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1.INTRODUCTION

The current report is representative for the 3" and 4™ quarter of 2019 and is based on the
biometric measurements on 800 specimens R. venosa. The analysis reveals biological parameters of
the target species — quantity, length, weight, linear-weight ratio and sex structure by landings from the
observed ports — Kavarna, Balchik, Varna and Sozopol.

1.1. DATA COLLECTED
The current study allowed the collection of several types of data:

1. Data about the fishing vessels” activity
¢ Fish expedition data

e Departure port

e Arrival port

e  Fishing vessel name

e \Vesseltype

o Vessel length (m)

2. Fishing gear
e Depth scale of the fishing activities (up to 35 m depth)

3. Basic biological data

o Total weight of the target species, landed at a port

¢ Number of collected specimens in the biological sample

o Total weight of the sample (Total weight — shell weight {(TW, g))
¢ Shell length (Shell length, SL, mm),

e Shell width (Wd, mm)

¢ Aperture shell length (Aperture length, AL, mm).

4. Additional biological data

o Ratio between sexes, sex maturity of collected specimens and gonadosomatic index {when
applicable);

s Ratio between sex maturity and shell length, sex to shell length ration and sex to total weight
ratio;

The final results are presented in the form of tables and maps with data about:
¢ landings of the target species at ports
s Biological parameters of rapa whelk — size, weight, linear-weight relationships, sex
structure from the samples;
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The collection of the biological samples (in total 800 individuals rapa whelk) had been
performed during landings operations at different ports in the northern and southern part of the
Bulgarian territorial waters. The main sampling ports in the 3 ™ quarter of 2019 included - Balchik,
Varna, Kavarna and Sozopol, while Kavarna and Sozopol were observed during the 4" quarter of 2019.
The duration of the research was eight days for the period VIl - XI1.2019 and the summarized data are
presented in Table 1.

Table 1.

Ports and fishing vessels observed during the biological monitoring of the rapa whelk

: Date

3.07.2018

24.09.2019
| 25.09.2019
29.09.2019
01.10.2018
| 08.11.2019

12.11.2019

16.11.2019

| Bc3os

" Libra

[ Fishing vessel .

Reg No of
fishing

vessel

| Elekta

PK-5

" Paldin

" cre06

| Libra

Elekta

BH 8042

BH 8186

Ke 5642

Lp 605

| Bc39s

| BH 8311

BH 8042

| BHE311

landings

[ Technical

specifications

TaT17.12, kw

110.33, length 16,5
m

GT 91, kw 220,
length 14,9 m

GT 10.04, KW 69,88,

lerngth 12.2 m
GT 5.79, KW 58.84,
lerngth 11.2 m

"GT 1,42, KW 16,18,
| length 6.85 m

GT 17.23, kW 126,
length 14.95 m
17.12 GT; kW
110.33, length 16.5
m

GT 17.23, kW 126,

| length 14.95 m

[ Departure

| Balchik

Varna
Kavarna
Sozopol

- Sozopol

Kavarna

Kavarna

Kavarna

Arrival

Balchik

Varna
'. Kavarna
[ Sozopol
Sozopol
| kavarna

Kavarna

Kavarna

- Fishing method

Bearn trawl

Bearn trawl
| Beam trawl
[ Scuba diving

Scuba diving
| Beam trawl

Beam trawl

Beam trawl

The standard beam-trawl applied for rapana fisheries has the following parameters —
maximum width - 5.3 m, maximum depth — ém: vertical opening - 280 mm; horizontal opening
between the rails - 5 m; effective part of the upper collar - 4.8 m; “eye size” — 40 mm, trawling velocity

- 3 - 3.6 Nd; trawling duration 60 - 80 mins.

The samples from the southern region were collected by scuba divers. These data were
analyzed separately, because of the selective technique applied for the specimen’s collection. The
comparison analysis between the two fishing techniques is part of the current report.
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2.2. SAMPLE ANALYSIS

Random samples of R. venosa were taken from the landings by ports with the purpose to
manitor the biological parameters of the species during the active fishing season.
The sample collection methodology is based on the following documents:

. " Report of the Workshop on Sampling and Calculation Methodology for Fisheries
Data" (WKSCMFD) (ICES 2004);

. Report SGPIDS (ICES, 2011a),

. Report of the Study Group on Practical Implementation of Discard Samples (SGPIDS).

2.3. LABCRATCRY ANALYSIS

. For each individual, the following biometric parameters are measured - total weight
of the individual (total weight - weight with shell, TW, g), body weight of the individual {body weight —
weight w/o shell, BW, g), shell length {shell length, SL, mm), shell width (Wd, mm) and aperture length
(aperture length, AL, mm);

. The ratio between the different biometric parameters is calculated;

. The sex maturity is analyzed, as well as the ratio between the sexes and gonadosomatic
index (GSI, if applicable);

. The ratio between the sex and the length is calculated and the ratio between the sex

to the total weight of the specimens.
2.4. STATISTICAL METHODS

The morphometric relationships between the biological parameters — total weight {(TW), body
weight {BW), shell length (SL), shell width (Wd), aperture length (AL} — are analyzed by allometric
models. The derived results are processed by using the least squares method and the following
equations:

LogW = Loga+ b= LoglL

Where, W — weight; L —size; a, b — constants.

XLSTAT software is used to make the linear and weight histograms of the samples from the
landed catch, as well as for the data processing. The statistical data about the different classes,
presented in the histograms, include — lower and upper limits of the classes, frequency, relative
frequency and density.
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3. RESULTS
3.1. BIOMETRIC MEASUREMENTS

3.1.1. LINEAR-WEIGHT RATIO
3.1.1.1. PorT BaLcHIk, 03.07.2019

The sample consists of 100 specimens rapa whelk {collected by beam trawl), with a total weight
of 2.412 kg, from a total landing of 3413 kg rapa whelk at Port Balchik.

The average weight of the measured specimens reaches 24.12 g + 10.22 SD, at an average
length - 52.04 mm x 6.44 SD, shell width — 38.63 mm % 4.70 5D and aperture length 36.51 + 4.64 SD.
The weight w/o shell (body weight) is 9.65 g + 4.80 SD and makes 38.64 % + 5.37 SD from the total
weight (TW), varying between 27.03 and 51.61 % TW (Table 2).

Table 2

Summarized statistics of the biological parameters - total weight (TW - shell weight, TW, g},
body weight (BW, g}, ratio of BW {% TW), shell length (shell length, SL, mm)}, shell width {Wd, mm) and
aperture length (aperture length, AL, mm) at Port Balchik, 3.07.2019

TW, g BW, g % BW SL, mm Wd, mm AL, mm
fromTW |
Mean 2412 | 965 | 3864 | 5204 | 3863 | 3651
: Standard Error _ 1.02 | 0.68 0.76 0.56 0.47 0.46
Median 2150 8.50 39.63 51.00 | 3700 | 35.00
Mode 16.00 8.50 34.48 50.00 | 37.00 35.00
Standard Deviation 10.22 4.80 537 | 556 470 | 4564
Sample Variance | 10436 23.08 | 2888 | 3095 2213 | 2153
 Kurtosls | 594 | svo | 021 | o0%0 | 120 | 091
Skewness | 208 2.14 -0.05 057 | 105 | 101
| Range | 6250 | 2450 | 2459 27.00 | 2400 22.00
Minimum 10.50 4.50 27.03 43.00 | 29.00 28.00
| Maximum | 7300 | 2900 | 5161 | 70.00 5300 | 50.00 |
Sum 2412.00 | 482.50 | 1932.24 | 5204.00 3863.00 | 3651.00 |
Count 10000 | 50.00 | 50.00 | 100.00 | 100.00 100.00
 Confidence Level 203 137 | 153 1.10 0.83 0.92

(95.0%)

The most common length classes are - 46 - 56 mm (67 % of the measured specimens), as well
as length class 56 -66 mm (20 %). In regard to the weight structure (TW, g), the predominant weight
class is <25.6 g (70 % from all measured specimens), while large specimens > 76.8 g have not been
observed.

The mean ratio - width (Wd, mm)/length (SL, mm) is 74.17 % + 2.84 SD, while AL/SL (%) is 70.07
% + 3.02 SD, the percentage ratio AL/Wd (%), is estimated at—94.47 % £ 1.92 SD (Table 3).
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Table 3

Percentage ratios between shell width and length (Wd/SL, %), aperture length/total shell
length (AL/SL, %) and aperture length/total shell width (AL/Wd, %) of the specimens from Balchik,
3.07.2019

"wd/sL(%) | AWYSL(%) | ALwd (%)
| Mean | 7417 | 7007 | 94.47
| Standard Error 0.28 | 030 | 0.19
| Median | 7417 | 7000 | 94.59
Mode | 7400 | 7000 94.59
| Standard Deviation 2.84 | 302 | 1.92
| Sample Variance 8.07 | 910 | .71
| Kurtosis : 018 | -028 | 0.23
 Skewness | w004 | 007 | 0.1
Range | 1a21 | 1510 10.81
| Minimum | 6727 | 6182 | 89.19
| Maximum 81.48 | 7692 | 100.00
| sum | 741716 | 700713 |  9447.31
 Count | 10000 | 10000 |  100.00
| Confidence Level {95.0%) | 0.56 _ 0.60 | 0.38

Linear-weight ratios:
1) LogTW (g) =0.2634*log SL {mm) + 1.357, (R*=0.83, p<0.001, Fig 1.1).
2) LogTW (g) = 0.3094*log Wd (mm) + 1.165, (R*>=0.90, p<0.001, Fig 1.2)
3) Log TW (g) = 0.3218*log Al (mm) + 1.124, (R?=0.89, p<0.001, Fig 1.3).

- 19y 02634k + 13578 oG-®
18 R?=0.833 S
a 1.7 ..
Py -3
16 &
Log L (mm)})
1.
- 18 =0.3094% + 1.1656 ogin @
& R? = 0,8973
Z 16
& c"’
=14
1 12 14 16 . .
Log Wd {(mm}
2.
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Figure 1. Linear-weight ratio (Log10) for the measured specimens, Balchik, 3.07.2019

The parameters a, b of the linear-weight relationship: TW(g) = a.SL{(mm)® and the

correlation coefficient R? are presented in Table 4.
Table 4

Parameters g, b of L-W relationship: TW(g) = a.SL{(mm)? and R?

Equation parameters
TW(g) = a.SL(mm)"”

a | 0.000085596
b _ 3.16
R 0.83

3.1.1.2. PORT VARNA, 24.09.2019

The sample consists of 100 individuals rapa whelk {beam trawl) with a total weight of 3.938 kg,
from a total landing of 8622 kg rapa whelk at Port Varna.

The average weight of the measured specimens reaches 39.38 g £ 10.06 5D, at an average
length - 62.43 mm = 5.42 SD, shell width - 45.72 mm * 4.43 SD and aperture length 43.84 mm + 4.83
SD. The weight w/o shell (body weight) is 14.90 g + 5.01 SD, thus forming 37.48 % + 4.30 SD from the
total weight, varying between 27.19 % v 46.74 % TW (Table 5).

