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Abstract

Beam trawl fisheries in the Black Sea target the veined rapa whelk (Rapana venosa) while other species of fish and crabs are re-
turned to the sea dead or alive. Smaller bivalves and crabs are also packed with the catch without elimination. In this study, novel
grid-net designs (GNDs) with two different bar spacings were tested to reduce the bycatch. Thirty hauls (15 hauls for each bar
spacing) were carried out in the south-eastern Black Sea between 17 and 26 August 2017. Bycatch compositions were compared
by towing a commercial diamond mesh and one of the grid-net beam trawls simultaneously onboard a commercial vessel. There
were statistically significant (p<0.01, 78% and 83%) decreases in the mean bycatch weight for 20 mm and 30 mm grid-nets,
respectively. The estimated commercial loss was 14% in the 20 mm GND and 39% in the 30 mm GND in the landing values as
compared to the commercial gear. In conclusion, the use of grid-net design for beam trawl fishing in the south-eastern Black Sea
can significantly reduce the bycatch of most benthic species. There is a trade-off between the reduction in the bycatch and some
commercial loss, which could be offset with some compensation to fisheries, such as an extension of the fishing season.

Keywords: Benthic bycatch; grid-net design; beam trawl; Black Sea.

Introduction

The veined rapa whelk (Rapana venosa) is an invasive
species native to Asian waters and were introduced into
the Black Sea through ballast tanks of commercial ships.
It is an active predator of oysters and mussels (ICES,
2004), has rapidly adapted, and spread to the Black Sea
coasts by encroaching on the mussel populations in the
region (Saglam et al., 2008). Although primarily respon-
sible for the decline of native mussel populations in the
region (Zolotarev, 1996; Salomidi et al., 2012) the veined
rapa whelk is an economically important species for fish-
ermen in the area with around 80% (10,353 tons) of its
total catch in Turkey being caught along the south-east-
ern Black Sea coast (Tiirkstat, 2016; Gedik, 2017). The
produce is primarily exported to Asia, especially to Ja-
pan and China, with no domestic consumption in Turkey
(Saglam et al., 2009).

Traditional beam trawls (locally known as algarna)
are the preferred capture device for this species due to
comparatively higher catch efficiency (Altinagac¢ et al.,
2004). Referred to as dredge by some authors (Celik
and Samsun, 1996; Altinagag et al., 2004; Saglam et al.,
2008) and as beam trawl by others (Kaykag et al., 2014;
Zengin et al., 2014), the algarna better resembles a beam
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trawl in terms of net design, technical specifications, and
operational functions, albeit shorter than conventional
beam trawls (Valdermarsen and Suuronen, 2003). The
studies in the south-castern Black Sea have shown that
this gear causes damage to small benthic organisms since
the diamond mesh openings are clogged by veined rapa
whelks during the tow (Saglam et al., 2008; Eryasar et
al., 2016). For this fishery, only the veined rapa whelk is
the target species, while fish and crabs are thrown back
into the sea either dead or alive, and smaller bivalves and
crabs end up landed with the whelks without any elimina-
tion (Eryasar et al., 2016).

Beam trawling practices result in one of the highest
discard rates in the Mediterranean (Tudela, 2004; FAO,
2016). Pranovi et al., (2001) reported that beam trawls
for flatfish and scallops in the Adriatic Sea result in higher
discards than their landing quantities (FAO, 2016). Ze-
ngin and Akyol (2009) reported discard rates of 42% by
beam trawling practices in the Marmara Sea for coast-
al shrimps. Discard rate for the veined rapa whelk beam
trawl fisheries have been reported as 7.5% for the Bul-
garian coast in the western Black Sea (Kelleher, 2005;
FAOQO, 2016), while Konsulova et al., (2001) reported the
negative effects of beam trawling on mussels and other
seabed communities that are particularly vulnerable to
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this type of fishing gear. Eryasar et al. (2016) estimated
bycatch value as 11.4% for veined rapa whelk beam trawl
fisheries in terms of the number of individuals caught in
the south-eastern Black Sea. Bivalve species were report-
ed to be the most frequent bycatch. Besides these, a mul-
titude of non-target crab and flatfish species are caught
in these fisheries. Eryasar et al. (2016) also reported that
the vast majority of bycatch bivalves that were mostly
below first maturity and/or minimum landing sizes were
packed with the whelks without elimination due to time
limitations.

