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BOTTOM TRAWL SURVEY FOR TURBOT STOCK ASSESMENT IN BULGARIAN
BLACK SEA SECTOR DURING AUTUNMIN SEASON OF 2018

1. Results from the National Bottom Trawl Surveys in December 2018

During 21 - 30 December 2018, within the frames of the National Programme for
Fisheries Data Collection, the research team from IFR - Varna has conducted a demersal
trawl survey with the fishing ship “EGEQ2” in the Bulgarian Black Sea waters - between
Durankulak and Ahtopol, within the 100-meter isobath.

The filed survey has included the following main activities:

o Bottom trawl sampling;

o Qualitative and quantitative analysis of the catches, identification of biological
diversity, biometric measurements;

o Collection of otoliths for turbot age determination;

o Sampling and analysis of stomach contents for identification of quantity and
composition of the consumed food.

Through the filed survey and laboratory analysis, a dataset has been prepared,
allowing assessment of the relative biomass and abundance of the reference species
Scophthalmus maximus in Bulgarian Black Sea waters. The current report is focused on
the estimation of turbot biomass indexes and density by depth strata and includes study
on length/weight, age and sex structure of the turbot population.

This document contains a series of tables and figures that represent the
distribution of relative abundance and analysis of turbot population - size/age and sex
structure, estimation of the L-W relationship, calculations of growth rate and biological
parameters, based on Von Bertalanffy equations and examination of turbot diet
composition.

1.1. Fishing vessel and fishing gear

The trawl surveys were conducted on board the fishing ship “EGEQ 2" (picture 1)
with the following parameters:
o Fishing vessel - TAKA;
O Fishing vessel length -17 m;
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Maximum width - 6 m;

The fishing vessel year of built - 2007;
Engine power — 367.75 kW,
Maximum tonnage — 38.24t;

Net tonnage —11.43 t;

Speed — 9.5 Nd;

Crew - 3 people;

Research team - 3 people.

o0 0 0 0 00 0

Picture 1. Fishing ship

During the studies, a fishing bottom trawl 22/27-34 was applied (picture 2), with
following functional and technical parameters:

Trawl vertical opening - 2 m;

Horizontal opening between the otter boards - 9 m;
Effective part of wing spread - 13 m;

Trawling speed - 2.2 - 2.6 Nd,;

Trawling duration - 60 min.

Mesh size - 200 mm.

o o o 0 O 0
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Picture 2. Bottom trawl 22 / 27-34.

2. Material and methods

The target species of the demersal survey was turbot (Scophthalmus maximus),
and the by-catch species - the spiny dogfish (Squalus acanthias}, the thornback ray (Raja
clavata) and the European flounder (Platichthys flesus) were also measured and
analysed.

The methodology and techniques, used for data collection, verification,
processing and analysis and for complete turbot stock assessment were following the
generally applied methodology in the Bulgarian Black Sea zone.

The field data were collected by standard techniques - bottom trawl that
remained constant through the surveys. The GPS system of the ship was connected to
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NAFA satellite system for monitoring of the fishing vessels (VMS) and the ship location
was strictly controlled during the trawling.
2.1 Information collected through the bottom trawling

Depth - measured with the echo-sounder;

GPS coordinates of the trawling - starting and end points;
Trawling duration;

Abundance of fish species in the trawl;

Weight of the total catch in the trawl;

Absolute and standard length; weight of collected specimens;
Collection of otoliths for age determination;

Sex identification;

By-catch species composition;

Turbot stomachs for stomach content analysis;

o0 0 Q0 0 0 00 00

For turbot biomass calculations, data for catch per unit effort (CPUE) (kg/h) and
catch per unit area (CPUA) (kg/kmz) were used.

The results are presented in the form of maps and tables that include data for:
Catch per unit effort (kg/trawl)

Catch per unit area (t/km?);

Abundance index (individual/kmz);

Limits of variation of catches pet unit area;

Total biomass (t.) and abundance (ind).

o o 0 0 0

2.2, Sampling scheme

To establish the abundance and biomass of the reference species S. maximus off
the Bulgarian Black Sea coast, a standard methodalogy for stratified sampling (Gulland,
1966; Sparre, Venema, 1998; Sabatella, Franquesa, 2004) was applied. The zones, where
trawling was performed, are presented in Figure 1.

The surveyed region was divided into four strata, depending on the depth -
Stratum 1 (15 - 35 m), Stratum 2 (35 - 50 m), Stratum 3 (50 - 75 m) and Stratum 4 (75 -
100 m). For assessment of turbot abundance and hiomass, the surveyed territory was
divided into 143 squares, each of them with sides 5 x 5 Nm, area 25 Nm~ (or 85.8569
m2). The sampling was carried out at 40 randomly chosen fields (rectangles), situated
at depth between 15-100 m. Each rectangle is with sides 5’Lat x 5’Long, while the total
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area is 62.58 km* (measured by GIS). Each field was marked with letters and digits for
better distinction.
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Fie. 1. Map of the surveyved sectors, Xit/2018

The seabed area covered during a single haul represents a basic measurement
unit, considered representative, as turbots do not aggregate in dense assemblages
(Martino, Karapetkova, 1957).

The duration of each hauls was 60 min. at trawling speed of 2.5 knots.

On the ship board, the absolute and standard length, as well as the individual
weight of each specimen were measured in order to determine the size and weight
structure of the turbot stock and to estimate the share of specimens with length below
the allowable fishing length in the catches.

