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Abstract:

Integrated management of fishery resources requires in-depth knowledge of the links and interactions
between the environment and resource exploitation, respectively the management methods at ecological,
biological and fisheries levels. Fisheries management is a complex operation, which includes a series of
measures: fishing effort, type of gear or techniques that can be used for fishing (overall dimensions, mesh
size, twine size from which the meshes are made, rigging coefficient), selectivity and retention capacity
of gear, limitation of access to resources (minimum size of fish, fishing quotas, prohibited fishing season
and prohibited fishing areas). In this context, the main objective of the study was to improve the selectiv-
ity of the cage type gears used for gobies fishing on the Romanian Black Sea Coast. The estimated results
are those of protecting the young generations of gobies by developing measures on the minimum size of
the gobies that can be retained during fishing, the minimum size of the eye of the mesh, the twin size of
the wire from which the meshes are made and the optimal rigging coefficient. From the data processing,
it resulted that for the retention of specimens of gobies with a minimum total length (L__ ) of 135 mm and
the girth (P__ ) of 75 mm, optimal are the cages that have the outer shell made of mesh with size of the eye
of 20 mm because they retain specimens of gobies with L . > 135 mmandP__>75.
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Introduction

now traps are more selective of small round goby,
while trotlines and gill nets are more selective of
larger individuals. The financial cost of the three

The gobies species have been the target of com-
mercial and sport fishing since early times. Gobies
were fished with gillnets, longlines and hand-lines
by 2010; starting in 2011, the fishermen started to
use trap gears — pots for catching gobies with bait,
a tool that proved to be very profitable by reduc-
ing operating costs and obtaining profitable catch-
es (ANTON 2016). Other studies (CHRISTINE et al.
2006) have shown that the baited minnow traps are
the most effective at collecting round goby, fol-
lowed by trotlines and monofilament gill nets. Min-
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gears indicated that the cost per round goby varied
among gears and seasons. However, the pots used
by economic agents in Romania for fishing gobies
presented an inconvenience, i.e. the small size of
the mesh (a = 10 mm), a situation that favoured the
non-selective retention of sexually immature gob-
ies. Moreover, there was a significant increase in
fishing effort with this type of gear in four years
(2014-2019). The intensification of the fishing
effort with the pot-type gear and the use in their
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production of some nets with undersized mesh can
lead to a very serious damage of the gobies stock.
For these reasons, a study has been conducted on
the selectivity of gobies pots.

Materials and Methods

We implemented biometric observations of speci-
mens of gobies retained in pots with different mesh
size (10, 18, 20 and 22 mm) installed in the sea by
researchers from NIMRD-Constanta and by the eco-
nomic agents that carry out fishing activities along
the Romanian Black Sea coast. To carry out the
study, 30 pots were purchased (commercial models
in specialised stores) with the following technical-
constructive characteristics: total length 550 mm,
helical arc diameter of 250 mm and mesh side of 10
mm (Fig. 1). We rested the selectivity of the tool:
three assortments of relon mesh with a wire diam-
eter of 1-1.3 mm and an eye side of 18, 20 and 22
mm were also purchased, which were used to make
a differentiated coating of the pots used for testing.
In this sense, a number of 24 of the 30 cages were
uncovered from the outer shell, finally obtaining in
addition six cages with a side of the mesh of 10 mm
and eight cages with an eye side of 18, 20 and 22
mm. The grip of the outer net was made with a pos-
session coefficient of 0.707 in order to give the mesh
a square shape (shape that facilitates a higher per-
centage escape of sexually immature specimens as
compared to the rhombic one). Because the installa-
tion of the gobies pots in the sea is done in a long-
line system, three rows of 10 cages interspersed
were made, differentiated two by two, depending on
the size of the mesh.

The launching of the gobies pots was carried
out by the NIMRD researchers from boats and by
the economic agents that carry out fishing activities
on the Romanian coast under the direct assistance of
the specialised personnel (Figure 2). As the gobies
pots are a bait trap tool, the penetration of the go-
bies inside the tool was stimulated through adding
chicken necks or spines before launching the tool
into the water.

In the case of small baits (crushed shells, pi-
pettes, small fish, etc.), before being placed inside
the tool, they had been firstly placed in bags made of
mesh with a side of the eye of 7 - 8 mm, to avoid their
extraction from the outside by the fishing object.

In the case of cage-type gear for gobies fishing,
the selectivity was determined by comparing the
length of the gobies specimens retained in the pots
of with different mesh sizes; the ratio P/ 4 a between
the girth of the fish (P) and the mesh size perimeter
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(4 a), corresponding to each length class (ADaMm et
al. 1981, ANTON 2016).

The selectivity and catchability of gobies pots
depend on both mesh size and other factors such as
design (shape of the mesh eye defined by the rig-
ging coefficients), visibility (colour of the cords),
geometric shape during operations, type of bait used
(depending on the season) and its freshness, as well
as on the behaviour of fish (Apam et al. 1981). The
likelihood of a sexually-mature fish escaping from
cage-type fishing gear depends on both the mesh
size, as mentioned above, and the value of the hori-
zontal (U1) and vertical (U2) coefficients of rigging
(Fig. 4) (FAO 1978). If the mesh is square, then

X . J2
y=x,a=$ 1arU1=U2=7 =0.707.

