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ABSTRACT

This study presents environmental analysis of the Yangtze River Basin, Wuhan region
of central China, performed using machine learning (ML) methods of Remote Sensing (RS)
data classification. The workflow is performed using Geographic Resources Analysis Support
System (GRASS) Geographic Information System (GIS) scripting software for processing
Landsat images by two approaches: unsupervised clustering and supervised ML algorithms.
Six Landsat images were taken biennially in autumn from 2013 to 2023 to detect wetland
changes in the Wuhan area. This article demonstrates the application of ML in GIS for analysis
of landscape dynamics to detect changes in riverine and lacustrine areas around the Yangtze
River.

RESUME: Analyse de la végétation du bassin du fleuve Yangtze pour identifier
I’agriculture des zones humides et la dynamique urbaine autour de la région de Wuhan
(Chine).

Cette étude présente une analyse environnementale du fleuve Yangtze, Chine, réalisée
a I’aide de méthodes d’apprentissage automatique de classification des images. Le flux de
travail est effectué a I’aide du logiciel de script SIG GRASS pour le traitement des images
Landsat par deux approches: le clustering et les algorithmes automatiques. Six images ont été
prises de 2013 a 2023 pour détecter les changements dans les zones humides de la région de
Wuhan. Cet article a montré I’apprentissage automatique en cartographie pour I’analyse de la
dynamique du paysage dans les zones fluviales et lacustres autour du fleuve Yangtze.

REZUMAT: Analiza acoperirii terenurilor pentru Bazinul Fluviului Yangtze
pentru detectarea agriculturii zonelor umede si a dinamicii urbane in jurul zonei Wuhan
(China).

Acest studiu prezintd analiza de mediu a raului Yangtze, China centrala, efectuata
folosind metode de invatare automata de clasificare a datelor RS. Fluxul de lucru este realizat
folosind software-ul de scripting GRASS GIS pentru procesarea imaginilor Landsat prin doua
abordari: clustering nesupravegheat si algoritmi ML supravegheati. Au fost realizate sase
imagini Landsat cu un interval de timp de 2 ani din 2013 pana in 2023 pentru a detecta
schimbarile in zonele umede din zona Wuhan. Acest articol a aratat aplicarea In cartografie
pentru analiza dinamicii peisajului in zonele fluviale si lacustre din jurul rdului Yangtze.
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INTRODUCTION

Wuhan, the capital of Hubei Province in China, is home to a key wetland resource of
the Yangtze River. The basin of this river makes Wuhan one of the major international wetland
urban areas. Sustainable development of this urban wetland city plays an important role in
helping to maintain urban wetlands. In order to protect and manage wetlands in the Yangtze
River Basin, it is essential to comprehend how wetlands grow and change over time.
Therefore, wetland mapping over time is essential for wetland conservation and maintenance
of healthy riverine and lacustrine ecology in central China. At the same time, Wuhan is also
experiencing urban sprawl, which has an impact on the riverine and lacustrine ecosystems.
With population growth, global economic challenges and the restructuring of urban spaces,
urban expansion is becoming a major concern in many countries around the world.

Accurate wetland mapping is therefore essential for this region, which is notable for an
important environment and how it is experiencing recent urban growth. A particular example
of urban growth is China, where the expansion of urban agglomerations results from the
unprecedented economic development that has occurred in recent decades (Long et al., 2023;
Lan et al., 2021; Guan et al., 2020; Li and Li, 2019). Analysis of urban growth and associated
changes in landscape models is very useful for urban planning, management and policy
development for sustainable development. To date, the use of geographic information systems
(GIS) and remote sensing data for visualization of land cover change are the most effective
research methods for mapping. This is found in many research papers using satellite data
(Amankulova et al., 2023; Lebaut and Manceau, 2015; Kana and Etouna, 2006).

In the past decades, satellite images have been used to track urban growth and land use
change through their availability, spatial resolution and time coverage. Information that can be
extracted from satellite images is useful for mapping, statistical analysis and modelling.
Satellite image processing methods can be broadly classified as undirected and GIS-guided
classification. While traditional methods rely mainly on the use of predefined commands
available in existing GIS, advanced methods present the use of machine learning (“machine
learning”) programming algorithms for automated image processing. This article presents a
new methodology, which proposes the implementation of several methods for classification of
a series of 6 satellite images covering the Wuhan region, China, between 2013 and 2023.

In this study, we use machine learning methods using the GRASS GIS software and its
four machine learning algorithms applied to satellite image processing. The objective is to
detect changes in land cover types around the Yangtze River, central China, for urban sprawl
monitoring in Wuhan using six Landsat 8-9 OLI/TIRS satellite images. The challenge of
having accurate information on the development of urban areas is important for readers of the
journal. This paper aims to evaluate how these land use changes are perceived in Wuhan using

| GRASS GIS programming methods applied to the processing of satellite images.

The study area is located between 112°38°05.03”E-115°02°28.21”E and
29°13’58.98”N-31°21"35.86”N (Fig. 1), along the Yangtze River and includes a heterogeneous
landscape mosaic of the city of Wuhan and its surroundings, Hubei Province, China. Here, the
climatic and topographical conditions of the Wuhan region are strongly affected by the
Yangtze River which flows through Hunan Province dividing the city into two with varied
landscapes (Cao et al., 2022). The climate near Wuhan along the Yangtze is a humid
subtropical monsoon climate from the north with abundant rainfall. Total annual precipitation
of 1,315 mm ranges from 20 mm in December to over 220 mm in July (Dai et al., 2023). The
average daily temperature ranges from 4°C to 30°C (Fu et al., 2008). These climates favor
agriculture. The effects of climate and topographical context around Wuhan, along the Yangtze

| River, affect vegetation types and influence preferred locations of human settlements.
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Figure 1: Location of study area.
Source: author. Software: GMT.

Participating in China’s unprecedented economic growth since the 1970s, Wuhan is a
rapidly developing city that dynamically expands into neighboring regions (Fan et al., 2022).
Expansion models of this area have been discussed in numerous articles (Tong et al., 2019; He
et al., 2018; Hu et al., 2015). Wuhan’s controlled urbanization is beneficial to the region: as the
capital of Hunan Province, it supports social and economic development, improves the
efficiency of the land use system and promotes sustainable development. By providing
workplaces and developed infrastructure, the Wuhan agglomeration improves the standard of
living of its inhabitants (Huang et al., 2022). The difference in built-up areas and population
density varies significantly in central and peripheral parts of the city. This is certainly changing
the ecological situation of the city and its surroundings due to different environmental
pressures. In addition, UNESCQO’s ranking of Wuhan as a “creative city” in 2014 certainly has
an effect on its development because it increases the attractiveness of the city for newcomers
and tourists.
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The thematic aspect and contextual elements related to the choice of the Wuhan region
for this analysis are related to the rapid urbanization of this city and its surrounding area.
Uncontrolled urbanization causes a series of environmental problems including fragmentation
of the landscape, land cover change (Tan et al., 2022; Liu et al., 2020), deterioration of lake
and river water quality, (Hu et al., 2023; Dou et al., 2022) and a loss of agricultural land as it is
replaced by urban areas (Yuan et al., 2019; Zeng et al., 2015). To monitor urban dynamics in
the Wuhan region, many studies have been undertaken to map urban growth. The main
approach of these studies was to use satellite images (Zhang et al., 2023; Liu et al., 2020) and
GIS (Deng et al., 2023; Xing et al., 2023; Zhou et al., 2023; Geng et al., 2022).

The simulated environmental models reported in this work indicate changes in recent
landscapes and environmental conditions of Wuhan (2020) compared to the previous state
(since the 1980s), which is explained by the urban expansion of Wuhan as the rapidly
developing capital of Hubei province (Ding and Chen, 2022). In this respect, the urban
dynamics of Wuhan require a mapping for the development of ecological protection. These
objectives can be effectively achieved with advanced image processing and geospatial analysis
tools. Other environmental problems are caused by the proximity of the river, because
wastewater discharges increase the pollution of soil through the water. As a result, pollutants
are transferred to plants, causing negative environmental effects.

There are many issues related to the environmental dynamics of the Wuhan region,
and the most important one is the following. Urban expansion in the period 2013-2023 was
faster than that of other cities in central and eastern China due to rapid urbanization of Wuhan
which outstrips other cities. The reason for this is the dynamic socio-economic development of
the city, which attracts many new residents to Wuhan. So the city was chosen to become an
urban model for the development of central China and oriented land use changes, since Wuhan
is a representative example of rapid urban sprawl in China.

In this study, we use machine learning methods implemented in the GRASS GIS
driven by remote sensing data to analyze urban growth and landscape dynamics in Wuhan
along the Yangtze River. Land cover type data are derived from relevant studies (Wang and
Wang, 2022; Teng et al., 2016) and adapted to the current study area extent. In terms of values
derived from the pixel spectral reflectance, the types of earth coverage are visualized on maps
for the period 2013 to 2023 with a time interval of 2 years. Machine learning processes
satellite images using directed classification methods and training data (Zheng et al., 2023;
Mountrakis and Heydari, 2023; Nagaraj and Kumar, 2023).

MATERIAL AND METHODS

Remote sensing (RS) data are useful for mapping land cover changes and landscape
dynamics in the riverine and lacustrine environments. Therefore, Landsat images were used for
spatial analysis. The geodetic characteristics of satellite images are as follows. The original
data are in Universal Transverse Mercator (UTM) projection, zone 49, reference and ellipsoid
WGS84. The technical characteristics are as follows. Landsat collection category is T1,
collection number 2, NGL station identifier. Image sensor ID is OLI TIRS, Satellite ID 8 for
all images except the 2023 image which has Satellite ID 9; data are shown in figure 2 and
include the following six Landsat 8-9 OLI/TIRS scenes: 1. Landsat Scene ID
LC81230392013324LGNO01, collected on 2013/11/20; Landsat Scene ID
LC81230392015298LGNO01, collected on 2015/10/25; Landsat Scene ID
LC81230392017303LGNOO, collected on  2017/10/30; Landsat Scene ID
LC81230392019293LGNO0O, collected on 2019/10/20; Landsat Scene ID
LC81230392021314LGNO0O0, collected on 2021/11/10; Landsat Scene ID
LC91230392023296LGNOO, collected on 2023/10/23.

ok LN



Transylv. Rev. Syst. Ecol. Res. 27.1 (2025), "The Wetlands Diversity" 5

Figure 2: Satellite data: Images 8-9 Landsat 8-9 OLI/TIRS covering the Yangtze River region,
Wuhan, Central China. Data: USGS. The figures are in the original natural colors. Image
compilation: author.

The classification methods available in the free GIS software GRASS GIS allowed
us to characterize the urban sprawl of Wuhan by characterizing a class of built urban
areas. The ML algorithms include Decision Tree Classifier, Random Forest (RF) Regressor,
Gradient Boosting Classifier and Support Vector Machine Classifier. The general modules of
GRASS GIS used in this work have used the following modules. First, the data was imported
into GRASS GIS using the GDAL library using «r.import» and mapped. The module
“gregion” was used to define the boundary of the Wuhan geographic area using the
coordinates of the Landsat raster bands (UTM, zone 49). Then, band groups of the Landsat
images were created for each included year from 2013 to 2023, including multispectral
channels and excluding panchromatic channels that were not required. After preprocessing the
data, the next step included undirected classification using aggregation and maximum
likelihood methods.

Here we describe the implementation of a non-directed classification function
(i.cluster, equivalent to k-means), whose resulting classes are then assigned to pixels via a
metric based on maximum likelihood (i.maxlik). This is the result of this classification which
is then compared to 4 directed machine learning classification methods (Decision tree;
Random Forest; Gradient Boosting and SVM). The defined land use classes are: 1) water
bodies (river, Yangtze, lakes); 2) agricultural, agricultural and cultivated lands; 3) urban
built-up areas and artificial surfaces; 4) forest; 5) scrubland; 6) wetlands; 7) grasslands; 8) bare
land.
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Then, the undirected classification was carried out by the module “i.maxlik” using the
following code: “i.maxlik group=L8 2013 subgroup=res 30m signaturefile=cluster L8 2013
output=L8 2013 cluster classes rejet=L.8 2013 cluster reject” As can be seen, the algorithm
uses the signature file created in the previous clustering step. The results of the classification
are shown in figure 3. The “reject” function evaluates the percentage of pixels that have been
correctly classified. This assessment of the accuracy of satellite images classified by the
module “i.maxlik” was performed by the authors and is shown in figure 4. Here, the accuracy
of the classification is assessed by threshold levels determining the confidence level of the
correct assignment of each classified cell. These classes indicate the probability categories for
rejection. The map display was visualized using a combination of modules “d. mon”,
“r.colors”, “d. rast” and “d. legend”. The models were developed using four directed
classification algorithms: the decision tree classifier (‘Decision Tree Classifier’), the random
forest regressor (‘Random Forest Regressor’), the gradient-reinforced classifier (Gradient
Boosting Classifier) and the Support Vector Machine Classifier (‘Support Vector Machine’).
The series of maps showing land cover types in the Wuhan area, generated using the described
method, is presented and discussed in the following section.

RESULTS AND DISCUSSION

The total of simulated land cover types is estimated in number of pixels per class and
ranges as presented in table 1. A pixel of the Landsat scene corresponds to a 30*30 m cell. The
area occupied can therefore be calculated using the multispectral band resolution information
from Landsat images (Fig. 3).

A relatively stable situation is noted for Class 1 land-use bodies of water (Yangtze
river, lakes) that demonstrate a rather sustainable situation with pixels fluctuating slightly from
1337 in 2013 to 1347 in 2023, which corresponds to non-significant changes in the areas
covered by water bodies from 40,110 m? to 40,410 m? respectively. Slight changes might be
caused by the seasonal environmental effects and climate-related issues. The area occupied by
Class 2 (agricultural and cultivated lands) shows a slight increase from 1,337 to 1,347 pixels,
from 40,110 m® to 40,410 m?. Significant fluctuations in 2015 (1231 pixels) and 1217 (1206
pixels) may indicate a year of local processes causing agricultural land to fluctuate

Class 3 (urban built-up areas and artificial surfaces) increased by 15% from 1034 to
1208 pixels, or 31,020 m? to 36,240 m?. Class 4 (forest) shows a continuous decrease with the
number of pixels decreasing from 792 in 2013 to 376 in 2023, which corresponds to a decrease
of more than half of the forest area from 23,760 m? to 11,280 m? But it is above all the
coverage of the soil by natural vegetation (maquis, class 5 which includes vegetation types
other than forest, e.g., thickets). That is the most significant decrease in surface area, with a
number of pixels decreasing from 1726 in 2013 to 1195 in 2023, a reduction of 30% in
vegetation coverage of land in this class, which decreases from 51,780 m? to 35,850 m®. Such a
fall is due to the use of natural land earlier occupied by various types of vegetation such as
shrubs for agriculture, and reflects rise of land used for agricultural needs in Hubei Province.

A comparison was done using numerical analysis of data (Tab. 1) revealing
differences between classes 5 and 2. It indicates the increase in agricultural, and cultivated
land. Fluctuations in Class 6 (wetlands) with a gradual increase from 716 pixels in 2013 to
1045 in 2021 followed by a decrease in 2023 to 817 pixels are explained by environmental and
climatic processes (temperature variations and precipitation which leads to the increase is
wetlands and seasonally flooded areas). Land use class 7 (grasslands including land used for
pastures and grazing) indicates a large increase in area from 580 pixels earlier to 903 last year.
Land use Class 8 (bare and unoccupied lands) variations show a significant increase from 428
pixels in 2013 to 688 pixels in 2023, which is related to building at the urban margins (Tab. 1).



Transylv. Rev. Syst. Ecol. Res. 27.1 (2025), "The Wetlands Diversity"

Figure 3: Landsat images classified using the “maximum likelihood” method by automated
clustering. Class notations: 1) water bodies (river, Yangtze River, lakes); 2) agricultural,
agricultural and cultivated land; 3) urban built-up areas and artificial surfaces; 4) forest;

5) maquis; 6) wetlands; 7) grasslands; 8) bare and unoccupied land. Source: author.

Table 1: Distribution of pixels by changing classes according to the year calculated by

the classifier “i.maxlike”, GRASS SIG. Classes: 1) water bodies (river, Yangtze river, lakes);
2) agricultural, agricultural and cultivated land; 3) urban built-up areas and artificial surfaces;
4) forest; 5) maquis; 6) wetlands; 7) grasslands; 8) bare and unoccupied land.

Year Class1 | Class2 | Class3 | Class4 | Class5 | Class6 | Class7 | Class 8
2013 508 1337 1034 792 1726 716 580 428
2015 390 1231 1078 791 1164 941 985 546
2017 430 1206 1087 674 1175 980 980 696
2019 850 1309 1162 647 1024 869 844 517
2021 456 1336 1173 567 1067 1045 883 695
2023 709 1347 1208 376 1195 817 903 688
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The accuracy assessment that evaluates the pixels correctly assigned to the land
cover classes is evaluated by classification confidence level thresholds, as shown in figure 4.

e

Figur 4: Evaluation of the accuracy »

of satellite images.
Maps show pixel rejection probability classes.

The raster map in figure 4 shows the results of the rejection threshold calculation. This
is the result of a chi-square test on each discriminant at different confidence levels. The
calculation is done to determine at what confidence level each cell is classified and
categorized. The map rejection threshold layer contains the index of a calculated confidence
level for each classified cell in the classified image. Here, confidence intervals are pre-defined
and the rejection map should be interpreted as minimum values = retain (assigned to the
correct class) and maximum values = reject, that is a low probability (high rejection index).
Thus, the wrong classification is indicated by the colors black and dark blue while the correct
classification is indicated by the color orange. The calculation indicates the percentage of
pixels that are associated with the target class correctly. The rejection probability indicates the
number of pixels that are rejected below the threshold levels of confidence. This level
determines at what confidence level each cell is classified (i.e., categorized to the target land
cover class).

Figure 5 shows spatial patterns of the gap between land cover types (river streams,
lakes and urban areas and settlements around Wuhan) classified by maximum likelihood
algorithms and the decision tree classifier. In the latter, the erroneous assignment of pixels to
the class of agricultural crop fields and urban spaces is lower than that of the non-directed
classification. The spectral reflectance changes as vegetation becomes active and is stronger
when vegetation is abundant. Therefore, spectral reflectance has detected declining vegetation
which is shown in yellow, while healthy vegetation is shown in red (Fig. 5). The difference
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between the two approaches may be due to different ML methods of assignment of pixels to
the target class. The values of the pixels assigned to a specific class derived from machine
learning and simulated by the DT Classifier approach are calculated using the drive polygons
derived from the non-directed classification. Their recognition is therefore more precise than
the undirected classification.

The machine learning approach with supervised classification provides better
estimates of land cover types and urban/plant fractions in GRASS GIS algorithms than using a
non-directed classification. In doing so, the maps in figures 5 to 8 are based on existing
formation polygons to quantify these relatively small models of land cover types that visualize
various classes of land cover, Including the most dynamic areas of urban areas and agricultural
fields. The maps produced in figures 5 to 8 show quantified changes in natural surfaces, urban
landscapes around Wuhan, watercourses and wetlands. In addition, maps generated using
supervised machine learning classified data or landscape dynamics predictions are a key
advantage over traditional image classification methods.

‘DecaionTrooCsssior: 2013

Figure 5: Landsat images processed using a ML method using a Decision Tree Classifier
algorithm for supervised classification that includes training dataset.

The algorithm of random forest (RF) outperforms maps in terms of mapping accuracy
through more distinct differences between classes. Besides, it is well aligned with results
obtained from land cover change variations and urban growth around Wuhan: Decrease in
areas occupied by maquis or shrubland which refers to plant formations made of shrubs and
small trees (Class 5) and wetlands or seasonally flooded areas (Class 5). In Class 6), the
increase in areas occupied by urban built-up areas and artificial surfaces (Class 3) and
agricultural land, agricultural and cultivated (Class 2) as well as slight variations of other land
use classes, related to climate and environmental impact factors. In addition, there are
uncertainties in the automated pixel grouping that is visible on figure 3 and visualized in the
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precision maps of figure 4. However, The use of directed classification eliminates these errors
by more precisely assigning pixels to different classes. As noted in previous studies (Brown de
Colstoun et al., 2003), the decision tree classifier provides a more realistic approach to land
cover classifications needed to better estimate classes with assigned pixels (Fig. 5).

The result of the random forest regression classification (Random Forest) is shown in
figure 6. The results indicate that the use of this algorithm coupled to the 30 m resolution
multispectral bands of Landsat had the best performance compared to other machine learning
models, respectively. The maps in figure 6 also shows a very large spatial heterogeneity in the
evolution of urban and vegetation areas. Compared to other approaches, the random forest
algorithm is general in nature and applies to classification of various types of land cover,
including many types of vegetation. Thus, this algorithm is widely used to estimate certain
environmental land-use properties and individual biophysical characteristics of the plant cover
such as biomass and vegetation cover rate (Fig. 6).

RF Rogrossor: 2013 ey
80

RF Rogressor: 2019
78

Figure 6: Landsat images processed using the machine learning method using the Random
Forest Regressor algorithm for supervised classification. Figure creation: author.