Table 5

Summarized statistics about the measured biological parameters — total weight (TW - weight
with shell, TW, g}, body weight (BW, g}, ratio BW (% TW), shell length {shell length, SL, mm)}, shell width
(Wd, mm) and aperture length {aperture length, AL, mmj}, Balchik, 24.09.2019

TW, g BW, g % BW | 5L, mm Wd, mm AL, mm
from TW
| Mean 39.38 | 14.90 37.48 62.43 4577 | 43.84
| Standard Error 101 | o7t 061 | 054 044 | o088
' Median 3850 | 1425 | 3846 | 6250 | 4600 | 43.00
Mode | 3650 11.50 3651 | 6100 | 4200 40.00
| Standard Deviation | 1006 | 501 | 430 542 | 443 | 483
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' Sample Variance 10118 | 2513 18.52 29.34 19.64 | 23.32
" Kurtosis 016 | 0.72 0.14 -0.28 018 | -0.24
' Skewness 047 | 056 053 | o013 | o017 | 015
' Range 5650 | 26.50 19.55 27.00 2400 | 24.00
' Minimum 13.00 | 4.00 2719 | 49.00 3400 | 32.00
| Maximum | 6950 | 3050 | 4674 | 7600 | 5800 | 56.00
| Sum | 393800 | 745.00 | 1874.16 | 6243.00 | 457200 | 2192.00 |
' Count 100.00 | 50.00 50.00 10000 | 10000 | 50.00
' Confidence Level | 2.00 | 142 122 | 107 | o088 | 137

(95.0%)

The most common length class is 56 - 66 mm (65 % from the measured specimens) and 66 - 76
mm {26 %). Concerning the weight structure, the predominant weight classis- 25.6 - 51.2 g (82 % from
the measured specimens), followed by weight class 51.2 - 76.8 g, with a share of 15 % from the total

number of measured specimens. The structural data is summarized in Table 6.
Table 6

Percentage ratios between shell width and length, aperture length/total shell length and
aperture length/total width (Balchik/24.09.2019 ).

Wd/SL (%) AL/ SL{%) AL/Wd {%)
Mean | 7323 | 7030 | 9547
| Standard Error _ 0.31 0.44 ‘ 0.28
| Median . 7285 | 7046 | 9560
Mode | 71.43 7 71.43 93.02
Standard Deviation | 3.07 3.09 _ 2.01
| Sample Variance _ 9.47 I 9.55 4.04
Kurtosis | 0.21 . 097 | -066
| Skewness -0.16 -037 -0.07
Range 16.66 16.96 ‘ 5.0%
: Minimum 63.93 60.66 90.91
| Maximum | 8060 7761 | 100.00
| Sum ' 7323.05 3515.20 4773.48
Count | 100.00 50.00 ‘ 50.00
Confidence Level ' 0.61 . 088 ' 057

(95.0%)

The following linear-weight relationships have been derived:
4) LogTW (g) = 0.3044*log SL (mm) + 1.3125, (R’=0.85, p<0.001, Fig 2.1).
5) LogTW (g) =0.3504%log Wd (mm) + 1.1041, (R?=0.90, p<0.001, Fig 2.2).
6) LogTW (g)=0.3218*log Al (mm) + 1.124, (R’=0.89, p<0.001, Fig 2.3).
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Figure 2. Linear-weight ratio (Log10) for the measured specimens, Balchik, 24.09.2019

The parameters a, b of the linear-weight relationship: TWi{g)=a.5L (mm)*® are presented in
Table 7.
Table 7
Parameters a, b of L-W relationship: TW(g) = a.SL{(mm)? and R2.

Equation parameters
W(g) = a.L(mm)”

a | 0.000387539
b | 2.789617
R? _ 0.85

3.1.1.3. PoRT KavAaRNA, 25.09.2019

The sample consists of 100 specimens rapa whelk (beam trawled), with a total weight of 4.745
kg. The landing at Port Kavarna was 1791 kg.
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The average weight of the measured specimens reaches 47.45 g £ 13.83 SD, at an average
length - 65.87 mm £ 4.18 SD, shell width - 49.22 mm £ 3.99 SD and aperture length 47.02 £ 3.27 SD.
The weight w/o shell (body weight) is 18.60 g + 4.08 SD or 39.70 % + 5.33 SD from the total weight,
varying between 27.19 % v 51.76 % from the total weight (Table 8).
Table 8
Summarized statistics about the measured biological parameters — total weight {TW - weight
with shell, TW, g}, body weight (BW, g}, ratio BW (% TW), shell length {shell length, SL, mm)}, shell width
{(Wd, mm) and aperture length {aperture length, AL, mm)}, Port Kavarna, 25.09.2019

[Tw, g BW, g % BW |SLmm | Wd,mm | AL mm
from TW

| Mean | 4745 18.60 | 39.70 | 6587 | 4922 | 47.02
| Standard Error | 138 058 | 075 | 042 040 | 046
| Median | 44.00 18.00 | 40.23 | 65.00 49.00 46.00
| Mode | 42.50 19.00 | 41.76 | 6500 | 4900 | 45.00
| Standard Deviation | 13.83 408 | 533 | 4.8 3.99 3.27
Sample Variance | 19138 | 16.65 | 2844 | 17.47 15.91 10.71
| Kurtosis | 16.50 9.44 0.41 380 | 722 | 444
Skewness | 338 236 | -0.30 1.28 205 | 1.72
| Range | 10250 | 2550 | 2457 | 26.00 | 2600 | 18.00 |
Minimum | 3100 | 1250 | 2719 | 56.00 | 4200 | 4200
| Maximum | 13350 | 3800 | 5176 | 82.00 68.00 60.00 |
Sum | 474450 | 930.00 | 1985.18 | 6587.00 | 4922.00 | 2351.00 |
| Count | 100.00 | 5000 | 50.00 | 10000 | 100.00 | 50.00
Confidence Level {95.0%) ' 2.74 1.16 1.52 0.83 0.79 : 0.93

The most common length classes in the sample are - 56 - 66 SL, mm (52 % from the measured
specimens), followed by the length class 66 - 76 mm (45 %). The specimens with length> 76 mm form
about 8 % from all specimens. In regards to the weight structure (TW, g), weight class 25.6 - 51.2 g is
74 % from all the measured specimens, followed by a weight class - 51.2 - 76.8 g - 22 %.

The mean ratio - width (Wd, mm}/length (SL, mm) is about 74.73 % % 3.66 SD, an AL/SL (%) -
71.15 % + 2.98 SD, while the ratio AL/Wd (%) is - 95.22 % + 2.40 SD (Table 9).

Table 8

Percentage ratios between the shell width and length (Wd/SL, %), aperture length / total shell
length (AL/SL, %) and aperture length/total shell width (AL/Wd, %) of the specimens from Port Kavarna,
25.09.2019

| wd/sL (%) [AL/SL{%) | ALwd (%)
Mean 74.73 7115 | 95.22
Standard Error 037 | 042 0.34
Median , 74.44 IEZETE 95.79
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| Mode [ 73.44 | 75.00 93.88
| Standard Deviation | 3.66 2.98 2.40
| Sample Variance | 13.43 8.90 5.78
| Kurtosis | -0.06 -0.24 0.56
; Skewness 0.24 0.04 -0.31
| Range | 17.28 14.83 11.32
| Minimum 66.67 63.64 88.68
| Maximum | 83.95 78.46 | 100.00
| Sum | 747314 3557.51 | 4760.95
| Count | 100.00 50.00 50.00
| Confidence Level | 0.73 0.85 0.68

| {95.0%)

Linear-weight ratios:

1) LogTW (g) = 0.2091*log SL (mm) +1.4701, (R?=0.60, p<0.001, Fig 3.1).
2) LogTW (g) = 0.279*log Wd (mm) +1.2267, (R?=0.70, p<0.001, Fig 3.2)
3) Log TW (g) = 0.2778*log Al (mm) +1.2084, (R?=0.69, p<0.001, Fig 3.3).
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Figure 3. Linear-weight relationship {Logl10) for the measured specimens, Kavarna,
25.09.2019
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The parameters a, b of the linear-weight relationship: TW (g) = a.SL{mm)” and value of R?,
are presented in Table 10.
Table 10
Parameters g, b of the L-W relationship, TW(g) = a.SL(mm)? and R.

Equation parameters
TW(g) = a.SL(mm)”

a 0.000259643
b | 2.887
R? 0.60

3.1.1.4. Porr Sczorol, 29.09.2019

The sample consists of 100 specimens rapa whelk (by scuba diving method), with a total weight
of 5.972 kg, from a total landing of 2828 kg at Port Sozopol.

The average weight of the measured specimens reaches 59.72 g + 6.47 5D, at an average length
-69.40 mm £ 2.93 SD, shell width - 52.88 mm * 2.27 5D and aperture length - 49.90 mm £ 2.26 SD. The
weight w/o shell (body weight} is 19.70 g + 3.65 SD and forms 32.42 % + 5.28 5D from the total weight,
varying between 20.51 % v 42.74 % TW (Table 11).

Table 11

The summarized statistics in regard to the measured biological parameters - total weight of
the specimens in the sample (TW - shell weight, TW, g), body weight (BW, g}, percentage ratio of the
BW (% TW), shell length {shell length, SL, mmj, shell width {Wd, mm) and aperture length (aperture
length, AL, mm), Port Sozopol, 29.09.2019

TW, g BW,g |% BW | SLmm |[Wd,mm |ALmm
from
TW
Mean | 5972 19.70 3242 | 6940 | 52838 | 49.90
Standard Error 0.65 | 052 | Q75 029 | 0.23 0.37
| Median 60.00 | 1950 | 3253 69.00 53.00 | 50.00
Mode 58.50 17.00 35.83 69.00 53.00 51.00
| Standard Deviation | 647 | 365 | 528 | 293 | 227 | 226
| Sample Variance | 4189 13.31 2786 | 859 | 514 | 0811
Kurtosis 0.16 | 040 | -057 115 | 044 0.29
: Skewness 0.18 [ 023 | -0.10 0.71 -0.57 | -0.38
| Range | 3300 | 1850 | 2222 | 1500 | 1200 | 11.00
Minimum | 4450 12.00 2051 | 63.00 46.00 44.00
Maximum 7750 | 3050 | 4274 78.00 | 58.00 55.00
| Sum | 5971.50 | 985.00 | 1620.86 | 6940.00 | 5288.00 | 2495.00 |
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| Count | 10000 | 5000 | 5000 | 10000 | 10000 | 50.00
Confidence Level 1.28 1.04 1.50 0.58 0.45 0.64

{95.0%)

The most common length class is 66 — 76 mm (88 %). In regards to the weight structure {TW,
g), the predominant specimens are with weights - 25.6 - 51.2 g (89 % from all measured specimens).

The mean ratio - width (Wd, mm)/length (SL, mm) is about 76.25 % + 3.02 SD, while AL/SL (%)
-72.02 % + 2.56 5D, as for the ratio AL/Wd (%), the derived results is 94.34 % * 2.33 SD (Table 12).