This way the mesh will have the maximum
opening horizontally and vertically (ANTON 2016).

In the case of the gobies species, their body be-
ing fusiform (approximately circular), the value of the
optimal rigging coefficient is 0.707, a value that will
prevent a more easy escape of immature specimens that
enter the pots. Another advantage of using a rigging
coefficient of 0.707 is also materialised in a lower con-
sumption of mesh (material saving) (Apam et al. 1981).

In order to avoid hanging and tangling the gob-
ies, it is recommended that the nets be made of cord
with a diameter of 1.0-1.3 mm, and their colour is
recommended to be varnish or blue in order to be
in a shade with the aquatic environment and not to
arouse suspicion of the fishing object. On the other
hand, given that the installation of gobies pots is
done with anchors on stony bottoms, a type of sub-
strate preferred by gobies species, and their position
on it is not fixed, the cages will also have frictional
movements generated by sea currents. For these rea-
sons, a diameter of 1-1.3 mm will provide greater
resistance to friction that occurs between the cage
net and the stony substrate.

Fig. 1. Pots for capturing gobies.
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Fig. 3. Map of the fishing points.

Results

The species that were identified in a high percent-
age in the samples was Mesogobius batrachoceph-
alus (Pallas, 1814); a very small percentage, only
4 specimens, was Neogobius melanostomus (Pal-
las, 1814). Other species recorded as bycatch were
Gaidropsarus mediterraneus (Linnaeus, 1758) —
one specimen, Parablennius sanguinolentus (Pallas,
1814) — two specimens, Ctenolabrus rupestris (Lin-
naeus, 1758) — one specimens, and Pachygrapsus

marmoratus (Fabricius, 1787) two specimens.

The biometric measurements, total length and
the girth (in the case of gobies, the perimeter of the
maximum cross section is located in the head area)
were performed at the shore, respectively at the lab-
oratory using the ichthyometer and roulette.

In order to establish the optimal mesh size, for
pots with a total length of at least 135 mm and a
maximum cross-sectional perimeter of 75 mm (di-
mensions reached by M. batrachocephalus at first
sexual maturity, see Rapu & Rabpu 2008), three
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Table 1. Mesh size, maximum perimeters and cross-sections recorded at analysed gobies.

Eye Mesh rg;[;fllelgl;:lt:enf;he Maximum perimeter re- Minimum length re- Minimum perimeter re-

Size @ ) & tained in the cage (P ) | tained in the cage (L ,) | tained in the cage (L _,)
a=10 236+1.41 130+2.57 126+2.43 73+0.38
a=18 257+1.17 118+1.67 135+1.87 73+0.97
a=20 258+0.97 123+2.08 144+1.21 77+0.49
a=22 187+2.81 105+1.19 170+1.73 95+1.73

S

Fig. 5. Variation of mesh shape depending on the hori-
zontal rigging coefficient (FAO 1978).

rows of pots were used. They were arranges as 10
pots per row caught in a long line system and inter-
spersed differently two by two depending on the size
of the mesh, with distance between the cages of 6 m.

Table 1 shows the value ranges correspond-
ing to the maximum perimeters and cross-sections
recorded in the gobies captured during the sea test
of cage-type tools for different values of the mesh
size. Totally, four expeditions were organised in
2019: two in the Mangalia area during March and
April and two in the Constanta area during August
and September, at depths of 7-17 m (Fig. 3). The
soaking time of the cages in the sea was 24 hours.
The value of catches and structure by species was
variable from one area to another (Fig. 4). From the
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data obtained during the experiments (Table 1), the
following observations were obtained:

1. Pots with mesh size of 10 mm retained non-
selectively, meaning specimens of gobies below the
length of 135 mm, respectively the girth of 75 mm,
dimensions corresponding to the stage in which they
reach the first maturation.

2. Cages with the mesh size of 18 mm retained
specimens of gobies at the threshold of a minimum
length of 135 mm or at a girth (P) of less than 75
mm. In this case, the perimeter of the mesh 4 * a
= 72 mm had a value lower than P, which favoured
the retention of specimens with L > 126 mm and
P> 72 mm. It should also be borne in mind that the
relon contracts in water between 2 and 8 %, less for
small diameter threads (2—3 %) compared to larger
diameter strings (3—8 %). In our case, the nets being
made of wire with a diameter of 1-1.3 mm, the con-
traction will be approx. 2 %, which will lead to a de-
crease in mesh size by 0.36 mm; in this case, the size
of the side eye may reach the value of 17.64 mm.
The perimeter of the eye mesh, in this case, may me
equal to 70.6 mm, i.e. less than the perimeter of the
minimum cross-section (P = 75 mm) corresponding
to the minimum length of 135 mm for specimens
that have reached the stage of sexual maturity. For
this reason, it is explainable why nets with an eye
side of 18 mm have the ability to retain sexually
immature specimens below 135 mm. On the other
hand, it should be borne in mind that, during opera-
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Fig. 6. Distribution of captured individuals of Mesogobius batrachocephalus by pots mesh size and by total.