The modeling results using the gradient boosting approach are shown in figure 7. The
gradient boosting algorithm is a type of machine learning that implies that the combination of
the next best model and the previous model minimizes the prediction error (Shirazi et al.,
2024). The effectiveness of this approach has been tested in previous studies on satellite image
processing with examples of Landsat (Godinho et al., 2016) or WorldView-3 (Shendryk et al.,
2020) and proved that the gradient boost minimizes the classification error through the defined
target classification results. As the change results indicate that the forest and shrub areas in
2013 were partially transformed to other classes during the period 2013—-2023. On the contrary,
the urban areas of Wuhan and its suburbs have been developing in the past ten years.
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Figure 7: Landsat images processed using machine learning method “gradient boosting”
classifier algorithm for supervised classification.

The mapping of Classes carried out by the classification using the ‘“gradient
boosting” approach from four satellite images acquired between 2013 and 2023 allows
an analysis of the interannual effects on the types of land cover of the Wuhan study area
(Fig. 7). The comparison of spatial occupation of vegetation and urban areas is ensured by
the comparability of the maps. The Support Vector Machine (SVM) approach (Fig. 8)
aims to solve a complex classification by an optimal pixel transformation that determines
the boundaries between cell points based on predefined classes. The effectiveness of SVM
is also presented in relevant works in which variables are retrieved from remote sensing
data, including urban building detection (Mahmoud, 2021), shadow detection (Selvaraju
et al., 2021) or cloudiness values (Joshi et al., 2019). The SVM algorithm is used to
drive process-based models and can be very well applied to support satellite image
classification.

In order to determine the application of the maximum likelihood method by
automated clustering and machine learning to compare their approaches, for these scenes,
we exploited the wvariations in the classification of pixels into classes using the
maximum likelihood method (Fig. 3) decision tree classifier algorithm (Fig. 5) random
forest algorithm (Fig. 6), gradient boosting classifier algorithm (Fig. 7) and Support
Vector Machine — SVM algorithm (Fig. 8). In all cases, the calculation of classes according
to these different methods relies directly on the difference between the surface reflectance
in the spectral band per pixel. From the comparison of the resulting images it can be
concluded that machine learning methods perform better than unsupervised methods. The
derived values show the areas occupied by various land cover types around Wuhan for
the period 2013-2023.
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Figure 8: Landsat 8—90LI/TIRS images processed using machine learning method usng
“Support Vector Machine — SVM” algorithm for supervised classification.
Software: GRASS SIG.

The downside of maps generated using supervised machine learning (Figs. 5-8) is that
they require more resources due to the need for labeled data. This also resulted in a longer
processing time due to machine learning methods. For example, Support Vector Machine
algorithms took more than 40 minutes to calculate one image, and the implementation of the
Gradient Boosting Classifier took more than 30 minutes, while the MaxLike classification was
performed in just a few seconds. Nevertheless, maps produced using machine learning (ML)
methods provide more accurate results than traditional classification due to the algorithms of
automate data processing.

CONCLUSIONS

In this study, machine learning-based modeling of GRASS GIS software is used
with Landsat 8-9 OLI/TIRS remote sensing data to identify and map changes in land
cover types and urban areas in the rapidly growing densely populated Wuhan region and
surrounding regions along the Yangtze River region, central China. At the ML algorithm level,
the approaches capture and detect variations in the models used (decision tree classifier,
random forest regressor, gradient boosting classifier, and support vector machine — SVM
classifier).

The detected changes are visualized in a series of six maps showing the
gradual increase in the extent of urban spaces with differences in the spatial structure
of landscape models in the Wuhan region from 2013 to 2023. The landscape changes
detected in the Wuhan region over the last ten years (2013-2023) have demonstrated
the decrease of natural landscapes such as forests, grasslands, agricultural or cultivated
land. Urban land, rural residential areas and building plots are increasing. Specifically,
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these changes were notable in the landscape of the study area in the vicinity of Wuhan.
Four main factors were identified as the drivers of these changes: anthropogenic practices
affecting water and soil resources; urbanization and the reorganization of human settlements;
rural development with new agricultural practices and changes introduced; environmental
and climatic changes that have affected local topographical conditions such as soil erosion
and desertification.

Such results illustrate the urbanization process in central China detected by
processing remote sensing data using machine learning methods. In addition, the fact that
the city has long developed according to a polycentric pattern due to the three old urban
cores gathered in the conurbation has consequences on the way land use changes since
the dynamics of urban sprawl varies in these areas. As a result, the intensity of urbanization
is stronger in the suburbs or the construction of new buildings is more intensive than in
the historic center which is related to the late but very fast development of the network
of metro since 2013.

Future studies may consider using the proposed GRASS GIS techniques to map
other neighbouring areas on satellite images, e.g., land use changes associated with
the construction of the Caidian eco-city. Further studies could also increase the urban
aspects of this research, going beyond the technical use of machine learning methods
for satellite image processing. It is known that the city has a rigorous territorial planning
and presents to its visitors a museum and urban center with a huge 3D model of the
city. Therefore, future studies could continue this work by integrating urban surveys
and remote sensing data. So the integrated use of satellite images with urban data can
help answer questions about the correlation of urban dynamics and changes that are related
to what is observed on satellite images.
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ABSTRACT

This paper documents the different ways in which invasive alien species are
introduced into new areas. The pathways by which invasive alien species spread, their history,
and the characteristics of plants that enable them to spread successfully are described. The
article discusses the competitive abilities of invasive alien species, their negative effects on
other organisms, and the impact of global change on their spread.

RESUME: Les plantes aquatiques envahissantes comme facteurs de stress pour les
écosystémes d’eau douce.

Cet article documente les différentes manieres d’introduire des espéces exotiques
envahissantes dans les nouvelles zones. Les voies par lesquelles les espéces exotiques
envahissantes se propagent, leur histoire et les caractéristiques des plantes qui leur permettent
de se propager avec succes sont décrites. L’article discute des capacités compétitives des
espéces exotiques envahissantes, de leurs effets négatifs sur d’autres organismes et de I’impact
du changement global sur leur propagation.

REZUMAT: Plantele acvatice invazive ca stressor al ecosistemelor acvatice
dulcicole.

Aceasta lucrare documenteaza diferitele modalitati de introducere a speciilor exotice
invazive Tn zone noi. Sunt descrise caile prin care se raspandesc speciile alogene invazive,
istoria lor si caracteristicile plantelor care le permit sa se raspandeasca cu succes. Articolul
discuta abilitatile competitive ale speciilor alogene invazive, efectele lor negative asupra altor
organisme si impactul schimbadrilor globale asupra raspandirii lor.
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INTRODUCTION

Aguatic ecosystems are vulnerable to any changes in their environments due to the
effects of a wide variety of stressors, which have negative impacts (Btonska et al., 2024;
Banaduc et al., 2024, 2023, 2022).

Aguatic plants are especially vulnerable to any changes in their environment and their
habitats are disappearing at a much higher rate compared to terrestrial environments. Although
freshwater represent only a small proportion of all water on Earth, it plays an extraordinary
and irreplaceable role for humans. Despite many ambitious European goals and measures, such
as WFD 2000/60/EC, Natura 2000, and EU Green Deal, over 75% of all European freshwaters
have been anthropogenically changed (IPBES, 2019).

In their work, Macedo et al. (2024) stressed that invasive plants strongly impact
aquatic ecosystem composition, structure and productivity. They also assessed the economic
costs of these plants. Many alien plants have strong negative effect on aquatic ecosystems by
blocking rivers, disabling the survival of aquatic animals and plants by decreasing dissolved
oxygen, and reducing native biodiversity (Wu and Ding, 2019). Invasive species pose severe
threats to native wildlife, with about 42% of Red List species being threatened by invasive
species. Invasive species also have a negative impact on human health and the economy. For
example, Havel et al. (2015) reported in their comprehensive review that the dispersion of
microbes over long distances and infection of new hosts have consequences for human health.

Invasive aquatic species (IAS) affect water quality and reduce recreational and
educational opportunities. Many aquatic 1AS reproduce very quickly, reduce the habitats of
native plant species, have a negative effect on fish, insects, and other animal species, and lower
the biological diversity of aquatic ecosystems (Fig. 1).

Many alien aquatic plants are deliberately introduced to new areas because they have
economic, ornamental, or health values. Aquatic plants grown in aquaria need a human-
mediated, intended or unintended transportation to reach the water bodies (Hill et al., 2020;
Hussner, 2010). Invasive aquatic species are spread by equipment and in ballast water e.g. on
ships. Species also spread without human assistance, but human activity has dramatically
increased Ithe spread rate of IAS (Kolar and Lodge, 2000).

The number of alien aquatic plants in Europe has doubled since 1980 and is still
increasing. Global changes are another important factor accelerating the invasiveness of
specific IAS (Lind et al., 2022). The competitive success of IAS has been reported to depend
on environmental conditions (Mazej Grudnik and Germ, 2013). However, research on
freshwater ecosystems is scarce (Reitsema et al., 2018).

Pysek and Richardson (2010) reported that activities that reduce problems due to IAS
are risk assessment, pathway and vector management, early detection of 1AS, quick responses,
and different approaches to alleviation and restoration.

HISTORY OF SPREADING OF AIS IN AQUATIC ENVIRONMENTS

Human travel and trade in a wide variety of goods led to the introduction of non-native
species all over the world. Although the trade and movement of people are very old, this
process has increased significantly in the last century, increasing the number of non-native
species. Thus, biological invasions become a consequence of globalization (Meyerson and
Mooney, 2007). Invasion rates are increasing worldwide, and most are the consequence of
human activities (Thomaz et al., 2015). Hundreds of non-native organisms are introduced to
different parts of the world each year, but not all become invasive. However, most do not
survive in the newly invaded environment. Some non-native organisms cannot adapt to the
new environment, or their populations are too small to reproduce successfully.
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For example, the history of species Elodea canadensis and Elodea nuttallii in Italy
shows that Elodea canadensis arrived before 1866 and had two invasion phases, while Elodea
nuttallii arrived in the 1970s, started invading in 2000, and continued its invasion (Buldrini et
al., 2023). In Slovenia, Elodea canadensis has been present since the 20% century, while
Elodea nuttallii was discovered in the Drava and Ledava rivers in 2007 (Kiraly et al., 2007).
The former does not express its invasive character in natural water bodies (Kuhar et al., 2010),
while the latter spreads in Slovenian rivers and outcompete Elodea canadensis. In Serbia,
Vukov et al. (2017) and Janauer et al. (2021) reported that Elodea canadensis and Elodea
nuttallii rapidly spread along the entire Danube. Elodea canadensis and Elodea nuttallii have
also been recorded in Croatia; E. canadensis was first recorded near the city of Sisak before
1883 (Vilovi¢ et al., 2020), while the first record for Elodea nuttallii goes back to 2006, when
it was found in the drainage canals of Kopacki Rit (Koci¢ et al., 2014).

DO GLOBAL CHANGES PROMOTE OR INHIBIT THE PERFORMANCE OF
NON-NATIVE AQUATIC PLANTS?

Climate change leads to increased environmental fluctuations, which have
evolutionary consequences for all biota and increase the risk of alien species invasions into
areas where they have not been before, as these species benefit from disturbances (Saarinen et
al., 2019).

Climate change will cause more frequent extreme events, such as heavy rain and
drought, strongly impacting hydrological conditions in riverine ecosystems, including flow
velocity and evapotranspiration, which will cause drought or runoff from heavy rainfall. All
these processes will lead to an increased input of autochthonous organic matter and elevated
levels of dissolved organic carbon (DOC) and CO,, resulting from degradational processes in
water and sediment (Reitsema et al., 2018).

Lind et al. (2022) recently reported the possible consequences of global change in
lentic ecosystems. The authors stated that the effects of climate change may lead to an
increased abundance and distribution of emergent and floating species and a reduced
abundance and distribution of submerged macrophytes, which are most sensitive to global
changes. The same authors also claimed that an increase in invasive species would probably
occur at high latitudes but not at high altitudes. This makes the lakes at higher altitudes in
tropical areas hotspots for future conservation measures to protect endemic macrophyte
species. The Elodea population, for example, was first documented in Alaska, in Eyak Lake in
the Cordova area, in 1982. Elodea was also the first invasive aquatic plant in Alaskan
waterbodies (Carey et al., 2016). Due to global climate change, boreal habitats are more
vulnerable to biological invasions (Tattersdill et al., 2017). In their research, Zelnik et al.
(2022) found a positive correlation between the abundance of Elodea nuttallii and water
temperature. Similarly, in the upper reach of the Drava in Slovenia, Elodea nuttallii has spread
large stands in warmer years with high winter and spring water temperatures (Mazej Grudnik
et al., 2014). Global climate change trends show a global increase in average annual
temperatures, and Elodea nuttallii will probably spread even more successfully in certain water
bodies.
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TRAITS, THAT ENABLE INVASIVE ALIEN AQUATIC PLANTS (IAAPS)
SUCCESSFUL INVADING

Aquatic plants have different growth forms, from submerged to natant and emerged.
Invasive alien aquatic plants (IAAPs) can grow in other growth forms and in unfavourable
habitat conditions for a certain period (Hussner et al., 2021), which makes them competitive
and successful. IAAPs can outcompete slower-growing species and form large stands within a
short period because they have extensive growth (Hussner et al., 2021). Besides rapid growth
and high offspring, important determinants of plant invasiveness are the production and long-
distance dispersal of propagules (Goodwin et al., 1999). Elodea canadensis and Elodea
nuttallii successfully reach new niches by spreading their fragments, so any disturbance in the
water bodies can expand IAAPs growth.

Clonal growth enables plant growth and provides a competitive advantage in certain
environments (Wang et al., 2016). Phenotypic plasticity is an important trait of successful
competitors. IAAPs with a high phenotypic plasticity have a competitive advantage over
(native) species with a lower plasticity (Geng et al., 2006). For example, Elodea canadensis
and Elodea nuttallii have high growth rates and are highly tolerant of various environmental
conditions: they are shown to have low vulnerability to grazing and other stress factors, with
high distribution and reproduction potential. Both are also highly resistant to common
conventional agquatic weed management measures (Zehnsdorf et al., 2015). For example, in the
oxbow of the Sava river in Slovenia, Pistia stratiotes outcompeted autochthonous aquatic
vegetation and altered the ecological balance (Jakli¢ et al., 2020). In addition, in Wadi Al
Jawahir in Fez, Morocco, Pistia stratiotes expanded in the last decade, even though preventive
measures were implemented (Chadli et al., 2023). The authors also demonstated in their
laboratory study that biomass reduction of Pistia stratiotes due to liming, drainage, and surface
aeration are successful control methods for its development.

TEMPERATE WATER BODIES AS FOOD STEPS FOR IAS

In central Europe, Pistia stratiotes, an invasive alien species, was introduced near
Prilipe, an oxbow in Slovenia, in 2001 in a temperate climate zone. Sajna et al. (2007) reported
on the successful winter survival of Pistia stratiotes in a natural thermal stream. In addition to
the vegetative propagation of Pistia stratiotes, which is well documented, a well-established
and viable seed bank has also been detected in the lake sediment and along the banks of the
lake after winter floods. The athors warn that special attention must be given to the thermal
water ecosystems in temperate climates in the future. Warm water bodies can serve as stepping
stones and centers for the spread of invasive species from (sub-)tropical areas. Climate change
and global warming can accelerate the establishment of such local populations of invasive
species, making them stepping stones for further dispersal (Jakli¢ et al., 2020). Sajna et al.
(2023) recently stated that although most thermophile alien plants result from deliberate
introductions, thermally abnormal waters pose an invasion risk for further deliberate
introductions, particularly for free-floating macrophytes.

THE EFFECT OF INVASIVE ELODEA ON SPECIES DIVERSITY IN
SLOVENIA

In the research by Kuhar et al. (2010), 39 watercourses were surveyed in Slovenia, and
Elodea canadensis was rarely found as the prevailing species and never as the only species in
any of them. The authors concluded that Elodea canadensis did not express its invasive
character due to the heterogeneous watercourses with a high diversity of macrophytes.
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Zelnik et al. (2022) recently studied whether the diversity of macrophytes in natural
and man-made waterbodies located on the floodplain along the Drava River in Slovenia is
affected by the presence of alien invasive species Elodea canadensis and Elodea nuttallii.
They discovered that Elodea canadensis and Elodea nuttallii were present in 19 out of 32
sample sites and that Elodea nuttallii prevailed. The less invasive Elodea canadensis did not
grow in ponds and oxbow lakes but was relatively abundant in side-channels. On the other
hand, Elodea nuttallii was present in all types of such habitats and was dominant in ponds. For
example, it was recently reported in Croatia that Elodea canadensis was found mostly in
rivers, while Elodea nuttallii was mostly found in artificial canals (Bucar et al., 2024). Zelnik
et al. (2022) found no negative effect of the alien invasive Elodea species on the species
richness and diversity of native flora.

The study by Mazej Grudnik and Germ (2013) showed that the distribution of alien
species Elodea nuttallii was suppressed in river stretches exposed to high turbulence. On the
other hand, autochthonous species Myriophyllum spicatum was more abundant than Elodea
nuttallii in stretches exposed to higher flow velocity. This study demonstrated that the
competitive success of Myriophyllum spicatum and Elodea nuttallii depended on
environmental conditions.

BENEFITS FROM IAS

The introduction of alien species is mainly thought to be detrimental to invaded
ecosystems, although there are also some positive effects (Fig. 1). For example, the study by
Alford and Rozas (2019) provides an example of the positive effects of alien Eurasian
Watermilfoil, Myriophyllum spicatum. The authors identified no adverse effects of
Myriophyllum spicatum on juvenile white shrimp or other species of nekton compared to
native submerged aquatic vegetation. Moreover, the nursery value of Myriophyllum spicatum
for juvenile white shrimp was relatively high compared to Ruppia maritima, the native
submerged aquatic species (Alford and Rozas, 2019). In their recent review, Kourantidou et al.
(2022) also stated that IAS can have potentially beneficial roles.
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Figure 1: Negative and positive effects of aquatic invasive alien species.
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CONCLUSIONS

Managing and removing invasive species is a major problem in the field of invasion
biology (Kovalenko et al., 2021). We cannot prevent the spread of IAS to new areas in the
world. With increasing globalization and climate change, their occurrence will only increase.
Therefore, it is crucial not to intentionally introduce alien organisms into nature and, on the
other hand, to try to benefit from IAS.

ACKNOWLEDGEMENTS

This research was funded by the Slovenian Research and Innovation Agency, the
programs P1-0212 “Biology of Plants” and by the Commission of the European Communities
through the project Life Watch and the infrastructure project eLTER.

REFERENCES

1. Alford S. B. and Rozas L. P., 2019 - Effects of non-native Eurasian watermilfoil,
Myriophyllum spicatum, on nekton habitat quality in a Louisiana oligohaline, Estuaries and
Coasts, 42, 613-628, DOI: 10.1007/s12237-018-00513-x.

2. Banaduc D., Curtean-Banaduc A., Barinova S., Lozano V. L., Afanasyev S., Leite T., Branco
P., Gomez Isaza D. F., Geist J., Tegos A., Simi¢ S. B., Olosutean H. and Cianfaglione K., 2024
— Multi-interacting natural and anthropogenic stressors on freshwater ecosystems: their current
status and future prospects for 21% century, Water, 16, 1483, 1-46, DOI: 10.3390/w16111483.

3. Banaduc D., Barinova S., Cianfaglione K. and Curtean-Banaduc A., 2023 — Editorial: Multiple
freshwater stressors-Key drivers for the future of freshwater environments, Frontiers in
Environmental Science, 11, 1143706, 1-3, DOI: 10.3389/fenvs2023.1143706.

4.  Baniaduc D., Simié V., Cianfaglione K., Barinova S., Afanasyev S., Oktener A., McCall G.,
Simi¢ S. and Curtean-Banaduc A., 2022 — Freshwater as a sustainable resource and generator
of secondary resources in the 21* century: stressors, threats, risks, management and protection
strategies, and conservation approaches, International Journal of Environmental Research and
Public Health, 19, 16570, 1-30, DOI: 10.3390/ijerph192416570.

5.  Blonska D., Janic B., Serhan Tarkan A., Piria M., Banaduc D., Slovak Svolikova K., Stevove
B., Lappalainen J., Pyrzanowski K., Tszydel M. and Bukowska B., 2024 — Physiological
responses of invasive round goby (Neogobius melanostomus) to environmental stressors across
a latitudinal span, Biological Invasions, 26, 3433-34444, Springer, DOI: 10.1007/s10530-024-
03387-2.

6. Bucar M., Rimac A., Segota V., Vukovi¢ N. and Alegro A., 2024 — Ecology of Elodea
canadensis Michx. and Elodea nuttallii (Planch.) H. St. John — Insights from national water
monitoring in Croatia, Plants, 13, 1624, DOI: 10.3390/ plants13121624.

7.  Buldrini F., Pezzi G., Barbero M., Alessandrini A., Amadei L., Andreatta S, Giuseppe
Ardenghi N. M., Armiraglio S., Bagella S. et. al, 2023 — The invasion history of Elodea
canadensis and E. nuttallii (Hydrocharitaceae) in Italy from herbarium accessions, field records
and historical literature, Biological Invasions, 25, 827-846, DOI: 10.1007/s10530-022-02949-6.

8. Carey M. P., Sethi S. A, Larsen S. J. and Rich C. F., 2016 — A primer on potential impacts,
management priorities, and future directions for Elodea spp. in high latitude systems: learning
from the Alaskan experience, Hydrobiologia, 777, 1-19, DOI: 10.1007/s10750-016-2767-x.