Table 12

Percentage ratios between the shell width and length (Wd/SL, %), aperture length / total shell

length (AL/SL, %) and aperture length/total shell width (AL/Wd, %) of the specimens from Port Sozopol,
29.09.2019

Wd/SL (%) [AL/SL(%) |  AL/wd (%)
| Mean 7625 | 7202 94.34
Standard Error 0.30 0.36 .33
. Median | 76.12 | 7226 | 94.34
~Mode | 78.57 | 7183 | 94.44
Standard Deviation 302 2.56 2.33
' Sample Variance 913 : 6.55 542
'. Kurtosis .15 -0.15 | 0.94
‘. Skewness -0.41 044 | 0.20
| Range | 14.71 | 1109 | 12.00
- Minimum | 67.65 | 6538 | 88.00
. Maximum 82.35 | 7647 100.00
| Sum 7625.15 | 36CC.83 4716.87
| Count 100.00 50.00 50.00
Confidence Level 0.60 0.73 0.66

{95.0%)

The derived linear-weight ratios are not statistically representative:
7) LogTW (g) =0.1787*log SL {(mm) + 1.524, (R’=0.22, Fig 4.1).
8) LogTW (g) = 0.2363*log Wd (mm) +1.3039, (R*=0.35, Fig 4.2)
9) Log TW (g) = 0.1953*log Al (mm) +1.3495 {R?=0.20, Fig 4.3).
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Figure 4. Linear-weight relationship (Log10) for the measured specimens, Sozopol,
29.09.2019

Table 13
Parameters a, b of the L-W ratio, TW(g) = a.SL{mm)? and R

Equation parameters
TW(g) = a.SL{mm)?

a | 0.34
b 1.22
R? 0.22

3.1.1.5. Porr Sozerol, 01.10.2019

The sample consists of 100 specimens rapa whelk (collected by scuba divers), with a total
weight of 5.622 kg, from a total landing of total 45 kg at Port Sozopol.

The average weight of the measured specimens reaches 56.22 g + 14.65 5D, at an average
length - 67.70 mm % 6.03 SD, shell width - 51.53 mm =+ 4.98 5D and aperture length 49.08 + 4.80 SD.
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The weight w/o shell (body weight) is 18.78 g + 5.03 SD or 33.82 % % 3.39 SD from the total weight,
varying between 26.24 % 1 43.10 % TW (Table 14).
Table 14
The summarized statistics in regard to the measured biological parameters - total weight of
the specimens in the sample (TW - shell weight, TW, g), body weight (BW, g), percentage ratio of BW
(% TW), shell length (shell length, SL, mmy}, shell width {(Wd, mm) and aperture length {(aperture length,
AL, mm), Port Sozopol, 1.10.2019.

[Tw, g [Bw,g |% BW/|SLmm Wwd, mm | AL mm
from TW |
| Mean | 5622 | 1878 | 3382 | 6770 | 5153 | 49.08
Standard Error 1.46 [ 071 0.48 0.60 0.50 0.68
| Median | 5450 1800 | 3333 | 67.00 51.50 48.50
Mode 56.00 1700 | 33.33 | 66.00 52.00 | 48.00
Standard Deviation | 1465 | 503 | 339 6.03 4.98 4.80
: Sample Variance | 21461 | 2527 1152 | 3633 | 24.80 23.05
Kurtosis -0.50 -0.62 0.46 0.21 -0.36 | -0.10
Skewness 0.37 [ 035 0.49 0.15 0.13 0.0z
Range 64.50 21.00 16.86 33.00 2200 | Zz1.00
Minimum | 2850 | 10.00 26.24 53.00 41.00 39.00
| Maximum | 93.00 | 3100 | 4310 | 8600 | 63.00 | 60.00 |
| Sum | 5622.00 | 938.00 | 1691.01 | 6770.00 | 5153.00 | 2454.00 |
Count 100.00 | 50.00 50.00 100.00 | 100.00 50.00
Confidence Level {95.0%) 2.91 1.43 0.96 1.20 0.9% 1.36

The most common length class is - 66 - 76 SL mm (60 % from the measured specimens),
followed by length class 56 - 66 mm (31 %). The specimens with length> 76 mm are 8 % from all the
measured specimens. In regards to the weight structure, the weight class 51.2 = 76.8 g forms 51 %
from all measured specimens, followed by weight class - 25.6-51.2 g {41 %).

The mean ratio - width (Wd, mm)/length (SL, mm} is 76.13 % % 3.30 SD; AL/SL (%) - 72.90 %
2.55 5D, while the ratio AL/Wd (%) - 96.00 % + 1.77 SD (Table 15).

Table 15

Percentage ratios between the shell width and length (Wd/SL, %), aperture length / total shell
length (AL/SL, %) and aperture length/total shell width (AL/Wd, %) of the specimens from Sozopol,
1.10.2019

Wd/SL (%) CAL/SL{%) |  AL/wd (%)
Mean 76.13 | 7290 | 96.00
Standard Error 0.33 0.36 0.25
| Median 7623 | 7359 | 96.04
Mode 78.79 75.00 96.00
| Standard Deviation 3.30 : 2.55 . 1.77
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: Sample Variance 10.87 6.50 | 3.15

| Kurtosis | 138 | 115 | 1.07

Skewness -0.43 -0.32 | 0.02

| Range | 19.70 9.03 | 9.09

| Minimum | 6384 | 6812 | 9091

| Maximum | 8333 | 7714 |  100.00

| Sum | 7613.34 | 364504 |  4800.19

| Count | 10000 | 5000 | 50.00

Confidence Level | 0.65 o 0.50

| {95.0%)

Linear-weight ratios:

LogTW {(g) = 0.2929*log SL (mm) +1.3207, (R’=0.76, p<0.001, Fig 5.1).
LogTW (g) = 0.344*log Wd (mm) +1.1132, (R?=0.88, p<0.001, Fig 5.2)
Log TW (g) = 0.3338*log Al {mm) +1.111, (R*=0.89, p<0.001, Fig 5.3).
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Figure 5. Linear-weight relationships {(Log10) for the measured specimens, Sozopol,

1.10.2019
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The parameters a, b of the linear-weight relationship: TW (g) = a.SL(mm)? and value of the
correlation coefficient R? are presented in Table 16.
Table 16
Parameters a, b of L-W relationship: TW(g) = a.SL{(mm)" and R

Equation parameters
TW(g) = a.SL(mm)”

a 0.001049446
b 2.57759
R? 0.87

3.1.1.6. PORT Kavarna, 08.11.2019

The sample consists of 100 specimens rapa whelk {collected by beam trawl), with a total weight
of 3.493 kg, from a landing of total 2100 kg rapa whelk at Port Kavarna.

The average weight of the measured specimens reaches 34.93 g £ 18.51 5D, at an average
length - 62.08 mm % 9.13 SD, shell width - 46.13 mm % 7.90 5D and aperture length 44.67 £ 7.63 SD.
The weight w/o shell (body weight) is 14.95 g + 7.10 SD and forms 42.05 % + 4.54 5D from the total
weight, varying between 32.14 % and 50 % from the total weight (Table 17).

Table 17

The summarized statistics in regard to the measured biological parameters - total weight of
the specimens in the sample (TW - shell weight, TW, g), body weight (BW, g}, percentage ratio of BW
(% TW), shell length (shell length, SL, mm}, shell width {Wd, mm) and aperture length (aperture length,
AL, mm), Port Kavarna, 08.11.2019

W, g BW,g | % BW  SLmm | Wd,mm | AL, mm
from TW
| Mean | 3493 | 1485 | 42.05 6208 | 4613 | 4467
| Standard Error ' 1.85 | 100 | 0684 | 051 | 0.79 | 076
" Median | 2950 | 1375 | 4232 | 5000 | 4400 | 42.50
| Mode 2000 | 1850 | 4000 | 57.00 | 4100 | 41.00
Standard Deviation 18.51 710 | 454 8.13 | 7.90 | 7.63
Sample Variance 342.51 50.41 7 20.58 83.31 62.40 5R.22
Kurtosis 0.40 -0.24 -0.37 -0.36 -0.56 | -0.54
Skewness ‘ 1.04 | 0.74 -0.11 0.48 | 0.47 _ 0.50
| Range 82.00 | 28.00 17.86 41.00 33.00 33.00
| Minimum 1050 | 500 32.14 43.00 32.00 30.00
Maximum 92.50 33.00 | 50.00 24.00 65.00 63.00 |
Sum  3492.50 | 747.50 | 2102.35 | 6208.00 | 4613.00 | 44567.00
| Count | 10000 | 5000 | 5000 | 100.00 | 100.00 | 100.00
Confidence Level {95.0%) 3.67 | 202 129 | 181 1.57 | 1.51
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The most common length class is - 56 - 66 SL, mm (38 % from the measured specimens),
followed by the classes 46 - 56 mm (26 %) and 66-76 mm (26 %). In regard to the weight structure (TW,

g), the predominant class is - 25.6 - 51.2 g - 44 %, followed by class < 25.6 -39 %.

The mean ratio - width (Wd, mm)/length {SL, mm) or 74.13 % + 3.82 SD, AL/SL (%) - 71.78 % +

3.47 5D, AL/Wd (%) - 96.87 % + 2.04 SD (Table 18).

Table 18

Percentage ratios between the shell width and length (Wd/SL, %), aperture length / total shell
length (AL/SL, %) and aperture length/total shell width (AL/Wd, %) of the specimens from Kavarna,

08.11.2019
Wd/SL (%) AL/ SL{%) AL/Wd (%)
| Mean | 74.13 | 7178 | $6.87
| Standard Error | 0.38 [ 0.35 [ 0.20
| Median 74.11 | 7193 | 96.66
| Mode _ 7407 | 75.00 | 100.00
| Standard Deviation 3.82 | 347 | 2.04
| Sample Variance | 1458 | 1207 | 4.14
| Kurtosis | -0.53 [ -0.17 ‘ -0.55
| Skewness -0.17 . 002 | -0.05
Range 16.69 | 1793 | 8.33
| Minimum 6471 | 6346 | 6167
| Maximum 81.40 | 8140 100.00
Sum | 7412.83 | 7177.99 |  9586.88
| Count | 10000 | 10000 | 100.00
Confidence Level 0.76 0.6% 0.40

| {95.0%)

Linear-weight ratios:

1) LogTW (g) = 0.2686*log SL (mm) +1.3891, (R?=0.90, p<0.001, Fig. 6.1).
2) LogTW (g) = 0.3222*log Wd (mm) +1.1788, (R?=0.95, p<0.001, Fig. 6.2)
3) Log TW (g) = 0.3194*log Al {mm) +1.169, (R?=0.94, p<0.001, Fig. 6.3).

2 y=0.2686x+1.3891

I R? =0.8951
2 18
oo
s
1.6 L
0.5 1 15 2
Log L {mm})
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Figure 6. Linear-weight ratio {Log10) for the measured specimens, Kavarna, 08.11.2019

The parameters g, b of the linear-weight relationship: TW (g) = a.SL(mm)? and value of the
correlation coefficient R? are presented in Table 19.

Table 19
Parameters a, b of L-W relationship: TW (g) = a.SL(mm)" and R?

Equation parameters
TW(g) = a.SL(mm)"®

a | 0.000033689
b | 3.332
R? 0.90

3.1.1.7. PoRT Kavarna, 12.11.2019

The sample consists of 100 specimens rapa whelk (collected by beam trawl), with a total weight
of 3.697 kg, from a total landing of total 2507 kg rapa whelk at Port Kavarna.

