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ABSTRACT 

 

In this study, it is aimed to determine the gon-

adal development and gender of the Siberian 

(Acipenser baerii) and diamond (A. gueldenstaedtii) 

sturgeon species by using ultrasonography and blood 

parameters in aquaculture conditions. 

A total of 15 Siberian and 15 diamond sturgeon 

individuals from broodstock candidates at the ages 

of 4+ years were selected and tagged. We used ultra-

sound examination and hematocrit, erythrocyte, leu-

kocyte, hemoglobin values in blood, followed by 

calcium, sodium ions and steroids (estradiol (E2), 

testosterone (T) and progesterone (P)) in blood 

plasma in monthly periods between December 2015 

and June 2016.  

Siberian sturgeon individuals were detected as 

7 female and 8 male; and 7 females and 7 males were 

determined in diamond sturgeons, and 1 individual 

had no gender in ultrasound imaging.  

Successful gender detection was performed by 

ultrasound imaging. Depending on the results of 

hemogram testing, probable gamete production pe-

riod can be determined according to the changes of 

hematocrit, erythrocyte, leukocyte, hemoglobin and 

sex steroids. In this results, hemogram values in-

creased between May and June in diamond sturgeon 

while peaking in January-February for Siberian stur-

geon.  However, there was no obvious change in cal-

cium and sodium ions.  

At the end of the study, it was concluded that 

blood analysis can be used effectively, when the 

main gamete maturation season of the newly pro-

duced broodstock population is decided. On the 

other hand, the ultrasonography is the easiest way to 

determine bloods’ gender and maturation level. 

 

 
KEYWORDS:  

Maturity stage, sturgeon, ultrasonography, hematology, 

sex steroids. 

INTRODUCTION 

 

Sturgeons exist in the seas of Europe, Asia and 

America continents in northern hemisphere. They 

also exist along the coastal areas of Pacific and At-

lantic Oceans, in the Mediterranean, in the Black 

Sea, Caspian Sea, and in the rivers that run to these 

seas and in several lakes [1].  

Sturgeon are species with a high economic and 

ecologic value. However, overfishing, river reclama-

tion works, water pollution, the banks built over riv-

ers cause that this fish has almost become extinct [1].  

In sturgeon species, the determination of gen-

der and receiving gamete must be conducted without 

killing the fish in a reliable and practical way. The 

determination of gender and gonadal maturity stage 

especially in sturgeon species, which do not show 

sexual dimorphism, and which have late sexual ma-

turity, is extremely important for broodstock man-

agement [2].  

Endoscopy, gonadal biopsy, sex steroids, lapa-

roscopy, morphology and ultrasonography methods 

are used to determine the gender and gonadal ma-

turity in sturgeons [2, 3, 4, 5, 6, 7, 8]. 

There are many studies in the literature con-

ducted to determine the gender and gonadal maturity 

in sturgeon, and many different methods have been 

reported in these studies. However, no studies were 

seen in the literature in which the changes in the 

blood parameters and gonadal developments were 

investigated in the long run in a parallel way in and 

out of the reproduction period of sturgeons. In this 

study, the purpose is to determine the gender and 

gonadal development by analyzing the blood param-

eters and using ultrasonic examinations in an 8-

month period without causing any damage in Sibe-

rian (Acipenser baerii) and diamond (A. guelden-

staedtii) sturgeon species.  
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FIGURE 1 

Typical ultrasonic images of testes in different maturity stages in the longitudinal views,  

M1; left, M2; mid, M3; right 

 

   

FIGURE 2 

Typical ultrasonic images of ovaries in different maturity stages in the longitudinal views,  

F1; left, F2; mid, F3; right 

 

 

MATERIALS AND METHODS 

 

The study was conducted in Recep Tayyip Er-

dogan University, Aquaculture Research and Appli-

cation Center in November 2015-June 2016 period. 

The broodstock candidate fish were imported from 

Germany as fertilized eggs in December 2011. Fif-

teen of Siberian and 15 diamond sturgeon species, 

which had smooth body forms and which were at the 

age of 4+ were selected from among the broodstock 

candidate fish. The average weight of the fish was 

4.2±1.2 kg. The fish were tagged individually, and 

stocked in fiberglass tanks at the size of 3m in diam-

eter and 1m water depth in 10 m3/kg. The water pro-

vided from the streams was used in the caretaking of 

the fish.  