2.3. Laboratory analyses

After collecting the samples an shipboard, the age, maturity of the reproductive
system and stomach content composition were determined in laboratory.
The turbot age was established by otoliths reading under binacular microscope.
To identify the food composition, a total of 52 stomachs were collected in
autumn 2018. The stomach content analysis included identification of the taxonomic
- ---- WwWw.eufunds.bg -
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composition and total number of food components, weight and frequency of
occurrence of each food component. The index of relative importance (IRI) was used to
determine the significance of each food component in the trophic spectrum (Pinkas
et.al,, 1971):

IRl = (Cy + Cy) *F,

Cr - percentage share of the food item i in total number; Cy - percentage share
of the food item /in the total weight; F — frequency of occurrence.
IRI expressed as a percentage was calculated by the equation (Cortes, 1997):

100* IRT.
%IR] =——1L

H n
> IRT,
; i

z
n —total number of the taxonomic categories at a given taxonomic level

2.4, Statistical methods

Swept areas method

To determine the relative biomass of the reference species 5. maximus, the
“swept area method” was applied. According to this method, trawl sweeps a well-
defined path, the area of which is the length of the path times the width of the trawl,
called the "swept area" or the "effective path swept", thus the swept area can be
estimated from equation:

a=D*hr*x2, D =V*t

V - is the velocity of the trawl over the ground when trawling, t - the time spent
trawling, hr - the length of the head-rope. X2 is that fraction of the head-rope length, hr,
which is equal to the width of the path swept by the trawl, the "wing spread", hr*X2, D-
distance covered.

To calculate turbot biomass, the catch per unit area (CPUA) was used:

C

L“:@kgjkmz
alt a

Cw/t — catch in units of weight per trawling hour, a/t — area swept per trawling
hour.

The biomass for each stratum was obtained from equation:
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B=(C, )4

Cora - mean catch per unit of area for all trawl sweeps in the stratum, A — stratum area.
The variance of biomass estimated for each stratum is:

PUBAPCTBO

_ e b Sl - cal
VAR(B)= A *n*n_l*g[ca(;) Ca]

The total area of the surveyed region is equal to the sum of the areas of every
stratum:

A=Al+AZ2+A3
The mean catch for the entire survey area was obtained from equation:
b * % *
Ca(A): Cal A1+Ca2AA2+Ca3 A3

Cal- catch per unit areain stratum 1; Al — stratum 1 area, etc.; A — total water area.

The total biomass in the survey area is estimated by equation:
B=Cal4)*4

CG(A)- mean weighted catch for the entire surveyed water area, A — total area
surveyed,

Maximum sustainable yield

Gulland’s formula for virgin stock is:
MSY = 0.5*M*Bv
M — coefficient of natural mortality, Bv- biomass of virgin stock.
A generalized version of Gulland was proposed by Cadima (in Troadec, 1971) for
exploited fish stocks for which only limited data are available for stock assessment:
MSY=05*7Z*B
B - mean annual biomass, Z — total mortality.

BecauseZ=F+MandY=F* ﬁ, Cadima suggested that in the absence of data
for Z, the equation can be rewritten:

MSY=05*{y+M*B}

y — total catch in one year, B - mean biomass in the same year.

TAC - total allowable catch, Prediction models
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Beverton and Holt yield per recruit model {1957):
1 38 3s¢ s
— * -Mx - * " |T - =
Y/R = F*exp[=M*(Tc-Tr) ) W %17 = 24k * Z+2K Z+3K}

S = exp [-K (Tc — to)], K = von Bertalanffy growth parameter, tO = von Bertalanffy
growth parameter, Tc = age at first capture, Tr = age at recruitment, WBR = asymptotic
body weight, F = fishing mortality, M = natural mortality, Z = F + M, total mortality.

To evaluate the exploitation ratio, the formulae of Pauly {1983) was used: E=F /
Z; E - exploitation ratio, F - fishing martality, Z - total mortality;

Jones' Length-Based Cohort Analysis {1981]

Jones' length-based cohort analysis:
M M, 1, (Lo-L1 Lo -L1)"*] _ [Leo -L1]"*
exp| —"At|=exp|="="In = exp|in = ;
2 2 K Lo -L2 Lo -L2 Leo-L2

Age and growth

For the estimation of turbot growth rate, the von Bertalanffy growth function
(1938) was applied, (according to Sparre, Venema, 1998):

L= Lm{l - exp[—k(t — 1, )]}

W, = Ww{l — exp[—k(r o )]}?g
L, W: are the length or weight of the fish at age t vears; Lee, Weo - asymptotic
length or weight; k — curvature parameter; t, - the initial condition parameter.

The length — weight relationship is obtained by the following equation:
W, =ql,"
g-constant in length-weight relationship; n - constant in length-weight
relationship.

Natural mortality (M)

Pauly's empirical formula (1979, 1980) was applied:
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log M =—0.0066—0.279*log L + 0.6543* log k + 0.4634* log T°C

logM=—-0.2107 - 0.0824* logW,_ + 0.6757 * logk + 0.4687 *log T°C

Lee, Wee and k — parameters in von Bertalanffy’s equation; T2C - the annual
average temperature of the seawater in the horizons of habitation and reproduction of
the species.

Method of Richter si Efanov {1976)

M :&—0.155

0720
(tmar.SD%)

tyat —age at first maturation.

Stock exploitation {E)

is determined by Pauly {1983): E = F/Z,
where Z - total mortality, and F - fishing mortality.

3. Results

3.1. Population number and biomass

During the demersal trawl survey in XII/2018, the following activities were
carried out:

- 37 hauls with a bottom trawl, with duration of 60 minutes for each trawl at
depths between 15 m and 100 m, covering entirely the continental shelf of the
Bulgarian Black Sea zone, between Durankulak and Ahtopol.

- for each haul, a qualitative and quantitative analysis of the catch was
accomplished, including biometric measurements of 75 turbot specimens, 73 ind. spiny
dogfish, 49 specimens of European flounder and 23 specimens thornback ray (Raja
clavata) (Picture 3,4 and 5).
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Picture 4. Yield of turbot (Scophthalmus maximus} and associated species Merlangius
merlangus {whiting), Platichthys flesus {European flounder), Raja clavata (thornback ray),
spiny dogfish {Squalus acanthias), Trigla lucerna {tub gurnard), A. immaculata {(Pontic
shad}l,M. b. ponticus {red mullet}, Acipenseridae (sturgeons).
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Picture 5. Conducting biometric measurements and sampling for study of the stomach
contents.

Constant presence of S.maximus was established in almost all bottom trawls at a
depth 50-75 m with vield - at least 1-6 individuals per haul {where catch = 0).

At a depth between 50-75 m and 75-100 m, the average turbot catches were
comparable. At nine fields, a high vield was obtained, with ranges between 10.00 to
19.03 kg/trawl.