In the Portuguese commercial mussel fishery, some
selectivity experiments were aimed at preventing the har-
vest of undersized individuals to allow them to reach at
least sexual maturity before capture (Gaspar et al., 1999;
Gaspar and Chicharo, 2007). Underwater observations
show that the diamond mesh design of the net has poor
selectivity due to clogging of mesh openings with increas-
ing catch amounts (Gaspar and Chicharo, 2007). This sit-
uation leads to the capture of non-target individuals, as
well as a great fraction of juvenile commercial bivalves
that are unable to escape from the bag (Gaspar and Chich-
aro, 2007). To circumvent this, rigid structures such as
metallic grid cages, instead of net bag had been tested to
evaluate their impact on the benthic community (Gaspar
et al., 2001). The results showed that capture of juvenile
commercial bivalve species was significantly reduced by
up to 95% using metallic grid dredges, and mostly legal
sized Callistia chione individuals were caught (Gaspar et
al., 2001). For bottom trawls, metallic grids are effective
tools to increase selectivity and have been used widely
to reduce the catch rate of bycatch species and juvenile
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fishes (Eryasar et al. 2014).

To the best of our knowledge, no studies have been
conducted on the effect of rigid grids on bycatch species
for the veined rapa whelk beam trawl fisheries. This study
aimed at evaluating the effect of novel grid-net designs
on the bycatch reduction in beam trawl fisheries. In this
context, two different grid-net designs with varying bar
spacings were compared simultaneously with a commer-
cial beam trawl with conventional diamond mesh codend,
aiming to reduce bycatch and attenuate the effect of beam
trawl fisheries on benthic species.

Materials and Methods

The sea trials were conducted on commercial fishing
grounds off Rize in the eastern Black Sea (Fig. 1) be-
tween 17 and 26 August 2017. The catch compositions
of conventional codend and GNDs were compared by
evaluating the hauls for two beam trawls towed simul-
taneously by the commercial vessel “Piryoz 53”. Thirty
hauls (15 hauls for each bar spacing) were carried out at
depths ranging from 9.5 m and 20.7 m with hauls lasting
20-22 min. Towing speed ranged between 1.5 and 2.0
knots. Following a tow, location of beam trawls on the
vessel was changed.

The frames of the beam trawls were made of 50 mm
diameter iron pipes with dimensions 40 cm deep and 2.40
m long. The gear weighed around 90 kg excluding the
weight of the mesh. Steel wires of 5 mm in width present
on the frames of the beam trawls provided ground contact
to reveal the whelks and to facilitate dragging of the net
(Kaykag et al., 2014). Both ends of the steel wires were
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mounted tightly to the feet of the frame (5 cm in depth
and 5 mm thickness, Fig. 2). Chains, weighing approxi-
mately 5 kg were used to keep the codend grounded (Fig.
2). Additionally, two legs (locally known as knives) 17
cm in length and 1 cm in thickness (Fig. 2) were used to
reinforce the steel wire from the top to increase the con-
tact with the ground.

Fig. 2: Commercial beam trawl.

The commercial codend used in this study for com-
parisons with new GNDs was one meter long and had
72 mm diamond meshes as defined by Turkish Fisher-
ies Regulations (Anonymous, 2016). The commercial
codend was constructed of 2 mm-thick double PE twine
with a guarding net used to strengthen the mesh made of
5 mm-thick twine.

In the GND, a rectangular metallic grid positioned 6
cm off the bottom replaced half of the codend (Fig. 3);
the spacing allowed the release of bycatch species. Two
different bar spacings (20 mm and 30 mm) were tested.
The grid dimensions were 2.4 m length, 50 cm width, and
40 cm height and the grid bars were 5 mm thickness. The
modified gears weighed 90 kg for the 30 mm bar space
and 110 kg for the 20 mm bar space. An underwater video
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camera (GoPro Hero 4) was installed on the beam trawl’s
frame for each haul during the study to record the oper-
ation.

