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I. Biological monitoring of sprat ( Sprattus sprattus )  
 

I.1 Objectives 
 

Fish are an important component of aquatic ecosystems through their role as consumers of 

other organisms and they can have a significant influence on the structure and function of 

these ecosystems. Because of this, adverse effects on fish can have adverse flowïon effects on 

other aquatic organisms even if they are not directly affected by those changes in water 

quality. Monitoring of fish communities can, therefore, provide a useful indicator of the 

ecological health of natural waters. Fish are sensitive to many changes in water quality and 

habitat structure caused by human activities and by natural causes. Common adverse 

anthropogenic effects on fish can result from many factors including: contamination of water 

by waste metal pollution, pesticides, salinity and organic wastes and nutrients causing either 

direct effects on fish health or indirect effects on the oxygen climate in the water through 

eutrophication; and physical habitat changes such as thermal pollution, changes in stream 

flow regime, stream bed aggradation, de-snagging, and land clearance, especially in riparian 

zones. Consequently, as well as their intrinsic biodiversity value and the human food value of 

some species, fish can be useful indicators of the impact of many different human activities 

on the environmental health of a water body. Multiannual biological monitoring on landings 

provides the so called ñFishery dependentò information. The Black Sea sprat (Sprattus 

sprattus L.) is a key species in the Black Sea ecosystem.The aim of this study was  to collect 

and to analyze dynamics in length, weight and age distribution as well as to determine the 

condition of the sprat species using the so-called Fultonôs condition factor. The condition 

factor is also a useful index for monitoring of feeding intensity, age, and growth rates in fish. 

It is strongly influenced by both biotic and abiotic environmental conditions and can be used 

as an index to assess the status of the aquatic ecosystem in which fish live. Biological 

information on sprat species collected each month, analyzed and compared to previous 

periods could be used for estimation of growth parameters. These indicators are very 

important for the short-lived species. Reliable and informative long-term data are crucial for 

the assessment of fish stocks, fisheries management and the decision-making process in 

general. 

I.2 Sampling in the period  2017 -2019  

I.2.1 Geographical area coverage   
 

 The samples used for the present analysis were gathered directly from landings at 

ports of fishing vessels in the Bulgarian region of the Black sea (Fig. 2.1.1). 
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Fig. 2.1.1 Sampling area along the Bulgarian Black sea coast 

 

I.2.2 Samples 
In 2017 the fish was caught at depths varying from 40 m to 60 m with the majority caught at 

45 m by pelagic trawls. The collected statistical sample in November 2017 presented 2368 

specimens.  

In 2018  the samples collected in the period March ï April for analysis of length, weight and 

age structure represented 1781 specimens in total.   

In 2019 25 samples (5882 specimens) were collected and processed to ensure the analysis of 

the length, weight and age structure of sprat presented in the commercial catches. 

 
2017 2018 2019 

Date  Fishing vessel  Date  Fishing vessel  Date  Fishing vessel  

 12. 03. 2018 FV 40 22.02.2019 FV ISHTAR ʅʉ 1182 

 03. 2018 FV Herson  06.03.2019 FV 27 ɹʉ290 

 07.03.2019 FV Barbun Vn7979 

11.03.2019 FV BL21-33 

21.03.2019 FV ʂɺ5636 

 

21.03.2019  FV ʂɺ5465 

 

22.03.2019  FV ɹʏ 5156 

 

01.04.2019 FV ʊAIS VN393 

02. 04.2018 FV 40 03.04.2019 FV ʂɺ 5465 
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 04.04.2019 FV Sv.Nicola-ɯ"- 

Nesebar 

10.04.2019 FV Herson ɹʉ210 

06.05.2019 FV VN 3261 

 

14.05.2019 FV VN 3261 

 

08.06.2019 FV 29 ɹʉ 222 

29.07.2019 FV 29ɹʉ222 

01.08.2019 FV 41 ɹʉ259 

18.08.2019 FV 40 ɹʉ258 

07.09.2019 FV 40ɹʉ258 

27.09.2019 FV 40ɹʉ258 

02.10.2019 FV40 ɹʉ258 

29.10.2019 FV 40 ɹʉ258 

27.11.2017 ɽLEKTA  ɽʆʆD 19.11.2019 FV 40 ɹʉ258 

   29.11.2019 ʊAIS VN393 

   5.12.2019  ʊAIS VN393 

   07.12.2019 ʊAIS VN393 

1 sample with 2368 sp. 3 samples with  1781 sp. 25 samples with  5882 sp. 

 

I.2.3 Statistical analysis of data  
 

The samples listed in paragraph I.2.2 were randomly collected in compliance with the 

requirements for sampling a population of fish species.  It is important to be noted that 2017-

2019 sprat catches were not abundant compared to previous years due to a current shift of key 

species (for example bluefish Pomatomus saltatrix), as well as the absence of significant 

agglomerations of the studied species registered within the period of the present research.   

The samples were processed under laboratory conditions. Total length (TL, Ñ0.5 cm 

precision) was measured using an ichtyometer and total fresh weight was measured using an 

electronic analytical balance (W, Ñ1g precision). The study used otoliths to determine age, 

which was determined from otolith rings. Otoliths were removed and dried in a laboratory and 

stored in labeled envelopes. Age was determined by microscope Olympus CX 31RTSF-6 and 

recorded. Thus, the yearly annulus was detected as hyaline and opaque zones, shifting active 

growing with period of growth stagnation. For ageing estimation 1090 fish were examined. 

Sections from the other otoliths were judged illegible and were excluded from the study. In 

order to check the accuracy of the age readings in the present study, an ageing intercalibration 

exercise was carried out between the authors. Age readings were compared using a signed 

rank statistical test. A consistent agreement between readers with low average percentage 

error (APE) values was established.  

Determination of individual growth parameters is of crucial importance, especially for key 

species, not only for the proper analysis of length, weight and age structure  but also for the 

proper stock management ï definition of minimal length presented in catches and 

recommendations for the selectivity of the fishing gears and etc.  
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The mathematical expression of von Bertalanffy growth model points out the length  as a 

function of age : , where:  is the age of individual,  - is 

the asymptotic length, to which a given biological species increases in length during their 

lifespan,  ï curvature parameter, which reflects the speed of approaching the asymptotic 

length,  ï initial condition parameter (determines the moment, when the length of the 

studied species is equal to 0). 
 

