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I. Biological monitoring of sprat ( Sprattus sprattus )

[.1 Objectives

Fish are an important component of aquatic ecosystems through their role as consumers of
other organisms and they caavie a significant influence on the structure and function of
these ecosystems. Because of this, adverse effects on fish can have advieosedifeets on

other aquatic organisms even if they are not directly affected by those changes in water
quality. Manitoring 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 ®inmathe water through
eutrophication; and physical habitat changes such as thermal pollution, changes in stream
flow regime, stream bed aggradation;steagging, and land clearance, especially in riparian
zones. Consequently, as well as their intringatliversity 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 t hehensdepermatld eidn fiofrimat i on. Sprateis Bl a c k

sprattusL.) is a key species in the Black Sea ecosystamaim of this study waso collect

and to analyze dynamics in length, weight and age distribution as well as to detdrenine
condition of the sprat species using the-caled Fultond €ondition 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 conditeord 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 moattalyzed and comparet previous
periods could be used for estimation of growth parameters. Tihedgsators arevery
important for theshortlived speciesReliable and informative lonterm data are crucial for

the assessment of fish stocks, fisheries management and the dewg&iog process in
general.

|.2 Sampling in the period 2017-2019

|.2.1 Geographical area coverage

The samples used for the present analysiegathered directly from landings at
ports offishing vessels in the Bulgariaagion of the Black sefdig. 2.1.7).

Pag£

Project pr opos a43.00300@ CColiedtidthOmaBafeinent and use of data for the purposes of
scientific analysis and implementation of the Common Fisheries Policy for the peric@ 2047 funded by the
Maritime Affairs and Fisheries Program,-€manced by the European Union through the EgepMaritime
and Fisheries Fund



et 0 (3
TR .
Sanrny 2 .
moé"&%%,%;? fﬁm MINISTRY OF AGRICULTURE. FOOD AND MARITIME AFFAIRS AND
AFFAIRS AND FISHERIES FORESTRY FISHERIES PROGRAM

46°N

30°E » 35°E - 40°E
Fig. 2.1.1Sampling area along the Bulgarian Black sea coast

[.2.2 Samples

In 2017 the fish was caught at depths varying fronm4t® 60 m with the majority caught at
45 m by pelagic trawls The collected statistical sample in November 2017 pred&t8638
specimens.

In 2018 the samples collected in the period MarcApril for analysis of length, weight and
age structure represextl781 specimens in total.

In 201925 samples (5882 specimengrecollected and processeéd ensureghe analysis of
the length, weight and age structure of sprat presented in the coiamatches

2017 2018 2019
Date Fishing vessel Date Fishing vessel Date Fishing vessel
12 03. 2018 EV 40 22.022019 FVISHTAR, & 11
03. 2018 FV Herson 06.03.2019 FV27 14290
07.03.2019 FV BarbunVvn7979

11.03.2019 FV BL21-33
21.03.2019 FVs 15636

21.03.2019 FVs 15465
22.03.2019 FV. v5156
01.04.2019 FV sAIS VN393 Nd.)
02. 04.2018 FV 40 03.04.2019 FV s 15465 %
o
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04.04.2019 FV Sv.Nicola-ur"
Nesebar
10.04.2019 FV Hersoru 4210
06.05.2019 FV VN 3261
14.05.2019 FV VN 3261
08.06.2019 FV29 222
29.07.2019 FV291 48222
01.08.2019 FV41 14259
18.08.2019 FV40 14258
07.09.2019 FV401 484258
27.09.2019 FV401u8258
02.10.2019 FV40 14258
29.10.2019 FV40 14258
27.11.2017 [LEKTA ¢ [ D 19.11.2019 FV40 1258
29.11.2019 GAIS VN393
5.12.2019 UAIS VN393
07.12.2019 UAIS VN393
1 sample with 2368sp. 3 sampleswith 1781sp. 25 sampeswith 5882sp.

|.2.3 Statistical analysis of data

The samples listed in paragraph |.2x2re randomly collected in compliance with the
requirements for sampling a population of fish specless important to be noted that 2017
2019 sprat catchegerenot abundant compared to previous years due to a current shift of key
species (for example bluefidhomatomus saltatr)x as well as the absence of significant
agglomerations of the studied species registered within the period of the present research.

