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Abstract: This study aims to determine the relationship between hemocyte count and 

hemocyte types with environmental variables and morphometric measurements in 

Carcinus aestuarii. A total of 240 crabs were seasonally collected in Çardak Lagoon 

June 2018, October 2018, February 2019, and May 2019. The average carapace length 

(CL) was 44.66±0.44 mm, the mean carapace width (CW) was 37.71±0.38 mm and the 

mean weight was 28.49±0.88 g. Crab specimens were anesthetized on ice for 10 min, and 

500 µL of hemolymph was collected from the legs of each crab using a 1-mL plastic 

syringe. After sampling, hemolymph samples were mixed with the anticoagulant, which 

was applied to a Thoma slide and examined under a microscope at X40 magnification. 

The total hemocyte count (THC) was calculated as 13.91±8.08x106 (cells/mm3). 

Differential hemocyte count (DHC) 53.25±0.6% for hyalinocyte, 26.15±0.23% for semi-

granulocyte, and 20.6±0.06% for granulocyte and 3 different cell types were observed. 

The most dominant cell type is hyalinocyte cells. 
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Özet: Bu çalışma, Carcinus aestuarii'de hemosit sayısı ile hemosit tipleri arasındaki 

ilişkiyi çevresel değişkenler ve morfometrik ölçümlerle belirlemeyi amaçlamaktadır. 

Çardak Lagünü'nde Haziran 2018, Ekim 2018, Şubat 2019 ve Mayıs 2019'da mevsimsel 

olarak toplam 240 yengeç toplanmıştır. Ortalama kabuk uzunluğu (CL) 44.66±0.44 mm, 

ortalama kabuk genişliği (CW) 37.71±0.38 mm ve ortalama ağırlık 28.49±0.88 g’ idi. 

Yengeç örnekleri buz üzerinde 10 dakika süreyle anesteziye tabi tutuldu ve 1 mL'lik 

plastik bir şırınga kullanılarak her bir yengecin bacaklarından 500 uL hemolenf toplandı. 

Örneklemeden sonra hemolenf örnekleri bir Thoma lamına uygulanan antikoagülan ile 

karıştırıldı ve X40 büyütmede mikroskop altında incelendi. Toplam hemosit sayısı 

(THC) 13.91±8.08x106 (hücre/mm3) olarak hesaplandı. Diferansiyel hemosit sayısı 

(DHC) hiyalinosit için % 53.25±0.6, yarı granülosit için  % 26.15±0.23 ve granülosit için  

% 20.6±0.06 ve 3 farklı hücre tipi gözlendi. En baskın hücre tipi hyalinosit hücreleridir. 

Anahtar kelimeler 

 Toplam hemosit sayısı 

 Hyaline 

 Granuler 

 Fizikokimyasal değişkenler 

 Akdeniz yeşil yengeci 

 

 

 

 

 

  
 

1. INTRODUCTION  

Crustaceans have an open vascular system with large numbers of hemocytes circulating freely in 

the hemolymph. (Matazzo & Marin, 2010). Circulating hemocytes of crustaceans and other 

invertebrates play an important role in immunity and can be used as an indicator of physiological 
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states. (Battison et al., 2003). Total cell count and differential cell count are useful in determining the 

physiological state of an organism (Battison et al., 2003). They perform functions such as 

phagocytosis, encapsulation, and fragmentation of foreign cells and provide information on local 

populations' health status. (Petri et al., 2006; Adeogun et al., 2015). Furthermore, hemocytes play 

critical roles in wound healing and defense mechanisms against parasites, viruses, and bacteria. 

(Matazzo & Marin, 2011). Hose et al. (1990) classified crustacean hemocytes based on morphology, 

cytochemistry, and function and distinguished three cell types; hyaline cells, granulocytes, and small 

and large granule cells. While hyaline cells initiate coagulation, small and large granule hemocytes 

participate in phagocytosis and encapsulation, respectively. Hemolymph numbers differ between 

species, as does the variation in the crustacean hemocyte population between species. (Adeogun et al., 

2015; Sawyer, 1970; Clare & Lumb, 1994). While hemolymph number varies by species it is also 

affected by environmental factors. Age, sex, season, capture method, sexual fatigue, length, weight, 

water temperature, pH, diet, and other factors affect the hemolymph structure living (Başusta & Şen, 

2004). 