LWR model is widely applied in analysis of the of marine living resources as it represents the 

condition of the stocks.  LWR analysis results can be implemented  to provide weight 

estimates on the base of length measurements and vice versa, as well as for comparison of 

growth parameters of one and the same species spread in different geographical areas.  

The model assumes that with the increase of the total length the species also increases in 

weight, which determines the following functional relationship between the two parameters 

 and , which is nonlinear: 

, where:  is the weight of the studied species,  is length,  is a scale 

coefficient, and  ï is the alometric coefficient, which determines the body form and the type 

of the growth: isometric or alometric. For most species it was found to be close to 3.00, while 

 varied in value per different fish species. Fulton coefficient (condition factor): , 

where:  is the weight of the studied species,  ï length, is also of significant interest when 

the condition of fish species stocks are being studied.  

 

Batch fecundity can vary considerably during the short spawning season, low at the 

beginning, peaking during high spawning season and declining again towards the end. Annual 

egg production is the product of the number of batches spawned per year and the average 

number of eggs spawned per batch. Batch fecundity of sprat was determined using the 

'Hydrated Oocyte Method' (Hunter et al., 1985). Oily hydrated females were used. After 

sampling their body cavity was opened and they were preserved in a buffered formalin 

solution (Hunter et al., 1985). Three tissue samples of ca. 50 mg were removed from different 

parts of the ovary and their exact weight determined. Under a binocular, the number of 

hydrated oocytes in each of the three subsamples was determined. Hydrated oocytes can 

easily be separated from all other types of oocytes because of their large size, their translucent 

appearance and their wrinkled surface which is due to formalin preservation. Batch fecundity 

was estimated based on the average number of hydrated oocytes per unit weight of the three 

subsamples. Gonadosomatic Index (GSI) was determined monthly. GSI was calculated as: 

, where, GW is gonads weight and SW is somatic weight (represents the BW 

without GW).  
 

I.3 Results 

I.3.1 Sprat landings in  the period  2017 -2019  
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Fig. 3.1.1 Sprat landings in 2017 

 

Fig. 3.1.2 Sprat landings in 2018 (left) and 2019 (right) 

The official statistics showed that in 2017 the biggest catches and intensity of sprat fishery 

was registered in the period April - May, and in 2018 and 2019 in the months between April 

and July.  

I.3.2 Length structure of sprat catches in the period  2017 -2019  

I.3.2.1 Length structure analysis in 2017  
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Fig. 3.2.1.1 Length structure of sprat, presented in the catches in November 2017  

The length structure of sprat in 2017 is presented in Fig. 3.2.1.1. The total length of the 

specimens presented in the catches varied within the rage 6.5cm - 11.0 cm, the biggest 

percentage shares were registered for length classes 7.5 cm, 9.0 cm and 10 cm. 
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I.3.2.2 Length structure analysis in 2018  
 

  

  

 
 

Fig. 3.2.2.1 Length structure of sprat, presented in the catches in the period  

March-July 2018 

 

In March the total length of the sampled specimens varied in the range 7-11 cm, as with the 

biggest share in the length structure was presented the length class of 8cm, the smallest share 

was registered for the length class 10.5cm. In April the total length of the sampled specimens 

varied in the range 6.5-11cm, the biggest percentage share in the length structure had length 

classes 7, 7.5 and 8 cm, and the smallest one was registered for the length class 6.5cm. In May 

the total length of the sampled specimens varied in the range 6.5-12cm, the biggest percentage 
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share in the length structure had the length classes 7, 7.5 and 8 cm, and with the smallest 

percentage shares were registered the length classes 11.5 and 12 cm. In June, the length 

classes 7.5, 8 and 10 cm were registered with the biggest percentage shares, and the smallest 

one was registered for the length class 11.5 cm. In July with the biggest shares were the length 

cclasses 8 cm and 8.5 cm, and with the smallest ï 11.5 cm. 

I.3.2.3 Length structure analysis in  2019  
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Fig. 3.2.3.1 Length structure of sprat landings, presented in the catches in the period  

February ï December 2019 

 

In February, the total length of sampled specimens varied in the range  6 cm to 9.5 cm, length 

classes 7, 7.5 and 8 cm were most frequent in the catches, and the less frequent length  class 

was 9.5 cm. In March, the total length of sampled specimens varied in the range 6.5-11 cm, 

with the biggest percentage share in the catches length structure were presented length classes 

7, 7.5, 9.5 and 10 cm, and the smallest percentage share was registered for length class 11.5 

cm. In April , the total length of sampled specimens varied in the range 6.5-11cm, most 

frequent in the catches were length classes 8, 8.5 and 9 cm, the less frequent class was 11cm. 

In May, most frequent in the catchesô length structure were classes 8 cm and 8.5 ʩʤ, less 

frequent specimens with total length of 10.5 cm. In June, the biggest percentage shares in the 

samples were registered for the length classes 7, 8 and 8.5 cm, the smallest share was of the 

length class 10 cm. In July, the total length of sampled specimens varied in the range 5 - 11 

cm, most frequent in length structure of the catches were length classes 9 cm and 9.5 cm, less 

frequent - 7cm and 11 cm. In August, the total length of sampled specimens varied in the 

range 8 - 10 cm, most frequent in the length structure of the catches was class 9 cm, less 

frequent - class 10 cm. In September and October, the most present within the length structure 

of catches were classes 9, 9.5, 10 and 10.5 cm and less frequent were classes 11cm and 11.5 

cm. Most frequent in the samples collected in November were classes 7.5, 8 and 8.5 cm, less 

frequent - 6 cm and 11 cm, in December most frequent- 7cm and 8 cm and less frequent 

11.5cm and 12 cm.  

Due to the high amount of the samples collected in 2019, the length structure of the catches 

represented the natural dynamics and seasonality of growth parameters of the studied species. 