 

Ultrasonographic Examinations. The fish 

were examined in monthly intervals. The MINDRAY 

5M ultrasound imaging was made by using an elec-

tronic 10L4s linear probe with 8.0-12.0 MHz fre-

quency. The examinations were made without apply-

ing any anesthetics on stretchers covered by soft 

towel. In ultrasound examinations, the frontal and 

transversal images between the 3-4th bone plates as 

of the ventral fin were evaluated. By using the ultra-

sound images, the genders and gonadal maturity lev-

els of the fish were decided according to the mor-

phology and echogenicity of the ovarium and testis 

tissues (the brightness of the tissues).  

 

Blood Analysis. The blood samples were taken 

with a 2.5-ml injector from caudal vena, and trans-

ferred to heparinized tubes. The erythrocyte, leuco-

cyte, hematocrit and hemoglobin values of the sam-

ples were measured in the PROKAN brand blood 

measurement device simultaneously. The samples 

whose blood counts were completed were centri-

fuged at 5,000 rpm-1 for 10 minutes to obtain the 

blood plasma. Then, samples were stocked in deep 

freezer (-80°C) up to analysing. 

The analysis of the steroid hormones (Estra-

diol, testosterone and progesterone) from the blood 

plasma was made with Radioimmunoassay Method; 

and the measurement of calcium and sodium ions 

was made with the Spectrophotometric Method. 

 

 

RESULTS 

 

Ultrasound Imaging. In ultrasound examina-

tion of the Siberian sturgeon, it was determined that 

there were 7 females and 8 males; while it was de-

termined that there were 7 females and 7 males in the 

diamond sturgeon, and there was 1 individual that 
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had not completed its gonadal maturity. The gonad 

stages are given in Table 1.  

 

 

TABLE 1 

Identification of the stages maturity of female 

and male Siberian and diamond sturgeon 

 

Maturity 

Stages 

Siberian 

sturgeon 

Diamond 

sturgeon 

Female Male Female Male 

1 1 3 1 - 

2 6 4 5 3 

3 - 1 1 4 

4 - - - - 

 

  

FIGURE 3 

Microscopic spermatozoa and oocyte cell  

images 

 

 

The testes in male individuals were observed to 

be extremely small and in the lateral part in the 1st 

stage. The fat tissue was observed to be in dark-grey 

(hypoechogenic) color. In the 2nd stage, the dark fat 

tissue decreased, and the testicular tissue was homo-

geneous and bigger. In the 3rd stage, the testicular 

covered the body cavity and in light-grey color (hy-

perechogenic). In this stage, it was determined that 

the spermatozoa were mature (Figure 1). In Siberian 

sturgeon, only one individual, which was defined as 

being at the end of 3rd stage, was examined in a his-

topathologic way. The spermatozoa in the milt that 

was sampled with the Stripping Method were im-

aged under microscope (Figure 3). 

In ultrasonographic examinations in the female 

individuals, any mature individual in gonadal terms 

wasn’t detected. It was observed that the ovarium tis-

sue was surrounded by a fat tissue in the females in 

the 1st stage. The ovarium was in heterogenous struc-

ture and in bright color. In the ovarium tissue in the 

2nd stage, the fat tissue decreased, and the ovarium 

tissue covered the body cavity in a bright color. In 

the 3rd stage, the ovarium was observed in granular 

structure and in dark color. Small oocytes were ob-

served (Figure 2). In pathological sampling of a fe-

male individual, small oocytes (1.1 mm in diameter) 

were imaged under microscope (Figure 3). 

 

Blood Parameters. Hemogram. In the study, 

the monthly changes in leucocyte, erythrocyte, he-

moglobin and hematocrit values were determined in 

male and female Siberian and diamond (A. 

gueldenstaedtii) sturgeon species, and are given in 

Figure 4, Figure 5, Figure 6 and Figure 7.  

The highest leucocyte value in both species was 

determined in the sampling of November. While the 

highest leucocyte amount of the female individuals 

in Siberian sturgeon was 58.6*103±12.2 µl; the high-

est leucocyte amount of the male individuals was 

57.3±10.4*103µl.  

