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Abstract 

 

Hematological parameters are widely recognized as reliable indicators of fish health and 

physiological adaptation to environmental conditions. The present study aimed to 

characterize the hematological profile of six economically important fish species from the 

lower Danube River, representing different ecological strategies: Alosa immaculata, Alosa 

tanaica, Aspius aspius, Silurus glanis, Cyprinus carpio, and Abramis brama. Blood samples 

were obtained through caudal vein puncture, and erythrocyte count (RBC), hemoglobin 

concentration (Hb), hematocrit (Ht), and erythrocyte indices (MCV, MCH, and MCHC) 

were determined using standard fish hematology methods. 

Significant interspecific differences were observed in the erythrocyte-related parameters. 

The migratory species A. immaculata and A. tanaica exhibited the highest erythrocyte 

counts, hemoglobin concentrations, and hematocrit values, indicating an enhanced oxygen 

transport capacity associated with the elevated metabolic demands of anadromous migration. 

In contrast, erythrocyte indices showed comparatively limited interspecific variation, 

suggesting that the increased oxygen-carrying capacity of migratory species is achieved 

primarily through an increase in erythrocyte number rather than substantial changes in 

erythrocyte morphology. The presence of immature erythrocytes in peripheral blood smears 

of A. tanaica further suggests enhanced erythropoietic activity during migration. 

The results provide baseline hematological reference values for economically important fish 

species from the lower Danube River and contribute to a better understanding of species-

specific physiological adaptations. These data may support fish health assessment, 

ecological monitoring, aquaculture practices, and sustainable fisheries management.  
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Introduction  

Lotic ecosystems are characterized by continuous water flow and pronounced spatial and 

temporal variability in physicochemical parameters, including temperature, dissolved 

oxygen, salinity, and nutrient availability. These environmental fluctuations directly 

influence the physiology of aquatic organisms, requiring fish to continuously adjust their 

metabolic and homeostatic processes to maintain normal biological functions. 
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Understanding these physiological responses is essential for assessing the health of natural 

fish populations and for supporting the sustainable management and conservation of fishery 

resources. 

Among the physiological indicators used to evaluate fish health, hematological parameters 

are recognized as reliable and sensitive biomarkers because they rapidly reflect both the 

internal physiological status of the organism and its response to environmental conditions. 

Blood composition provides valuable information on oxygen transport capacity, metabolic 

activity, immune competence, and stress responses, making hematological analyses an 

effective approach for assessing fish health and physiological adaptation. 

Although hematological investigations have long been established as routine diagnostic tools 

in terrestrial animals, their application in fish biology has expanded considerably in recent 

years. Hematological indices are increasingly used as early indicators of physiological 

disturbances associated with anemia, infectious diseases, nutritional deficiencies, and 

environmental stress (Fazio, 2015; Witeska, 2022). Moreover, variations in hematological 

parameters have proven useful for evaluating the effects of habitat quality (Jeamah et al., 

2023; Malathi et al., 2021), nutrition (Ahmed et al., 2023), stress (Fazio et al., 2015; Sagar 

et al., 2024), infectious diseases (Seibel et al., 2021; Siddiqui et al., 2020), temperature 

fluctuations (Missinhoun et al., 2023; Saenphet, 2025), and exposure to environmental 

contaminants (Kim et al., 2021; Witeska et al., 2023). Consequently, hematological analyses 

have become valuable tools for monitoring fish health and evaluating the physiological 

consequences of environmental change in both natural ecosystems and aquaculture. 

Despite the growing body of research on fish hematology, baseline hematological data 

remain limited for many species inhabiting the lower Danube River. This lack of reference 

values restricts the interpretation of physiological status under natural conditions and limits 

the application of hematological biomarkers in ecological monitoring and fisheries 

management. The available information is particularly scarce for anadromous species of the 

genus Alosa, for which most published studies have focused on taxonomy, distribution, 

population dynamics, or fisheries, while hematological investigations remain limited. 

Considering that anadromous migration involves profound physiological adjustments 

associated with transitions between mesohaline and freshwater environments, increased 

swimming activity, and changes in feeding behavior, expanding the hematological 

knowledge of these species is of ecological and conservation interest. 

Therefore, the aim of the present study was to characterize the hematological profile of 

several economically and ecologically important fish species from the Danube River, 

representing different ecological strategies, including both migratory and non-migratory 

species. Attention was paid to Alosa tanaica, whose hematological characteristics have been 

only scarcely documented despite their ecological importance. The present study provides 

baseline hematological data for populations inhabiting the lower Danube River, contributing 

to a better understanding of species-specific physiological adaptations and establishing 

reference values that may support fish health assessment, ecological monitoring, aquaculture 

practices, and sustainable fisheries management. 