In general, for the entire period of the research 2017-2019 most abundant and respectively 

most frequent in the catches were specimens with length from 7cm to 10cm, those with total 

length below 7 cm were hardly presented in the catch composition due to the selectivity of the 
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fishing gears used. Thus, it can be further assumed that in the exploitation phase the specific 

total length varied within the range from 7cm to 12cm.  

Specimens with total length above 11cm were rare in the catches due to the natural 

physiology and biology of the studied species.   

 

I.3.3 Age structure analysis of sprat in the period  2017 -2019  

I.3.3.1 Age structure analysi s in 2017  
 

Three ichthyologists determined the age of sprat otoliths, and one of them read all otoliths 

twice. Specimens (n = 1250) were used for age determination. Indices of precision for age 

readings within and between readers are presented in Table 3.3.1.1. The test of symmetry (ɢ
2
 

R1vsR2 = 9, DF=7, ʨ=0.1723; ɢ
2
 R1vsR3 =6.17, DF=3, ʨ=0.1387; ɢ

2
 R2vsR3 = 7.11, DF=6, 

ʈ=0.3021) showed that age disagreement was due to simple random error and not to a 

systematic error between readers. 

 
Table 3.3.1.1 Indices of precision for age readings of sprat, from the Bulgarian Black Sea waters, within and 

between readers 

 
Index 

 

Index comparison 

Reader 1 Between readers 

APE [%] 2.102 3.069 

CV [%] 2.063 4.211 

D [%] 1.623 2.34 

APE = average percentage error, CV = coefficient of variation,  D = index of precision. 

 

In November, the age distribution showed five age classes (0-4). 1-1+, 2-2+ and 3-3+ age 

groups were presented with almost equal shares in the landings. The oldest specimens in the 

samples belong to 4+ years old, with a very low share in the landings. The recruitment share 

was detected to be 11.99%.  
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Fig. 3.3.1.2 Age distribution of sprat in November, 2017 
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I.3.3.2 Age structure analysis in  2018  
 

The same technology as the one described for age reading in 2017 was applied. The test of 

symmetry (ɢ2 R1vsR2 = 7, DF=8, ʨ=0.242; ɢ2 R1vsR3 =5.70, DF=2, ʨ=0.3314; ɢ2 R2vsR3 = 

6.81, DF=5, ʈ=0.2904) showed that age disagreement was due to simple random error and not 

to a systematic difference between readers. 

 
Table 3.3.2.1 Indices of precision for age readings of sprat, from the Bulgarian Black Sea waters, within and 

between readers 

 

 

 

 

Index  

Index comparison  

Reader 1  Between readres  

APE [%]   2.213 3.022 

CV [%]   1.913 4.189 

D [%]  2.113 2.41 
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Fig. 3.3.2.1 Age distribution of sprat March ï July 2018 

In the majority of the samples collected during the studied period, the highest share was 

registered for age group 1-1+, with the exception of July samples where age group 0-0+ was 

most frequent. This is an indication for second annual recruitment of the stock which is 

considered in compliance with the concept for its seasonal dynamics, recruitment dynamics 

and sustainable development.   

I.3.3.3 Age structure analysis in 2019  
 

The same technology as the one described for age reading in 2017 was applied. Three readers 

determined the age of sprat otoliths, and one of them read all otoliths twice. Specimens (n = 

1250) were used for age determination. Indices of precision for age readings within and 

between readers are presented in Table 3.3.3.1. The test of symmetry (ɢ2 R1vsR2 = 4, DF=, 

ʨ=0.411; ɢ2 R1vsR3 =3.70, DF=4, ʨ=0.2361; ɢ2 R2vsR3 = 3.16, DF=4, ʈ=0.2100), showed 

that age disagreement was due to simple random error and not to a systematic difference 

between readers. 

 
Table 3.3.3.1  Indices of precision for age readings of sprat from the Bulgarian Black Sea waters, within and 

between readers 

 
Index Index comparison 

Reader 1 Between readers 

APE [%]   1.361 3.069 

CV [%]   1.421 4.211 

D [%]  2.310 2.34 
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Fig. 3.3.3.1  Age structure of sprat from February to December 2019 
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Age structure analysis in February showed that 1-1+age group was presented with 59% of the 

total number and 0+ age group - with 28% which showed that recruitment in February was 

high and the spawning processes in late 2018 were increased with comparatively high 

percentage. Age groups 2-2+ and 3-3+ were represented with 12 % and 2 %, respectively. The 

oldest age groups were not presented in the catch. In March, the dynamics of age distribution 

showed decrease in the recruitment (0+), still high share of 1-1+ age group, but significant 

increase of 2-2+ and especially of 3-3+ age group. 4-4+age olds were discovered in the catch 

as well. In April 2019, 1-1+age group was presented with 55%, 2-2+ with 30%. The presence 

of 0+ and 4-4+ age groups was negligible. In May, the age structure observed was almost the 

same as the one observed in April, and the share of 3-3+even decreased. In June, the 

prevailing with over 70% share belong to  1-1+  age group. The rest of age groups were 

presented with a low percentage. 4-4+old individuals were not presented in the catch. In July, 

the share of 1-1+decreased significantly, 2-2+ years old accounted for 37%, and 3-3+ for 

44%. 4-4+ age group was represented with a low share. In August 2019, 2-2+olds showed 

almost 60% representation in the catch, the rest of the groups were with lower shares. In 

September, 3-3+ year old individuals were presented with 55%, followed by 2-2+ with 30% 

share. The rest of the groups were presented with lower shares. In October 2019, 2-2+ and 3-

3+ old specimens showed equal share 36%, similar to August and September, no recruitment 

of 0+ was discovered in the catches. Still, the share of 1-1+ age group was high - about 20%. 

The oldest groups were represented with a share around 3 % in the catch. In November 2019, 

a high percentage of 1-1+ and 2-2 + age groups was registered. The appearance of recruitment 

(0+) made an impression. 3-3+ and 4-4+ year olds were presented with very low percentage 

share in the catch. The one-year-old numbers raised to 55% in December's catches. The 

recruitment (0+) increased compared to November, 2-2+ decreased their percentage presence 

at the expense of 3-4 + individuals. 