Seventy three specimens of dogfish (Sg. acanthias) were captured during the
survey, with size and weight that varied from - 76 cm/1.68 kg to 154em/16.20 kg.

The bycatch included whiting (Merlangius merlangus euxinus) (Picture 5),
European flounder {(Platichthys flesus fuscus - 49 sp.) and thornback ray (Raja clavata).
The main part of the catch was composed by a mixture of species - sprat (Sprattus
sprattus) and red mullet (Mullus barbatus ponticus}. Among the associated species were
identified black scorpionfish {Scopaena porcus), black mussel (Mytilus galloprovincialis),
common jellyfish (Aurelia aurita), sturgeons (Acipenseridae) Pontic shad (A. immaculate)
and prawn (Crangon crangon).
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Large amounts of marine litter were not found during the current survey.

Comments on the biomass of Scophthalmus maximus in the Bulgarian waters
by strata

Trawling at a depth of up to 30 m covered only three stations, and due to their
small number, they were grouped together with the stations, preformed up to 50 m,
thus the statistical analysis was conducted for the stratum 15 - 50 m. The biomass of the
three shallow stations (at a depth < 30 m) reached respectively 0.0 kg/kmz, 79.365
kg/km2 and 92.813 kg/kmz, with abundance - 0 ind/kmz, 66 ind/km” and 66 ind/km~. At
these stations, the highest vield was found off the Kamchiya, while in front of the
Shabla the turbot biomass attained low levels.

The relative turbot biomass ranged in narrow boundaries within the three main
strata, and the highest biomass was detected in the stratum 50-75 m - 0.118 t/kmz,
while the average abundance is found again in the same stratum - 42 ind/km? (Table 1,
Fig 2 and 3).

The information about the yields by stratum is given below:

Stratum 15 - 50 m

The relative turbot biomass varied between 0 and 280.765 kg/km?, 61.01 kg/km?
on average (Table 1, Fig. 2). The abundance indices varied between 0 and 66
individuals/km?, on average - 31 ind/km? (Table 2).

Stratum 50 -75 m

In this stratum, the relative biomass was slightly higher than stratum 75-100 and
the relative turbot biomass varied between 0 and 315.96 kg/kmz, 118.09 kg/km2 on
average (Table 1, Fig. 2 and 3). The abundance indices varied between 0 and 100
ind/km?, with average value of 42 ind/km?(Table 2, Fig. 2 and 4).

Stratum 75 - 100 m
The relative turbot biomass varied from 0 to 284.916 kg/kmz, on average 77.907
kg/km2 (Table 1, Fig. 2 and 4), with average abundance - 27 ind/km? (Table 2).
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Table 1

Turbot biomass by strata, December, 2018

_ 75-100 m
No. station t/km’ No. station | t/km’ | No. station | t/km’
1 0.083 6 0.130 14 0.227
2 0.001 7 0.138 15 0.285
3 0.000 8 0.103 16 0.206
4 0.281 12 0.000 17 0.000
5 0.122 13 0.120 18 0.044
9 0.041 20 0.000 19 0.044
10 0.016 22 0.058 23 0.310
11 0.000 25 0.185 24 0.000
21 0.040 29 0.047 33 0.085
26 0.118 30 0.206 34 0.023
27 0.002 31 0.178 35 0.000
28 0.078 32 0.316
37 0 36 0.052
Total 0.793 Total 1.535 Total 1.225
Average 0.061 Average 0.118 Average 0.111
Variance 0.0065 0.0080 0.015
Standard deviation 0.0805 0.0857 0.121
Relative standard deviation 1.3186 0.75586 1.083
Standard error 0.0223 0.0249 0.040
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Fige. 2. Relative biomass (t/km2} of S. maximus by strata off the Bulgarian Black Sea
coast, December 2018.

Table 2 represents detailed data about turbot abundance by strata in December

2018.

Abundance of 5. maximus by strata December 2018,

Table 2

15- 50m 7! 75-100 m
No. station | No. Ind./km2 | No. station | No. Ind./km2 | No. station | No. Ind./lkm2

1 66 6 50 14 66
2 17 7 50 15 50
3 17 8 50 16 50
4 66 12 0 17 0
5 33 13 33 18 17
9 17 20 0 19 17
10 17 22 33 23 66
11 0 25 33 24 0
21 17 29 17 33 17
26 50 30 50 34 17
27 33 31 66 35 0
28 66 32 100
37 0 36 17
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Total 398.48 Total 547591 Total 298.86

Average 31 Average 42 Average 27

Variance 14.634 20.338 15.663

Standard 3.825 4.565 3858

deviation

Relative 0.125 0.088 0.146

standard

deviation

Standard 0.174 0.200 0.180
error

3.2. Catch per unit effort {CPUE)
Catches from a total of 37 trawls were distributed as follows:

e 7 hauls {18.92% of total no. hauls), catch 0 «r;

¢ 13 hauls (35.14%), catch 0.1 —4.99 kg per haul;
¢ 8 hauls { 21.62), catch 5.0 —9.99 kg per haul;

e 5 hauls {13.51%), catch 10.0 —14.99 kg per haul;
e 4 hauls {10.81%), catch 15.0—19.03 kg per haul;

Stratum < 30 m; 3 hauls:
¢ 1haul, catch 0.00 kg per haul;
e 1haul, catch 0.1 -4.99 kg per haul;
e 1 haul, catch 5.00 - 8.99 kg per haul;

Stratum 31 —50 m; 10 hauls:
¢ 1haul, catch - 0 kr na Tpan;
e o6Ghaul, catch-0.1-4.398 kg per haul;
e 2 haul, catch - 5.0 -9.99 kg per haul;
e 1haul, catch 10.0 —16.99 kg per haul;

Stratum 50 — 75 m; 13 hauls:
e 2 haul, catch - 0 kg per haul;
e 3 haul, catch 0.1 —4.99 kg per haul;;
e 4 haul, catch 5.0-9.99 kg per haul;
e 4 haul, catch 10.0 —19.03 kg per haul;
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Stratum 75 — 100 m; 11 hauls:
e 3 haul, catch - 0 kg per haul;
e 3haul, catch 0.1 - 499 kg per haul;
e 1haul, catch 5.0-9.99 kg per haul;
e 4 haul, catch 10.0—18.99 kg per haul;

The CPUE distribution in December 2018 is shown in Table 3 and Fig. 4.