 

Materials and methods 

Materials 
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Fish sampling was conducted in the Danube River within the Galați town area as part of an 

ichthyofaunal monitoring program. Specimens were collected using drift gillnets with 

different mesh sizes to ensure the capture of fish of various sizes. The economically 

important species included in the study were Alosa immaculata, Alosa tanaica, Aspius 

aspius, Silurus glanis, Cyprinus carpio, and Abramis brama. 

Methods 

 

 
Figure 1. Workflow illustrates the hematological analyses performed on fish blood samples  

(source: illustration generated using ChatGPT (OpenAI) based on the author's description). 

Blood samples were collected from the caudal vein using heparinized syringes and 

immediately transferred into Eppendorf tubes. Throughout the sampling procedure, the tubes 

were kept on ice and subsequently transported to the laboratory for hematological analyses. 

Hematological determinations were performed according to the standard methods for fish 

described by Svobodova et al. (2012). Erythrocytes count (RBC, ×10⁶ cells/µL) was 

determined with a Neubauer hemocytometer after dilution of the blood with Vulpian solution 

using a Potain glass pipette for erythrocytes. Hematocrit (Ht, %) was measured by the 

microhematocrit method. Briefly, 30 µL of heparinized whole blood was distributed into 

microhematocrit capillary tubes and centrifuged at 12,000 rpm for 5 min using a Hettich 

Haematokrit 210 centrifuge and the values were read with the microcentrifuge nomogram. 

Hemoglobin concentration (Hb, g/dL) was quantified by the cyanmethemoglobin method 

using Drabkin's reagent, with absorbance measured at 540 nm using a Specord 210 UV–VIS 

spectrophotometer. Erythrocyte indices: (i) mean corpuscular hemoglobin (MCH, pg); (ii) 

mean corpuscular volume (MCV, fL); (iii) mean corpuscular hemoglobin concentration 
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(MCHC, g/dL) - were calculated according to the equations described by Svobodova et al. 

(2012). 

The results were statistically processed using the following programs: Microsoft Excel 

(Office 2007) for Windows and SPSS Statistics 17.0 for Windows. Normality of distribution 

was assessed with the Kolmogorov-Smirnov test, and homogeneity of variance was verified 

using Levene’s test. Differences between variables were evaluated using the parametric t-

test (p < 0.05). 

 

Results and discussion 

Although hematological analyses are widely recognized as valuable tools for evaluating fish 

health and physiological status, baseline hematological reference values remain unavailable 

or limited for many species (Kori-Siakpere et al., 2005, Witeska 2022). Establishing such 

reference data is essential for interpreting physiological responses and for distinguishing 

normal adaptive variation from pathological changes. Recent studies on economically and 

ecologically important fish species have further emphasized the importance of species-

specific hematological reference values for monitoring the health of both wild and cultured 

populations (Tavares-Dias & Moraes, 2007; Witeska et al., 2016; Seibel et al., 2021; Huijie 

et al., 2023). 

The erythrocytes count obtained for the studied fish species revealed clear interspecific 

differences (Figure 1). The migratory species (Alosa immaculata and Alosa tanaica) 

exhibited the highest red blood cell (RBC) counts, suggesting an increased oxygen-carrying 

capacity and enhanced erythropoietic activity associated with the elevated metabolic 

demands of anadromous migration. These findings are further supported by the presence of 

immature erythrocytes observed in peripheral blood smears, particularly in A. tanaica. In 

contrast, the non-migratory species (Aspius aspius, Silurus glanis, Cyprinus carpio (Tripathi 

et al., 2004), and Abramis brama (Hayatbakhsh et al., 2014) exhibited erythrocyte counts 

within the ranges previously reported in the literature, reflecting species-specific metabolic 

requirements and oxygen transport capacity. The observed interspecific differences are 

consistent with physiological adaptations related to locomotor activity, feeding ecology, and 

lifestyle (Witeska, 2013; Witeska, 2023). 

