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Abstract: 	 Striped Venus clam (Chamelea gallina) fishery is intensively carried out on the Black sea coast of Tur-
key using a hydraulic dredge. For this reason, this study aimed to determine the selectivity of the spiral 
sieves used in this fishery and the factors affecting the selectivity depending on the structure of the sieve. 
Samplings were carried out on the coast of the South Black sea onboard a commercial clam vessel from 
3 to 15 December 2019. The covered codend method was applied, and the between haul variations were 
taken into account by using CC2000 and ECmodel software. Thus, the L50 results of the Standard Sieving 
Process (SSP), Cycle per minute (CPM), and Flow rate (FR) were determined as 15.17 mm, 15.49 mm, 
and 17.06 mm, respectively. Besides, only one factor (FR) affects selectivity. The SR values were found 
to be quite high for all sieving processes. The proportion of individuals below the minimum legal size in 
landed catches was determined as quite high. Therefore, the design of a new different sorting sieve system 
would be more appropriate for striped Venus clam fishery.
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Introduction
Striped Venus clam Chamelea gallina (Linnaeus, 
1758) (Bivalvia: Veneridae) is found from Norway 
to the coast of North Africa including the Mediter-
ranean, Marmara and Black Seas; it is distributed 
widely in sandy and sandy-muddy areas at a depth 
of 5–25 m (Gaspar et al. 2003). Turkey was the 
only country on the Black sea coast that conducted 
clam fishery but recently other countries, including 
Bulgaria, have developed an interest in other non-
fish resources such as C. gallina (FAO 2021a). The 
annual production of C. gallina in Turkey (34941 
tons) was more than that of Europe (14142 tons) in 
2017, though the product is not consumed by Tur-
key and is exported to the European Union (Dalgıç 
& Ceylan 2012, FAO 2021b, TUİK 2019). Thus, 
sustainable exploitation of clam stock in the Black 
sea is very important. Dredges were imported from 

Italy in the 1990s but the fishing method differs. 
While the boats are towing the dredge backwards 
with the help of an anchor in the Adriatic, in the 
Black Sea the dredge is operated from the stern of 
the boat and is towed forward (Dalgıç 2006, Pe-
tetta et al. 2021). The hydraulic dredges are said to 
have poor selectivity characteristics while towing 
due to the spaces between the bars getting clogged 
by the sediments and small clam jams during the 
operation (Kim et al. 2005). Since the selection pro-
cess is made using the sieves on the deck, small-
er clams and the discards should be thrown alive 
into the sea during this process. Double-layer spi-
ral sieves are used in almost all Black Sea boats. 
The first layer sorts and throws larger species such 
as Rapana venosa, Anadara kagoshimensis back 
to the sea, but Venus clam is not supposed to be 
thrown out of the sieve in this layer. The second 
layer sorts the landed catch and rejects the smaller 
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size individuals. There is no regulation for the spi-
ral sieves in the Turkish fishery legislation, except 
that the distance between the bars cannot be less 
than 8.5 mm (Anonymous 2016). It is not known 
which scientific study was taken into account when 
this arrangement of the regulation was put into ef-
fect and its relationship with the minimum landing 
size (MLS) (> 17 mm). 

In a previous study, the ratio of small size clam 
was reported to exceed the legal limits with the rate 
of discard being 36 % in the landed catch (Dalgıç 
& Ceylan 2012). Recently, fishermen have com-
plained that the size of the C. gallina in the exploit-
ed stocks is smaller and the sieves cannot discard 
the small size individuals (personal communica-
tion). Therefore, an obvious selection problem ex-
ists in the C. gallina fishery. Besides, the effects of 
hydraulic dredges on target and non-target species 
differ in the short and long term. Though the effect 
was less on the non-target species, the recovery of 
the target species was taking a long time as well 
(Ragnarsson et al. 2015), revealing the impor-
tance of capturing the appropriate size individuals 
for sustainable fishing. It is very important to de-
termine the selectivity characteristics of the spiral 
sieves to understand whether we need sieves that 
are more selective. The purpose of this study was to 
determine the selectivity of spiral sieves used in C. 
gallina fishery. 