Ecological indicators are widely used in monitoring, evaluating, and managing the ecosystem 

because they can help simplify environmental and ecosystem complexity and provide valuable 

information for further risk assessment. THC and hemocyte types, which are physiological variables, 

are used as ecological indicators in determining the stressors and health status of living. Considering 

that hemocytes are immune responding cells, the balance of total hemocyte density in aquatic 

invertebrates over a physiological range is an important variable of the cell-mediated immune response 

(Mello et al., 2010; Matozzo et al., 2016; Burgos-Aceves & Faggio, 2017, Qyli et al., 2020). It is 

known that the increase in total hemocyte count is the most common response to environmental 

stressors (Coles et al., 1994).  

Carcinus aestuarii which is an important representative of the Mediterranean Lagoons can tolerate 

physicochemical variables. Although there are many studies conducted on C. aestuarii in Turkey, 

there is any study on the hemolymph structure of the species. This study aims to determine the total 

number of hemocytes and the percentages of hemocytes of C. aestuarii in Çardak Lagoon and their 

relationship with environmental variables. 

 

2. MATERIAL AND METHODS 

2.1. Crab Sampling 

Carcinus aestuarii samples were collected (Çanakkale Strait) seasonally in Çardak Lagoon in June 

2018, October 2018, February 2019 and May 2019 using a static traditional eel trap. Crabs were 

sampled as 60 individuals per season. Environmental variables such as salinity, temperature, pH, and 

dissolved oxygen in the lagoon water were measured in real-time using a YSI 556 model MPS in situ. 

A digital caliper was used to measure the carapace length (CL) and carapace width (CW) of each crab 

(in mm). A digital scale was used to determine total wet body weight (W) (in 0.001 g). 

2.2. Total Hemocyte Count (THC) and Differential Hemocyte Count (DHC) 

Crab specimens were anesthetized on ice for 10 min before 500 L of blood was collected from the 

walking legs of each crab using a 1-mL plastic syringe. After dilution with a 1:2 citrate 

buffer/ethylenediaminetetraacetate (EDTA) solution (NaCl 0.45 mol L-1, glucose 0.1 M, sodium 

citrate 30 mM, citric acid 26 mM, EDTA 10 mM, pH 4.6, stored at 4 
o
C) in Eppendorf tubes, a manual 

count was performed on a Thoma slide to calculate the total number of hemocytes (THC) (Soderhall & 

Smith 1983). After sampling, hemolymph samples were mixed with the anticoagulant, which was 

applied to a Thoma slide and examined under a microscope at X40 magnification. To identify 

hemocyte morphology, 0.1 ml of hemolymph was mixed on a glass slide with 0.1 ml of a 1.2% trypan 

blue solution in seawater. Hemocyte morphotypes were identified, and 100 cells from each slide were 

counted. For wet staining, one drop of hemolymph was placed on a slide and thin smears were 
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immediately viewed with a 100x light microscope, while for permanent staining, three drops of 

hemolymph were placed on individual slides, smeared, and fixed with absolute methanol for three 

minutes with three types of dyes: Giemsa, which was applied for 10 minutes to determine the best 

stain for crab hemolymph morphology. The stains were rinsed with distilled water, and the slides were 

examined under the microscope for the different cell morphotypes. Giemsa staining provided the best 

results for the hemocyte morphology of C. aestuarii. 

2.3. Statistical Analysis 

The relationship between the sexes and the seasons and THC counts was tested using the t-test. 

Statistical relationships between environmental variables measured at seasons and hemocyte 

parameters were determined using Pearson correlation. Statistical analysis was performed using SPSS 

25. 

 

3. RESULTS 

3.1. Environmental Variables 

Seasonal differences in salinity, temperature, and dissolved oxygen were observed during the study 

(Table 1). The average temperature values according to the seasons were between 10.80 and 25.67. 

Average salinity values according to seasons were 20.35±0.12-23.19±0.2‰. Dissolved oxygen values 

were between 7.5±0.78 mg L
-1

 and 9.14±1.64 mg L
-1

 and pH values were 8.67±0.06 - 8.85±0.02. 