 

  
Figure 1. Variation range of RBC in analyzed 

fish species 

Figure 2. Variation range of Ht in analyzed fish 

species 

Hematocrit is one of the most informative hematological parameters used to evaluate fish 

health, reflecting the oxygen-carrying capacity of the blood and responding rapidly to 
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environmental and physiological changes (Witeska et al., 2022). Hematocrit values are 

influenced by several intrinsic and extrinsic factors, including species, age, nutritional status, 

reproductive stage, physical activity, temperature, salinity, dissolved oxygen concentration, 

and stress conditions. The values obtained for the migratory species Alosa immaculata and 

Alosa tanaica were significantly higher than those recorded for the other species, suggesting 

an enhanced oxygen transport capacity required to sustain the elevated metabolic demands 

of anadromous migration (Figure 2). Increased hematocrit values likely reflect a higher 

erythrocyte concentration and may result from the mobilization of erythrocytes from 

hematopoietic tissues, increased erythropoietic activity, splenic contraction, or transient 

reductions in plasma volume associated with osmotic adjustments during the transition from 

mesohaline to freshwater environments. Similar hematological responses have been 

described in migratory fish as adaptive mechanisms that improve oxygen delivery to actively 

working tissues during prolonged swimming and reproductive migration. 

The comparative analysis of the investigated species further supports a positive relationship 

between hematocrit values and locomotor activity. The highest hematocrit values were 

recorded in the highly active migratory clupeids (A. immaculata and A. tanaica), whereas 

lower values characterized the more sedentary Silurus glanis. Intermediate hematocrit values 

observed in Aspius aspius, Cyprinus carpio, and Abramis brama are consistent with their 

ecological strategies and metabolic requirements, reflecting differences in swimming 

performance, foraging behavior, and oxygen demand. These findings agree with previous 

studies demonstrating that hematological parameters are closely associated with species-

specific metabolic activity and ecological adaptation (Witeska, 2013; Witeska et al., 2022). 

Hemoglobin concentration is one of the most informative hematological parameters because 

it directly reflects the oxygen-carrying capacity of the blood and, consequently, the aerobic 

performance of fish. Hemoglobin levels are known to vary among species according to 

several biological and environmental factors, including feeding ecology, metabolic activity, 

age, sex, reproductive status, and environmental conditions (Speckner et al., 1989; Lone et 

al., 2012; Ighwela et al., 2012; Arthanari, 2016; Arnaudov, 2023; Abhishek, 2023). 

The hemoglobin concentrations obtained in the present study differed among the 

investigated species, reflecting their distinct ecological strategies and physiological 

requirements (Figure 3). The migratory species Alosa immaculata and Alosa tanaica 

exhibited the highest hemoglobin values, consistent with their elevated erythrocyte counts 

and hematocrit levels. This coordinated increase in the main erythrocyte-related parameters 

suggests an enhanced oxygen transport capacity required to sustain the high aerobic demands 

associated with prolonged swimming and anadromous migration. 

Among the non-migratory species, Cyprinus carpio presented relatively high hemoglobin 

concentrations (10.48 g/dL), whereas the lowest values were recorded in Silurus glanis (7.72 

g/dL). These differences are likely related to species-specific metabolic requirements, 

swimming performance, and ecological strategy rather than to feeding habits alone. Active 

swimmers generally require a greater oxygen transport capacity than more sedentary species, 

resulting in higher hemoglobin concentrations. 

The elevated hemoglobin values observed in A. immaculata and A. tanaica are consistent 

with previous studies on migratory clupeids, including Alosa sapidissima (Leonard et al., 

1999) and Tenualosa ilisha (Anwar et al., 2025), in which hemoglobin concentration 
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increased during migration as an adaptive response to the progressively greater energetic 

and oxygen demands associated with upstream movement and reproduction. 

 

  
Figure 3. Variation range of Hb in analyzed fish 

species 

Figure 4. Variation range of MCV in analyzed 

fish species 

 

The simultaneous increase in RBCc, Hb, and Ht observed in Alosa immaculata and Alosa 

tanaica demonstrates an integrated hematological adaptation that enhances oxygen transport 

capacity during migration. The concordant variation of these three parameters indicates that 

the elevated oxygen requirements associated with prolonged swimming are met through 

coordinated adjustments of both erythrocyte number and blood oxygen-carrying capacity. 

To better understand the characteristics of these erythrocytes, the erythrocyte indices (MCV, 

MCH, and MCHC) were subsequently analyzed. 

Mean corpuscular volume (MCV) is an important erythrocyte index that reflects the average 

volume of circulating erythrocytes and provides information on erythrocyte maturation, 

erythropoietic activity, and physiological adaptation (Witeska et al., 2022). Variations in 

MCV may result from differences in species, erythrocyte age, osmoregulatory processes, or 

hematopoietic activity. 