The samples were processedder| abor at ory conditions. Tot a
precision) was measured using an ichtyometer and total fresh weight was measured using an
el ectronic anal yt i ca.lThebstdyased aolit{s\1é, detehhd age, pr e c i
which was determined from otolith rings. Otoliths were removed and dreelhlboratory and

stored in labeled envelopes. Age was determined by microscope Olympus CX 3@aRN8F

recorded. Thus, the yearly annulus was detected as hyaline ajqgegpnes, shifting active

growing with period of growth stagnation. For ageing esionat090 fish wereexamined

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

order to check the accuracy of the age readimgjse present study, an ageing intercalibration
exercise was carried out between the authors. Age readings were compared using a signed
rank statistical testA consistent agreement between readers with low average percentage
error (APE) valuesvas estalidhed

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 managemert definition of minimal length preséed in catches and
recommendations for the selectivity of the fishing gears and etc.
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The mathematical expression of von Bertalanffy growth mpdeits outthe length{L) as a
function of aget: L(#) = L..[1— exp(—K(t — ty))], where t is the age of individualL. - is

the asymptotic lengthto which a given biological species incremge length during their
lifespan K i curvature parameter, which reflects the speed of approaching the asymptotic
length, t; T 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 resulencbe implemented to provide weight
estimates on the base of length measurements and vice agnsell asfor comparison of
growth parameters of one and the same species spread in different geographical areas

The model assumes that with the increak¢he total length the species also incrsase
weight which determines the following functional relationship between the two parameters
W andL, which is nonlinear

W({i) = g = L(i)®, where w (i) is the weight of the studiespecis, L(i) is length g is a scale
coefficient andb i is the alometric coefficienwhich determines thieody form and the type

of the growth: isometric or alometric. For most specieggfound to be close t8.00,while

g varied in value per different fish specidsulton coefficient (condition factarik = i—z + 100,

where W is the weight of the studied species length, is also of significant interest when
the condition ofish 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 thararal.

egg production is the product of the nwenlmf batches spawned per year and the average
number of eggs spawned per bat&8atch fecundity of sprat was determined using the
'Hydrated Oocyte Method' (Hunter et al.,, 1985). Oily hydrated femaére used. After
sampling their body cavity was openedd they were preserved in a buffered formalin
solution(Hunter et al., 1985)[hree tissue samples of ca. 50 mg were removed from different
parts ofthe ovary and their exaateight determined. Under a binocujathe number of
hydrated oocytes in each tfie three subsamples was determindgdrated oocytes can
easily be separated from all other types of oocytes because of their largieesizeanslucent
appearance and their wrinkled surface which is due to formalin preservation. Batch fecundity
was efimated based on the average number of hydrated oocytes per unit weight of the three

subsamplesGonadosomatic Index (GSI) was determined monthly. GSI was calculated as:
G51 = %X 100, where, GW is gonads weight and SW is somatic weight (represents the BW

without GW).

|.3 Results
1.3.1 Sprat landings in the period 2017-2019
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Fig. 3.1.2 Sprat landings 2018 (eft) and2019 ¢ight)

The official statistics showd that in 2017 the biggest catches and intensity of sprat fishery
wasregistered in the period AprilMay, and in 2018&nd2019in the months between April

and July
[.3.2 Length structure of sprat catches in the period 2017-2019

1.3.2.1 Length structure analysis in 2017

Length Frequency Plot

14+

12+

104

Length Class

11/2017

Sample Timing

Fig. 3.21.1Length structure of sprat, presented in the catches in November 2017

The length structure of sprat BRD17 is presented irFig. 3.21.1. The total length of the
specimens presented in the catchased within the rage6.5cm - 11.0 cm, the biggest
percentage sharegereregistered for length classéscm, 9.0 cmand10cm.
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Fig. 3.2.2.1Length structure of sprat, presented in the catches in the period

In March the total length of the sampled specimens @amni¢he rangeZ-11 cm, aswith the
biggest share in the length structuvaspresentedhe length clasof 8cm, thesmallestshare
wasregistered fothe length classd0.5cm.In April the total length of the sampled specimens
varied in the rangeb.5-11cm, the biggegpercentage share in thength structure hdlength
classed, 7.5 and8 cm, and the smallegsinewasregistered fothelength clas®$.5cm. In May
thetotal length of the sampled specimens \aimethe range.5-12cm, the biggespercentage
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share in the length structurechthe length classed, 7.5 and 8 cm, and withthe smallest
percentage sharesere registeredthe length classe415 and 12 cm. In June the length
classes.5, 8and10 cm wereregistered witlthe biggest percentage sharesd the smallest
one wagegisteredor thelength clas41.5 cm. In July withthebiggest shareserethe length
cclasses8 cmand8.5 cm, and withthesmallest 11.5 cm.

1.3.2.3 Length structure analysis in 2019
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Fig. 3.2.3.1Length structure of sprat landiggpresented in the catches in the period
Februaryi Decembe019

In Februarythe total length of sampled specimens \@inethe range6 cmto 9.5 cm, length
classes/, 7.5 and8 cm weremost frequent in the catchemnd the less frequent lengitiass
was 9.5 cm. In March the total length of sampled specimens \@irethe ranges.5-11 cm,
with the biggest percentage share in the catches length straotuepresented length classes
7, 75, 9.5 and10 cm, andthe smallest percentage sharasregidered for length clas$1.5
cm. In April, the total length of sampled specimens \@iie the range6.5-11cm, most
frequent in the catchegerelength classe8, 85 and9 cm, the less frequent clasgasllcm.