Due to the high amount of the samples collected in 2019, the age structure of the catches 

represented the natural dynamics and seasonality of growth parameters of the studied species. 

 

I.3.4 Sprat condition factor analysis 2017 -2019  

I.3.4.1 &ÕÌÔÏÎȭÓ ÃÏÎÄÉÔÉÏÎ ÆÁÃÔÏÒ of sprat in 2017  
 

In November 2017, the condition factor of sprat showed  an increase in all age groups. The 

condition factor of age group 0-0+ is usually estimated higher than the rest groups (Fig. 

3.4.1.1) 
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Fig. 3.4.1.1 Condition factor of sprat in November, 2017 

 

I.3.4.2 Fultonôs condition factor of sprat in 2018 

 
 

 
 

 
 

Fig. 3.4.2.1 Condition factor of sprat in the period March - July 2018 
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Fultonôs condition factor variations were observed for the entire period of the research, most 

likely due to the natural variability of growth parameters as length and weight. From April to 

June the Fultonôs condition factor decreased for all age groups with the exception of 0-0+, 

which was compensated in July and the condition of age group 0-0+ decreased as a result of 

the new recruitment to the stock and that specific pattern was expected to reappear in the 

annual dynamics of sprat growth parameters.    

 

I.3.4.3 Fultonôs condition factor of sprat in 2019  
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ʌʠʛ. 3.4.3.1 Fultonôs condition factor in the period February ï December 2019 

 

In 2019, Fultonôs condition factor of sprat again varied significantly as a result of growth 

parameters variability and species environment.    
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I.3.5 Weight structure of s prat in  the period 2018-2019  

I.3.5.1 Weight structure of sprat in 2018  
 

 
Fig. 3.5.1.1 Weight structure of sprat by age groups in 2018 

 

It is evident that the mean weight of age groups 0-0+ and 1-1+ tended to increase in April, 

however later in May and June it went down to the levels registered in March. Age group  2-

2+ showed an increase in the mean weight with 1g from March  to April and remained the 

same in May and June. Age group 3-3+ showed a sustainable increase in the mean weight for 

the entire period of the research and the mean weight of age group 4-4+ varied in a short 

range between 7g and 8g.  

I.3.5.1 Weight structure of sprat in 2019  
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Fig. 3.5.1.1 Weight structure of sprat by age groups in 2019  

As 2019 research covered longer period, the analysis of weight structure on almost annual 

basis showed the natural variability and seasonality of sprat weight.  In the period September 

ï February, a decrease in the mean weights by age groups was observed and in the period 

March ï June, respectively, an increase of the mean weights of sprat by age groups.  

I.3.6 Length structure of sprat by age groups in the period  2018 -2019  
 

Table 3.6.1 Length structure of sprat by age groups in 2018 

age March April  May June July 

                                    Length, cm 

0 7,47 7,45 7,04 7,45 7,99 

1 7,95 7,91 7,63 8,19 8,33 

2 8,57 8,83 9,30 9,89 9,56 

3 9,43 9,91 10,34 10,66 10,03 

4 11,05 11,22 11,35 11,16 10,76 

 

Table 3.6.2 Age structure of sprat by age groups in 2019  

ɸge  February March April  May June July August September October November December 

                                                                                                    Length (cm) 

0 6.5 6.5 6.75 7 6 n/a 7 n/a  6.5 6.5 

1 7.5 7.5 7.75 7.75 8 8.25 7.75 8.75 8.25 8 8 

2 8.5 8.75 9 9 8.5 8.75 9 9.5 9.5 9.5 9.75 

3 9.25 9.75 10 10 9.75 9.25 10 10.25 10.5 10 10.5 

4 n/a 10.75 10.75 10.5 10.5 9.75 n/a 11 11 11 11.5 

 

The data given in Tables 3.6.1 and 3.6.2 show a slight tendency for decrease of the total 

length of sprat by age groups. This observation cannot be applied as a solid base for specific 
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conclusions about the stock as a whole, since parameters such as length and weight are 

strongly dependent on the environment and food availability.   

I.3.7 Length-weight relationship of sprat in the period 2018 -2019  

I.3.7.1 LWR of sprat in  2018  
 

LWR of sprat in 2018 is well described by: W = 0.084*L
2.8085 

I.3.7.1 LWR of sprat in 2019  
 

LWR model of the sampled specimens in the period February-October 2019 can be described 

as:  W = 0.0048*L
2.89
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Fig. 3.7.1.1  LWR model of sprat in the period February-October 2019 

LWR of the sampled specimens in November and December 2019 can be described as:  

 .  
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Fig. 3.7.1.2  LWR model of sprat in the period November-December 2019 
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Von Bertalanffy growth model parameters: 

 

 , , . Model statistics - ; 

- Gulland and Holt method ;  ï 

von Bertalanffy method for estimations of . 
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I.3.8 Sex ratio of sprat in  the period 2017 -2019  

I.3.8.1 Sex structure of sprat in  2017  
 

Female specimens (ǀ) were represented with 58%, and male specimens (ǁ) - with 42%. 
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Fig. 3.8.1.1 Sex ratio of sprat in 2017 

 

I.3.8.2 Sex structure of sprat in 2018  
 

 

Fig. 3.8.2.1 Sex ratio of sprat in 2018  
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I.3.8.3 Sex structure of sprat in 2019  
 

 
Fig. 3.8.3.1 Sex ratio of sprat in 2019 

 

 

250 specimens were analyzed for determination of sex structure of sprat in 2019. The female 

specimens were presented with 51%, and the male specimens (ǁ) with (49%) (Fig. 3.8.3.1). 

 

I.3.9 Fertility of sp rat in the period 2018 -2019  
 

I.3.9.1 Fertility of sprat in 2018  
 

Batch fecundity correlated with length (cm) positively with determination (R
2
 = 0.4751). 

 

Fig. 3.9.1.1 Relation of LOG F and LOG L 

 

Batch fecundity correlates with individual weight (g) positively with good determination (R
2
 

= 0.4751). 
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Fig. 3.9.1.2 Relation of LOG F and LOG W 

 

Fig. 3.9.1.3 Relation of GSI and gonads weight (g) 

Very strong relation between GSI and weight of sprat (R
2
 = 0.589) wae established. This fact 

clearly spoke that sprat was in active maturation . 