The average weight of the measured specimens reaches 36.97 g £ 18.33 5D, at an average
length - 62.21 mm £ 8.61 5D, shell width - 46.22 mm + 7.67 SD and aperture length 44.85 mm £ 7.41
SD. The weight w/o shell (body weight) is 15.52 g + 8.13 SD and forms 44.36 % % 5.90 SD from the total
weight, varying between 26.92 % and 57.50 % from the total weight (Table 20).

www.eufunds.bg
flpoekm Ne BG14MFOP0O01-3.003-0001-C01, ,CobupaHe, ynpasneHue U U3N0n3eaHe Ha GaHHuU 3a yenume Ha
HaY4HUA GHAAU3 U U3rbadeduemo na OBwama noaumuka e obaacmma Ha pubapcmeomo 3a nepuoda 2017-
2019 “, gpunarcuparo om flpozpamama 3a mopcko deno u pubapcmso, coihunarncupaHa om Esponeiickus
cbio3 Ypes Esponelickus groHd 3a mopcko deno u pubgpcmeo. FPage |21

MPOTFPFAMA 3 A



The summarized statistics in regard to the measured biological parameters - total weight of
the specimens in the sample (TW - shell weight, TW, g), body weight (BW, g), percentage ratio of BW
(% TW), shell length (shell length, SL, mmy}, shell width {(Wd, mm) and aperture length {(aperture length,
AL, mm), Port Kavarna, 12.11.2012

[Tw, g TBw,g | % BW|S,mm |Wdmm | ALmm
from TW |

Mean 36.97 | 1552 | 4436 62.21 46.22 44.85

Standard Error 183 148 083 | 0.86 0.77 0.74

 Median | 31.00 | 1325 | 4516 | 61.00 | 4400 | 43.00

| Mode | 5750 | 700 | 4516 | 54.00 | 3800 | 41.00

| Standard Deviation | 1833 [ 813 | 580 8.61 | 7.67 | 741

Sample Variance 33583 | 6615 | 3476 | 7421 | 5876 | 54.84

Kurtosis 013 | 075 174 | -0.50 -0.50 -0.72

| Skewness | 088 118 | -081 | 037 0.57 0.46

Range 81.50 3000 | 3058 | 37.00 33.00 | 31.00

Minimum | 1200 | 700 | 2692 46.00 34.00 31.00

| Maximum | 9350 | 3700 | 5750 | 83.00 | 67.00 62.00
Sum 3696.50 | 77600 | 2217.84 | 5221.00 | 4622.00 | 4485.00 |
 Count 100.00 | 5000 | 5000 | 100.00 | 100.00 | 100.00 |

Confidence Level {95.0%) 3.64 231 1.68 171 1.55 1.47

The most common length class is - 56 - 66 5L, mm {39 % from the measured specimens),
followed by length class 46 - 56 mm (26 %) and 66-76 mm (26 %). In regard to the weight structure
(TW, g), the dominant weight class is - 25.6 - 51.2 g — 45 %, followed by weight class < 25.6 - 34 %.

The mean ratio - width (Wd, mm)/length (SL, mm) is 74.14 % + 4.44 SD, while AL/SL (%) results
in 71.93 % + 4.10 SD, and the ratio AL/Wd (%) - 97.05 % £ 2.01 SD (Table 21).

Table 21

Percentage ratios between the shell width and length (Wd/SL, %), aperture length / total shell
length (AL/SL, %) and aperture length/total shell width (AL/Wd, %) of the specimens from Kavarna,
12.11.2019

| Wd/sL (%) |AL/SL{%) | ALwd (%)
| Mean 74.14 | 7193 | $7.05
| Standard Error 0.44 . 041 0.20
Median | 74.00 72.07 $7.37
' Mode | 7500 | 7500 | 100.00
| Standard Deviation | 4.44 | 4.10 | 201
Sample Variance 18.75 1681 | 4.05
Kurtosis ' 4.27 | 3327 -0.03
| Skewness 0592 0.77 -0.33
Range _ 31.98 | 2729 | 8.82
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MHUHHUCTEPCTBO HA SEMEAEAMETO, XPAHMTE M

FTOPHUTE
| Minimum 63.33 | 63.33 91.18
| Maximum 9531 90.63 100.00
| Sum 7414.40 7193.29 9705.40
| Count 100.00 100.00 100.00
Confidence Level 0.88 0.81 0.40
| {95.0%)

Linear-weight ratios:
1)
2)
3)

1.9
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Figure 7. Linear-weight relationships (Log10) for the measured specimens, Kavarna,

The parameters a, b of the linear-weight relationship: TW (g) = a.SL(mm)” and value of the

LogTW (g) = 0.2663*log SL (mm) +1.3859, (R?=0.89, p<0.001, Fig 7.1).
LogTW (g) = 0.3219*log Wd (mm) +1.1708, (R?=0.94, p<0.001, Fig 7.2)
Log TW (g) = 0.3239*log Al {mm) +1.1547, (R?=0.94, p<0.001, Fig 7.3).

y =0.2663x + 1.3859
R?=0.890
[ 4
0.5 1 1.5 2 2.5
Log L (mm)
v-=0.3219%+1.1708 e
®-
1 1.2 1.4 16 1.8 2 5.7
Log Wd (mm)
y=0.3239x +1.1547
B2 0,941W
[ 4
0.5 1 1.5 2 25
Log AL (mm)}

12.11.2019

correlation coefficient R? are presented in Table 22.
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2019 “, gpunarcuparo om flpozpamama 3a mopcko deno u pubapcmso, coihunarncupaHa om Esponeiickus
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Table 22

Parameters a, b of L-W relationship: TW(g) = a.SL{mm)" and R

Equation parameters
TW(g) = a.SL(mm)”

a ' 0.00003403
b _ 3.34
R? 0.89

3.1.1.8. PorT Kavarna, 16.11.2019

The sample consists of 100 specimens rapa whelk (beam trawl), with a total weight of 3.859
kg, from a total landing of total 6110 kg rapa whelk at Port Kavarna.

The average weight of the measured specimens reaches 38.59 g + 21.87 SD, at an average
length - 62.54 mm £ 9.14 SD, shell width - 46.42 mm % 8.09 SD and aperture length 45.03 mm £ 7.90
SD. The weight w/o shell (body weight) is 16.92 g + 7.67 5D is 43.20 % + 6.29 SD from the total weight,
varying between 31.10 % and 57.58 % from the total weight (Table 23).

Table 23

The summarized statistics in regard to the measured biological parameters - total weight of
the specimens in the sample (TW - shell weight, TW, g), body weight (BW, g}, percentage ratio of BW
(% TW), shell length (shell length, SL, mm}, shell width {Wd, mm) and aperture length (aperture length,
AL, mm), Port Kavarna, 16.11.2012

TW, g BW, g % BW | SL, mm Wd, mm AL, mm
‘ from TW
| Mean | 3859 | 1692 | 4320 | 5254 | 4642 | 45.03
| Standard Error | 219 | 109 | 08 | 091 | 081 | 079
Median 31.00 | 1425 | 4359 | 62.00 45.00 44.00
| Mode | 4450 | 1300 | 5000 | 5800 | 53.00 | 40.00
| Standard Deviation ' 2187 | 767 | 629 | 814 | 8.09 | 7.90
| Sample Variance | 47815 | 5887 | 3952 | 83.56 65.48 62.33
| Kurtosis | 243 | 065 | 068 | 065 | -062 | -058
Skewness 1.50 059 | -043 027 | 050 | 048
Range 107.00 | 3050 | 2648 | 43.00 35.00 35.00
Minimum 13.00 5.00 3110 | 43.00 3200 | 31.00
Maximum 12000 | 3550 | 5758 | 8600 | 67.00 | 66.00
' Sum | 3859.00 | 846.00 | 2159.78 | 6254.00 | 4642.00 | 4503.00 |
Count | 10000 | 5000 | 5000 | 100.00 | 100.00 | 100.00
Confidence Level (95.0%) 434 | 218 | 179 | 181 | 1l | 157

The most common length class is - 56 - 66 SL, mm (33 % from the measured specimens),
followed by length class 66-76 mm (31 %) and 46 - 56 mm (26 %). In the weight structure (TW, g), the
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predominant class is- 25.6 - 51.2 g =41 %, followed by class < 25.6 - 36 %. The mean ratio - width {Wd,
mm)/length (SL, mm) is 74.02 % + 3.82 SD, AL/SL (%) - 71.78 % + 3.70 SD, a AL/Wd (%) - 97.00% + 1.78
SD (Table 24).
Table 24

Percentage ratios between the shell width and length (Wd/SL, %), aperture length / total shell
length (AL/SL, %) and aperture length/total shell width (AL/Wd, %) of the specimens from Kavarna,
16.11.2019

| wd/sL (%) [AL/SL{%) | ALwd (%)

| Mean _‘ 7402 | 7178 | $7.00
| Standard Error ' 038 | 037 | 0.18
| Median 7407 | 7190 | $7.22

Mode | 7500 | 6667 | 100.00
| Standard Deviation 3.82 : 3.70 1.78
| Sample Variance | 14.58 _ 13.66 | 3.17
 Kurtosis 1.09 204 | -0.77
| Skewness 0.57 _ 0.74 : 0.21
| Range | 2290 | 2233 | 6.98
| Minimum 6567 | 6481 $3.02
| Maximum | 8857 | 8714 | 100.00
| Sum ‘ 7401.63 | 717844 | 9700.18
| Count 10000 | 10000 | 100.00
Confidence Level 0.76 0.73 0.35

| {95.0%)

Linear-weight ratios:
1) LogTW (g) =0.2715*log SL (mm) +1.3768, (R’=0.90, p<0.001, Fig 8.1).
2) LogTW (g) = 0.3243%*log Wd (mm) +1.1649, (R’=0.94, p<0.001, Fig 8.2)
3) Log TW (g) = 0.3255*log Al {mm) +1.1497, (R?=0.93, p<0.001, Fig 8.3).

2
E y=0.2715% +1.3768 ﬁ'.
213 R?=0,9011
@
—
16 ¢
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Figure 8. Linear-weight relationship {Logl0) for the measured specimens, Kavarna,
16.11.2019

The parameters a, b of the linear-weight ratio: TW(g) = a.SL(mm)? and value of R?,
presented in Table 25.

Table 25
Parameters g, b of L-W relationship: TW(g) = a.SL{(mm)? and R?