In May, most frequent irthe catcheé length $ructurewere classes8 cmand85  friials
frequent specimens with total lengih10.5 cm. In June the biggest percentage shares in the
sampleswereregistered fothe length classeg, 8and8.5 cm, the smallesshare was ofhe
length classlO cm. In July, the total length of samplegpecimens varikin the ranges - 11
cm, most frequent in length structure of the catoleselength classe9 cmand9.5 cm, less
frequent- 7cm and 11 cm. In August the total length of sampled specimens \aiie the
range8 - 10 cm, most frequent irthe length structure of the catcheas class9 cm, less
frequent- class10cm. In September and Octoheéhemost present within the length structure
of catchesvereclasse®, 95, 10and10.5 cm and less frequemwereclassesllcmand11.5
cm. Most frequent in the samples collected in Novembvereclasses.5, 8and8.5 cm, less
frequent- 6 cm and 11 cm, in Decembemost frequent 7cm and 8 cm and less frequent
115cmand12cm.

Due to the high amount of the samples collected in 209length strature ofthe catches
represergdthe natural dynamics and seasonality of growth parameters of the studied. speci
In general, for the entire period of the research 2010 most abundant and respectively
most frequent irthe catcheswere specimens withedngthfrom 7cmto 10cm, those with total
length below7 cmwerehardly presented in the catch composition due to the selectiwitye of
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fishing gears usedrhus it can be further assumed thatthe exploitation phasthe specific
total length varid within the rangdrom 7cmto 12cm.

Specimens with total length aboviElcm were rare in the catches due to the natural
physiology and biology of the studied specie

1.3.3 Age structure analysis of sprat in the period 2017-2019
1.3.3.1 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 38dld. The test of symmetry %

rivskz = 9, DF=7, 1728 .°1&wr3=6.17, DF = 387 Tmwks =17.11, DF=6,

t =8021) showed that age disagreement was due to simple ramdmn and not to a
systematierrorbetween readers.

Table 3.3.1.1Indices of precision for age reagsof sprat, from the Bulgarian Black Seaeavst within and
between readers

Index Index comparison
Reader 1 Between readers
APE [%)] 2.102 3.069
CV [%] 2.063 4211
D [%)] 1.623 2.34

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

In Novembey the age distributin shoved five age classes {0). 1-1+, 22+ and 33+ age
groupswere presented with almost equal steire the landingsThe oldest specimens in the
samples belong to 4+ years old, watrery low sharen the landingsThe recruitment share
was detected to be 11%0

Age distribution of sprat - XI, 2017
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Fig. 3.3.1.2Age distribution of sprat in Novemhet017
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The same technology as the one described for age readifd iwas applied The test of
DF=8, t©=0.242;

symmetry (62 R1vsR2

6.81, DF=5, {(=0.2904)

to a systematic difference between readers.

Table 3.3.2.1Indices ofprecision for age readings of sprat, from the Bulgarian Black Seasyatithin and

= 7 ,

between readers

showed t hat

Index comparison

Reader 1 Between readres
Index
APE [%] 2.213 3.02
CV [%] 1.913 4,189
D [%] 2.113 241
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Fig. 3.32.1Age distribution of sprat March July 2018

In the majority of the samples collectédring the studied perigdthe highestsharewas
registered for age grouplt, with the exception of July samples where age groOp Was
most frequent This is an indication for second annual recruitment of the stebich is
considered in compliance with the concept for its seasonal dgsarecruitment dynamics
and sustainable development.

1.3.3.3 Age structure analysis in 2019

The same technology as the one described for age reading inva8applied Three readers
determined the age of sprat otoliths, am@ of thenread all otolihs twice. Specimens (n =

1250) were used for age determination. Indices of precision for age readings within and
between readers are presentedinT8t8e. 3. 1. The test of symmetry
tte=0.411; 62 R1vsR3 =3.70= 3FI=64,, Ddg==04,2 31610 . 26L
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 Sewswaithin and

betweerreaders
Index Index comparison
Reader 1 Between readers

APE [%] 1.361 3.069

CV [%] 1421 4211

D [%] 2.310 2.34
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Fig. 3.3.3.1 Age structure of sprdtom February to Decemb@019
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Age structure analysis in Februaryosled thatl-1+age groupvaspresented with9% of the
total number and+ age group with 28% which showedthat recruitment in February was
high and the spawning processes in late 2018 wereeasedwith comparatively high
percentageAge group-2+ and3-3+ wererepresented with 12 % and 2 #éspectively. The
oldest age groupserenot presenteth the catch. In March, the dynamics of age distribution
showed decrease the recruitment (0+), stihigh share of 41+ agegroup but significant
increaseof 2-2+ and especially of-3+ agegroup 4-4+age olds were discovered in the catch
as well. In April 2019, 11+agegroupwaspresented with5%, 22+ with 30%. The presence
of 0+ and 44+ agegroupswas negligible. In Maythe age structure observe@samost the
same as the one observed in Apahd the share of -3+even decreased. In June, the
prevailing with over 70% share belong to-14 agegroup The rest of age groups were
presented witlalow percendige 4-4+old individuals were not presentedtire catch. In July,
the share of {ll+decreased significantly-2+ years oldaccounted fol37%, and 33+ for
44%. 44+ age groupvas represented with low share. In August 2012-2+olds showed
almost 60% representation in the catch, the rest of thepgraere with lowe shara. In
September, -3+ year old individualsvere presented witth5%, followed by 22+ with 30%
share. The rest of the groups weresentedvith lower sharesl.n October 2019,-2+ and 3