Table 3
The sampling stations, coordinates and CPUE {kg/trawl) in December 2018

Ne Field Starting coordinates Depth {m) Spee | Traw Catch
d ling turbot
o] A (Nm) | time [ N Kg
{min)
Ne

1 E 43.04.630 28.06.220 24.5-29 2.5 60 4 5.59
3 G6 43.10.710 28.16.310 31-40 2.5 60 1 0.02
4 |G8 43.05.430 28.17.430 57-37.5 2.5 60 4] 1691
5 C13 42.38.800 27.55.108 40-44 2.5 60 2 7.34
6 D14 42.33.440 28.02.600 55-60 2.5 60 3 7.84
7 E15 42.28.840 28.05.458 67-67.5 2.5 60 3 8.32
3 Di6 42.24.715 28.03.700 61-50 2.5 60 3 6.19
g C15 42.26.154 27.55.030 47-35 2.5 60 1 2.44
10 | Bi16 42.23.155 27.52.880 37-37.5 2.5 60 1 0.99
11 | c17 42.18.9590 27.56.080 38-41.5 2.5 60 0 0
13 | E18 42.05.470 28.07.300 61-65.5 2.5 60 2 7.24
14 | F18 42.11.660 28.10.780 76-81 2.5 60 4 13.7
15 | E17 42.16.750 28.08.520 74-68 2.5 60 3] 17.16
16 | F16 42.21.820 28.10.810 32-33 2.5 60 3] 12.39
17 | F14 42.31.470 28.12.000 35-84 2.5 60 0 0
18 | HS 42.55.115 28.20.757 76-81 2.5 60 1 2.65
13 | G10 42.54.700 28.15.370 33-82.5 2.5 60 1 2.67
20 | F9 42.56.030 28.14.411 63-49 2.5 60 0 0
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21 | E10 42.54.607 28.08.120 39-44 2.5 60 1 2.39
22 | E11 42.48.733 28.07.694 52-64 2.5 60 2 3.58
23 F12 42.43.650 28.13.760 81.5-87.5 2.5 60 4 18.69
24 | G13 42.35.160 28.16.180 50.5-85.5 2.5 60 0 0
25 E13 42.37.420 28.08.650 73.5-63.5 2.5 60 5 11.13
26 D1z 42.41.030 28.01.460 43.5-40.5 2.5 60 3 7.12
27 | C11 42 .45 300 27.58.460 345-33 25 60 2 0.14
28 | D9 42.56.140 28.04.870 31-28.5 2.5 60 4 4.78
29 (L1 43.36.950 28.41.334 50.5-52 2.5 60 1 2.83
30 | N1 43.38.945 28.51.526 60.5-64 2.5 60 3 12.42
31 | M2 43.34.280 28.48.300 65-65.5 2.5 60 4 10.75
32 (L3 43.28.930 28.43.200 64.5-69 2.5 60 6 19.03
33 | M4 43.23.954 28.47.010 77-80.5 2.5 60 1 5.14
34 (L5 43.15.400 28.44.030 82-81.5 2.5 60 1 1.37
35 K4 43.22.020 28.35.540 70.5-65.5 2.5 60 0 0
36 |15 43.15.750 23.34.112 58-63 2.5 60 1 3.13
37 H5 43.18.520 28.24.050 20-30 2.5 60 0 0
e —— T— - 20
I
43.5°N |
I = 15
43°N I
I 10
I
42.5°N I§ 5
_______ 28,

27°E

28°E

Fig. 3. Distribution of catch per unit effort {CPUE}
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3.3. Catch per unit area (CPUA)
The turbot abundance and biomass per unit area are presented at Table 4 and

Fig 2 and 4. Distribution of the relative biomass (kg/km2) and abundance (n/km2) of 5.
maximus in December, 2018 at fig.5.

High relative biomass, between 0.18 - 0.32 t/km? was established in four sectors
of the Bulgarian Black Sea zone:

- in north direction, between Durankulak and Shabla, at a depth of 60.5 -69 m
(st. N1, M2 and L3});

- off the central part of the coast, near to the Kamchiya River mouth (st. G 8) at
depths of 50 m;

- in south direction, from the Cape Emine 81 m (st. F12) along Primorsko (st. F16
and E17 —74-83 m) and Ahtopol (st. F18 - 76-81 m) (Fig.2 and 4).

43.5°N

0.25
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0.15
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Ocean Data View / DIVA

27°F 28°F 29°

Fig. 4. Distribution of the relative biomass (t/km2) of S. maximus in December 2018.
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in December, 2018
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Table 4

Turbot abundance and biomass observed in the Bulgarian waters in December 2018

No. No. ind./km’
Station
1 E8 66 0.083
2 F7 17 0.001
3 G6 17 0
4 G8 66 0.281
5 €13 33 0.122
6 D14 50 0.130
7 E15 50 0.138
8 D16 50 0.103
9 C15 17 0.041
10 B16 17 0.016
11 c17 0 0
12 D18 0 0
13 E19 33 0.120
14 F18 66 0.227
15 E17 50 0.285
16 F16 50 0.206
17 F14 0 0
18 Hg 17 0.044
19 G10 17 0.044
20 Fs 0 0
21 E10 17 0.040
22 E11 33 0.059
23 F12 66 0.310
24 G13 0 0.000
25 E13 33 0.185
26 D12 50 0.118
27 Cl1 33 0.002
28 Dg 66 0.079
29 L1 17 0.047
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30 N1 50 0.206
31 M2 66 0.178
32 L3 100 0.316
33 M4 17 0.085
34 L5 17 0.023
35 K4 0 0
36 15 17 0.052
37 H5 0 0
Total 1245261 3.553
Average 33.6557 0.0860
Total in the 390 092 1113.06
Bulgarian area Ind. tonnes

Variance 727.27 | 0.0096
Standard deviation 26.97 | 0.0980
Relative standard deviation 0.80 | 1.0208
Standard error 4.43 | 0.0161

The calculated turbot biomass in the Bulgarian Black Sea waters amounted to
1113.06 tons, by abundance - 390 092 individuals (Table 4).