Equation parameters
TW(g) = a.SL(mm)?

a 4 0.00003817
b | 3.32
R? | 0.90

3.1.1.9. SUMMARIZED DATA ABOUT THE 3" AND 4™ QUARTERS OF 2019

The summarized data from the biological monitoring during the period July — November 2019
show that the total landings of rapa whelk by fisheries with beam trawls vary between 1792 - 8622
kg/day; the biggest landing was observed at Port Varna in September 2019. The smallest landings were
found in Sozopol by rapana fisheries from scuba divers (Table 26). Fishing vessels with lengths of 14.9
m and power 220 kW, equipped with beam trawl are able to land 3810 kg/day, and fishing vessels form
the length class 12.2 -16.5 m and power up to 130 kW land between 900 — 2100 kg/day.
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Table 26

Summarized data about the landings by days and ports for the different fishing vessels in July —
November 2019

Date ' Landing port Total landing rapa | Fishing vessel | Landed Weight (kg) ' Fishing technigue
whelk R.venosa at | length quantity (kg) of the
port {m) from the sample (100
{kg/day) fishing vessel specimens)
03.07.2015 | Balchik 3413 16.5 1500 3412 Beam trawl
| 24092019 | varna | 8622 14.9 | 3810 3.938 Beam trawl
25.09.2019 Kavarna 1791 12.2 1791 4.745 Beam trawl
29.09.2019 | Sozopol 2828 11.2 | 35 | 5.872 | Scuba diving
01.10.2019 | Sozopol | a5 | 695 45 5.622 Scuba diving
08112018 | Kavarna 2100 14.95 | 2100 | 3.493 | Beam trawl
12112019 | Kavarna 2507 165 | 990 | 3.697 | Bearn trawl
16.11.2018 | Kavrana | 6110 | 145 | 2010 | 3.859 | Beam trawl

During the whole studied period, the average length (SL, mm) of the rapa whelk specimens,
collected by beam trawl, is 61.20 mm z 8.44 SD (Fig. 9.1). The biggest average length is - 65.88 mm SL
in the sample from 25.09.2019 (Port Kavarna), the smallest - 52.04 mm SL is observed in Balchik on
03.07.2019 (Port Balchik, Table 27.1). The average weight of the specimens, collected by beam trawl,
is 36.90 g £ 17.46 SD for the studied period (Fig. 9.2), and the dynamics by ports is similar to the one
of the average lengths (Table 27.2). The average body weight (BW, g) of specimens, collected by beam
trawl is 15.09 g + 6.86 SD (Table 27.3) or 40.91 % of the weight of all the specimens for the observed
period. The average percentage share of body weight from the total weight (% BW from TW) by ports
varies between 37.5 - 44.4 %, with tendency to increase in November.

The data for rapa whelk, collected by the scuba diving technique shows that the average length
of the specimens is 68.55 mm * 4.80 SD, average weight 57.97 g £ 11.43 SD and body weight - 19.24 g
+4.395D.

The percentage difference between the average weights of the specimens, collected by the
two techniques, is 44% in favour of the specimens, collected by scuba diving; the percentage difference
for the average length is 11%, while for the body weight - 24.18 %.

Table 27

Statistical data about the distribution of the length (5L, mm, 1) and weight (TW, g, 2} in the
samples for the 3" and 4™ quarters of 2019

1. Length (SL, mm)

Date | Port Observations Fishing Minimum | Maximum | Mean Std.
method SL, mm SL, mm SL, mm | deviation
_ 03.07.2019 | Balchik 100 Beam trawl 43.000 _ 70.000 52.040 5.563
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| 24.09.2019 | Varra 100 | Beam trawl 49.000 | 76000 |  62.430 5.417
| 25.09.2019 | Kavarna | 100 | Beam trawl | 56.000 | 82.000 65.870 4.179
29.09.2018 | Sozopol | 100 " Scuba 63.000 | 78000 | 69.400 |  2.930
: diving |
01.10.201% | Sozepol 100 Scuba 53.000 86.000 67.700 6.028
[ diving_ |
08.11.2019 | Kavarna 100 Beam trawl 43.000 84.000 62.080 G127
12.11.201¢ | Kavarna 100 . Beam trawl 46.000 83.000 . 62.210 2.614
16.11.2019 | Kavarra 100 | Beamtrawl | 43.000 | 86000 | 62.540 9.141
2. Total weight (TW, g)
Variable | Port | Observations Fishing Minimum | Maximum | Mean Std.
‘ method deviation
03.07.2019 | Balchik 100 Beam trawl 10.500 73.000 24.120 10.216
' 24.092019 : Varna 100 : Beam trawl .‘ 13.000 69.500 39.380 10.05%
25.09.2019 . Kavarna 100 Beam trawl 31.000 133.500 47.445 13.834
29.09.2019 7 Sozopol 100 Scuba 44.500 77.500 55.715 6.472
. | diving
01.10.2019 Sozopol 100 Scuba 28.500 93.000 56.220 14.64%
: diving
08,11.2019 Kavarna 100 Beam trawl 10.500 92.500 34.925 18.507
12.11.2019 Kavrana 100 Beam trawl ‘ 12.000 93.500 36.965 18.328
16,11.2019 | Kavrana 100 Beam trawl |  13.000 120.000 38.590 21.867
3. Body weight (BW, g)
Variable | Port | Observations Fishing Minimum | Maximum | Mean Std.
method | deviation
03.07.2019 | Balchik 50 Beam trawl 4.500 25.000 5.650 4.805
24.092019 h Varna L 50 Beam trawl 4.000 30.500 14.200 5.013
25.09.2019 | Kavarna ‘ 50 Beam trawl 12.500 38.000 18.600 4.081
| 29.09.2019 | Sozopol | 50 " Scuba diving | 12.000 30.500 19.700 3.648
| 01.10.2019 | Sozopol 50 Scubadiving | 10.000 31.000 18.780 5.027
08.11.2019 | Kavarna | 50 Beam trawl 5.000 33.000 14.652 7.100
12.11.2019 . Kavrana 50 Beam trawl 7.000 37.000 15.520 8.133
16.11.2019 | Kavarna | 50 Beam trawl 5.000 35.500 16.920 7.673

The most common length class for the samples, collected by the beam trawl technique is - 56
- 66 SL mm ({41.2 % from the measured specimens), as well as length classes - 66 - 76 mm {26.2 %) and
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46 - 56 mm (25.5 %, Fig. 9.1, Table 28.1). The predominant class for the scuba diving technique is 66 -
76 mm (on average 74 % of the measured specimens during the research period).
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Figure 9. Distribution of the shell length (SL, mm, 1) and weight (TW, g, 2) by classes and
cumulative distribution by classes for the samples, collected by beam trawls.
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In the weight structure (TW, g) of the catches with beam trawl, the following length classes
predominate: 26 - 51.2 g (52 % from the measured specimens) and < 26 g (30.3 %) (Fig. 9.2, Table 28.2).
The predominant weight class, for the samples collected by scuba diving is 51.2 - 76.8 g (70 % from the
measured specimens for the respective period).

Table 28
Statistical data about the distribution of the length (mm, 1) and weight (g, 2) classes;
summarized data about the third and fourth quarter 2019.

1 | Lower Upper Frequency | Relative Density
bound bound | frequency
26 | 36 0| 0.000 |  0.000
36 | 46 | 12 | 0.020 0.002
46 | 56 | 153 | 0255 | 0026
56 | 66 247 | 0412 |  0.041 |
66 | 76 | 157 0.262 0.026 |
76 26 30 | 0.050 0.005
86 96 1] 0.002 | 0.000 |
Lower Upper Frequency Relative Density
2 bound | bound frequency
<26 | 182 0303 | 0.012
26 | 51.2 312 | 0520 |  0.020 |
512 | 76.8 | 89 | 0.148 |  0.005 |
768 | 1024 13 | 0022 | 0001 |
102.4 | 128 3 | 0005 |  0.000 |
128 | 154 1] 0002 | 0.000

The data about the percentage distribution by rapana length classes are presented on Fig. 10.
At the beginning of the observation period {03.07.2019), Port Balchik, many small specimens < 36-45
mm (10 %) were observed, by relatively high share of the length class 46 - 56 mm (65 %). As for the
other observations, the shares of the mid-length classes have increased - 56-66 mm (33 - 65 %) and
66-76 mm {45 -26 %, Fig. 10).
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Figure 10. Percentage distribution of the length classes (SL, mm) and moving averaged values
for the 3 and 4™ quarters of 2019 (beam trawl).

The percentage distribution of the rapa whelk weight classes (collected by beam trawl), for the
observed ports are presented on Fig. 11. Specimens with weights < 26 g were observed in almost all
landings and reached a maximum of 70 % in the sample from port Balchik, 03.07.2019.

100
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60 |
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<26¢g 2651g 51-77g 77-102 g 102-128 ¢ 128-154 g
E03.07.2019 B 24.09.2019
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Figure 11. Percentage distribution of the weight classes (TW, g) and moving averaged values
for the 3 and 4™ quarters of 2019 (beam trawl).

The comparison analysis of the parameters a and b of the L - W relationship: W(g) =
a.SL(mm)? show allometric growth of R. venosa in all samples at a coefficient b # 3 (Fig 12). The
parameter b > 3 is an indicator for a positive allometric growth - the big specimens have faster weight
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growth than length growth. The coefficient b shows relatively high value = 2.8 in the sample from
Varna, 24.09.2019, while the maximal value of the parameter b = 3.3 was found in the sample from
November 2019 (Fig 12).
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Figure 12. Parameters a, b of the linear-weight ratios, given in the equation: TW(g) =
a.SL(mm)?, derived for the samples from the different ports for the 3 and 4™ quarter 2019
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Figure 13. Percentage ratios between the shell width and length (Wd/SL, %) of R. venosa,
aperture length/total shell length (AL/SL, %) and aperture length/total shell width (AL/Wd, %) by ports,
3" and 4" quarters 2019.
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The mean ratio of the Wd/SLis 74.07 % for the 3" and 4™ quarters of 2019 with slight variations
among the samples, approximately 73.23 % - 74.73 % (Fig 13). Similarly, the ratio AL/SL is 71.17 %,
varying between 70.07 % and 71.93 %. The average percentage ratio of the AL/Wd (%) is 96.01 %,
varying in limits 94.47 % - 97.05 % for the samples from all ports (Fig. 13).

3.1.2. SEX STRUCTURE
3.1.2.1. BaLcHik PorT, 03.07.2019

The ratio between the sexes in the representative sample is 52 % & : 48 % % or 1.08 : 1. For
the female specimens, the average shell length (SL, mm) is 51.46 mm £ 6.63 5D, and the average length
is higher for male specimens - 2.4 % percentage difference between sexes. Concerning the average
weight, the difference is about 5 %, with the females in favour (Table 29).

Table 29

Summarized statistics of the biological parameters - total weight of the specimens in the
sample. shell length (SL, mm) and total weight (TW, g) by sex in the sample from Port Balchik, 3.07.2019

SL, mm [ W, g

Females Males Females Males

Mean 51.46 52.73 25.65 24.40

| Standard Error | 135 ' 1.15 | 2.78 _ 2.01
Median ' 50.00 51.50 ' 2025 21.75
Mode 50.00 53.00 16.00 24.00

| Standard Deviation | 663 | 5.87 . 1362 | 1025
Sample Variance 4400 34.44 . 185.53 104.98
Kurtosis 1.67 0.36 6.12 1.40
Skewness | 1.35 0.96 | 2.33 1.36

| Range | 2600 | 2300 | 6050 37.50
| Minimum 4400 | 4500 1250 | 1450
Maximum ' 70.00 68.00 ' 73.00 , 52.00

| sum | 123500 | 137100 | 61550 | 63450
Count 2400 26.00 _ 24.00 26.00

| Confidence Level | 51.46 ' 52.73 ' 25.65 24.40

| {95.0%)

Concerning the parameters - shell width {(Wd, mm) and aperture length {aperture length, AL,
mm), the percentage differences between the male and female specimensis 2% wu 2.2 %, in favour of
the male specimens (Table 30).
Table 30
Summarized statistics of the biological parameters - shell width (Wd, mm) and aperture length
(aperture length, AL, mm) by sex in the sample from Port Balchik, 3.07.2019
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Wd, mm [ AL, mm

Females Males | Females Males

| Mean 3846 | 3919 3633 | 3745
Standard Error ' 1.14 093 ' 1.11 0.89
Median 37.00 38.50 35.00 | 36.00
Mode 37.00 41.00 35.00 33.00
Standard Deviation 5.58 4.77 5.43 4.52

| Sample Variance | 31.13 | 2242 | 29.45 20.46
| Kurtosis 1.74 _‘ 0.22 1.67 | -0.16
Skewness _ 1.32 _ 0.91 _ 1.35 | 0.78
Range | 2200 | 1700 | 2100 |  16.00

| Minimum _ 31.00 | 33.00 _ 2%.00 31.00
| Maximum | 53.00 | 50.00 | 50.00 ‘ 47.00

Sum | 923.00 1019.00 | 87200 |  966.00

| Count . 2400 | 26.00 | 2400 | 26.00
Confidence Level 38.46 39.19 36.33 37.15

{95.0%)

3.1.2.2. PCORT VARNA, 24.09.2019

The ratio between the sexes in the representative sample is 56 % 3: 44 % ¢ or 1.3: 1. For the
female specimens, the average shell length (SL, mm) is 60.00 mm % 6.32 SD, while the average length
of the male specimens is bigger by 6.7 % (Table 31). As for the male specimens, the average weight is
43.29 g + 10.04 SD, while for the females it is lower by 23.17 % (Table 31).