3+ old specimesishowed equal share 36%, siamito August and September, no recruitment
of 0+ wasdiscovered in the catches. Still, the share-@frlage groupvas high- about 20%.
The oldest groups were represented withare around 3 % in the catch. In November 2019,
a high percentage of 1+ ard 2-2 + age groupsvasregisteredThe appearance oécruitment
(0+) made an impression. -3+ and4-4+ year olds wer@resented wittvery low percentage
sharein the catch. The ongearold numbers raised t&5% in December's catches. The
recruitment (O+)ncreased compared to Novembe2® decreased their percentage presence
at the expense of8 + individuals.

Due to the high amount of the samples collected in 200 age structure dhe catches
represerdgdthe natural dynamics and seasonality ofigloparameters of the studied spscie

|.3.4 Sprat condition factor analysis 2017-2019
1.3.4.1& 01 OT 1 680 AT Tofspré&tini2017 £AAA OT O
In November2017,the condition factor of sprat she@ anincreasen all age groupsThe

condition factorof age group 0-O+ is usually estimated higher than the rest gro(fpg.
3.4.1.1)
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Ful t onds c oaridtionswere obsefved dot therentire period oftlhesearch, most
likely due to the natural variability of growth parameters as length and weight. From April to
JunetheFul t on6s c odacteast foralh agd grotps evith the exception @0+,
which wascompensated in July and the condition gé group0-0+ decrease as a result of

the new recruitment to the stock andittbpecific patternwvas expectedto reappear in the
annual dynamics of sprat growth parameters.
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[.3.5 Weight structure of s pratin the period 2018-2019

[.3.5.1 Weight structure of spratin 2018
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3 5,00 =1
Z 2,00 .
=3

mAa

T _— .V : ; VI

Fig. 3.5.11 Weight structure of sprat by age group2@i8

It is evident that the mean weight of age groOgs+ and 1-1+ tenced to increase in April,
however later in May and de itwentdown to the levels registered in March. Age grap
2+ showed anincrease inthe mean weight withlg from March to April and remaed the

same in May and JunAge group3-3+ showed asustainable increase ihe mean weight for
the entire pead of the research and the mean weight of age grbdp varied in a short
range betweeiig and &).

[.3.5.1 Weight structure of spratin 2019
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8
C
e 6 . mAge0
ﬁn{‘ u " | v mAgel
@ ' ‘
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1 olAF o) oEE Y IR AL RS
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Fig. 3.5.11 Weight structure of sprat by age group2@19

As 2019 research cowst longer periodthe analysis of weight structure on almost annual
basis showdthe natural variability and seasonality of sprat weightthe period September
I February a decrease ithe mean weights by age groupssobserved and in the period
Marchi June respectivelyanincrease of the mean weights of sprat by age groups.

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

Table 3.6.1 Length structure of sprat by age group2@®1i8

age March April May June July
Length, cm
0 7,47 7,45 7,04 7,45 7,99
1 7,95 791 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 group2019

dge | 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 11 115

The data given immables3.6.1 and 3.6.2 show a slighttendency for decrease die total
length of sprat by age groups. This observation cannappkedas a solid base for specific
Project pr opos a43.00300@ CColiedtidthOmaBafeinent and use of data for the purposes of
scientific analysis and implementation of the Common Fisheries Policy for the peric@ 2047 funded by the

Maritime Affairs and Fisheries Program,-€manced by the European Union through the EgepMaritime
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conclusions ahat the stock as a whqlsince parameterssuch as length and weight are
strongly dependent dheenvironment and food availability.

1.3.7 Length-weight relationship of sprat in the period 2018-2019
1.3.7.1 LWR of sprat in 2018

LWR of sprat in 2018 is well described By = 0.08#+L #89%°
1.3.7.1 LWR of sprat in 2019

LWR model of the sampled specimens in the period FebiQatgber 201%an be described
as: W = 0.0048*>%°

LWR OF SPRAT (SPRATTUS SPRATTUS) - 201

8 Il Il
e W
measured

@ 6- WLWRmodeIpredicted /
|_
5 /
W 4 2
=
P
< "
w 2 P
=

0]

6 7 8 9 10 11

MEAN LENGTH (cm)
Fig. 3.7.1.1 LWR model of sprat in the period Februa®gtober 2019

LWR of the sampled specimens in November and December 2019 can be described as:
W = 0.0031 » 132910