Materials and Methods
Study area and samplings
Totally, 20 hauls were carried out on the Karasu 
and Düzce coast of the South Black sea from 3 De-
cember to 15 December 2019 (Fig. 1). Researchers 
participated in the commercial activities of a fish-
ing boat (Sinyor Paşa; LOA: 15 m, 380 HP main 
engine, 130 HP secondary engine for water pump). 
The cylindrical spiral sieve consisted of two layers, 

where the first layer had a grid with a bar spacing 
of 14 mm. The whole catch to be sieved was sent 
from the collection box to this part in the centre of 
the cylinder by water flow. Only large-sized species 
or materials were retained in the first layer. As the 
sieve cycle progressed, the material retained in the 
layer moved to the exit at the end of the sieve and 
was thrown by the water flow into the sea. However, 
striped Venus clams passed directly to the second 
layer. The second layer consisted of a grid with a bar 
spacing of 8.5 mm. Individuals below the minimum 
landing size fell out while the marketable product 
moved forward, toward the exit of the second layer 
for packaging. The length and the diameter of the cy-
lindrical sieve were 200 cm and 80 cm, respectively 
(Fig. 2), and the sieving process was performed at 
45 Cycles Per Minute (CPM).

The experiment was conducted in two steps. 
The effects of some changeable or intervenable 
properties of sieve on the selectivity were deter-
mined by selecting two parameters, except for the 
constructional properties. Firstly, the Standard 
Sieve Process (SSP) was carried out by the crew 
for 10 sieving processes. The first parameter was 
the amount of product entering the sieve (Flow 
Rate – FR) and the second one was the number of 
cycles per minute (CPM). These parameters were 
easily changeable by the crew during the process 
and were considered a means for increasing the 
amount of the marketable product. For this reason, 
these parameters were analysed by considering 
on-board observations and the opinions of experi-
enced fishermen.

Five sieving processes were carried out to assess 
the effect of each parameter, through reducing either 
the CPM of the sieve or the FR of the material into the 
sieve by 25%. Once the sieving process was started, 
marketable and discarded clams were collected and 
the samples were tagged and stored on-board. The 
commercial and discarded catches were weighed, 

Fig. 1. Study area.
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subsampled and the length of clams was measured to 
the nearest mm accuracy with digital calliper (Sylvac, 
S Cal EVO Smart). Thickness measurements were 
performed to determine the relationship between the 
length and thickness of the clams. Furthermore, the 
amount of wastage (small size organisms and striped 
Venus clam shells that cannot be discarded) in the 
landed catch was determined.

Samplings with the SSP were carried out at 
the depths of 8–16 m and the hauling speed be-
tween 3.2–3.4 knots. In the sampled CPM hauls, 
the depth and the hauling speed ranged from 11–14 
m and 3.2–3.4 knots, respectively. The haul speed 
was recorded as 3.5 knots in only one haul and the 
depth in FR sampling varied between 11–15 m. 
The duration was recorded as 8 min in all the op-
erations.

Data analysis
The size selectivity for the spiral sieve processes 
was assessed using the covered codend method 
(Wileman et al. 1996). The length frequency of 
eliminated and retained catch should be known in 
this method. During the operation of the sieve, the 
rejected small-size individuals were collected. Thus, 
the same principle of a covered codend method was 
adopted and applied in this work.

The L50 selectivity parameters for each sieving 
process were estimated by fitting a logistic function:

 ( )     (      )  [      (      )] 

    
   
  

 

where r(l) is the retained material in layer 2 
(selectivity takes place in this layer), which is pro-

portional to the length class, and v is the parameter 
to be estimated (Wileman et al. 1996).

Another important parameter in terms of se-
lectivity is the selection range (SR) that is the dif-
ference in total length of fish having 75 and 25% 
probability of being retained, respectively. This is 
a parameter related to the sharpness of the selection 
curve. SR for each sieving process was estimated 
using the formula below.