Table 31

Summarized statistics of the biological parameters - total weight of the specimens in the
sample. shell length (SL, mm) and total weight {TW, g) by sex in the sample from Port Varna, 24.09.2019

SL, mm ™™, g
Females Males ' Females Males
Mean  60.00 64.14 ' 34.30 43.26
| Standard Error 1.35 " 0.93 2.24 ] 1.90
Median | 6000 | 63.50 | 32.50 | 41.75
Mode . 6100 | 63.00 . 3150 38.50
| Standard Deviation | 6.32 | 491 | 10.52 10.04
| Sample Variance 4000 | 2413 | 11066 |  100.84
Kurtosis | -0.17 [ -0.28 | -0.05 | -0.03
Skewness 0.44 0.33 0.36 | 0.68
| Range | 2400 | 2000 |  42.00 39.50
Minimum | 4300 56.00 _ 13.00 30.00
Maximum 73.00 76.00 55.00 ‘ 59.50
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For the parameters shell width (Wd, mm) and aperture length (aperture length, AL, mm), the

percentage differences between the male and female specimens are 9.2 % v 9 %, in favour of the male
specimens (Table 32).

Table 32

Summarized statistics of the biological parameters - shell width {(Wd, mm) and aperture length

Mean
_‘ Standard Error
| Median
Mode
Standard Deviation
‘ Sample Variance
| Kurtosis
| Skewness
Range
| Minimum
Maximum
Sum
Count

Confidence
{95.0%)

(aperture length, AL, mm) by sex in the sample from Port Varna, 24.092019

Level

Wd, mm AL, mm
Females Males Females Males
43.55 47.75 41.64 45.57
1.03 0.72 0.58 0.82
42.50 48.00 41.00 45.00
42.00 51.00 43.00 50.00
4.85 3.83 4.61 4.32
23.50 14.64 21.29 18.70
-0.28 0.29 -0.07 -0.50
0.38 0.54 0.25 0.35
15.00 16.00 15.00 17.00
34.00 42.00 32.00 39.00
53.00 58.00 51.00 56.00
958.00 1337.00 916.00 1276.00
22.00 28.00 22.00 28.00
2.15 1.48 2.05 1.68

3.1.2.3. PORT Kavarna, 25.09.2019

In the representative sample, the ratio between the two sexes is 44 % : 56 % § - 0.79 :1. The

average length of the female specimens is 65.00 mm z 2.94 SD, while the male specimens are bigger
by 3.8 % (Table 33). The average weight of the male specimens is 50.14 g + 12.94 SD, while the average
weight for the females is lower by 10.5 % (Table 33).

Table 33

Summarized statistics of the biological parameters - total weight of the specimens in the

www.eufunds.bg

sample, shell length (SL, mm) and total weight (TW, g) by sex in the sample from Port Kavarna,
25.09.2019
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Mean
" Standard Error
| Median
| Mode
| Standard Deviation

Sample Variance
| Kurtosis
| Skewness
' Range
| Minimum
Maximum
' Sum

Confidence
| {95.0%)

MHUHHUCTEPCTBO HA SEMEAEAMETO, XPAHMTE M

MPOTFPFAMA 3 A

MOPCKO OJEAO U

Level

COPUTE PUBAPCTBO
SL, mm TW, g

Females Males Females Males
65.00 67.50 45,16 50.14
0.56 0.53 1.47 2.76
65.00 68.00 43.25 4550
65.00 68.00 42.50 4550
254 4.36 7.77 12954
8.67 19.02 60.43 167.48
2.33 2.60 0.77 2.56
0.85 0.64 0.99 1.64
15.00 21.00 31.00 53.00
56.00 59.00 34.00 34.00
74.00 80.00 65.00 87.00

1820.00 1485.00 1264.50 1103.00
28.00 22.00 Z28.00 22.00

For the parameters - shell width (Wd, mm) and aperture length (aperture length, AL, mm), the
percentage differences between the male and female specimens are 3.95 % w 4.24 %, in favour of the
male specimens (Table 34).

Table 34

Summarized statistics of the biological parameters - shell width (Wd, mm) and aperture length
{aperture length, AL, mm) by sex in the sample from Port Kavarna, 25.09.2019

| Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
| Maximum
Sum
Count

| Confidence
| {95.0%)

Level

Wd, mm AL, mm

Females Males Females Males
48.54 50.50 46.14 48.14
0.48 0.91 0.48 0.81
48.50 45.00 46.00 47.00
45.00 48.00 45.00 47.00
2.56 4.75 2.55 3.78
6.55 18.07 6.50 14.31
0.17 5.81 2.30 3.72
0.35 211 1.13 1.75
10.00 20.00 12.00 16.00
44.00 45.00 42.00 44.00
54.00 65.00 54.00 60.00

1355.00 1111.00 1252.00 1059.00
28.00 22.00 28.00 22.00
0.9¢ 1.88 0.99 1.68
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3.1.2.4. Porr Sozorol, 29.09.2019

Using the scuba diving technique, the ratio between the sexes in the representative sample is
52% 3 :48 % 9, 1.08 : 1. The average shell length (SL, mm) for the female specimens is 68.71 mm *
6.79 SD, while the average length of the male specimens is 1.7 % bigger (Table 35). The mean weight
of males is 61.50 g £ 5.95 5D, while the females the average weight is with 2.2 % lower (Table 35).

Table 35

Summarized statistics of the biological parameters - total weight of the specimens in the

sample. shell length (SL, mm) and total weight (TW, g} by sex in the sample from Port Sozopol,
29.09.2019

SL, mm [ TW, g

Females Males Females Males

" Mean ' 68.71 | 6988 | 60.19 | 6150
Standard Error : 0.62 . 052 | 1.41 | 117

| Median 68.00 6950 | 60.00 60.50
Mode | 68.00 | 7100 | 58.50 57.50

| Standard Deviation ' 3.03 | 2.66 | 6.93 | 5.85
sample Variance : 9.17 707 | 48.02 35.38
Kurtosis : 2.86 . 024 | 0.27 0.90

| Skewness 0.90 0.49 | 0.60 0.77
Range : 15.00 | 1000 | 28.00 | 25.50
Minimum 63.00 6600 | 49.00 | 5200
Maximum : 78.00 . 7600 | 77.00 77.50
Sum ' 1649.00 | 1817.00 | 144450 1599.00

| Confidence Level (95.0%) | 24.00 | 2600 | 24.00 | 26.00

For the parameters - shell width (Wd, mm) and aperture length {aperture length, AL, mm)}, the
percentage differences between the male and female specimens are 2.2 % v 3.2 %, in favour of the

male specimens (Table 36).
Table 36

Summarized statistics of the biological parameters - shell width {(Wd, mm) and aperture length
(aperture length, AL, mm) by sex in the sample from Port Sozopol, 29.09.2019

Wd, mm [ AL, mm
Females Males | Females Males
Mean | 5229 | 5346 | 4908 | 5065
| Standard Error 0.46 ' 0.38 0.48 0.37
Median [ 53.00 53.50 [ 45.00 50.00
Mode 54.00 54.00 45.00 ‘ 50.00
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3.1.2.5. Porr Sczerol, 01.10.2019
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By scuba diving fishing, the ratio between the sexes in the representative sample is 78 % 3 22

% < or 3.55: 1; this ratio is a result form the selective technique used in this type of fishing by choosing
large specimens {males). The average shell length (SL, mm) for the female specimens is 63 mm £ 5.10
SD, while the male specimens have an average size, bigger by 8.42 % (Table 37). The average weight
of the male specimens is 59 g + 14.79 SD, resulting in a percentage difference of 27.3 % in the weights
between the two sexes (Table 37).

Table 37

Summarized statistics of the biological parameters - total weight of the specimens in the

Mean
| standard Error
| Median
Mode
Standard Deviation
' Sample Variance
| Kurtosis
Skewness
Range
.' Minimum
Maximum
Sum

Confidence Level {95.0%)

sample. shell length (SL, mm) and total weight (TW, g) by sex in the sample from Port Sozopoal,
01.10.2019

SL, mm TW, g

Females Males Females Males
63.00 68.54 44.82 55.00
1.84 0.8% 3.26 2.37
65.00 69.00 42.00 56.00
65.00 69.00 #N/A 70.50
6.10 557 10.81 14.79
37.20 30.99 116.76 Z18.75
-0.81 -0.30 -1.32 -0.80
-0.24 0.07 0.18 0.12
20.00 Z23.00 32.50 60.50
53.00 58.00 29.00 28.50
73.00 81.00 61.50 85.00

693.00 2673.00 453.00 2301.00
11.00 39.00 11.00 36.00
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For the parameters shell width (Wd, mm) and aperture length {aperture length, AL, mm) the
percentage differences between the male and female specimens are 8.9 % v 9.7 %, in favour of the
male specimens (Table. 38).

Table 38

Summarized statistics of the biological parameters - shell width (Wd, mm) and aperture length
(aperture length, AL, mm) by sex in the sample from Port Sozopol, 01.10.2019

Wd, mm - AL, mm

Females Males Females Males

Mean 47.64 52.10 45.45 ‘ 50.10

| standard Error ' 1.38 ' 0.73 ' 1.47 ' 0.69
| Median | 4800 | 52.00 | 45.00 | 50.00
| Mode 48.00 _ 52.00 45.00 48.00
| Standard Deviation 459 | 458 4.89 ] 4.31
Sample Variance 21.05 [ 20.5%9 23.87 | 18.57

| Kurtosis _ -0.59 ‘ -0.10 _ -0.51 -0.05
| Skewness | 0.38 | 0.26 | 0.24 ‘ 0.28
Range | 15.00 20.00 | 15.00 | 19.00

| Minimum _ 41.00 _ 43.00 _ 35.00 _ 41.00
Maximum _ 56.00 63.00 _ 54.00 | 50.00
| Sum | 52400 | 203200 |  500.00 1954.00
Count _ 11.00 3%.00 _ 11.00 39.00
Confidence Level 3.08 1.49 3.28 1.40

| (95.0%)

3.1.2.6. PORT Kavarna, 08.11.2019

The ratio between the sexes in the representative sample is 54 % §: 46 % € or 1.17: 1. The
average shell length of the female specimens is 56.91 mm t 4.91 5D, for the male individuals - about
17 % bigger (Table 39). The average weight of the male specimens is 45.96 g + 18.14 SD, which results
in a percentage different from the female individuals of 61 % (Table 39).