Il LSO Hi dyddzO bjcdts O btedysdzols(
[Chsdgoted-14Cjdoted 2019

® RrRL&jE] dd| Mis-fisd (}
lTtejHMCOLQdd
BsHJ 2O fis- Mis

vjeds (g)
o
\0\

’ <

1
6.5 7 7.5 8 8.5 9 9.5 10 105 11 115

i dyddo (cm)

Fig. 3.7.1.2 LWR model of sprat in the periddovemberDecember 2019
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Von Bertalanffy growth model parameters:

Losimp: = 126154, K =0.3715, t,= —1.7546. Model statistics - R =0.9573;

F — statistics = 21.9446 - Gulland and Holt metho®& = 0.9981; F — statistics = 788.9312 1
von Bertalanffy method for estimationktg.

von Bertalanffy growth model of Sprat
(November - December - 2019)

12
e =12.6154
K=0.3715
11 t,=-1.7546
10
£
g 9
8
7
6
0 1 2 3 4 5

Age (years)

1.3.8 Sex ratio of sprat in the period 2017-2019
1.3.8.1 Sex structure of sprat in 2017

Female specimens | wererepresented witb8%, and male speciments ) - with 42%.
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mFem.m Male

Fig. 3.8.1.1 Sex ratio of sprat in 2017

1.3.8.2 Sex structure of sprat in 2018
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Fig. 3.8.2.1Sex ratio of sprat i2018
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1.3.8.3 Sex structure of sprat in 2019

Females percentage share  Males percentage share

Fig. 3.8.3.1Sex ratio of sprat i2019

250 specimens were analyzed for determination of sex structure of sprat in 2019. The female
specimensverepresented witth1%,and the male specime(sll with (49%) Fig. 3.8.3.7).

1.3.9 Fertility of sp rat in the period 2018-2019

1.3.9.1 Fertility of sprat in 2018

Batch fecundity correlatewith length (cm) positivelyvith determination (R= 0.4751)

8
! =
] tog F =1 351togW-1-o2o8togw
5 | A2 =475
4 !
L e
f_.-"
1 4 i { { ,-f"'"f ! !
0 = 1 1 #_F,..-r" 1 1
1u.£\“‘Em—TIﬁ‘” 150 200 250 300
-2
LogW

Fig. 3.9.1.1Relation of LOG FandLOG L

Batch fecundity correlates with individual weight (g) iesly with good determination (R
= 0.4751)
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Fig. 3.9.1.3 Relation of GSI and gonads weight (g)

Very strong relation between GSI and weight of sprat{R.589)wae establishedrhis fact
clearly spke that gratwasin active maturation

1.3.9.2 Fertility of spratin 2019

Fertility was determined on 500 specimens. The relation between body weight (g) and
glandule weight of males of sprat indichtéinear negative trend with good coefficient of
determinatio (R? =0.43).
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There wasa very weak linearelationship between individual weight and gland wedaftthe
female individuals (June, 2019)hich was a clear indicatiorfor the low cortribution of
female sex products as a ratio from the total sprat body wéighatindividualswerenot in
active reproduction and the gland®re in the developmental stageslll, 1-1l, in many
cases thereverealso nonsexually mature individuals.
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Fig. 3.9.2.3 Body weghtfecundity relation of sprat

vhe association of somatic weightwasvlow h t he
deterministic (R = 0.24), whichwasexplained by the lack of mass spawning of sprat during
the spring and summer season
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Fig. 3.9.2.4 Batch fecundity of sprat in Quiber-December 2019

The batch fecundityin most of the casesshowed values above 2.5 (ig fecundity),
corresponding to thedgindividual weights (g) from 0.85 to 1.
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Fig. 3.9.2.5 Gonadosomatic index vs imidual weights of sprat

GSI as a measuid sexual maturity shoedthat sprat in the period Quatire December2019
was in relatively good maturity (females), which correspaltd the active maturation season
of the species.

[.3.10 Sexual Maturity

1000 specimenwereused for sexual maturityetermination. Most of the individualgerein
lIl - 1V stage of gonads.

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

[.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
catchatage matrix for seléed months by age groups

Paga3 1
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Table 3.11.1.1Catchat-age (1) matrix and biomass (kg) of sprat by mosith

Catch-at-age
(10°)
Age groups November
0 10748.596
1 19642.680
2 29331.555
3 22519.065
4 7380.198
X 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 3.11.1.2Catchatlength (10°) matrix and biomass (kg) of sptat months

Catch-at-length
(millions)
Length group (cm) November

6.5 67.601

7.0 231.266

75 435.848

8.0 351.347

8.5 209.919

9.0 120.970

9.5 185.013

10.0 184.124

10.5 273.072
110 47.143 o
x 2106.302 98]
Biomass (kg) 2
o
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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

x 71.16

1.3.11.2 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

catchatage matrix forselected months by age groups

Table 3.11.2.1Catchat-age (1) matrix and biomass (kg) of sprat by manth

Catch-at-age
(10°)

