de cianobacterii, clorofite si euglenozoare din 14 lacuri glaciare si un iaz
din Parcul National Muntii Kackar, colectate la 19 iulie, 28 august si 10 septembrie 2020,
au cuprins 66 de specii. Cianobacteriile au fost predominante (46,96%), Nostoc (cianobacteria)
si Trachelomonas (euglenozoae) au fost cele mai abundente. Analizele fizico-chimice si
speciile bioindicatoare indica faptul ca apele studiate sunt proaspete, cu salinitate scazuta si
pH aproape neutru sau scdzut alcalin si nu sunt poluate cu materie organicd. Analiza statistica
a datelor a aratat ca florele algelor si cianobacteriilor sunt individuale in habitate definite
geografic.
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INTRODUCTION

The Black Sea area has had a very complex dynamic throughout its geological history,
with highly variable conditions and extremely varied living organisms (Banaduc et al., 2023).
The part of the Black Sea basin within the borders of Turkey, from the east of the Melet
Stream near Ordu to the Georgian border, is called the Eastern Black Sea Region. The region
has been interrupted by tectonic movements in the east-west direction and by narrow and deep
river valleys in the north-south direction, resulting a rugged geomorphology. The Eastern
Black Sea Mountains (Giresun Mountains and Eastern Black Sea Mountains), which rise
abruptly from the coast, separate the coastal area from the inland areas. (Atalay and Mortan,
1997) With its abundant rainfall, humid climate and rich biodiversity, the Eastern Black Sea
region is one of nature’s most remarkable laboratories. It also offers an important chance to
study the rich algal flora of the 685 glacial lakes hosted in the mountains system (Anonymous,
2006; Gegen et al., 2018). The unique ecological features of glacial lakes allow different types
of algae to develop, contributing significantly to the overall biodiversity of the area.

This study aim was to identify the Cyanobacteria, Chlorophyta, and Euglenozoa
species in Kagkar Mountains National Park glacial lakes and to compare their floras with those
of previously studied regional lakes. Then, using ecological preferences through bioindication
and statistical methods to determine the primary factors shaping floristic composition.

MATERIAL AND METHODS

Description of study area

The Kagkar Mountains National Park is located in the eastern Black Sea region of
Turkey. In 1994, it was designated as a protected area. The park encompasses an area of
51,550 hectares, and is situated within the administrative boundaries of the provinces of Rize,
Artvin. and Erzurum. The geographical coordinates of the location are 40°57°49” to 40°42'10"
north latitude and 41°14°45” to 40°51°27"’ east longitude (Atalay and Mortan, 1997) (Fig. 1).

Rize

Figure 1: Kackar Mountains National Park area (http//national parks of turkey.com — adapted).
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This park encompasses a portion of the mountain range that runs parallel to the
coastline in the province of Rize, and covers an area of approximately 600 km in length and
200 km in width (Atalay and Mortan, 1997).

The lowest point of the park is the Ayder Plateau, situated at an elevation of 1,150 m,
while the highest point is Kackar Mountain, which reaches an elevation of 3,932 metres.
(Anonymous, 2006) The park is predominantly composed of granitic and volcanic rocks dating
from the Late Cretaceous to the Eocene period (Eylipoglu et al., 2019). The area is
predominantly composed of granodiorite and Cretaceous flysch. In addition, there are isolated
occurrences of Neogene sediments. These structures were brought to the surface during the
mountain-building process that occurred during the Palaeozoic (1st period) and Cretaceous
(3rd period) (Anonymous, 2006). In addition to evidence of Pleistocene glaciers, the Kagkar
Mountains are one of the few locations where ongoing glacial activity can be observed. The
region is characterised by a high concentration of glaciers, glacial lakes, glacial valleys,
cirques and moraines. The Kackar Mountains, which contain approximately 100 glacial lakes,
are the fourth highest mountain range in Turkey. (Anonymous, 2006; Kurdoglu, 2002)

In accordance with the Turkish climate classification system, the studied area is
considered to be situated within the domain of the Eastern Blacksea climate (Ering, 1969). The
climate is influenced by relatively cool summers and temperate winters, with precipitation
occurring throughout the year. In the lower, northern section of the Kagkar Mountains National
Park, temperatures fluctuate between 0°C and 4°C during the winter months, before rising
above 18°C during the summer. At an altitude of over 3,000 m a.s.l. in the southern mountains
of the park, temperatures drop to —6°C in winter and range from 6°C to 9°C in summer. Snow
cover is typical of high-altitude areas from late September to mid-May. The park receives an
annual average precipitation of over 2,000 mm. The park is distinguished by four primary soil
types: high mountain meadow soils, limeless brown forest soil, red-yellow soils, and grey-
brown soils (Anonymous, 2006). These climatic conditions have resulted in the establishment
of a significant biodiversity, particularly in terms of flora and fauna. In his study, Davis (1970)
identifies the research area as part of the Colchis region of the Euro-Siberian floristic region.
The forest belt is composed of a variety of broad-leaved and conifer tree species, including
Fagus orientalis, Castanea sativa, and Carpinus sp. The alpine zone is characterised by a rich
flora, with numerous endemic plant species. These include Papaver lateritium, Barbarea
trichopoda, Cochleria sintenisii, Sempervivum furseorum, Centaurea appendicigera, and
Alopecurus laguroides. This location is noteworthy for being the sole site in Turkey where
rhododendrons are able to thrive at an altitude of 3,000 m altitude (Anonymous, 2006). The
study area represents one of three significant migratory routes for birds, with the northeast-
south route being of particular importance for daytime raptors in the Western Palearctic
(Giirpinar, 1987). In light of these geographical and ecological characteristics, the Kackar
Mountains National Park is among the 200 ecological hotspots that require protection, as
recommended by the World Wildlife Fund (WWF) (Anonymous, 2006).

Methods of sampling and laboratory work

Samples of epipelic, epilithic, and epiphytic algae were collected from 14 glacial lakes
and one pond situated within the boundaries of Kackar Mountains National Park on 19 July, 28
August, and 10 September 2020 (Tab. 1). The epipelic algae were collected with a glass tube.
Epilithic samples were obtained by washing randomly collected stones, and epiphytic samples
by washing macrophyte plants (Potamogeton sp. and Juncus sp.) (Sladeckova, 1962; Round,
1953). The algae samples were placed in 100 ml plastic bottles and fixed with 4%
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formaldehyde. Water temperature, dissolved oxygen concentration, conductivity, and pH were
determined concurrently with the collection of algae samples. In order to achieve this, portable
measuring devices were utilised, namely the Thermo Orion-4Star pH (Hampton, NH, USA,
Marshall Scientific) and the YSI-55 (Letchworth, Hertfordshire, United Kingdom, Xylem
Analytics). In the laboratory, a Leica DM 2500 light microscope and a Leica MC170 HD
camera (Wetzlar, Germany, Leica Microsystems) were employed for the examination and
photography of the algae samples. In order to ascertain the chemical properties of the water
samples, assistance was sought from the DSI General Directorate Laboratories, DSI 22nd
Regional Directorate Quality Control and Laboratory Branch Directorate.

Taxonomic names of collected species were checked in algaebase.org (Guiry and
Guiry, 2021). Bioindicator analysis was performed according to Barinova (2017) with species-
specific ecological preferences of revealed indicator taxa (Barinova et al., 2006). The
BioDiversity Pro 2.0 program was used for similarity calculation (McAleece, 1997). JASP
program was used in the comparative analysis (Love et al., 2019).

Table 1: Geographical coordinates, altitude and surface area information of the studied

lakes.
Lakes Geographic Altitude Area
with abbreviation coordinates (m) (m?)
Kapil Lakes-1 (KPL-1) 40°42°56°>.59N | 40°54°51>°.71E | 2980 70.529
Kapili Lakes-2 (KPL-2) 40°43°08°.70N | 40°54°55”°.30E | 2973 14.879
Kapili Lakes-3 (KPL-3) 40°42°34° 73N | 40°54°49°.02E | 3074 35.738
Kapili Lakes-4 (KPL-4) 40°42°43° 97N | 40°54°47>°.24E | 3028 4,732
Kapili Lakes-5 (KPL-5) 40°42°59°.03N | 40°54°20*°.06E | 2926 71.272
Vercenik Kumlu Lake (VKL) | 40°43°17°.91N | 40°54°16°°.58E | 2864 3.279
Karadeniz Lake (KRDL) 40°52°39°.19N | 41°10°02.06E | 2782 24.141
Kavron Lake (KVL) 40°52°24° 39N 41°09°45.73E | 2911 9.007
Biiyuk Deniz Lake (BDL) 40°52°04°°.60N | 41°09°38”°.54E | 2922 68.244
Adsiz Lake-1 (AL-1) 40°42°39°.75N | 40°54°57°.65E | 3075 16.2
Adsiz Lake-2 (AL-2) 40°52°21°.18N | 41°10°06°°.94E | 2868 3.842
Mocar Lake (ML) 40°44°11°.63N | 40°56°05”°.36E | 2958 22.246
Tatos Sulak Lakes-1 (TSL-1) 40°44°16°.11N | 40°56°42>°.25E | 2976 46.421
Tatos Sulak Lakes-2 (TSL-2) 40°44°25> 50N | 40°56°51°°.18E | 2940 17.337

The following sources were consulted in order to identify the species of algae:
Kadlubowska (2009), Hindak (2008), Komarek and Anagnostidis (2005, 1998), Wotowski and
Hindak (2005), John et al. (2003), Huber-Pestalozzi (1969).

The frequencies of algae taxa were determined using a scale based on the number of
lakes studied. Very rare (VR): taxa recorded in 1-20% of investigated lakes; rare (R): taxa
recorded in 21-40% of investigated lakes; common (C): taxa recorded in 41-60% of
investigated lakes; frequent (F): taxa recorded in 61-80% of investigated lakes; very frequent
(VF): taxa recorded in 81-100% of investigated lakes (Kogatas, 1992).



Transylv. Rev. Syst. Ecol. Res. 27.2 (2025), "The Wetlands Diversity"

41

RESULTS AND DISCUSSION

Physical and chemical properties of waters
Table 2 shows the results of the physical and chemical analyses of the researched
waters. Based on these results, we can say that the water in all the studied lakes was fresh, low
saline, acidophilic or circumneutral in pH, and organically unpolluted. It is also understood
that there are no eutrophication and acidification problems in these lakes.

Table 2: Averaged physico-chemical data of the 14 high mountain lakes in the Kackar
Mountains National Park, 2022; () Could not be detected as below the determination level.

Parameters KPL-1 | KPL-2 | KPL-3 | KPL-4 | KPL-5 | VKL | KRDL
Temperature (°C) 14.2 14.0 145 14.0 14.8 22.5 125
DO (mg L™ 8.03 8.33 8.14 8.02 8.20 8.18 8.89
pH 6.30 6.30 6.55 6.32 8.21 7.88 6.33
Conductivity (uSm cm'l) 23.4 23.2 27.1 26.0 29.30 22.9 36.8
TDS (mg L'l) 17.73 | 1593 | 18.72 | 18.23 | 2046 | 17.86 | 22.82
Potassium (mg L™) 037 | 037 | 050 | 0.40 | 047 - —
Total hardness CaCO; (m L") | 17.96 | 17.64 | 19.94 | 19.70 | 23.60 - -
Calcium (mg L™ 513 | 500 | 592 | 582 | 7.17 - —
Magnesium (mg L™) - - - - 1.38 - -
Ammonium (mg L™) 0.31 0.28 0.34 0.23 0.40 0.35 0.17
Chlorine (mg LY 211 | 177 | 220 | 270 | 198 | 151 | 751
Nitrate (mg L™) - 0.214 | 0.207 | 0.232 | 0.330 - 0.575
Nitrite (mg L™) - - - - - - -
Phosphate (P,0s) (mg L™) - - - - 0.113 - -
Parameters KVL BDL | AL-1 | AL-2 ML | TSL-1 | TSL-2
Temperature (°C) 14.7 11.2 17.6 7.1 12.2 13 13
DO (mg LY 855 | 869 | 798 | 897 | 9.03 | 917 | 890
pH 7.18 6.10 7.30 6.54 7.13 6.9 6.9
Conductivity (uSm cm?) 199 | 714 | 141 | 389 46 40 40
TDS (mg L'l) 12.34 | 44.27 9.92 27.34 | 21.89 | 20.34 | 19.84
Potassium (mg L™) 038 | 044 | 035 — — - -
Total hardness CaCO; (mg L) |  — 38.84 - — 17.59 - —
Calcium (mg LY 402 | 1269 | - 725 | 452 | 530 | 5.33
Magnesium (mg L™) - 1.73 - = 1.53 - -
Ammonium (mg L% 076 | 082 | 031 | 013 | 0.11 | 008 | 0.12
Chlorine (mg L) 244 | 170 | 202 | 748 | 726 | 7.03 | 7.74
Nitrate (mg L™) — | 0233 | 0225 | 0515 | 0.361 | 0.279 | 0.218
Nitrite (mg L) - - - - 0.020 | 0.020 -

Phosphate (P,0s) (mg L™)
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Taxonomic species content

A total of 66 algal species, which belong to Cyanobacteria 31 species, Chlorophyta 27
species, and Euglenozoa eight species, were identified from 15 algal samples collected from 14
lakes and one pond in the Kagkar Mountains National Park. While cyanobacteria made up
46.96% of the species composition, Nostoc and Trachelomonas, represented by five species
each, were identified as the primary genera of the benthic flora. The other genera are
represented by one to three species in the flora (Tab. 3). At the end of the study, three species
were found to be new records for the freshwater algal flora of Turkey. These species are
marked with an asterisk in table 3.

Table 3: Diversity and ecology of Cyanobacteria, Chlorophyta, and Euglenozoa
species in 14 lakes and a pond of the Kackar Mountains National Park.

Species H F | Hab | Oxy | Hal | pH | Tro Incsjex
Cyanobacteria

Anabaena inaequalis Bornet and Flahault 1 VR | P-B st B B o 160
1886 '
Anabaena sp. 1 VR | P-B — - - e -
Aphanocapsa grevillea (Berkeley)
Rabenhorst 1865 ! VR P B ho | - ¢ 1.40
Calothrix parietina Thuret ex Bornet and st-
Flahault 1886 2|V B || | |om 110
Calothrix sp. 1 3 VR B - - - - —
Calothrix sp. 2 2 VR B - - - - —
Chroococcus tenax (Kirchner) Hieronymus 3 VR B aer B B ot B
1892
Cyanothece aeruginosa (Nageli) Komarek 1 R PB | aer B B o 0.90
1976 '
Cyanothece sp. 1 VR - - - - -
Dolichospermum heterosporum (Nygaard)
P. Wacklin, L. Hoffmann and J. Koméarek 3 VR — - - - -
2009
Dolichospermum solitarium (Klebahn)
Wacklin, L. Hoffmann and Komarek 2009 3 VR P B B B ¢ 1.95
*Johannesbaptistia pellucida (Dickie) W. R. 3 VR | P-B | hibn | B B
Taylor and Drouet 1938 t
Kamptonema formosum (Bory ex Gomont) i .
Strunecky, Komarek and J. Smarda 2014 1 R P-B st - |ind | me | 3.10
Komvophoron hindakii Hasler and
Poulickové 2010 L2 VR B | - - - -] -
Lyngbya nigra C. Agardh ex Gomont 1892 1 VR — - - - -
Merismopedia glauca (Ehrenberg) Kitzing i . .
1845 — F P-B - i ind e —
Merismopedia tranquilla (Ehrenberg) . .
Trevisan 1845 B R | PB| - i | ind 2.30
Microcoleus amoenus (Gomont) Strunecky, st-
Komarek and J. R. Johansen 2013 1 R P-B str B alb 0.10
Nostoc paludosum Kiitzing ex Bornet and
Flahault 1886 S |VRPBL st - - - -
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Table 3 (continued): Diversity and ecology of Cyanobacteria, Chlorophyta, and
Euglenozoa species in 14 lakes and a pond of the Kackar Mountains National Park.

Species H F | Hab | Oxy | Hal | pH | Tro Ingex
Nostoc sp. 1 3 VR B - - - - -
Nostoc sp. 2 3 VR B - - - - -
Nostoc sp. 3 1 VR B - - - - -
Nostoc sp. 4 1 VR B - - - - -
Oscillatoria princeps Vaucher ex Gomont 1 VR | P-B st- = lind | = 3
1892 Str
Oscillatoria tenuis C.Agardh ex Gomont st-
1892 P PR | M ] ]
Oscillatoria sp. 1 VR B - - alf | — -
Planktothrix agardhii (Gomont) i i i i
Anagnostidis and Koméarek 1988 1 VR | P-B st hi
Pseudanabaena galeata Bocher 1949 1 VR B - - - e 3.30
Scytonema mirabile Bornet 1889 3 VR - - - - - -
Spirulina major Kitzing ex Gomont 1892 1 VR | P-B st hl - - -
Synechocystis aquatilis Sauvageau 1892 3 VR | P-B - - |ab| - -

Chlorophyta
Ankistrodesmus falcatus (Corda) Ralfs 1848 3 VR P - - - e -
Bulbochaete mirabilis Wittrock ex Hirn 2 VR B 3 B B B 110
1900
Coelastrum astroideum De Notaris 1867 1 VR P ::r - - e 2.20
Coelastrum microporum Né&geli 1855 1 VR | P-B :tr i ind | e 2.30
Coelastrum sphaericum Néageli 1849 1 VR | P-B :tr i - e 1.40
Coenococcus nygaardii (Komérek) Hindak
2 | VR | - - - -] - -

1984
Coenocystis planctonica Korshikov 1953 1 VR P - i - - 2.00
Coenocystis subcylindrica Korshikov 1953 1,3 | VR P - i - - -
Desmodesmus abundans (Kirchner) E. H. i st-
Hegewald 2000 L3 | VR PB I o -oar) - B
Desmodesmus brasiliensis (Bohlin) E. i st-
Hegewald 2000 L VR PB4 B B - 2.00
Gloeotila subconstricta (G. S. West) Printz 23 | VR 3 3 3 3 B 3
1964
* Monoraphidium flexuosum Komarek 1974 1 VR P - - - - -
Oedogonium sp. 1 - R - - - - - -
Oedogonium sp. 2 1,2 | VR B - - lab| - -
* Palmodictyon varium (Négeli) 1 VR 3 B B B B B
Lemmermann 1915
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Table 3 (continued): Diversity and ecology of Cyanobacteria, Chlorophyta, and
Euglenozoa species in 14 lakes and a pond of the Kackar Mountains National Park.

Species H F | Hab | Oxy | Hal | pH | Tro Ingex
Pediastrum duplex Meyen 1829 1 | VR | P z:r i |ind| e -
Pseudopediastrum boryanum (Turpin) E. i st- . .
Hegewald 2005 - F|PB str P jind | e 2.10
Scenedesmus acutus var. Globosus
Hortobagyi 1954 1 |VR| P | - | - | - | e |22
Scenedemus quadricauda (Turpin)
Brébisson 1835 2 | VR | PB | s - - ¢ 2.10
Sphaerocystis planctonica (Korshikov) .
Bourrelly 1974 L2 VR P = - e | 100
Stauridium privum (Printz) Hegewald 2005 3 VR - - - - - -
Stauridium tetras (Ehrenberg) E. Hegewald 13 | VR | p-B st- i ind | om 3
2005 Str
Tetradesmus obliquus (Turpin) M. J. Wynne 1 VR | P-B st- i ind | ot 240
2016 Str
Tetraédron lobulatum var. polyfurcatum 2 VR 3 B 3 3 B B
G. M. Smith 1916
Ulothrix zonata (F. Weber and Mohr) st- . .
Kiitzing 1833 2 | VR|PB g | T |ind] - | 180
Uronema confervicola Lagerheim 1887 1,3 | VR B ::r - - - 2.10

Euglenozoa

Euglena gracilis G. A. Klebs 1883 1 VR | P-B st oh |ind | - 2.00
Euglena granulate (G. A. Klebs) F. Schmitz 1 VR | P-B st- mh | ind o 2 95
1884 str
Phacus curvicauda Svirenko 1915 1 VR | P-B st i ind | - -
Trachelomonas crenulatocollis Maskell 1 VR - B - - B B
1887
Trachelomonas lacustris Drezepolski 1925 1 VR P - hb - - 1.50
Trachelomonas volvocina (Ehrenberg) i st- . .
Ehrenberg 1834 12| RO\PB g P jind |- 2.00
Trachelomonas sp. 1 1 VR P - - - - 2.30
Trachelomonas sp. 2 1 VR P - — 2.30

Note: Ecological groups abbreviation: Habitat (P — planktonic, P-B — plankto-benthic,
B — benthic); oxygenation and water moving (Oxy) (aer — aerophiles, st-str — low streaming
water, st — standing); Salinity ecological groups (Hal) according to Hustedt (1938-1939) (hb —
oligohalobes-halophobes, i — oligohalobes-indifferent, hl — halophiles; mh — mesohalobes;
hibnt — halobiontes; oh — oligohalobes); pH preferences groups (pH) according to Hustedt
(1957) (alb — alkalibiontes; alf — alkaliphiles, ind — indifferent); trophic state indicators (Tro)
(Van Dam et al., 1994) (ot — oligotraphentic; om — oligomesotraphentic; me -
mesoeutraphentic; e — eutraphentic); Index S, species-specific index saprobity according to
Sladecek (1986) (Class of Water Quality).
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While 57 species were identified as very rare (VR) in the flora, the number of frequent
(F) and rare (R) species identified was three and six respectively (Tab. 3). Oscillatoria tenuis
and Merismopedia glauca were observed as frequent (F) species within the phylum
Cyanobacteria. Oscillatoria tenuis is an inhabitant of benthic and metaphytic habitats of fresh
waters, while Merismopedia glauca is found in the littoral zones of clean ponds and lakes
(Koméarek and Anagnostidis, 2005, 1998). The data obtained at the end of the research confirm
this information. Pseudopediastrum boryanum, which is cosmopolitan and prefers nutrient-rich
waters (meso-eutrophic), was a common (F) species of Chlorophyta (John et al., 2003).