SR = L75-L25

Selectivity parameters for individual hauls 
were estimated using the residual maximum-likeli-
hood method. The mean 50% retention length (L50) 
was calculated using the between-haul variation 
method developed by Fryer (1991). All possible lin-
ear expressions of the selectivity parameters as func-
tions of the explanatory Flow Rate (FR) and Cycles 
Per Minute (CPM) were tested as a two-level factor. 
The model that best describes the data was selected 
according to the lowest value for Akaike’s Informa-
tion Criterion (Akaike 1974, Fryer & Shepherd 
1996). Estimations of the selectivity parameters and 
models were performed using CC2000 and ECMod-
el software.

Results
During the study, a total of 20 randomly selected 
hauls were sampled in 10 SSP with 5 CPM, and the 
FR was 5. The details of the 10 standard procedure 
and 10 experimental hauls performed during the 
study are summarised in Table 1 The wastage ratio 
of the SSP ranged from 9.7 % to 15.4 %, and the 

Fig. 2. Spiral sieve the selectivity characteristic of which determined.
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mean value was determined to be 12.24 ± 2.01 % 
(Table 1). The linear regression between length and 
thickness is given in Fig. 3. The clam thickness for 
17 mm length was calculated as 8.16 mm.

The selectivity parameters of SSP were calcu-
lated for each sample (Table 2). Sample number 8 
was not taken into account due to an error during the 
sampling. The L50 and SR (Selection range) values 
varied between 14.56–15.61 mm and 2.70–5.18 mm, 
respectively. The calculated mean L50 value was 15.17 
mm, and the SR value was 3.67 mm. The length-fre-
quency distribution of the landed C. gallina caught in 
the SSP samples is given in Fig. 4. The average length 

of the landed clams was 17.05 ± 0.23 mm. 38.10% of 
the landed biomass was found to be smaller than the 
minimum landing size (MLS: 17 mm).

The wastage ratio of CPM ranged from 9.6 % 
to 24.3 %, and the mean value of wastage was de-
termined as 14.74 ± 5.8 % (Table 1). The selectiv-
ity parameters of CPM hauls are given in Table 2. 
The L50 and SR values varied between 14.78–15.86 
mm and 2.47–5.60 mm, respectively. The calculated 
mean values of L50 and SR were 15.44 mm and 4.23 
mm, respectively. The length-frequency distribution 
of the landed C. gallina caught in the CPM sam-
ples is given in Fig. 4. The average length of the 

Fig. 3. The length-thickness relationship of striped Ve-
nus clam.

Fig. 4. Length frequency of C. gallina in the landed catch.

Table 1. The details of hauls. Legend: D: duration, Wastage: Weighted components except for the clam in the landed catch.

Type Date Speed (Knot) Depth (m)
Time

Location Wastage (%)
Start End D. (min)

SSP
1 03.12.2019 3.2 8 06:55 07:03 8 Düzce 10.9
2 03.12.2019 3.3 8 07:35 07:43 8 Düzce 9.9
3 03.12.2019 3.4 11 09:30 09:38 8 Karasu 15.4
4 03.12.2019 3.3 11 11:50 11:58 8 Karasu 15.1
5 04.12.2019 3.2 14 06:00 06:08 8 Karasu 12.3
6 04.12.2019 3.2 16 08:00 08:08 8 Karasu 12.3
7 04.12.2019 3.2 9 09:36 09:44 8 Karasu 13.8
8 05.12.2019 3.2 9 07:41 07:49 8 Düzce
9 05.12.2019 3.2 8 12:34 12:42 8 Düzce 10.6
10 05.12.2019 3.2 10 12:55 13:03 8 Düzce 9.7

CPM
1 04.12.2019 3.3 11 06:54 07:02 8 Karasu 24.3
2 05.12.2019 3.2 12 08:04 08:12 8 Karasu 12.6
3 05.12.2019 3.3 14 09:00 09:08 8 Düzce 11.6
4 05.12.2019 3.4 13 10:32 10:40 8 Düzce 9.6
5 05.12.2019 3.3 11 11:57 12:05 8 Düzce 15.8

FR
1 03.12.2019 3.5 11 07:15 07:23 8 Düzce 12.9
2 03.12.2019 3.3 12 08:02 08:10 8 Düzce 9.8
3 03.12.2019 3.3 11 08:40 08:48 8 Düzce 7.9
4 06.12.2019 3.5 9 09:45 09:53 8 Karasu 11.6
5 06.12.2019 3.2 15 10:17 10:25 8 Karasu 8.5
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landed clams was calculated as 17.17 ± 0.25 mm. 
Also, 36.55 % of the landed biomass was found to 
be smaller than the MLS. 