I.3.9.2 Fertility of sprat in  2019  
 

Fertility was determined on 500 specimens. The relation between body weight (g) and 

glandule weight of males of sprat indicated linear negative trend with good coefficient of 

determination (R
2
 =0.43).  
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Fig. 3.9.2.1 Body weight/glandule weight of sprat ǁ 

 

Fig. 3.9.2.2  Body weight/glandule weight of sprat ǀ 

There was a very weak linear relationship between individual weight and gland weight of the 

female individuals (June, 2019), which was a clear indication for the low contribution of 

female sex products as a ratio from the total sprat body weight. The individuals were not in 

active reproduction and the glands were in the developmental stages II-III, I -II, in many 

cases there were also non-sexually mature individuals. 
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Fig. 3.9.2.3  Body weight-fecundity relation of sprat 

 

ʊhe association of somatic weight with the fecundity of sprat in June 2019 was low 

deterministic (R
2
 = 0.24), which was explained by the lack of mass spawning of sprat during 

the spring and summer seasons. 

 

 

Fig. 3.9.2.4  Batch fecundity of sprat in October-December, 2019 

 

The batch fecundity, in most of the cases, showed values above 2.5 (Log fecundity), 

corresponding to the Log individual weights (g) from 0.85 to 1. 
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Fig. 3.9.2.5  Gonadosomatic index vs individual weights of sprat 

 

GSI as a measure of sexual maturity showed that sprat in the period Octobre-December 2019 

was in relatively good maturity (females), which corresponded to the active maturation season 

of the species.  

 

I.3.10 Sexual Maturity  
 

1000 specimens were used for sexual maturity determination. Most of the individuals were in 

III - IV stage of gonads.  

 

I.3.11 Catch numbers and biomass of sprat by age and length in the period 
2017 -2019  

I.3.11.1 Analysis of the abundance and biomass of sprat by age and length in 
2017  
 

Monthly catches (in tons) together with mean weights of sprat were used to derive the 

monthly catch numbers. The share (%) by age groups and catch numbers were used to create 

catch-at-age matrix for selected months by age groups. 
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Table 3.11.1.1 Catch-at-age (10-3) matrix and biomass (kg) of sprat by months 

 
Catch-at-age  

(10
-3
)  

  

Age groups November 

0 10748.596 

1 19642.680 

2 29331.555 

3 22519.065 

4 7380.198 

× 89622.094 

Biomass (kg)  

Age groups November 

0 19052540.471 

1 38231614.583 

2 82932884.849 

3 112380647.320 

 

Monthly catches (in tons) together with mean weights of sprat were used to derive the 

monthly catch numbers. The share (%) by length groups and catch numbers were used to 

create catch at length matrix for selected months by age groups.  

 
Table 3.11.1.2 Catch-at-length (10-3) matrix and biomass (kg) of sprat by months 

Catch-at-length 

(millions) 

 

Length group (cm)  November 

6.5 67.601 

7.0 231.266 

7.5 435.848 

8.0 351.347 

8.5 209.919 

9.0 120.970 

9.5 185.013 

10.0 
184.124 

10.5 273.072 

11.0 47.143 

× 2106.302 

Biomass (kg)  
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I.3.11.2 Analysis of the abundance and biomass of sprat  by age and length in  
2018  
 

Monthly catches (in tons) together with mean weights of sprat were used to derive the 

monthly catch numbers. The share (%) by age groups and catch numbers were used to create 

catch-at-age matrix for selected months by age groups . 

 
Table 3.11.2.1 Catch-at-age (10-3) matrix and biomass (kg) of sprat by months 

 

Catch-at-age 

           (10-3) 
 

     

Age groups March April   May June July 

0 14528.38008 55806.40413 36.39010924 12.37333333 82.28474 

1 33349.23609 118955.7562 104.9119107 95.20592593 75.31146 

2 23113.33195 6608.653121 6.968318791 53.27407407 27.89313 

3 18490.66556 16888.7802 11.22673583 11.68592593 11.15725 

4 1320.761826 2202.884374 2.709901752 5.155555556 10.45992 

      

Biomass (kg)      

Age groups March April   May June July 

0 29440053.58 169493005.9 74157.43811 25650.45333 172536.5 

1 76946282.26 375555843.9 262115.6487 262976.1898 182622 

2 69209184.72 28329093.05 30667.35984 233947.3421 122176.3 

3 85093146.66 92601916.12 69592.81092 74360.49847 56052.41 

4 9245332.779 17623074.99 20424.14238 41529.51634 64258.81 

× 269934000 68357705 456957.4 638464 597646 

 

Monthly catches (in tons) together with mean weights of sprat were used to derive the 

monthly catch numbers. The share (%) by length groups and catch numbers were used to 

create catch-at-length matrix for selected months by age groups (Table 3.11.2.2).  

Length group (cm)  November 

6.5 0.995 

7.0 4.053 

7.5 8.377 

8.0 7.437 

8.5 4.659 

9.0 4.839 

9.5 8.696 

10.0 10.390 

10.5 18.179 

11.0 3.536 

× 71.16 
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Table 3.11.2.2  Catch-at-length (10-3) matrix and biomass (kg) of sprat by months 

Catch-at-length 

(millions) 

     

Length group 

(cm) 

March April  May June July 

6.5  1,51 18,9271   

7.0 0.022949 71.50 52.50743 8.992089  

7.5 0.076498 57.95 82.42445 95.64313 33.13253 

8.0 0.196981 39.13 56.17074 80.11134 66.26505 

8.5 0.072673 12.04 11.60048 46.59537 48.59437 

9.0 0.080322 4.52 6.105515 51.50014 25.76974 

9.5 0.034424 6.02 5.494964 20.43657 13.98929 

10.0 0.030599 5.27 6.716067 58.85731 16.19812 

10.5 0.003825 5.27 10.98993 40.87313 8.83534 

11.0 0.00765 2.26 3.052758 13.89686 5.890227 

11.5   0.610552 5.722238  

12.0   1,221103   

Biomass (kg)  March April  May June July 

Length group 

(cm) 