66 species of non-diatom algae belonging to Cyanobacteria, Chlorophyta, and
Euglenozoa were found in the 14 lakes and one pond in the Kagkar Mountains National Park.
Since the samples were collected in July, August, and September, which are suitable months
for algal growth in this region, and the detailed seasonal study of the lakes, it is possible to
assume that the identified species composition represents the maximum species richness of the
flora. For this reason, we believe that the results of this study are comparable with the species
composition of the same algal groups in high-mountain lakes in similar climatic regions.

It is not surprising that the taxonomic composition of the Cyanobacteria, Chlorophyta,
and Euglenozoa in these lakes is consistent with that of previously studied lakes in the region
and the lake on the Suntar-Khayat ridge (northeast Yakutia, Russia), since the terrain structure,
the macroclimatic conditions and the water properties of the lakes are similar (Sahin and
Barinova, 2025; Kopyrina et al., 2022; Sahin et al., 2020). This similarity in flora is also a sign
that these algae are competitive under climatic stress conditions (Barinova and Alster, 2021).

Cyanobacteria, Chlorophyta, and Euglenozoa flora of 14 lakes and one pond in the
Kackar Mountains National Park is mostly represented by typical species variants (Tab. 3).
The Ssp/Sp index value, which indicates the intraspecific variability of the flora, was found to
be 1.031 (Barinova, 2011). The flora is monotypic with low intraspecific polymorphism. The
specific content of the taxonomic list for each area of the lakes (species/area index as the
number of species per km?) was also calculated (Barinova and Stenina, 2013; Barinova et al.,
2011). The highest value was found in KPL-1 (7.05 species per km?) and the lowest in VKL
(0.4 species per km?). Although AP (28 species) has the most species, the species area index
could not be calculated because its area was unknown. This index can be used as reference for

future monitoring of biodiversity in purpose safety and stability assessment.
Bray-Curtis Cluster Analysis (Single Link)

AP
KVL
L KPL-4
AL-2
L] KPL-3
AL
KPL-5
ML
TSL-2
KRDL
BDL
KPL-2
TSL-1
VKL
KPL-1

0. % Similarity 50. 100

Figure 2: Similarity of the of Cyanobacteria, Chlorophyta, and Euglenozoa algal flora
in 14 lakes and one pond of Kagkar Mountains National Park.
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The similarity of species composition of Cyanobacteria, Chlorophyta, and Euglenozoa
in 14 lakes and one pond in the Kackar Mountains National Park was calculated using the
Bray-Curtis statistical method. According to this, 10 lakes formed a cluster with more than
50% similarity. The other five lakes and one pond could not form their own cluster (Fig. 2).
This fact shows that these species composition belongs to a single flora, on the other hand it
emphasises that some floras (KPL-3, AL-2, KPL-4, KVVL, AP) have a high individuality.

Statistical comparison of data about species content (Tab. 3) and chemical variables in
studied lakes (Tab. 2) with help of the JASP Network plot construction shows four groups of
lakes that diveded on the base of the links value (Fig. 3). In this analysis, when not only the
floristic composition of communities in lakes but also water quality parameters are included in
the calculation, we analyze the similarity of the entire lake ecosystem. Figure 3 shows that the
lakes are divided into four clusters, each of which combines habitats and floras concentrated in
groups of lakes according to their position on the landscape. Thus, this analysis clarifies the
comparison of only the species composition and shows the influence of the climatic gradient
on the formation of floras of the studied water bodies in the protected area of the Kackar Park.

KPL-4

KPL-5 .E

TSL-A | 3
@9 G\_,\L// VKL

Figure 3: JASP Network plot for the comparison of taxonomic species content and chemical

variables in 14 lakes and one pond of Kackar Mountains National Park. The thickness of the

lines is proportional to the strength of the connection, indicated by the numbers. Blue lines —
positive correlation, red lines — negative correlation.

CONCLUSIONS

The algal flora of 14 of the 100 glacial lakes and one pond in the Kacgkar Mountains
National Park is studied for the first time. It is seen that macroclimatic conditions, in addition
to the physical and chemical properties of the water, are effective in shaping the flora. The
lakes, the almost pristine lakes, maintain diverse and valuable benthic algal floras, making
them important sites in Turkey’s ecological network.
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ABSTRACT

Approximately, 0.36 = 0.10 g weight of kursha, Labeo dero (Hamilton, 1822) fry were
stocked in aquaria and fed with commercial feed for 45 days to evaluate the effect of different
stocking densities on growth performance, feed utilization, and survival. Three different
treatment with the stocking density was maintained at 1 fry L™ (T,), 1.5 fry L*(T,) and 2 fry L°
1 (T,) respectively with having three replicates. The survival rate of all treatments was found
to be above 90%. After 45 days of rearing period, growth performances (mean weight gain,
SGR) and feed utilization parameters (FCR, PER) was found significantly (p < 0.05) better in
T, followed by T;and Ta.

RESUME: Evaluation des performances de croissance, de 1’utilisation des aliments et
de la survies des alevins de Kursha, Labeo dero (Hamilton, 1822) dans un aquarium avec
différentes densités de peuplement.

Environ 0,36 + 0,10 g de poids d’alevins de kursha, Labeo dero (Hamilton, 1822) ont
été stockés dans des aquariums et nourris avec des aliments commerciaux pendant 45 jours
pour évaluer I’effet de différentes densités de stockage sur les performances de croissance,
I’utilisation des aliments et la survie. Trois traitements différents avec la densité de stockage
ont été maintenus a 1 alevin L™ (Ty), 1,5 alevin L™ (T,) et 2 alevins L™ (Ts) respectivement
avec trois répétitions. Le taux de survie de tous les traitements s’est avéré supérieur a 90%.
Apres 45 jours d’élevage, les performances de croissance (gain de poids moyen, SGR) et les
paramétres d’utilisation des aliments (FCR, PER) se sont avérés significativement (p < 0,05)
meilleurs dans le traitement T, suivi de T, et Ts.

REZUMAT: Evaluarea performantei de crestere, a utilizarii furajelor si a supravietuirii
puilor de Kursha, Labeo dero (Hamilton, 1822) in acvarii cu densitati diferite de populare.

Aproximativ 0,36 £ 0,10 g greutate de pui de kursha, Labeo dero (Hamilton, 1822) au
fost stocati in acvarii si hraniti cu furaje comerciale timp de 45 de zile pentru a evalua efectul
diferitelor densititi de stocare asupra performantei de crestere, a utilizarii hranei si a
supravietuirii. Trei tratamente cu densitatea de stocare diferite au fost mentinute la 1 alevin L™
(T1), 1,5 alevini L™ (T,) si, respectiv, 2 alevini L™ (T3), avand trei replici. Rata de supravietuire
a tuturor tratamentelor s-a dovedit a fi peste 90%. Dupa 45 de zile de perioada de crestere,
performanta de crestere (crestere medie in greutate, SGR) si parametrii de utilizare a furajului
(FCR, PER) s-au gasit semnificativ (p < 0,05) mai bune n tratamentul T, urmat de T, si Ts.
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INTRODUCTION

Stocking density is considered as a crucial metric for assessing the financial
sustainability of aquaculture unit (Keer et al., 2018). Aquaculture requires ideal stocking
density all over the species’ life span to avoid stress on fish and possible commercial loss.
Lower stocking densities without considering the optimization of space can increase
production costs and reduce profits in aqua farm (Barton, 2002). The fry or larval stage is
considered the most sensitive stage in the life cycle of most of the fish species as high
mortality occurs at this stage. Stocking density and management measures practiced by pond
operators in Bangladesh are not based on scientific knowledge, resulting in poor growth and
survival of fry. High stocking density of one species can affect the growth of other species;
conversely, low stocking density of a species can reduce the overall production (Apu et al.,
2012; Rahman and Marimuthu, 2010). Thus ponds need to be stocked at the correct stocking
density for optimal growth to obtain maximum economic returns (Mollah et al., 2011).

Among 260 freshwater species, Kursha, Labeo dero (Hamilton, 1822) is known as
“kursha”, “khursha” or “katal khushi” belongs to the family cyprinidae of the order
Cypriniformes. It is also known as “Kalabans” in India, “Gardi” and “Kathalegi” in Nepal, and
“Kursa” in Bangladesh. The maximum length of this fish species is 16.6 cm (Rahman, 1989,
2005) and 75 cm (Talwar and Jhingran, 1991). The fish is typically white in color, with a
longer body and a smaller head (Kumar and Yadav, 2021). Its typical habitats are the shallow
water streams in the upland rivers of Bangladesh’s Dinajpur, Rangpur and Mymensingh
districts (Rahman, 2005, 1989; Talwar and Jhingran, 1991). This benthopelagic fish is
herbivore and mainly feeds on aquatic debris and detritus (Raina and Petr, 1999). In the
Rangpur area, it is regarded as flavorful dish that is high in nutrients and good for human
health. Additionally, this species is frequently utilized as bait for other fish that are significant
to the economy, like Tor putitora (Hamilton, 1822) and Raiamas bola (Hamilton, 1822)
(Talwar and Jhingran, 1991).

Apart from the northern towns of the country, this fish was prevalent in the
Mymensingh region. Due to some factors, such as pollution of water bodies, use of current net
in rivers, unplanned development projects for irrigation and flood control, changes in river
flow and human activity, the abundance of this fish is currently very rare (Rahman, 2005) and
regarded as vulnerable (Mahanta et al., 1994). The International Union for Conservation of
Nature (IUCN) (2015) therefore enlisted L. dero as Data Deficient (DD). Thus, the
development of a suitable technology for rearing of fry and fingerlings in nursery stages is
essential to maintain both the fish population and its population dynamics. Bangladesh
Fisheries Research Institute (BFRI) (2022) has already developed artificial breeding techniques
and farming practices of 31 endangered fish species, including L. dero, to protect the fish
species and boost their availability and productivity.

Screening of literature shows that there no systematic research has been done on the
stocking density of L. dero rearing during the nursery phase in Bangladesh. In order to
properly farm this fish and get the highest potential production, it is required to determine the
optimum stocking density.

Considering the above facts, this research experiment was conducted to evaluate the
effects of stocking density on the growth performances of L. dero in aquarium at nursery
stages where the main goal was to protect this fish from extinction and to conserve its natural
stocks.
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MATERIAL AND METHODS

Experimental site

This research was carried out in nine glass aquaria (95 cm x 40 cm x 52 cm) at the
hatchery complex of BFRI, Freshwater Sub-station, Saidpur, Nilphamari, in Rangpur division
over a 45 days (10 October to 23 November 2024) period (Fig. 1).
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Figure 1: Map presenting the study area of Saidpur area in Nilphamari District.

Experimental design

Before the trial started, L. dero fry were collected from the nursery pond of the
BFRI freshwater sub-station, Saidpur and acclimatized for about one hour. After that, fry
(mean length 3.2 £ 0.62 cm and mean weight 0.36 + 0.10 g) were stocked randomly in all
glass aquaria having a 30 L water capacity and an aerator, at three different stocking density,
1fry L™ 15 fry L' and 2 fry L™ of water. Thus the stocking density was 30, 45, 60 fry
per aquarium which represented as T;, T, and Tj respectively with three replications each
(Tab. 1).
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Table 1: Culture of Kursha under different stocking densities in aquarium.

— Stocking density No. of fry
Treatments Replication (ind. L'l) (per aquarium)
Ry
T, R, 1 30
Rs
R:
T R, 15 45
R3
R:
Ts R, 2 60
Rs

Aquarium preparation and maintenance

For the preparation of nine aquaria, glass sheets were first cut to the desired size (95
cm x 40 cm x 52 c¢m), sealed with silicon gum and allowed to air dry for a minimum of 48
hours. Following that, a light salt solution was used to clean the aquarium and all the dirt was
siphoned out. Next, clean water was added to the aquarium. Throughout the experiment, an
electric pump was used to supply water from underground. A stone aerator was installed at the
bottom of each aquarium to regulate the oxygen level. In order to keep the fish from escaping
an aquarium hood made up of glass sheet was also incorporated. Eventually, the aquaria were
fixed in the flat, sturdy metal platform that could support the weight of the complete set. The
entire aquarium structure was installed in a location with the most light available.

Feed and feeding

For the period of 45 days fish were fed with a commercial powdered feed four times a
day with four equal portions (6:00, 12:00, 18:00, and 24:00) at the rate of 30% body weight for
the first 15 days, 20% for the second 15 days and finally 15% for the last 15 days. After 30
minute of feed administration, the residual feed particles were periodically siphoned out and
tanks were cleaned routinely to lessen up the nitrogenous buildup.

Water quality assessment

The water quality parameters of each aquarium like temperature, pH, dissolved oxygen
and total dissolved solids were recorded on daily basis by using a HI198494 pH/EC/DO
Multiparameter. Approximately, 30% of water replacement was done and clean water was
added to the aquarium to re-adjust the water level.

Collection of sample

For the evaluation of fish growth performances, sampling was done in seven days
intervals. The stocked fish were observed for mortality, food consumption and behavior on a
daily basis. A sample size of 10 fish from each aquarium was collected randomly by using a
scoop net to observe the growth parameters i.e. body weight and total length. Sampling was
done very carefully to avoid the handling stress and mechanical injury. After taking the data
fish were released back to their respective aquaria. The length (cm) and weight (g) of
individual fish was recorded separately by using a measuring scale and a digital balance (EK
600i) to adjust the amount of feed (Figs. 2a, b). After 45 days of rearing period fries were
completely harvested by using a scoop net and the number of individuals were counted to
determine their survival rate.
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Figure 2: (A) Measurement of length (cm) and (B) weight (g) of L. dero
during the study period
by using a measuring scale and electronic balance.

Determination of growth, feed utilization and survival

Final weight, weight gain, percent weight gain, specific growth rate, feed conversion
ratio, protein efficiency ratio and survival rate were calculated at the end of the rearing period
by using the following formulae:

a) Weight gain
Weight gain (g) = Final weight (g) — Initial weight (g)
b) % Weight gain
Percent weight gain (%) = Final weight (g) — Initial weight (g)/ Initial weight (g) x 100

a) Specific Growth Rate (SGR % day™)
SGR (% day™) = In W, — W4/T, — T; x 100
Where,
W, = the initial live body weight gain (g) at time T, (day)
W, = the final live body weight gain (g) at time T, (day)
b) Feed Conversion Ratio (FCR)
FCR = Total dry feed intake (g)/Total wet weight gain (g)
c) Protein Efficiency Ratio (PER)
PER = Live weight gain (g)/Crude protein fed (g)
d) Survival rate (%)
c) Survival rate (%) = Final number of fish/Initial number of fish x 100

Data analysis

All data were tested using one-way analysis of variance (ANOVA). Significant
(p < 0.05) results were further tested using one-way ANOVA followed by Duncan’s
Multiple Range Test (DMRT) to identify significant differences between means. The data
were expressed as mean + SD and statistical analysis was performed using Statistical
Package for Social Sciences, SPSS 25 (Chicago, USA) and Microsoft Office Excel for
Window.
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RESULTS AND DISCUSSION

Water quality parameters

Water quality parameters such as temperature, pH, DO and TDS were measured
regularly and ranged between 20.38-24°C, 7.44-8.65, 7.03-8.69 ppm and 107-118 ppm,
respectively and did not differ significantly (p > 0.05) among the three treatments (Tab. 2).

Table 2: Mean + SD of water quality parameters of the experimental aquariums.

Parameters Treatments
T T, Ts
Temperature (°C) 22.69 + 0.96 22.13+1.03 22.54 +0.92
(20.59-24) (20.38-23.22) (20.82-23.74)
Water pH 8.02+0.24 8.03 £ 0.22 8.16  0.33
(7.45-8.19) (7.97-8.65) (7.44-8.47)
DO (ppm) 7.88 % 0.61 8.26 + 0.22 8.23+0.21
(7.03-8.68) (7.97-8.65) (7.98-8.69)
TDS (ppm) 112.56 + 2.87 111.44 +2.77 114 + 2.61
107-116 108-116 110-118

Fish growth performance, feed utilization parameters and survival

Fish growth performances, feed utilization and survival of L. dero fry in aquarium
under different stocking densities were recorded weekly during nursing period are given in
table 3 and figures 3-6. Generally, growth parameters such as weight gain (2.70 + 0.02),
percent weight gain (745.30 + 12.66), SGR (4.74 + 0.03), feed utilization parameters such
as FCR (2.07 = 0.03), PER (1.73 + 0.02) were density dependent and significantly improved
(p < 0.05) in treatment 2 (1.5 fry.L™") compared to the other treatments. The survival rate of
L. dero fry did not differ significantly (p > 0.05) among the treatments and found above 90%
in all the three treatments.

Table 3: Growth performances, feed utilization and survival of kursha, L. dero
(Hamilton, 1822) fry in different treatments over 45 days of nursing period in aquarium; Data
presented as mean + SD; obtained from three replicate aquaria, n = 3; Data with different
superscripts in the same row indicate significant differences (p < 0.05); wt. = weight; ADG =
Average Daily Gain; SGR = Specific Growth Rate; FCR = Food Conversion Ratio; PER =
Protein Efficiency Ratio; FI = Feed Intake.

Parameters Treatments
Ty T T3

Initial mean weight (g) 0.36 £0.1 0.36 £0.1 0.36 £0.1
Final mean weight (g) 2.54 +0.03° 3.06 + 0.04° 2.21+0.11°

Initial length (cm) 3.2+0.62 3.2+0.62 3.2+0.62
Final length (cm) 5.5+0.19% 6.04 + 0.28° 5.4+0.39°
Mean weight gain (g) 2.18 + 0.02 2.70 £ 0.02° 1.58 +0.01°

Percent weight gain (%) 602.58 + 4.22° 745.30 + 12.66° 468.51 + 58.50°

Average daily gain (day™) 4.84 +0.03° 6.00 + 0.10° 3.51+0.02°
SGR (% day™) 4.33+0.01 4.74 +0.03° 4.02 +0.02°
FCR 2.14 £ 0.02%° 2.07 £0.03° 2.22 +0.03°
PER (%) 1.67 +0.02% 1.73 £ 0.02° 1.61 +0.02°
Feed intake (g/individual) 4.48 +0.15" 5.48 +0.17° 3.89 +0.22°
Survival rate (%) 95.56 + 1.57 94.07 +3.78 94.44 +3.14
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Figure 4: Weight gain (g) of L. dero fry
in different treatments during the rearing period.
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Environmental parameters greatly influence the maintenance of healthy aquatic
environment and the production of food organisms in aquaculture. Fish culturists are more
aware of maintaining optimal water quality conditions. However, fish growth, feed efficiency,
and feed utilization are generally controlled by a few environmental factors (Brett, 1979;
Fry, 1971).

In the present study, the water temperature, pH, DO, and TDS ranges from 20.38-
24°C, 7.44-8.65, 7.03-8.69 ppm and 107-118 ppm, respectively. The results of this research
revealed that all the values did not differ significantly among the treatments and fell within the
ideal range for primary nursing of L. dero fry as stated by Boyd (1982) which suggested that
the fish were not subjected to any environmental stress. Similar findings of temperature, pH,
DO also reported by Chakraborty and Mirza (2007) in endangered Labeo bata fry,
Priyadarshini et al. (2011) in Cyprinus carpio fry, Nath et al. (2014) in Clarias batrachus fry,
Hossain (2014) in Hypopthalmichthys molitrix, Cyprinus carpio specularis and Labeo rohita
fry nursing. In the present study, the mean value of TDS was recorded as 112.56 + 2.87,
111.44 £ 2.77 and 114 + 2.61 ppm in Ty, T, and T respectively.

After 45 days of nursing, the results of this research revealed that growth performance
in terms of final weight gain, percent weight gain, average daily weight gain, SGR, differed in
various stocking densities, with T, had a significantly (p < 0.05) higher growth rate followed
by T, and Ts. No previous studies were conducted in Bangladesh on the growth rate of L. dero
at various stocking density specially at the nursing stage.

In the present research, the recorded maximum weight gain was observed in T, (3.06 +
0.04) where stocking density was 1.5 fry L™ and the minimum in T3 (2.21 + 0.11) where
stocking density was 2 fry L™, Although all the experimental fish were fed with the same diet
at an equal ration. This might be due to the lower stocking density resulting in more space,
food and less competition, and a lower sense of community among the fish which influences
them to consume food properly which is relevant with the findings of (Keer et al., 2018; Jena
et al., 1998). On the contrary, in T3 fish got limited area which affected the community and
increased stressed condition. As a result, fish expend more energy to relieve the stress which
hindered their ability to develop soundly which coincides with the study of Scherek (1982)
who observed that stressed animal expend more energy on maintaining homeostatic which
subsequently causes growth depression.