3.4. Size structure

The information about the size structure of turbot population was based on
biometric measurements of 75 turbot specimens, and included data on the absolute and
standard length, and individual weight (pic.4).
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Fig. 6. Length structure of 5. maximus.

The absolute length of the measured individuals varied between 11.00 and 69.00 cm,
by weight - between 30 and 6460 g. The total turbot catch reached 214 kg. Distribution of
the length classes was as follows: eight individuals were of sizes between 11-27 cm (10.67 %),
6 individuals - between 33-40 cm (8.00 %), 14 - in the range between 41-49 cm (18.67%) 37
individuals - between 50-59 cm {49.33%) and 10 individuals - between 60-69 cm (13.33%) (Fig.
6).

Sexually mature individuals dominated in the total catch — 77.33 % (58 specimens),
while juveniles (< 45 cm) were presented by 17 specimens and formed 22.67 %. With a
percent share of 57.14 % (36 specimens), the females outnumbered the males - 12.7 % (9
specimens).

The size structure was analysed in compliance with the national regulations, setting
out the minimum permissible length of the individuals for fishing purpose. Thus, the
individuals with absolute length under 45 cm are marked as undersized, and those with
length > 45 cm - as standard.

Fig. 7 shows the total turbot abundance (ind/kmz) and the distribution of the ratio
between the undersized individuals and those of standard length.
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Fig. 7. Distribution of the S. maximus abundance (ind/km?) and ratio between the undersized
individuals and those with standard length.

The relative turbot biomass by size classes is given in Fig. 8, presenting high
biomass for two size classes - those of 53-58 cm and 62-63 cm.
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Fig. 8. Biomass by mean size classes of S. maximus.
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3.5. Age structure

The turbot age composition was determined through analysis of 58 pairs of
otoliths. The age structure included 1 - to 9 - years classes, with domination of the 5
(29.33 %) and 6 (21.33 %) years (50.66 % in total), followed by 7 - year class — 13.33 %

(Fig. 9).
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Fig. 9. Age structure of turbot in December 2018.

In the autumn season of 2018, the share of the replenishment of 1 and 2 - year
class reached 16 %. During the XI1/2017 replenishment is within the same limits - 16.03
%, during XI-X11/2016, 1 and 2 - year class reached a total of 27.18%, while in X11/2017,
and 2018, the percent share of the group was almost half. Although having small
frequency of occurrence, specimens from 8 - to 9 - years classes were registered in the
yield.

The distribution of the age composition of S. maximus in the surveyed area is
shown in Fig.10,
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Fig. 10. Spatial distribution and age structure of S. maximus in December 2018.

3.6. Biological parameters of S. maximus

To estimate the turbot growth rate, the data about the average length and
weight by age groups for the two sexes were combined.

The calculated values of the parameters in von Bertalanffy’s and L-W equation
were as follows:

a=0.013
b=3.12
q=-1.883
Lo = 72.63
k= 0.354
t,=-0.36

The turbot length-weight relationship, based on the autumn survey data is
shown in Fig.11.
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Fig. 11. 5. maximus: Length-weight relationships in December 2018.

The coefficient of natural mortality (M) was calculated according to Pauly’s
formula (1980), describing the natural mortality as a function of k, Lee, Wee and water
temperature at the bottom layer.

Le = Lt max/0-95

k= 1/(t>-t1) *In{Lw-L1)/{Lw-L2)

log (-tg) = -0.3922 - 0.2752*|logl~ - 1.038%logk

INM=-0.0152-0.279In L=+0.6543Ink+0.463Intg

Considering, that the water temperature was 8-10 °C during the study, the
coefficient of natural mortality (M) for both sexes was equal to 0.38.

Fulton's condition factor {K)

This factor is used as a proxy for the “physiological condition” of individuals. The
collected data show that the Fulton coefficient varies in small limits with changes in size
and age of turbot (Fig. 12).
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Fig. 12. Relationship between length, age, average size and weight of turbot and coefficient of
Fuiton by age.

3.7. Sex structure

Sex ratio

The results of the turbot sex structure analysis in autumn 2018 are shown in Fig.12.

The total share of sexually immature individuals formed 22.67 % of the total vield,
the female individuals formed 52 %, and the share of males was 25.33 %.

From a total of 37 fields, studied off the Bulgarian coast in December 2018, female
specimens were not identified in 17 fields, in 25 fields - males were not estimated, and in 4
field - only young forms were found, while adult specimens were absent (Fig.13).

Male and female specimens are found all over the depths of 40 to 82 meters. The
juveniles were concentrated in the section Shabla (81 m), in front of Varna (35-41 m)
and between Cape Emine - Primorsko they were observed at different depths (34and 37
m). The females were established mainly in the regions Duranculak — ¢. Kaliakra, Varna -
Kamchia and between Cape Emine - Primorsko and Ahtopol, while high concentrations
of males were detected in the region of Kamchia - Cape Emine.

The average weight of females was 3954.36 g, with average length TL = 55.23 cm
and standard-length SL = 43.71 cm. The maximum weight of females reached 7540 g,
besides the minimum weight was 2760 g.
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Fig.13. Sex structure of 5. maximus in December 2018: distribution by stations (female,
male and juvenile specimens are indicated by: purple, green and white, red color - equal
share of females and males).

The share of the females from classes 53 to 56 cm and 58 to 63 cm was dominant,
and this size group has formed 69.23 % of all studied females (Fig. 14). For the length classes
over > 55 cm (up to 69 cm), all specimens were only females, comprising 53.85 % of the
total abundance.
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Fig.14. Females’ specimens: Percentage distribution by length classes.
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For males (Fig.15), the most significant proportion of total abundance — 84.21 %
belonged to the length class 46 - 54 cm, followed by the size class 58 cm—5.26 %.
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Fig.15 Male specimens: Percentage distribution by length classes.

The results demonstrate sexual dimorphism regarding the body length, with high
presence of large size classes of females (Fig. 14 and 15).