The catch was screened for waste, stones, and wood
on the deck, and non-target jellyfish, crab and fish species
were separated. The remainder of the catch was weighed
by means of buckets. Sub-samples were taken for the
veined rapa whelk, bivalves, and other species based on
catch volume and the number of each species was calcu-
lated by raising with the sub-sample ratio (between 1:1
and 1:64). The samples from both beam trawls were put
into separate bags for each haul and transported to the
laboratory for counting and weighing based on species.
Lengths were measured for fish species, gastropods, bi-
valves, and crabs using electronic caliper. Spinal canal
to apex was considered for the veined rapa whelk, the

Fig. 3: Grid-net design.

maximum anterior-posterior distance was considered for
bivalves and carapace length of crabs was considered in
length measurements. Hermit crabs, due to their unsuit-
able morphology, were excluded from length measure-
ments although they were caught in abundance.

Paired t-test was used to determine the statistical sig-
nificance of the percentage catch reductions in grid-net
designs (GNDs) compared to commercial codend (CC)
for each haul and captured species.

Proportions (P) of the veined rapa whelk and two ma-
jor bycatch species (Anadara kagoshimensis and Chame-
lea gallina) caught at lengths by GNDs were calculated
as P = GND count at length/(GND plus CC total count
at length). A value of P = 0.5 indicated that there were
no differences in the catch for numbers between CC and
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GND at length. The proportions (P) were analyzed using
Generalized Linear Mixed Models (GLMM) (Holst &
Revill, 2009) to determine if the length was a factor con-
tributing to the numbers of retained target and bycatch
species from GND (He and Balzano, 2011). The results
were fit using the glmmPQL function using a penalized
quasi-likelihood approach in the ‘R’ software’s MASS
package, into four GLMM models: constant, linear, sec-
ond order, and third order. Analyses then proceeded by
fitting the third order polynomials with subsequent re-
ductions to reach statistical significance (P<0.05) for all
terms based on the Wald’s test (Holst and Revill, 2009;
Eryasar et al., 2015).

A short-term commercial loss for the GNDs as com-
pared to CC was estimated. The income was calculated
by multiplying the weight of the whelk catch with its
price per kilogram at landing. The weights for the catch
in each commercial size group were defined according to
the length-weight relationship of this species determined
by Saglam et al. (2008). The unit prices of the whelks
obtained from invoices of beam trawlers operating in the
study area displayed a classification based on size (small:
45-52 mm, medium: 53—62 mm and big: 63—76 mm) that
were accounted for in loss calculations in each GND.

Results

Underwater observations did not reveal any problems
with the operation of the GNDs and they were easily han-
dled by the crew with existing deck machinery (Fig. 4).
A 78% reduction in mean weight of the bycatch in 20
mm GND and an 83% reduction in 30 mm GND were
found to be statistically significant when compared to CC
(t=3.23, df=14, p<0.05 for 20 mm; t=4.02, df=14, p<0.05
for 30 mm). As shown in Table 1, the mean empty shell
amount was reduced by 97% in the 20 mm and by 92%
in the 30 mm GND with statistical significance (t=3.23,
df=14, p<0.05 for 20 mm; t=4.02, df=14, p<0.05 for 30
mm) as compared to CC.

Commercial and experimental gears captured 25 spe-
cies in total. Osteichthyes was the most frequent taxon (9
species), followed by Malacostraca (6 species) and Bival-
via (4 species) (Table 2).

Table 2 also elaborates the percentage reduction in ex-
perimental gears for each species and results of the paired

Fig. 4: Underwater observation of the grid-net design.

t-test. Eighteen bycatch species showed a reduced catch
of 20 mm GND as compared to CC, of which seven were
significant (p<0.05). The species with the highest reduc-
tions (with sufficient numbers in the catch) were Tritia re-
ticulata (100%), Tritia neritea (100%), Liocarcinus dep-
urator (97%) and Diogenes pugilator (94%). The least
reduction was for Rapana venosa (40%).

All bycatch species showed reduced catches for the
30 mm GND with the highest reductions being record-
ed for Donax trunculus (100%), Tritia reticulata (100%),
Liocarcinus depurator (98%), and Diogenes pugilator
(93%). Statistically significant reductions in catch for

Table 1. Average catch weights of bycatch and empty shell for commercial and experimental gears.