Table 39

Summarized statistics of the biological parameters - total weight of the specimens in the
sample. shell length {SL, mm) and total weight {TW, g} by sex in the sample from Port Kavarna,
08.11.2019

SL, mm [ W, g
Females Males Females ' Males
| Mean 56.91 | 6748 | 2439 45.96
| standard Error _ 1.02 ' 137 | 1.96 | 3.49
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| Median
Mode
Standard Deviation

[ Sample Variance

| Kurtosis
Skewness
Range
Minimum

| Maximum
Sum

Confidence Level {95.0%)

MHUHHUCTEPCTBO HA SEMEAEAMETO, XPAHMTE M

57.00
57.00
4.91
24.08
-0.18
0.62
18.00
49.00
67.00
1309.00
23.00

FTOPUTE

68.00
65.00
7.09
50.34
-0.47
-0.12
27.00
54.00
81.00

1822.00

27.00

21.00
16.00
5.47
88.75
1.35
1.38
34.50
14.50
49.00
561.00
23.00

MPOTFFAMA 3 A
MOPCKO OEAO U
PUBAPCTBO

42.50
47.00
18.14
329.06
0.42
0.68
72.50
20.00
$2.50
1241.00
27.00

For the parameters shell width (Wd, mm) and aperture length (aperture length, AL, mm), the

percentage differences between the male and female specimens is 21.1 % and 20.9 %, in favour of the
male specimens (Table 40).

Table 40

Summarized statistics of the biological parameters - shell width (Wd, mm) and aperture length

| Mean
Standard Error
| Median
Mode
Standard Deviation
| Sample Variance
" Kurtosis
.‘ Skewness
Range
Minimum
| Maximum
‘ Sum
| Count

Confidence
{95.0%)

{(aperture length, AL, mm) by sex in the sample from Port Kavarna, 08.11.2019

Wd, mm AL, mm

Females Males Females Males
41.17 50.8% 40.04 49.37
0.90 1.12 0.8% 1.17
41.00 51.00 40.00 50.00
41.00 42.00 41.00 48.00
4.33 5.82 4.28 5.83
18.79 33.87 18.32 34.01
0.45 -0.66 1.17 -0.72
0.76 -0.30 0.87 -0.22
16.00 22.00 18.00 21.00
35.00 40.00 33.00 39.00
51.00 62.00 51.00 60.00

947.00 1374.00 921.00 1333.00
23.00 27.00 23.00 27.00
1.87 2.30 1.85 2.31

3.1.2.7. PORT KavaRNA, 12.11.2019

The ratio between the sexes in the representative sample is 54 % 3:46 % @ or 1.17: 1. The
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specimens have 7 % bigger (Table 41). The average weight of the male specimens is 40.28 g + 23.69
5D, and the percentage difference compared to the female specimens is 28.5 % (Table 41).
Table 41
Summarized statistics of the biological parameters - total weight of the specimens in the
sample, shell length (SL, mm) and total weight (TW, g) by sex in the sample from Port Kavarna,
12.11.2019

SL, mm [ ™™W, g

Females Males Females Males

Mean 59.57 64.04 30.22 40.28
Standard Error ' 1.20 ' 2.07 ' 2.35 456
Median _ 60.00 | 100 | 29.00 | 33.00
Mode 64.00 | 5000 18.50 15.50
Standard Deviation : €75 1049 | 11.33 | 23.59

| sample Variance 33.08 1041 | 12843 561.16
| Kurtosis ; -0.72 . -1z | 0.42 -0.46
Skewness , 0.09 0.25 | 1.06 __ 0.77
Range ' 20.00 37.00 40.50 | 78.00
Minimum _ 50.00 | 4600 | 17.00 15.50
| Maximum 70.00 83.00 | 57.50 93.50
Sum ' 1369.00 . 172900 | 695.00 1087.50
Confidence Level {95.0%) ' 23.00 2700 | 23.00 © 27.00

For the parameters shell width (Wd, mm) and aperture length (aperture length, AL, mm), the
percentage differences between the male and female specimens is 7.1 % v 6.8 %, in favour of the male
specimens (Table 42).

Table 42

Summarized statistics of the biological parameters - shell width {(Wd, mm) and aperture length
(aperture length, AL, mm) by sex in the sample from Port Kavarna, 12.11.2019

Wd, mm AL, mm

Females Males ' Females Males

Mean 43.83 47.04 42.39 45.37

| standard Error 123 | 177 1.15 ‘_ 1.69
Median C43.00 44.00  42.00 42.00
Mode 38.00 38.00 36.00 _ 41.00
Standard Deviation [ 5.88 9.17 | 5.51 | 8.78
Sample Variance 34.60 ‘ 84.11 30.34 ‘ 77.09

| Kurtosis _ 1.87 _ -0.97 _ 1.51 _ -1.30
| skewness 121 | 0.45 109 0.34
| Range | 24.00 32.00 | 23.00 L 29.00
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| Minimum | 37.00 3500 [ 3500 | 33.00

Maximum | 6100 | 6700 | 5800 |  62.00
| Sum | 1008.00 127000 | 97500 |  1225.00
| Count | 2300 | 27.00 . 23.00 27.00

Confidence Level 2.54 3.63 2.38 3.47

{95.0%)

3.1.2.8. PORT KAvARNA, 16.11.2019

The ratio between the sexes in the representative sample is 60 % 7: 48 % € or 1.5: 1. The
average shell length (5L, mm) for the female specimens is 62.90 mm = 9.45 SD, while the male
specimens are with 1.1 % bigger (Table 43). The average weight of the male specimens is 42.15 g +
24.96 SD, and the average weight of females is 37.20 g (Table 43).

Table 43

Summarized statistics of the biological parameters - total weight of the specimens in the
sample. shell length (SL, mm) and total weight (TW, g) by sex in the sample from Port Kavarna,
16.11.2019

SL, mm TW, g

Females Males Females Males

Mean ' 62.90 53.57 37.48 42.15

| Standard Error ' 2.11 | 157 ] 3.95 | 456
Median j 61.00 | 8350 | 3250 33.75
Mode ' 77.00 58.00 25.00 | 2250

' standard Deviation ' 9.45 | 859 | 18.11 | 2496
Sample Variance _ 85.25 _ 73.84 _ 328.14 622.85

_ Kurtosis -1.14 -0.82 -0.45 [ 1.52

' Skewness : 0.09 _ 0.09 0.70 1.45
| Range _ 30.00 3000 | 64.00 91.00
Minimum 47.00 | 4800 13.50 1650
 Maximum _ 77.00 | 7800 | 77.50 | 107.50
Sum 1258.00 | 1907.00 787.00 1264.50
Confidence Level (95.0%) : 20.00 - 3000 | 21.00 L 30,00

For the parameters shell width (Wd, mm]) and aperture length {aperture length, AL, mmj}, the
percentage differences between the male and female specimens is 0.11 % and 0.04 % (Table 44).

Table 44
Summarized statistics of the biological parameters - shell width (Wd, mm) and aperture length
(aperture length, AL, mm) by sex in the sample from Port Kavarna, 16.11.2019
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| Mean
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| Median
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Standard Deviation
Sample Variance
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| Sum
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MHUHHUCTEPCTBO HA SEMEAEAMETO, XPAHMTE M

MPOTFFAMA 3 A
MOPCKO OEAO U
PUBAPCTBO

Confidence
{95.0%)

Level

3.1.2.5. GONADOSOMATIC INDEX {GSI)

FTOPHTE
Wd, mm AL, mm

Females Males Females Males
4715 47.20 45 .55 4553
1.80 1.46 1.78 1.41
45.00 45 50 43 50 44 50
55.00 53.00 40.00 51.00
8.07 8.01 8.02 7.74
£5.08 6423 64.26 55.84
-1.10 -0.69 -1.06 -0.68
0.41 0.44 0.3% 0.41
27.00 27.00 28.00 27.00
35.00 36.00 33.00 34.00
62.00 63.00 61.00 61.00
943.00 1416.00 911.00 1366.00
20.00 30.00 20.00 30.00
3.78 2.99 3.75 2.89

The summarized data about the GS| for the 3™ and 4™ quarter of 2019 are presented in Table

45.
Table 45
Summiarized statistics of the GSI (% BW) by ports for the 3™ and 4™ quarters 2019
3.07. 24.09. 25.09. 29.09. 1.10. 08.11. 12.11. 16.11.
2019 2019 2019 2019 2019 2019 2019 2019
Mean | 1590 | 12.22 | 1753 | 1653 | 1437 | 1645 | 1558 | 17.20
Standard 0.59 0.53 0.34 0.47 0.36 0.55 0.64 0.55
‘ Error
: Median 15.38 11.55 17.57 16.53 14.50 16.17 14.56 17.39
" Mode 14.25 14.81 17.65 15.61 14.85 16.67 14.25 17.39
Standard 4.15 3.72 2.40 2.97 2.54 3.90 4.53 3.62
Deviation
Sample 17.26 13.82 5.76 8.85 6.45 15.18 20.53 15.40
Variance
Kurtosis -0.28 1.50 0.12 5.97 -0.18 0.84 6.40 277
Skewness 0.20 0.85 0.24 1.52 0.28 -0.45 1.63 0.78
‘ Range 18.75 19.29 10.63 18.30 11.16 18.40 79.04 23.27
‘ Minimum 6.25 5.71 12.80 11.11 3.68 5.41 6.25 7.55
_‘ Maximum 25.00 25.00 23.53 29.41 20.83 23.81 35.26 30.77
L Sum 779.05 611.09 876.72 826.44 718.71 822.59 778.87 85987
Count 49.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
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| confidence | 1590 | 12.22 | 1753 | 1653 | 1437 | 1645 | 1558 | 17.20 ‘
| Level {95.0%)

The average value of the GSl is 15.17 % BW for the whole studied period, with the highest
values in the sample from Kavarna (25.09.2019) - 17.53 % BW £ 2.40 SD (Table 45).

3.1.2.6. SUMMARY OF THE SEX STRUCTURE FOR 3%° aND 4™ QUARTERS 2019

Using the beam trawl technique for rapa whelk fishing, the average ratio between the sexes
for the 3" and 4™ quarter of 2019 is 46.7 % ¢: 53.3 % & or 1: 1.14 (Fig. 14). The data from Sozopol
(29.09.2019 and 01.10.2019) show significant presence of the male specimens (35 % $: 65 % ),
explained by the fact that the fishing was carried out by scuba divers, which use selective approach for
the rapa whelk collection (selection of large male specimens). No imposex forms were observed for
the whole period.