During the investigations of this research, the maximum value of percent weight gain
was found in T, (745.30 + 12.66) whereas the lowermost was found in T3 (468.51 + 58.50).
This might be because the use of the intensive system for rearing. Percent weight gain was
found better (15 fingerlings/tank) during farming of Oreochromis nilotica fingerlings in semi
closed culture system (Salih et al., 2016); Tor soro fingerlings (4 ind. L™) in recirculatory
aquaculture system (RAS) (Haser et al., 2022). In line with this research, Narejo et al. (2010)
showed that maximum percent weight gain was observed when Labeo rohita reared in
aquarium (1.5 fry L") condition.

FCR and PER is a dietary intake indicator which is used to narrate the rate of growth
and feed utilization ability of farmed fish (Amin et al., 2005). Treatment 2 (1.5 fry.L™) showed
the most efficient FCR (2.07 + 0.03) and PER (1.73 £ 0.02) value compared to the rest of the
treatments. This could be because fish in T, utilized the feed most efficiently in less crowding
environment because of the smaller ration size, a higher digestibility which is relevant with the
findings of Mou et al. (2018) who reported improved FCR value at the lower stocking density
during the nursing of Mystus vittatus (Bloch, 1794) fry. On the other hand, T; exhibited the
inefficient FCR (2.22 = 0.03) and PER (1.61 + 0.02) value that might be the outcome of a
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stressful environment caused by a higher stocking density, which in return increased
competition for food and space and became fish less efficient to utilize the feed. Fish usually
exhibits dominating behavior during food consumption (Ruzzante, 1994; Magnuson, 1962).
Previous studies have shown that both low and high stocking density than optimum can induce
stress in fish (Barlaya et al., 2021; Alanara and Brannas, 1996; Jorgensen et al., 1993; Brown
et al., 1992). Therefore optimum stocking density must be evaluated for individual fish
species.

The survival rate of L. dero was 95.56%, 94.07% and 94.44% in treatments T, T, and
T respectively. However, the stocking density did not affect the survival rate of L. dero. A
non-significant (p > 0.05) higher survival was noted when L. dero was stocked at 1 fry.L™ (T,).
This might be because the seeds were very hardy and the favorable environmental conditions
in the aquarium allowed the L. dero species to survive better which coincides with Paswan et
al. (2021) who stated that L. rohita (Hamilton, 1822) fry showed better survival rate in stressed
condition because the seeds were hardy. Also researchers found that favorable environmental
condition play a great role in the survival of fish in captivity (EI-Sherif and El-Feky, 2009). In
line with this research, Arifin et al. (2017) showed stocking density had no indicatory or direct
effect on Barbonymus balleroides (Valenciennes, 1842) survival. Similarly, Kunda et al.
(2021) indicated that survivability of Oreochromis nilotica did not vary significantly along
with stocking density. On the contrary, Narejo et al. (2010) observed survival rate of L. rohita
significantly (p < 0.05) differed in different stocking density when reared in aquarium.

CONCLUSIONS

Finally, it can be concluded that the growth, feed utilization parameters and survival of
L. dero fry showed an increasing trend up to T, thereafter it showed a decreasing trend. In all
aspects, T, (1.5 fry L™) showed highest values compared to the other treatments. Thus,
stocking density 1.5 fry L™ may be advisable for rearing of L. dero fry for 45 days of nursing
period. The spawning and feeding ground of this important fish species have suffered
significant degradation due to human involvement and environmental changes. Under these
circumstances, the application of this current findings to the production of sufficient quality
seeds may prove to be beneficial in preventing the extinction of L. dero and in promoting its
conservation and rehabilitation. However, further research on standardization of stocking
density along with economic profitability of this fish can be conducted to add more insight to
this research work.
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ABSTRACT

The ichthyofauna of the Nera River is shaped by the adaptation and evolution of fish
fauna to the local highly variable relief of this river watershed. In the last half century, in some
aspects, it was moderately influenced by the human activities’ impact over time in different
degrees, but also by the sectors in a good ecological status, which can be considered as
sanctuaries for important ecological and economic fish species. Also, climate change can be
added as another driver. This research almost doubled the number of known fish species in this
area.

RESUME: Riviére Nera (Bassin de la Danube) dynamique des I’ichtyofaune sur un
siecle.

L’ichtyofaune actuelle de la riviére Nera est le fruit de I’adaptation et de 1’évolution
des poissons au relief treés varié de son bassin versant. Au cours des cinquante derniéres
années, elle a été modérément influencée, a des degrés divers, par les activités humaines.
Cependant, certains secteurs, en bon état écologique, constituent de véritables sanctuaires pour
des espéces de poissons importantes, tant sur les plans écologiques qu’économiques. Le
changement climatique joue également un réle déterminant. Cette étude a presque doublé le
nombre d’espéces de poissons recensées dans cette zone.

REZUMAT: Raul Nera (bazinul Dunarii) dinamica ihtiofaunei de-a lungul unui secol.

Situatia actuald a ihtiofaunei raului Nera este determinata atat de rezultatul adaptérii si
evolutiei faunei piscicole la relieful local cu variatii mari in acest bazin hidrografic, iar recent
poate fi consideratd moderat influentatd in unele aspecte in mai bine de jumatate de secol, de
impactul activitatilor umane in diferite grade in timp, dar si de sectoarele aflate intr-o stare
ecologica buna care pot fi considerate sanctuare, pentru specii de pesti importante ecologic si
economic, iar aici se poate adauga ca factor determinant si impactul schimbarilor climatice.
Aceasta cercetare aproape ca a dublat numarul speciilor de pesti cunoscute in aceasta zona.
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INTRODUCTION

The Nera River is situated in the south-west of Romania and has an east to west
course, with a 131 km stretch, springs in the Semenic Mountains (near Piatra Goznei Peak,
1,447 m) area, and runs into the Danube. Upstream of this confluence, on 15 km lengthwise,
this river forms the Romanian-Serbian border. The relatively narrow river valley deepened into
the Jurassic geological foundation, creating the Nera Gorges. The Nera River amasses 36
streams, the length of its hydrographic system is 574 km, and the density is 0.42 km/km®. The
multiannual average runoff is 20 L/s x km? in the highland areas with altitudes of 800-900 m,
and below eight L/s x km?, in the lower areas, below 400 m altitude. The average flow in the
Sasca locality sector is about 1,700 L/s. The watershed area is 1,240 km?. The Nera flows 23
km through the Cheile Nerei-Beusnita National Park, where it separates the Anina Mountains
from the Locvei Mountains. (Posea, 2006; Badea and Buga, 1992; Ujvari, 1972; Diaconu,
1971; Oancea and Velcea, 1987)

This hydrological watershed includes lotic systems as the main Nera River collector of
the streams: left side tributaries — Cremenita, Ogasul Bogozului, Ogasul Babei, Ogasul Mare,
Valea Haimeliug, Ogasul Porcului, Ogasul Ulmu Mic, Ogasul Ulmu Mare, Ogasul Porcarului,
Ogasul Rintu, Ogasul Cracu Lung, Susara, Valea Fantidna Seacd; and right side tributaries —
Valea Minis, Ogasul Lighidia, Ogasul Agrisul, Ogasul Lapusnic, Ogasul Moceris, Valea
Ducin, Ogasul Bresnic, Ogasul Tarcovita, Ogasul Alunilor, Ogasul Radovanului, Valea Rea,
Valea Padina Seacd, Valea Lindina, Valea Beiului, Paraul Vicinic, Valea llidia, VValea Baca,
Valea Ghicin, Valea Ciclova, Valea Oravitei, etc. (Posea, 2006; Badea and Buga, 1992; Ujvari,
1972; Diaconu, 1971; Oancea and Velcea, 1987)

The variety of habitats and ecosystems in a rather reduced geographical area is
determined by the complexity of this region’s relief. The Semenic Mountains belong to the
Banat Mountains. This geographical region has a highly complex geology and varied forms of
relief, a circumstance that has led to the formation of very diverse and representative habitats,
biocoenosis, and ecosystems. The main characteristics of the relief comprise of interfluves,
interfluvial ridges, river valleys, and deep river gorges. (Posea, 2006; Badea and Buga, 1992;
Ujvari, 1972; Diaconu, 1971; Oancea and Velcea, 1987)

The specific natural features of this region push the evolutionary processes in founding
and preserving valuable fish species communities in this zone (Banaduc et al., 2023a).

The talent, dedication, and determination of pioneering prominent experts like Grigore
Antipa and Petru Mihai Banarescu, to name simply only the most famous Romanian
ichthyologists, as well as the following generations of biologists and ecologists specialists in
fish, led to the emergence in Romania of a noteworthy ichthyology school with excellent
scientific outcomes. Just about three centuries of wide-ranging fish-related field work and
research have led to the amassing of very useful data in this respect, and new studies can take
the comparative benefits from the earlier outcomes acquired in diverse sampling campaigns.

The geographically isolated watersheds of the Carpathian Mountains are generally
well-studied and are known to contain numerous fish species of both conservation and
economic value. (Curtean-Baniduc et al., 2019a,b; Ko$¢o et al., 2014; Banaduc et al., 2013)
except in the more and more frequent cases when human activities’ negative impact are major
drivers there (Banaduc et al., 2023b, 2021, 2020a,b; Banaduc 2010; Popa et al., 2019; Curtean-
Banaduc et al., 2014).

This study aim is to update and bridge the gap between the past and present
knowledge, specifically between the relatively far away in time ichthyological data (Antipa,
1909; Banarescu, 1964), and the present, in this geographicaly relatively remote and isolated
basin, regarding fish fauna spatial and temporal structure dynamics in the Nera River.
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MATERIAL AND METHODS

This Nera River research was done in a total of four years, namely an initial assessment
conducted between 2022-2023, followed by some monitoring activities in 2024-2025, with the
the initial assessment preponderently a part of the scientific research project “Imbunitatirea
starii de conservare a speciilor si habitatelor de interes conservativ din Parcul National Cheile
Nerei-Beusgnita si ariile naturale de interes comunitar si national suprapuse prin revizuirea
planului de management integrat” POIM Cheile Nerei-Beusnita/“Improving the conservation
status of species and habitats of conservation interest in the Cheile Nerei-Beusnita National
Park and the overlapping natural areas of European Community and national interest by
revising the integrated management plan” POIM Cheile Nerei-Beusnita.

The presence/absence of fish species in the Nera River were determined and
documented using scientific electrofishing sampling (with a Hans Grassl 1G 600 TL device), in
time/effort (45 minutes) unit. Information regarding fish captures onsite from local fishermen
was incorporated into the results only if it included a species that was not identified/captured
by the research team’s sampling.

The biological material sampling was conducted in a total of 46 lotic sampling sections
(Fig. 1; Tab. 1). Each section was 100 m in length and was established every two to four
kilometers, covering the entire river stretch from the Nera’s mountainous headwaters to this
river delta formed at the confluence with the Danube River. After a quick visual check of the
sampled fish individuals, all of them were released unharmed in the river, in their characteristic
ecosystem. No deaths have been recorded as a result of the electrofishing process.

Map of scientific fishing locations carried out on Nera River
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Figure 1: Sampling stations
along the Nera River.
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RESULTS

Table 1: (A) fish species reported by Antipa (1909) in the study area at the end of the
19th century (+); (B) fish species reported by Banarescu (1964, 1969) in the study area in the
first half of the 20th century (+); (C) fish species sampled and identified by the authors in the
period 2022-2025 (+). No historical data/no fish sampled (-).

Sampling Loca_tlon, Sampling stations habitat Fish
. coordinates - .
stations - characteristics species
and altitude
Substrate dominated by boulders, | Salmotrutta A—, B +,C +
.| rocks, gravel and coarse sand.
Botul Calului Water width between 5-10 m.
Canton (Nera . .
springs area) High  water _ vglouty, V\{ell
N1 oxygenated. Riparian vegetation

N 45°03.3628°
E 22°03.5663’
638 m altitude

in good condition. High water
shading.  Submerged  aquatic
vegetation. Stable banks, without
erosion. No human impact.

Substrate dominated by boulders,

Salmo trutta A—, B +,C +

Two km rocks, gravel, and sand. Water
downstream | width between 5-10 m. High
Botul Calului | water velocity, well oxygenated.
Canton (Nera | Riparian vegetation in favorable
N2 . - : .
springs area), | condition. High water shading.
N 45°02.6884” | Bioderm present on the substrate
E 22°03.9784’, | and submerged aquatic
575 m altitude | vegetation. Stable banks with no
erosion. No human impact.
Substrate dominated by boulders, | Salmo trutta A—, B+, C +
Four km rocks, gravel and sand. Water
width between 5-10 m. High
downstream .
.| water velocity, well oxygenated.
Botul Calului N S
Riparian vegetation in favorable
Canton (Nera -
N3 . condition, formed by large trees.
springs area), . - .
o , | High water shading. Bioderm
N 45°01.5643
o , | present on the substrate and
E 22°04.0519", .
; submerged  vegetation.  Stable
496 m altitude . : .
banks, without signs of erosion.
No human impact was observed.
Substrate dominated by boulders, | Salmotrutta A—, B+, C +
gravel and sand. Water width 8- | Alburnoides bipunctatus A —, B —, C +
Six kit 12 m. High water velocity, well | COtus gobio A= B+ C+
oxygenated. Good riparian
downstream .
.| vegetation, formed by large trees.
Botul Calului ah f hadi
Canton (Nera H_|g degree of water shading.
N4 Bioderm present on the substrate

springs area),

N 45°00.7985°
E 22°03.9791°,
453 m altitude

and  submerged  vegetation.
Human impact: logging, oil leaks
from machinery, increased water
turbidity in the area of runoff
from the slopes where trees are
carried out.
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Table 1 (continued): (A) fish species reported by Antipa (1909) in the study area at the
end of the 19th century (+); (B) fish species reported by Banarescu (1964, 1969) in the study
area in the first half of the 20th century (+); (C) fish species sampled and identified by the

authors in the period 2022-2025 (+). No historical data/no fish sampled (-).

anthropogenic impact.

Sampling Loca_tlon, Sampling stations habitat Fish
. coordinates - .
stations . characteristics species
and altitude
Substrate dominated by boulders, | Salmo trutta A— B+, C +
gravel, rocks and coarse sand Alburnoides bipunctatus A —, B—, C +
B " | Barbus balcanicus A —, B—, C +
Six km Water width between 8-12 m. | " lota A B C+
High  water velocity, well
upstream :
- oxygenated. Sector with many
Borlovenii Lo
: small waterfalls. Riparious
N5 Vechi, Lo .
o , | vegetation in favorable condition,
N 45°01.795 )
o , | formed by large trees. High
E 21°51.681", . .
390 m altitude degree of water shading. Bioderm
present on the substrate. Stable
banks, without signs of erosion.
No human impact was observed.
Substrate  of boulders, gravel, | Salmotrutta A— B+, C+
Fourkm | width 8-12 m. High water speed, | Sarbus baicaricus A B € ©
upstream | well oxygenated. Sector With | conisgobioA—, B+ C+
Borlovenii many small waterfalls. Riparious
N6 Vechi, vegetation in favourable
N 45°01.612° | condition, formed by large trees.
E 21°53.152°, | High degree of water shading.
367 m altitude | Bioderm present on the substrate.
Stable banks, no sign of erosion.
No anthropogenic impact.
Substrate dominated by boulders, | Salmotrutta A— B+, C +
gravel, rocks and coarse sand. | Squaliuscephalus A — B -, C+
Two km Water width between 8-12 m é'bg’mogdes bipunctatus A -, B -, C +
. . ' i0 obtusirostris A —, B —, C +
upstream High water speed with many Bgrl;ﬁsobalfcs;ﬁst;sA_ B_C+
Borlovenii small waterfalls. Riparous | cottus gobio A —, B +, C +
N7 Vechi, vegetation in favourable
N 45°01.125” | condition, consisting of large
E 21°54.264°, | trees. High degree of water
328 m altitude | shading. Bioderm present on the
substrate. Stable banks, without
erosion. No human impact.
Substrate dominated by boulders | Alburnoides bipunctatus A —, B —, C +
Upstream | and gravel. Water width 12-15 m. | Barbus balcanicus A — B —, C +
Borlovenii | Riparous vegetation in good Ei[ﬁjitgﬁb?frfit“]'f +AE’P -G
NS Vechi —, condition, with large trees and S
N 44°57.6275° | shrubs. High water shading
E 22°06.2896°, | degree. ~ Submerged  aquatic
310 m altitude | vegetation. Stable banks. No
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Table 1 (continued): (A) fish species reported by Antipa (1909) in the study area at the
end of the 19th century (+); (B) fish species reported by Banarescu (1964, 1969) in the study
area in the first half of the 20th century (+); (C) fish species sampled and identified by the

authors in the period 2022-2025 (+). No historical data/no fish sampled (-).

Sampling Loca_tlon, Sampling stations habitat . .
' coordinates - Fish species
stations . characteristics
and altitude
Substrate dominated by boulders | Eudontomyzon danfordi A —, B —, C +
and gravel, isolated sandy and Sﬂua'_'us Ceﬁha_'USA*’ B, C+
silty areas. Water width between Z”flj(r'ggisd‘;s%’;:)"ul:fcggj B
Pitas Locality, %2'15 T Rlpa_rl_an veget.atl_on 'r]l Barbus balcanicus A —, B —, C +
N 44957 073 avorable condition, consisting of | [otalotaA— B— C+
N9 E 22°06 ’145, large trees, shrubs, and grassy | Cottus gobio A—, B+, C+
302 m aI.titud:a vegetation. High degree of water
shading. Stable banks, no sign of
erosion. Anthropogenic impact:
household waste thrown on the
banks.
Substrate formed by gravel and | Squalius cephalus A— B, C +
boulders, isolated rocky. Water ';\'bumo'deg_b'gunci?‘tus ii’Bngj-
: _ omanogonio banatiCus A —, B —,
Upstream V\.”dth between 10-12 m. Steep Barbus balcanicus A —, B —, C +
Parlipet right bank. Moderate Water | gahatyia barbatula A —, B —, C +
v turbidity. Riparian vegetation in
locality, - o
N10 o , | favorable condition, consisting of
N 44°55.866
o , | large trees, shrubs, and grassy
E 22°04.401°, . -
268 m altitude vegej[atlon. High degree of _vvater
shading. Stable banks, without
signs of erosion. No human
impact.
Substrate of gravel and boulders, | Squalius cephalus A—, B —, C +
isolated rocky. Water width 10-15 ‘B\'blémol;dfs b'PU”CK"tUSBA ! B: C+
. arbus balcanicus A —, B —,
Downstream bm Skteep nl\%lht dbank, smooths_rdl_eft Cobitis elongata A —, B —, C +
Parlipet ank. 0 erat_e _tur idity. Sabanejewia balcanica A —, B —, C +
v Riparian vegetation in good
locality, - -
N11 o , | condition, consisting of large
N 44°55.726 .
o , | trees, shrubs, and grass. High
E 22°02.887’, .
. degree of water shading. Stable
262 m altitude - .
banks, no signs of erosion.
Anthropogenic  impact:  road
crossing the minor riverbed.
Substrate consisting of gravel, | Squalius cephalus A— B +,C +
Bridae coarse sand, fine sand, and silt. A'hbumo'des bipunctatus A —, B +, C +
g Water width 10-15 m. Riparian | Chondrostomanasus A= B - C+
upstream . . q diti Rhodeus sericeus A —, B —, C +
Bozovici VeQeFat_lon Ingooa  conarton, | garpys balcanicus A—, B +, C +
. consisting of large trees, shrubs,
N12 locality, : X
N , | and herbaceous vegetation. High
N 44°55.04 .
o , degree of water shading. Stable
E 22°01.02°, - .
. banks, without erosion.
244 m altitude A ) .
Anthropogenic impact: pollution
from the Bozovici urbanized area.
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Table 1 (continued): (A) fish species reported by Antipa (1909) in the study area at the
end of the 19th century (+); (B) fish species reported by Banarescu (1964, 1969) in the study
area in the first half of the 20th century (+); (C) fish species sampled and identified by the

authors in the period 2022-2025 (+). No historical data/no fish sampled (-).

without signs of erosion. No
anthropogenic impact found.