     

6.5  0.03 0.252071 0.169051  

7.0 0.000428 1.47 1.173988 1.912045  

7.5 0.001494 2.08 2.050298 1.999187 0.61868 

8.0 0.004689 1.56 1.426039 1.284234 1.259752 

8.5 0.001758 0.49 0.35473 1.814767 1.281357 

9.0 0.003181 0.19 0.231643 0.904114 0.826242 

9.5 0.001711 0.30 0.264125 3.178049 0.637387 

10.0 0.001589 0.29 0.376466 2.334837 0.807746 

10.5 0.000249 0.33 0.713124 1.167745 0.041596 

11.0 0.000535 0.18 0.211007 0.421157 0.39759 

11.5   0.04341   

12.0   0.109899   

I.3.11.3 Analysis of the abundance and biomass of sprat by age and length in 
2019  

Table 3.11.3.1 Catch at age (10-3) matrix and biomass (kg) of sprat by months 

Age 

groups 

Catch-at-Age *10
-3
 (in thousands)    

February March April  May June July August September 

0 5001.91 8783.20 13448.56 17015.22 12766.92 17303.05 9284.91 6043.47 

1 32599.35 57243.52 87649.42 110894.71 83206.95 112770.62 60513.34 39387.61 

2 16297.36 28617.69 43818.48 55439.47 41597.56 56377.30 30252.37 19691.01 

3 8604.66 15109.53 23135.22 29270.86 21962.62 29766.01 15972.60 10396.43 

4 608.61 1068.69 1636.35 2070.32 1553.41 2105.34 1129.74 735.34 

   Biomass (kg) 

Age    
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groups February March April  May June July August September 

0 8.45 14.84 22.73 28.76 21.58 29.24 15.69 10.21 

1 85.52 150.17 229.93 290.91 218.28 295.84 158.75 103.33 

2 66.98 117.62 180.09 227.86 170.97 231.71 124.34 80.93 

3 48.79 85.67 131.18 165.97 124.53 168.77 90.56 58.95 

4 4.25 7.46 11.42 14.45 10.84 14.70 7.89 5.13 

Table 3.11.3.2 Catch at length (10-3) matrix and biomass (kg) of sprat by months 

Length 

groups 

(cm) 

Catch-at-length *10
-3
 (in thousands)    

February March April  May June July August September 

5 71.52 125.58 192.28 243.28 182.54 247.40 132.75 86.41 

6 424.65 745.68 1141.76 1444.56 1083.89 1468.99 788.27 513.08 

6.5 2639.00 4634.01 7095.44 8977.21 6735.81 9129.07 4898.71 3188.53 

7 8549.60 15012.84 22987.18 29083.55 21822.08 29575.53 15870.40 10329.90 

7.5 11635.34 20431.32 31283.78 39580.47 29698.17 40250.02 21598.38 14058.20 

8 11527.43 20241.84 30993.64 39213.39 29422.75 39876.73 21398.08 13927.82 

8.5 9683.18 17003.38 26035.02 32939.71 24715.45 33496.92 17974.63 11699.54 

9 8689.91 15259.23 23364.44 29560.86 22180.22 30060.92 16130.85 10499.44 

9.5 5339.00 9375.13 14354.89 18161.92 13627.32 18469.15 9910.65 6450.76 

10 3075.83 5401.07 8269.94 10463.19 7850.78 10640.19 5709.58 3716.32 

10.5 1235.82 2170.06 3322.73 4203.95 3154.32 4275.06 2294.02 1493.16 

11 196.13 344.40 527.33 667.18 500.60 678.46 364.07 236.97 

11.5 44.48 78.10 119.59 151.31 113.53 153.87 82.57 53.74 

             Biomass (kg) 

Length 

groups 

(cm) 

   

February March April  May June July August September 

5 0.04 0.08 0.12 0.15 0.11 0.15 0.08 0.05 

6 0.51 0.90 1.38 1.75 1.31 1.78 0.96 0.62 

6.5 4.03 7.08 10.84 13.72 10.30 13.95 7.49 4.87 

7 16.78 29.46 45.11 57.07 42.82 58.04 31.14 20.27 

7.5 28.23 49.58 75.91 96.05 72.07 97.67 52.41 34.11 

8 34.63 60.81 93.10 117.80 88.39 119.79 64.28 41.84 

8.5 35.49 62.31 95.41 120.72 90.58 122.76 65.87 42.88 

9 38.49 67.59 103.49 130.93 98.24 133.15 71.45 46.50 

9.5 26.60 46.72 71.53 90.50 67.90 92.03 49.38 32.14 

10 18.75 32.93 50.42 63.79 47.86 64.87 34.81 22.66 

10.5 8.58 15.07 23.07 29.19 21.90 29.69 15.93 10.37 

11 1.46 2.56 3.92 4.96 3.72 5.05 2.71 1.76 

11.5 0.39 0.68 1.04 1.31 0.99 1.34 0.72 0.47 
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Table 3.11.3.3 Catch (10-3) and biomass (kg) by size and age of sprat (October-December, 2019) 

Length (cm) October November December October November December

6.5 7329.892241058.713831882.93440289990.643123 1443.026952 1203.43959

7 16246.1986 2346.56589 1956.9629629971.92937 4329.080855 3610.31877

7.5 17900.31072585.4822882156.21180535772.94796 5166.967472 4309.09015

8 17121.18072472.9464252062.36039549308.65799 7122.036245 5939.55669

8.5 11726.06811693.6879971412.48310638673.45725 5585.910781 4658.47584

9 9172.814181324.9015031104.92664135772.94796 5166.967472 4309.09015

9.5 8836.583091276.3370081064.42536344152.19703 6377.248141 5318.42658

10 8390.777111211.9457551010.72506148664.10037 7028.937732 5861.91543

10.5 4253.28169614.3348367512.336144429649.65056 4282.531599 3571.49814

11 2345.5978 338.7930885282.542897417403.05576 2513.659851 2096.31413

11.5 522.29566775.43925996 62.91399624511.903346 651.6895911 543.488848

12 334.91670648.3746469340.342950812900.509294 418.9433086 349.385688

Age (years) October November December October November December

0+ 26244.1631 3790.650333161.284463 34677.2 5008.7 4177.1

1 38024.42015492.1652514580.294981 98483.248 14224.708 11862.964

2 24812.13453583.8112072988.787069 115128.304 16628.884 13867.972

3 11168.1804 1613.107891345.281804 69354.4 10017.4 8354.2

4 3931.01862567.7878543473.5174089 29128.848 4207.308 3508.764

catch-at-length in numbers * 10-3 Biomass (kg)

catch-at-age in numbers * 10-3 Biomass (kg)