9.  Chadli C., Mardi L., Boualam O., Bouslamti R. and Ennabili A., 2023 — Experimental control
tests of Pistia stratiotes L., an invasive aquatic plant of lentic habitats (Fez, Morocco), Scientific
African, 21, e01775.

10. GengY.P., Pan X. Y., XuC., Zhang W. J., Li B. and Chen J. K., 2006 — Phenotypic plasticity
of invasive Alternanthera philoxeroides in relation to different water availability, comparing to
its native congener, Acta oecologica, 30, 3, 380-385, DOI: 10.1016/j.acta0.2006.07.002.



Transylv. Rev. Syst. Ecol. Res. 27.1 (2025), "The Wetlands Diversity"

23

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25,

26.

Goodwin B. J., McAllister A. J. and Fahrig L., 1999 — Predicting invasiveness of plant species
based on biological information, Conservation Biology, 13, 2, 422-426.

Havel J. E., Kovalenko K. E., Thomaz S. M., Amalfitano S. and Kats L. B., 2015 — Aquatic
invasive species: challenges for the future, Hydrobiologia, 750, 147-170, DOI:
10.1007/s10750-014-2166-0.

Hill M. P., Coetzee J. A., Martin G. D., Smith R. and Strange E.F., 2020 — Invasive alien
aquatic plants in south african freshwater ecosystems, in van Wilgen B., Measey J., Richardson
D., Wilson J. and T. Zengeya (eds.), Biological Invasions in South Africa. Invading Nature -
Springer Series in Invasion Ecology, Springer, Cham, 97-114, DOI: 10.1007/978-3-030-
32394-3 4.

Hussner A., 2010 — Growth response and root system development of the invasive Ludwigia
grandiflora and Ludwigia peploides to nutrient availability and water level, Fundamental and
Applied Limnology, 177, 189-196, DOI: 10.1127/1863-9135/2010/0177-0189.

Hussner A., Heidbuchel P., Coetzee J. and Gross E. M., 2021 — From introduction to nuisance
growth: a review of traits of alien aquatic plants which contribute to their invasiveness,
Hydrobiologia, 848, 2119-2151, DOI: 10.1007/s10750-020-04463-z.

IPBES, 2019 - https://ipbes.net/sites/default/files/inline/files/ipbes_global assessment
_report_summary_for_policymakers.pdf (accessed 13.11.2021).

Jakli¢ M., Koren S. and Jogan N., 2020 — Alien water lettuce (Pistia stratiotes L.) outcompeted
native macrophytes and altered the ecological conditions of a Sava oxbow lake (SE Slovenia),
Acta Botanica Croatica, 79, 1, 35-42, DOI: 10.37427/botcro-2020-009.

Janauer G., Exler N., Anatkov G., Barta V., Berczik A., Boza P., Dinka M., Georgiev V.,
Germ M., Holcar M., and Hrivndk, R., 2021., 2021 - Distribution of the macrophyte
communities in the Danube reflects river serial discontinuity, Water, 13, 7, 918, DOI:
10.3390/w13070918.

Kiraly G., Mesterhazy A. and Bakan, B., 2007 — Elodea nuttalii (Planch.) H. St. John, Myosotis
laxa Lehm. and Pyrus austriaca Kern., new for Slovenia, as well as other floristic records,
Hladnikia, 20, 11-15.

Koci¢ A., Horvati¢ J. and Jelaska S. D., 2014 — Distribution and morphological variations of
invasive macrophytes Elodea nuttallii (Planch.) H. St. John and Elodea canadensis Michx in
Croatia, Acta Botanica Croatica, 73, 2, 437-446, DOI: 10.2478/botcro-2014-0011.

Kolar C. S. and, Lodge D. M., 2000 — Freshwater nonindigenous species: interactions with
other global changes, In Mooney, H. A. and R. J. Hobbs (eds.), Invasive Species in a Changing
World, Island Press, Washington D. C., 3-30.

Kourantidou M., Haubrock P. J., Cuthbert R. N, Bodey T. W., Lenzner B., Gozlan R. E., Nufiez
M. A., Salles J. M., Diagne C. and Courchamp F., 2022 - Invasive alien species as
simultaneous benefits and burdens: trends, stakeholder perceptions and management,
Biological Invasions, 24, 1905-1926, DOI: 10.1007/s10530-021-02727-w.

Kovalenko K. E., Pelicice F. M, Kats L. B., Kotta J. and Thomaz S. M., 2021 — Aquatic
invasive species: introduction to the Special Issue and dynamics of public interest.
Hydrobiologia, 848, 1939-1953, DOI: 10.1007/s10750-021-04585-y.

Kuhar U., Germ M. and Gaber$¢ik A., 2010 — Habitat characteristics of the alien species
Elodea canadensis in Slovenian watercourses, Hydrobiologia, 656, 1, 205-212, DOI:
10.1007/s10750-010-0438-x

Lind L., Eckstein R. L. and Relyea R. A., 2022 — Direct and indirect effects of climate change
on distribution and community composition of macrophytes in lentic systems, Biological
Reviews, 97, 1677-1690. 1677, DOI: 10.1111/brv.12858.

Macedo R. L., Haubrock P. J., Klippel G., Fernandez R. D., Leroy B., Angulo E., Carneiro L.,
Musseau C. L., Rocha O., and Cuthbert R. N., 2024 — The economic costs of invasive aquatic
plants: A global perspective on ecology and management gaps, Science of The Total
Environment, 908, 168217.



24

M. Germ et al. — Invasive aquatic plants as stressors of freshwater aquatic ecosystems (17 ~ 24)

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Mazej Grudnik Z. and Germ M., 2013 — Spatial pattern of native species Myriophyllum
spicatum and invasive alien species Elodea nuttallii after introduction of the latter one into the
Drava River (Slovenia), Biologia, 68, 2, 202-2009.

Mazej Grudnik Z., Jelenko I. and Germ M., 2014 — Influence of abiotic factors on invasive
behaviour of alien species Elodea nuttallii in the Drava River (Slovenia), Annales de
Limnologie — International Journal of Limnology, 50, 1-8.

Meyerson L. A. and Mooney H. A., 2007 — Invasive alien species in an era of globalization,
Frontiers in Ecology and the Environment, 5, 4, 199-208, DOI: 10.1890/1540-
9295(2007)5[199:1ASIAE]2.0.CO2.

Pysek P. and Richardson D. M., 2010 — Invasive species, environmental change and
management, and health, Annual Review of Environment and Resouces, 35, 25-55.

Reitsema R. E., Meire P. and Schoelynck J., 2018 — The future of freshwater macrophytes in a
changing world: dissolved organic carbon quantity and quality and its interactions with
macrophytes, Frontiers of Plant Science, 9, 629, DOI: 10.3389/fpls.2018.00629.

Saarinen K., Lindstrom L. and Ketola T., 2019 — Invasion triple trouble: environmental
fluctuations, fluctuation-adapted invaders and fluctuation-mal-adapted communities all govern
invasion success, BMC Evolutionary Biology, 19, 42, DOI: 10.1186/s12862-019-1348-9.

Sajna N., Haler M., Skornik M. and Kaligari¢ M., 2007 — Survival and expansion of Pistia
stratiotes L. in a thermal stream in Slovenia, Aquatic Botany, 87, 75-79, DOI:
10.1016/j.aquabot.2007.01.012.

Sajna N., Urek T., Kugar P. and Sipek M., 2023 — The importance of thermally abnormal
waters for bioinvasions — A case study of Pistia stratiotes, Diversity, 15, 421, DOI:
10.3390/d15030421.

Tattersdill K., Ecke F., Frainer A. and McKie B. G., 2017 — A head start for an invasive species
in a strongly seasonal environment? Growth of Elodea canadensis in boreal lakes, Aquatic
Invasions, 12, 4, 487-498, DOI: 10.3391/ai.2017.12.4.06.

Thomaz S. M., Kovalenko K. E., Havel J. E. and Kats L. B., 2015 — Aquatic invasive species:
general trends in the literature and introduction to the special issue, Hydrobiologia, 746, 1-12,
DOI: 10.1007/s10750-014-2150-8.

Vilovi¢ T., Segota V., Bili¢ K. and Nikoli¢ T., 2020 — Searching for invasive aliens: A case
study from ZA & ZAHO herbarium collections, Natura Croatica, 29, 1, 99-108, DOI:
10.20302/NC.2020.29.9.

Vukov D., 1li¢ M., Cuk M., Igi¢ R. and Janauer G., 2017 — The Relationship between habitat
factors and aquatic macrophyte assemblages in the Danube River in Serbia, Archives of
Biological Sciences, 69, 3, 427-437.

Wang Y. J.,, Bai Y. F., Zeng S. Q., Yao B., Wang W. and F. L. Luo, 2016 — Heterogeneous
water supply affects growth and benefits of clonal integration between co-existing invasive and
native Hydrocotyle species, Scientific Reports, 6, 29420.

Wu H. and Ding J., 2019 — Global change sharpens the double-edged sword effect of aquatic
alien plants in China and beyond, Frontiers of Plant Science, 10, 787, DOI:
10.3389/pls.2019.00787.

Zehnsdorf A., Hussner A., Eismann F., Rénicke H. and Melzer A., 2015 — Management options
of invasive Elodea nuttallii and Elodea canadensis, Limnologica, 51, 110-117.

Zelnik 1., Germ M., Kuhar U. and Gabers¢ik., A., 2022 — Waterbodies in the floodplain of the
Drava River host species-rich macrophyte communities despite Elodea invasions, Diversity, 14,
10, 870.



§ sciendo

Transylv. Rev. Syst. Ecol. Res. 27.1 (2025), "The Wetlands Diversity" 25

THE TROPHIC SPECTRA OF SQUALIUS CEPHALUS (LINNAEUS, 1758)
AND RHODEUS AMARUS (BLOCH, 1782) FISH SPECIES
FROM DAMBOVNIC RIVER (NEAJLOV/DANUBE BASIN)

Angelica RUSU *, Roxana MAXIM *, Dorel UREC!—iE **
Gabriel-lonuf PLAVAN *** Jon COJOCARU *** and Mircea NICOARA * ***

* Alexandru Ioan Cuza University of lasi, Doctoral School of Geosciences, Faculty of Geography and
Geology, Carol I Avenue 20A, Iasi, Romania, RO-700505, rusu_angelica@yahoo.com, ORCID: 0000-
0003-0471-0862, roxana_maxim10@yahoo.com, mirmag@uaic.ro, ORCID: 0000-0002-9755-6771.

** Vasile Alecsandri University of Bacau, Faculty of Sciences, Department of Biology, Ecology and
Environmental Protection, Marasesti Avenue 157, Bacdu, Romania, RO-600115, dureche@ub.ro,
ORCID: 0000-0001-9488-9055.

*#% Alexandru loan Cuza University of lasi, Faculty of Biology, Department of Biology, Carol I
Avenue 20A, lasi, Romania, RO-700505, gabriel.plavan@uaic.ro, ORCID: 0000-0002-1194-1768,
icojo@uaic.ro, mirmag@uaic.ro, ORCID: 0000-0002-9755-6771.

DOI: 10.2478/trser-2025-0003
KEYWORDS: fish, feeding mode, macroinvertebrates, microplastics, Romania.

ABSTRACT

The trophic level highlights the relation between fish and macroinvertebrates. This was
achieved by qualitative and quantitative analysis of the macroinvertebrates found in the
stomach contents of chub (Squalius cephalus) and European bitterling (Rhodeus amarus)
living in the Dambovnic River, a tributary of the Neajlov River. Fish sampling was performed
by electro-shocking method in the summer of 2006. Macroinvertebrates in the stomach
contents were identified down to the lowest taxon possible. The analysis revealed that nearly
all the specimens found in the stomach contents of the fish belong to the class Insecta. The
highest values of abundance were recorded from the Order Diptera.

RESUME: Le spectre trophique de Squalius cephalus (Linnaeus, 1758) et Rhodeus
amarus (Bloch, 1782) espéces de poissons de la riviere Dambovnic (Neajlov/Danube bassin).

Le spectre trophique met en évidence la relation entre les poissons et les
macroinvertébrés. Cela a été réalisé par une analyse qualitative et quantitative des
macroinvertébrés trouvés dans le contenu stomacal du chevaine (Squalius cephalus) et du
bouviére (Rhodeus amarus) vivant dans la riviere Dambovnic, affluent de la riviere Neajlov.
L’échantillonnage des poissons a été effectué par la méthode de 1’électronarcose pendant 1°été
2006. Les macroinvertébrés du contenu stomacal ont été identifiés jusqu’au plus petit taxon
possible. L’analyse a révélé que presque tous les individus trouvés dans le contenu stomacal
des poissons appartiennent a la classe des insectes. Les valeurs d’abondance les plus élevées
ont été enregistrées par I’ordre des Diptéres.

REZUMAT: Spectrul trofic al speciilor de pesti Squalius cephalus (Linnaeus, 1758) si
Rhodeus amarus (Bloch, 1782) din raul Dambovnic (bazinul Neajlov/Dunare).

Spectrul trofic evidentiaza relatia dintre pesti si macronevertebrate. Acest lucru s-a
realizat prin analiza calitativa si cantitativd a macronevertebratelor gésite in continutul stomacal
al cleanului (Squalius cephalus) si al boartei (Rhodeus amarus) din raul Dambovnic, un afluent
al raului Neajlov. Prelevarea pestilor s-a realizat prin metoda electronarcozei in vara anului
2006. Analiza a aratat ca aproape toti indivizii gasiti in tractul digestiv al pestilor apartin clasei
Insecta. Cele mai mari valori ale abundentei au fost inregistrate de ordinul Diptera.
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INTRODUCTION

There is limited research on the trophic levels of freshwater fish species in Romania’s
hydrographic basins compared to international studies that address this topic. Some Romanian
researchers have studied the ichthyofauna and the trophic spectra of fish in both running and
stagnant water ecosystems. Such as the Buzau River and its tributaries (Nicoara et al., 2006),
the Arges River, the Dambovita River (Ureche et al., 2010, 2007), as well as Dorobant,
Aroneanu, and Venetia lakes on the Ciric River (Nicoara et al., 2009), dam lakes on the Jiu
River (Dumitrascu and Mitrea, 2012), and the Budeasa-Golesti area of the Arges River in
Pitesti (Trutd and Dumitru, 2015). Additionally, related topics such as diet content, prey
characteristics, trophic elements and niches, and feeding behavior have also been researched
by some authors (Popa et al., 2019; Rau et al., 2017, 2015; Banaduc et al., 2011; Banaduc,
2006, 2005; Curtean-Banaduc and Banaduc, 2007, 2004).

Squalius cephalus (Linnaeus, 1758), known by the common name, chub, was
previously called Leuciscus cephalus (Nyeste et al., 2019). This cyprinid species is one of the
most frequently encountered on the European continent (Nyeste et al., 2019) and is
benthopelagic (Sasi and Ozay, 2017). In a study carried out in Lake Todiirge, Turkey, the
chub’s population had a varied food regime, such as insects, phytoplankton, zooplankton, fish,
nematodes, macrophytes, plant, and animal detritus, in which zooplankton (69.2%) prevailed
(Unver and Erk’akan, 2011).

The second cyprinid species present in this research is the European bitterling,
Rhodeus amarus (Bloch, 1782), which is a species of European Community interest. It is a
small-sized species and usually feeds on plant detritus, and green algae, less often on insect
larvae (Banarescu and Banaduc, 2007).

In this study, the aim was to analyze the macroinvertebrates found in the food of the
Squalius cephalus and Rhodeus amarus populations living in Dambovnic River, a tributary of
the Neajlov River, in the Danube Basin, in Romania. This research intends to address the
partial lack of information upon the trophic spectra in fish.

MATERIAL AND METHODS

In situ sampling was carried out by the electroshock method downstream of the bridge
in Goleasca (44°21°335°°N-25°36’024""E) in the Dambovnic River in August 2006, sampling
following the law at the time of collection (Ureche et al., 2007). The collected samples were
dissected in the laboratory, the digestive tract was removed and immediately preserved in a 4%
formaldehyde solution (Oscoz et al., 2006). After preservation, the digestive tract was
transferred into an alcohol and glycerol solution. The stomach contents of each fish were
analyzed using a binocular stereomicroscope. For the species’ determination, identification
keys for each taxonomic unit were used. Prey items were identified to the lowest taxon
possible. Highly digested specimens were identified at higher taxonomic ranks or assigned to
an unknown category (Kosco et al., 2008). The analysis assumed the use of analytical and
synthetic ecological indices. Indices expressing abundance, frequency of occurrence, Shannon-
Wiener’s diversity index, and Pielou’s evenness index were used (Rau et al., 2017).

The analysis of microplastics in the stomach contents of fishes was performed using a
method adapted from Galafassi et al., (2021) which involves digestion of the digestive tract
with potassium hydroxide, KOH, and hydrogen peroxide, H,0,. We used 20 ml of 1 M KOH
for each sample, left the samples in the dark and at room temperature for 72 hours, then added
five ml of 30% H,0, and left them for another 48 hours, under the same conditions. Following
digestion, the solution was filtered, using a vacuum pump, through glass fiber with a diameter
of 47 mm and pores of 1.2 um. The filters were examined for microplastics by color, shape,
and size with a Zeiss Discovery V.8 stereo microscope with a digital camera and ZEN software.
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RESULTS AND DISCUSSION

Following the identification carried out on the material sampled in 2006, from the
stomach contents of 207 fish specimens belonging to Squalius cephalus (56) and Rhodeus
amarus (151) eight species or taxa of macroinvertebrates were found (Tab. 1). The presence of
macroinvertebrates in the digestive contents of the fish consisted of 575 prey items, with the
class Insecta dominating in all samples analysed with a percentage higher than 90% (Fig. 1).

Figure 1: Macroinvertebrates found in the stomach contents of fishes
(A: Diptera; B and F: Coleoptera; C and E: Chironomidae; D: Ephemeroptera).
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Table 1: The abundance of the main macroinvertebrate groups present in the samples.
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Among the macroinvertebrate groups identified, the Chironomidae (Diptera) and
Baetidae (Ephemeroptera) families presented statistically significant dominance values of
87.30% and 2.60% respectively, in addition to the group of indeterminate insects, which
accounted for 5.04%. It was also observed that the taxon with the highest occurrence in the
samples is represented by the family Chironomidae with a percentage of 63.28% (Tab. 2).

Table 2: Analytical ecological indices.

Identified groups of Abundance Relative abundance Frequency of
macroinvertebrates (%) occurrence (%)
Nematoda 4 0.69 1.44
Collembola 4 0.69 0.96

Baetidae

(Ephemeroptera) 15 2.60 7.24
Coleoptera 7 1.21 2.89
Diptera 10 1.73 4.83
Chironomidae 502 87.30 63.28

Formicidae
(Hymenoptera) 4 0.69 1.93
Unknown Insecta 29 5.04 13.04

The relative diversity of macroinvertebrate taxa, expressed using the (H) diversity
value in the food of chub, was 1.15, which indicates a moderate diversity of species (Tab. 3) as
well as the value of the Pielou’s index (0.59), which shows a moderate distribution of the
number of individuals for each identified taxon

Table 3: Ecological feeding indices calculated for Squalius cephalus.

Types of indices Value

Shannon-Wiener’s index (H) 1.15

Pielou’s index (J) 0.59
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The bitterling Rhodeus amarus has a value of the prey diversity index much lower
than 1, which correlates with the evenness index, which also has a low value of 019 (Tab. 4),
showing that the bitterling has a selective feeding mode. The low value of the Pielou’s index
means that the prey items are not evenly distributed in the diet, suggesting that one or a few
species dominate its diet or that there is a low food availability in its habitat at the time of fish
sampling.

Table 4: Ecological feeding indices calculated for Rhodeus amarus.

Types of indices Value
Shannon-Wiener’s index (H) 0.34
Pielou’s index (J) 0.19

Regarding the presence of microplastics at the sampling point they were mostly
observed in the form of microfibers, and regarding the color, the blue color was most common
(Fig. 2). Fish ingest microplastics in the aquatic environment, generally in the form of fibers
and films (Strungaru et al., 2019). Ingestion can be direct, from water or sediments, or
indirectly through the ingestion of organisms that have previously ingested microplastics.
Likewise, due to their small size and similarity to natural food, fish may ingest them
accidentally or intentionally (Curtean-Banaduc et al., 2023, Collard et al., 2019, 2018; Horton
etal., 2018).

Squalius cephalus Rhodeus amarus

27%‘
EBlue -

microplastics
Pink
microplastics

58%

11%
4%

= Blue microplastics Transparent microplastics

Pink microplastics = Green microplastics

Figure 2: The percentages of microplastic colors
in Squalius cephalus and Rhodeus amarus.

In terms of the shape of the microplastics identified in the two species we analyzed in
this research, microfibers were the main shape observed, numerically followed by films. In the
digestive contents of the Squalius cephalus, only microfibers were observed, while in the
Rhodeus amarus, we found microfibers (80%), followed by microfilms (20%) (Fig. 3).

