


A study on Haematological Responses of Wallago attu to Seasonal Environmental Changes in the Sai River
ABSTRACT
[bookmark: _GoBack]Aim- The present study investigates seasonal variations in the hematological profile of Wallago attu in the Sai River in Pratapgarh district, Uttar Pradesh, India, across three sites representing different levels of anthropogenic influence. 
Study Design- The study was based on field based quantitative analysis.
Place and Duration of study- Three sites were chosen at Sai River in district Pratapgarh, UP, India. The duration of the study was 2 years.
Methodology- Fish samples were collected during winter, summer, and rainy seasons. Live fish were transported to the laboratory under optimum conditions and processed immediately for blood sampling and observations.
Results- The haematological parameters of Wallago attu exhibited significant variations across the three sampling sites (Site I, Site II, and Site III) and seasons (winter, summer, and rainy), indicating the influence of water quality on fish physiology. A consistent and significant decline in haemoglobin (Hb) and erythrocyte (RBC) count was observed from Site I to Site III in all seasons.  In contrast, total leucocyte count (WBC) showed a significant increase at Site III across all seasons, with the highest values observed during summer. ESR values decreased progressively from Site I to Site III in all seasons. PCV values also showed a declining trend from Site I to Site III, with significant reductions in winter and rainy seasons. Mean corpuscular volume (MCV) and mean corpuscular haemoglobin (MCH) showed an increasing trend from Site I to Site III, while MCHC exhibited variable responses but generally decreased in polluted sites (especially during the rainy season). The seasonal fluctuations may be attributed to changes in temperature, dilution effects during rainfall, and variation in pollutant load.
Conclusion- Overall, the progressive deterioration in haematological parameters from Site I to Site III clearly indicates that water quality of the Sai River adversely affects the health of Wallago attu. The observed anaemia, altered red cell indices, and elevated WBC counts suggest physiological stress and immune response due to pollution, making these parameters reliable biomarkers for environmental monitoring.
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1. INTRODUCTION
Rapid urban development, expanding industries, and intensive farming practices have led to significant deterioration of freshwater bodies globally (Whitton et al., 1991). In India, riverine pollution has intensified due to the continuous discharge of untreated municipal wastewater, industrial effluents, and nutrient-rich agricultural runoff (Hatje et al., 1998). Such contaminants alter the physico-chemical nature of water, disrupt biodiversity, and pose serious risks to human health. In Pratapgarh, Sai river supports agriculture, fisheries, and the local ecosystem, but growing pressures from sewage discharge, industrial wastes, and agricultural inputs have compromised its water quality. Seasonal changes strongly influence river water characteristics. Catfish are widely used as effective bio-indicators for assessing aquatic pollution due to their high tolerance to environmental stress and close association with bottom sediments. In the present study, Wallago attu (a catfish) was chosen as experimental species as it is recognized as a reliable and sensitive indicators of water pollution. (Singh and Tandon, 2009).
Blood parameters of any organism are the most important marker of physiological stress that reflects any internal or external changes in fish. The blood parameters have been used as a sensitive indicator of stress in fish exposed to different water pollutants and toxicants, such as biocides, pesticides, industrial effluents, etc. (Singh et al., 2008). A number of haematological parameters such as heamoglobin (Hb), total erythrocyte count (TEC), total leukocyte count (TLC), differential leukocyte count (DLC), erythrocyte sedimentation rate (ESR) and packed cell volume (PCV) have been considered to measure the health of the fish and surrounding ecological pollution. Hematological characteristics can be used as a sensitive index to screen the pathophysiological changes in fish (Kori-Siakpere et al., 2005).
2. MATERIALS AND METHODS
2.1 Study Area
The study was conducted along a 72 km stretch of the Sai River that passes through the Pratapgarh district (latitude 25.34°–26.11° N; longitude 81.19°–82.27° E). The river enters Pratapgarh near Mustafabad, traversing predominantly agricultural and semi-urban landscapes. The district Pratapgarh is bounded by Sultanpur, Prayagraj, Jaunpur, Fatehpur, and Raebareli, and is partly bordered by the Ganga and Gomti rivers. (Misra 2019; Maurya et al., 2025).
2.2 Site Selection
Three sampling sites, representing varying intensities of anthropogenic stress were chosen:
· Site I: Ishipur (Reference Site) having minimal human activity.  (25.920175, 81.937816.)
· Site II: Beerapur (Moderately Polluted Site) which is influenced by intermediate urban runoff and agricultural practices. (25.838782, 82.147775)
· Site III: Bela (Highly Polluted Site) which is exposed to heavy domestic sewage, agricultural runoff, and industrial discharge. (25.931824, 81.998946)
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Image 1: Map showing Sampling sites of fish Wallago attu in river Sai in Pratapgarh, India.
2.3 Sample Collection
The present study was conducted on Wallago attu collected from the Sai River. Live fish were transported to the laboratory under optimum conditions and processed immediately for blood sampling. Blood was collected from the caudal vein using sterile plastic disposable 22-gauge heparinized syringes. Approximately 3–4.5 mL of blood was collected from each fish, taking care to ensure smooth withdrawal and minimal handling stress.
2.4 Hematological Analysis
Haematological parameters including haemoglobin (Hb), red blood cell (RBC) count, white blood cell (WBC) count, packed cell volume (PCV), erythrocyte sedimentation rate (ESR), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), and mean corpuscular haemoglobin concentration (MCHC) were analyzed. Hb, RBC, WBC, ESR, and PCV were determined following standard procedures described by Wintrobe (2009). Erythrocyte indices were calculated using the formulas described by Barbara et al., (2011) and Coles (1986):
1. MCV (fl) = (Hct / RBC) × 10
2. MCH (pg) = (Hb / RBC) × 10
3. MCHC (%) = (Hb / Hct) × 100
Where, fl – femtolitres, pg- pictograms, Hb- haemoglobin and Hct – hematocrit. 
3. RESULTS AND DISCUSSION
The study revealed significant variations across the three sampling sites (Site I, Site II, and Site III) and seasons (winter, summer, and rainy), indicating the influence of water quality on fish physiology. 
Table 1: Effect of Sai River water on haematological profile of Wallago attu fish collected from three different sites in winter season
	Sl. No.
	Haematological parameters
	Sites