The mean bycatch amount (g)

Commercial Gear

Experimental Gear

The mean empty shell amount (g)

Commercial Gear Experimental Gear

20 mm GND
30 mm GND

1982.73 (s.c.144.49)
1339.60 (s.e. 75.82)

432.23 (s.e. 29.68)
234.00 (s.e. 31.08)

1009.20 (s.e. 82.30)
1343.27 (s.e. 132.28)

34.72 (s.e. 5.27)
112.67 (s.e. 13.57)

s.e. — standard error
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Table 2. Total numbers of benthic species in the catch for all hauls, the percentage reduction in experimental gears and a p-value

of the paired t-test (GND: grid-net design).

20 mm GND 30 mm GND
Total no. of Total no. of . Total no. of  Total no. of .
. . Reduction . . Reduction
commercial experimen- %) p-Value commercial experimental %) p-Value
gear tal gear ’ gear gear ’
Rapana venosa 41047 24583 40 <0.05 40684 10985 73 <0.05
Gastropoda  Tritia neritea 289 0 100 <0.05 30 0 100
Tritia reticulata 91 0 100 <0.05 160 0 100 <0.05
Anadara 6267 2300 63 <0.05 4193 658 84 <0.05
kagoshimensis
Bivalvia Chamelea gallina 3112 515 83 <0.05 3318 392 88 <0.05
Donax trunculus 337 81 76 >0.05 295 0 100 <0.05
Pitar rudis 30 0 100 33 0 100
Diogenes pugilator 16976 1058 94 <0.05 18498 1235 93 <0.05
Liocarcinus 64 2 97 <0.05 61 1 98 <0.05
depurator
Malacostraca Liocarcinus 2 1 50 22 0 100
navigator
Eriphia verrucosa 3 - 5 1 80
Pachygrapsus 0 2 - - - -
marmoratus
Xantho poressa 0 1 - 22 0 100
Arnoglossus 6 1 83 11 0 100
kessleri
Uranoscopus 5 3 40 11 2 82
scaber
Osteichthyes  Solea sp. 2 0 100 0 100
Scorpaena porcus 2 0 100 1 50
Trachinus draco 2 0 100 - - -
Gobius sp. 1 0 100 - - -
Callionymus lyra 1 0 100 - - -
Hippocampus sp. - - - 2 100
Gaidropsarus - - - 100
mediterraneus
Ascidiacea  Tunicata 876 422 52 >0.05 759 193 75 <0.05
Scyphozoa Scyphozoa 1 1 0 1 0 100
Polychaeta  Nereis sp. - - - 4 0 100
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eight bycatch species were also determined (Table 2).
Adequately captured veined rapa whelk (Rapana
venosa), blood cockle (4Anadara kagoshimensis), and
striped venus clam (Chamelea gallina) for both GND and
CC were subjected to GLMM analysis. The veined rapa
whelk showed a significant reduction in catch for each
GND (40% for 20 mm, t=2.95, df=14, p<0.05; and 73%
for 30 mm, t=7.47, df=14, p<0.05) . Each GND reduced
capture of individuals under the first maturity size (FMS)
of 40 mm (Saglam ef al., 2009) compared to CC as seen
by the length-frequency distributions for each GND (Fig.
5A and 5B). The results of optimal logit-linear model
polynomial curves obtained by GLMM for each GND
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showed that significantly fewer individuals of length <53
mm for 20 mm, and <58 mm for 30 mm bar spacings
were caught (Fig. 5C and Fig 5D). A total of 542 kg ob-
tained from the commercial gear was valued as 519 TL
(Turkish Lira) for this species as compared to a 14% drop
when using the 20 mm GND (for 452 kg, valued at 444
TL). The 30 mm GND recorded a 39% loss with a total
catch of 258 kg, valued at 257 TL (Table 3).

The bycatch amount of blood cockle was signifi-
cantly lesser in the GNDs as compared to CC (t=2.72,
df=14, p<0.05 for 20 mm GND; t=3.14, df=14, p<0.05
for 30 mm GND). As seen in the length-frequency distri-
butions in Fig. 6A and Fig. 6B, the GNDs caught fewer
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Fig. 5: Length-frequency distributions of the veined rapa whelk (Rapana venosa) for 20 mm GND (A) and 30 mm GND (B) with
first maturity size (FMS (vertical line). GLMM modeling of the size of the veined rapa whelk for 20 mm GND (C) and 30 mm
GND (D), showing differences in the catch at length. Catch ratio of 0.5 (horizontal line) indicates commercial and experimental
gears catch at equal numbers. The solid line indicate the mean, the grey band is the 95% confidence level. The vertical line shows

the length below which the reduction of the catch is significant.