3.8. Fecundity

Female specimens (38 specimens), that were a subject on fequndity study in May
2018 were characterised by follwong parameters: mean body weight - 3.34 kg, average total
length = 56.66 cm and mean age of 6 years.

The measured absolute fecundity has reached the mean value of 996 644 eggs in
May 2018, while the relative fecundity attained 298 625 eggs (Fig.16).

The estimated fecundity was almost 2.5 times lower in comparison with the
previous studies — 5-6 Mill, eggs, but was similar with data in previous year. Such levels
of fecundity could be abtained for specimens with weight 5-6 kg, but their share in
samples is relatively low. The fecundity has increased with the increase of turbot body
weight.
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Fig.16. Turbot body weight (kg, blue bar), absolute fecundity (red bar) and relative fecundity
{green bar) in 2018.

3.9. Accompanying species

During the trawl survey, as a bycatch were collected seventy-three specimens of
dogfish {Squalus acanthias}, 23 specimens of thornback ray (Raja clavata} and 49 individuals
of European flounder (Platichthys flesus) (Table 5).

Table 5

Data on species composition and biological characteristics of the bycatch species

Bycatch species N

Min.
Squalus acanthias 73 76
Raja clavata 23 41

Platichthys flesus luscus | 49 15

Size {cm)

Max.

154
72
38

Ave.

117.96
62.28
22.30

Weight {kg)

Min.  Max. Ave.
1.68 16.20 7.348
047 | 39 2013
0.07 0.68 0.218

Map, showing the location of stations with bycatch is presented in Fig. 17., Squalus
acanthias and thornback ray specimens were observed in the region under the Cape
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Fig. 17. Location of stations with bycatch from spiny dogfish {S. acanthias, circles with green
colour), thornback ray {R. clavata, circles with blue colour) and flounder (Pl flesus circles with
red colour).

4, Food composition

In the autumn season of 2018, a total of 51 stomachs were gathered to determine
the dietary spectrum of turbot. The food components were found in 58.82 % of the
examined specimens and 41.18 % were with empty stomach:s.

Full description of the collected data and some statistical parameters are given in
Tables 6 and 7.

Table 6
Survey area, length and weight of specimens, the weight of stomachs {filled, empty),
stomach contents and index of stomach fullness {ISF).

Investigated L {cm) W (kg) Full Empty Food ISF
area stomach stomach | content (g)
() ()
C13/2 56 6.70 56 6.7 49.00 073
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C15/1 50 2.44 50 2.44 2250 082
D9/3 43 1.85 43 1.85 3750 2.03
D9/4 49 238 49 2.38 13.50 057
D12/2 54 3.11 54 3.11 33.00 1.06
D12/3 58 377 58 377 .00 016
D14/1 53 285 53 2.95 29.00 0388
D14/2 54 3.32 54 3.32 30.00 0.90
D16/3 56 3.21 56 3.21 13.50 042
ES/3 54 342 54 342 2450 072
E10/1 47.5 2.39 47.5 2.39 23.00 0386
E11/1 53 23271 53 2.71 26.00 0586
E13/2 47 1.83 47 1.93 8.00 047
E13/3 48 276 48 276 39.00 0.33
E13/4 52 2.65 52 2.65 12.50 0.47
E13/5 51 261 51 261 21.00 0.80
E15/1 46 2.13 46 2.13 850 0.40
E15/2 49 2.67 49 2.67 26.00 087
E15/3 54 352 54 352 6.00 0.17
E17/1 55 4.31 55 431 3050 071
E17/2 69 .46 69 6.46 5250 0.381
E17/3 65.5 6.39 65.5 6.39 4550 071
E19/1 59 4.67 59 4.67 3350 072
E19/2 50 257 50 2:57 2550 089
F12/1 58 4.01 58 4,01 1.50 004
F12/2 60 478 60 478 3.00 0.18
F12/3 63 574 63 574 3150 0.55
F12/4 5%5 3.86 57.5 3.96 3050 077
F16/1 50 248 50 2.48 3.00 012
F16/2 50 2.37 50 2.37 2.00 008
F16/3 66 7.54 66 7.54 2.50 0.03
F18/1 53 2.76 53 2.76 12.00 043
F13/2 60 4.65 60 4.65 11.00 0.24
F18/3 53 3.25 53 3.25 29.00 0.89
F18/4 52 3.04 52 3.04 550 018
G8/1 49 2.85 49 2.85 28.00 0388
G8/2 53 3.36 53 3.36 450 0.13
G&/3 68 553 68 553 26.00 0.47
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G8/4 62 517 62 5.17 6.00 012
G10/1 50 2.67 50 2.67 74.00 277
H9/1 51 2.65 51 2.65 48.00 1.81
15/1 56 3.13 56 3.13 22.00 070
L1/1 54 2.83 54 2.83 1850 0.65
L3/1 51 3.10 51 3.1 3.50 0.11
M1/1 62.5 5.14 62.5 5.14 9.50 0.18
M2/1 43 1.61 18.5 14.5 4.00 0.25
M2/2 53 3.03 245 0 2450 031
M2/3 53 2.84 16 0 16.00 056
M2/4 55 3.237 32 24 8.00 024
N1/1 58 417 36.5 28.5 8.00 0.19
N1/3 58.5 4.37 110 i 83.00 1.80

Table 7

General statistical data for the measured parameters in stomach content analysis.

L W St. content ISF
(cm) (ke) (g) (% BW)
Mean 54.36 3:55 21.73 0.654
Standard Error 082 0.19 2.48 0.076
Median 53.00 3.11 21.00 0.570
Mode 53.00 2.76 6.00 0.470
Standard Deviation 5.88 1.34 17.68 0.545
Sample Variance 34.59 1.81 312.51 0.297
Kurtosis 022 0.91 2.66 4.262
Skewness 0.56 1.18 1.44 1.760
Range 26.00 593 81.50 2.740
Minimum 43.00 1.61 1.50 0.030
Maximum 65.00 7.54 83.00 2.770
Sum 277250 | 181.22 | 1108.00 | 33.350
Count 51.00 51.00 51.00 51.000
Confidence Level {95.0%) 1.65 0.38 4.97 0.153

The average stomach fullness index reached 0.65 % BW + 0.08 SE (Table 7) and
showed an increase of 47.6 % compared to the data for the autumn season of 2017,
Relatively high values of the stomach fulness index (-1.5% BW) were recorded in front of
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the whole coast - in the north direction and in the central part - in the near coastal zone,
and in the south - in the area with a depth of about 50 m (Fig. 18).
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Fig. 18. Spatial distribution of ISF (% BW) during the autumn season of 2018.