Age groups March April May June July
0 1452838008 | 5580640413 | 36.39010924| 12.37333333| 82.28474
1 3334923609 | 1189557562 | 104911917 | 9520592593 7531146
2 2311333195| 6608653121 | 6.968318791| 53.27407407| 27.89313
3 1849066556 | 168887802 | 11.22673583| 11.68592593| 11.15725
4 132Q761826| 2202884374 | 2.709901752| 5.155555556| 10.45992

Biomass (kg)

Age groups March April May June July
0 294400538 | 169493008 | 7415743811 | 2565045333 | 1725365
1 7694628226 | 375555843 | 2621156487 | 2629761898 | 182622
2 6920918472 | 283290935 | 3066735984 | 2339473421 | 1221763
3 850931466 | 9260191612 | 6959281092 | 7436049847 | 5605241
4 9245332779 | 176230749 | 2042414238 | 4152951634 | 6425881
X 269934000 | 68357705 4569574 638464 597646

Monthly catches (in tons) together with mean weights of sprat were used to derive t6©
monthly catch numbers. The share (%) by length groups and catch nsuwdre used to OQ
create catclatlength matrix for selected months by age groups (Takk2.9. §
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Table 3.11.2.2 Catchatlength (10°) matrix and biomass (kg) of spita months

Catch-at-length
(millions)
Length group March April May June July
(cm)
6.5 1,51 18,9271
7.0 0.022949 7150 5250743 8.992089
7.5 0.076498 57.95 8242445 9564313 3313253
8.0 0.196981 39.13 56.17074 80.11134 66.26505
8.5 0.072673 12.04 1160048 46.59537 4859437
9.0 0.080322 4.52 6.105515 5150014 2576974
9.5 0.034424 6.02 5.494964 20.43657 1398929
10.0 0.030599 5.27 6.716067 5885731 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

1.3.11.3 Analysis of the abundance and biomass of sprat by age and length in

2019
Table 3.11.3.1 Catch at age (1%) matrix and biomass (kg) of sprat by manth

Age Catch-at-Age *10° (in thousands)

groups February | March April May June July August | Septembe
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)
e [ [ [
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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 15017 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 (I8 matrix and bbmass (kg) of sprdiy months
Length Catch-at-length *10° (in thousands)
gzg;gs 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 | 144456 | 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| 30993.6 | 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 | 15387 82.57 53.74
| Biomass (kg)
Length | |
g(rgrtr']g’s 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 7145 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
115 0.39 0.68 1.04 1.31 0.99 1.34 0.72 0.47
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Table 3.11.3.3Catch (10°) andbiomass (kg) by sizeral age of sprat (OsberDecember 2019)

catch-at-length in numbers * 10-3 Biomass (kg)
Length (cm) October November |December |October November [December

6.5 7329.892241058.71383(1882.93440289990.643123 1443.02695p 1203.4395

7 16246.198p 2346.5658P 1956.9629629971.9293)f 4329.08085p 3610.3187

7.5 17900.310} 2585.4822882156.21180p35772.9479p 5166.96747P 4309.0901

8 17121.180 2472.9464252062.36039549308.6579p 7122.03624p 5939.5566

8.5 11726.068]L 1693.68799[7 1412.48310p38673.4572p 5585.91078[L 4658.4758

9 9172.814181324.9015031104.92664[135772.9479p 5166.96747P 4309.0901

9.5 8836.58309 1276.3370081064.42536844152.19708 6377.24814{l 5318.4265

10 8390.777111211.9457551010.72506[L48664.1003]f 7028.93773p 5861.9154

10.5 4253.28169 614.3348367 512.3361441129649.6505p 4282.53159P 3571.4981

11 2345.5978 338.7930885282.542897417403.0557p 2513.65985[L 2096.3141

11.5 522.29566} 75.43925996 62.913996P4511.90334p 651.689591l 543.48884

12 334.91670p 48.3746469340.3429508(1. 2900.509294 418.943308F 349.38568

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

Age (years) October | November| December| October November | December

0+ 26244.163[L 3790.6503B8 3161.284463 34677.2 5008.7 4177.1

1 38024.420]1 5492.16525[14580.29498[L 98483.2483 14224.708 11862.964

2 24812.13453583.8112072988.78706P 115128.304 16628.884 13867.97]

3 11168.1804 1613.1078P 1345.281804 69354.4 10017.4 8354.4

4 3931.0186P2567.7878543473.517408D 29128.848 4207.308  3508.764

Table 3.12.1 Coefficient of variation of length

Febr March April May June July Augu | Septemb | October | Novemb | Decembe

uary st er er r
Coefficient | 5 CV =0.18 CV =0.18 na na na na | Cv=011|cCv=04 | Cv=0.15 | CV=0.14

of variation
(V)
1sample CV =0.22 CV=0.22 Cv=02l | CV=0.2 | CV=0.2 | CV =0.23
2sample CV =0.20 CV =016