Table 3. The income by commercial (CC) and experimental (EP) gears [according to Turkish Lira (TL)] and economic loss in a

changeover to 20 and 30 mm grid-net design (GND).

20 mm GND 30 mm GND
Size Unit Price  CC Weight Income EP Weight Income CC Weight Income EP Weight Income
Groups (TL) XKG) (TL) KG) (TL) (KG) (TL) XKG) (TL)
Small 0.85 236 201 147 125 268 228 80 68
Middle 1 241 241 236 236 153 153 126 126
Big 1.2 65 77 69 83 32 38 52 63
Total Value 519 444 419 257
Loss (%) 14 39
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Fig. 6: Length-frequency distributions of the blood cockle (Anadara kagoshimensis) for 20 mm GND (A) and 30 mm GND (B)
with first maturity size (FMS (vertical line)). GLMM modeling of the size of the blood cockle for 20 mm GND (C) and 30 mm
GND (D) showing differences in the catch at length. Catch ratio of 0.5 (horizontal line) indicates commercial and experimental
gears catch equal numbers. The solid line gives the mean; the grey band gives the 95% confidence level. The vertical line shows
the length below which the reduction of the catch is significant.

Table 4. Coefficient values and significance (p) for veined rapa whelk (Rapana venosa), blood cockle (Anadara kagoshimensis),

Number of individuals

Catch: GND/(GND+CC)
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50

Coefficient Value SE d.o.f. t-Value p-Value
30 mm GND BO —6.44 0.59 39 —-10.98 <0.05
Rapa whelk Linear

0.11 0.012 39 9.16 <0.05

20 mm GND Rapa whelk Linear PO -3.20 0.47 40 —6.76 <0.05

B1 0.06 0.01 40 5.62 <0.05

30 mm GND . BoO 0.49 0.61 33 0.81 <0.05
Blood cockle Quadratic

B1 -0.38 0.10 33 -3.66 <0.05

B2 0.01 0.00 33 3.93 <0.05

Bo 0.85 0.63 36 1.36 <0.05

20 mm GND Blood cockle Quadratic B 1 -0.37 0.10 36 -3.68 <0.05

B2 0.00 0.00 36 3.32 <0.05

30 mm GND  Striped venus clam  Constant (0 -2.19 0.30 5 -7.32 <0.05

20 mm GND  Striped venus clam  Constant 0 —-1.80 0.43 4 —4.15 <0.05

SE-standard error; d.o.f.—degree of freedom.
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individuals under first maturity length of 20 mm (Sahin et
al., 2006). The GLMM analysis best fit the data with the
logit-quadratic model (Table 4) showing that significant-
ly fewer blood cockle individuals were caught at lengths
<36 mm for 20 mm GND, and <38 mm for 30 mm GND
(Fig. 6C and Fig. 6D).

The catch amount of the second most frequent by-
catch, the striped venus clam was significantly reduced
by 83% in the 20 mm GND and by 88% in the 30 mm
GND (t=2.60, df=14, p<0.05 for 20 mm GND; t=3.72,
df=14, p<0.05 for 30 mm GND). All striped venus clam
individuals caught by CC and GND gears were below
the minimum landing size (MLS) of 17 mm (Anony-
mous, 2016) (Fig. 7A and Fig. 7B). GLMM analysis re-
vealed that although there was a reduction for all length
groups, the reduction in each GND was not significantly
length-related (p>0.05; Table 4).

Discussion

This study showed the use of grid-net design as an
alternative to commercial beam trawl to considerably re-
duce the bycatch of most benthic species with some loss
of the veined rapa whelk. This is primarily attributed to
the geometry of the gears during the hauling process.
Traditional diamond mesh codends tend to close with in-
creasing catch amounts during the tow (Robertson and
Stewart, 1988), preventing escape and resulting in a high
proportion of unwanted or non-target catch. Metal bars
used in the GND remain open and allow high amount of

Chamelea gallina
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escape during a tow. Additionally, underwater recordings
show that small and large individuals are eliminated via
the net ramp and parallel bars throughout the tow as the
grid is raised up from the bottom. This finding fits with
Gaspar’s observations (2001) that capture of non-target
individuals was significantly reduced by using a rect-
angular metallic grid system as compared to a net bag
collection system in Portuguese dredge fishery. Although
the survival of escaped individuals was not determined
during this study, Gaspar showed, for the dredge fish-
ery of Callista chione, that undamaged escaped bivalves
could successfully resume their activity.