	
	
	    Site I
	   Site II
	   Site III

	1.
	Hb (g/dl)
	10.10±0.21
	7.98±0.16a
	6.94±0.12ab

	2.
	RBC (X 106 /mm3)
	2.88±0.10
	1.74±0.074a
	1.26±0.087ab

	3.
	WBC (X 103 /mm3)
	10.32±0.27
	9.18±1.93
	13.96±0.46b

	4.
	ESR (mm/hr)
	18.20±0.66
	15.80±1.15
	12.40±1.03a

	5.
	PCV (%)
	27.00±1.51
	21.40±0.74a
	16.60±0.50ab

	6.
	MCV (fl)
	93.81±4.62
	123.9±6.92
	135.0±12.56a

	7.
	MCHC (%)
	38.03±2.87
	37.55±1.92
	42.01±1.80

	8.
	MCH (pg)
	35.33±1.91
	46.09±1.56
	56.29±4.42a


The haematological characteristics of Wallago attu recorded during the winter season varied distinctly among the three sampling sites, reflecting the influence of environmental quality on fish physiology.
A steady and significant reduction in haemoglobin (Hb) concentration was observed from Site I to Site III. Fish at the reference site (Site I) showed the highest Hb levels, whereas those from Site II and Site III exhibited markedly lower values, indicating a progressive deterioration in blood quality with increasing pollution. A similar declining pattern was evident in the red blood cell (RBC) count, which dropped substantially at the polluted sites. The packed cell volume (PCV) also followed this trend, further confirming reduced oxygen-carrying capacity of blood in fish from contaminated locations. These combined changes suggest the occurrence of anaemic conditions, possibly due to disruption of red blood cell formation, increased cellular damage, or inhibition of haemoglobin synthesis under toxic stress.
In contrast to the above parameters, the white blood cell (WBC) count showed an upward trend, with the highest value recorded at Site III. This increase indicates a physiological response aimed at combating stress, infection, or tissue damage caused by pollutants. The elevated leukocyte levels may therefore be interpreted as a defense mechanism activated under adverse environmental conditions. Environmental contaminants, including heavy metals, organic pollutants, and agricultural runoff, are known to induce oxidative stress, interfere with erythropoiesis, and disrupt haemoglobin synthesis, thereby altering haematological profiles as compensatory physiological responses (Adhikari et al., 2004; Ahmed et al., 2022).
The erythrocyte sedimentation rate (ESR) displayed a gradual decline from the least impacted site to the most polluted one. Reduced ESR values at contaminated sites may be linked to changes in blood composition, particularly alterations in plasma proteins or red blood cell characteristics that influence sedimentation behavior.
Among the erythrocyte indices, both mean corpuscular volume (MCV) and mean corpuscular haemoglobin (MCH) increased noticeably at Site II and further at Site III. This indicates that red blood cells became larger and contained more haemoglobin on an individual basis. Such changes are typically associated with macrocytic conditions, which may arise due to impaired maturation of erythrocytes or the release of immature cells into circulation under stress. On the other hand, mean corpuscular haemoglobin concentration (MCHC) remained relatively stable across all sites, suggesting that the haemoglobin concentration within individual cells did not vary significantly despite changes in cell size.
Overall, the winter data clearly demonstrate that fish inhabiting polluted regions (Site II and Site III) experience considerable physiological disturbance. The decline in major blood parameters along with compensatory changes in leukocyte count and erythrocyte indices highlights the adverse effects of degraded water quality. These observations confirm that haematological parameters are sensitive indicators of environmental stress and can be effectively used to assess the health status of fish populations in polluted aquatic systems.
Table 2: Effect of Sai River water on haematological profile of Wallago attu fish collected from three different sites in summer season
	[bookmark: _Hlk220491396]Sl. No.
	Haematological parameters
	Sites

	
	
	         Site I
	       Site II
	      Site III

	1.
	Hb (g/dl)
	11.80±0.30
	9.64±0.29a
	8.16±0.32ab

	2.
	RBC (X 106 /mm3)
	3.08±0.18
	1.98±0.13a
	1.60±0.14a

	3.
	WBC (X 103 /mm3)
	11.74±0.18
	[bookmark: OLE_LINK24]13.78±0.12a