Sampling clc;gfgitrll(;?és Sampling stations habitat Fish species
stations and altitude characteristics
Substrate consisting of gravel, | Squalius cephalus A — B +,C +
coarse sand, fine sand, and silt, ﬁ:gﬂmg?di'sbg{”ﬁcg tiu’sBAi, CB++ o
Downstream isolated - boulders.  Water . quth Chondrostomapnasus A- B ,—, C n
Bozovici between _10'15 m. R'p_a_“an Rhodeus sericeus A —, B +, C +
locality vegej[at_lon in favorable condition, | cobio obtusirostris A —, B+, C +
N13 N 44 899680 consisting of large trees, shrubs, | Barbus balcanicus A — B +, C +
E 21 98630° and grassy vegetation. Steep Cobitis elongata A —, B +, C +
250 m altitudé banks, Wlth _erosion  areas.
Anthropogenic impact: pollution
from the upstream Bozovici
locality.
Substrate consisting of gravel, | Leuciscus aspius A—, B -, C+
Bridge boulders covered with bioderma, | Alburnus alburnus A— B —, C +
upstream and sand. Water width between éLbﬁggfégf;n?;pn“;Sﬁ:‘tXS A]; > BC+ ’+C *
Dabloset 12-15 m. Riparian vegetation in | rnodeus sericeus A . B +, C +
N14 locality, favorable condition, consisting of | Romanogobio banaticus A —, B +, C +
N 44.87735° | large trees, shrubs and grassy | Barbus balcanicus A— B+, C +
E 21.95813°, | vegetation. Appropriate degree of | Barbatula barbatula A—, B+, C+
218 m altitude | water shading. Stable banks, | S@banejewia balcanica A — B — C+
without signs of erosion. Cottus gobio A -, B+, C +
Substrate consisting of sand, | Eudontomyzon danfordi A—, B —, C +
gravel and boulders covered with E\TES:L%Si ggsg?gﬂi ga;&f A+ C 1; s
Bridge in bIOderma! in some places mud. Rhodeus sericeus A —, B +,é+ ’
Moceris Water_ width be?"Vee_n 12-16 m. Romanogobio banaticus A —, B +, C +
locali ty’ Rlpa(u:an vegetat_lor_1 in favorable Barbus balcanicus A —, B +, C +
N15 N 44 863éS° condition, consisting of large Cobitis elongata A —, B +, C +
E 21.529860 trees, shrubs, and  grassy ?:attifnelevg!a Zalcaglia é%; B+ C+
280 m altitud’e vegetation. Appropriate degree of Olus gobIo A = B+,
water shading. Stable banks,
without signs of erosion. No
human impact was identified.
Substrate consisting of sand, | Eudontomyzon danfordi A—, B -, C +
gravel, and boulders covered with | Squalius cephalus A —, B +, C +
bioderma, in some places mud. éLb;ggfégf;n?;pn“;sﬁ:‘XS_A]; ’+B C+ ’+C *
Upstream Water width between 12-16 M. | ppodeus sericeus A —, B +, C +
Barz locality, | Riparian vegetation in favourable | Romanogobio banaticus A —, B +, C +
N16 N 44.85013° | condition, consisting of large | Barbus balcanicus A—, B +, C +
E 21.91517°, | trees, shrubs, and grassy | Cobitiselongata A— B+ C+
201 m altitude | vegetation. Appropriate degree of | Sabanejewia balcanica A — B - C+
water shading. Stable banks, Cottus gobio A B +, € +
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Table 1 (continued): (A) fish species reported by Antipa (1909) in the study area at the
end of the 19th century (+); (B) fish species reported by Banarescu (1964, 1969) in the study
area in the first half of the 20th century (+); (C) fish species sampled and identified by the

authors in the period 2022-2025 (+). No historical data/no fish sampled (-).

Sampling clc;gfgitrll(;?és Sampling stations habitat Fish species
stations and altitude characteristics
Substrate  predominantly silty, | Eudontomyzon danfordi A—, B —, C +
isolated sandy areas. Water width i?gl?:inf} ggfg?;‘dz éa?ﬁ?;’ CB++ o
A between 14-15 m. Riparian Rl ch
B;;\(’iv‘]a;ghigz vegetation in favorable condition, ‘52233525;;'}113:‘ ij‘i’AB ’fc ;C
Iocalities’ consisting of large trees, shrL_Jbs, Gobio obtusirostris A —, B+, C +
N17 N 44.841 4’50 and _ grassy vegetation. | Romanogobio banaticus A —, B +,C +
E 21894740 | Appropriate degree of water Barbus balcanicus A—, B +, C +
O2 T | shading. Stable banks, without | Cobitis elongata A — B+, C +
205 m altitude signs of erosion No | Sabanejewia balcanica A —, B —, C +
anthropogenic impact was
observed.
Substrate  predominantly  of | Squalius cephalus A—, B +,C +
gravel, sand, and isolated silt. Alburnoides_bzpunctatusA - B+, C+
Water widh between 14-17 m. | HOGRSSTonE L5 C
Sopotu Nou | Riparian vegetation in favorable | g;rps palcanicus 4 -, B +, C +
locality, condition, consisting of large | sabanejewia balcanica 4 —, B + C +
N18 N 44.82892° | trees, shrubs and  grassy | Cottus gobio A— B+, C +
E 21.88104° | vegetation. Appropriate degree of
203 m altitude | water shading. Stable banks,
without  signs  of  erosion.
Anthropogenic  impact:  road
passage through the riverbed.
Substrate predominantly of sand, | Eudontomyzon danfordi A— B —, C +
Sopotul Nou gravel, and in some areas mud. i?gjllnli)slgsg) E?;ﬂiéagﬂf A+ ’—CB++ C+
’ bridge — Water width beree.n 10-20 m. Chondrostoma nasus A—,B’+, C’+
confluence Riparian vegetation in favorable | ppodeus sericeus A —, B +, C +
with Buceaua condition, consisting of large | Gobio obtusirostris A —, B +, C +
N19 River trees, _ shrubs, _and grassy | Romanogobio banaticus A —, B +, C +
N 44 82i27° vegetation. Appropriate degree of gobltls.elongata A-B+C+
' water shading. Stable banks, no | Sabanejewia balcanica A - B+, C +
E 21.86562°, - - .| Cottus gobio A—, B+, C+
196 m altitude | S19" of erosion. Anthropogenic
impact: minor road passage
through the riverbed.
Substrate predominantly sand, | Squalius cephalus A—, B +, C +
gravel, and in some areas mud. /é'hbélr:é‘;’c:gf;n?;pnugscl}:‘tzs AB*’+ Bc+’+ C+
Bresnic- Water. width begwee_n 1520 m. Rhodeus sericeus A —, B + Cl
Cornis Riparian vegetation in favorable | gopig optusirostris A —, B +, C +
N20 N 44.82é’92° condition, consisting of large | Romanogobio banaticus A —, B +, C +
E 21.88104° trees, _shrubs, and_ herbaceous | Barbus balcanicus A —, B +, C +
PO | vegetation. Appropriate degree of | Cobitis elongata A —, B +, C +
189 m altitude water shading. Stable banks, Sabane!ew!a romanica A -, B -, C +
without signs of erosion. g?r? ;Qegfr\gl';:) aAkfn];ci,AC: B-C+
Cottus gobio A—, B+, C +
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Table 1 (continued): (A) fish species reported by Antipa (1909) in the study area at the
end of the 19th century (+); (B) fish species reported by Banarescu (1964, 1969) in the study
area in the first half of the 20th century (+); (C) fish species sampled and identified by the
authors in the period 2022-2025 (+). No historical data/no fish sampled (-).

180 m altitude

signs of erosion. Steep right bank,
and flat right bank — glade.

Sampling Loca_tlon, Sampling stations habitat . .
' coordinates - Fish species
stations and altitude characteristics
Substrate predominantly gravel, | Squalius cephalus A— B +,C +
boulders, and sand with isolated | Alburnoides bipunctatus A —, B +, C +
Upstream | portions of mud. Water width g;‘gsgggssfrﬂiﬂssxs‘_ AB‘;BCZC +
Dracului Lake, | between 10-15 m.  Riparian | gopio obtusirostris A -, B +, C +
N21 N 44.84746° | vegetation in favorable condition, | Romanogobio banaticus A —, B +, C +
E 21.83561°, | consisting of large trees, shrubs | Barbus balcanicus A— B+, C +
190 m altitude | and herbaceous vegetation. Good | Cobitis elongata A —, B +, C +
degree of water shading. Stable g?r?é‘(;e;ter‘géaef’i'ca”éci AC -B~ C+
banks, without signs of erosion. Cottus gobio A . B+, C +
Substrate predominantly gravel, | Squalius cephalus A — B +, C +
Nera River | Poulders, and sand with isolated QL%?&'ZZZEL%@”ST“BSﬁ}é E +C+
. portions of mud. Water width : E IR
entrance In N Gobio obtusirostris A —, B +, C +
Nera Gorges, betweep _10'15 m. R'p_ar'an Romanogobio banaticus A —, B +, C +
N22 N 44,8594 vegefcat_lon in favorable condition, | Barbus balcanicus A —, B +, C +
E 21.é1687 consisting of large tree_s, shrubs, Cobitis elongata A -, B +, C +
186 m altitude | @nd herbaceous vegetation. Good Sabanejewia balcanica A —, B +, C +
degree of water shading. Stable | Zingelstreber A— B+, C+
banks, without erosion. Cottus gobio A —, B +, C +
Substrate predominantly gravel, | Eudontomyzon danfordi A -, B —, C +
boulders, and sand with isolated i?EL?:LUUSSC;FBZ?LUUSS/Z - ?;' CCJ;
portlon_s .Of mud. RIp_&lI:Ian Alburnoides bipunctatljs A i, B+ C+
Dracului Lake vegetation in favorable condition, | rpodeus sericeus A B+ C+
area, consisting of large trees, shrubs, | Gobio obtusirostris A —, B+, C +
N23 N 44.8634320 and _ grassy vegetation. Romanogobio banaticus A —, B +, C +
E 21.813235°, Appr_oprlate degree of water gonéanot?ot;:o Ulganogcipucs i\a B+, C+
185 m altitude shadlng._ Stabl_e, steep, rocky B?Jbﬂi bglrcelnjrficu; A - B + C+
banks without signs of erosion. Cobitis elongata A —, B +, C +
Sabanejewia balcanica A —, B +, C +
Zingel streber A—, B+, C+
Cottus gobio A—, B+, C +
Substrate predominantly boulders, | Squalius cephalus A —, B +, C +
gravel, and coarse sand. Riparian Alburnoides bipunctatus A —, B +, C +
vegetation in favorable condition, gpmdromm nasus A—, B+ C+
- odeus sericeus A —, B +, C +
Poiana consisting of large trees, shrL_Jbs, Gobio obtusirostris A —, B +, C +
Alunilor, and  herbaceous  vegetation. | Romanogobio banaticus A -, B +, C +
N24 N 44.873248° Appr_oprlate degree of _\Nater Romanogobio uranoscopus A—, B+, C+
E 21.80600°, shading. Stable banks, without | Barbusbarbus A— B+ C+

Barbus balcanicus A—, B +, C +
Cobitis elongata A —, B +, C +
Cobitis elongatoides A —, B —, C +
Sabanejewia balcanica A —, B+, C +
Zingel streber A—, B+, C +

Cottus gobio A—, B+, C +
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Table 1 (continued): (A) fish species reported by Antipa (1909) in the study area at the
end of the 19th century (+); (B) fish species reported by Banarescu (1964, 1969) in the study
area in the first half of the 20th century (+); (C) fish species sampled and identified by the

authors in the period 2022-2025 (+). No historical data/no fish sampled (-).

Samplmg Location Sampling stations habitat Fish species
stations characteristics
Substrate predominantly boulders, | Squalius cephalus A —, B +, C +
gravel, coarse sand, and isolated Alburnoides bipunctatus A —, B +, C +
Two km areas  with silt. Riparian Chondrostoma nasus A —, B +, C +
downstream of .. .. Rhodeus sericeus A—, B +, C +
Poaiana vegetation in favorable condition, | Gopig obtusirostris A —, B -+, C +
N25 Alunilor consisting of large trees, ShrL-JbS, Romanogobio banaticus A —, B +, C +
N 44 888 8‘50 and herbaceous vegetation. | Barbusbarbus A B+, C+
: . | Appropriate degree of water | Barbusbalcanicus A, B+ C+
E 21.80057°, | shading. Stable banks, no signs of | Cobitis elongata A — B+, C +
175 m altitude erosion Sabanejewia balcanica A — B +, C +
) Zingel streber A—, B+, C +
Cottus gobio A—, B+, C +
Substrate  mainly of boulders, | Alburnoides bipunctatus A —, B +,C +
La Carlige, gravel, and sand, and isolated silty gg%‘gg&z nasus A+ *,CB:’ c+
N 44°5300 | &reas. Riparian vegetation in good Barbus balcanicus A ., B +, C +
N26 E 21°47'35", condition, of large trees, shrubs, | sapanejewia balcanica A —, B + C +
170 m altitude and herbaceous vegeta_tlon. Good | Zingel streber A—, B +, C +
degree of water shading. Stable | Cottus gobio A—, B+, C +
banks, without signs of erosion.
Substrate  predominantly ~ of | Squalius cephalus A— B +,C +
boulders, gravel, coarse sand, and Alburnoides bipunctatus A —, B +, C +
Cantonul lui | isolated portions ~ with silt. gﬁggggngrﬁiﬂfi’i AB’;BCZC *
Damian, Riparian vegetation in favorable | Gopig obtusirostris A —, B +, C +
N27 N 44.89965° | condition, consisting of large | Romanogobio banaticus A —, B +, C +
E 21.77771° | trees, shrubs, and herbaceous | Barbusbarbus A—, B+, C+
168 m altitude | vegetation. Appropriate degree of | Barbus balcanicus A—, B+, C +
water shading. Stable banks, | Cobitiselongata A — B+ C+
without signs of erosion.
Boulders, gravel, coarse sand, and | Squalius cephalus A—, B +, C +
poira ura | STl mugy areas Rigarian | Sl bt 2
Lindinii, Vege?atlon in good state, residing Cobitis elongata A —, B +, Cc+
N28 N 44899g70 | Of Pig trees, shrubs, herbaceous | sapanejewia balcanica A —, B +, C +
E 21 76552° vegej[atlon. Good degree _of Zingel streber A —, B +, C +
165 m altitu d’e sh_adlng_. The left bgnk steep with | Cottus gobio A —, B+, C +
slight signs of erosion, right bank
flat. Floods debris on banks.
Substrate  predominantly ~ of | Squalius cephalus A— B +,C +
Bei bridge — | boulders, gravel, coarse sand, éLbUTSO'de b'punCtat:S AB—’+ B c+3r C+
Nera River | portions of fine sand, and silt. Rhggeggssgr?liﬂsi‘i A
with Bei River | Riparian vegetation in favorable | Gopio obtusirostris A —, B+, C +
N29 confluence, | condition, consisting of large | Romanogobio banaticus A —, B +, C +
N 44.90284° | trees, shrubs, and herbaceous | Barbus balcanicus A—, B+, C +
E 21.74546°, | Vegetation. Appropriate degree of | Cobitis elongata A —, B+, C +
161 m altitude | water shading. Steep, rocky Sgbane;ewna balcanicaA—,B—,C +
banks, without signs of erosion, | 2INgel streber A= B + C +
! Cottus gobio A—, B+, C +
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Table 1 (continued): (A) fish species reported by Antipa (1909) in the study area at the
end of the 19th century (+); (B) fish species reported by Banarescu (1964, 1969) in the study
area in the first half of the 20th century (+); (C) fish species sampled and identified by the
authors in the period 2022-2025 (+). No historical data/no fish sampled (-).

150 m altitude

anthropogenic  impact:  road
crossing the minor riverbed of
Nera River.

Sampling Loca_t lon, Sampling stations habitat . .
stations coordlr_lates characteristics Fish species
and altitude
Substrate  predominantly  of | Squalius cephalus A — B +,C +
gravel, coarse sand, boulders, é'hb(;’r:g‘;’;df;n:’;pnugs‘ﬁsﬁs ApBner
. - - - S - ,
pqrtlo.ns with f"?e S.and’ and silt. Rhodeus sericeus A —, B +, C +
Upstream R'pa_”a_n vegetation in good state, Romanogobio banaticus A —, B +, C +
Sasca Romani consisting of large trees, shrL_Jbs, Barbus barbus A -, B +, C +
_ Nera River and herbaceous vegetation. | Barbus balcanicus A —, B +, C +
out of Nera Appropriate degree of  water Sal;batlfla Pa[)bé;tulé A-,B+C +C
N30 Goraes shading. Submerged vegetation | Sabancjewia balcanica é“; B+ C+
ges, present. Stable banks, without | COMUS9oPI0A =B,
N 44.90055° ;
erosion.  Sources of human
E 21.72236°, | . )
153 m altitude |mpac_t. _ househol_d _ waste
deposited in the major riverbed,
waste also present on the banks
plus roads crossing the minor
riverbed.
Substrate  predominantly  of | Salmotrutta A—, B+ C+
Sasca gravel, coarse sand, boulders, iTES:LUOSi ggfg?;ﬂi éaza?[:' CB'*+ o
Iocla\lfi(t);ltlilléarla - g%r;t;(osnscg\l;ergge vsmd’ b?gger;g. chondrostoma nasus A - B . €
' * | Rhodeus sericeus A —, B +, C +
Cheile Presence of submerged | Gobio obtusirostris A —, B+, C +
N31 Beusnitei vegetation. Riparian vegetation in | Romanogobio uranoscopu A-, B+, C+
National Park | favorable condition, consisting of | Romanogobio banaticus A —, B +, C +
Headquarter, | large trees, shrubs and herbaceous Ea[)t_’tl?s bf"ca”;C“ZA BE “LCE +
N 44.88572° | vegetation. Appropriate degree of sgbéézjix?fﬁﬁca&&a A B s
E 21.70699°, | water shading. Confluence with | zingel streber A —, B+, C+
148 m altitude | the Susara Stream. Stable banks, | Cottus gobio A—, B+, C +
no signs of erosion.
Substrate predominantly formed | Squalius cephalus A — B +,C +
of gravel, coarse sand, and Alburnoides_bipunctatus A- B+ C+
Two km boulders. The riparian vegetation Eh(’deus sericeus A — B +, C +
. . L. omanogobio uranoscopus A—, B+, C+
downstream | is in favorable  condition, Romanogobio banaticus A —, B +, C +
Sasca consisting of large trees, shrubs, | Barbus balcanicus A —, B +, C +
N32 Montana and  herbaceous  vegetation. | Cobitis elongata A - B +, C +
locality, Appropriate  degree of water | Cottus gobio A— B+, C+
N 44.90039° | shading. Stable banks, without
E 21.68874° | signs of soil erosion. Sources of
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Table 1 (continued): (A) fish species reported by Antipa (1909) in the study area at the
end of the 19th century (+); (B) fish species reported by Banarescu (1964, 1969) in the study
area in the first half of the 20th century (+); (C) fish species sampled and identified by the

authors in the period 2022-2025 (+). No historical data/no fish sampled (-).

Sampling Loca_tlon, Sampling stations habitat . .
' coordinates - Fish species
stations and altitude characteristics
Substrate  mainly of gravel, | Squalius cephalus A — B +,C +
boulders, coarse sand, and jzzumus_da'bzfnus f;‘\; 1?4 *+ %i o
H H urnoides dipunctaius A —, )
Upstream |soblated areas d Of. h silt Hard Chondrostoma nasus A—, B +, C +
Bogodint substrate covered with vegetation. | ppodeus sericeus 4 -, B +, C +
locality ’ Submerged vegetation. Riparian | Gobio obtusirostris A - B+ C+
N33 N 44 907é 40 vegetation in good condition, of | Romanogobio banaticus 4 -, B +, C +
E 21 674300 | 1arge trees, shrubs and herbaceous Barbus barbus 4 —, B + C +
20 | vegetation. Appropriate degree of | Barbusbalcanicus 4 - B+, C +
145 m altitude : Neogobius melanostomus 4 —, B—, C +
water  shading. Submerged | X
. ottus gobio A—, B+, C +
vegetation present. Stable banks,
with slight signs of erosion.
Meadow landscape. Steep left | Squalius cephalus A— B +,C +
bank, smooth  right  bank. élhburgoidtes bipunctat:s ABf,+B(;r,+C +
- onarostoma nasus A —, N
Downstream Substrate  mainly  of _gravel, Rhodeus sericeus A . B +, C +
Bogodint boulders, coarse sand, and isolated | Gqpig obtusirostris A —, B + C +
locality ’ silty areas. Riparian vegetation in | Romanogobio banaticus A —, B +, C +
N34 N44°53.8 4,860‘ good state, of large trees, shrubs | Barbus barbus A—, B +, C +
' and  herbaceous  vegetation. | Barbus balcanicus A— B + C+
E21°39.04680" g i
131 m altitude | R@PIdS with strong current. Stable Cottus gobio A — B+, C+
banks, with erosion. Sources of
impact: road through the minor
riverbed, and wastes on banks.
Slightly steep banks with compact | Alburnoides bipunctatus A —, B +, C +
good riparian vegetation. Rhodeus sericeus A -B C+
Forrested left bank, meadow Romanogobio panatlcus A- B+ C+
Between ded by f he righ Barbus balcanicus A—, B +, C +
Bogodint and surrounded by forest on the right | copitis elongata A —, B —, C +
Petrilova bank. Predominant substrate of | sapanejewia balcanica A —, B +, C +
N35 localities gravel, boulders, coarse sand, and | Neogabius melanostomus A —, B —, C +
. silty isolated areas. Presence of | Neogobius fluviatilis A— B —, C +
N44.88525333 i Cottus gobio A—, B+, C +
E21 63783833 rapids. Strong current, deep water, 2B
130 .m altitude fishing was done in challenging
environmental conditions.
Anthropogenic impact: household
waste brought by floods.
Steep left forested bank. Straight | Squalius cephalus A— B+, C +
Between bank smooth-meadow surrounded élhb”’;mdes blp”""’“f;” AB—f gf +
Bogodintand | by forest. Predominant substrate Rhggesgssfri”gss"j’i B
Naidas of gravel_, san_d, and mud. Gravel Romanogobio banaticus A — B +, C +
N36 localities, coated with bioderma. Submerged | Barbus balcanicus A, B +, C +
N 44°53.3944> | vegetation  present.  Riparian | Zingel streber A— B +, C +
E 21°37.4752°, | vegetation in good condition, | Neogobius melanostomus 4 - B~ C +
128 m altitude | consisting of large trees. Smooth | Neogobius fluviatilis A -, B -, C +
altitude Cobitis el A—B- C+
water flow. oottis elongata 4 = 1> =
Cobitis elongatoides A —, B—, C +
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Table 1 (continued): (A) fish species reported by Antipa (1909) in the study area at the
end of the 19th century (+); (B) fish species reported by Banarescu (1964, 1969) in the study
area in the first half of the 20th century (+); (C) fish species sampled and identified by the
authors in the period 2022-2025 (+). No historical data/no fish sampled (-).

construction materials deposited
on the banks.