 

I.3.12 Coefficient of variation of length 

 
Table 3.12.1. Coefficient of variation of length 

 Febr

uary  

March April   May June July Augu

st 

Septemb

er 

October Novemb

er 

Decembe

r 

Coefficient 

of variation 

(CV)  

na CV =0.18  CV =0.18  na na na na CV =0.11  CV =0.14  CV =0.15  CV =0.14  

1 sample  CV =0.22  CV =0.22      CV =0.21  CV =0.22  CV =0.20  CV =0.23  

2 sample  CV =0.20 CV =0.16         

 

I.3.13 Conclusions and recommendations   
 

Sprat is a fast growing species with highly cycling nature of its recruitment and parental stock 

biomass dependent on the anthropogenic impacts different from fishing, as well as of fishing 

press and dynamics in the environmental factors. Therefore, the continuity of the study of the 

dynamics of population parameters is of great importance. In the studied months the observed 

length, weight and age structure were stable. The condition factor was expected to rise due to 

the beginning of the spawning period and gonad maturation in the next months. Linearly and 

by weight, the sprat grew well, as in October-December the condition was high, which was 

associated with the active ripening of sex products. The majority of samples studied were with 
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developed gonads, the stages of sexually maturation showed readiness for the porational 

disposal of sexual products during the active breeding season of the species. It prevails 1-1 + 

age, with the senior age groups presented with a small percentage in the catches. New 

indicators as lipid content, otoliths chemistry should be introduced when biological 

characteristics are studied. 
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II.  Biological monitoring of horse mackerel ( Trachurus mediterraneus ) 
landings  

II.1 Objecti ves  
 

Horse mackerel (Trachurus mediterraneus) is of significant importance to the commercial 

fishing sector of Bulgara. Information on the age of individual fish species significantly 

enhances the quality of studies on population characteristics such as growth, recruitment, 

mortality, and reproduction, and it is often a prerequisite for more detailed studies on life 

history strategies and stock assessment. Multiannual biological monitoring on the landings 

provides the so called ñFishery dependentò information. The aim of this study was  to collect 

and analyze the dynamics in length and  weight, as well as to determinate the condition of 

horse mackerel species. The condition factor is also a useful index for monitoring of feeding 

intensity, age, and growth rates in fish. It is strongly influenced by both biotic and abiotic 

environmental conditions and can be used as an index to assess the status of the aquatic 

ecosystem in which fish live. Biological information on a given species collected each month, 

analyzed and compared to previous periods could be used for estimation of growth 

parameters. These indicators are very important for the species. The purpose was to define the 

age of horse mackerel, as one of the important indicators for the assessment of fishing 

reserves. Reliable and informative long-term data are crucial for the assessment of fish stocks, 

fisheries management and the decision-making process in general. 

 

II.2 Sampling  

II.2.1  Geographic area coverage  
Data of the present analysis were collected from landing ports on the Bulgarian Black Sea 

coast. Information about the size of the catches was also collected. 

 

 
Fig. 2.1.1 Map of the ports for sampling of horse mackerel during the period 2017-2019 
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In 2017, 5 samples were collected, containing 1734 specimens.  

In 2018, 19 samples were collected, containing 2674 specimens. 

In 2019, 11 samples were collected, containing 1500 specimens.  

II.2.1.2  Sampling period   
2017 2018 2019 

 Date Vessel Date Trap net/ 

Vessel 

Date Trap net/ 

Vessel 

 25.06.2018 Trap net 

Ikantalaka 

 

25.06.2018 Trap net 

Balaklava 

25.06.2018 Trap net 

Zelenka 

26.06.2018 Trap net 

Chervena 

zvezda 

26.06.2018 Trap net 

ʂʘramana 

07.06.2019 Danchovoto 

Georgi 

 9.07. 2019 Libra VN  

18.08. 2019 ISHTAR 

13.09.2018 Libra  

14.09.2018 Korsai 

22.09.2018 Libra 

27.09.2018 Trap net 

Korucheshme  

17.09. 2019 Niko  

28.09.2018 Trap net 

Akopirq 

27.09. 2019 Danchovoto 

Georgi 

16.10.2017 Lavrak 10.10.2018 ʄ27 G9  

19.10.2017 ʂɺ 6262 12.10.2018 Irina 

 15.10.2018 FV 40 

17.10.2018 FV40  

18.10.2018 FV 21-33 7.10. 2019 Danchovoto 

Georgi 

23.10.2018 Tesi 20.10. 2019 Barbun  

6.11.2017 ʂɺ 6262 7.11.2018 FV 40 8.11. 2019 FV 29  

9.11.2017 ʂɺ 6296  27.11.2019 FV 40  

8.12.2017 Haithabu 4.12.2018 Kaliakra  7.12.2019 Niko 

 4.12.2018 Tais 11.12.2019 Danchovoto 

Georgi 

5 samples  with 1734 species 19 samples with 2674 species 

 

11 samples with 1500 species 
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II.2.1.3  Statistical analysis of data  
Refer to the methodology used for sprat stock analysis. 

II.3 Results  

II. 3.1 ˞t́ch statistics in  the period 2017 -2019  
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Fig. 3.1.1 Landing statistics in 2017 
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Fig. 3.1.2 Landings statistics in 2018 (left) and 2019 (right) 

 

The statistics collected and the graphical interpretations show that in 2017 the highest quantity 

and intensity of the catches was registered in August, in 2018 in the period August-September 

and in 2019 - in December. 