 

Table 1. Temperature, salinity, dissolved oxygen, and pH values measured in sampling seasons 

 
Temperature (°C) Salinity (‰) Dissolved Oxygen (mg L

-1
) pH 

Summer 25.67 ±2.15 20.35±0.12 7.5±0.78 8.85±0.02 

Autumn 18.92±3.73 21.17±0.56 7.8±1.5 8.8±0.02 

Winter 10.80±1.13 23.19±0.25 9.14±1.64 8.67±0.06 

Spring 16.13±4.05 21.94±0.43 8.93±1.21 8.81±0.03 

 

A total of 240 individuals (120 females and 120 males), were examined. Several morphometric 

measurements of the crabs are shown in Table 2. The average carapace length (CL) was 44.66±0.44 

mm, the mean carapace width (CW) was 37.71±0.38 mm and the mean weight was 28.49±0.88 g. The 

mean hemocyte count in hemolymph was calculated as 13.91±8.08x10
6
. The range of total hemocyte 

count was from 5.54±1.22x10
6
 to 24.5±6.48x10

6
 (cells/mm

3
). While the average hemocyte count in 

females is 13.84±8.97x10
6
 (cells/mm

3
) and 13.88±6.48x10

6
 (cells/mm

3
) in males. 

 

Table 2. Average CL, CW, W, and THC values by sex.  

Sex N CL (mm) CW (mm) W (g) THC (cells/mm
3
) 

Female 120 40.51±0.38 34.57±0.36 19.91±0.75 13.84±8.97x10
6
 

Male 120 48.82±0.6 40.85±0.53 37.08±1.16 13.88±6.48 x10
6
 

Total 240 44.66±0.44 37.71±0.38 28.49±0.88 13.91±8.08 x10
6
 

N: The number of specimens, CL: Carapace length (mm), CW: Carapace width (mm), W: Weight (g), THC: Total Hemocyte Counts 

(cells/mm3) 

 

The t-test was applied to find the relationship between several morphometric variables (CL, CW, 

and THC) in female and male individuals.  CL, CW, and THC levels in females and males are 

statistically significant (p=0.00; p<0.05). 

The relationships between the environmental variables and THC and morphometric characteristics 

are shown in Table 3. A statistically significant and strong correlation was found between THC and 

carapace length CL (rs=.638; p<0.05). THC is positively correlated to temperature and pH and 

negatively correlated to salinity and oxygen levels. 
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Table 3. Correlations between environmental variables and morphometric measurements 

  T(°C) S(‰) DO (mg L
-1

) pH THC (cells/mm
3
) CL (mm) CW(mm) W(g) 

T 1 -.937
**

 -0.540 .667
*
 0.153 0.406 0.098 0.051 

S -.937
**

 1 .624
*
 -.721

**
 -0.253 -0.388 -0.096 -0.082 

DO -0.540 .624
*
 1 -0.046 -0.105 -0.170 0.014 0.056 

pH .667
*
 -.721

**
 -0.046 1 0.473 0.296 0.010 0.013 

THC 0.153 -0.253 -0.105 0.473 1 .638
*
 0.343 0.527 

CL 0.406 -0.388 -0.170 0.296 .638
*
 1 .823

**
 .747

**
 

CW 0.098 -0.096 0.014 0.010 0.343 .823
**

 1 .592
*
 

W 0.051 -0.082 0.056 0.013 0.527 .747
**

 .592
*
 1 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

 
Figure 1. Total THC in sampling seasons 

 

The number of THC in each season is shown in Figure 1. The highest THC count was recorded in 

the spring and the lowest in the winter season. The statistical differences between seasons were not 

significant, but the association between the winter season and THC count was statistically significant 

(p=0.00; p < 0.05). 

Hemocytes in the hemolymph of C. aestuarii individuals were divided into hyalinocytes, 

semigranulocytes, and granulocytes. Hyalinocytes were free of granules or sometimes contained very 

few small intracellular inclusions. Semigranular cells contained fewer small and generally less 

refractive granules. Granular cells were filled with numerous large, highly refractory granules. The 

most abundant cell type was counted as hyalinocyte.  Three different types were determined for 

hemocytes: Hyalinocytes, Semigranulocytes, and Granulocytes (Table 4). While the number of 
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hyalinocytes (55.32±0.55%) and semigranulocytes (28.13±0.5%) was higher in females, the number of 

granulocytes (26±0.07%) was calculated to be higher in males. 