Sampling Loca_tlon, Sampling stations habitat . .
' coordinates - Fish species
stations - characteristics
and altitude
Steep banks with signs of erosion. | Squalius cephalus A —, B +, C +
Predominant substrate of gravel, SL%&?[?S“;‘;;EL%‘;”SMUBS /i EE +C+
Upstream \S/\?ir:g ! ang iog]el:’?‘r.laGravglub?\Z?g;gg Romanogobio banaticus A —, B +, C +
Naidas ] : - Barbus barbus A —, B +, C +
locality, vegetation present. The density of | Barbus balcanicus A -, B +, C +
N37 N 44°52 934> | TiParian vegetation decreases, due Ea{)p?tm? barl:at[lila /?3 - BC—+,C +
: obitis elongata A —, B —,
E 21°36.34097, to sheep and cattle grazing. Cobitis elongatoides A-,B-,C+
123 m altitude Sabanejewia balcanica A —, B —, C +
Zingel streber A—,B +, C +
Neogobius melanostomus A —, B —, C +
Cottus gobio A—, B+, C +
Smooth river banks, moderately | Squalius cephalus A— B +,C +
represented riparian vegetation. | Alburnoides bipunctatus A — B +, C +
Bridgein | Predominant substrate of gravel, gﬁggg;gsstggzS:‘i’iAB*;BCZC *
Naidag bQUIde_rS’ sand, and fine sand, Gobio obtusirostris A,f, B,+, C+
N38 locality, with isolated sectors of mud. | Romanogobio banaticus A —, B +, C +
N 44°53.0731° | Submerged vegetation present. | Barbus barbus A—, B+, C+
E 21°35.2273°, | Anthropogenic impact: cutting of | Barbus balcanicus A—, B +, C +
120 m altitude | riparian vegetation and also Bar‘?"’}tu'? barbatula A —, B -, C +
pollution with solid waste from ggl?;ﬂzjeex?fﬁggﬁ N EE €+c .
Naidas. Neogobius melanostomus A —, B —, C +
Smooth river banks, left bank — | Squalius cephalus A— B +,C +
Upseam | Mo MO brk = mesdow | SRS G2
locality, . IS | Romanogobio uransocopus A—, B—, C+
N39 N 44.8768133 mud, isolated areas with bo_ulde_rs. Barbus barbus A —, B+, C +
E 21.56 43683 Strong _current. Moderate riparian | Cobitis elongata A —, B -, C +
108 m altitudé yegetatlon. Anthropogenic | Cobitis glongatmdes A-,B-,C+
impact: household waste brought mggggg:az ;?L?\I/?:t?lsitsoius g*’ 2 A c+
by floods. oo
Left bank — slightly steep, right | Alburnoides bipunctatus A —, B+, C +
bank — smooth, meadow and Gobio obtus_irostris A - B+ C+
The bridge of | pasture. Predominant substrate of ggmgog;tc’g’nE’c"’hnsalgc_‘“g‘;’f:’ C+
Lescoyiga grav_el, coarse sand, and isolated | garbatula barbatula A’—, BL, C+
N40 locality, portions  with  mud. Stro_ng Cobitis elongata A —, B -, C +
N 44°52.1892” | current.  Fragmented  riparian | Cobitis elongatoides A —, B —, C +
E 21°32.3322°, | vegetation. Anthropogenic impact | Sabanejewia balcanica A—, B —, C+
106 maltitude | —  household ~ waste  and | Zingelstreber A— B+ C+

Neogobius melanostomus A —, B —, C +
Neogobius fluviatilis A —, B —, C +
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Table 1 (continued): (A) fish species reported by Antipa (1909) in the study area at the
end of the 19th century (+); (B) fish species reported by Banarescu (1964, 1969) in the study
area in the first half of the 20th century (+); (C) fish species sampled and identified by the

authors in the period 2022-2025 (+). No historical data/no fish sampled (-).

Sampling Loca_tlon, Sampling stations habitat . .
' coordinates - Fish species
stations . characteristics
and altitude
Slightly steep right bank with | Squalis cephalus A —, B+ C+
Between the | signs of erosion, smooth left bank | A/burnoides bipunctatus 4 — B +, C +
localities characterized by  meadow 22%?;"?;2;55;‘;;; ) B ;’ fg )
Lescovitaand | landscape. Predominantly | garpys halcanicus 4 -, B +, C +
N41 Zlatita, substrate of gravel, boulders with | cobitis elongata 4 —, B, C +
N 44°52.5772° | submerged vegetation. Portions of | Cobitis elongatoides 4 —, B -, C +
E 21°31.4735°, | sand and mud. Strong current. | Sabanejewia balcanica A— B, C+
105 maltitude | Moderate ~ state  of  riparian | Neogobius melanostomus A - B — C +
vegetation. Neogobius fluviatilis 4 —, B—, C +
Smooth banks, the landscape is | Squalis cephalus A— B+, C +
characteristic for the meadows Q:E“m“,sda'bgfnus A, BA+, C+
Upstream | area. Substrate predominantly of Chg’;gr‘_’(;sf;ma"pn“;ﬁ:tzi s f’ oSt
Zlatita gravel, boulders, with portions of | pyodeys sericeus A —, B +, C +
N42 locality, sand and silt. Strong current. | Gobio obtusirostris A —, B+, C +
N 44.89987° Riparian vegetation in good | Barbus balcanicus A —, B +, C +
E 21.76553°, | condition. Barbatula barbatula A—, B —, C +
; Cobitis elongata A—,B—, C +
99 m altitude Cobitis elongatoides A —,B—, C +
Neogobius melanostomus A —, B —, C +
Neogobius fluviatilis A —, B —, C +
Eroded and steep banks. Strong S?Ealis Cgphilus A-,B+C+
inari Alburnoides bipunctatus A —, B +, C +
Downs’;ream curretmé._ _A]E)undalgtl rlgirlan Chondrostoma nasus A —, B +, C +
Zlatita vegetation in favorable condition. | o 0 (i AT B C+
N43 locality, Pastures present on the Serbian | gomanogobio uranoscopus A-, B—, C+
N 449520285 | bank of the Nera River. | Barbusbarbus A—, B+ C+
E 21°27.8096°, | Anthropogenic impact: household | Barbus balcanicus A—, B +, C +
88 m altitude | waste accumulated following | Cobitis elongata A —, B —, C +
floods. Sabanejewia balcanica A —, B —, C +
Neogobius fluviatilis A —, B —, C +
Céampia Steep left bank, heavily eroded. | Alburnoides bipunctatus A —, B +, C +
locality, Smooth  right bank. Strong | Rhodeus sericeus A— B +, C +
N44 | N 44°52.0795° | current, deep water. Abundant Eg:?:sﬂﬁi:;?ﬁi'scf A 5 B éf *
E 21°24.7250°, | riparian vegetation in favorable 7
84 m altitude | condition. Shrubs.
Slightly steep banks, with signs of | Eudontomyzon danfordi A —, B —, C +
erosion. Strong current, deep Egﬁ?:;j:gzg:ﬂz :—’ g + g:
water. . .Abundam “p.a_“a” Alburnus alburnus A—, B+, C +
_ vegetation in favorable condition. | ajpyrnoides bipunctatus A —, B +, C +
Socol locality, | Shrubs. Chondrostoma nasus A —, B +, C +
N45 N 44°51.8404° Rhodeus sericeus A —, B+, C +
E 21°22.0435°, Romanogobio uranoscopus A—, B—, C+
65 m altitude Barbus barbus A —, B +, C +
Barbus balcanicus A —, B +, C +
Carassius gibelio A—,B—, C +
Cobitis elongata A —, B —, C +
Perca fluviatilis A—, B—, C +
Neogobius melanostomus A —, B —, C +
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Table 1 (continued): (A) fish species reported by Antipa (1909) in the study area at the
end of the 19th century (+); (B) fish species reported by Banarescu (1964, 1969) in the study
area in the first half of the 20th century (+); (C) fish species sampled and identified by the
authors in the period 2022-2025 (+). No historical data/no fish sampled (-).

Sampling
stations

Location,
coordinates
and altitude

Sampling stations habitat
characteristics

Fish species

N46

Downstream
Socol locality,
at the
confluence
with Danube
River, in the
Nera Delta
area

A delta like hidrogeomorphology
characteristics sector, and rich
riverine vegetation.

Eudontomyzon danfordi A —, B —, C +
Esox lucius A —, B+, C +

Rutilus rutilus A—, B +, C +

Squalis cephalus A —, B +, C +
Leuciscus idus A —, B +, C +
TincatincaA—,B—, C+

Scardinius erythrophthalmus A—,B—,C+
Leuciscus aspius A—, B —, C +
Alburnus alburnus A — B +, C +
Alburnoides bipunctatus A —, B +, C +
Blicca bjoerkna A —,B —, C +

Abramis brama A—, B -, C +

Ballerus sapa A —, B —, C +

Ballerus ballerus A —, B —, C +
Vimbavimba A -, B—, C+

Pelecus cultratus A—, B —, C +
Chondrostoma nasus A —, B +, C +
Rhodeus sericeus A —, B +, C +

Gobio obtusirostris A—, B +, C +
Romanogobio albipinnatus A—, B+, C+
Pseudorashora parva A—, B —, C +
Barbus barbus A —, B +, C +

Barbus balcanicus A —, B +, C +
Cyprinus carpio A—, B+, C +
Carassius gibelio A—,B—, C +
Hypophthalmichthys molitrix A—,B—,C+
Hypophthalmichthys nobilis A—B—,C+
Ctenopharyngodon idella A —, B —, C +
Misgurnus fossilis A —, B —, C +
Cobitis taenia A —,B—, C +

Cobitis elongata A—,B—, C +
Sabanejewia bulgarica A—, B —, C +
Silurus ganis A—, B+, C +

Ameiurus nebulosus A —, B —, C +
LotalotaA—, B+, C+

Syngnathus abaster A —, B —, C +
Lepomis gibosus A—,B—, C +

Perca fluviatilis A—, B—, C +
Gymnocephalus cernua A—, B —, C +
Gymnocephalus schraetser A—, B—, C+
Gymnocephalus baloni A—, B —, C +
Sander lucioperca A—,B—, C+
Sander volgensis A —, B —, C +
Neogobius melanostomus A —, B —, C +
Neogobius fluviatilis A —, B —, C +
Ponticola kessleri A —, B —, C +

Babka gymnotrachelus A —, B —, C +
Benthophilus stellatus A —, B —, C +
Percottus glenii A —,B—, C +
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DISCUSSION

Natural, semi-natural and anthropogenical induced aquatic ecosystems structure,
processes, and last but not least their fish fauna features vary significantly from the spatio-
temporal points of views in the Carpathians’ Basin hydrographical net (Haubrock et al., 2025;
Rusu et al., 2025; Burlacu et al., 2024; Czeglédi et al., 2024; Hammerling et al. 2024; Mruk et
al., 2024; Stavrescu-Bedivan, 2024; Uiuiu et al., 2024; Afanasyev et al., 2023, 2013; Mari¢ et
al., 2022; Costea et al, 2021; Banaduc et al., 2021, 2020, 2017, 2013, 2012, 2010, Cismas et
al., 2018; Voicu et al., 2018; Florea, 2017; Telcean et al., 2017: Craciun et al., 2015; Didenko
et al., 2014; Popa et al., 2019, 2015, 2013; Popescu et al., 2015; Moldoveanu et al., 2013;
Davideanu et al., 2010; Momeu et al., 2009; Staicu et al., 1998; Simalcsik and Bates, 1973) the
different environmental features determine the establishing, perpetuation, changes or
sometimes disapearence of fish zonation grounded on the indicator species (Banarescu, 1964).

The Carpathian Mountains’ lotic systems springing in alpine areas, like Nera River,
have five such particular fish zones, namely: brown trout zone, grayling and Mediterranean
barbell zone, nase zone, barbel zone, and carp zone (Banarescu, 1964). Some deviances from
these natural fish zones were found in this research and were pointed out in this paper.

Natural and semi-natural environmental conditions vary greatly along the Nera River,
these together with the diversity and intensity of human activities have induced changes in the
different ichthyological zones (Banarescu, 1964) and sectors (N1-46) of the river.

In total 59 fish species were identified, 10 of them have the same known (past-present)
number of stations (=) and range as they had in the past, 49 have an increased number of
known (past-present) stations (+) and range, and no species have a decreased humber of known
(past-present) stations (—) range: Eudontomyzon danfordi Regan, 1911 (+ 8); Salmo trutta fario
Linnaeus, 1758 (= 8); Esox lucius Linnaeus, 1758 (= 1); Rutilus rutilus (Linnaeus, 1758) (= 1);
Squalius cephalus (Linnaeus, 1758) (= 25, + 4); Leuciscus idus (Linnaeus, 1758) (= 1);
Phoxinus phoxinus (Linnaeus, 1758) (= 1); Tinca tinca (Linnaeus, 1758) (+ 1); Scardinius
erythrophthalmus (Linnaeus, 1758) (+ 1); Leuciscus aspius (Linnaeus, 1758) (+ 3); Alburnus
alburnus (Linnaeus, 1758) (= 4, + 3); Alburnoides bipunctatus (Bloch, 1782) (= 35, + 8);
Blicca bjoerkna (Linnaeus, 1758) (+ 1); Abramis brama (Linnaeus, 1758) (+ 1); Ballerus sapa
(Pallas, 1814) (+ 1); Ballerus ballerus (Linnaeus, 1758) (+ 1); Vimba vimba (Linnaeus, 1758)
(+ 1); Pelecus cultratus (Linnaeus, 1758) (+ 1); Chondrostoma nassus (Linnaeus, 1758) (= 20,
+ 3); Rhodeus sericeus (Bloch, 1782) (= 32, + 1); Gobio obtusirostris Valenciennes, 1842
(= 20, + 1); Romanogobio uranoscopus (Agassiz, 1828) (= 3, + 2); Romanogobio albipinnatus
(Lukasch, 1933) (= 1); Romanogobio banaticus (Banarescu, 1960) (= 24, + 1); Pseudorasbora
parva (Temminck and Schlegel, 1846) (+ 1); Barbus barbus (Linnaeus, 1758) (= 14); Barbus
balcanicus Kotlik, Tsigenopoulos, Rab and Berrebi, 2002 (= 32, +7); Cyprinus carpio
Linnaeus, 1758 (= 1); Carassius gibelio (Bloch, 1782) (+ 2); Hypophthalmichthys molitrix
(Valencienes, 1844) (+ 1); Hypophthalmichthys nobilis (Richardson, 1845) (+ 1);
Ctenopharyngodon idella (Valencienes, 1844) (+ 1); Barbatula barbatula (Linnaeus, 1758)
(= 2, + 7); Misgurnus fossilis (Linnaeus, 1758) (+ 1); Cobitis taenia Linnaeus, 1758 (+ 1);
Cobitis elongata Heckel and Kner, 1858 (= 16, + 11); Cobitis elongatoides Bacescu and
Mayer, 1969 (+ 8); Sabanejewia romanica (Bacescu, 1943) (+ 1); Sabanejewia balcanica
(Karaman, 1922) (= 9, + 12); Sabanejewia bulgarica (Drensky, 1928) (+ 1); Silurus glanis
Linnaeus, 1758 (= 1); Ameiurus nebulosus (Lesueur, 1819) (+ 1); Lota lota (Linnaeus, 1758)
(= 1, + 2); Syngnathus abaster Risso, 1827 (+ 1); Lepomis gibbosus (Linnaeus, 1758) (+ 1);
Perca fluviatilis (Linnaeus, 1758) (+ 3); Gymnocephalus cernua (Linnaeus, 1758) (+ 1);
Gymnocephalus schraetser (Linnaeus, 1758) (+ 1); Gymnocephalus baloni Holcik and Hensel,
1974 (+ 1); Sander lucioperca (Linnaeus, 1758) (+ 1); Sander volgensis (Gmelin, 1789) (+ 1);
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Zingel streber (Siebold, 1863) (+ 13); Neogobius melanostomus (Pallas, 1814) (+ 11);
Neogobius fluviatilis (Pallas, 1814) (+ 8); Ponticola kessleri (Glnther, 1861) (+ 1); Babka
gymnotrachelus (Kesslr, 1857) (+ 1); Benthophilus stellatus (Sauvage, 1874) (+ 1); Percottus
glenii Dybowski, 1877 (+ 1); and Cottus gobio Linnaeus, 1758 (= 26).

This ichthiofauna structure revealed situation, including significant changes regarding
new species presence or ranges modifications can be explain simply by the appearance of new
species in the studied area and by the extension of the range of the majority of the species (38
of 59) counted here, and/or finnaly by the diferent quality of results of old studies approached
here and this new study. In any circumstances, the quality of the results is expected to increase
due to modern fishing methods and more focused present fishing efforts. Important to be
highlighted here is the fact that no single species disappeared in this river from the middle of
the 20th century till today, relatively close to the middle of the 21st century. The reader of this
paper has to assess the obtained results in terms of species in the context of different synonyms
used in the past and in the present, and even in some new species proposal names.

The Nera River mountainous upper trout zone (N1-N3 sampling stations sector; 638-
496 m. altitude) was the least affected by human impact, and no changes in the fish
communities’ structure in comparison with the old data appeared, namely only the flagship
fish species Salmo trutta fario is present here. The lower trout zone (N4-6; 453-367 m. alt.)
had and still has a naturally increased number of characteristic species trout zone, like Salmo
trutta fario and Cottus gobio with a new appearance from downstream sectors namely
Alburnoides bipunctatus. The lower sampling stations, bring a mixture of species near the well
known in the past characteristic Salmo trutta fario, the new ones appeared lately like
Alburnoides bipunctatus, Barbus balcanicus, and Barbatula barbatula, still characteristic for
the lower trout zone; the totally unexpected Lota lota presence characteristic only for three
downstream ichthyological zones (Mediterranean barbell zone), reveal the fact that some
important expansion pressure from the downstream fish communities appear, and the local
conditions allow this uncharacteristic species to appear and remain (N9).

The submountainous grayling-mediterranean barbel zone (N7-11; 328-262 m. alt.),
include in spite of the natural missing of its flagship species, appearance in the proximity of
the first rural localities with a change in the human activities, a context which bring a mixture
of species near the well known in the past characteristic Salmo trutta fario, Cottus gobio, the
new ones appeared lately like Eudontomyzon danfordi, Alburnoides bipunctatus, Phoxinus
phoxinus, Barbus balcanicus, Barbatula barbatula, Gobio obtusirostris, and Squalius cephalus
still characteristic for the lower trout zone; again the unexpected Lota lota presence
characteristic only for three downstream ichthyological zones (barbell zone), reveal the fact
that some important expansion pressure from the downstream fish communities appear, and
the local conditions allow this uncharacteristic species to appear and remain. Other
downstream common nase zone characteristic species start to appear namely: Romanogobio
banaticus, Cobitis elongate, and Sabanejewia balcanica.

The flat land common nase zone (N12-22; 244-186 m. alt.) with its fish flag species
Chondrostoma nasus appear in the proximity of the first and single large locality proximity
area, Bozovici large commune, with the appearance of water pollution, and a mixture of
characteristic for this fish zone species Squalius cephalus, Alburnoides bipunctatus, Gobio
obtusirostris, Gobio uranoscopus, Barbatula barbatula, Cobitis elongata, Sabanejewia
romanica, Sabanejewia balcanica, Zingel streber, with upstream species Cottus gobio, Barbus
balcanicus, Eudontomyzon danfordi, and downstream species Leuciscus aspius, Alburnus
alburnus, Rhodeus sericeus, and Romanogobio banaticus.
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The barbell zone (N23-44; 185-84 m. alt.) with its fish flag species Barbus barbus
appear in Nera River Gorges till upstream the proximity with the confluence with the Danube,
together with a mixture of characteristic for this fish zone species Squalius cephalus, Alburnus
alburnus, Alburnoides bipunctatus, Romanogobio banaticus, Gobio obtusirostris, Zingel
streber, Cobitis elongatoides, with upstream species Salmo trutta, Cottus gobio,
Eudontomyzon danfordi, Barbus balcanicus, Sabanejevia balcanica, Cobitis elongate, Gobio
uranoscopus, Chondrostoma nasus, Barbatula barbatula, Neogobius fluviatilis, and
downstream species: Rhodeus sericeus, Neogobius melanostomus, and Perca fluviatilis.

The carp zone, (N45-46; 65-60 m. alt.) with its fish flag species Cyprinus carpio
appear in the proximity of the Nera and Danube rivers proximity, together with a mixture of
characteristic for this fish zone species Perca fluviatilis, Cobitis elongata, Squalius cephalus,
Alburnus alburnus, Rhodeus sericeus, Leuciscus aspius, Neogobius melanostomus, Carassius
gibelio, Cobitis taenia, Neogobius fluviatilis, Esox lucius, Rutilus rutilus, Leuciscus idus, Tinca
tinca, Scardinius erythrophthalmus, Blicca bjoerkna, Abramis brama, Ballerus sapa, Ballerus
ballerus, Vimba vimba, Pelecus cultratus, Hypophthalmichthys molitrix, Hypophthalmichthys
nobilis, Ctenopharyngodon idella, Romanogobio albipinnatus, Pseudorasbora parva,
Misgurnus fossilis, Sabanejewia bulgarica, Silurus ganis, Ameiurus nebulosus, Syngnathus
abaster, Lepomis gibosus, Gymnocephalus cernua, Gymnocephalus schraetser,
Gymnocephalus baloni, Sander lucioperca, Sander volgensis, Benthophilus stellatus,
Ponticola kessleri, Babka gymnotrachelus, Percottus glenii, with upstream species
Alburnoides bipunctatus, Lota lota, Gobio obtusirostris, Eudontomyzon danfordi, Barbus
balcanicus, Barbus barbus, Gobio uranoscopus, and Chondrostoma nasus.