Our results showed a commercial loss to fishermen
due to the escape of some rapa whelk individuals over the
length of 45 mm that have a commercial value. It was es-
timated to be 25% higher for the 30 mm GND compared
to the 20 mm GND. Since the length limit for processing
factories which ultimately buy the catch from the fisher-
men for export to Asian countries may vary with season-
ality or different fishing grounds, this loss is expected to
fluctuate up or down based on time and region.

The GNDs for each bar spacing significantly reduced
bycatch amounts of blood cockle and capture of juve-
nile individuals. However, smaller 5-6 cm bivalves were
caught in greater numbers, being lifted up by the steel
wire and drifting toward the aft of the grid. The smaller
bivalves may have been stuck on the veined rapa whelk
individuals that accumulated and covered the aft bar spac-
ing in the grid. Additionally, prevalent recruitment sea-
son beginning in August may also increase the capture of
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Fig. 7: Length-frequency distributions of the striped venus clam (Chamelea gallina) for 20 mm GND (A) and 30 mm GND (B).
GLMM modeling of the size of the striped venus clam for 20 mm GND (C) and 30 mm GND (D), showing differences in the catch
at length. Catch ratio of 0.5 (horizontal line) indicates commercial and experimental gears catch equal numbers. The solid line

gives the mean; the grey band is the 95% confidence level
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smaller individuals of blood cockle by both gears (Sahin
et al.,2006). Similarly, for the striped venus clam, despite
a significant decrease in the number of individuals caught
as bycatch, the size of captured ones was generally below
MLS. This may be due to the distribution of smaller indi-
viduals closer to the bottom surface as compared to larger
individuals (Gaspar et al., 2007).

The GNDs for both bar spacings tested were found
to be successful in significantly reducing the bycatch
amount of small species like the shore crab (Liocarcinus
depurator) and the hermit crab (Diogenes pugilator). The
GNDs tested allowed almost all shore crab individuals
to escape. The shore crab is one of the most frequent
bycatch species in commercial beam trawls in the re-
gion (Eryasar et al., 2016) and given its role as a food
source for a number of organisms (Aydin ef al., 2013).
The ecosystem in the region would be benefited from ex-
cluding them from beam trawl catches (Eryasar, 2017).
Each GND could make a significant contribution toward
achieving this goal.

GNDs have been found to successfully release both
round and flat-bodied fish species. Almost all flatfish spe-
cies (Arnoglossus kessleri and Solea sp.) could escape
from the GNDs for each bar spacing shortly after enter-
ing the beam trawl. The Atlantic stargazer (Uranosco-
pus scaber) was the most abundantly captured fusiform
fish species, only the 30 mm bar spacing GND was large
enough to release the individuals. Atlantic stargazer is as-
sessed as vulnerable by Yankova ef al. (2014) for Black
Sea and the effective implementations are needed to con-
serve such species. The implementation of 30 mm GND
for use in beam trawls could potentially benefit the pop-
ulation of this species if escaped individuals survive. An
assessment of survival of Osteichthyes species after es-
cape from the GND was not conducted during the study;
however, one-year-old cod (Gadus morhua), haddock
(Melanogrammus aeglefinus) and whiting (Merlangius
merlangus), showed no mortality when excluded from
a metal grid placed in front of the codend (Isaksen and
Soldal, 1997).

In conclusion, 20 mm and 30 mm GNDs were suc-
cessful in reducing bycatch amounts of many benthic
species in the region along with a decrease in the whelk
amounts being caught. The potential short-term losses
that accompany these new designs might cause an oppo-
sition to the implementation of the GNDs in the fleet un-
less management can provide compensation to the fisher-
men. An extension of the rapa whelk fishing season may
be a possible solution for this compensation. The effect
of the beam trawls on escaping individuals would need to
be further investigated to understand the efficacy of this
bycatch reduction device in reducing fishing mortality.
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