1.3.13 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 wfefishing

press and dynamics in the environmentatdesc Therefore, the continuity of the study of the

dynamics of population parameters is of great importdndée studied months the observed

length, weight and age structure were stable. The condition faas@xpected to rise due to

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

by weight, the spragrew well, as in OctobeDecembeitthe conditionwas high, whichwas

associated with the active ripening of sex products. The majority of samples staedsvdth
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developed gonads, the stages of sexually maturationeshmadiness for the porational
disposal of sexual products during the active breeding season of the species. It pikewails 1
age with the senior age groups presshivith a small percentage ithe catchesNew
indicators as lipid aatent otoliths chemistry should be introduced when biological
characteristics are studied.
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. Biological monitoring of horse mackerel (  Trachurus mediterraneus )
landings

[I.1 Objecti ves

Horse mackerelTrachurus mediterranediss of significart importance to the commercial
fishing sectorof Bulgam. Information on the age of individual fish species significantly
enhances the quality of studies on population charactermiics as gwth, recruitment,
mortality, andreproduction, and it is often a prerequisite for mdetailed studies on life
history strategies and stock assessmihiitiannual biological monitoring on the landings
provides the so cal |l e tn The aims df this studydwago eotiedte nt 0
and analyzehe dynamics in lengttand weight, as well as to determinatge condition of

horse mackerel specieBhe condition factor is also a useful index for monitoring of feeding
intensity, age, and growtrates in fish. It is strongly influenced by both biotic and abiotic
environmental conditions anchn be used as an index to assess the status of the aquatic
ecosystem in which fish livaiological information on a given species collected each month
analyzd and comparedo previous periods could be used for estimation of growth
parameters. These indicators aeey important for thepecies. The purpose was to define the
age of horse mackerel, as one of the important indicators for the assessment gf fishin
reservesReliable and informative lontgrm data are crucial for the assessment of fish stocks,
fisheries management and the decisiwaking process in general.

[1.2 Sampling

[1.2.1 Geographic area coverage
Data ofthe present analysis were collecttdm landing portson the Bulgarian Black Sea
coast. Information about the sizetbé& catches was also collected.

Y
27°E 28°E 29°E 30°E
Fig. 2.1.1Map ofthe ports for sampling of horse mackerel during the period 2P
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In 2017, 5 samples were collectedntainingl73 specimens
In 2018, 19 samples were collectedntaining2674 specimens.
In 2019, 11 samples were collectedntainingl500 specimens.
[1.2.1.2 Sampling period
2017 2018 2019
Date Vessel Date Trap net Date Trap net/
Vessel 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 | 07.062019 | Danchovoto
s Or a me 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 | 17.09.2019 | Niko
Korucheshme
28.09.2018 Trap net | 27.09. 2019 | Danchovoto
Akopirq Geogi
16.10.2017 Lavrak 10.10.2018 27 G
19.10.2017 sl 626 12.10.2018 Irina
15.10.2018 FV 40
17.10.2018 FV40
18.10.2018 FV 21-33 | 7.10.2019 | Danchovoto
Georgi
2310.2018 Tesi 20.10.2019 | Barbun
6.11.2017 sl 626 7.11.2018 FV 40 8.11.2019 | FV 29
9.11.2017 sl 629 27.112019 | FV 40
8.12.2017 Haithabu 4.12.2018 Kaliakra 7.122019 Niko
4.12.2018 Tais 11122019 | Danchovoto
Georgi
5 samples with 1734 species | 19 samples with 2674 species | 11 samples with 1500 species
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[1.2.1.3 Statistical analysis of data
Refer to the methodologysed for sprat stock analysis

[1.3 Results
1. 3.1+ ‘tch statistics in the period 2017 -2019

> 40000
%30000 -
< 20000
& 10000 = 8
0 Sy OO N ®
ggggﬁﬁ‘w—bg%’@
_g%)ﬁ:ﬂ%)m 0 QQQ-—b:
N 0} 0O = )
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£

Fig. 3.1.1Landing statisticin 2017
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Fig. 3.1.2Landings statistics1 2018 (left) and 2019 (right)

The statistics collected and the graphical interpretations shomtP@17 the highest quantity
and intensity othe catches was registered in August2018 inthe period AugusSepember
andin 2019- in December.