The wastage ratio of the FR ranged from 
7.9 % to 12.9 %; the mean value was determined as 
10.14 ± 2.09 % (Table 1). The selectivity parameters 
of the FR hauls are given in Table 2. The L50 and SR 
values varied between 16.07–17.7 mm and 2.43–3.44 
mm, respectively. The calculated mean L50 value was 
17.06 mm while the SR values were 2.86 mm. The 
size frequencies of the landed Chamelea gallina in the 
FR samples are given in Fig. 4. The average length of 
the sampled clams was calculated as 18.12 ± 0.34 mm 
and 21.06 % of the landed biomass was found to be 
numerically smaller than 17 mm. Selectivity curves 
for all the sieving processes are shown in Fig. 5.

The reduction of FR (one of the external vari-
ables) was found to have an effect on the L50 value 
and inversely proportional to L50, while it had no ef-
fect on SR (Log-Likelihood: –35.06, AIC:  76.12) 
(t  =-6.539, p<0,01) (Table 3). The model selected 
according to the lowest value of Akaike’s Informa-
tion Criterion-AIC (Fryer and Shepherd, 1996), was:

 (   
  )         

  
 

There was no statistically significant effect of 
CPM on either L50 or SR.

Fig. 5. Mean selectivity curves of Standard Sieve Process 
(SSP), Cycles Per Minute (CPM), Flow Rate (FR).

Table 2. Selectivity parameter for samples. Legend: L50 (%50 retention), SR (Selection range), SE (Standard error) are 
the selectivity Parameters. V1 and V2: maximum likelihood estimators of the selectivity parameters, Ri. are values in 
the covariance matrix, d.f.: degrees of freedom.

Table 3. Determining the direction and magnitude of the 
influence of the explanatory variable on selectivity pa-
rameter. Legend: α1: alpha parameter estimates, SD: stan-
dard deviation, d.f.: degrees of freedom, fi: FR.

Parameter Estimate S.D. t-Value d.f. p-Value

α1 (L50, constant) 18.123 0.382 47.476 32 0.000

α2 (SR, constant) 3.433 0.192 17.868 32 0.000

α3 (L50, fi) -0.028 0.004 -6.539 32 0.000
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Discussion
The fishery of Chamelea gallina has been carried 
out in the Black sea for a long time (Dalgıç 2006). 
However, there is a need for increased regulations 
and standards to manage this fishery. Our results 
show that the selectivity of spiral sieves is not sat-
isfactory. The primary aim of the fishermen is to 
eliminate the product accumulated in the collection 
box within 8 min and process the product for the 
next haul. Therefore, they are not concerned about 
better selectivity or smaller individuals but only 
try to reduce the waste in the landed catch. That is 
because they do not encounter any problems while 
marketing the smaller individuals. The L50 (15.2 
mm) and SR (3.7 mm) values obtained from the SSP 
were not within the acceptable limits. Additionally, 
the wastage (12.2 %) and small individual (38.9%) 
ratios in the landed catch were not at all profitable 
for a fishery with a quota. The same bad results 
were encountered even in the CPM results, where 
the L50 value was approximately the same as that of 
the SSP along with the bad wastage (14.74 %) and 
small individual (61.18 %) ratios. Furthermore, the 
SR value obtained was very wide. Only in the FR 
samples, a valid L50 value was obtained but the other 
parameters were still unacceptable (SR, wastage, 
and small individual). 

Considering the selectivity of spiral sieves, 
it is clear that sufficient selectivity characteristics 
were not achieved as seen from the low L50 value 
and wide SR range, although it has sufficient spaces 
between bars in terms of clam thickness. Even if 
the value of L50 reached 17 mm by reducing FR, the 
high proportion of smaller individuals in the landed 
catch indicated that this L50 value was also not suffi-
cient. Moreover, the flow rate is under the control of 
the fishermen, hence it is not possible to standardize 
it logically. Again, the wide range of SR leads to 
the mixing of small individuals in the landed catch, 
which in turn results in commercial losses within 
the discarded catch. Better results can be achieved 
by a controlled mechanical sieve process on the 
deck. 