The qualitative composition of the turbot food included mostly fish (Pisces) and
decapod crabs (Decapoda) (Table 8 ).

Table 8

Diet spectrum of turbot in the autumn season of 2018, (Data for feeding individuals).

Species composition of food CN (% by CW (% by FQ (Frequency IRI Species
abundance) biomass} of occurrence} compasiti

on of

food

Pisces £9.30 84.34 10924 .55 99.20
Merlangius merlangus 69.89 66.00 76.67 10418.42 94,61
Engraulis encrasicolus 0.81 0.77 3.33 5.26 0.05
Mullus barbatus 4,17 3.94 12,323 108.16 0.98
Alosa pontica 5.41 5.11 10.00 1065.13 0.95
Gobiidae 7.60 7.1& 6.67 98.49 0.89
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Unidentified fish | 142 | 134 | 6833 [ 18909 | 172
Decapoda _ 10.7 | 1566 | i | 8778 | 080
Decapoda spp. _ 10.7 | 1566 | 3133 | 8778 | 0.80

The turbot feeds mainly on fish, and the percentage of this component is 89.30 % of
the total number of food components in the stomachs of the feeding specimens and 84.34
% of the food mass. A relatively low presence was detected for the Decapods, which
occupies 10.73 % by the number and 15.66 % of the food mass.

In the autumn season of 2018, the turbot food was mainly formed by Merlangius
merlangus - IRl = 10418 (94.6 % IRI) by low presence of anchovy, pontic shad, red mullet,
gobies and decapods (Fig 19).
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MERLAMGIUS EMGRAULIS MULLUS ALOSA GOBIIDAE UNIDENTIFIED DECAPODA
MERLAMGUS EMCRASICOLUS BARBATUS POMNTICA FISH

Fig. 19. Specific IRi values of different species in turbot food during autumn 2018.

The percentage proportions of IRl by species were distributed as follows: 94.6 %
whiting, 2 % - unidentified fish remains, ~1 % - pontic shad, gobies, red mullet and
Decapoda, <1 % - anchovy (Fig 20).

- -—-- www.eufunds. bg -
fipoexmHo npedaomenue Ne BG14MFOPCG(1-3.003-0001, ,,Cubupare, yapasaerue U U3non3saHe Ha daHHU 3a
UEAWME HG HAYMHUR GHAAU3 U U3MbadeHuemo Ha OBWama noaumuka 6 obaacmma Ha pubapcmeomo 3¢
nepucda 2017-2019 2.7, huHaHCcUpaHO om [poapamama 3a Mopcko deno U pubapcmse, CuPUHGHCUPOH om
Feponetickua cuio3 ypes Feponetickua hoHd 3a mopcko deno U pubapcmeo.

40



e 1L M

galizangit i. l

1T 3 L isimsisle]
NI

an .
LLigat

ORI CHETD SHRIGERY
EBPONEACKW CbHOS LLJ - -
EBPOMEACKK GOHA3A IPOFPAMA 3A
MOPCKO AENO 1 PUBAPCTEO MUHUCTEPCTEO HArsg;nHEﬁ;—:nHETo, KPAHWUTE M MOPCKO AEAO U
PUBAPCTBO
Alosa pontica Gobiidae
p Unidentified fish
s} h 0,
Engraulis 1% 1% S 2% i Decapoda

encrasicolus___ N J

OD
Mullus barlgoatus _
1%

= Merlangius merlangus
= Engraulis encrasicolus
= Mullus barbatus

m Alosa pontica

= Gobiidae

= Unidentified fish

= Decapoda

“Merlangius
merlangus
94%

Fig. 20. Percentages by species {%, IRl} in the turbot food spectrum in aqutumn 2018.

5. Forecasts and opportunities for exploitation

The estimation of maximum sustainable yield {MSY) is based on the Gulland
formula (1971); MSY = 0.5 * M * Bv, and the natural mortality coefficient (M) is
calculated using the Pauly’s empirical formula (1979, 1980). At a value of M = 0.2, the
quantity of MSY by the Gulland method amounts to 111.31 t for the autumn season of
2018.

The exploitation of the stocks (E) is determined by the formula E = F / Z (Pauly,
1983) and varies according to the intensity of the fishing activities (Avsar, 1998), so the
population is under exploited at E <0.5, E = 0.5 is an optimal level of exploitation, and
E> 0.5 certificates of over-exploitation of the stock. The calculated value of E = 0.57 in
2018 is an indication of the near to optimal level of turbot stock exploitation.

TAC {Total Allowable Catch

The Beverton and Holt yield per recruit model (Y/R model, 1957) is used for
calculations of the maximum sustainable yield and total allowable catch. To calculate
the yield per recruit, the following parameters are applied: W., K M, to, t. while the
model allows inputs of various F and T. parameters and assessment of their effects on
the vield per recruit. It should be mentioned, that both parameters - F and T. can be
controlled by fishery management, because F is proportional to effort and T. is a function
of gear selectivity. The calculations show that Y/P increase at F = 0.2 (Fig. 21), thus the value
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of fishing mortality should not exceed 0.25, aiming at a maximal sustainable vield of adult
specimens,.

S. maximus 2018

Y/R,Tc—2

Y/R

ANANEENAAR, ¥/R,Tc-2

¥/R,Tc=4

0 0102030405060708092 1 111213 1415161718 1% 2 21
F

Fig. 21. Yield per recruit curves with different ages of first capture (T.) - 2,3,4

The Jones method (1981) is based on linear cohort analysis and allows
calculation of sustainable vield and exploitation biomass, and applying it to the data
from the two surveys - in the spring and autumn of 2018, we have estimated the
exploitation biomass - 202.25 t. for the entire 2018. When applying constant
operational strategies, TAC {(National Research Council 1998), the simplified strategy
rule is adopted - TAC = F x EB, where F fishing mortality (e.g. F max, F 0.1, FX%) and EB is
the exploitation biomass. Hence, by calculated exploitation biomass of 202.25t and F =
0.25, the total allowable catch reaches 51 tonnes, based on a spring and autumn season
data in 2018.