 

II.3.2 Size structure in  the period 2017 -2019  

II.3.2.1 Size structure analysis for 2017  
 

Dimensional characteristics of horse mackerel are shown on Fig. 3.2.1. The catches from the 

Bulgarian Black Sea waters during the period October-November 2017 and the size of the 

composition are represented by individuals with a body length from 9.5 cm to 16.0 cm. 
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(c) 

Fig. 3.2.1 Frequency of horse mackerel length from landings in October (a), November (b), December (c), 2017 

II.3.2.2 Size structure analysis for 2018  
 

In the catches from the Bulgarian Black Sea waters in 2018, the size composition is 

represented by individuals with a body length from 7.0 cm to 18.0 cm. 

 

 

 

 

(a)                                                              (b) 
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(c)                                                       (d) 

 
(ʝ) 

Fig. 3.2.2 Frequency of horse mackerel length on landings in June (a), September (b), October (c), November (d) 

December (e), 2018 

II.3.2.3 Size structure analysis for 2019  
 

The catches from the Bulgarian Black Sea waters in 2019 were dominated by a single-modal 

structure. In June and August the maximum was 12.5 cm and in July, September and 

December - 13.0 cm. In November, the proportion of 9-10 cm increased, which was mainly 

due to the new 0+ species. 

 

             

(a)                                                                           (b) 
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(c)                                                              (d) 

 
(e)                                             (f) 

 

 
(g) 

Fig. 3.2.3.1 Frequency of horse mackerel length from landing in June (a), July (b), August (c), September (d), 

October (f), November (f), December (g), 2019 

II.3.1 Age structure of landings  
 

The age structure of horse mackerel during the period 2017-2019 was characterized by 7 age 

classes. The most indicative of the biological state of the species was the age composition 

during the spring season (May-June), which most closely reflected the real qualitative 

composition of the catches of the species in the Bulgarian Black Sea waters. A larger share 

had the three-year-olds (age 3) in June 2019 - 46.94% and to some extent in 2018 - 22.22%. 

The four-year-olds were well represented during the said period with a percentage varying 

between 18.37% (June, 2019) and 39.30% (June, 2018). In June 2019, it should be noted that 

the 5th and 6th age group were missing. From data on the average age of the species, there 

was a decrease in the participation of young age groups (annuals) ranging between 2.32% 

(June, 2018) and 6.12% (June, 2019). On Fig. 3.1.1 is presented the range of variation of the 

percentage composition in the different age classes in June. 
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Fig. 3.1.1 Variation of the percentage participation of horse mackerel by age groups in June 2018, 2019 

 Note: For June, 2017 no comparative analysis data were available. 

 

In a multiannual plan, that age distribution remained below normal for the species due to the 

low participation of senior age groups (5-6 years old). In July 2019, the expected participation 

of the one-year old increased (13.39%) and the proportion of senior ages (3-4 years old)  

showed significant participation. During the month of July there was a significant 

participation of second age groups (Fig. 3.1.2). 

 

 
Fig. 3.1.2 Variation in the percentage participation of horse mackerel by age groups in July 2019 

Note: For July 2017 and 2018 there were no comparative analysis data available. 
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In the autumn season of the accounting period 2017-2019, four year olds had a significant 

share in the catches, reaching 54.29% (September, 2018) and 36.83% (September, 2019).  

 

 
 

Fig. 3.1.3 Variation in the percentage participation of horse mackerel by age groups in September 2018-2019 

Note: For September, 2017 no comparative analysis data were available. 

II.3.4 Condition factor  
During the spring migration along our coast in June, the  values of K = 0.804-0.828 (Fig. 

3.4.1). The values of Fultonôs condition factor of horse mackerel in June showde high values 

for all age groups.  

 
Fig. 3.4.1 Condition factor by age groups in June 2018 and 2019 

Note: For June, 2017 no comparative analysis data were available. 
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High values of K were also observed in the next month July when the species in parallel with 

reproduction were actively nourished. 

 

 
Fig. 3.4.2 Condition factor by age groups in July 2019 

Note: For July, 2017 and 2018 no comparative analysis data were available. 

 

The autumn months are usually characterized by a significant increase in the Fultonôs 

condition factor. For those reasons, the autumn condition factor reached 0.954 (September,  

2019). In September of the reporting period, the condition factor was relatively high 

compared to the previous months. 

 

 
Fig. 3.4.3. Condition factor by age groups in September 2018 and 2019 

Note: For September, 2018 no comparative analysis data were available. 
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In October, the species reached a good level of K, the condition factor showed a relatively 

good value in 2018 and 2019 with averages 0.839 and 0.844, respectively. 

 

 
Fig. 3.4.4 Fig. 41. Condition factor by age groups in October, 2018 and 2019  

Note: For October, 2017 no comparative analysis data were available. 

II.3.5 Weight structure  
 

In June, the weight structure referred to the average multiannual data showed a similar picture 

(Fig. 3.5.1).   

 

Fig. 3.5.1  Variation of average weights by age groups in June, 2018 and 2019  

Note: For July, 2017 no comparative analysis data were available. 
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Fig. 3.5.2 Variation of average weights by age groups in July 2019 

Note: For July, 2017 and 2018 no comparative analysis data were available. 

 

After the completion of the breeding process during the autumn migration, horse mackerel 

continued its increased nurture and accumulation of reserve fats in preparation for the winter 

period. In September 2018 and 2019, the weight increase of the age of 2+ had a good rate and 

amounted in the optimum range 14.28-19.35g. In October, the weight increase of age 2+ , 

lagged behind the norm with a deviation of 7.1 g. 

 

 
Fig. 3.5.3  Variation of average weights by age groups in September 2018 and 2019  

Note: For September, 2017 no comparative analysis data were available. 
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Fig. 3.5.4  Variation of average weights by age groups in October 2017 and 2019 

II.3.6 Size structure  
 

In June of the reporting period, the average linear dimensions of age 1+ showed values within 

the average multiannual data of 10.17-10.21 cm. This was an indication of a good increase in 

replenishment.  

 

 
 

Fig. 3.6. 1 Variation of average lengths by age groups in June, 2018 and 2019  

Note: For June, 2017 no comparative analysis data were available. 

 






































































































































