The lowest leucocyte value was detected in 

April-May. The lowest average value of the female 

individuals was 47.2±8.2*103 µl; and 48.0±6.1*103 

µl in males. The lowest leucocyte amount in dia-

mond sturgeon was detected in March. The highest 

leucocyte amount was 54.9±7.2*103 µl in average in 

females; and 54.8±7.6*103 µl in males; and the low-

est value was 46.5±6.9*103 µl in male and female 

individuals. 

The highest erythrocyte values in Siberian and 

diamond sturgeons were detected in November. The 

highest average erythrocyte amount of female Sibe-

rian sturgeon was 1.13*103±0.3 µl in November; and 

the lowest amount was detected in May as 

0.53±0.1*103 µl. The highest value in male individ-

uals was 1.08±0.2*103 µl in November; and the low-

est value was detected in April with 0.57±0.1*103 µl. 

The lowest erythrocyte value in diamond sturgeon 

was detected in February. The highest average value 

in female individuals was 0.84±0.2*103 µl; and the 

lowest average value was 0.62±0.1*103 µl; and the 

highest average value in males was 0.85±0.2*103 µl; 

and the lowest value was 0.62±0.1*103 µl. 

The highest hemoglobin values were measured 

in November for both species. The lowest average 

values in Siberian sturgeon female and male individ-

uals were detected in May. The highest and lowest 

average values for the female individuals were 17.15 

g dl-1 and 10.14 g dl-1, respectively; and the highest 

and lowest average values in males were 17.19 g dl-

1 and 10.03 g dl-1, respectively. The lowest hemoglo-

bin values in diamond sturgeon were detected in 

March. The highest and lowest values in female in-

dividuals were 15.18 g dl-1 and 10.6 g dl-1, respec-

tively; and the highest and lowest values in male in-

dividuals were 15.22 g dl-1 and 10.5 g dl-1, respec-

tively. 

The highest hematocrit rates in Siberian stur-

geon individuals were detected in November; and 

the lowest values were detected in April. The highest 

average hematocrit rate of the female individuals 

was 25.12%; and the lowest rate was 12.03%; and in 

male individuals, the highest average was 25.67; and 

the lowest average was 12.48%. The highest hema-

tocrit values in diamond sturgeon were detected in 

December; and the lowest values were detected in 

March. The highest average hematocrit rate of the 

female individuals was 18.29%; and the lowest was 

12.46%; in male individuals, the highest average was 

18.45%, and the lowest rate was 12.41%. 
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FIGURE 4 

Change in the mean leukocyte concentrations in female and male sturgeon 

 

  

FIGURE 5 

Change in the mean erythrocytes concentrations in female and male sturgeon 

 

  

FIGURE 6 

Change in the mean hemoglobin concentrations in female and male sturgeon 

 

  

FIGURE 7 

Change in the mean hematocrit concentrations in female and male sturgeon 
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The Analysis of the Steroid Hormones. The 

estradiol levels of female individuals in Siberian 

sturgeon were detected at the highest level in Febru-

ary with 199.1 pg ml-1; and at the lowest level in Oc-

tober with 18.8 pg ml-1. In male individuals, it was 

the highest in May with 49.0 pg ml-1; and the lowest 

in November with 11.50 pg ml-1 (Figure 8). The es-

tradiol levels in female and male individuals of dia-

mond sturgeon showed parallel changes (Figure 8). 

The highest estradiol level in female and male indi-

viduals was detected in March; and the lowest value 

was detected in October. While the highest average 

value in female individuals was 153.0 pg ml-1; the 

lowest value was 29.7 pg ml-1; in male individuals, it 

was 57.8 pg ml-1 and 38.2 pg ml-1, respectively. 

The testosterone level in female and male indi-

viduals in Siberian sturgeon was at the highest level 

in June (Figure 9). While the testosterone level in 

male individuals was maximum with 670.0 ng dl-1, 

the minimum value was detected in March with 

398.8 ng dl-1. The testosterone level in female indi-

viduals was maximum with 355.0 ng dl-1 and mini-

mum in April with 181.68 ng dl-1. 