Another relevant characteristic of microplastics is size. Results showed that the fish
ingested microplastics with sizes up to 5 mm. The most common sizes in Squalius cephalus
were between 2-2.9 mm, 47%, and 0-0.9 mm, 25%, while in Rhodeus amarus, the most
common sizes were between 0-0.9 mm, 69%, and 2-2.9 mm, 15% (Fig. 4).
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Figure 3: The percentages of microplastic shapes
found in Squalius cephalus and in Rhodeus amarus.
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Figure 4: The percentages of microplastics sizes
found in the Squalius cephalus and in the Rhodeus amarus.

CONCLUSIONS

Following the study of 207 fish individuals in total, 575 macroinvertebrates belonging
to eight taxonomic groups were counted. Of these, five had empty stomachs. Regarding the
presence of macroinvertebrates in the digestive contents of fish, a strong dominance of the
class Insecta was observed, generally 90% to 100% in both fish species. The order Diptera was
most numerous in samples (> 500 individuals), followed by the order Ephemeroptera, apart
from the group of undetermined insects, which were too digested to be identified.

According to our analysis, Squalius cephalus (H) = 1.15; (J) = 0.59, has a broader food
spectrum and a generalist feeding mode, while Rhodeus amarus (H) = 0.34; (J) = 0.19, has a
narrower food spectrum and a selective feeding mode.

Rhodeus amarus had more microplastics in its stomach contents than the chub and, in
addition, had films and not just fibers. The sizes that dominated in Squalius cephalus were
between 2-2.9 mm (47%), while in Rhodeus amarus, the sizes between 0-0.9 mm (69%)
dominated. Some fish also contained vegetable matter and solid materials (seeds, sand, and
pebbles of different sizes) in the stomach.

What are the implications of finding microplastics in these fish species individuals and
mainly chironomids?
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If Rhodeus amarus and Squalius cephalus ingest microplastics, these plastic particles
may accumulate in their digestive tracts, thus affecting their nutrition and overall health.
Humans consuming fish from polluted areas might also be exposed to microplastics and
associated contaminants. The Chironomidae is the most abundant group of macroinvertebrates
in terms of number of species and individuals, moreover, they live in most habitats.

Why were there no other invertebrates, such as oligochaetes? And why might these not
show up in stomach contents?

Prey items are identified to the genus or species level if there are not too digested,
otherwise, they are attributed to higher taxonomic ranks or assigned to an indeterminate
category. Oligochates are an essential food resource for fishes, but being soft organisms, they
are digested first. Even if these macroinvertebrates are not found in the digestive tracts, their
absence should not be considered as the fish not including them in their diet.

A mention about the water quality of the river would be appropriate.

Chironomidae larvae are tolerant of pollution and low oxygen conditions, as well as,
variations of temperature meaning that their dominance in the diet could reflect the condition
of the river’s water, which in this case, indicates that it has poorer water quality.
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ABSTRACT

The probability of occurrence, optimums and niche breadth and distribution of three
fish species in 559 small rivers of the edge east Europe were studied. Species preferences for
environmental factors were studied using regression methods. Roach was the most abundant
species; common chub was the most common by frequency. The probability of occurrences of
common chub, common dace and roach differs significantly in our studies in the extreme east
of Europe and in river basins in the west of the continent. Cohabitation of all three species was
noted for 13.1% of rivers. The highest percentage (22.9) of cohabited fish was observed for
chub and dace. Elevation and rivers depth were the main environmental factors influencing the
distribution all of the selected fish species. Our research on the eastern edge of Europe shows
that fish niche widths can vary significantly between species for some environmental factors,
while being similar for others.

ZUSAMMENFASSUNG: Verbreitung wvon Dobel, Hasel und Plotze Uber
Umweltgradienten am 6stlichen Rand Europas.

Die Vorkommenswahrscheinlichkeit, die Optimums und die Nischenbreite sowie -
verteilung von drei Fischarten wurden in 559 kleinen Fllssen im éstlichen Randgebiet Europas
untersucht.  Die  Artenpréferenzen  fur  Umweltfaktoren  wurden  mithilfe  von
Regressionsmethoden untersucht. Pl6tze war die am haufigsten vorkommende Art; Dobel war
die haufigste. Die Vorkommenswahrscheinlichkeit von Dobel, Hasel und Pl6tze unterscheidet
sich in unseren Untersuchungen im &uRersten Osten Europas und in Flussgebieten im Westen
des Kontinents erheblich. Das Zusammenleben aller drei Arten wurde in 13,1 % der Fliisse
festgestellt. Der hochste Prozentsatz kombinierter Fische wurde fiir Débel und Hasel
beobachtet — 22,9. Hohenlage und Flusstiefe waren die wichtigsten Umweltfaktoren, die die
Verteilung aller ausgewéhlten Fischarten beeinflussten. Unsere Untersuchungen am 0Ostlichen
Rand Europas zeigen, dass die Breite der Fischnischen bei manchen Umweltfaktoren zwischen
den Arten erheblich variieren kann, bei anderen jedoch &hnlich ist.

REZUMAT: Distributia cleanului, cleanului mic si a babustei de-a lungul unor
gradienti de mediu la marginea de est a Europei.

A fost studiata probabilitatea de aparitie, optimul si latimea nisei si distributia a trei
specii de pesti in 559 de rauri mici din marginea Europei de Est. Preferintele speciilor pentru

factorii de mediu au fost studiate folosind metode de regresie. Babusca a fost cea mai abundenta specie; cleanul a fost cel mai comun in functie de frecventa. Probabilitatea de
aparitie a cealnului, cleanului mic si a babustei diferd semnificativ in studiul nostru in estul extrem al Europei si in bazinele hidrografice din vestul continentului. Coabitarea
tuturor celor trei specii a fost observata pentru 13,1% din rauri. Cel mai mare procent (22,9%) de pesti care convietuiesc a fost observat la clean si cleanul mic. Altitudinea si
adancimea raurilor au fost principalii factori de mediu care au influentat distributia tuturor speciilor de pesti selectate. Cercetarile noastre de la marginea de est a Europei aratd
cd latimea nisei pestilor poate varia semnificativ intre specii pentru unii factori de mediu, in timp ce este similard pentru altele.
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INTRODUCTION

Among vertebrates, the fish class is a large taxonomic group that form the final
ecological link in water bodies (Matthews, 2012). Fishes have been objects of recreational
fishing and important food for humans (Askeyev et al., 2023a; Wheeler and Jones, 1989).
Inland fisheries are of general socio-economical interest (Suuronen and Bartley, 2014).
Traditionally, the main fishing efforts in freshwater reservoirs are concentrated in the deltas of
large rivers, big lakes, and reservoirs. However, due to the destruction of spawning grounds,
pollution, eutrophication, climate warming (Banaduc et al., 2024; Moss et al., 2011), changes
in the hydrological balance (Gregory, 2006), and overfishing (Allan et al., 2005) in these
basins, one has to look for alternative sources of fishing points, including small rivers due to
their abundance. These watercourses under the conditions of modern climate warming are a
place of conservation of many rare species in the selected study region (Askeyev et al., 2023b
2022, 2021, 2017), but can also serve as a base for catching some fish species.

In this study, our attention is focused on the small rivers of the extreme east of Europe,
despite the fact that the most numerous fish species here are small-sized fish (Askeyev et al.,
2022), and the abundance of predatory fish, with the exception of perch, is small (Askeyev et
al., 2021b). Among the potential species on which we have focused our attention in this study
for the following fish species: common chub (Squalius cephalus, Linnaeus, 1758), common
dace (Leuciscus leuciscus, Linnaeus, 1758) and roach (Rutilus rutilus, Linnaeus, 1758). They
are quite numerous, have a high reproductive potential and capable of reaching large sizes (for
example, the maximum standard length of the caught chub reached 50 cm, and the weight was
more than 1.5 kg), and as long-term studies in the territory of the Republic of Tatarstan have
recently shown (Askeyev et al., 2024), these species may be among the dominant species in
some areas of small rivers, all this which makes them potential commercial objects in small
rivers. The study area represents an extremely wide range of diverse environmental conditions
(Askeyev et al., 2015, 2017) so for the rational use of these potentially resource species in the
temporal aspect, it is important to know the preferences of these species to environmental
conditions and the optimal points and niche width and their morphological size.

The main goals of the study were: 1) to calculate the probability of occurrences each
species in small rivers in the extreme east of Europe and compare these values with similar
data from other European river; 2) to identify the preferences of dace, chub and roach in
relation to environmental factors; 3) identify the optimal points and widths of the ecological
niche for species in small rivers in the study area.

MATERIAL AND METHODS

Study area and fish assemblage data

The study area is located in the extreme east of Europe (eastern Ponto-Caspian region)
(Fig. 1) and covers the territory of Tatarstan and the mountainous part of Bashkortostan. We
focused on the fish assemblages of small rivers (length up to 500 km). We excluded rivers
strongly impacted by large reservoirs. Fish sampling was conducted at 559 locations.
Fieldwork was carried out in May-October in 2012-2024 during reduced summer flows. We
used three different lengths of nets, depending on the width of the river. Three seining net were
5-15min length, 1.2 - 1.5 m high, 5x5 mm mesh in the wings, 3x3 mm in bags. Dip nets were
of diameter 50 - 70 cm, with 4x4 mm mesh. Lengths of between 200 m (smaller rivers) and 400
m (larger rivers) of the river sites were sampled. For determining the length of the site, we
followed the recommendations for catching fish by FAME CONSORTIUM (2004). Caught
fish were placed in a plastic basin and identified, counted and measured at the end of each
catch session, after which >90% of fish were returned to the water. Identification of fish was
carried out according to Makeeva et al. (2011) and Maitland and Linsell (2009).
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The following six environmental variables were obtained for each site: elevation
(altitude) above sea level (from 53.2 to 720 m, mean 234.8 m, standard deviation - SD 182.9
m), mean width (from 0.5 to 55 m, mean 8.1 m, SD 15.5 m), mean depth (from 0.10 to 1.82 m,
mean 0.63 m, SD 0.35 m), water velocity (from O to 1 m/s, mean 0.34 m/s, SD 0.16 m/s),
tree/bush cover along banks (from 0 to 100%, mean 55.1%, SD 27.7 %), dominant bottom
substrate (1 - mud, 2 - clay or peat, 3 - sand, 4 - gravel, 5 - small pebbles, 6 - large stones up to
150 mm, 7 - large stones 150-300 mm, 8 - boulders >300 mm).
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Data analysis

Relationship between fish species and environmental variables

For each of the fish species the nature and strength of relationships with the six
environmental parameters was examined using binary logistic regression with the
environmental variables as predictors. Only statistically significant variables were retained in
these regressions. In order to assess the accuracy of the final models, we used the area under
the ROC curve (AUC), which indicates the predictive performance expressed as an index
ranging from 0.5 to 1. The accuracy of the model was interpreted after Swets (1988) as follows:
0.90-1.00 excellent; 0.80-0.90 good; 0.70-0.80 fair; 0.60-0.70 poor; and 0.50-0.60 fail.
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Species optimums and niche breadth

Species optima in terms of fish numbers for each environmental variable were
calculated in order to rank species by habitat preferences. This model fits Gaussian response
models to species abundances along an environmental gradient. The fitted parameters are
optimum (i.e. average) and niche breadth/tolerance (i.e. standard deviation). The algorithm is
based on weighted averaging (ter Braak and van Dam, 1989).

Calculation and visualization were done in PAST version 4.12 and MINITAB 19

RESULTS AND DISCUSSION

General information about fish species

Common chub was most common among selected fish species in study area (Tab. 1),
the probability of occurrences for it reaches 35.1%, dace was recorded for approximately a
third of the watercourses, the probability of occurrences for roach was 23.3, but at the same
time, roach was the most numerous species in our study (Tab. 1). High numbers of roach, with
relatively low occurrence compared other fish species, have also been noted for rivers in Great
Britain (Pretty et al., 2003) and lakes of Republic of Tatarstan (Askeyev et al., 2023c).
Comparing the probability of occurrences the selected fish species with those values from
other parts of Europe, we can say that they vary greatly. For example, in general, the
probability of occurrences chub in Eastern Europe is lower than in its western regions. Thus, in
the Czech Republic, in the Bylina River basin, the frequency of chub encounters is 70%
(Jurajda et al., 2010). In the territory covering most of France (Maire et al., 2016), the
probability of occurrences this species is 57%. In Latvia (Birzaks, 2012), in the river basins of
southwestern France (Santoul et al., 2005), in the rivers of Hungary (Saly et al., 2011) and in
Tatarstan (Askeyev et al., 2015), the probability of occurrences for chub is 45-46%. On the
other hand, in most small rivers of Finland (Sutela et al., 2020) the probability of occurrences
chub does not exceed 10%; in rivers of north-eastern Germany (Fieseler, Wolter, 2006) the
probability of occurrences of chub is only 10%.

Unlike chub, the probability of occurrence for common dace is higher in the east of the
continent. For example, this species was absent from the rivers of Hungary (Saly et al., 2011).
In the Bylina River basin, the probability of finding dace is 7% (Jurajda et al., 2010). In the
rivers of northeastern Germany, the probability of encountering dace is 12% (Fieseler, Wolter,
2006). In river of Sweden no more 20%. In France (Maire et al., 2016; Pont et al., 2005) -
23%. In Finland (Sutela et al., 2020), only in the largest catchments, the probability of
occurrences dace is approximately 25%, and in smaller ones it does not exceed 10%. In
Romania, over the last century as a whole, the dace remains a rather rare fish species,
inhabiting a limited number of watercourses (Papuc, 2023; Freyhof, 2007; Kottelat, 2007,
Banarescu, 1964, ). In Switzerland, in the Thur River, the dace has been a rare species for
several centuries (Weber et al., 2009). In Ireland, the dace is an invasive species that appeared
in the late 19th century and for almost 100 years lived only in one basin and only began to
spread throughout the country in the late 20th century (Caffrey et al., 2007). In the
southwestern river systems of France (Santoul et al., 2005), the probability of occurrence of
dace, as in our studies, is 33%. The probability of occurrence dace in the territory of eastern
Europe is higher than in European countries, since the boundaries of the range of this species
are located in Western Europe. In addition, in our opinion, the relatively low occurrence of
common dace in the rivers of Europe is due to the widespread reaclimatization of brown trout
and its high abundance.

The probability of occurrences roach in small rivers in the extreme east of Europe is
22.3%, which is significantly lower than in many river basins in Western Europe. For example,
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the frequency of roach occurrence in the rivers of France is 56% (Maire et al., 2016), in the
watercourses of Latvia - 54% (Birzaks, 2012), in the rivers of Hungary (Saly et al., 2011) -
52%, in the river basins of south-west France - 39% (Santoul et al., 2005), in the rivers of
north-east Germany under potamal conditions the probability of occurrences roach is 45%, and
in ritral conditions it is the same as in our study. In our opinion, such differences in the
probability of detecting roach are associated with a larger number of ponds on the rivers of
Western Europe and less amateur fishing pressure.

Table 1: Common species names of fish, probability of occurrence, total number
caught and mean number+SD on site. Species arranged in decreasing order of frequency.

Species Probability of occurrence Total number Mean £ SD

in % caught
Common chub 35.2 2637 4.7+15.1
Common dace 33.1 2560 46+17.1
Roach 23.3 2994 54+19.9

Table 2: The proportion (%) of sites where two species coexisted.

Species Dace Chub Roach
Dace . 22.9% 16.5%
Chub 22.9% . 16.8%
Roach 16.5% 16.8% .

Table 3: Coefficients and model summary for models summarising the relationship
between presence/absence of fish and environmental variables. Species arranged in decreasing
order of frequency.

SPECIES CONST | COVE | ELEVAT | DEPT | SUBSTRA | VELOCIT WIDTH AUC
ANT R ION H TUM Y
Common -0.84 -0.11 -0.39 1.53 -0.19 0.60 0.841
Chub
Common 0.98 -0.31 1.88 1.21 0.886
dace
Roach -1.22 -0.97 2.11 -0.69 0.95 0.904
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~ [HGIEE: Mesha River — place cohabitate for common chub, common dace and roach.

Distribution of fish species in environmental gradients in rivers of east edge Europe.
Relationship between fish species and environmental variables.

The probability of occurrence for each fish species had statistically significant
relationships with three or more of the environmental variables (Tab. 2). All final models had
satisfactory predictive power (AUC) varying from 0.841 to 0.904 (Tab. 2). All six variables
had a significant effect on at least one of the three fish species (Tab. 2). The probability of
occurrence of all species was negative associated with elevation (Fig. 3) and positive with the
depth of rivers (Fig. 4) Two species, chub and roach, preferred "soft" substrates and wide
streams. Common chub also had a strong connection with forest cover, avoiding areas with
heavy cover (Fig. 5), and common dace preferred areas with high flow (Tab. 2).

Comparison of the species preferences in our rivers and in the rivers of other European
basins shows that there are both differences and similarities. For example, in the rivers of the
Elbe River basin (Humpl, 2006) and in the Udava River basin in Slovakia (Pekarik et al.,
2011), as in our study, chub and common dace lives mainly in areas with low altitudes. In the
rivers of Finland (Sutela et al., 2020), and the Czech Republic (Lusk and Pivnicka, 2009) chub
dace and roach prefers mainly large rivers. In the work (Takéacs et al., 2008) for the rivers of
Hungary it is reported about the increase in the frequency of occurrence of chub in areas with
high flow velocity, but in our study this species shows indifference to this environmental
factor. In the rivers of the Czech Republic (Vlach et al., 2005), as in the Republic of Tatarstan,
chub prefers deep sections of watercourses with "soft" bottom substrates (clay-sand), avoiding
hard stone substrates, and lives mainly in the middle and low sections of rivers.
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Figure 3: Relationship between the probability of occurrence of fish and elevation.
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Figure 4: Relationship between the probability of occurrence of fish and depth.



Transylv. Rev. Syst. Ecol. Res. 27.1 (2025), "The Wetlands Diversity" 41

Common Chub

1.0

0.8-

0.6

0.4-

Probability of Occurrences

0.2-

0.0

0O 15 30 45 60 75 90
Cover tree/bush (%)

Figure 5: Relationship between the probability of occurrence of common chub and
cover tree/bush cover.

Species optimums and niche breadth

Table 4 shows the optimal points and breadths in the gradient of the four
environmental variables, values for elevation are presented in the work (Askeyev et al., 2017).
The value of the optimal points in generally varies for some factors in different fish species.
Thus, in terms of width, the optimal points varied by more than 6 meters, and in terms of
tree/bush coverage by more than 10%. Studying the width of the fish niche by environmental
factors, we can say that in general, chub is the most tolerant. In our opinion, this is one of the
reasons why this species is more common among the species in our study. We see significantly
variable significantly according to the river width factor, while according to the cover
tree/bush and velocity factors, the selected species have practically similar values. This shows
that species' niche preferences and positions cannot be explained by one or two simple factors,
but can be determined by a combination of all environmental factors.

Table 4: Fish species optimum values and tolerance (niche breadth) against five
environmental variables (based on abundance data). Species arranged in decreasing order of
frequency.

Fish species Width (m) Cover Depth (m) Velocity
tree/bush (%) (m/s)
Optimum values
Common chub 21.2 36.2 0.96 0.28
Common dace 14.7 40.3 0.83 0.33
Roach 16.3 46.8 1.00 0.26
Tolerance (niche breadth)

Common chub 20.3 24.7 0.42 0.16
Common dace 9.9 25.9 0.38 0.14
Roach 11.6 24.3 0.36 0.15
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CONCLUSIONS

A some of sections of small rivers in the extreme east of Europe may indeed be
potential sources for the extraction of these three valuable fish species. The calculated
optimum points and the width of ecological niches may be used in further fish farming bases.
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ABSTRACT

An investigation was carried out to assess the fecundity of Chagunius chagunio. A
total of 50 gravid females were collected and then divided into various groups of length and
weight, respectively. The fecundity ranged from 1038 to 22174 with a mean value of 6201.46
+ 4068.25 for a corresponding length and weight of 15.2 cm to 31 cm and 35.98 g to 427.99 g
respectively. The fecundity increased with the total length, body weight, and ovary weight
following the equation, Y = 1081.59X -16025, (r = 0.76, 0.80,0.90). The regression line for the
TL, BW, GL, and GW of the sample fishes was linear when plotted against their fecundity.
The present study's findings will help recognize the proper breeding season of Chagunius
chagunio.

RESUME: Marie+ Estimation de la fécondité du Chagunius chagunio menacé de la
riviére Atrai (Dinajpur, Bangladesh).

Une enquéte a été menée pour évaluer la fécondité de Chagunius chagunio. Au total,
50 femelles gravides ont été collectées puis divisées en différents groupes de longueur et de
poids, respectivement. La fécondité variait de 1038 a 22174 avec une valeur moyenne de
6201,46 + 4068,25 pour une longueur et un poids correspondants de 15,2 cm a 31 cm et de
35,98 g a 427,99 g respectivement. La fécondité augmentait avec la longueur totale, le poids
corporel et le poids des ovaires selon I'équation Y = 1081,59X -16025, (r=0,76, 0,80,0,90). La
droite de régression pour les TL, BW, GL et GW des poissons de I'échantillon était linéaire
lorsquelle était comparée a leur fécondité. Les résultats de la présente étude aideront a
reconnaitre la bonne saison de reproduction de Chagunius chagunio.

REZUMAT: Claudia+ Estimarea fecunditatii speciei amenintate Chagunius chagunio
din raul Atrai (Dinajpur, Bangladesh).