 

Table 4. The number of differential hemocyte counts (DHC) in C. aestuarii 

Sex Hyalinocyte (%) Semi-granulocyte (%) Granulocyte (%) 

Female 55.32±0.55 28.13±0.5 16.55±0.05 

Male 48.46±0.45 25.54±0.58 26±0.07 

Total 53.25±0.6 26.15±0.23 20.6±0.06 

  

4. DISCUSSION 

The number of hemocytes in Carcinus aestuarii and their relationship to hemocyte species were 

investigated in several studies that evaluated the effects of pollutants and various environmental 

stressors on hemolymph quality (Matozzo and Marin, 2010; Aliko et al., 2015; Mancuso et al., 2019; 

Gürkan, 2019; Qyli et al., 2020). Here we tried to define the relationships between crab morphometry, 

environmental variables, and hemocyte structure.  

In this study, the highest THC count was found in the spring, and it was observed that the THC 

count decreased in the winter period. Matazzo et al. (2013) found a significant relationship between 

season and THC and counted the highest THC content in C. aestuarii for summer. In both sexes of C. 

aestuarii, the lowest THC level was measured in the winter months, when the lowest seawater 

temperature was recorded. This result shows a possible correlation between water temperature and 

THC. The t-test showed a statistically significant association between sex and THC. In addition, THC 

levels showed a significant positive correlation with the carapace length of the crabs. The correlations 

between sex and carapace length, and THC support the findings of other studies. The number of 

hemocytes was found to increase with growth (Matozzo, 2013). In their study, Türeli et al. (1999) 

found higher, total hemocyte counts, hyaline, granular, and semigranular cells in the blue crab 

Callinectes sapidus, although the females were morphometrically small. Dutta et al. (2021) found 

more hemocytes in females than in males in their hemocyte study of another portunid crab, Scylla 

serrata. In this study, although the values of weight carapace length, carapace width of female 

individuals are lower than those of male ones, hyaline, semigranular, values are found to be higher. 

Also in this study, the THC count was found to be very similar between female and male individuals 

and the number of granular cells was higher in males, in contrast to other studies. Although the exact 

cause of the sex-specific variation is not known, it is generally thought that the reason for the high 

hemocyte counts in females is reproductive (Türeli, 1999; Pugazhvendan & Soundarjan, 2012; Dutta 

et al., 2021). 

According to the relevant literature, the density of each hemocyte type varied between crustacean 

species. Matazzo & Marin (2010) stated that the hyaline cell type was determined to be 44%, 

semigranular 27%, and granular 28%. In this study, although hyaline cell type was predominant, it was 

calculated at 58%, semigranular at 26%, and granular at 13.6%. Qyli et al. (2020) found in their study 

that under stress conditions, C. aestuarii mainly increases the number of granular cells and decreases 

the number of hyaline cells.  Bauchau and Plaket (1973) found in their study that granular cells are 

about eight times more abundant than hyalinocytes. Although the significance of this apparent 

variability in the relative proportions of each hemocyte type among crustacean species remains 

unclear, it is thought to be caused by the effects of molting, feeding, reproduction, disease, and 

environmental pollutants. Granular cells are known to play an important role in phagocytosis. The 

functional differences between these two cell types have not been fully elucidated herein and in other 

studies. However, the role of hyalunocytes is not fully understood. Hyalunocytes are smaller and less 

granular than granulocytes and have a large central nucleus. However, both cell types are thought to be 

involved in the cytotoxic immune response (Wang et al., 2012). The total number of hemocytes and 
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the differential number of hemocytes thus provide an informative way of assessing the general 

physiological condition of an animal (Battison et al., 2003; Qyli et al., 2020). Because crab hemocytes 

are involved in the immune response, their defense against pathogens and environmental 

contaminants, as well as their survival success, is highly dependent on the number, proportion, and 

cellular integrity of circulating immunocytes. 

 

5. CONCLUSION 

In this study, which was conducted in the Çardak lagoon, the relationship between the hemolymph 

structure of C. aestuarii, one of the most important representatives of the lagoon areas, and the 

environmental and morphometric variables was discussed. Total hemocyte count is positively 

correlated to temperature and pH and negatively correlated to salinity and oxygen levels. 

Consequently, this study showed that the temperature, carapace length (CL), and sex significantly the 

number and types of hemolymphs. 
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