A study conducted in 2009–2010 reported the 
rate of discard and small individuals in the landed 
catch to be 36% and 19%, respectively (Dalgıç & 
Ceylan 2012). It was reported in 2012 that spiral 
sieves were insufficient in terms of the rate of the 
discard and small individuals; thus, they were not 
suitable for our selectivity study. It is necessary to 
consider new sieve alternatives that may provide 
better results.  Clams must be in contact with the 
grids in a vertical position to get a good selectiv-

ity. The rotational movement of the spiral sieve is 
not considered sufficient for this vertical contact be-
cause clams move forward as a pile at the bottom 
of the spiral sieve. A similar problem (all captured 
clam individuals do not come into contact with the 
metal bar of the dredge) was reported in a study 
on dredge selectivity, the contact of all individuals 
with escape space between the metal bars is very 
important for the full realisation of size selectivity 
(Petetta et al. 2021). To improve contact of all in-
dividuals, a flat and vibrating area that allows clams 
to fall out of the gaps in the grids may be needed 
rather than spiral sieve. One study reported success 
in reducing the retention of small-sized individuals 
up to 5 % using vibrating sieves while increasing the 
number of individuals up to 67 %, which is above 
the legal limit (Sala et al. 2017). Thus, it is nec-
essary to develop urgently a vibrating sieve for the 
clam fishery in the Black Sea. It can ensure that both 
large-size discards and small-size clams that cannot 
be sieved are thrown into the sea quickly with a vi-
brating sieve, which should consist of several layers. 
The newly designed vibrating sieve may positively 
affect the commercial income of fishermen, which 
are currently discarding a large part of their daily 
catch.

It was reported that the growth rate of striped 
Venus clams was lower in the Black Sea compared 
to other seas; that it reaches reproductive maturi-
ty after the first year of age (Dalgıç et al. 2009). 
The MLS applied in the Adriatic Sea is 25 mm and 
striped Venus clam individuals at this length are 
three years old (Bargione et al. 2020). While the 
average length of striped Venus clam at the age of 
three was 17.6 mm in the areas closed to hydraulic 
dredging fisheries in the Black Sea, it was reported 
as 14.8 mm in the fishing areas. Reproduction in the 
Black Sea occurs in smaller individuals than in the 
Adriatic Sea. It is very important to investigate the 
contribution of the number of eggs and recruitment 
provided from these small-sized individuals to the 
sustainability of the stocks and fisheries of C. gal-
lina in the Black Sea.

The high rate of small individuals in the com-
mercial catch is a threat for sustainable striped Ve-
nus clam stocks because many striped Venus calms 
are caught before they reach breeding size. Moreo-
ver, the stocks should be exploited at a lower rate 
for sustainability (Worm et al. 2009). However, the 
most important strategy for achieving the desired 
patterns in exploitation is the selectivity regulations 
of many fisheries (Macher et al. 2008). Therefore, 
modifications are needed to reduce the SR and ob-
tain a steeper S-shaped selectivity curve. 
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Conclusion
The present results did not show sufficient selectiv-
ity in either SSP or CPM samples. Although a valid 
L50 value was reached by reducing the flow rate, it is 
understood that appropriate results were not obtained 
due to the high SR value and the high proportion of 
smaller individuals in the landed catch. The technical 
character of the sieve varies depending on the choice 
of the boat owner and FR is under the control of the 
crew. Many technical components affect the CPM 
of the sieve. Hence, it is very difficult to standard-
ize this type of sieve and put it under the control of 
authorities. Even if sufficient sieves in terms of se-
lectivity are developed, the crew can easily change 
the character of a sieve to gain more product. In this 
context, it is more appropriate not to use spiral sieves 
in the clam fishery. A new standardised sieve needs 
to be developed that provides adequate selectivity 
with fishermen compulsorily using the sieve.
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