A fost efectuata o investigatie pentru a evalua fecunditatea lui Chagunius chagunio.
Un total de 50 de femele gravide au fost colectate si apoi impartite in diferite grupuri de
lungime si, respectiv, greutate. Fecunditatea a variat de la 1038 la 22174 cu o valoare medie de
6201,46+4068,25 pentru o lungime si o greutate corespunzatoare de 15,2 cm la 31 cm si,
respectiv, 35,98 g la 427,99 g. Fecunditatea a crescut odatd cu lungimea totald, greutatea
corporala si greutatea ovarului in urma ecuatiei, Y = 1081,59X -16025, (r=0,76, 0,80,0,90).
Linia de regresie pentru TL, BW, GL si GW ale pestilor esantion a fost liniara atunci cand a
fost trasata in functie de fecunditatea lor. Descoperirile prezentului studiu vor ajuta la
recunoasterea sezonului adecvat de reproducere a Chagunius chagunio.
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INTRODUCTION

Chagunius chagunio (Ham.) is a freshwater cyprinid (Family: Cyprinidae) popularly
known as keintha puthi, peeth keintha or puthi keintha in Assam. It is well-known in
Bangladesh as "Pathorchatta" or Ghol™ or Daringhi* or "utti" in a different region. (Talwar and
Jhingran, 1991) It is a favorite fish amongst the local people of Dinajpur for its beauty,
covetable taste, and flavor. The fish inhabits in large rivers characterized by rocky bottom,
clear and fast running water and little or no vegetation (Rahman, 2005) Adults are found to
inhabit with stronger current than juveniles. It attains a maximum length of about half a meter,
reaches maturity at the size of 200 to 250 mm. It offers a good sport on a small hook and
comes out on paste. As per the [JUCN (2015) status, this fish species has been categorized as
the red list of threatened species, but in the near future, it is likely that over-exploitation and
habitat destruction may pose a major threat to its fishery. Fecundity may be expressed in terms
of the number of eggs produced per brood fish in a breeding season (Vishwanath, 2010). It is
sometimes referred to as total or absolute fecundity or more usually just as fecundity (Ahamed
et al., 2020). Fecundity may be expressed per unit body weight of post stripped fish when it is
known as relative fecundity because the number of eggs produced for each unit increase in
weight shows significant linear variation. However, it is a useful working index for the farmer
because it allows egg production capability (Alam, 2005). Knowledge of fecundity may also
be used to assess the reproductive potential of the spawning stock. This is important from the
point of biology and management of the local fish. To evaluate the commercial potentialities of
fish stock, information on the fecundity of the fish composing the stock is essential. This is
because it is the fertilized eggs that develop into the subsequent recruits to the fishable shoals.

It is important to know the number of eggs, fry and young that could be produced from
individual brood fish for the purpose of fisheries management and the aquaculture industry.
The number of eggs produced has obvious significance in aquaculture, since the size of brood
stock, the number of rearing facilities, and the necessity of otequipmentsnt's are dependent on
it (Ahamed et al., 2023). Therefore, thorough scientific investigations are of utmost necessity
for the conservation of the species in the state on one hand and its propagation through the
method of breeding and culture on the other. Such an approach will ultimately help in the
restoration of the species as well as boost its economic status. The present research on C.
chagunio regarding with fecundity will be helpful for its successful propagation. Based on the
above mentioned, the present study was undertaken to fulfill the following. To estimate the
fecundity of C. chagunio with imperial relationship between fecundity and other parameters
viz; body length, body weight, gonad length and gonad weight.

MATERIAL AND METHODS

This study was conducted in the Bangladesh Fisheries Research Institute Freshwater
Sub-Station, Saidpur, Nilphamari Biology Laboratory. The specimens of C. chagunio were
collected from the Atrai river (25°55°N-88%43°N) at a particular centre Rabar dam located at
Mohonpur in Dinajpur district (Figs. 1a,b). The river is believed to be an important spawning
and feeding ground for many riverine fish species of Bangladesh.

Investigation Period
In order to study the fecundity of the C. chagunio the experiment was conducted
during the period from July to December, 2019.



Transylv. Rev. Syst.

Ecol. Res. 27.1 (2025), "The Wetlands Diversity"

47

gg,' 88°30' 8845
PANCHAGARH
THAKURGAO@;'“J A\

25°
20

(INDIA) T T
+'Nawabgan|
e R
By 4
DINAJPUR DISTRICT Afiiin8 S
5 0 5 10km e
JOYPURHAT
88'30 88°40" 88°50 89'00°

West Bengal

40N

8

Figure 1a: Map of Atrai River.

Figure 1b: Sampling site of the Atria river rubber.
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Sample Collection
The fish samples were collected early in the morning in fresh condition directly from
the local fisherman. The fishes were caught by operating a cast net (Jhaki jal). After collecting
the fish samples, female fishes were identified according to their special character on the basis
of external feature. For this research work, a total number of 50 gravid females were collected
to study the fecundity. After collection, the fishes were kept in ice and carried immediately to
the laboratory of BFRI, Freshwater Sub-Station, Saidpur, Nilphamari.
Measurements
The total length, standard length and the body weight of each specimen were recorded
separately to the nearest cm scale and gm respectively. The total length was measured from
anterior part of the head with the jaws closed to the posterior end of the caudal fin. The
standard length of the specimen was measured from the tip of the snout to the base of the
caudal fin. These measurements were recorded in cm by a steel scale. The weight of the
specimen was taken by an electric balance and the weights were recorded to the nearest gm.
For the accuracy of weighing excess moisture attached to the fish was dried off with the help
of blotting paper before taking the weight.
Collection of the Ovaries
The fishes were washed properly with fresh water. After that the fishes were dissected
out by scissors starting from anus to lower jaw and the belly was opened. The whole mass
(stomach, intestine and the ovary) were removed carefully and placed on a petridis. Stomach
and intestine were removed carefully from the ovarian wall by means of fine forceps. Ovary
was washed and cleaned with distilled water. Weight and length of the ovaries were taken and
color of the ovaries were observed and recorded. Ovary was then kept into boiling water for 10
minutes and finally after collecting ovary from the boiling water it was then preserved in 10%
buffered formalin solution for fecundity study
Fecundity Estimation
There are several methods for the estimation of fecundity of fish in case of highly
fecund fishes. When the actual counting of eggs is impracticable, approximate fecundity may
be obtained by one of the following methods as outlined by Lagler (1949).
(1) Volumetric Method
(2) Gravimetric method
(3) Van Bayer method

) Total weight of ovary X Average number of egg
Fecundity =

Average sub — sample weight

Data analysisi

The relationship of different parameters such as total length, standard length, body
weight, total length on fecundity, standard length on fecundity, body weight on fecundity,
ovary length on fecundity, ovary weight on fecundity, were determined as simple linear
relationship with the help of Microsoft Excel and coefficient of correlation (r), regression co-
efficient (b) and regression equation were also determined.
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RESULTS AND DISCUSSION

Morphology of the experimental fish

Body elongated with its depth slightly more than head length, mouth narrow and sub-
terminal; barbells two pairs, longer than orbit, eye diameter 5 to 6.5 times in head, dorsal spine
strong and serrated, the denticles strong and recurved, tubercles on snout and cheeks of
females smaller than those of male. The colour of the body in a living specimen is silvery with
a pinkish tinge; black at scale margins, accentuated at bases giving a spotted appearance. Fins
are reddish with light outer edges. The apex of dorsal fin is black. The young has black batches
of scales developing irregularly causing random crescentic vertical streak along upper part of
the body.

Morphology of ovary

The ovary of C. chagunio was a paired, laterally compressed structure situated
along the body cavity, beneath the air bladder closely allied to the body wall. Although
it was paired, it was separated into two lobes by a common membrane which means
the ovaries were fused together with a fine layer of membrane. The weight of the ovary
ranged from 1.13 to 20.12 g (Tab. 1). The color of the ovaries was yellowish in color.
The mature ova were randomly distributed throughout the length of the ovary.

Fecundity

For the estimation of fecundity, total 50 gravid fishes of C. chagunio were collected
from Atrai river. The fecundity of C. chagunio was varying from (1038 to 22174) while the
total length, standard length, body weight, gonad length, gonad weight and absolute fecundity
were found to a range 15.2 to 31 cm,12.5 to 26.5 cm, 35.98 to 427.99 g, 3.8 to 9 cm,1.13 to
20.12 g and 1038 to 22174 egg respectively. The mean fecundity 6201.46+4068.25, mean total
length 20.55+2.8, mean standard length 16.89+2.54, mean body weight 118.13+£64.55, mean
gonad length 5.39+1.06, and mean gonad weight 4.76+£3.34 of C. chagunio were recorded
during the study period (Tab. 1).

Table 3: Table 1: Mean £ SD of total length, standard length, body weight, gonad
length, gonad weight and absolute fecundity of C. chagunio based on length group
Class PARAMETERS

interval ABSOLUTE
omy | TL(@) | SLem) | BW(g) |GL(em) | GW(g) | FECUNDITY
151- | 17.05t1. | 13.88%0. 4.48£08 | 2.61=L. | 3463.39£2630,
180 | 04 89 67.74£2485 | , 5 34
Range | 152180 | 125146 | 35981206 | 3860 | o0 | garot e T2
181- | 19.79£0. | 16.12£0. | 101.95:25.1 | 5.18+0.8 | 4.35+2. | 5585.83£2726.
210 |75 77 1 1 67 08
185- 113- | 1038.23-
Range | 5070 152174 | 699-1820 |4270 |y5o; | joorrs:
211- | 221208 | 18.3120. | 132.09222.9 | 5.79:0.6 | 5.03tL. | 6628.14+2487.
240 |7 58 6 0 42 11
211- | 175- | 1103- 234- | 2847.63-
Range |, 19.5 177.28 4865 |76 10511.88
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241- | 29.4+2.6 | 24.85+2. | 352.67+106. 8.0+1.41 14.88+7 | 19186.48+4226
Above |6 33 53 T 42 14
Range 27.8 - 23.2 - 277.34 - 709.0 9.63 - 16198.15 -
31.0 26.5 427.99 20.12 22174.81
Mean+S | 20.55+2. | 16.89+2. | 118.13+64.5 | 5.39+1.0 | 4.76+3. | 6201.46+4068.
D 85 54 5 6 34 25
Range 15.2 - 12.5- 35.98 - 38-9.0 1.13 - 1038.23 -
31.0 26.5 427.99 20.12 22174.81

Relative Fecundity

The Relative fecundity values derived in terms of body length, body weight, and
gonad length gonad weight are given in tables 4.2 and 4.4. Relative fecundity values varied
between 204.81 to 648.99 cm™ total length, 51.81 to 58.40 g™ body weight, 712.80 to 2388.94
cm ™ gonad length and 1302.13 to 1682.05 g™ gonad weight (Tabs. 2 and 3).

Mean value of relative fecundity in terms of total length and gonad length of C.

Chagunio.
CLASS TL GL ABSOLUTE RELATIVE FECUNDITY
INTERVAL | (CM) | (CM) FECUNDITY cm™ total cm™ gonad
TL (CM) length length
15.1-18.0 15.2- 3.8- | 3463.39+2639.34 | 204.81+157.34 | 712.80+396.08
18.0 6.0
18.1-21.0 18.5- 4.2 - | 5585.83+£2726.98 | 281.39+134.94 | 1057.44+460.12
21.0 7.0
21.1-24.0 21.1- 4.8 - | 6628.14+2487.11 | 297.66+105.63 | 1132.17+399.13
24.0 6.5
24.1 - Above | 27.8 - 7.0 | 19186.48+4226.14 | 648.99+93.79 | 2388.94+105.95
31.0 9.0
Mean+SD | 15.2 - 3.8- | 6201.46+4068.25 | 290.12+152.03 | 1081.89+524.56
31.0 9.0
CLASS PARAMETERS ABSOLUTE
INTERVAL FECUNDITY
(©)
BW (9) TL (cm) GL (cm) GW (g)
1.0-125.0 94.17+23.36 19.56+1.78 |5.11+0.85 | 3.88+2.86 | 4940.17+2661.91
Range 35.98 -122.0 15.2 -21.7 3.8-7.0 1.13-12.61 [1038.23 -10607.24
126.0-250.0 |155.37+21.01 | 22.31+1.55 |5.88+0.70 | 5.75+1.13 | 8000.38+1965.45
Range 126.62 -182.0 19.0 -24.0 45-6.5 4.01-7.26 |4439.64 -10511.88
251.0-375.0 277.34+0.0 27.38+0.0 7.0£0.0 9.63+0.0 16198.15+0.0
Range 277.34 27.38 7.0 9.63 16198.15
376.0 -Above | 427.99+0.0 31.0+0.0 9.0+0.0 20.12+0.0 22174.81+0.0




Transylv. Rev. Syst. Ecol. Res. 27.1 (2025), "The Wetlands Diversity"

51

| Range

| 427.99

| 310 | 9.0 |

20.12 |

22174.81 |

Table 3 Mean + SD of total length, standard length, body weight, gonad length,
gonad weight and absolute fecundity of C. chagunio based on weight group.

CLASS PARAMETERS ABSOLUTE
NTERVAL (G) FECUNDITY
BW (g) TL (cm) GL (cm) GW (9)
1.0-125.0 94.17+23.36 19.56+1.78 5.11+0.85 3.88+2.86 4940.17+2661.91
Range 35.98 -122.0 15.2 -21.7 3.8-7.0 1.13-12.61 |1038.23 -10607.24
126.0-250.0 155.37421.01 22.31+1.55 5.88+0.70 5.75%1.13 8000.38+1965.45
Range 126.62 -182.0 19.0-24.0 45-6.5 4,01-7.26 |4439.64 -10511.88
251.0-375.0 277.34+0.0 27.38+0.0 7.0+£0.0 9.6310.0 16198.15+0.0
Range 277.34 27.38 7.0 9.63 16198.15
376.0 -Above 427.99+0.0 31.0+0.0 9.0+£0.0 20.12+0.0 22174.81+0.0
Range 427.99 31.0 9.0 20.12 22174.81

Table 4. Mean value of absulate fecundity in terms of body weight and gonad
weight of C. chagunio NU ARE CITARE IN TEXT

CLASS BW (G) GW (G) ABSOLUTE RELATIVE FECUNDITY
INTERVAL FECUNDITY g™ body 9" Gonad
BW (G) weight weight
1.0-125 35.98 1.13-12.61 | 4940.17+2661.91 | 52.36+25.40 | 1323.01+500.13
126.0-250.0 | 126.62- | 4.01-7.26 | 8000.38+1965.45 | 52.41+13.88 | 1388.25+226.32
182.0
251.0-375.0 | 277.34 9.63 16198.15+0.0 58.40+0.0 168205+0.0
376.0 - 427.99 20.12 22174.81+0.0 51.81+0.0 1102.13
Above
Mean+SD 35.98- 3.8-9 6201.45+4068.25 | 52.50+22.84 | 1338.73+450.31
42.99
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Table 5: Mean value of relative fecundity in terms of body weight and gonad
weight of C. chagunio NU ARE CITARE IN TEXT

CLASS BW (G) GW (G) ABSOLUTE RELATIVE FECUNDITY
INTERVAL FECUNDITY g™ body 9" Gonad
BW (G) weight weight
1.0-125 35.98 1.13-12.61 | 4940.17+2661.91 | 52.36+25.40 | 1323.01+500.13
126.0-250.0 | 126.62- | 4.01-7.26 | 8000.38+1965.45 | 52.41+13.88 | 1388.25+226.32
182.0
251.0-375.0 | 277.34 9.63 16198.15+0.0 58.40+0.0 168205+0.0
376.0 - 427.99 20.12 22174.81+0.0 51.81+0.0 1102.13
Above
MeanSD 35.98- 3.8-9 6201.45+4068.25 | 52.50+22.84 | 1338.73+450.31
42.99

Establishment the Mathematical Relationship between Fecundity and other
Parameters
To establish the mathematical relationship between fecundity and other parameters,
the values of correlation coefficient (r) were established (Tab. 6) by using the statistical
formula:
y =—a+ bx

Table 6: Co-relation co-efficient (r) regression equation and significant of co-
relation of fecundity with total length, body weight, gonad length, gonad weight and
body weight with gonad weight between dependent and independent variable of C.
chagunio

sl No Dependent Independent Rearession equation Corelation co-
variable Y variable X g q efficient 'r'
1 Fecundity Fish Length y =1081x - 16025 0.76
2 Fecundity Fish Weight y =51.94x + 64.83 0.80
3 Fecundity Gonad Length y = 3208x - 11109 0.83
4 Fecundity Gonad weight y = 1095x + 984.20 0.90
5 Body Weight Body Length y =20.0911x - 294.73 0.88
6 Gonad weight Fish Weight y =0.042x - 0.280 0.82

Length Weight Relationship
The values of length (cm) and weight (g) were equated to X and Y respectively. The

total length of the fishes was plotted against their body weight. A linear relationship was
found in the length-weight values of C. chagunio (Fig. 2) and shows the regression to be
positive as in the co-relation (r = 0.88). The relationship between length and weight of C.
chagunio was highly significant
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Figure 2: Showing the relationship between length and weight of C. chagunio.

Fecundity and Total Length Relationship

The fecundity of the fish was increasing with the increase of the total length following
the equation Y = 1081.59x -16025, r = 0.76. When this equation was plotted on scatter
diagram, a straight line was obtained and the regression line was significantly fitted (Fig. 3).
The regression equation and value of co-relation coefficient (r= 0.76) denotes that there is a
positive linear relationship between fecundity and body length of the fish.
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Figure 3: Showing the relationship between fecundity and total length of C. chagunio.

Fecundity and Body Weight Relationship

In this study, weight of fishes was recorded before removing the ovaries. The
fecundity of the fish was increasing with the increase of body weight following the equation Y
=51.94x+64.83, r = 0.80. When this equation was plotted on scatter diagram, a straight line
was also obtained and the regression line was significantly fitted (Fig. 4). The scatter diagram
showed a highly positive relationship between fecundity and body weight of C. chagunio.
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Figure 4: Showing the relationship between fecundity and body weight of C. chagunio.

Fecundity and Gonad Length Relationship

The fecundity of the fish was increasing with the increase of gonad length following
the equation Y = 3208.5x-11109, r = 0.83. When this equation was plotted on scatter diagram,
a straight line was obtained and the regression line was significantly fitted (Fig. 5). The figure
showed a highly positive relationship between fecundity and ovary length.
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Figure 5: Showing the relationship between fecundity and gonad length of C. chagunio

Fecundity and Gonad Weight Relationship

The fecundity of the fish was increasing with the increase of ovary weight following
the equation Y = 1095.35x+984.2, r = 0.90. When this equation was plotted on a scatter
diagram, a straight line was obtained and the regression line was significantly fitted (Fig. 6).
The value of ‘r’ shows a strong positive relationship between fecundity and gonad weight.
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Figure 6: Showing the relationship between fecundity and gonad weight of C. chagunio
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Body Weight and Gonad Weight Relationship

The gonad weight was increasing with the increase of body weight following the
equation Y = 0.042x-0.280, r = 0.82. When this equation was plotted on a scatter diagram, a
straight line was obtained and the regression line was fitted (Fig. 7). The scatter diagram shows
highly positive linear relationship between body weight and gonad weight of fish.
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Figure 7: Showing the relationship between ovary weight and fish weight of C. chaguni

In the present study, the range of fecundity of C. chagunio varied from 1038 to 22174
for a corresponding length and weight 15.2 to 31.0 cm and 35.98 to 427.99 g. A study on C.
chagunio showed that fecundity range from 14,738 to 89,640 eggs in the fish length groups of
15.30 cm to 36.20 cm. (Singh et al., 2014). The fecundity estimated in the present study varied
with the previous study. This variation is common in terms of fecundity and occurred due to
different geographical region having different climate, annual temperature and difference in
the availability of food which further affects the individual physiology of fish (Jabeen et al.,
2016). The average number of eggs 6201.46+4068.25 of C. chagunio indicates that the fish is
moderate fecund strip fish. However, when it is compared to other freshwater fishes, it is
relatively low. For example in Labeo bata fecundity ranges from 3,01,861-5,76,251 eggs in the
length group of 441 to 544 mm (Pawar and Supugade, 2017), in Labeo gonius (Ham.) 3.01,861
to 5,76,251 eggs in length group of 280 to 480 mm (Brahma 2008) and Hypohthalmichthys
molitrix (Val.) 1.14 to 2.53 lacs in 436-495 mm length groups During the study, it was
observed that the ovaries of same size of fishes contained different numbers of eggs. This may
be due to the variations in environmental conditions and food intake by the individual. This has
been reported by many researchers (Bhuiyan et al., 2006). The regression equation between
fecundity and total length was found Y=1081.59X-16025 and the value of r =0.76 which
shows a significant linear relationship. Variation in the fecundity of the fish in the same length
class was found in the study which indicates that the fecundity of a fish is not solely dependent
on its length. This comment agrees with the findings of (Hasan et al., 2020). Strong positive
relationships between fecundity and body weight have been reported which supports the
findings of (Pawar and Supugade, 2017). In the present study, the fecundity was found to
increase with the increase in the length of the gonad. The value of r = 0.83 and the regression
equation Y =3208.5x-11109 shows a highly positive relationship between fecundity and gonad
length. (Hasan et al. 2020). This result is agree with (Kumar et al 2017) The relationship
between body weight and gonad weight was found to be linear (r = 0.82) and the equation was
Y =0.042x-0.280, r = 0.82 ([iflil). Body weight and gonad weight relationship were highly
positive and highly significant. Gonad weight was increased with increasing body weight and
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this happened till maturity of the gonad. The result of the present study supports the outcome
of (Sinha et al., 2018).