M EF

46 46 <0 46.7
54 54 = 53.3

3.07.2019 24.09.2019 25.09.2019 5.11.2019 12.11.2019 13.11.2019 MEAN

%

Figure 14. Summarized data about the sex structure of R. venosa by ports (beam traw! fishing)
for the 3'Y and 4™ quarter 2019

The average length of the male specimens (5L, mm), collected by beam trawl, is 63.19 mm =
8.70 SD, and the maximal average length - 67.5 mm was observed in the sample from Port Kavarna
(25.09.2019). The minimal average length of males - 52.73 mm was found from the Port Balchik sample
(03.07.2019) (Table 46.1, Fig 15). The average length (SL, mmj) of the female specimens, collected by
beam trawl is 59.36 mm £ 7.50 SD which is about 6.3 % smaller compared to males, however the
dynamics of mean lengths by ports is similar for both sexes.

www.eufunds.bg
flpoekm Ne BG14MFOP0O01-3.003-0001-C01, ,CobupaHe, ynpasneHue U U3N0n3eaHe Ha GaHHuU 3a yenume Ha
HaY4HUA GHAAU3 U U3rbadeduemo na OBwama noaumuka e obaacmma Ha pubapcmeomo 3a nepuoda 2017-
2019 “, gpunarcuparo om flpozpamama 3a mopcko deno u pubapcmso, coihunarncupaHa om Esponeiickus
cbio3 Ypes Esponelickus ¢rond 3a mopcko deno u pubapcmso. FPage |44




MHUHHUCTEPCTBO HA SEMEAEAMETO, XPAHMTE M
FTOPUTE

MPOTFFAMA 3 A
MOPCKO OEAO U
PUBAPCTBO

Concerning the scuba diving technique, the average length of the male specimens is 69.12 mm
+4.11 5D, and 65.85 mm + 4.56 5D - for the females. Comparing the two methods of rapana fisheries,
the percentage differences between the mean lengths were - 9% for male specimens and - 10.3% for
female specimens, respectively, in favour of the scuba diving data.

Table 46.

Statistical data about the percentage distribution of the length (SL, mm, 1) and weight (TW, g,
2) by sex in the samples from the different ports for the 3" and 4™ quarter of 2019.

1. Length (SL, mm)

www.eufunds.bg

Date Port | Observations non Minimum | Maximum | Mean Std.
number SL, mm SL,mm | SL, mm | deviation
3.07.2019 Balchik 26 M 45.000 58000 | 52.731 5.869
24 F 44.000 70000 |  51.458 6.633
| 24.092019 Varna 28 M 56000 | 76000 | 64143 | 4912
75 Pl 49.000 | 73000 | 60.000 6.325
25.09.2018 | Kavarna 22 M|  59.000 80.000 | 67.500 4.362
28 F| 59.000 | 74000 | 65.000 2.944
29.09.2019 | Sozopol 26 M| 66000 | 76000 69.885 |  2.658
24 F 53.000 78000 | 68.708 3.02¢
01.10.2019 | Sozopol 39 M 58.000 81000 | 68538 5.567
11 F 53.000 | 73.000 | 63.000 | 6.099
08.11.2018 | Kavarna 27 M| 54000 | 81000 | 67.481 7.095
23 F 49.000 67.000 | 56.913 4.907
112.11.2018 | Kavarna Z7 M| 456.000 | 83.000 | 64.037 10.494
23 F 50.000 70000 | 59.522 5.751
16.11.2019 | Kavarna 30 M| 48000 | 78000 | 63567 | 8593
20 | F 47.000 77000 | 62.900 5.447

2. Total weight (TW, g)

Date Port | Observations | non Minimum | Maximum | Mean Std.
number SL, mm SL, mm SL, mm | deviation
3.07.2019 Balchik 26 M 14.500 52.000 |  24.404 10.246
24 Fl 12.500 73000 | 25.646 | 13621
24.092019 Varna 28 | M| 30.000 69.500 | 43.285 10.042
22 F 13.000 55000 | 34295 10518
| 25.09.2019 | Kavarna 22 M| 34000 87000 50.136 12.941
28 | 34.000 | 65000 |  45.161 7.773
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29.09.2018 | Sozopol | 26 | M| 52000  77500| 61500 | @ 5.948
24 F 49.000 77.000 | 60.188 6.929

01.10.201% | Sozopol 39 M 28.500 89.000 |  59.000 14.790
[ 11 | 29000 | 61500 | 44.818 |  10.806

08.11.2019 | Kavarna 27 M 20.000 92.500 |  45.963 18.140
23 F 14.500 49000 | 24.391 9.423

12.11.2018 | Kavarna 27 M 15.500 93500 | 40.278 23,689
23 F 17.000 57500 | 30217 11,353

16.11.2019 | Kavarna 30 M 16.500 107.500 |  42.150 24.957
20 F 13.500 77500 | 38.350 18.125

The data about the male specimens shows an average weight of 40.89 g £ 19.42 SD and 33.27
g 1 13.98 5D for the females, resulting in a percentage difference of 21 % between the two sexes.

Concerning the scuba diving technique, males have an average weight - 69.12 g+ 4.11 8D, and
the average weight for the female specimens is 65.85 g + 4.56 SD. The percentage differences in the
average weights by different fishing techniques is 51.3 % for the males and 65.7 % for the females, in
favour of the scuba diving techniques.
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Figure 15. R. venosa: summarized data about: (1) average length (SL, mm)} by sex and (2)
average total weight (TW, g) by sex and ports for the 3" and 4" quarters 2019 (beam trawls data).

The analysis on the dynamics of the length classes by sex for the beam trawl technique (Fig.
16) shows that the predominant length classes are - 66 - 76 mm (35.9 % from the measured male
specimens for the period) and 56 - 66 mm (35.7 %). The data for the female specimens show that the
predominant length class is 56 - 66 mm (46.5 %), followed by length class 46 - 56 mm (29.30 %) (Fig.
16.2). As for the scuba diving technique, the predominant length class for both sexes is 66 - 76 mm
(80.13 % of the male and 57.77 % of the female specimens).

Males: length classes
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Figure 16. Percentage distribution of the length classes (SL, mm) for the males {1} and female
(2) specimens for the 3' and 4" quarter 2019

In the weight structure of samples collected by beam trawls, the predominant weight class for
both sexes is - 25.6 -51.2 g, which was observed in approximately 52.1 % of the male specimens and
54.9 % of the female specimens. As for the male specimens, the second most common length class is
51.2 —76.8 g (22.8 %), while for the females it is the weight class < 26 g - 35.3 %. No large specimens

>102 g were observed.
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Figure 17. Percentage distribution of the weight classes (TW, g) for male (1) and female (2)
specimens for the 3™ and 4™ quarter 2019 (beam trawl fishing)

For both sexes, the predominant weight class for scuba diving fishing is 51.2 - 76.8 g (75 % of
the male and 78 % of the female specimens).
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4. CONCLUSIONS

e The analysis on the landings of rapa whelk for the 3" and 4™ quarter of 2019 was made based
on 80O specimens R. venosa, collected at the ports Kavarna, Balchik, Kavarna, Varna and
Sozopol, in order to assess the population parameters dynamics in the main fishing zones.

¢ In the case of beam trawling, the total landings of the monitored ports vary between 1791 -
8622 kg/day; the most significant quantities were landed at the port of Varna in September
2019. Fishing vessels with length - 14.9 m and power 220 kW, equipped with beam trawl, can
land 3810 kg/fishing day and catches from fishing vessels from the length class - 12.2 - 16.5m
and power up to 130 kW vary between 990 - 2100 kg/ fishing day.

¢ The average length of R.venosa, collected by beam trawl, is 61.20 mm % 8.44 SD. The maximal
average length is - 65.88 mm, measured in the sample from Port Varna (25.09.2019), while the
minimal average length is 52.04 mm — at Port Balchik on 03.07.2019. The average weight (TW,
g) of the specimens, collected by beam trawl, is 36.90 g £ 17.46 SD for the studied period. The
dynamics of this parameter by ports is similar to the one for the average length. The average
body weight (BW, g) is 15.09 g £ 6.86 SD or 40.91 % of the total weight (TW) of the specimens
for the observed period. The average percentage ratio varies between 37.5 - 44.4 % TW by the
different ports with tendency to increase in November.

¢ The data about the landings from scuba diving at Port Sozopol shows that there is an increase
in the average length of the rapa whelk - 68.55 mm * 4.80 5D, the average weight is 57.97 g+
11.43 SD and the body weight is - 19.24 g + 4.39 SD. When we compare the biological data,
obtained from samples collected by beam trawling and scuba diving method, the percentage
difference between the average weightsis 44 %, in favour of the specimens, collected by scuba
diving, and the percentage difference for the average lengths is 11 %; for the body weight, it
is 24.2 %.

¢ The most common length class of the rapa whelk specimens {(collected by beam trawl) is - 56
-66 SLmm (41.2 %), as well as length classes - 66 - 76 mm (26.2 %) and 46 - 56 mm (25.5 %).
In the weight structure, the following classes are predominant: 26 - 51.2 g TW (52 %) and < 26
g TW (30.3 % of all the measured specimens). Concerning the scuba diving data, the
predominant rapa whelk length class is 66-76 mm (74 %) and the weight classis - 51.2-76.8 g
(70 %).

e The average ratio of Wad/SL is 74.07 %, varying between 73.23 % - 74.73 %. The ratio AL/SL s
on average 71.17 %, varying between 70.07 - 71.93 %. The average value for the ratio AL/Wd
(%) is 96.01 % with a little variation - 94.47 % - 97.05 % between the different ports.

¢ The comparison analysis of the parameters a and b of the L-W relationship: W{g)=a.L{mm)*b
shows allometric growth of R. venosa at a coefficient b # 3.

s For the surveyed ports, the average sex ratio for the specimens, collected by beam trawl, is
46.7 % 9:53.3% & or 1: 1.14. The data from Port Sozopol and specimens collected by scuba
diving method show clear predomination of male specimens (35 % ¢: 65 % &). This is
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explained by the fact, that the scuba diving technique is based on a selective approach for
rapana specimen’s collection. No imposex forms were observed during the studied period.

o The average length of the male specimens, collected by beam trawl, is 63.19 mm t 8.70 5D,
while for the female specimens it is 59.36 mm % 7.50 SD, resulting in a percentage difference
of 6.3 % between the both sexes. Using the scuba diving technigue, the average length of the
male specimens is 69.12 mm % 4.11 5D, while for the females it - 65.85 mm * 4.56 5D. The
percentage differences in the mean weights by sex for these two fishing methods are - 38%
for male specimens and 46% - for female specimens, in favour of the scuba diving data.

s Concerning the beam trawl fishing — the average weight of the male specimens is 41.04 g £
16.67 SD, while for the females - 33.01 g + 11.78 SD, resulting in a percentage difference of
21.7 % between the sexes. The scuba diving technique shows that the average male length is
60.25 g = 10.37 5D, while the average female length is - 52.5 g * 8.69 SD. The percentage
differences for the average weights by sexes for these techniques is 38 % for the males and 46
% - for the females, in favour of the scuba diving data.

¢ In the catches with the beam trawl, the predominant length classes for the male specimens
are - 66 - 76 mm (35.9 %) and 56 - 66 mm (35.7 %), while for the female specimens the
dominant length class is 46 - 56 mm (29.3 %).

e The gonadosomatic index for the 3'* and 4™ quarter of 2019 is on average 15.17 % BW, with
the highest values from Port Kavarna (25.09.2019) - 17.53 % BW = 2.40 5D.
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