	17.16±0.19ab

	4.
	ESR (mm/hr)
	15.80±0.48
	11.40±0.67a
	9.20±0.80a

	5.
	[bookmark: OLE_LINK11]PCV (%)
	31.67±1.13
	29.80±0.66
	26.00±1.09

	6.
	[bookmark: OLE_LINK9]MCV (fl)
	104.6±7.94
	152.5±8.06a
	161.9±13.73a

	7.
	[bookmark: OLE_LINK7]MCHC (%)
	37.41±1.44
	32.41±1.20
	32.53±1.68

	8.
	[bookmark: OLE_LINK5]MCH (pg)
	38.82±2.32
	49.44±3.21
	53.15±6.29



The haematological profile of Wallago attu during the summer season showed clear differences among the three sampling sites, indicating the influence of environmental stress associated with water quality. A noticeable decline in haemoglobin (Hb) concentration was recorded from Site I to Site III. Fish collected from Site I exhibited the highest Hb levels, whereas those from Site II and Site III showed significantly reduced values. A similar decreasing trend was observed in the red blood cell (RBC) count, with a marked reduction at both polluted sites.  Decreased erythrocyte counts are frequently linked with hypoxia, toxicant exposure, and impaired physiological functioning in freshwater fishes (Svobodova et al., 2008; Fernandes et al., 2007).
The packed cell volume (PCV) also decreased from Site I to Site III, although the change was less pronounced compared to Hb and RBC. These reductions suggest a diminished oxygen-carrying capacity of blood and indicate the onset of anaemia in fish exposed to contaminated environments, possibly due to toxic interference with erythrocyte production or increased destruction of blood cells. Lower PCV levels observed at Sites II and III indicate a decline in oxygen-carrying capacity, which may be linked to anaemia, prolonged exposure to pollutants, or decreased red blood cell production. (Shah and Altindag, 2005). In contrast, the white blood cell (WBC) count increased progressively from Site I to Site III, with significantly higher values at the polluted sites. This elevation in leukocyte count reflects an adaptive physiological response, likely associated with immune activation in reaction to pollutants, pathogens, or tissue damage. The erythrocyte sedimentation rate (ESR) showed a declining trend across the sites, with significantly lower values at Site II and Site III compared to Site I. This reduction may be linked to changes in plasma composition or alterations in red blood cell properties under stress conditions. 
The erythrocyte indices revealed substantial variation. Mean corpuscular volume (MCV) increased sharply from Site I to Site III, with significantly higher values at polluted sites, indicating enlargement of red blood cells. Similarly, mean corpuscular haemoglobin (MCH) also increased, suggesting a higher haemoglobin content per erythrocyte. These findings are indicative of macrocytic changes, which may arise due to disruption in normal erythrocyte maturation or the release of immature cells into circulation. This increase may represent an adaptive response aimed at maintaining oxygen transport efficiency under hypoxic or polluted conditions (Vinodhini and Narayanan, 2009). On the other hand, mean corpuscular haemoglobin concentration (MCHC) showed a decreasing tendency at polluted sites, indicating a relative reduction in haemoglobin concentration within individual cells. Reduced MCHC values indicate hypochromic erythrocytes, which may result from impaired haemoglobin synthesis, oxidative damage, or haemolysis caused by pollutant exposure (Ranzani-Paiva et al., 2013; Gabriel and George, 2019; Ahmed et al., 2022).
Overall, the haematological alterations observed during the summer season were more pronounced compared to other seasons, suggesting that elevated temperature may intensify the effects of pollutants. Fish from Site III exhibited clear signs of physiological stress, as reflected by reduced Hb, RBC, and PCV along with increased WBC and altered erythrocyte indices. These findings highlight the combined impact of pollution and seasonal factors on fish health and reinforce the usefulness of haematological parameters as sensitive indicators of environmental degradation.
Table 3: Effect of Sai River water on haematological profile of Wallago attu fish collected from three different sites in rainy season
	Sl. No.
	Haematological parameters
	Sites