In diamond sturgeon, the testosterone levels of 

the male individuals were maximum in October with 

753.7 ng dl-1; and minimum in April with 351.8 ng 

dl-1. In female individuals, the testosterone level was 

maximum in January with 636.3 ng dl-1, and mini-

mum in June with 230.8 ng dl-1 (Figure 9). 

In Siberian sturgeon, the progesterone 

levels in female and male individuals did not differ 

along the study, and stayed stable at 0.1 ng ml-1. No 

important changes were observed in the progester-

one levels of the diamond (A. gueldenstaedtii) stur-

geon, which was also the case in Siberian sturgeon. 

The highest progesterone level in female and male 

individuals was in October, and the lowest value was 

detected in April. The highest and lowest values in 

males and females were 0.21-0.11 ng ml-1, and 0.22-

0.11 ng ml-1, respectively. 

 

The Analysis of Sodium (Na+) and Calcium 

(Ca++) Ions in Blood Plasma. The calcium ion 

amount in Siberian sturgeon was maximum in male 

individuals in November, and minimum in April; 

and in females, maximum in December, minimum in 

May. In male individuals, the maximum and mini-

mum values were measured as 19.63-9.85 mg dl-1; 

and in females, as 16.95-11.21 mg dl-1 (Figure 11). 

In diamond sturgeon, the maximum calcium 

ion levels of female and male individuals were de-

tected in March, and minimum values were detected 

in October, the maximum and minimum values in fe-

male individuals were 8.45-6.76 mg dl-1, respec-

tively; and in male individuals, 8.45-6.60 mg dl-1, re-

spectively (Figure 11). 

 

 

 

  

FIGURE 8 

Change in the mean plasma E2 concentrations in female and male sturgeon 

 

  

FIGURE 9 

Change in the mean plasma T concentrations in female and male sturgeon 
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FIGURE 10 

Change in the mean plasma P concentrations in female and male sturgeon 

 

  

FIGURE 11 

Change in the mean plasma calcium concentrations in female and male sturgeon 

 

  

FIGURE 12 

Change in the mean plasma sodium concentrations in female and male sturgeon 

 

 

The sodium ion levels of female and male indi-

viduals in both species were detected to progress in 

similar rates. The highest sodium ion level was de-

tected in January, and the lowest value was detected 

in October. In Siberian sturgeon individuals, while 

the maximum value for both genders was 141.86 

mmol l-1, the minimum value in male individuals 

was 118.5 mmol l-1, and 120.0 mmol l-1 in females. 

In diamond sturgeon, the maximum value in females 

and males was 142.3 mmol l-1, and the minimum val-

ues in male individuals were 133.0 mmol l-1, and 

120.7 mmol l-1 in females (Figure 12). 

DISCUSSION AND CONCLUSIONS 

 

In broodstock sturgeon species, the blood pa-

rameters and ultrasound examination may be used as 

a successful method in the following gamete devel-

opment period by keeping the stress at minimum 

level and without causing any losses in fish. Several 

parameters like sizes of the ovarium and testis, the 

egg diameter and the gonadal development can be 

measured with ultrasound imaging method. At the 

same time some data related with reproductive per-

formance like fecundity and gonadosomatic index 
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may be achieved with ultrasonographic imaging. 

[11, 12]. Many researchers recommend the determi-

nation of gender with ultrasonography since it causes 

less stress than the other methods and is a practical 

method [13, 14]. In this study, 30 broodstock candi-

date individuals were selected from among 1250 Si-

berian and diamond sturgeon species aged 4+; and 

the female and male individuals were determined by 

using the ultrasound technique. No statistically sig-

nificant differences were observed during the study 

course in average steroid hormones, blood parame-

ters and sodium and calcium ion values of the female 

and male individuals (p>0,05). The gender of the 

species was determined by using the morphology 

and echogenicity (the brightness of the tissues) of the 

ovarium and testis tissues. The ultrasonographic im-

aging applications were carried out without anesthe-

tizing. There were no deaths during the treatments.   

Gender differentiation in sturgeon species is 

being completed up to age of 1-2 at the latest [15, 

16]. However, it has been reported that the gender 

determination before 3 years of age is not reliable in 

these species. In fish rised under culture conditions, 

the vitellogenesis may last until the end of 3-4 years 

of age [15]. It must be considered that a great varia-

tion may be observed in the fish at the same age [17, 

16]. 