CONCLUSIONS

The present study was conducted on the fecundity of C. chagunio. For the estimation
of the fecundity and determination of relationship between various parameters. A linear
relationship was established between fecundity and this parameter. Among all the relationships
there was a positive relationship. Among all the relationships the gonad weight and fecundity
relationship was found to be the most prominent. The coefficient of correlation (r = 0.90) of
gonad weight and fecundity was highly significant at 5% level of significance. In conclusion,
this study has provided some basic information on the size at sexual maturity and fecundity for
C. chagunio that will be helpful to evaluate reproductive potential of individual fish. Further, it
would be useful for fishery biologist/manager to impose adequate regulation for sustainable
fishery management for the control of exploiting fishing of young individuals.
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ABSTRACT

This study examines children's involvement in artisanal fishing in Badagry, Nigeria.
Tasks varied by age: children aged 3-5 years baled water, 6-8 years sorted fish, 9-11 years set
fishing gears, 12-14 years paddled, and 15-17 years engaged in cast netting and hook fishing.
Boys were the sole participants, with peak involvement in November 2020. Seasonal trends
showed reduced boats and crew from September 2020 to February 2021, coinciding with
increased reliance on child labor during peak fishing months. School attendance remained low,
dropping to 13.44% in December 2020 before slightly improving in early 2021.

RESUME: Participation des enfants a la péche artisanale dans certaines communautés
de pécheurs de Badagry, Lagos, Sud-Ouest, Nigeria.

Cette étude examine la participation des enfants a la péche artisanale a Badagry, au
Nigeria. Les taches variaient selon I'age : les enfants agés de 3 a 5 ans mettaient de I'eau en
balles, 6 a 8 ans triaient le poisson, 9 a 11 ans installaient des engins de péche, 12 a 14 ans
pagayaient et 15 a 17 ans s'adonnaient a la péche au filet et a I'namecon. Les garcons étaient les
seuls participants, avec une participation maximale en novembre 2020. Les tendances
saisonniéres ont montré une réduction des bateaux et des équipages de septembre 2020 a
février 2021, coincidant avec un recours accru au travail des enfants pendant les mois de pointe
de la péche. La fréquentation scolaire est restée faible, chutant a 13,44% en décembre 2020
avant de s'améliorer légérement début 2021.

REZUMAT: Implicarea copiilor in pescuitul artizanal in comunitatile de pescari din
Badagry, Lagos (Nigeria de sud-vest).

Acest studiu examineazd implicarea copiilor in pescuitul artizanal din Badagry,
Nigeria. Sarcinile au variat in functie de varsta copiilor: 3-5 ani scoaterea apei in exces din
ambarcatiuni, 6-8 ani sortarea pestelui, 9-11 pregatirea uneltelor de pescuit, 12-14 ani vaslit si
15-17 ani implicati 1n pescuitul cu plase si carlige. Baietii au fost singurii participanti, cu o
implicare maxima in noiembrie 2020. Tendintele sezoniere au aratat o scadere a numarului de
barci si echipaje din septembrie 2020 pana in februarie 2021, care coincide cu dependenta
crescutd a muncii copiilor cu lunile de pescuit de varf. Prezenta la scoald a ramas scazuti la
13,44% in decembrie 2020, inainte de a se Tmbunatati usor la inceputul lui 2021.
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INTRODUCTION

Artisanal fishing is a key activity for millions of households globally, mostly in coastal
and rural communities. This sector plays in Nigeria a vital role in ensuring food security,
livelihood sustainability, and poverty reduction in coastal and rural communities (Akintola and
Fakoya, 2017). These fisheries are usually small-scale operations, employing simple
technology and involving entire households in various stages of the fishing process, from
harvesting to processing and marketing (Tietze, 2016). In areas like Badagry, Lagos, fishing is
a deeply ingrained economic activity, with entire households often engaged in its many facets.
However, the increasing involvement of children in artisanal fishing activities raises significant
concerns regarding their education, health, and overall well-being (Arulingam et al., 2019).

Children involvement in artisanal fishing is common in many coastal and riverine
areas in Nigeria. Their participation is often seen as a socialization form and skill acquisition,
where fishing knowledge is transferred across generations (Oni and Olaniran, 2018). It is
frequently viewed as a means of cultural transmission and economic support for their families.
However, this engagement raises concerns about the implications for their education, health,
and overall development. Many children are exposed to hazardous working conditions, long
hours, and the physical demands of fishing activities, which can negatively affect their well-
being and hinder their academic progress (Maliao et al., 2023). Additionally, these activities
can conflict with formal education, leading to high dropout rates and perpetuating cycles of
poverty and limited opportunities within fishing communities (Deme et al., 2024).

In Badagry, Lagos, a historical fishing hub, the involvement of children in artisanal
fisheries is influenced by cultural norms, economic necessity, and family traditions. Despite
the socio-economic and cultural significance of this issue, there is a dearth of empirical
research focused on the scale, nature, and implications of children’s involvement in artisanal
fisheries in Nigeria, particularly in Badagry. Existing studies tend to generalize findings across
regions, overlooking the unique socio-cultural and economic dynamics of specific
communities. This gap in knowledge limits the ability of policymakers and stakeholders to
design targeted interventions that balance the preservation of traditional livelihoods with the
safeguarding of children’s rights and development.

This study addresses this critical knowledge gap by examining the factors influencing
children participation in artisanal fishing in selected communities of Badagry, Lagos. It seeks
to provide evidence-based insights into the roles children perform, the risks they face, and the
socio-economic implications of their involvement, thereby contributing to the development of
sustainable policies and practices in artisanal fisheries.

MATERIAL AND METHODS

Study area

This study focused on selected fishing communities in Badagry. Primary data were
collected on working days between 09:00 and 14:00 GMT over a six-month period (September
2020 — February 2021) using questionnaires. Children were sampled through a multistage
sampling technique, which involved the purposive selection of five fishing communities
known for the high involvement of rural children in artisanal fishing. Data were collated and
analyzed using frequency distribution and percentages, based on the study’s objectives. Key
factors considered in the analysis included the total number of fishing boats, the number of
people on each boat, the number of children on board, the age and educational background of
the children, and the specific roles they played in the boats. The study specifically targeted
fishermen in these communities for data collection.



Transylv. Rev. Syst. Ecol. Res. 27.1 (2025), "The Wetlands Diversity" 61

ZAGUE 2°510°E 2°540°E
/ Ibaweh
& Nt
= Hausa lzﬁ -
2] [ ) A?ere Iyafin 22
S Akgfaw. e 3
= o
A2
= Badagry 3
2 g
e oS
o - -]
Atlantic Ocean
S Se e G R e CuC USES Bias o
ZEBCS AAS T ome - Lo
2°48'0°E 2°51'0°E >°54'0°E
Legend N
@ Badagry Station AN S
Roads W rE
N — Main Road -
. Water Body S Lagos State

Figure 1: Study area of fishing communities in Southwestern of Nigeria. Trimitere din text-

RESULTS AND DISCUSSION

Table 1 illustrates the various roles performed by children of different age groups in
fishing communities in Badagry. Each role reflects a combination of skill acquisition, physical
demands, and developmental appropriateness relative to the children ages. Children aged 12-
14 are tasked with paddling, a physically demanding activity that requires sufficient strength
and stamina. This role aligns with the developmental stage where children are becoming more
physically capable. Similar findings have been reported in previous studies, such as Leonard
(2015), which noted that pre-adolescents and early adolescents in fishing communities often
assume more active roles requiring physical exertion, as they are considered mature enough to
contribute effectively. The setting of fishing gears is assigned to children aged 9-11, who are
likely developing fine motor skills and basic knowledge of fishing tools. This role emphasizes
skill acquisition, preparing children for more complex tasks in the future. Oni and Olaniran
(2018) also highlighted that children in this age range often take on roles requiring moderate
dexterity and technical understanding in artisanal fishing communities.

Castnet, fishing with hook/line, and cleaning/mending of nets are associated with older
adolescents (15-17 years), reflecting their advanced physical and cognitive abilities. Cast
netting and fishing with hooks/lines require significant expertise, strength, and coordination,
which younger children may lack. Similarly, cleaning and mending nets demand precision and
knowledge of fishing techniques. This aligns with Maliao et al. (2023), who found that older
adolescents in fishing households often handle tasks critical to the success of fishing
expeditions.

Children as young as 3-5 years engage in baling water, a task requiring minimal skill
but contributing to the fishing process. The involvement of very young children highlights the
cultural norm of early participation in family livelihood activities. This observation is
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consistent with Arulingam et al. (2019), who noted that even toddlers in fishing communities
often assume simple, supportive roles to inculcate a sense of responsibility.

Children aged 6-8 years are primarily involved in sorting fish, an activity that is less
physically demanding but still requires attention to detail. This role serves as an entry point for
children to participate meaningfully in the family’s fishing operations. Similar trends were
identified by Déme et al. (2024), who described sorting as an age-appropriate activity that
introduces children to the fishing trade.

Infants (0-2 years) are understandably not engaged in any activities, reflecting their
dependency stage. However, their presence on fishing expeditions or in fishing households
suggests early exposure to the trade, which has implications for their socialization within these
communities.

Table 1: Activities of children and their age in some fishing communities in Badagry.

S/N Roles of Children Ages of Children
1 Paddling 12-14years

2 Setting of Fishing Gears 9-1lyears

3 Castnet 15-17 years

4 Fishing with Hook/Line 15-17 years

5 Baling of Water 3-5 years

6 Sorting 6-8 years

7 Doing nothing 0-2 years

8 Cleaning/Mending of nets 15-17 years

Table 2 provides data on the number of boats, people, and children involved in
artisanal fishing across six months in a Badagry. It focuses on the participation of boys, girls,
and children overall, as well as the crew size for boats with children, offering insight into the
dynamics of child involvement in fishing activities. The number of boats steadily decreases
from September 2020 (214 boats) to February 2021 (175 boats). This decline may reflect
seasonal fishing trends, weather conditions, or resource availability. Correspondingly, the total
number of people in the boats also declines, from 42 in September 2020 to 27 in February
2021. The number of children involved per boat increases during peak fishing months (e.g., 40
in November 2020), reflecting higher demands for labour. This trend coincides with an
increase in the crew size of boats with children, peaking at 30 in December 2020 before
declining to 22 in February 2021. The rise in child participation during peak months suggests
that children may be employed to meet seasonal labor demands. The observed fluctuations in
the number of boats and crew size align with findings from studies such as Wanyonyi et al.
(2016), which note that artisanal fishing activities are highly seasonal, with peak periods
requiring additional labor. The data highlights how children’s involvement intensifies during
peak fishing months, a trend also identified by Maliao et al. (2023), who reported that children
often provide supplementary labor during periods of high economic activity. Similar to
findings by Arulingam et al. (2019), the data shows that children’s involvement in fishing iS
not incidental but systematic, with boys forming a significant part of the labor force. This
reflects economic necessity within fishing households, where children contribute to livelihood
sustainability, often at the cost of their education and well-being.
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No girls were recorded among the children participating in fishing activities during the
observed period. This suggests a significant gender disparity, possibly due to cultural norms or
expectations, which restrict girls from engaging in fishing-related tasks. Boys exclusively
account for the recorded children involved, starting at 17 in September 2020 and peaking at 40
in November 2020 before gradually declining to 30 by February 2021. The absence of girls in
the recorded data is consistent with observations by Oni and Olaniran (2018), who noted that
boys are more frequently involved in physically demanding outdoor tasks, such as fishing,
while girls are often engaged in post-harvest activities like fish processing and marketing. This
division of labor underscores the gendered nature of roles in artisanal fishing communities.

Table 2: Children in artisanal fishing in some fishing communities in Badagry.

Months Number of | Number of | Number of | Number of | Number of | Crew Size
Boats People in | Boys Girls Children in | of the
Counted all the the Boat Children
Boats sitting in a
Boat
Sept 2020 | 214 42 42 0 17 14
Oct 2020 200 39 39 0 34 18
Nov 2020 | 203 34 34 0 40 24
Dec 2020 | 180 28 28 0 36 30
Jan 2021 150 28 28 0 35 26
Feb 2021 175 27 27 0 30 22

Table 3 and Figure 2 highlights the age distribution of children involved in artisanal
fishing in some communities in Badagry, revealing the extent and nature of their participation
based on age groups. Only one child in this age group (0-2 Years) is involved, likely in a
passive capacity, such as being present with caregivers during fishing activities. This reflects
the dependency of infants, aligning with cultural practices that integrate children into fishing
environments from an early age without active participation. A noticeable increase in
participation occurs in this 3-5 Years age range, with 24 children involved. Children in this
group likely take on simple, non-strenuous roles, such as baling water or sorting fish, which
require minimal physical strength but introduce them to fishing activities. This aligns with
findings by Arulingam et al. (2019), which highlight that cultural norms encourage early
exposure to artisanal fishing as part of socialization.

The majority of children fall within the 6-8 years (168) and 9-11 years (173) age
ranges, representing the peak of involvement. These children are often tasked with roles like
setting fishing gears or assisting in active fishing, as they possess growing physical strength
and developing cognitive skills. Sultana (2020) reported similar trends, noting that children in
these age groups form the backbone of child labor in fishing communities due to their
perceived ability to contribute importantly while still being under significant family influence.

Participation declines significantly in older age groups (12-14 and 15-17 Years), with
96 children aged 12-14 and only 6 aged 15-17 involved. This decrease may reflect adolescents
transitioning to roles outside fishing, attending school, or assuming responsibilities that are
less labor-intensive but require more skill, such as net mending. Similar findings were reported
by Oni and Olaniran (2018), who observed that older children in fishing households often
balance schooling or vocational training with occasional participation in fishing activities,
reducing their overall involvement.
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Table 3: Age range/distribution of the children involved in artisanal fishing in some
communities in Badagry.

Age range | 0-2YRS | 3-5YRS 6-8YRS 9-11YRS | 12-14YRS | 15-17YRS

Number 1 24 168 173 96 6
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Figure 2: Total number of children at a particular age in the various communities.

Table 4 highlights the percentage of children attending school in some fishing
communities in Badagry over a six-month period. The data reveals variations in school
attendance rates, reflecting the competing demands of artisanal fishing and education among
children in these communities. School attendance shows an overall declining trend from
September 2020 (20.43%) to December 2020 (13.44%), before partially rebounding in January
2021 (18.82%) and February 2021 (16.13%). The decrease in attendance during the latter
months of the year may be tied to increased fishing activity, reflecting seasonal labor demands
that draw children away from school. The lowest attendance occurs in December 2020
(13.44%), coinciding with peak fishing activities and preparations for end-of-year festivities.
The recovery in January and February 2021 may indicate reduced fishing pressures post-
harvest season, allowing children to return to school. Even during the highest attendance
months (September 2020 and January 2021), fewer than 21% of children attend school,
suggesting significant barriers to education in these communities. The trend of declining
attendance during peak fishing months aligns with findings by Knudsen (2016), who observed
that children in fishing households are often withdrawn from school to meet labor demands
during high fishing seasons. This seasonal fluctuation demonstrates the tension between
livelihood needs and educational aspirations in artisanal fishing communities. The consistently
low attendance rates reflect economic challenges that compel families to prioritize immediate
economic contributions from children over long-term educational benefits. Similar
observations were made by Oni and Olaniran (2018), who emphasized the role of poverty in
driving child labor in fishing communities. Cultural norms valuing skill acquisition in artisanal
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fishing over formal education may contribute to these attendance rates. Past studies, such as
those by Arulingam et al. (2019), have highlighted that artisanal fishing communities often
perceive formal education as secondary to traditional livelihood training. While the table does
not provide gender-specific data, previous works have noted disparities in school attendance
between boys and girls. For example, Deme et al. (2024) reported that boys in fishing
communities are more likely to participate in fishing activities, whereas girls may have better
access to education but face other cultural barriers.

Table 4. Percentage of children attending School in some fishing communities in
Badagry.

Month Sept 2020 | Oct 2020 | Nov 2020 | Dec 2020 | Jan 2021 | Feb 2021
Children 20.43% 18.82% 16.13% 13.44% 18.82% 16.13%
attending

school %

CONCLUSIONS

We reveal the major involvement of children in artisanal fishing activities in Badagry
communities, highlighting a structured distribution of roles based on age and developmental
capabilities. Children as young as 3-5 years engage in basic tasks like baling water, while
older children and adolescents take on progressively more complex and physically demanding
roles, such as setting fishing gears and cast netting. This progression underscores a cultural
norm of early integration into family livelihoods, with tasks serving as both contributions to
household economies and opportunities for skill acquisition. The observed seasonal variation
in child participation suggests a strong correlation between fishing activities and labor
demands. Peak fishing months see an increased reliance on child labor, likely driven by
economic pressures and the need for additional hands during periods of high activity. This
seasonal shift also contributes to fluctuations in school attendance, with attendance rates
dropping to their lowest during peak fishing periods, as families prioritize immediate economic
gains over education. The persistently low attendance rates, even outside of peak months,
reflect broader socio-economic challenges that hinder access to formal education in these
communities. The absence of girls among recorded child participants in fishing activities
points to possible gendered roles within these communities, where boys are more directly
involved in fishing while girls may participate in other household or livelihood activities. The
declining participation of adolescents aged 1217 years may indicate a transition to other roles,
school attendance (albeit limited), or reduced involvement due to the physical demands of
fishing. Overall, the findings highlight the intricate balance between cultural practices,
economic survival, and developmental needs in these communities. Addressing the low school
attendance rates and high dependency on child labor will require targeted interventions that
provide alternative livelihood opportunities, enhance access to education, and create awareness
of the long-term benefits of reducing child labor in favor of formal education.
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ABSTRACT Sebi+, Adi+, Claudia-28.02.2025(2) DT, EN DT, D DF.

The surveys of the wintering waterbirds in 17 wetlands area along the wetland
complex of Sétif region, with the aim to determine the variability of waterbird populations and
the ornithological value of these wetlands for further strengthening their conservation and
management. Our survey revealing a total specific richness of 47 waterbird species. The total
regional population represents an average of 31921 individuals per year recorded from 2014 to
2021. Among these species, 12 are dominant with a 94%. Based on the calculated occurrence
index for each species, the population is distributed with 2 common species, 10 frequent
species, and 35 rare species. The application of the Kruskal-Wallis test of One-way ANOVA,
for the comparison of the distribution of data series related to species richness, average
abundance, and values of Shannon diversity and evenness among the different studied sites,
shows highly significant differences between these wetlands.

RESUME: Modeéle d'abondance et de richesse des espéces d'oiseaux d'eau hivernants
dans le complexe des zones humides de Sétif, Algérie.

Les études des oiseaux d'eau hivernant dans 17 sites le long du complexe de zones
humides de la région de Sétif, dans le but de déterminer la variabilité des populations d'oiseaux
d'eau et la valeur ornithologique de ces zones humides pour renforcer davantage leur
conservation et leur gestion. Notre enquéte révélant une richesse spécifique totale de 47
especes d'oiseaux d'eau. La population régionale totale représente une moyenne de 31921
individus par an recensés de 2014 a 2021. Parmi ces espéces, 12 sont dominantes avec un taux
de 94%. Sur la base de l'indice d'occurrence calculé pour chaque espéce, la population est
répartie avec 2 espéces communes, 10 especes fréquentes et 35 espéces rares. L'application du
test de Kruskal-Wallis d'’ANOVA unidirectionnelle, pour la comparaison de la distribution des
séries de données liées a la richesse en especes, a I'abondance moyenne et aux valeurs de
diversité et d'uniformité de Shannon entre les différents sites étudiés, montre des différences
tres significatives entre ces zones humides.

REZUMAT: Modele de abundentad si bogatie ale speciilor de pasari de apa care
ierneaza in complexul de zone umede Sétif (Algeria).

Sondajele pasarilor de apa iernante din 17 situri de-a lungul complexului de zone
umede din regiunea Sétif, cu scopul de a determina variabilitatea populatiilor de pasari de apa
si valoarea ornitologica a acestor zone umede pentru a consolida in conservarea si gestionarea
lor. Sondajul nostru dezviluie o bogatie specifica totala de 47 de specii de pasari de apa.
Populatia totald regionala reprezintd o medie de 31921 indivizi pe an, inregistrate din 2014
pand in 2021. Dintre acestea 12 sunt dominante cu 94%. Pe baza indicelui de aparitie calculat
pentru fiecare specie, populatia este distribuitd cu 2 specii comune, 10 frecvente si 35 rare.
Aplicarea testului Kruskal-Wallis al ANOVA unidirectional, pentru compararea distributiei
serii de date referitoare la bogatia speciilor, abundenta medie si valorile diversittii si
uniformitatii Shannon intre diferitele situri studiate, arata diferente foarte semnificative intre
aceste zone umede.
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INTRODUCTION

Wetlands are the most vital ecosystems on the planet, offering a wide range of
ecological and socioeconomic services (Vie et al., 2009; Euliss et al., 2008; Zedler and
Kercher, 2005).