	
	
	Site-I
	Site-II
	Site-III

	1.
	[bookmark: _Hlk215839742]Hb (g/dl)
	10.84±0.30
	8.72±0.17a
	8.06±0.13a

	2.
	RBC (X 106 /mm3)
	2.92±0.10
	1.88±0.08a
	1.44±0.17a

	3.
	WBC (X 103 /mm3)
	11.00±0.22
	12.70±0.43a
	15.50±0.39ab

	4.
	ESR (mm/hr)
	16.40±0.81
	13.40±0.67a
	11.60±0.67a

	5.
	PCV (%)
	28.60±1.28
	24.20±0.96a
	19.20±1.02ab

	6.
	MCV (fl)
	98.02±3.31
	129.1±4.77
	143.5±23.98

	7.
	MCHC (%)
	38.22±2.06
	29.31±0.76a
	27.11±0.83a

	8.
	MCH (pg)
	37.24±1.22
	46.71±2.15
	59.47±7.56a



The haematological profile of Wallago attu during the rainy season demonstrated clear spatial variation among the three sampling sites, reflecting the influence of pollution load and runoff on fish health. A declining trend was observed in haemoglobin (Hb) concentration from Site I to Site III. Fish from the reference site exhibited higher Hb values, whereas those from Site II and Site III showed significantly lower levels. A similar reduction was noted in the red blood cell (RBC) count, which decreased markedly at the polluted sites. The packed cell volume (PCV) also followed the same pattern, with significantly reduced values at Site II and Site III. These changes indicate impaired oxygen transport capacity and suggest the development of anaemic conditions in fish exposed to contaminated water, possibly due to disruption of erythrocyte production or increased destruction of red blood cells.
In contrast, the white blood cell (WBC) count increased progressively from Site I to Site III, with significantly elevated values at the polluted sites. This rise in leukocyte count can be interpreted as a physiological defense response, indicating immune system activation under stress conditions caused by pollutants and increased microbial load during the rainy season. The erythrocyte sedimentation rate (ESR) showed a consistent decrease from Site I to Site III, with significantly lower values at the polluted sites. This reduction may be associated with alterations in plasma proteins or changes in red blood cell characteristics that affect sedimentation behavior under environmental stress. Lower ESR values at downstream locations may indicate changes in plasma constituents, a decline in erythrocyte numbers, or stress-related modifications affecting red blood cell aggregation. (Svobodova et al., 2008).
The erythrocyte indices further supported the observed physiological disturbances. Mean corpuscular volume (MCV) increased from Site I to Site III, indicating enlargement of red blood cells, although the variation was not statistically significant. Similarly, mean corpuscular haemoglobin (MCH) showed a marked increase, with significantly higher values at Site III, suggesting greater haemoglobin content per erythrocyte. These changes point towards macrocytic alterations, likely resulting from stress-induced disturbances in erythrocyte maturation. On the other hand, mean corpuscular haemoglobin concentration (MCHC) decreased significantly at Site II and Site III, indicating reduced haemoglobin concentration within individual red blood cells.
Overall, the haematological responses during the rainy season indicate that fish from polluted sites, particularly Site III, experience considerable physiological stress. The combined effects of reduced Hb, RBC, and PCV along with increased WBC and altered erythrocyte indices highlight the negative impact of pollutant influx during rainfall. These findings emphasize that seasonal runoff contributes significantly to water quality deterioration and that haematological parameters serve as reliable indicators of such environmental changes.
Graphical Analysis of data for all parameters-