We highlight below the new found fish for the Nera River, few species of conservative
interest, many of direct/indirect economic interest, and some invasive species, in general the
most of them appeared in the Nera River delta, at the contact with the Danube River.

Eudontomyzon danfordi (Petromyzonti, Petromyzontiformes, Petromizontidae,
Lampetrinae) it is a freshwater demersal, potamodromous fish and of Least Concern in IUCN
Red List; Tinca tinca (Teleostei, Cypriniformes, Tincidae) it is a freshwater, brackish,
demersal, potamodromous fish and of Least Concern in IUCN Red List; Scardinius
erythrophthalmus (Teleostei, Cypriniformes, Leuciscidae, Leuciscinae) is a freshwater,
brackish, benthopelagic fish and of Least Concern in IUCN Red List; Leuciscus aspius
(Teleostei, Cypriniformes, Leuciscidae, Leuciscinae) is a freshwater, brackish, benthopelagic,
potamodromous fish and of Least Concern in IUCN Red List; Blicca bjoerkna (Teleostei,
Cypriniformes, Leuciscidae, Leuciscinae) is a freshwater, brackish, demersal, potamodromous
fish and of Least Concern in IUCN Red List; Abramis brama (Teleostei, Cypriniformes,
Leuciscidae, Leuciscinae) is a freshwater, brackish, benthopelagic, potamodromous fish and of
Least Concern in IUCN Red List; Ballerus sapa (Teleostei, Cypriniformes, Leuciscidae,
Leuciscinae) is a freshwater, brackish, benthopelagic fish and of Least Concern in [IUCN Red
List; Ballerus ballerus (Teleostei, Cypriniformes, Leuciscidae, Leuciscinae) is a freshwater,
brackish, benthopelagic, potamodromous fish and of Least Concern in IUCN Red List; Vimba
vimba (Teleostei, Cypriniformes, Leuciscidae, Leuciscinae) is a freshwater, brackish,
benthopelagic, anadromous fish and of Least Concern in IUCN Red List; Pelecus cultratus
(Teleostei, Cypriniformes, Leuciscidae, Leuciscinae) is a freshwater, brackish, pelagic,
anadromous fish and of Least Concern in IUCN Red List; Pseudorasbora parva (Teleostei,
Cypriniformes, Gobionidae) is a freshwater, brackish, benthopelagic fish and of Least Concern
in JIUCN Red List; Carassius gibelio (Teleostei, Cypriniformes, Cyprinidae, Cyprininae) is a
freshwater, brackish, benthopelagic, potamodromous fish and of Least Concern in IUCN Red
List; Hypophthalmichthys molitrix (Teleostei, Cypriniformes, Xenocyprididae) is a freshwater,
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brackish, benthopelagic, potamodromous fish and a Near Threatened species in IJUCN Red
List; Hypophthalmichthys nobilis (Teleostei, Cypriniformes, Xenocyprididae) is a freshwater,
brackish, benthopelagic, potamodromous fish and a data deficient species in IUCN Red List;
Ctenopharyngodon idella (Teleostei, Cypriniformes, Xenocyprididae) is a freshwater,
brackish, benthopelagic, potamodromous fish and of Least Concern species in IUCN Red List;
Misgurnus fossilis (Teleostei, Cypriniformes, Cobitidae) is a freshwater, brackish, demersal,
potamodromous fish and of Least Concern species in IUCN Red List; Cobitis taenia
(Teleostei, Cypriniformes, Cobitidae) is a freshwater, benthopelagic, potamodromous fish and
of Least Concern species in IUCN Red List; Cobitis elongatoides (Teleostei, Cypriniformes,
Cobitidae) is a freshwater, benthopelagic fish, and of Least Concern species in IUCN Red List;
Sabanejewia romanica (Teleostei, Cypriniformes, Cobitidae) is a freshwater, demersal fish and
a Vulnerable species in IUCN Red List; Sabanejewia bulgarica (Teleostei, Cypriniformes,
Cobitidae) is a freshwater, demersal fish and of Least Concern species in IJUCN Red List;
Ameiurus nebulosus (Teleostei, Siluriformes, Ictaluridae) is a freshwater, demersal fish and of
Least Concern species in IUCN Red; Syngnathus abaster (Teleostei, Syngnathiformes,
Syngnathidae, Syngnathinae) is a marine, freshwater, brackish, demersal fish and of Least
Concern species in IUCN Red List; Lepomis gibbosus (Teleostei, Centrarchiformes,
Centrarchidae) is a freshwater, brackish, benthopelagic potamodromous fish) and of Least
Concern species in IUCN Red List; Perca fluviatilis (Teleostei, Perciformes/Percoidei,
Percidae, Percinae) is a freshwater, demersal, anadromous fish and of Least Concern species in
IUCN Red List; Gymnocephalus cernua (Teleostei, Perciformes/Percoidei, Percidae, Percinae)
is a freshwater, brackish, benthopelagic, potamodromous fish and of Least Concern species in
IUCN Red List; Gymnocephalus schraetser (Teleostei, Perciformes/Percoidei, Percidae,
Percinae) is a freshwater, demersal fish and of Least Concern species in IJUCN Red List;
Gymnocephalus baloni (Teleostei, Perciformes/Percoidei, Percidae, Percinae) is a freshwater,
benthopelagic fish and of Least Concern species in IUCN Red List; Sander lucioperca
(Teleostei, Perciformes/Percoidei, Percidae, Luciopercinae) is a freshwater, brackish, pelagic,
potamodromous fish and of Least Concern species in IUCN Red List; Sander volgensis
(Teleostei, Perciformes/Percoidei, Percidae, Luciopercinae) is a freshwater, brackish, demersal
fish and of Least Concern species in IUCN Red List; Zingel streber (Teleostei,
Perciformes/Percoidei, Percidae, Luciopercinae) is a freshwater, demersal fish and of Least
Concern species in IUCN Red List; Neogobius melanostomus (Teleostei, Gobiiformes,
Gobiidae, Gobiinae) is a marine, brackish, demersal, amphidromous fish and of Least Concern
species in IUCN Red List; Neogobius fluviatilis (Teleostei, Gobiiformes, Gobiidae, Gobiinae)
is a freshwater, brackish, benthopelagic fish and of Least Concern species in IUCN Red List;
Ponticola kessleri (Teleostei, Gobiiformes, Gobiidae, Gobiinae) is a freshwater, brackish,
benthopelagic fish and of Least Concern species in IUCN Red List; Babka gymnotrachelus
(Teleostei, Gobiiformes, Gobiidae, Gobiinae) is a freshwater, brackish, benthopelagic fish
and of Least Concern species in IUCN Red List; Benthophilus stellatus (Teleostei,
Gobiiformes, Gobiidae, Gobiinae) is a freshwater, brackish, demersal fish and of Least
Concern species in IUCN Red List; Percottus glenii (Teleostei, Gobiiformes, Odontobutidae)
is a freshwater, brackish, demersal fish and of Least Concern species in IUCN Red List.
(IUCN, 2025; Riede, 2004; Gerstmeier and Romig, 1998; Baensch and Riehl, 1997; Scott and
Crossman, 1973).
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CONCLUSIONS

Antipa (1909) provided a general overview of the ichthyofauna of Romania since the
beginning of the 19th century but did not specifically cover the Nera River. Detailed
documentation for the Nera began in the mid-20th century with Banarescu (1964). This current
research almost doubled the number of fish species recorded as present in Nera River.

The Nera River ichthyofauna present state is induced by the adaptation and evolution
of fish fauna to the local high variable relief of this river watershed. Over the last half-century,
this river has been moderately influenced by the varying degrees of human activities.
Nevertheless, several sectors remain in a good ecological status and can be considered
sanctuaries for valuable fish species of both ecological and economic importance. Also here
the climate change impact can be added as a significant driving force. Given the area’s
relatively low impact from human activities and the conservative efforts made there by the
local protected areas managers create conditions for the this river to beecome a relatively
resilient cornerstone hydro-bio-ecological system capable of successfully facing the negative
consequences of human impacts. It should be noted that the climate change process could also
be responsible for the identified fish fauna changes, an issue that must remain a subject of
permanent future concern. The highest number of newly identified fish species was recorded in
the Nera River delta. This finding highlights the impact of the nearby Danube River as a
potential pool for fish species expanding their ranges upstream into the Nera Basin.
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ABSTRACT

This study assessed fish farmers’ access to information and perceptions on climate
change in Kumbotso Local Government Area, Nigeria, using purposive sampling and
descriptive statistics. Most respondents were young men (84%) under 35, with tertiary studies
(40%). While 62.5% were aware of climate change, only 41.7% had strong knowledge of
adaptation strategies, and 29.1% were aware of policies. Key challenges included temperature
changes (62.5%) and water scarcity (66.7%). Adaptation measures like species diversification
(77.1%) and climate-resilient feeds (62.5%) were common, though sustainable practices were
underutilized (18.8%). Improved accessibility to information and resources are needed.

RESUME: Informations sur I’impact du changement climatique: accessibilité et
perception des pisciculteurs dans la zone de gouvernement local de Kumbotso, Etat de Kano
(Nigeria).

Cette étude a évalué 1’accés des pisciculteurs a ’information et leurs perceptions du
changement climatique dans la zone de gouvernement local de Kumbotso, au Nigéria, a 1’aide
d’un échantillonnage raisonné et de statistiques descriptives. La plupart des personnes
interrogées étaient des jeunes hommes (84%) de moins de 35 ans, diplomés de I’enseignement
supérieur (40%). Alors que 62,5% étaient conscients des impacts du changement climatique,
seuls 41,7% avaient une solide connaissance des stratégies d’adaptation et 29,1% connaissaient
les politiques. Les principaux défis comprenaient les changements de température (62,5%) et la
pénurie d’eau (66,7%). Les mesures d’adaptation telles que la diversification des espéces
(77,1%) et les aliments résistants au climat (62,5%) étaient courantes, bien que les pratiques
durables soient sous-utilisées (18,8%). Une meilleure accessibilité a 1’information et aux
ressources est nécessaire.

REZUMAT: Informatii despre impactul schimbarilor climatice: accesibilitatea si
perceptia piscicultorului in zona guvernamentala locala Kumbotso din statul Kano (Nigeria).

Acest studiu a evaluat accesul crescatorilor de peste la informatii si perceptiile asupra
schimbarilor climatice in zona administratiei locale Kumbotso, Nigeria, utilizdnd esantionare
intentionatd si statistici descriptive. Majoritatea respondentilor au fost barbati tineri (84%) sub
35 de ani, cu studii tertiare (40%). In timp ce 62,5% erau constienti de impactul schimbarilor
climatice, doar 41,7% aveau cunostinte solide despre strategiile de adaptare, iar 29,1% erau
constienti de politici. Principalele provocéri au inclus schimbarile de temperaturd (62,5%) si
deficitul de apd (66,7%). Masurile de adaptare precum diversificarea speciilor (77,1%) si
furajele rezistente la clima (62,5%) au fost comune, desi practicile durabile au fost subutilizate
(18,8%). Este necesara o accesibilitate imbunatatita la informatii si resurse.
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INTRODUCTION

Climate change has emerged as one of the most significant global challenges of the
21st century, with far-reaching consequences for natural ecosystems, agriculture, and
livelihoods (Dube et al., 2016) including aquatic organisms (Olopade et al., 2015). According
to the Intergovernmental Panel on Climate Change (IPCC), it refers to a change in the state of
the climate that can be identified through statistical analysis of changes in its mean and/or
variability (Canadell et al., 2023). These changes persist over extended periods, typically
decades or longer, and encompass both climate variability and long-term shifts, with their
impacts often exacerbated by the interplay of multiple stressors and limited adaptive capacity,
particularly in developing regions.

Anthropogenic activities, including greenhouse gas emissions, are likely to amplify the
frequency and magnitude of such events in the future (Banaduc et al., 2022). Ogunrinde et al.
(2023) note that rising emissions and global mean surface temperatures may heighten the
probability of abrupt climatic shifts. In the Sahel region, such shifts could result in prolonged
periods of severe aridity with dramatic consequences (Ogunrinde et al., 2023). Although
Africa contributes minimally to global greenhouse gas emissions, the continent suffers
disproportionately from the impacts of global warming and climate change (Adedini et al.,
2023).

Africa, as highlighted in the Special Report on Emission Scenarios (SRES), is among
the most vulnerable regions globally, with Nigeria exemplifying these vulnerabilities. The
country’s adaptive responses will play a crucial role in mitigating the adverse effects of climate
change on its socio-economic and environmental systems. Nigeria, identified by the IPCC as a
climate change “hotspot”, faces significant weather shifts in the 21st century, evidenced by
long-term trends in temperature and rainfall, including a mean air temperature increase of
1.1°C over 105 years (Akuraga and Uganden, 2024). The reality of climate change in Nigeria
is evident in increased disease incidence, declining agricultural productivity, and more
frequent heatwaves, all of which are profoundly altering lives and livelihoods across the
country (Gana et al., 2024).

The fisheries and aquaculture sector in Nigeria is highly vulnerable to the impact of
climate change, which threaten aquatic ecosystems, fish production, and the livelihoods of
millions who depend on these resources. However, a critical challenge lies in the accessibility
and dissemination of accurate, timely, and actionable information on climate change and its
effects on this sector. According to Muthoka et al. (2024), many stakeholders in Sub-Saharan
Africa, including fishers, aquaculture farmers, and policymakers, often lack sufficient
awareness or access to climate-related information, limiting their ability to adapt and mitigate
the associated risks. The absence of localized data, inadequate communication channels, and
low levels of literacy further exacerbate the situation, leaving communities ill-prepared to
respond effectively to changing environmental conditions. This information gap not only
undermines adaptive capacity but also hinders sustainable planning and decision-making in the
sector, thereby endangering the food security, livelihoods, and Nigeria’s economic resilience in
the face of climate change.

Fish farmers in Kumbotso face growing challenges due to climate-induced stressors,
including erratic weather patterns, reduced water availability, and changes in aquatic
environments. Despite the importance of climate change adaptation, there is limited evidence
on the accessibility of climate change information and how fish farmers perceive its relevance
to their operations. According to Antwi-Agyei and Stringer (2021), inadequate access to this
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information can hinder the adoption of adaptive strategies, exposing farmers to greater risks
and reducing the sector’s overall productivity. Furthermore, the lack of structured data on the
specific climate information needs of fish farmers in this region highlights a critical gap in
addressing their vulnerabilities. This study seeks to investigate the accessibility of climate
change information, perception of its impact on fish farming, and the barriers to its effective
utilization in Kumbotso Local Government Area. It is necessary to bridge the gap between the
dissemination of climate change information and its practical application by fish farmers in
Kumbotso. By evaluating the accessibility of and perceptions regarding climate information,
the findings will provide valuable insights for policymakers, extension agents, and other
stakeholders in tailoring climate services to meet the specific needs of fish farmers. Enhancing
access to relevant information will empower fish farmers to make informed decisions, adopt
sustainable practices, and mitigate the adverse effects of climate change on their livelihoods.
This study will contribute to the broader goal of strengthening climate resilience in Nigeria’s
aquaculture sector and ensuring food security confronted with the global climate challenges.

MATERIAL AND METHODS

Study area

Kumbotso is a local government area in Kano State, Nigeria, situated between
latitudes 11°55°17” and 12°0’N and longitudes 8°25°0°’E and 8°35°30°” (Sani et al., 2018). It
shares boundaries with six other local government areas: Kano-Municipal, Gwale, and Tarauni
to the north, Madobi to the west, Dawakin Kudu to the south, and Gezawa to the east (Fig. 1).
The region has a semi-arid climate, with an average daily temperature of 30°C. During cooler
months, such as December and February, temperatures drop to around 20°C. Rainfall is
seasonal, with a rainy period from May to October and a dry season from November to April.
Annual rainfall averages 884 mm, increasing southward, with areas like Riruwai and Doguwa
receiving up to 1,200 mm (Liman et al., 2014). The area experiences four distinct seasons: dry
and cool, dry and hot, wet and warm, as well as dry and warm.

1°55°0"N

Legend

|
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Figure 1: Map of the study area showing Kumbotso Local Government Area Kano State.
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Kano State, located on the northern high plains at elevations between 450 m and 650
m, features soils derived from two main geological formations; the basement complex and the
Chad formation, with the well-structured and deep soils of the basement complex supporting
the cultivation of staple crops (Essiet, 2014; Olofin, 2014). The residents are predominantly
Hausa and sedentary Fulani pastoralists, adhering to socio-cultural practices governed by
Islamic law. According to Sani (2018), the 2006 National Population Census, Kumbotso had a
population of 294,391). Settlements in the area are characterized by homogeneous populations
and households constructed primarily with locally made mud bricks.

Sampling and instruments

A sample size of 50 fish farmers was established using Taro Yamane’s formula.
Structured questionnaire, as instrument was used to elicit data on the understanding of fish
farmers’ perception of climate change issues in the study area. Four point Likert scale was
employed in order to understand respondents’ opinion about to the extent of impact without
being neutral on a specific item. The gquestionnaire was structured on four response scale ratio
of Less Extent (LE), Moderate Extent (ME), Great Extent (GE), Very Great Extent (VGE), and
the scales attract the following points: LE-1 point, ME-2 points, GE-3 points, while VGE-4
points. Also data was collected on personal data obtained from the sample of the respondent.

Data analysis
With the aid of statistical package for social science (SPSS) version 20.0, descriptive
statistics was employed for the analysis of generated data.

RESULTS AND DISCUSSION

Table 1 presents the socioeconomic characteristics of fish farmers in Kumbotso. The
age group 26-30 years is the most represented (46%), followed by 21-25 years (22%).
Individuals below 35 years dominate (92%), suggesting the sample predominantly consists of a
youthful population. The dataset is mainly male (84%), and 16% females. This dominance of
younger individuals and the gender disparity aligns with findings by Anyanwu et al. (2022),
who reported similar younger age and male dominance in artisanal fishing due to physical
labour and cultural factors. However, regions emphasizing aquaculture or processing often
report a higher female representation (St. Louis and Oliveira, 2022). Most respondents are
married (62%), followed by single participants to the interview (24%). This suggests that
fishing may provide economic stability to support family life. Tertiary education (40%)
slightly surpasses secondary (38%), with Qur’anic schooling (16%) and primary education
(6%) also represented. Consistent with Anyanwu et al. (2022), where married individuals were
dominant in fishing communities, reflecting the industry’s role as a primary livelihood source,
but contrast in educational levels as secondary education was dominant. The increase in
tertiary-educated fishers may signal improved access to education or diversification of fishing
techniques requiring advanced skills. Most households consist of 6-10 members (58%),
followed by 1-5 members (32%). Similar trends were observed by Omitoyin and Aderanti
(2020) in Northern Nigerian fishing communities, highlighting large household sizes to
optimize labour availability and share resources. Smaller household sizes (32%) could indicate
urbanization influences or adoption of modern fishing practices. Respondents with 6-10 years
of experience (50%) dominate, followed by 11-15 years (24%) and 1-5 years (22%). Only 4%
have over 16 years of experience. This aligns with Anyanwu et al. (2022), where mid-level
experience (6-10 years) was most common. However, the low representation of highly
experienced fishers (16+ years) suggest career transitions to other occupations or retirement.
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Table 1: The socioeconomic characteristics of fish farmers in Kumbotso.

Age (year) Frequency Percentage (%) Cumulative percent (%)
16-20 2 4 4
21-25 11 22 26
26-30 23 46 72
31-35 10 20 92

36-above 4 8 100
Gender
Male 42 84 84
Female 8 16 100
Marital Status
Single 12 24 24
Married 31 62 86
Divorced 5 10 96
Widow 2 4 100
Educational level
Primary 3 6 6
Secondary 19 38 44
Tertiary 20 40 84
Qur’an school 8 16 100
Household size

1-5 16 32 32
6-10 29 58 90
11-15 4 8 98

16-above 1 2 100
Fishing experience (Year)

1-5 11 22 22
6-10 25 50 72
11-15 12 24 96

16-above 2 4 100

Table 2 illustrates the levels of climate change awareness among fish farmers in
Kumbotso, categorized under ten variables. Approximately 62.5% of the fish farmers
demonstrated a high level of awareness regarding the potential impacts of climate change on
fish farming. Furthermore, 75% actively monitor climate-related information, while 60.4%
seek additional resources, reflecting an eagerness to stay informed. A significant proportion,
79.2%, expressed strong concern, acknowledging climate change as a threat to fish farming.
However, only 41.7% were highly knowledgeable about effective adaptation strategies, with
45.8% displaying moderate knowledge, highlighting gaps in practical mitigation
understanding. Awareness of government policies related to climate change and fish farming
was notably low, with only 29.1% being highly informed, underscoring the need for enhanced
policy communication. Despite these gaps, 62.5% of farmers have integrated climate change
considerations into their practices, albeit at a moderate level. Additionally, 50% expressed a
strong willingness to adopt climate-resilient practices, signaling a proactive approach toward
sustainability. These findings align with studies by Fahad et al. (2020), which revealed high
levels of awareness among fish farmers about climate change impacts. However, Talanow et
al. (2021) emphasized that while farmers often acknowledge climate threats, their practical
adaptation knowledge is limited, consistent with the findings in Kumbotso.
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Table 2: Fish farmers’ level of climate change awareness in Kumbotso; Less Extent
LE), Moderate Extent (ME), Great Extent (GE), Very Great Extent (VGE).