The steroid hormones play important roles for 

hormonal control of the reproduction functions. It 

has been reported that the estradiol (E2), 11-ketotes-

tosterone (11-KT), VTG value, E2/VTG and 

E2/11KT rates may be used in determining the gen-

der of the fish in a successful way [18, 19]. In this 

study, the levels of estradiol, testosterone and pro-

gesterone hormones, which are among the reproduc-

tion hormones, in and out of the reproduction season 

were examined in blood plasma. The estradiol level 

in female Siberian sturgeon individuals were meas-

ured higher than that of the male individuals. The 

highest estradiol level in female individuals was de-

tected in February, and the lowest value was in Oc-

tober. The estradiol levels measured in April-May, 

which are the natural reproduction seasons of female 

individuals, progressed at lower levels when com-

pared with the other months. The testosterone levels 

in male individuals were measured at higher levels 

than the female individuals during the study period. 

While the testosterone levels of the Siberian individ-

uals were at high levels all during the study period, a 

measurable decreasing was observed in the testos-

terone levels in female and male individuals after 

March, which is reproduction season. The measured 

estradiol levels in male and female diamond stur-

geon were similar along the study period. Although 

the estradiol levels of the male individuals were sim-

ilar with female individuals, the estradiol levels of 

the female individuals were measured as relatively 

higher than the male individuals, just before the re-

production season in January-March. The female in-

dividuals' estradiol values rapidly decreased, and 

reached to similar values as male individuals 

in April, which is the natural reproduction season. 

The testosterone levels of female individuals cruised 

at higher levels than the male individuals all along 

the study. However, in April, the beginning of the 

reproduction season, the testosterone levels de-

creased in female individuals and increased in male 

individuals. It was also determined that there were 

no significant differences in females and males in 

terms of progesterone levels.  

The changes in blood plasma, sodium and cal-

cium ion measurements are being used efficiently in 

determining the maturity status. During the matura-

tion of gonad in female Acipenser transmontanus, 

the plasma VTG and calcium concentrations in-

crease with the onset of yolk deposition. It was re-

ported that the calcium ion amount in the blood 

plasma in females that are not mature was 96 µg ml-

1, and as 175 µg ml-1 in mature individuals [20]. 

Marco et al. (2010), measured the reference value of 

the sodium ion in blood plasma of A. naccari x A. 

baerii hybrid sturgeon individuals as 140 µg ml-1 in 

average [21]. This value is similar with our obtained 

average values for both for A. baerii and for A. guel-

densatedtii. However, the late May values, which is 

the end of the reproduction season for Siberian stur-

geon individuals, were lower when compared with 

these values.  

Determining the changes in blood parameters, 

which are changing according to environmental and 

biological factors, is important to reveal the stress, 

comfort and the physiological status of the fish. 

However, the data on the reference values of many 

species are extremely limited in the literature [13]. 

The data obtained in this study have revealed the 

change in steroid hormone levels, the changes in 

some blood parameters, and the changes in the so-

dium and calcium amounts for of the individuals 

both species in and out of the reproduction season.  

According to the hemogram data and observed 

individuals gonadal development findings, the fluc-

tuations of the hematocrit, erythrocyte, leucocyte, 

hemoglobin values overlapped with the possible 

gamete production period of the broodstock candi-

dates. In this context, the hemogram values of the 

Siberian sturgeon were determined at the peak level 

in January-February. On the other hand, diamond 

sturgeon's blood parameters referred May-June du-

ration as potential reproduction season. In the light 

of these findings, sperm intake from male fishes was 

achieved in both Siberia and diamond back fishes at 

the age of 4+. It was observed that the spermatozoa 

were motile in the examinations made on the sperm 

samples. Owing to the fact that mature eggs couldn’t 

be obtained from 4+ year old female individuals, ad-

vanced applications related to production hadn’t 

been realized during the study. Potential gamete mat-

uration period can be determined following the 

blood parameters of the newly grown sturgeon. 

Thus, production planning and economic planning 
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process can be managed correctly when considering 

that the reproduction process of sturgeon fish has 

taken many years. 
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