Figure 1:  Seasonal variation in Haemoglobin (Hb) concentration of Wallago attu fish collected from Sai River at three sites. The values were analyzed using one-way ANOVA followed by Tukey post-hoc multiple comparison test. Means with different superscripts (a, b) differ significantly at p<0.05; a vs. Site I and b vs. Site II.




Figure 2:  Seasonal variation in red blood cells (RBC) count of Wallago attu fish collected from Sai River at three sites. The values were analyzed using one-way ANOVA followed by Tukey post-hoc multiple comparison test. Means with different superscripts (a, b) differ significantly at p<0.05; a vs. Site I and b vs. Site II.



Figure 3:  Seasonal variation in white blood cells (WBC) count of Wallago attu fish collected from Sai River at three sites. The values were analyzed using one-way ANOVA followed by Tukey post-hoc multiple comparison test. Means with different superscripts (a, b) differ significantly at p<0.05; a vs. Site I and b vs. Site II.


Figure 4:  Seasonal variation in erythrocyte sedimentation rate (ESR) of Wallago attu fish collected from Sai River at three sites. The values were analyzed using one-way ANOVA followed by Tukey post-hoc multiple comparison test. Means with different superscripts (a, b) differ significantly at p<0.05; a vs. Site I and b vs. Site II.


 Figure 5:  Seasonal variation in packed cell volume (PCV) of Wallago attu fish collected from Sai River at three sites. The values were analyzed using one-way ANOVA followed by Tukey post-hoc multiple comparison test. Means with different superscripts (a, b) differ significantly at p<0.05; a vs. Site I and b vs. Site II.


Figure 6:  Seasonal variation in mean corpuscular volume (MCV) of Wallago attu fish collected from Sai River at three sites. The values were compared using one-way ANOVA followed by Tukey post-hoc test. 


Figure 7:  Seasonal variation in mean corpuscular haemoglobin concentration (MCHC) of Wallago attu fish collected from Sai River at three sites. The values were analyzed using one-way ANOVA followed by Tukey post-hoc multiple comparison test. Means with different superscripts (a, b) differ significantly at p<0.05; a vs. Site I and b vs. Site II.