These ecosystems have been impacted by human activities, including agriculture,
urban development, nutrient pollution, and climate change (Fluet-Chouinard et al., 2023; Reis
etal., 2017; Vie et al., 2009).

The decline in biodiversity is a pressing global issue (Johnson et al., 2017), wetlands
biodiversity, and diverse waterbird communities with high interspecific variation are supported
by these wetlands, providing functional habitats for a variety of their seasonal needs (Ali,
1979). Due to their congregational behavior, these species have long served as excellent
bioindicators for assessing the value and health of wetlands.

Due to the loss and degradation of wetlands, global waterbird populations have
significantly declined over the past century (Niu et al., 2012; Wang et al., 2018).

Wetlands of Algeria due to their richness, diversity, geographical location and diverse
climate play a key role in biodiversity conservation (Boumezbeur, 2002). Many of them are
classified as wetland of international importance under the Ramsar Convention and as
Important Bird Area (IBA) (Coulthard, 2001).

Waterbirds in Algeria were the subject of several studies due to their significant
diversity, but they remained moderately well known, due to limited collected data during the
past century by many ornithologists (Samraoui et al., 2011; Isenmann and Moali, 2000; Ledant
etal., 1981; Heim de Balsac and Mayaud 1962\[(34]). These early works are based on dispatched
observations recorded intermittently in a few wetlands. Ongoing monitoring and understanding
of the spatial distribution of species are essential for preserving biodiversity (Wang, 2015).

The wetland complex of Setif region in the Hauts Plateaux of Eastern Algeria serves as
a vital stopover during crucial times for many wintering waterbirds from the Sahara or
returning to their usual nesting sites (Zoubiri et al., 2018; Baaziz et al., 2012). However,
previous efforts display certain limitations, where surveys have been predominantly conducted
separately in a limited number of sites of this region, which remains insufficient to well
understand its real spatiotemporal richness and abundance variations.

Baseline information on the distribution and abundance of waterbirds is an elementary
task of further deeper research and the development of management and conservation
strategies (Lancelotti et al., 2009). Through our contribution, we tried to gather and analyze
data over an extended period with the aim to: i) Assess the richness, abundance, and
occurrence of waterbirds species throughout wetlands complex of the Setif region, ii)
Determine the ornithological value of these wetlands through the analysis of the aquatic bird
population structure over 8 wintering seasons to characterize them, considering the spatial
variability of waterbird populations, iii) Inventory internationally important wintering quarters
for the hosting and conservation of the counted avifauna.
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MATERIAL AND METHODS

Study site

During the winter periods from 2014 to 2021, a total of 17 sites areas were surveyed
across the wetland complex of Sétif region (Fig. 1). These areas are among the largest and
most diverse wetlands in the eastern part of Algeria, with a latitude extending to 1200 meters
(Baaziz et al., 2012). They are characterized by a Mediterranean climate, with a semi-arid
continental type, experiencing harsh, wet winters, and hot, dry summers with highly irregular
annual precipitation (Keria, 2023).

This complex encompasses a wide typological diversity of natural and artificial
aquatic ecosystems (Chotts, sebkhas, dams, hill reservoirs), including both deep and brackish
waters. The majority of these aquatic ecosystems are highly dependent on rainfall for their
water levels.

The aquatic vegetation consists of a few clumps of Typha angustifolia, Phragmites
australis, and Scirpus lacustris in the estuaries of the wadis draining wastewater from the
municipalities of the region (Baaziz, 2012).

The water supply is primarily from floodwaters, supplemented by spring water and
wastewater. The reservoirs in the sub-watershed of Boussellam are primarily intended for
irrigation of medium and small agricultural areas and livestock watering. There are a total of 6
reservoirs, mobilizing a total volume of 5.29 Hm3/year of surface water. The spring-fed
reservoirs are primarily constructed for the protection of cities and for fish farming (e.g., Zairi
reservoir) (C.G.G., 1973).
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Figure 1: Geographic Location Maps of Wetland complex of Sétif region.
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Data collection

To estimate the structure of the wintering avian community in the wetlands of Sétif
region, we conducted an annual census over 8 years (2014 to 2021). A total of 17 wetlands
distributed throughout this complex were surveyed (Fig. 1 and Annex). The monitoring of
these birds was carried out during the winter period. For the census, absolute and relative
methods were distinguished. These methods are based on the direct observation of the birds to
be counted, involving individual counts (one by one). When the population size of the birds to
be counted was less than 200 individuals and located within 200 meters of the observer. In the
latter case, we conducted estimations by dividing the field of view into several strips, counting
the number of birds in an average strip, and multiplying by the number of strips. This method
presents an estimated margin of error of 5 to 10% (Legendre and Legendre, 1979; Blondel,
1975).

The richness is known as the number of species counted in each site for each year,
whereas the abundance is the sum of individuals of met species.

For each species, the average population per site was calculated by dividing the sum of
the annual populations recorded by the number of years (between 2014 and 2021). The
recorded waterbirds were subdivided according to their feeding behavior and use of the aquatic
environment into six guilds: the Anatids, the Rallids, the Larids, the Wading, the Shorebirds,
and the Cormorants.

To assess the international importance of the study sites for the wintering of
waterbirds, we used the following Ramsar criteria (*):

— Criterion 2A: "A wetland should be considered of international importance if it
supports vulnerable, endangered, or critically endangered species or threatened ecological
communities.” The determination of the protection status of the species is based on whether the
species were observed during the study period and on the list of protected species on the IUCN
Red List (IUCN 2023).

— Criterion 6B: "A wetland should be considered of international importance if it
regularly supports 1% of the individuals of a population of a waterbird species or subspecies."
To determine the international ornithological value, we found it useful to use the method
described by Fuller, 1980, in Delany and Scott, 2006, which is based on Ramsar Criterion 6. In
other words, we highlighted the waterbird species that have reached the 1% international
threshold by comparing the populations present at our study site to the known reference
populations at the regional level. The thresholds for international significance and the trends of
biogeographical populations are derived from various publications by Wetlands International
(Delany and Scott, 2006).

Data ecological analysis

The Shannon-Weaver Index H’ (Shannon and Weaver, 1963) quantifies the
heterogeneity of biodiversity in an environment and tracks its temporal evolution. It considers
both the species richness and the relative abundance of each species, thus characterizing the
equilibrium of a population within an ecosystem. It is expressed as: H’=-)" (ni/ N) x Log 2 (ni/
N). Where N is the total number of individuals of all species, and ni is the number of
individuals of species i; (Blondel, 1975).

Pielou's evenness index (E): E = H’ / Hmax, where Hmax = Log?2 (S), allows for the
assessment of imbalances that the diversity index alone cannot detect. The closer its value is to
1, the more it indicates a well-balanced community structure in the ecosystem; S represents the
number of species composing the community (Legendre and Legendre, 1979).
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Statistical analyses

To compare the distribution of specific richness, abundance, and diversity indices
across the different wetland sites studied, we employed the non-parametric global test
ANOVA (One way ANOVA) Kruskall-Wallis (Scherrer, 1984). P values < 0.05 were
considered significant. All statistical analyses were conducted using IBM SPSS software
version 29.0.1.0(171).

RESULTS AND DISCUSSION

Specific composition of avian population

The monitoring of waterbird populations during the period 2014-2021 allowed to
assess a total of 47 species, equivalent to 48.45% of the total richness of birds recorded in
Algeria (Samraoui et al., 2011). In order to provide an overview of the numerical importance
of each recorded bird species, we chose to calculate the occurrence index for the entire study
period. According to this, the current population is distributed among 2 common species, 10
frequent species, and 35 rare species (Tab. 1). Compared to other similar studies in various
wetland areas of the country, such as the wetland complex of Souk Ahras province where 32
wintering species were reported by Guellati et al. (2014), the Oued Righ complex with 26
species (Bensaci et al., 2013), and the wetlands of the High Plateaus of central Algeria with 23
species (Zoubiri et al., 2018). The comparison revealed that all regularly wintering species
were inventoried during the present study. Only a few species, such as the Eurasian Spoonbill,
Water Rail, Collared Pratincole, and others, could have escaped observations, as well as the
identification of passage species such as Sandpipers and Plovers. Unfavorable winter weather
conditions could also be a probable cause for confusion between species.

Table 1. Quantitative characterization of the wintering waterbird population in the
wetland complex of Setif region during the 2014/2021 period; EM: Average headcount in the
study area calculated over the 2014-2021 period; EPRO: effective of original regional
population; %ENM/EPRO: Proportion of effective in relation to the original regional
population; NZH: number of sites where the species is present; NT: Total number of sites
equal to 17; IOR = (NZH/NT)x100 relative occurrence index; R: Rare ; F: Frequent ; C:
common. The overall species richness of the wintering waterbird population recorded in the
study area is quite significant

Waterbird species recorded EM ‘ EPRO ‘ EM/EPRO%‘ NZH ‘ IOR | Status
Anatidae

(An;\gilllg{frg;rfthOS) 2756 | 15000 18,37 12 | 711% | C
N(C)Ar:lg%rgligge\g)er 3984 2800 142,28 T A% F
(anas peniop) 19 | oo |z | 5 || F
(2(?2:\/ ;IJe?)l:;z) 11 1900 057 2 | 12% | R
"ot st 5 o0 | o1 | ! || R
%Aorzg?gpezceg 16211 10000 16,21 5 | 2% | F
(Marma'r\gagk;tlgdanD;Ssktirostris) ! 65 1,53 1 6% R
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Table 1 (continued): Quantitative characterization of the wintering waterbird
population in the wetland complex of Setif region during the 2014/2021 period; EM: Average
headcount in the study area calculated over the 2014-2021 period; EPRO: effective of
original regional population; %ENM/EPRO: Proportion of effective in relation to the original
regional population; NZH: number of sites where the species is present; NT: Total number of
sites equal to 17; IOR = (NZH/NT)x100 relative occurrence index; R: Rare ; F: Frequent ; C:
common. The overall species richness of the wintering waterbird population recorded in the
study area is quite significant.

Tufted Duck .

(Aythya fuligula) 4 3000 0.13 1 | 6% | R
Common Pochard .

(Aythya ferina) e 6000 1,26 2 | 12% | R

Ferruginous Duck .

(Aythya fuligula) 45 60 75 2 | 12% | R
Common Shelduck .
(Tadorna tadorna) 11134 2600 428,23 6 35% F

Ruddy Shelduck .

(Casca ferruginca) 7 100 7 1 6% R
White-Headed Duck .
(Oxyura leucocéphala) 180 25 720 3 18% R
Rallidae
Eurasian Coot .
(Fulica atra) 1721 25000 20,68 10 | 59% | C
Greylag Goose )
(Anser anser ) ! 770 0,13 1 6% R
Common Moorhen .
(Gallinula chloropus) 52 37100 0.14 2 | 12% | R
Wading
Greater Flamingo .
(Phoenicopterus ruber) 1029 1500 68,6 3 18% R
White Stork :
(Ciconia ciconia) 58 1600 362 2 12% R
C?gmgn Ejr;ne 3 1300 0,23 1| 6% R
Y
Grey Heron (Ardea cinerea) 36 1700 135 4 24% E
Western Cattle Egret .
rdeola ibis ,
(Ardeola ibis) 103 1200 8,58 8 | 18% | R
Y Y
Black-winged Stilt .
(Himantopus himantopus) 110 1200 9,16 3 18% R
Avocet :
(Recurvirostra avosetta) 13 940 1,38 2 12% R
Larids
Great Crested Grebe .
(Podiceps cristatus) 286 5800 4,93 4 24% F
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Table 1 (continued): Quantitative characterization of the wintering waterbird
population in the wetland complex of Setif region during the 2014/2021 period; EM: Average
headcount in the study area calculated over the 2014-2021 period; EPRO: effective of
original regional population; ENM/EPRO: Proportion of effective in relation to the original
regional population; NZH: number of sites where the species is present; NT: Total number of
sites equal to 17; IOR = (NZH/NT)x100 relative occurrence index; R: Rare ; F: Frequent ; C:
common. The overall species richness of the wintering waterbird population recorded in the
study area is quite significant.

(Pod:EcéeEsd r?i[:]er?gollis) 105 1800 5,83 3 | 18% | R
(TachyII)I;trl)fufr?Efeicollis) 202 4700 4,29 6 35% F
({erlﬁ\s’v nile(?hgaeﬁlecl; |l|!|) 922 | 13900 6,63 7| 4% | F
> Lares gone) 1 | poo | opss | 1| % | R
(E;Llifffshﬁgfffngﬂg B> | 31000 0,048 1 | &% | R
Shorebirds
(':I/g;tgﬁ Lr; ol ) 340 | 72300 0,47 5 | 29% | F
(i?:rr?;ggrfﬂg %?gtil::)ll?l\sr 47 540 8,70 2 | 12% | R
(Iélrgg?aRderS:(éSt:ﬁ:;e) 89 3100 287 1 | 6% R
(Char?ggﬂzr;lzl;)gﬁérinus) 34 660 5,15 1 | 6% | R
(Plquc;ﬁ?snaF;ﬂ\égrria) 63 9400 0,67 1 | 6% | R
e | | |1 || ¥
(Caliis alpina) % | 13300 0,26 2 | 12% | R
(Pﬁﬁgﬁ?cﬁfsd ;Eag?]:\x) ! 1000 0.1 1 | 6% | R
(Ga?lci)rzr;rggg:_nilﬁggo) 10 100000 0,01 1| &% R
(Calﬁlé?iii;[:ﬂhta) 64 3000 213 1 | &% | R
(Numeus aruate) ° | o0 | oom | 1 || F
e RN I
(cg?ﬂﬁ'.‘érlﬁrﬁfn?&”é.) 492 350 140,57 2 | 12% | R
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Table 1 (continued): Quantitative characterization of the wintering waterbird
population in the wetland complex of Setif region during the 2014/2021 period; EM: Average
headcount in the study area calculated over the 2014-2021 period; EPRO: effective of
original regional population; %ENM/EPRO: Proportion of effective in relation to the original
regional population; NZH: number of sites where the species is present; NT: Total number of
sites equal to 17; IOR = (NZH/NT)x100 relative occurrence index; R: Rare ; F: Frequent ; C:
common. The overall species richness of the wintering waterbird population recorded in the
study area is quite significant.

Cormorans
Western Marsh Harrier
(Circus aeruginosus)
Great Cormorant

25 ? ? 2 12% R

0,
(Phalacrocorax carbo) 14 5000 14.28 4 24% F
Eurasian Kestrel 1 5 2 1 6% R
(Falco tinunculus)
Western Swamphen 2 9 ” 1 6% R
(Porphyrio porphyrio)
Numl.Jer_m.c wintering 31921
individuals

Structure and spatial organization of avian population

The results of the Kurskal-Wallis test of One-way ANOVA indicate that the species
richness data series during the study period varied significantly among the different studied
wetlands (F (1,6) = 11.43, p = 0.001). The maximum species richness was observed at Ain
Zada dam (16.25 £ 2.31), followed by Sebkhet Bazer (16 = 3.29) and hill reservoirs of
Soummar (11.87+1.35) (Fig.2, Tab.2). These relatively high values compared to all other sites
in our study area demonstrate the importance of these wetlands as wintering areas for many
species and indicate that these environments are characterized by a wide diversity of habitats
(Phragmites, Tamarix, open water) (Zoubiri et al,, 2018), good water level, high visibility, and
better availability and variety of food (entomological richness) as well as a good surface area
indicating the total carrying capacity of the site (Hamel, 2011).

The highest abundance was observed at Sebkhet Bazer and then at Ain Zada dam (Fig.
3). This can be explained by the location of Sebkhet Bazer at the mouths of wadis, which
provides a suitable biotope for avifauna and also contributes to the diversity of habitats and the
increase in it carrying capacity, as well as by the abundance of piscivorous species in the dam
of Ain Zada due to its ichthyofaunal richness (Fig. 6). The same factor may explain the highest
mean values of the Shannon diversity index and evenness at this site, followed by hill
reservoirs of Soummar, Sebkhet Bazer and Cott El Beida are the most diverse and balanced
sites, showing fluctuations during the study period between (0.17 - 0.96 bits) and (0.13 - 0.89)
(Fig. 4) (Fig, 5). The difference between the data series of these two indices is highly
significant (F (14) = 34.95, p = 0.001), (F (14) = 35.16, p = 0.001).

The values of the Shannon and evenness indices obtained in this study are very low,
indicating an unequal distribution of the number of individuals among species. Sebkhet Bazer
and Chott EI Baida are dominated by dabbling ducks (Common Shelduck) and birds requiring
shallow feeding areas, similar to the majority of waders and shorebirds. hill reservoir of
Soummar is dominated by diving ducks.
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However, the capacity of other temporary wetlands that dry up completely during low
rainfall years decreases considerably, such as the case of Chott El Fraine, Sebkhet Melloul, and
other hill reservoirs that are mainly fed by floodwaters, in addition to spring and wastewater.
Consequently, their flow rates are very irregular. Also, the abusive use by farmers, which
sometimes leads to the drying up of water bodies, causes species to flee and forces them to
gather in permanent wetlands. These findings are consistent with those reported by Guellati et
al (2014) and Saifouni (2009) reported that hill reservoirs are the least frequented by
waterbirds.

Table 2: Average richness in the different study sites.

Sites A_verage Star)dgrd
richness deviation
Chott El Beida 10.25 2.49
Sabkhet Bazer 16 3.29
Sabkhet EI Hamiet 4.62 2.32
Dam de Ain Zada 16.25 231
Dam de &1 65 1.92
R of Soummar 11.87 1.35
R of Zairi 5.87 1.12
oL Oued 3.62 0.74
R of Ain Abessa 3 151
R of Oued M’Djez 6.87 2.58
R of Bellaa 1.37 2.87
R of Bouchtat 4.75 1.03
R of Mahdia 7.5 3.85
R of ’Ouéd Khénig 0.25 0.46
R of Ben Alleg 2.14 1.86
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Figure 5: Variation in evenness index among different study sites.

Ornithological value of wetlands complex for waterbirds population

In terms of population, the dominant species, with a relative frequency exceeding 1%
of the average population, are in decreasing order of importance: Common shelduck (34.87%),
Eurasian coot (16,20%), Northern shoveler (12.48%), Mallard (8,63%), Common teal (5,07%),
Greater flamingo (3,22%), Yellow-legged gull (2.88%), Great cormorant (2,23%), Temminck's
Stint (1,54%), Northern lapwing (1.06%) and Great crested grebe (0,89%); together, they
represent a cumulative value of approximately 89,07%. The mean method reveals an average
population of the entire wintering population close to 31921 individuals.
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Finally, birds are efficient indicators because they are sensitive to gradual or abrupt
changes in their environment. They are also important in applications such as environmental
guality, ecosystem integrity, and restoration, as they are used as early warning systems for
environmental changes and for assessing environmental and climate changes (Mekonen, 2017).

CONCLUSIONS

Given the lack of quantitative studies on wintering aquatic bird species and their
wintering habitats in the wetland complex of the Setif region, particularly artificial wetlands
(dams and hill reservoirs). This study, conducted over 8 winter seasons (2014/2021), aims to
provide initial insights into these wildlife populations' diversity, structure, and distribution
patterns, to partially address the lack of information and contribute to establishing an
ornithological database. The study also aims to gather the necessary assessment elements for
the design of wetland management plans.

It is important to note that studying birds and their habitat associations is also cost-
effective; a simple and standardized methodology provides information on the ecological
conditions associated with them. This should prompt natural resource managers to quickly take
appropriate preventive measures to address various threats and preserve avian diversity. For
this purpose, certain species, especially those indicative of these types of wetland zones,
should be taken into consideration in subsequent monitoring.
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ABSTRACT Sebi+, Adi+, Claudia-28.02.2025, EN DT, D DF.

This research paper documents the daily behavior of the Mallard (Anas platyrhynchos)
in Lac des Oiseaux (El Tarf Province, northeast Algeria). The study was conducted over three
consecutive years (2020, 2021, and 2022) (morning and afternoon). The variation in the
number of Mallard individuals did not follow a time-series trend, with the peak number of
individuals observed in November-December. Foraging dominated the diurnal time budget of
this duck. The proportion of each activity differed significantly between the morning and
afternoon periods, except for flying activity. Energetic activities were positively correlated and
observed during both the morning and afternoon. Wetland management should incorporate
behavior of the species in order to ensure effective conservation strategies.

RESUME: Apercu sur I'éthologie du canard colvert Anas platyrhynchos au lac des
oiseaux (wilaya de El-Tarf - Nord Est de I'Algérie).

Cette étude souligne le comportement du Canard colvert (Anas platyrhynchos) au Lac
des Oiseaux (wilaya d'El Tarf, nord-est de I'Algérie). L'étude a été menée sur trois années
consécutives (2020, 2021 et 2022), le matin et I'aprés-midi. La variation du nombre d'individus
de colvert n'a pas suivi une tendance chronologique, avec un pic d'observations enregistré en
novembre-décembre. L'alimentation a dominé le budget temps diurne de cette espéce. La
proportion de chaque activité varie significativement entre les périodes du matin et de l'aprés-
midi, a lI'exception de I'activité de vol. Les activités énergétiques sont positivement corrélées et
sont observées a la fois le matin et I'aprés-midi. La gestion des zones humides devrait prendre
en compte le comportement de cette espéce afin d'assurer des stratégies de conservation efficaces.