60

50

40

30

20

10

95-100

90-95
100-105
105-110
110-115
115-120
120-125
125-130

I Pots a=10 mm B Pots a=18mm

Pots a=22 mm

Total

155-160
160-165
165-170
170-175
175-180
180-185
185-190
190-195
195-200
200-205 *
205-210
210-215
215-220

Pots a=20 mm

Linear (Total)

Fig. 7. Distribution by length classes of 414 captured individuals of Mesogobius batrachocephalus by pots and by total.

tion, the square shape of the mesh (shape obtained
by possession at a coefficient of 0.707) undergoes
changes, which directly leads to narrowing of the
escape area of the fishing object (the eye tends to a
rhombic shape).

3. Pots with the mesh size of 20 mm can retain
specimens of gobies longer than 135 mm and with
a perimeter of the minimum cross-section greater
than 75 mm (Table 1), even for the situation of con-
tracting the cord by 2 % when the side of the mesh
decreases by 0.4 mm. In this situation, the eye of
the side mesh can become 78.4 mm, a size allowing

escape of specimens with P = 75 mm. Taking into
account the possible changes in the shape of the eye
mesh from square to rhombic during the operation,
it turns out that the cage can allow the escape of im-
mature specimens with L =135 mm and P =75 mm.

4. With regard to the pots made of nets with
the mesh size of 22 mm, it appears that they retain
specimens of gobies with lengths (L =170 mm) and
perimeters of the minimum cross-section (P = 95
mm) much larger than pots with the mesh size of
a = 20 mm. Thin this situation, in which the per-
centage of retention of specimens that have reached
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sexual maturity and that have managed to reproduce
at least once, is almost excluded.

5. Analysing the captured Mesogobius batra-
chocephalus (414 specimens included in the study,
Fig. 6), the predominance of the length classes for
the total numbers and by pots mesh size was be-
tween 155-175 mm (Fig. 7).

6. The value of the ratio d / a = 0.05-0.06 will
prevent the capture of specimens of gobies and will
ensure the tool resistance to friction and implicitly a
longer duration of use.

Discussion

Carrying out selective non-destructive fishing in
order to protect fish young generations requires the
minimum length of specimens retained in the net to
be greater than the length corresponding to the first
maturation. The mesh perimeter has to be greater
than the girth of the immature fish in order to give
them the opportunity to reach maturity and repro-
duce at least once (Hort 1963). By fishing speci-
mens that have reached maturity, we appreciate
that the chance of improving the stocks of the spe-
cies subject to fishing decrease, as a result of the
end of the reproduction process for the captured
specimens and implicitly the emergence of new
generations descending from them, with a key role
in restoring stocks. Consequently, we appreciate
that by decreasing the number of young breeders
(specimens that have reached the first sexual ma-
turity) is an important population imbalance induc-
ing a serious damage to the conservation efforts for
the fish species. Selective fishing requires that the
minimum length of the fish retained is greater than
the length corresponding to the first maturation in
order to give the fish the opportunity to reproduce
at least once.

From the analysis of our data, the retention of
specimens of gobies with a minimum total length
(L,,) 135 mm and the girth (P_. ) 75 mm, optimal
cages are those that have outer shell made of mesh
with side of the eye of 20 mm because they retain
specimens of gobies with L > 135 mm and P__
> 75. These dimensions correspond to the stage, in
which gobies reached the first maturation and repro-
duced at least once. In addition, the analysis of the
results showed that a normal clamping capacity that
did not injure the caught specimens and the mesh to
be sufficiently resistant to friction is ensured when
the ratio d / a = mesh size) is between 0.05-0.06.

The elaboration of measures and recommenda-
tions for ensuring a sustainable exploitation of de-
mersal fish resources through using selective fish-
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ing gear is crucial. Therefore, the present results can
be used as a basis for development of a sustainable
model of goby fishery in the Black Sea.

The analysis and interpretations of the avail-
able data highlighted several problems and a range
of measures can be proposed. These include:

(1) Development of regulations on fishing ac-
tivity.

(2) Recommendations to use new fishing gear
only after the environmental impact assessment has
been carried out.

(3) Use of a minimum of mesh size of 20 mm
of pots used for catching gobies.

(4) The netting should be done at a coefficient
Ul = U2 = 0.707, thus the eye of the mesh has a
square shape during the operation of the tool.

(5) In order to avoid the phenomenon of stab-
bing, the diameter of the wire from which the net is
made should have a value 1.0-1.3 mm.

(6) Compliance with legal provisions (Law
23/2008, Annual Prohibition Order and Orders on
the approval of measures to regulate fishing effort
and fishing quotas) on fishing in the marine area.

(7) Intensification of control actions in fishing
areas by the Fisheries Inspection, the Coast Guard
and the Environmental Guard.

(8) Periodic completion of fisheries legislation
with measures and recommendations resulting from
research activities.
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