S/No. | Variables VGE GE ME LE
1 I am aware of the potential impacts of climate | 30 16 1 1
' change on fish farming. 62.5% | 33.3% | 2.1% 2.1%
I understand the key factors contributing to | 18 28 2 0

2. climate change affecting fish farming (e.g. | 37.5% | 58.3% | 4.2% 0%
temperature fluctuations).

3 | am aware of adaptation strategies to mitigate | 20 22 2 4
' the effects of climate change on fish farm. 41.7% | 45.8% | 4.2% 8.3%
4 I regularly monitor climate-related information | 36 12 0 0
' that may affect fish farming. 75% 25% 0% 0%
| integrate climate change considerations into | 30 14 2 2

5. my fish farming practices (e.g. adjusting | 62.5% | 29.1% | 4.2% 4.2%
stocking densities).
I am aware of government initiatives and | 14 12 14 8

6. policies related to climate change that impact | 29.1% | 25% 29.1% | 16.6%
fish farming in my area.

I actively seek out information and resources | 29 18 1 0%
7. on climate change and its potential effects on | 60.4% | 37.5% | 2.1%
fish farming.
8 I believe that education on climate change is | 19 24 2 3
' crucial for sustainable fish farming. 39.5% | 50% 42% | 6.3%
9 | believe that climate change poses a threat to | 38 8 0 2
' the success of fish farming. 79.2% | 16.6% | 0% 4.2%
10 I am willing to adopt new climate-resilient | 24 20 1 3
' practices in my fish farming operation. 50% 41.6% | 2.1% 6.3%

Table 3 presents the various sources of climate change information available to fish
farmers in Kumbotso, emphasizing their perceived reliability and trustworthiness. Notably,
64.6% of farmers identified organizations like WWF and Greenpeace as the most reliable
sources of climate change information. Additionally, 54.2% of respondents viewed scientific
journals as dependable for understanding climate science, while 56.3% trusted academic
institutions for accurate information. Online news platforms, including websites and apps,
were considered up-to-date and trustworthy by 41.7% of farmers, and 43.8% believed
educational programs effectively enhanced their understanding of climate change. Similarly,
41.7% of respondents valued climate information centers for providing accurate data.
Traditional media outlets, such as TV, newspapers, and radio, garnered trust from 37.5% of
farmers, though 12.5% expressed skepticism. Social media platforms were perceived as
effective by only 20.8% of farmers, with 18.8% expressing doubts about their reliability.
Government reports were trusted by 27.1%, with 33.3% remaining uncertain about their
accuracy. Furthermore, opinions on conferences were divided; 37.5% of respondents found
them valuable, while others expressed reservations. These results align with findings from
Yusufu et al. (2024), which revealed that farmers in similar regions prioritized non-
governmental and scientific sources for reliable climate information. Similarly, Amoak et al.
(2023) reported a strong reliance on academic institutions among rural farmers for credible
climate-related knowledge.
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Table 3: Sources of information on climate change for fish farmers in Kumbotso; Less
Extent (LE), Moderate Extent (ME), Great Extent (GE), Very Great Extent (VGE).

S/No. | Variables VGE GE ME LE

1 Traditional media outlets provide accurate and | 18 19 6 5

' reliable information on climate change. 37.5% | 39.6% | 12.5% | 10.4%
2 Online news platforms provide up-to-date and | 20 16 10 2

' trustworthy information on climate change. 41.7% | 33.3% | 20.8% | 4.2%
3 Information from scientific journals is a reliable | 26 18 2 2

' source for understanding the climate change. 54.2% | 37.5% | 4.2% 4.2%
4 Information from government reports is trustworthy | 13 15 16 4

' when it comes to climate change. 27.1% | 31.3% | 33.3% | 8.3%
5 Environmental organizations (e.0. WWEF, | 31 12 0 5

' Greenpeace) provide accurate information. 64.6% | 25% 0% 10.4%
6 Information from research institutions is a reliable | 27 20 0 1

' source for learning about climate change. 56.3% | 41.7% | 0% 2.1%
7 Information from climate change conferences is | 18 18 6 6

' valuable for global perspectives on climate. 37.5% | 37.5% | 12.5% | 12.5%
8 Social media platforms are effective sources for | 10 12 17 9

' staying informed about climate change. 20.8% | 25% 35.4% | 18.8%
9 Climate information centers provide valuable and | 20 21 0 0

' accurate data on climate change. 41.7% | 43.8% | 0% 0%
10 Educational programs are effective in enhancing | 21 23 1 3

' understanding of climate change. 43.8% | 47.9% | 2.1% 6.3%

Table 4 explores fish farmers’ perceptions of climate change impacts on fish farming
in Kumbotso. A majority (62.5%) identified temperature changes as significantly affecting
fish production, while 66.7% highlighted water scarcity as a critical issue exacerbated
by climate change. Additionally, 52.1% noticed that water quality deterioration due to
climate change negatively impacts fish health and growth. Changes in fish migration patterns
were noted by 60.4%, and 39.6% reported altered fish behavior. While 22.9% perceived
extreme weather events like floods and storms as detrimental to fish farming, 25%
acknowledged their influence to some extent. Half of the farmers (50%) linked increased
disease outbreaks directly to climate change, and 37.5% reported its effect on the availability
and quality of fish feed. Furthermore, 33.3% considered climate change-related regulations a
challenge to their farming activities, but only 29.2% have adopted climate-resilient practices to
mitigate these impacts. These findings resonate with similar studies, Cascarano et al. (2021)
highlighted the link between extreme weather events and heightened disease outbreaks in fish
farming, while Yadav et al. (2024) emphasized the importance of adopting climate-resilient
practices, they observed that implementation remains slow, hindered by restricted access
to resources.
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Table 4: Fish farmers’ perception of climate change impact in Kumbotso; Less Extent
(LE), Moderate Extent (ME), Great Extent (GE), Very Great Extent (VGE).

S/No. | Variables VGE GE ME LE

1 Changes in temperature have a significant | 30 18 0 0

' impact on fish production in my area. 62.5% 37.5% | 0% 0%
2 Extreme weather events influenced by climate | 11 12 13 11

' change affect fish farming. 229% | 25% | 27.1% 22.9%
3 Climate change contributes to variations in | 25 17 3 3

' water quality, impacting fish health. 52.1% 35.4% | 6.3% 6.3%
4 Climate change has led to observable changes | 19 19 5 5

' in the behavior of fish species. 39.6% 39.6% | 10.4% 10.4%
5 Climate change has caused noticeable shifts in | 29 15 0 4

' the migration patterns of fish. 60.4% 31.3% | 0% 8.3%
6 Climate change contributes to an increased risk | 24 50% | 22 1 1

' of disease outbreaks in fish farming. 45.8% | 2.1% 2.1%
7 Climate change impacts the availability and | 18 23 4 3

' quality of fish feed for my operations. 37.5% 47.9% | 8.3% 6.3%
8 Climate change has led to water scarcity issues, | 32 16 8 9

' affecting fish production. 66.7% 33.3% | 16.7% 18.8%
9 Climate change-related regulations pose | 16 15 8 9

' challenges to fish farming activities. 33.3% 31.3% | 16.7% 18.8%
10 I have adopted climate-resilient practices to | 14 22 7 5

' mitigate the impacts of climate change. 29.2% 45.8% | 14.6% 10.4%

Table 5 outlines the coping strategies employed by fish farmers in Kumbotso
to address the impacts of climate change on their farming activities. Regular monitoring
of environmental conditions, such as temperature and water quality, is practiced by 79.2%
of farmers to adapt to shifting climate patterns. Species diversification, ensuring resilience
in farming operations, is adopted by 77.1% of farmers. Water management practices,
including efficient irrigation, are utilized by 54.2% of farmers to address changing conditions,
while 62.5% rely on climate-resilient feeds that are less vulnerable to climate-related
effects. Technological advancements, such as automated monitoring systems, have been
integrated into operations by 43.8% of fish farmers. Collaborative efforts among farmers to
collectively tackle climate challenges are practiced by 56.3%, while 52.1% participate in
training sessions to enhance their adaptive capacity. Early warning systems to anticipate
and respond to climate-related threats are in place for 54.2% of farmers. However, only 18.8%
have embraced sustainable farming practices, which are vital for minimizing the overall
environmental impact of climate change. Oyebola et al. (2021) identified species
diversification as a prevalent strategy among fish farmers in regions with unpredictable climate
conditions. Yadav et al. (2024) highlighted water management practices, including efficient
irrigation, and emphasized the importance of climate-resilient feeds as key measures to counter
climate impacts and mitigate temperature changes and other climate-induced stresses on
aquaculture.
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Table 5: Fish farmers’ coping strategies of alleviating climate change impact in
Kumbotso; Less Extent (LE), Moderate Extent (ME), Great Extent (GE), Very Great Extent

(VGE).
S/No. | Variables VGE GE ME LE
1 I have actively chosen and adopted fish species that | 13 25 4 6
' are more resilient to the effects of climate change. 27.1% | 52.1% | 8.3% 12.5%
2 I employ water management practices to cope with | 20 26 1 1
' changing climate conditions in my fish farming. 41.7% | 54.2% | 2.1% 2.1%
3 Diversifying fish species in my farming operation isa | 37 11 0 0
' strategy | use to reduce climate change impact. 77.1% | 22.9% | 0% 0%
4 I use climate-resilient feeds that are less susceptible to | 30 16 2 0
' the effects of climate change on fish farming. 62.5% | 33.3% | 4.2% | 0%
5 Incorporating technological advancements is a | 16 21 9 2
' strategy | employ to cope with climate change. 33.3% | 43.8% | 18.8% | 4.2%
6 I regularly monitor environmental conditions to adapt | 38 10 0 0
' my fish farming practices to changing climate. 79.2% | 20.8% | 0% 0%
7 I have established and use early warning systems to | 14 26 5 3
' anticipate and respond to climate-related challenges. 29.2% | 54.2% | 10.4% | 6.3%
Participating in capacity-building programs and | 25 23 0 0
8. training sessions has enhanced my ability to cope with | 52.1% | 47.9%
climate change impacts on fish farming.
9 Collaborating with other fish farmers is an effective | 27 21 0 0
' strategy | use to address climate change impacts. 56.3% | 43.8%
I have adopted sustainable farming practices that | 7 9 28 4
10. contribute to reducing the overall environmental | 14.6% | 18.8% | 58.3% | 8.3%
impact of climate change on fish production.

Table 6 presents the relationship between fish farmers’ perceptions of climate change
impacts and few independent variables. All respondents agree that the impact of climate
change on fish farming varies by geographical location, underscoring the importance of local
environmental factors such as proximity to water sources, elevation, and exposure to extreme
weather. This perception came from experience, with 56.3% of farmers reporting a moderate
perception, experience aids in recognizing climate change effects. Access to information plays
a key role, as 62.5% of farmers with better access has more accurate perceptions, highlighting
the importance of effective knowledge dissemination. 68.8% of educated farmers perceive the
climate change effects as significant, proving the critical role of education in raising awareness
and understanding climate issues. The adoption of technological tools also impacts perception,
with 37.5% of farmers reporting very good perceptions and 39.6% reporting good perceptions,
telling that technology enhances farmers to detect and adapt to climate. Farmers engaged in
sustainable practices (60.4%) are more likely to perceive climate change as a significant issue,
indicating that these practices heighten sensitivity to environmental changes. Government
support positively influences perceptions, with 41.7% reporting good perceptions and 37.5%
reporting very good perceptions, highlighting the role of initiatives in enhancing climate
awareness. Financial access is another key factor, as 66.7% of farmers with limited resources
have moderate or low perceptions, indicating that financial constraints hinder adaptation and
understanding. Networking with peers fosters a shared understanding, with 60.4% reporting
good perceptions. Access to support services also improves perception, with 58.3% of farmers
reporting very good perceptions. These findings are consistent with prior studies like that of
Oyebola et al. (2021) who demonstrated that geographic location significantly influences
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farmers® perceptions due to varying environmental conditions. Lawson et al. (2020)
highlighted that experienced farmers possess a more nuanced understanding of climate change
and established that access to reliable information enhances both awareness and adaptive
capacity. The correlation between education and perception has been widely noted, with
Okeke-Ogbuafor et al. (2022) confirming that educated fish farmers are better equipped to
comprehend the complexities of climate change. The findings in Kumbotso, particularly the
influence of education and access to resources on perception, align closely with these studies.

Table 6: Relationship between perception of climate change impact and other
independent variables in Kumbotso; Less Extent (LE), Moderate Extent (ME), Great Extent (GE),

Very Great Extent (VGE).
S/No. | Variables VGE GE ME LE

1 The perceived climate change impact on fish farming | 48 0 0 0

' depend on geographical location of farm. 100%
2 The level of experience in fish farming influences the | 4 6 27 11

) farmer’s perception. 8.3% 12.5% | 56.3% | 22.9%
3 Farmers with better access to information on climate | 30 18 0 0

' change have more accurate perceptions. 62.5% | 37.5% | 0% 0%
4 The level of education among fish farmers is a factor | 33 14 1 0

' that influences their perception. 68.8% | 29.2% | 2.1% 0%
5 Farmers who actively adopt technological tools may | 18 19 11 0

' have different perception of climate change. 37.5% | 39.6% | 22.9% | 0%
6 Farmers engaged in sustainable practices perceive | 29 15 3 1

' climate change as a significant factor. 60.4% | 31.3% | 6.3% 2.1%
7 Fish farmers’ perception vary based on the level of | 20 18 5 5

' government support and initiatives to farmers. 41.7% | 37.5% | 10.4% | 10.4%
8 Farmers with better access to finance may have a | 16 32 0 0

' different perception of climate change. 33.3% | 66.7% | 0% 0%
9 Farmers who actively network with other farmers are | 19 29 0 0

' more likely to have a shared perception. 39.6% | 60.4% | 0% 0%
10 Farmers who have access to support services may | 28 20 0 0

' perceive climate change differently. 58.3% | 41.7% | 0% 0%

CONCLUSIONS

The study highlighted the significant role of demographic factors, access to
information, and experience in shaping fish farmers’ perceptions and responses to climate
change in Kumbotso Local Government Area, Kano State, Nigeria. Despite high awareness of
climate change impacts, with 62.5% of farmers acknowledging its potential effects on fish
farming, knowledge of effective adaptation strategies remained limited. While many farmers
were open to adopting climate-resilient practices, sustainable farming practices were still
underutilized. The findings emphasized the importance of education, information access, and
technological integration in improving farmers’ adaptive capacity. Notably, educated farmers
and those using sustainable methods were more likely to recognize climate change as a critical
issue. Access to support services, government policies, and networking also influenced
perceptions, suggesting that enhanced support, targeted training, and effective communication
were crucial in empowering fish farmers to better adapt to climate change challenges. The
study underscored the need for comprehensive policies and initiatives that addressed these
gaps, promoting climate resilience and sustainable practices in fish farming.
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ABSTRACT

The aim of this study is to describe the biodiversity and current status of ichthyofauna
in the Lesser Zab River. Through the examination of more than 1,500 samples collected from
various river stations between May and August 2014 and June and August 2016, 35 fish
species belonging to six families have been identified. The fish identified belong to the orders
Cypriniformes, Siluriformes, and Synbranchiformes, which include Cyprinidae, Balitoridae,
Sisoridae, and Mastasembelidae. Both meristic and morphological analyses were conducted on
the specimens. Some of these species are reported for the first time in this part of the Zab
River. Additionally, the study mentions the effects of anthropogenic and climate changes on
fish biodiversity in this basin.

RESUME: Faune piscicole du la riviére Petit Zab (systéme fluvial du Tigre) avec cing
premiéres observations et note sur le changement climatique et les effets anthropiques sur la
biodiversité piscicole du bassin du Zab (Pyranshaher, Iran).

L’objectif de cette étude est de décrire la biodiversité et 1’état actuel de 1’ichtyofaune
dans la riviére Petit Zab. A travers I’examen de plus de 1.500 échantillons collectés dans
différentes stations fluviales entre mai et aolt 2014 et entre juin et aolt 2016, nous avons
identifié 35 espéces de poissons appartenant a six familles. Les poissons identifiés
appartiennent aux ordres Cypriniformes, Siluriformes et Synbranchiformes, qui comprennent
Cyprinidae, Balitoridae, Sisoridae et Mastacembelidae. Des analyses méristiques et
morphologiques ont été menées sur les spécimens. Certaines de ces espéces sont signalées pour
la premiére fois dans cette partie de la riviere Zab. De plus, I'impact des changements
anthropiques et climatiques sur la biodiversité des poissons dans ce bassin a également été
mentionné.

REZUMAT: Fauna piscicold a raului Zab Mic cu cinci prime inregistrari, si nota
asupra schimbadrilor climatice si efectele antropogenice asupra diversitatii pestilor din bazinul
raului Zab (Pyransaher, Iran).

Obiectivul acestui studiu este de a descrie biodiversitatea si starea actuala a ihtiofaunei
din raul Lesser Zab. Prin examinarea a peste 1.500 de probe colectate din diferite statii ale
raului intre mai si august 2014 si intre iunie si august 2016, am identificat 35 de specii de pesti
apartinand la sase familii. Pestii identificati apartin ordinelor Cypriniformes, Siluriformes si
Synbranchiformes, care includ Cyprinidae, Balitoridae, Sisoridae si Mastasembelidae. Au fost
realizate analize meristice si morfologice asupra specimenelor. Unele dintre aceste specii sunt
raportate pentru prima datd in aceasta parte a raului Zab. In plus, a fost mentionat si impactul
schimbdrilor antropice si climatice asupra biodiversitatii pestilor din acest bazin.
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INTRODUCTION

Understanding the fish community structure in aquatic ecosystems in general and in
rivers’ basin is crucial for effective fisheries management and river basin conservation
(Banaduc and Curtean-Banaduc, 2015; Cicek et al., 2015; Sanguila and Hansel, 2015;
Ruchimat et al., 2012). The Fish Index of Biotic Integrity (IBI) uses fish assemblages to assess
the overall health of a stream ecosystem (Grabarkiewicz and Davis, 2008). Fish are valuable
indicators of long-term environmental disturbances because, they are long-lived, their
assemblages represent several trophic levels, they occupy top positions in aquatic food chains,
and they are relatively easy to collect and identify (Pinna et al., 2023; Whitfield and Elliot,
2005; Froese and Torres, 1999). Beyond being a significant food source, fish serve for
ornamental, hygienic, and industrial purposes and are crucial to the drug industry (Cassol et al.,
2024). Despite their economic importance, freshwater fish are among the most threatened
aquatic vertebrates (Valiallahi, 2015). The situation will worsen as the demand for food
increases and conflicts over freshwater usage escalate, driven by climate change and drought
(\aliallahi and Shakiba, 2015). It was estimated that 20% of the world’s freshwater fish fauna
are either extinct or in danger of extinction (Moyle and Leidy, 1989; Moyle et al., 1988).

The freshwater fish fauna of Iran and Iraq face challenges, mostly due to habitat
changes caused by humans (Zare-Shahraki et al., 2022, 2023; Khoshnood et al., 2014, 2015;
Jawad, 2012). Many species have such restricted distributions that even minor disturbances
can lead to extinction. This study goal is to identify the fish in the Lesser Zab River and
evaluate the current status of both endemic and exotic fish in this ecosystem. (Jawad, 2012)

The fish species of the Lesser Zab River is a significant topic because they have not
been studied extensively, and there are no reliable historical records documenting the
biodiversity of this river basin. Native fish populations are under stress and face numerous
potential threats. The most recent reliable studies on freshwater fish in the area of Iran, Turkey,
and Iraq were conducted by Coad (2017), Cicek et al. (2015), and Jawad (2012), respectively.
The findings of these studies were used as references in this paper.

Literature review on the fish fauna of the Zab River and Tigris Basin

Between December 1986 and April 1987, Rashid, Othman, and Nsayf collected a total
of 88 fish to study the parasitology of fish in the Lesser Zab River at Alton Kupri in Northeast
Irag. The identified species included Barbus grypus, Luciobarbus esocinus, Cyprinion
macrostomus, and Acanthobrama marmid (Rashid et al., 1989). In 2000-2001, Yahyazadeh
Mir Yusof identified 19 fish species in the Aras and Zangbar Rivers as part of his project on
the native fish species in northwestern Azerbaijan (Tab. 1.)

Table 1: The fish from the northern basin in western Azerbaijan (Yahyazadeh Mir
Yusof, 2018).

Carassius carassius (Linnaeus, 1758) Alburnoides sp.

Carassius auratus (Linnaeus, 1758) Rutilus rutilus (Linnaeus, 1758)

Barbus mursa (Guldenstadt, 1773) Capoeta capoeta (Guldenstadt, 1773)

Barbus lacerta Heckel, 1843 Barbus capito (Guldenstédt, 1773)
Ctenopharyngoden idella (Valenciennes, 1844) Oxynoemacheilus bergianus (Derjavin, 1934)
Avristichthys nobilis (Richardson, 1845) Neogobius cephalarges (Pallas, 1814)
Hypophthalmichthys molitrix (Valenciennes, 1844) | Gambusia holbrooki Girard, 1859

Cyprinus carpio Linnaeus, 1758 Stizostedion luciuperca (Linnaeus, 1758)
Aspius aspius (Linnaeus, 1758) Silurus glanis Linnaeus, 1758

Abramis brama (Linnaeus, 1758)
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The Dukan Dam, situated in the upper Tigris River basin, is one of the upper branches
of the Zab River. Data collected from this dam area in 2007-2008 by Ararat et al. (2009)
identified 21 species of fish (Tab. 2).