Figure 8:  Seasonal variation in mean corpuscular haemoglobin (MCH) counts of Wallago attu fish collected from Sai River at three sites. The values were analyzed using one-way ANOVA followed by Tukey post-hoc multiple comparison test. Means with different superscripts (a, b) differ significantly at p<0.05; a vs. Site I and b vs. Site II.
The present study revealed significant seasonal and spatial variations in the haematological profile of Wallago attu collected from different sites of the Sai River, clearly reflecting the combined influence of pollution and seasonal environmental changes on fish health. Across all three seasons, a consistent decline in haemoglobin (Hb), red blood cell count (RBC), and packed cell volume (PCV) was observed from Site I (reference site) to Site III (highly polluted site). This trend indicates a progressive deterioration in the oxygen-carrying capacity of blood in fish inhabiting contaminated areas. The reduction in these parameters suggests the development of anaemic conditions, which may be attributed to toxic substances interfering with erythropoiesis, increased destruction of erythrocytes, or inhibition of haemoglobin synthesis. Among the seasons, the decline was most pronounced during the summer, followed by the rainy and winter seasons, indicating that higher temperature may intensify the toxic effects of pollutants.
The white blood cell (WBC) count showed an increasing trend from Site I to Site III in all seasons, with significantly higher values recorded at polluted sites. This elevation reflects an adaptive immune response to environmental stress, infection, or tissue damage. The increase was particularly prominent during the summer and rainy seasons, which may be linked to enhanced microbial activity and higher pollutant load during these periods. The consistently elevated WBC levels at Sites II and III, particularly during the rainy season reflect prolonged immune stimulation resulting from increased pollutant influx, organic contamination, and microbial proliferation associated with monsoon runoff  (Shah and Altindag, 2005; Vinodhini and Narayanan, 2009). The erythrocyte sedimentation rate (ESR) consistently decreased from Site I to Site III across all seasons. Lower ESR values at polluted sites may indicate alterations in plasma protein composition or changes in erythrocyte characteristics under stress conditions. The decline was more evident during the summer season, suggesting stronger physiological disturbance during this period.
The erythrocyte indices, including mean corpuscular volume (MCV) and mean corpuscular haemoglobin (MCH), exhibited a general increasing trend from the reference site to polluted sites in all seasons. This indicates enlargement of red blood cells and increased haemoglobin content per cell, which are characteristic features of macrocytic conditions. These changes may result from impaired erythrocyte maturation or the release of immature cells into circulation due to stress. This represents a compensatory physiological response to reduced RBC counts and chronic environmental stress (Kori-Siakpere et. al. 2005). On the other hand, mean corpuscular haemoglobin concentration (MCHC) generally showed a decreasing or inconsistent trend, particularly during the summer and rainy seasons, suggesting reduced haemoglobin concentration within individual erythrocytes at polluted sites.
Seasonal comparison further indicates that the summer season exhibited the most pronounced haematological alterations, likely due to elevated temperature enhancing metabolic rate and increasing the toxicity of pollutants. The rainy season also showed substantial changes, possibly due to surface runoff carrying additional contaminants into the river system. In contrast, the winter season exhibited relatively moderate changes, indicating comparatively lower environmental stress. Overall, the combined seasonal and spatial patterns clearly demonstrate that fish from polluted sites, particularly Site III, are subjected to significant physiological stress. The consistent reduction in Hb, RBC, and PCV along with elevated WBC and altered erythrocyte indices highlights the adverse impact of degraded water quality. These findings confirm that haematological parameters are highly sensitive and reliable biomarkers for assessing environmental pollution and its biological effects on aquatic organisms.
4. Conclusion
The present investigation clearly demonstrates that water quality of the Sai River has a significant impact on the haematological profile of Wallago attu, with noticeable variations across different sites and seasons. Fish collected from polluted sites (Site II and especially Site III) consistently exhibited altered blood parameters when compared to those from the relatively unpolluted reference site (Site I), indicating deterioration in physiological health. A marked reduction in haemoglobin (Hb), red blood cell count (RBC), and packed cell volume (PCV) was observed at polluted sites in all seasons, suggesting impaired oxygen transport capacity and the development of anaemic conditions. These alterations may be associated with toxic effects of contaminants on blood cell production, increased destruction of erythrocytes, or disruption in haemoglobin synthesis. Conversely, an increase in white blood cell (WBC) count at polluted sites indicates activation of defense mechanisms in response to environmental stress, infection, or tissue damage. The consistent decrease in erythrocyte sedimentation rate (ESR) further reflects changes in blood composition under adverse conditions. 
The erythrocyte indices, particularly mean corpuscular volume (MCV) and mean corpuscular haemoglobin (MCH), showed an increasing trend at polluted sites, suggesting enlargement of red blood cells and the presence of macrocytic conditions. In contrast, mean corpuscular haemoglobin concentration (MCHC) generally decreased or showed irregular patterns, indicating altered haemoglobin distribution within erythrocytes. Seasonal analysis revealed that the summer season exerted the greatest impact, followed by the rainy season, while the winter season showed comparatively moderate changes. The intensified effects during summer may be attributed to elevated temperature and increased metabolic stress, whereas during the rainy season, surface runoff likely introduces additional pollutants into the river system.
The study highlights that haematological parameters are sensitive and reliable indicators of environmental stress and aquatic pollution. The observed changes in Wallago attu reflect the deteriorating condition of the Sai River, particularly at highly impacted sites. Therefore, regular monitoring of fish haematology, along with effective management and pollution control measures, is essential for the conservation of aquatic ecosystems and the sustainability of fish populations.
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