[1.3.2 Size structure in the period 2017 -2019

[1.3.2.1 Size structure analysis for 2017

Dimensionalcharacteristic®f horse mackerel are shown Fig. 3.2.1. The catches from the
Bulgarian Black Sea waters during the ipdrOctobesNovember 2017andthe size of the
compositionarerepresented by individuals with a body lenfytim 9.5 cm to 16.0 cm.
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11.3.2.2 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 lenfyim 7.0 cm to 18.0 cm.
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11.3.2.3 Size structure analysis for 2019

The catches from the Bulgarian Black Sea waters in 2848 dominated by a sgie-modal
structure. In June and August the maximwas 12.5 cm and in July, September and
December 13.0 cm. In November, the proportion 6fLl® cm increased, whiclvas mainly
due tothe new O+species
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Fig. 3.2.3.1Frequency of horse mackerel length from landing in Jundyd) (b) August (c) September (d)
October (f) November (f) Decembelg), 2019

11.3.1 Age structure of landings

The age structure of horse mackerel during the period-2019 was characterized by 7 age
classes. The most indicative of the biological state of the speeigthe age composition
during the spring seasofMay-Jung, which most closely refleetl the real qualitative
composition of the catches of the specieshmBulgarianBlack Seawaters A larger share
hadthe threeyearolds (age 3) in Jun2019- 46.94%and to some extelh 2018 - 22.22%.
The fouryearolds were well represented during the said period with a percentage varying
between 18.37% (June, 2019) and 39.30% (June, 208)ne 2019it should be noted that

the 5th and 6th age growgere missing. From data on the average age of the species, ther
was a decrease in the participation of young age groups (annuals) ranging between 2.32%
(June, 2018) and 6.12% (June, 201M.Fig. 3.11 is presented the range of variation of the
percentage composition in the different age classes in June.

™
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46,97

Fig. 3.1.1 Variation of the percentage participation of horse mackerel by agesjnoiyne 20182019
Note:ForJune, 2@7 no comparative analysis datareavailable.

In a multiannual plan, #t age distribution remaéd below nornal for the species due to the
low participation of senior age groups§5ears old). In Julg019,the expectedoarticipation

of the oneyear old increased (13.39%) and the proportion of senior d8ek yearsold)
showed significant participation. Dugnthe month of July there was a significant
participation of second age grousg. 3.12).
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Fig. 3.1.2 Variation in the percentage participation of horse mackerel by agesgrodply 2019
Note:For July 2017 and 2018 theveere no comparative analysis datailable
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In the autumn season of the accounting period 2P, four year oldfiad a significant

sharein thecatches, reaching 54.29% (September, 2018) and 36.83% (September, 2019)

MINISTRY OF AGRICULTURE.FCOD AND
FORESTRY

m|X,2018 mIX,2019

54,29

%

Fig. 3.1.3Variation in the percentage participation of horse mackerel by agesgno8pptember 2018019
Note: For September2017 no comparative analysis data were available.

[1.3.4 Condition factor
During the spring migratioalongour coast in Junehé values of K = 0.800.828(Fig.
3.4.1). The values of Fultahns ¢ o n d i of homenmadkeral in dune shadahigh values

for all age groups.

mV],2018 mVI[,2019
0,872

0,853
’ 0,861 0,854
0,823 g,c 0,838 0,843

%

age

Fig. 3.4.1Condition factor by age grogjn June 201&nd2019
Note: ForJure, 2017 no comparative analysis data were available.
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High values of Kwerealso observed in the next morthly when the species in parallel with
reproductionvereactively nourished.

1,305
1,076
0,985
0,852 0,855
0,766
| /|
1 2 3 4 5 6
age

Fig. 3.4.2 Condition factor by age grosjn July 2019
Note:For July 2017 and 2018 no comparative analysis data were available.

The autumn months are usually characterized by a significant increase Fultbed s
condition factor For those reasons, the autunsondition factorreached 0.954September

2019. In September of the reporting period, the conditfantor was relatively high
compared to the previous months.

1,02

0,982

0,948 0,935 0919

%218 0,882

%

W X,2018
HX,2019

age

Fig. 3.4.3. Condition factor by age grosin September 2018nd2019
Note: For September, 20180 comparative analysis datere available
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In October, the species reached a good level of K, the conditbor showed a relatively
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good value in 2018 and 2019 with averages 0.839 and 0.844, respectively.

mX,2018 mX,2019

0,868

age

Fig. 3.4.4Fig. 41. Condition factor by age grosijm October, 201&nd2019
Note: For October, 2017 no comparative analysis adedee available

[1.3.5 Weight structure

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

(Fig. 3.5.0).
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Fig. 3.5.1 Variation of average weights by age greupJune 2018and2019
Note: ForJuly, 2017 no comparative analysis data were available.
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Fig. 3.52 Variation of average weigh by age groupin 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, rhacdesrel
continuel its increased nurture and accumulation of reseateih preparation for the winter
period. In September 20E61d2019,the weight increase of the age of 2ada good rate and
amounted inthe optimum range 14.289.35). In October, the weight increase of age,2+
laggedbehind the normwvith a deviation 67.1 g.
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Fig. 3.5.3 Variation of average weights by age greupSeptember 2018nd2019
Note: For September, 2017 no comparative analysis wata available
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Fig. 3.5.4 Variation of averag&eights by age grown October 201And2019

[1.3.6 Size structure

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

the average multiannual data of 181.21 cm. Thisvasan indication of a good increage i

replenishment.
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Fig. 3.6. 1 Variation of average lengths by age greurpJune 2018and2019
Note:ForJune, 2017 no comparative analysis detee available
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