Table 2: The fishes of the Dukan Dam area (Ararat et al. 2009).

Alburnus caeruleus Heckel, 1843 Carassius auratus (Linnaeus, 1758)

Alburnus mossulensis Heckel, 1843 Cyprinus carpio Linnaeus, 1758

Acanthobrama marmid Heckel, 1843 Hypophthalmichthys molitrix (Valenciennes, 1842)
Luciobarbus subquincunciatus (Ginther, 1868) | Heteropneustes fossilis (Bloch, 1794)
Luciobarbus esocinus Heckel, 1843 Avristichthys nobilis (Richardson, 1845)
Luciobarbus xanthopterus Heckel, 1843 Gambusia holbrooki Girard, 1859

Squalius cephalus (Linnaeus, 1758) Mastacembelus mast. (Banks & Solander, 1794)
Barbus grypus (Heckel, 1843) Mystus pelusius (Solander, 1794)

Barbus lacerta Heckel, 1843 Silurus triostegus Heckel, 1843

Cyprinion macrostomum Heckel, 1843 Squalius lepidus Heckel, 1843

Capoeta damascina (Valenciennes, 1842)

MATERIAL AND METHODS

Study area

The Tigris River, one of the largest in Asia, spans 1,850 km, originating in Turkey and
flowing through Iran and Iraq before joining the Euphrates River to form the Shatt al-Arab,
finally draining into the Persian Gulf. The Lesser Zab River is part of this system. It originates
in Iran, where two small streams merge to form the Chami Kalveh in the Azarbayjan-e-Gharbi
Region, flowing southeast before entering Irag near Mawat and finally joins the Tigris north of
Bayji. The total Lesser Zab basin area is approximately 22,250 km? (Fig. 1). (Jafari, 2022)
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Figure 1: Digital elevation of the lower Zab River and the upper part of the Tigris River.
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Water utilization by the Lesser Zab upstream of Dukan Dam started marking the
hydrological regime of the river after 1991, when medium- to small-sized agricultural projects
were implemented in Iraq and Iran (IUCN Action Plan, 2013).

The upper basin of the Lesser Zab lies within the mountainous region with elevations
ranging from 3,591 m to 659 m. The longest flow path of the Lesser Zab inside Iran is
estimated to be 165 km long. (Jafari, 2022)

The political division of the Lesser Zab River basin includes Pyranshaher and
Sardashet in western Azerbaijan, Iran, and part of Baneh City in Kurdestan Province. The
northern part of the Zab Basin is at Oshnaveh and Naghadeh. The eastern part of the Zab Basin
is at Mahabad, Bokan, and Saghez, and on the west side, it reaches the international boarder of
Irag. The northeastern part of the Zab Basin includes the Berineh River, which includes
Zevika, Gerdeh Sor, Mashkan, and Slevah villages; the Pyranshaher and southern parts include
the Gakeah and Harzaneh districts, respectively; and the main drainage region of the Zab Basin
in the Sardasht District is the Zab River, which has different branch names, such as Glass,
Chamtit, Zeh, Badin Abad, Clevah, and Lavin (Figs. 1 and 2). (Jafari, 2022)

Table 3: Sampling sites at the Lesser Zab River, where fish samples have been caught
for this study.

Station name Latitude Longitude

Sliva 36°47°58.044°N 45°6°1.579’E

Gardeh sor 36°49°55.865’N 45°5°5.468°E

Kani eshkot 36°34°2.555°N 45°13°10.456E
Pyran 36°34°45.453°N 45°10°54.261E
Kasagaran 36°36°52.103°’N 45°13°59.799’E
Soghanlo 36°37°0.760°N 45°12°54.866’E
Gardeh shovan 36°39°52.046°’N 45°13°30.417°E
Zedan 36°40°15.424°N 45°11°37.941°E
Gardeh govan 36°40°37.158°N 45°13°3.211’E
Hables 36°42°11.053°’N 45°11°7.306’E
Razgari 36°44°28.011°N 45°9°44.031’E
Gardeh shnan 36°32°35.848°’N 45°20°31.253E
Shaykhan 36°31°14.633°N 45°19°48.243E
Bavelah olya 36°30°48.593°N 45°18°2.293’E

The fish samples examined in this research were collected from various locations
along the upper branches of the Lesser Zab River, including Peranshaer and parts of Sardashet,
between May and August 2014, as well as June and August 2015. The sampling stations were
selected at 50-meter intervals. The fish were captured using various methods, such as an
electroshocker and different types of nets. Gill nets with mesh sizes ranging from 18-55 mm,
cast nets (12-22 mm), and electrofishing were used to catch the fish. The fishing activities took
place along the main branch of the river, where fishes were collected using a 500 W portable
generator-powered electrofishing device. A metric ruler was used to measure some physical
characteristics of the fish samples.

The collected materials were stored at the Faculty of Science, Srttu, Iran (in the Srttu
Collection).
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Fish species identification was conducted following the methods outlined by Coad
(www.briancoad.com), based on the key characteristics of the species found at the site. The
color features of the fresh specimens were examined, and specific characteristics like fin rays,
lateral line scales, gill rakers, and pharyngeal teeth were analyzed in the laboratory to
determine the genus, species, and subspecies of the sampled biologic material. Measurements
of total length (TL), standard length (SL), fork length (FL), head length (HL), and interorbital
distance (ID) were taken, along with counting the number of fin rays, scales on the lateral line,
and pharyngeal teeth. Relevant literature on the ichthyofauna in the Zab River in Iran and lIraq
was reviewed and assesed.
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Figure 2: Localization of the Zab River
in western Iran.

Fishing efforts were conducted at over 10 stations from 2014 to 2015.

The sampling station names correspond to the local names of the main branches of
the Lesser Zab River, such as Gadah, Dolah-Rash, Soghanlo, the Selevah River, and
Gradshaytan.

In our preliminary study, we identified approximately 35 species of fish in this basin,
primarily belonging to Osteichthyes. These include Cypriniformes, Siluriformes, and
Synbranchiformes, which encompass Cyprinidae, Balitoridae, Sisoridae, and Mastacembelidae
(Tab. 3).
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Figure 3: Digital elevation model of the lesser Zab Basin and the nearest villages
to the sampling stations.

Table 4: Checklist of lesser Zab River fishes; * = endemic; E = exotic species;

A = undescribed or alien species.

Cyprinidae

Ctenopharyngodon idella (E)

Acantobrama marmaid Heckel, 1843

Garra persica Berg, 1913

Alburnus chalcoides (Glildenstaedt, 1772)

Garra sp.

Alburnus filippi Kessler, 1877

Hypophthalmichthys molitrix (E)

Alburnus mossulensis Heckel, 1843

Aristichthys nobilis (E)

Alburnus zagrosensis Coad, 2009 *

Squalius cephalus (Linnaeus, 1758)

Barbus lacerta Heckel, 1843

Squalius lepidus

Barbus plebejus Bonaparte, 1839 Cobitidae
Luciobarbus mursa (Glldenstaedt, 1773) Cobitis linea (Heckel, 1847) *
Luciobarbus scheich (Heckel 1843) Cobitis sp.

Luciobarbus barbulus (Heckel, 1847)

Nemacheilidae

Capoeta damascina (Valenciennes, 1842)

Oxynoemacheilus sp. *

Capoeta capoeta (Guldenstadt, 1773)

Paracobitis sp.

Capoeta trutta (Heckel, 1843)

Sisoridae

Carassius carassius (Linnaeus, 1758)

Glyptothorax kurdistanicus (Berg, 1931)

Carassius auratus (Linnaeus, 1758)

Salmonidae

Chondrostoma regium (Heckel, 1843)

Oncorhynchus mykiss (Walbaum, 1792) (E)

Chondrostoma sp.

Poeciliidae

Cyprinion macrostomum Heckel, 1843

Gambusia holbrooki Girard, 1859 (E)

Cyprinion sp.

Mastacembelidae

Cyprinus carpio Linnaeus, 1758

Mastacembelus mastacembelus
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The identification of fish species is crucial for future studies using modern tools, such
as DNA analysis. Without accurate species identification, further research may be
compromised.

In this study, 35 fish species were identified from the Lesser Zab River basin,
primarily from the orders Cypriniformes, Siluriformes, and Synbranchiformes (Tab. 4). Five
species were reported for the first time in this project: Alburnus zagrosensis, Barbus plebejus,
Luciobarbus mursa, Luciobarbus scheich, and Luciobarbus barbulus.

Five exotic and translocated species, such as Onchorynchus mykiss, were recorded in
the basin. Ctenopharyngodon idella, Hypophthalmichthys molitrix, Hypophthalmichthys
nobilis, and Gambusia holbrooki were also present. Additionally, three endemic fish species
were found in the area: Cobitis linea, Alburnus zagrosensis, and Oxynoemacheilus sp.

All the sampled fish were caught in the Lesser Zab River during 2014-2015, and all
the images (Figs. 4-nn) were taken from fresh specimens by Shkiba M. and Valiallahi J.

Figure 4: Acantobrama marmaid Heckel, 1843.

A fleshy keel between the base of the pelvic fins and the vent, the last unbranched
dorsal fin ray is thickened, spine-like and smooth, and the anal fin is long (9-14 branched

rays).

Figure 5: Alburnus chalcoides (Glldenstaedt, 1772).

The short, naked ventral keel, eight branched dorsal fin rays. Lateral line scales 58-72.
The dorsal and ventral scale margins are parallel or rounded and the anterior margin is wavy or
has a pronounced central protuberance.
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Figure 6: Alburnus filippii Kessler, 1877.

This fish is distinguished from its relative (A. chalcoides, also with a long, naked
ventral keel by having modally seven branched dorsal fin rays and generally lower anal fin ray
counts although these do overlap (10-21, usually 12-16 in Iran for alburnus, 9-13, usually 10-
12, for filippii). Anal fin ray counts 12. Lower lateral line scales 58-68. (Coad, 2017)

Figure 7: Alburnus mossulensis Heckel, 1843.

The short, naked ventral keel, eight branched dorsal fin rays. With dark line at upper
part of dorsal fin.

Figure 8: Alburnus zagrosensis Coad, 2009.

Seven branched dorsal fin rays, seven branched pelvic fin rays, absence of a
prominent mid-flank stripe.
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Figure 9: Condrostoma regium (Heckel, 1843)

Head and nose patern is characteristic for this genus.

Figure 10: Barbus lacerta Heckel, 1843.

Figure 11: Barbus plebejus Bonaparte, 1839.

At the Canadian museum of Nature there are six samples of this species the catalogue
number of these specimens are: 1-CMN129(229), 79 mm TL. 66 mm SL. Kordestan Qezel
Ozon River near Bijar 35°54”N, 47°20”E, MMTT, 1976; 2-CMN 139(239), 83 mm TL. 67
mm SL. Kermanshah, Gamasiab River near Sahneh, 34°24”N 47°40”E, 1976 MMTT, 1976;
3-CMN 126(226), 86 mm TL. 71 mm SL. Kordestan south of Sagqez, Zareneh River, Saqqez
36°12” N, 46°18” E, MMTT, 1976, 4-CMN 93-0125,102 mm TL. 84 mm SL. PT: 3,3,2- 2,3,4.
Kermanshah, 25 km of Kermanshah to Kozaran road, Sarab nelofar 1993; 5-CMN uncat, TN:
67-G-Amleh, 163 mm TL.143 mm SL. Kermanshah, Gamasiab and Qareh so river territory,
near Amleh Village. Valiallahi et al. 1998; 6-CMN 93-0126, 182 mm TL. 160 mm SL. PT:
4,3-4,3,2 Kermanshah, road to Ravansar, Sarab Yavari1993. (Valiallahi, 2006)
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Figure 12: Luciobarbus mursa (Guldenstaedt, 1773).

An s shape body, high scale counts a fleshy three-lobed lower lip. Dorsal fin
unbranched rays three, followed by eight branched rays, anal fin with three unbranched rays
and five branched rays. Pectoral fin branched rays 17 and pelvic fin branched rays seven.
Lateral line scales 82 or more.

Figure 13: Luciobarbus scheich (Heckel 1843).

L. scheich in comparing with L. mystacus has the shorter, more narrow head, the
complete absence of a median lobe in the lower lip, the trunk, which adjoins the occiput with a
gradual moderate rise is higher and in particular, toward the origin of the dorsal fin, where it
tapers in almost edge-like fashion-more compressed than in the case of L. mystaceus also in L.
scheich the scales are more delegates and thinner than scales in L. mstaceus, which have more
coarse and ticker scales (Valiallahi, 2000a, b, 2015).

Figure 14: Lubarbus barbelus Heckel, 1843.

Lociobarbus barbulus at Laser ZAB in Iran, Perdanan Station, Newly caught specimen
by Mohamad Shakiba, 2015, name of this species at Peranshaher, Mahabad, is PollKey Lout
Kover,meaning curved head and snout.
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Figur 15: Capoeta capoeta (Guldenstadt, 1773).

It may have two subspecies, Berg (1948-1949) separate C. c. capoeta from C. capoeta
gracilis, both of which may occur in Iran, by the following key:

1(2). Dorsal fin emarginated above; lateral line scales usually 55-59, dorsal fin spine
strong with numerous denticles, back behind occiput and particularly in front of the dorsal fin
strongly compressed C. c. capoeta.

2(1). Dorsal fin truncated in adults, lateral line scales usually 47-58, dorsal fin weak,
back behind occiput not or only weakly compressed; radii on scales with minute recesses
C. c. gracilis (Coad, 2014).
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Figure 16: Capoeta damascina (Valencinnes, 1842).

The mode of nine dorsal fin rays, small scales, and the presence of large black blotches
often distinguish this species from other Capoeta in Iran (Coad, 2014).

i L lllllllll.
Figure 17: Capoeta trutta (Heckel, 1843).

One pair of barbell and dorsal fin spine strong, long with numerous denticles.
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Figure 18: Ctenopharyngodon idella (Valenciennes, 1844).

The eyes being low on the side of the head, the anal fin is far back on the body close to
the caudal fin, and pharyngeal teeth have large, parallel grooves on the grinding surface (Coad,
2016).

Figure 19: Carassius carassius (Linnaeus, 1758).
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Figure 20: Carassius sp.

A kind of hybrid between Carassius auratus (Linnaeus, 1758) and probably
Carasobarbus luteus (Heckel, 1843).

Figure 21: Cyprinion macrostomum Heckel, 1843.

Dorsal fin with four unbranched and 15 branched rays, anal fin with three unbranched
and seven branched rays. The dorsal fin has the last unbranched developed as a spine with
strong teeth except at the extreme tip which is thin and flexible. Pectoral fin with 17 branched
rays, and pelvic fin with eight branched rays. Lateral line with 42 scales. The belly is scaled.
There is a well-developed pelvic axillary scale.
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Figure 22: Squalius cephalus (Linnaeus, 1758).

The relatively large scales give this fish a distinctive appearance and, combined with
large body size, fin ray counts, rounded belly and the absence of barbels, separates it from
other Iranian cyprinids (Coad, 2017).

The nominal Iranian subspecies, L. c. orientalis, differs from the European subspecies,
L. c. cephalus, by having a more elongate body, a dark stripe behind the operculum and on
average fewer scales and anal fin branched rays (Berg 1948-1949, 1949).

v -

Figure 23: Squalius sp.

Differ from above fish by having different patern of snout in lower profile, the
transverse lobe, shallow transversal groove between transverse lobe and proboscis.

Figure 24: Glyptothorax kurdistanicus (Berg, 1931).


https://en.wikipedia.org/wiki/Lev_Berg

Transylv. Rev. Syst. Ecol. Res. 27.2 (2025), "The Wetlands Diversity" 111

Wdefcis

WWWWWM I
M<ii D Qi ~ ‘ 'Q,\'l-'\w'*

Figure 25: Garra persica Berg, 1913.

Two pairs of barbels are present, the adhesive disc is well developed with a free
posterior margin, the dorsal fin has seven branched rays, and the caudal fin modally 16
branched rays.

Figure 26: Oxyneomachilus frenata (Heckel, 1843).

Straight edges of caudal peduncle, having modally 12 branched caudal fin rays, large
dark spots along the flank, and above them speckles which do not tend to form a stripe.

Figure 27: Oxynoemacheilus persa (Heckel, 1847).
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A short and deep body, and a deep and long caudal peduncle. Scales and other
characters matches with Oxynoemacheilus persa (Heckel, 1847).

Figure 28: Mastacembelus mastacembelus (Banks and Solander, 1794).

Interviews were conducted with local fishermen, about Luciobarbus barbulus and
other large Barbus, to gather information on the fish species in the Lesser Zab. According to
their statements, the stocks of this species and other large Barbus fish decreased drastically
during the last decade.

In this study, the authors could not detect the following species in the Lesser Zab
River: Barbus subquincunciatus, Luciobarbus mystaceus, Luciobarbus xanthopterus,
Luciobarbus esocinus, Carasobarbus luteus, and Mystus pelusius.

The Tigris-Euphrates system is an endemic center for fishes and is one of the main
spawning and nursery grounds of seven large Barbus species in Iran. According to Dagli et al.
(2009), 46 fish species and subspecies have been found in the Tigris-Euphrates basin of
Turkey. These genera belong to 10 families. Many of these species are nhonmigratory, but land-
locked anadromous and catadromous taxa are also present due to the presence of numerous
dams in Syria and Iraq (Dagli et al., 2009). Nearly half of the more than 30 fish species in the
Euphrates River are economically important (Kuru, 2004).

Effects of anthropogenic and climate change on fish fauna of Zab River

The freshwater fish of the Lesser Zab River are part of the ichthyofauna of Iran, Iraq,
and Turkey. Freshwater fishes in these countries are facing the same general types of
ecological problems that exist throughout the world, and these problems are likely to worsen
due to social and local issues. In addition to climate change, global warming, drought, water
shortages, water retention, social problems resulting from war in and around these countries,
such as demand for food and shelter, conflicts over the use of freshwater, etc.

Industrialization, population growth, hydropower use, dam construction, urban,
industrial, and agricultural sewage, pesticide and chemical fertilizer flow into these rivers
without any control, and overfishing have led to serious damage to the fish fauna of these
countries, making the future of native fish more uncertain. The use of water from the Zab
River System for irrigation and the use of dams on this river, which supplies drinking water for
growing populations in this district, will adversely affect the current species of fish, especially
some species in the IUCN Red List category that are at risk of extinction.

Most of the fish fauna of western Iran are migratory species, and the upper Euphrates
and Tigris rivers are nursery grounds for the species migrating to montane streams for
breeding. The construction of dams is considered to be more related to reductions in fish
stocks than to environmental changes. Reservoirs are complex and dynamic ecosystems that
differ from rivers primarily in terms of the presence of thermal stratification and changes in
water quality parameters and sedimentation. However, it is known that fewer species will
occur in reservoirs than in rivers due to the loss of habitat diversity and homogenization. The
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loss of spawning grounds is the main reason for the proportional decrease in lotic species such
as Luciobarbus barbulus, Luciobarbus esosinus, and Arabibarbus grypus, which have high
oxygen requirements and need clean shallow gravel beds. The number of grass-eating lentic
species is expected to decrease due to the loss of aquatic vegetation. Other long-term effects,
such as the splitting of populations with dams and fluctuations in water levels and nutritive
composition, will also negatively affect populations.

Pollution is a problem of concern in the Tigris River, but it may also start to develop in
the Euphrates due to emerging industrialization. Exotic and transplanted fishes endanger local
populations in the region due to competition, predatory habits, transmission of diseases and
parasites, habitat destruction, aggressive behaviors, genetic swamping, and venomous
capabilities. (Coad, 1991)

The introductions may either be accidental or purposeful (for fish farming as a
controlling agent). Cyprinus carpio, Ctenopharyngodon idella, Hypophthalmichthys molitrix,
and Aristichthys nobilis in the warm and moderate parts and Oncorhynchus mykiss in the
mountainous and cold parts of Iran are the most common transplanted fish species in dam
systems in Iran. They are known to compete with native Barbus species, which are highly
tolerant to environmental changes, fluctuations in salinity, decreased levels of oxygen due to
increased BOD, and increased temperature. The escape fries of various alien exotic species
have also been recorded in the Iraqi sector of the Euphrates (Coad, 1996). Gambusia holbrooki
(introduced for controlling mosquitos) is now established and widespread in neighboring
countries. (Coad, 1996, 1991)

Competition with present and future introduced taxa may be an important risk for
populations of native species (Ararat et al., 2009).

CONCLUSIONS

The Cyprinidae family is a large family with 27 species out of a total of 35 species.
Squalius cephalus is listed as LR/Ic on the 2007 IUCN Red List of Threatened Species (IUCN,
2017). According to Fricke et al. (2007) Cyprinion macrostomus is endangered,
Mastacembelus mastacembelus is critically endangered, and Alburnoides bipunctatus is
vulnerable in Turkey. The Tigris-Euphrates system is an endemic center for many fish species,
but industrialization, dam construction, and climate change are threatening their populations.
Pollution, overfishing, and habitat destruction are additional factors exacerbating the decline of
native fish species.
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