In the present study, MCV values did not differ significantly among the investigated species 

(p = 0.087), indicating that erythrocyte volume was relatively conserved despite the distinct 

ecological strategies of the analyzed fish (Figure 4). Nevertheless, a tendency toward higher 

MCV values was observed in Cyprinus carpio (287.90 fL), Abramis brama (282.46 fL), and 

Aspius aspius (255.60 fL). The MCV values obtained for all investigated species fell within 

the reference interval reported for teleost fishes (146.37–337.85 fL), confirming the 

considerable interspecific variability described in the literature. 

Although the migratory species Alosa immaculata and Alosa tanaica exhibited significantly 

higher erythrocyte counts, hemoglobin concentrations, and hematocrit values, their MCV 

values remained comparable to those of the non-migratory species. This finding suggests 

that the increased oxygen transport capacity observed in the migratory species resulted 

primarily from an increase in erythrocyte number rather than from changes in erythrocyte 

size. Moreover, the presence of immature erythrocytes observed in peripheral blood smears, 

particularly in A. tanaica, may indicate active erythropoiesis during migration while 

maintaining a relatively stable mean erythrocyte volume. 

Mean corpuscular hemoglobin (MCH) represents the average amount of hemoglobin 

contained in a single erythrocyte and provides information on the oxygen-carrying capacity 

of individual red blood cells. Although relatively wide intra-specific variation was observed, 
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particularly in Cyprinus carpio (67.57–91.02 pg), the obtained values remained within the 

physiological range reported for teleost fishes (Figure 5). The observed variability is likely 

associated with differences in erythrocyte maturation, metabolic activity, and physiological 

condition rather than with a single ecological factor. 

 

  
Figure 5. Variation range of MCH dynamics in 

analyzed fish species  

Figure 6. Variation range of MCHC in analyzed 

fish species  

 

No statistically significant differences were detected in mean corpuscular hemoglobin 

concentration (Figure 6) among the investigated species (p > 0.05), indicating that the 

intracellular hemoglobin concentration remained relatively stable despite the marked 

differences observed for erythrocyte count, hemoglobin concentration, and hematocrit. The 

highest MCHC values were recorded in Silurus glanis (31.73 g/dL), whereas the lowest 

values were observed in Abramis brama (24.60–25.07 g/dL). These differences likely reflect 

species-specific erythrocyte characteristics rather than major differences in oxygen transport 

efficiency. 

Taken together, the erythrocyte indices (MCV, MCH, and MCHC) exhibited lower 

interspecific variability than erythrocyte count, hemoglobin concentration, and hematocrit. 

This finding suggests that, although migratory species increased their blood oxygen-carrying 

capacity primarily by increasing erythrocyte number and total hemoglobin, the structural 

characteristics of individual erythrocytes remained relatively conserved among the species 

investigated. Consequently, erythrocyte indices complement the interpretation of 

hematological profiles by providing information on erythrocyte morphology and 

hemoglobin content, thereby contributing to the assessment of physiological status and 

representing valuable indicators for fish health monitoring in both wild populations and 

aquaculture. 

 

Conclusions 

This study provides baseline hematological reference data for economically important fish 

species inhabiting the lower Danube River, contributing to the limited information currently 

available for wild fish populations. These data expand the existing knowledge of fish 

hematology and provide a valuable framework for evaluating fish health, physiological 

status, and adaptive responses under natural environmental conditions. 
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counts, hemoglobin concentrations, and hematocrit values than the non-migratory species, 

indicating an integrated hematological adaptation that enhances blood oxygen transport 

capacity during migration. In contrast, erythrocyte indices (MCV, MCH, and MCHC) 

showed comparatively limited interspecific variation, suggesting that the increased oxygen-

carrying capacity of migratory species is achieved primarily through an increase in 

circulating erythrocyte number rather than substantial modifications in erythrocyte 

morphology or intracellular hemoglobin concentration. 

Particular attention was given to A. tanaica, an ecologically important anadromous species 

for which hematological information remains scarce. The presence of immature erythrocytes 

in peripheral blood smears provides evidence of enhanced erythropoietic activity and 

supports the hypothesis that hematological remodeling represents an adaptive response to 

the elevated oxygen demands associated with reproductive migration and transitions 

between mesohaline and freshwater environments. 

Overall, the present findings demonstrate that hematological parameters constitute sensitive 

indicators of physiological adaptation in fish and represent valuable tools for monitoring the 

health of wild populations. The reference values established in this study provide a scientific 

basis for future ecophysiological research, conservation programs, fisheries management, 

and the development of sustainable monitoring strategies under increasing environmental 

and anthropogenic pressures. 
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