The strategy of dynamic MSY model does not consider yearly variations in
recruitment and should be combined with other analytical maodels, including linear or
age virtual population analysis. Therefore, the so-called "ad hoc" special approaches
could be applied, such as TAC implementation as a part of MSY - up to 2/3 of MSY
(Raykov, 2011). Using the "ad hoc" method, it could be assumed, that the total
allowable catch of turbot (specimens with L > 45 ¢m) in the Bulgarian Black Sea area
shouldn’t exceed 55 tons.
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Observed other particular problems

During the expedition activity, the dominant wind direction was - West,
Northwest and North by force between 1-22 BF - along the coast and 2-42 BF - at sea.

In the autumn-winter season of 2018, the conditions in the field were normal for
conducting the research activities for turbot stock assessment in the Bulgarian Black Sea
waters.

6. Conclusions and recommendations

By the collected information and obtained results from the trawl survey in December

2018, the following conclusions and recommendations can be made:

* The turbot biomass in the Bulgarian Black Sea waters was assessed at

1113.06 tons and the turbot abundance was estimated at 310 719 individuals.

* The recommended MSY {maximum sustainable yield) for Bulgaria should not
exceed 111 t., and it is assumed that the total allowable catch (TAC) of turbot in
the Bulgarian Black Sea waters could comprise 55 tons as a relatively acceptable

quantity.

* The size structure of the turbot population in the Bulgarian Black Sea zone
included length classes from 11 e¢m to 69 cm, with a weight between 30 g and
6460 g. The average turbot weight was estimated as 2853 g. In the turbot length
structure, the undersized individuals, with length < 45 cm, formed 22.67 % from

the total number, while those of standard length made up 77.33 %.

* The age composition of the population included age classes from 1 to 9- years
of age, with the domination of the 5 (29.33 %), 6 (21.33 %) and 7 (13.33 %) year

classes.

* The established ratio between female, male and sexually immature individuals
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in the yield were 52%: 25.33%: 22.67%.

+ Of the studied 51 turbot specimens, in 58.82 % were found food components
and 41.18% were with empty stomachs. In the autumn season of 2018, the
average stomach fullness index was 0.65 % BW = 0.08 SE, showing an increase
with 47.6 % in comparison to the autumn of 2017. In the current year, the turbot
food spectrum was mainly formed by Merfangius meriangus - IRl = 10418 {94.6
% IRI) by the low presence of pontic shad, anchavy, red mullet, gobies and

Decapods.
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43



	Report_EN_2018_autumn_turbot_Last_Страница_01
	Report_EN_2018_autumn_turbot_Last_Страница_02
	Report_EN_2018_autumn_turbot_Last_Страница_03
	Report_EN_2018_autumn_turbot_Last_Страница_04
	Report_EN_2018_autumn_turbot_Last_Страница_05
	Report_EN_2018_autumn_turbot_Last_Страница_06
	Report_EN_2018_autumn_turbot_Last_Страница_07
	Report_EN_2018_autumn_turbot_Last_Страница_08
	Report_EN_2018_autumn_turbot_Last_Страница_09
	Report_EN_2018_autumn_turbot_Last_Страница_10
	Report_EN_2018_autumn_turbot_Last_Страница_11
	Report_EN_2018_autumn_turbot_Last_Страница_12
	Report_EN_2018_autumn_turbot_Last_Страница_13
	Report_EN_2018_autumn_turbot_Last_Страница_14
	Report_EN_2018_autumn_turbot_Last_Страница_15
	Report_EN_2018_autumn_turbot_Last_Страница_16
	Report_EN_2018_autumn_turbot_Last_Страница_17
	Report_EN_2018_autumn_turbot_Last_Страница_18
	Report_EN_2018_autumn_turbot_Last_Страница_19
	Report_EN_2018_autumn_turbot_Last_Страница_20
	Report_EN_2018_autumn_turbot_Last_Страница_21
	Report_EN_2018_autumn_turbot_Last_Страница_22
	Report_EN_2018_autumn_turbot_Last_Страница_23
	Report_EN_2018_autumn_turbot_Last_Страница_24
	Report_EN_2018_autumn_turbot_Last_Страница_25
	Report_EN_2018_autumn_turbot_Last_Страница_26
	Report_EN_2018_autumn_turbot_Last_Страница_27
	Report_EN_2018_autumn_turbot_Last_Страница_28
	Report_EN_2018_autumn_turbot_Last_Страница_29
	Report_EN_2018_autumn_turbot_Last_Страница_30
	Report_EN_2018_autumn_turbot_Last_Страница_31
	Report_EN_2018_autumn_turbot_Last_Страница_32
	Report_EN_2018_autumn_turbot_Last_Страница_33
	Report_EN_2018_autumn_turbot_Last_Страница_34
	Report_EN_2018_autumn_turbot_Last_Страница_35
	Report_EN_2018_autumn_turbot_Last_Страница_36
	Report_EN_2018_autumn_turbot_Last_Страница_37
	Report_EN_2018_autumn_turbot_Last_Страница_38
	Report_EN_2018_autumn_turbot_Last_Страница_39
	Report_EN_2018_autumn_turbot_Last_Страница_40
	Report_EN_2018_autumn_turbot_Last_Страница_41
	Report_EN_2018_autumn_turbot_Last_Страница_42
	Report_EN_2018_autumn_turbot_Last_Страница_43
	Report_EN_2018_autumn_turbot_Last_Страница_44
	Report_EN_2018_autumn_turbot_Last_Страница_45
	Report_EN_2018_autumn_turbot_Last_Страница_46
	Report_EN_2018_autumn_turbot_Last_Страница_47
	Report_EN_2018_autumn_turbot_Last_Страница_48