REZUMAT: Asupra comportamentului ratei Anas platyrhynchos in lacul Pasarilor
(Provincia El-Tarf — nord-estul Algeriei).

Acest articol de cercetare documenteaza comportamentul zilnic al ratei mari (Anas
platyrhynchos) in Lacul Pasarilor (Provincia El Tarf, nord-estul Algeriei). Studiul a fost realizat
pe parcursul a trei ani consecutivi (2020, 2021 si 2022), dimineata si dupa-amiaza. Variatia
numarului de indivizi de ratd mare nu a urmat o tendinta temporald, cu un varf al numarului de
indivizi observat in lunile noiembrie-decembrie. Hranirea a dominat bugetul de timp diurn al
acestei specii. Proportia fiecarei activitati a diferit semnificativ intre perioadele de dimineata si
dupd-amiazd, cu exceptia activitatii de zbor. Activitatile energetice au fost corelate pozitiv si au
fost observate atat dimineata, cat si dupa-amiaza. Gestionarea zonelor umede ar trebui sa ia in
considerare comportamentul acestei specii pentru a asigura strategii eficiente de conservare.
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INTRODUCTION

The Mallard Anas platyrhynchos is the focal duck species of wild ecosystems in many
European and African countries (Tracey et al., 2008). This species plays a turnover function in
conservation, epidemiology and ecosystems management (Bengtsson et al., 2014). The time of
the day, the weather condition such as temperature and rainfall and the rest of climatic
conditions are associated with increased food availability and sources and metabolic rate in
waterbirds (Meissner and Markowska, 2009). Thereby the management of waterbirds
population during the breeding and wintering period improving the functioning of individual
population, the reproduction rate and the bird’s survival (mainly the energetic activities such as
feeding) (Flis et al., 2022; Flis and Brodzki, 2020; Janiszewski et al., 2018; Ljung et al., 2015;
Vrtiska et al., 2013; Borman and Mattson, 2012). The behavior measurement allows assessing
the welfare of species in the wild environment under human management (Rose, 2021;
Dawkins, 1989). It is known that the diet of the Mallard is dominated by seeds and
invertebrates, but this foraging activity is not occurred only in proportion to wetland food
availability (Tidwell et al., 2013). More life-history traits of waterbirds can influence the
foraging activity such as feather molt intensity, breeding, migration and climatic variation
(Anderson et al., 2000). The particular characteristics of species behavior considered as an
adaptative way (Arendt, 1997). The adequate strategy (i.e., time allow to foraging) used by
each species during its life cycle can define its fitness (Nylin and Gotthard, 1998).

In this study, we aimed to assess the strategies employed by Mallards in Lac des
Oiseaux from September to June over three consecutive years (2020, 2021, and 2022);
throughout (i) the trend in Mallard population abundance and (ii) the characterization of its
diurnal time budget.

MATERIAL AND METHODS

Study area.

This field research was conducted in Lac des Oiseaux (northeast Algeria, 36°42'N,
8°07'E; (Fig. 1), which is part of El Tarf Province (Algeria). This wetland is bordered by El
Kala City to the east and Annaba to the west. It is characterized by a Mediterranean climate,
with wet winters and warm, dry summers. Lac des Oiseaux is a 40-hectare freshwater lake that
can expand to 70 hectares during periods of heavy rainfall (Loucif et al., 2020). It shares a
watershed with the Mekhada Marshes, from which it is separated by a road. The lake attracts a
variety of bird species, including some listed on the IUCN Red List, such as the white-headed
duck (Oxyura leucocephala), the ferruginous duck (Aythya nyroca), and the western
swamphen (Porphyrio porphyrio). The vegetation in the area is diversified, dominated by
fringes of Phragmites australis, Scirpus lacustris, Sporobolus maritimus, Potamogeton lucens,
and Myriophyllum spicatum. Additionally, grassy lawns (Cynodon dactylon and Paspalum
distichum), Asteraceae species (Bellis annua and Senecio vulgaris), Juncus acutus, and
Asphodelus aestivus are also present (Houhamdi and Samraoui, 2002).
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Figure 1: geographical location of Lac des oiseaux (northeast of Algeria).

Field sampling. Weekly counts of Mallards during the wintering seasons (2020-2022)
were done using the "look-see" technique (Sutherland et al., 2004). Observations began in
early September 2020 and continued until June 2022, conducted at the same time of day,
during the twilight period. A telescope (KITE 20 x 60) was used for counting. When the
number of individuals was fewer than 200, population size was counted individually (Blondel,
1975; Altmann, 1974). For larger groups, we defined a focal group as a flock of individuals of
a single species, where the visually estimated distance between intra-group members was less
than ten meters. For estimating the number of Mallards in such cases, the visual field was
divided into bands, and the average number of birds in each band was recorded (Li et al.,
2011). This method has a maximum margin of error of about 10% (Merzoug et al., 2015).
Additionally, we recorded the daily time budget activities of Mallards during both the morning
and afternoon periods. The observed time budget did not distinguish between sexes or age
groups and was classified into five activities: resting, locomotion, feeding, grooming, and fly.

Data analysis. The Shapiro-Wilk normality test was used to assess the distribution of
Mallard abundance (2020: W = 0.88964, p-value = 0.0002566 / 2021: W = 0.89051, p-value =
0.0002731 / 2022: W = 0.89373, p-value = 0.000345) along the study. Since the data did not
follow normality distribution, we transformed them using the Remdr function. The Kruskal
Wallis test was used to compare between Mallard abundance across the years (2020, 2021 and
2022). Also, we applied the Wilcoxon signed rank test to compare activities between morning
and afternoon. We admit that alternative hypothesis: true location shift is not equal to 0.

The seasonal Mann-Kendall test was used. It will tell us whether there is a trend due to
seasonality (seasonality = 10 months). The number of Mallard individuals presented as an
abundance of this waterbirds during three-study period (2020, 2021, 2022). The sen’s slope
estimator was calculated in order to estimate the magnitude of the trend (see Rani et al., 2023).
We consider a as a significant level of 5%.
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A correlation matrix of the activities (5 x 2) was calculated using Pearson coefficient.
PCA “principal component analysis” was done in order to point the relationship between the
daily activities of Mallard (morning versus afternoon). Tamisier and Tamisier (1981) shown
that ducks exhibit two types of activities: energetic activities “feeding and resting” and
accessory activities “grooming, fly, locomotion, courtship”. For testing this relationship, all
these 5 variables are considered as a variable. PCA plot included only the five activities with
the highest contributions to the analysis. The statistical analysis was conducted using R (v
4.3.3) 2024 “FactoMineR and corrplot package” and XLSTAT 2014.5.03 for generating
seasonality curve (XLSTAT, 2014).

RESULTS

The seasonal Mann-Kendall test was used. It will tell us whether there is a trend due to
seasonality (seasonality = 10 months). The number of Mallard individuals presented as an
abundance of this waterbirds during three-study period (2020, 2021, 2022). The sen’s slope
estimator was calculated in order to estimate the magnitude of the trend ( Rani et al., 2023).
We consider o as a significant level of 5%.

The abundance of Mallard revealed that there is no significant difference between
2020, 2021 and 2021 (Kruskal-Wallis chi-squared = 3.3508, df = 2, p-value = 0.1872). We
noted that the Mallard number of individuals did not follow up a trend (Kendall’s tau= -
0.0320, p-value= 0.8183). The number of individuals in Lac des oiseaux displays a bell-shaped
fitness (Sen’s slope estimator= -0.3774, confidence interval [-15.0403 ; 16.7639]) (Fig. 3).
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Diurnal time budget of Mallard. We observed a significant difference in activities
between the morning and afternoon for resting (V = 9870, p-value < 2.2e-16), locomotion (V =
13, p-value < 2.2e-16), feeding (V = 2714.5, p-value = 0.0001403), and grooming (V = 388, p-
value < 2.2e-16). However, no significant difference was recorded for fly activity (V = 876, p-
value = 0.6948) throughout the day (morning versus afternoon) (Fig. 4).

Resting and feeding dominated the morning time budget of Mallards, accounting for
42.63% and 38.28% in 2020, 44.51% and 40.04% in 2021, and 40.54% and 40.36% in 2022,
respectively. In the afternoon, however, feeding and locomotion took a larger proportion, with
40.69% and 38.36% in 2020, 41.61% and 34.13% in 2021, and 42.04% and 35% in 2022,
respectively (Fig. 4).
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Figure 3: Characterization of the Mallard population trend during the three-study period (2020,

2021, 2022). Seasonal Mann-Kendall test (Kendall’s tau= -0.0320, p-value= 0.8183).
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Figure 4: proportion of each activity in the day time budget of Mallard in Lac des oiseaux.

Characterization of Mallard daily behavior. Figure 5 summarizes the relationship
between activities recorded in the morning and afternoon. Feeding in the morning was
positively and significantly correlated with feeding in the afternoon (r = 0.876, p-value =
0.0327). Additionally, feeding activity in the afternoon was positively correlated with
locomotion in the afternoon (r = 0.871, p-value = 0.0366), while feeding in the morning was
negatively correlated with locomotion in the morning (r = -0.923, p-value = 0.006).

Furthermore, the resting activities were negatively correlated with feeding activity (Fig. 5).
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Figure 5: Correlation map of the Mallard daily time budget activities in Lac des oiseaux during
2020, 2021 and 2022.

The PCA separated between two categories of activities that allowing welfare of
Mallard. In figure 6, we accepted only the first five activities with the highest contributions to
the analysis: feeding (morning and afternoon), locomotion, grooming, and flying, all of which
showed a strong contribution to the PCA. The analysis explained 66.95% of the total variance.
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Figure 6: PCA illustration of Mallard daily time budget activities in Lac des oiseaux during
2020, 2021 and 2022. We select only the first five activities with a high contribution in PCA.

Table 1 summarizes the eigenvalue and % variance for each principal component. The
first axis (Dim.1) of the analysis separated feeding in the morning, feeding in the afternoon,
and locomotion in the afternoon (classified as energetic activities) from flying in the morning
and grooming in the afternoon (recorded as comfort movements).

These two categories can be grouped as welfare activities for the birds. It is
noteworthy that resting activity was not represented on the PCA map, despite being recorded at
a high proportion in the morning (recorded as an energetic activity) (Fig. 4). Except for
locomotion, categorized as an accessory activity, was associated with both: 1) energetic
activities (feeding in the morning and afternoon) and 2) comfort movements (in this context,
locomotion refers to bathing or swimming behavior in Mallards).

Table 1: Principal component analysis describing the Mallard daily time budget
activities in Lac des oiseaux during 2020, 2021 and 2022. We selected the three dimensions
(Dim.1 Dim.2 Dim.3 with a high % variance).

Dim. Eigenvalues % variance
1 6.659 66.95
2 1.147 11.47
3 1.056 10.55
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DISCUSSION

Li et al. (2011) reported that Mallard displays a long period of foraging. Boos et al.,
(2002) showed that in winter Mallard carry more fat per body mass unit. This ability is known
increasing the fitness of this species to withstand fasting period (Meissner and Markowska,
2009). We suppose that during breeding period Mallard rely on lipidic reserves in order to
maintain protein reserve and this body lipid was structured during the winter to the overall
reproductive output (e.g., eggs production). In Lac des oiseaux, Mallard spent a long daily time
feeding associated to resting in the morning and locomotion in the afternoon, it did not
displayed time in vigilance mode and neglect mild disturbances that are often misjudged as
serious risks. In the Hengshui Lake National Nature Reserve (Hebei Province, China), Mallard
extended the vigilance mode at the expense of other crucial behavior such as foraging and
resting (Li et al., 2011). We noted that Mallard was less vigilant than other waterbirds
probably due to the high level of foraging offered by Lac des oiseaux.

Locomotion starting when mallard slides from the shore into the water in the
afternoon. This behavior is extended by a ‘group bathing signal’ (group of Mallard starting
swimming or bathing — which mean locomotion in our study), this activity can be released by
the bathing behavior of another Mallard in the same wetland (Pulliainen, 1963). All these
activities (locomotion or bathing/swimming) known as fundamental for the welfare of
waterbirds “comfort movement” (Baerends and Baerends-van Roon, 1950; Kortland, 1942).
The locomotion is mostly associated to feeding (Mallard need some movements during
foraging). And also, grooming (preening) which is known as a comfort movement (Baerends
and Baerends-van Roon, 1950; Kortland, 1942).

Not only foraging availability that modeling the behavior of Mallard, Guillemain et al,
(2002) reported that the temperature of the wintering site determining the mallard budget time.
The plasticity of this duck allowing increasing foraging during the winter (when the
temperature is low) through an intensive and extended time allow to feeding (Meissner and
Markowska, 2009). Moreover, it is known that there is a significant difference between male
and female Mallard during foraging. The greater metabolic rate and body weight of the males
suggests that they can tolerate lower temperature extremes than the females (Smith and Prince,
1973). But, this fitness of the Mallard is noted only when a temperature decreasing at low
ambient degrees. The variation in tolerance of this duck reflects the life-history trait, fitness,
plasticity and behavior of this species (Li et al., 2011; Nylin and Gotthard, 1998)

Secondly, the fly activity of Mallard is noted only at dawn and dusk time (see figure
4), this activity was negatively correlated with energetics activities (feeding and resting) which
were noted all the day (morning and afternoon) (see figure 6). The fly activity was recorded
when ducks moving from the foraging area. This finding is in accordance with previous studies
(Bengtsson et al., 2014) and showed a “‘commuting behavior” (Sauter et al., 2012).

The data on waterbirds behavior and ecological requirement is critical for the
biodiversity management and conservation. This history-life trait knowledge can provide
information’s’ than can be used to develop a management guideline. We recommended more
management implication in Lac des oiseaux in order to maintain the ecological function of this
wetland.

ACKNOWLEDGEMENTS

We are thankful to everyone who helped us in the field, particularly Forest
Conservation Team and Abdelkrim Arar for helping making of maps. The authors declare no
conflict of interest. This article follows an ethical approach during data sampling, data analysis
and proof writing. All authors of this study approved this article.



Transylv. Rev. Syst. Ecol. Res. 27.1 (2025), "The Wetlands Diversity" 89

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

REFERENCES
Altmann J., 1974 — Observational study of behavior: sampling methods, Behaviour, 49, 3-4,
227-266.
Anderson J.T., Smith L.M. and Haukos D.A., 2000 — Food selection and feather molt by
nonbreeding American green-winged teal in Texas playas, The Journal of wildlife management,
64, 1, 222-230.
Arendt J.D., 1997 — Adaptive intrinsic growth rates: an integration across taxa, The quarterly
review of biology, 72, 2, 149-177.
Baerends G.P and Baerends-van Roon J.M., 1950 — An introduction to the study of the ethology
of the cichlid fishes, Behaviour Supplement, 1, 1-243.
Bengtsson D., Avril A., Gunnarsson G., EImberg J., Soderquist P., Norevik G. and Waldenstrom
J., 2014 — Movements, home-range size and habitat selection of mallards during autumn
migration, PloS One, 9, 6, 100764.
Blondel J., 1975 — L’analyse des peuplements d’oiseaux, éléments d’un diagnostic écologique I.
la méthode des échantillonnages fréquentiels progressifs (EFP), Revue d'Ecologie, Terre et Vie,
4, 533-589. (in French)
Boos M., Zorn T., Le Maho Y., Groscolas R. and Robin J.P., 2002 — Sex differences in body
composition of wintering Mallards (Anas platyrhynchos): possible implications for survival and
reproductive performance, Bird Study, 49, 3, 212-218.
Borman M. and Mattsson L., 2012 — The hunting value of game in Sweden: Have changes
occurred over recent decades?, Scandinavian Journal Forest Research, 27, 7, 1-6, DOI:
10.1080/02827581.2012.683533.
Dawkins M.S., 1989 — Time budgets in red junglefowl as a baseline for the assessment of
welfare in domestic fowl, Applied Animal Behaviour Science, 24, 1, 77-80.
Flis M. and Brodzki P., 2020 — Carcass composition, spermatogenesis processes and pathogenic
threats of male mallard ducks (Anas platyrhynchos L), Applied Ecology and Environmental
Research, 18, 1, 1489-1507, DOI: 10.15666/aeer/1801_14891507.
Flis M., Czyzowski P., Rataj B. and Piorkowski J., 2022 — The number, behaviour, and
population indices of Mallard ducks (Anas platyrhynchos L.) in non-urban and urban
environments of the Lublin region, Animal Science and Genetics, 18, 2, 13-22,
https://doi.org/10.5604/01.3001.0015.8567.
Guillemain M., Fritz H. and Duncan P., 2002 — Foraging strategies of granivorous dabbling
ducks wintering in protected areas of the French Atlantic coast, Biodiversity & Conservation, 11,
1721-1732.
Houhamdi M. and Samraoui B., 2002 — Occupation spatio-temporelle par 1’avifaune aquatique
du Lac des Oiseaux (Algérie), Alauda, 70, 2, 301-310.
Janiszewski P., Murawska D., Hanzal V., Gesek M., Michalik D. and Zawadka M., 2018 —
Carcass characteristics, meat quality, and fatty acid composition of wild-living mallards (Anas
platyrhynchos L), Poultry Science, 97, 2, 709-715, https://doi.org/10.3382/ps/pex/335.
Kortland A., 1942 — Levensloop, samenstelling en strctuur der Nederlandse aalsholverbevolking,
Ardea, 31, 175-280.
Li C., Zhou L., Li H. and Jiang Z., 2011 — Effects of foraging mode and group pattern on
vigilance behavior in water birds: a case study of mallard and black-winged stilt, Belgian
Journal of Zoology, 141, 2, 45-54.
Ljung P.E., Riley S.J. and Ericsson G., 2015 — Game meat consumption feeds urban support of
traditional use of natural resources, Journal Society & Natural Resources, 28, 6, 657-669,
https://doi.org/10.1080/08941920.2014.933929.
Loucif K., Bara M., Grira A., Maazi M.C., Hamli A. and Houhamdi M., 2020 — Ecology of
avian settlements in lake Tonga (Northeast Algeria), Zoodiversity, 54, 4, 275-284.
Meissner W. and Markowska K., 2009 — Influence of low temperatures on behaviour of mallards
(Anas platyrhynchos L), Polish Journal of Ecology, 57, 4, 799-803.



https://doi.org/10.1080/08941920.2014.933929

90

I. Houhamdi et al. — Anas platyrhynchos behavior in National Park Elkala (Algeria) (85 ~ 94)

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Merzoug A., Bara M. and Houhamdi M., 2015 — Diurnal time budget of Gadwall Anas strepera
in Guerbes-Sanhadja wetlands (Skikda, northeast Algeria), Zoology and Ecology, 5, 2, 101-105.
Nylin S. and Gotthard K., 1998 — Plasticity in life-history traits, Annual review of entomology,
43,1, 63-83.

Pulliainen E., 1963 — On the history, ecology and ethology of the Mallards (Anas platyrhynchos
L.) overwintering in Finland, Ornis Fennica, 40, 2, 46-66.

Rani S.U., Kiran L.P., NaikBN R. and Mahendra S.B., 2023 — Application of Non-Parametric
Statistical Tools in Analyzing the Climate Data through XLSTAT. Contemporary Perspective on
Science, Technology and Research BP international Publisher 1, 1-12.

R Core Team 2024 — R: A Language and Environment for Statistical Computing. R Foundation
for Statistical Computing

Rose P., 2021 — Evidence for aviculture: Identifying research needs to advance the role of ex situ
bird populations in conservation initiatives and collection planning, Birds, 2, 1, 77-95.

Sauter A., Korner P., Fiedler W. and Jenni L., 2012 — Individual behavioural variability of an
ecological generalist: activity patterns and local movements of Mallards Anas platyrhynchos in
winter, Journal of Ornithology, 153, 713-726

Smith K.G. and Prince H.H., 1973 — The fasting metabolism of subadult mallards acclimatized
to low ambient temperatures, The Condor, 75, 3, 330-335.

Sutherland W.J., Pullin A.S., Dolman P.M. and Knight T.M., 2004 — The need for evidence-
based conservation, Trends in Ecology & Evolution, 19, 305-308.

Tamisier A. and Tamisier M.C., 1981 — L'existence d'unités fonctionnelles démontrée chez les
sarcelles d'hiver en Camargue par la bio télémétrie, Revue d'Ecologie, Terre et Vie, 35, 4,
563-580. (in French)

Tidwell P.R., Webb E.B., Vrtiska M.P. and Bishop A.A., 2013 — Diets and food selection of
female mallards and blue-winged teal during spring migration, Journal of Fish and Wildlife
Management, 4, 1, 63-74.

Tracey J., Lukins B. and Haselden C., 2008 — Lord Howe Island Duck: Abundance, Impact and
Management Options. A report to the World Heritage Unit. Lord Howe Island Board. Invasive
Animals Cooperative Research Centre, Canberra, 1-35.

Vrtiska M.P., Gammonley J.H., Naylor L.W. and Raedeke A.H., 2013 — Economic and
conservation ramifications from the decline of waterfowl hunters, Wildlife Society Bulletin, 37,
2, 380-388, https://doi.org/10.1002/wsb.245.

XLSTAT 2014 — XLSTAT 2014.5.03. Copyright Addinsoft 1995-2014.



https://doi.org/10.1002/wsb.245

