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a  b  s  t  r  a  c  t

The  effects  of  mesh  size  and  codend  circumference  on  selectivity  of  some  commercially  important  species
were evaluated.  Four  different  codends  were  used  in  the  sea  trials.  The  nominal  mesh  sizes  tested  were
48 mm  and  56  mm  and  two  different  nominal  circumferences  were  associated  with  each  mesh  size.  Selec-
tivity experiments  were  carried  out  in the  Central  Adriatic  Sea,  in  the  course  of  two  different  periods  of  the
year (May  and  September  2005)  on two  different  fishing  grounds  normally  exploited  by  local  fishermen.
Reliable  selectivity  results  were  obtained  for  red  mullet  (Mullus  barbatus),  little  squid  (Alloteuthis  media)
and  European  hake  (Merluccius  merluccius).  For  all the  species,  the  codend  circumference  plays  a role
which  is  as important  as  mesh  size.  The  positive  effect  of  increasing  mesh  size,  from  48  mm  to 56 mm,
could  be  made  fruitless  by  an  increase  in  codend  circumference.  According  to  species,  the change  only  in
the mesh  size  from  48 mm  to 56  mm  significantly  increases  L50  by  +15–42%,  while  by  increasing  only  the
codend  circumference  of  around  13–17%,  L50  decreases  by  9–41%,  thus  being  effective  as  by increasing
mesh  size. As  a  consequence  the  selection  factor  (i.e.  SF  is  the  ratio  of  L50  and  the  codend  mesh  size)
depends  on  the  codend  circumference  and  does  not  result  mesh-size-independent.  We  confirm  that  it is
not sufficient  to regulate  selectivity  in  multispecies  fisheries  just  by  setting  a minimum  mesh  size  and
that  there  is a need  in  mixed  fisheries  to  improve  selectivity  by  using  additionally  mechanisms.  Possible
solution  would  be  to  design  policies  and  management  programmes  that  seek  to  minimise  discards,  which
include  active  rather  than  static  management,  obligations  to land  all  catches,  and  no  MLS  and  reduced
benefits  from  landings  of  juvenile  fish.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Mediterranean fisheries are notable for the large number and
variety of commercially important species caught and the wide
range of fishing methods employed, from artisanal to industrial
(Stewart, 2002). The Mediterranean Sea is therefore subjected to
a very high level of human pressure with about twenty-two coun-
tries fishing the same natural resources (Lucchetti and Sala, 2009).
In Mediterranean, stocks are traditionally managed and conserved
by regulations defining closed areas and seasons, Minimum Land-
ing Sizes (MLS) and Minimum Mesh Sizes (MMS). Nevertheless, it
is recognised that in multispecies fisheries there is rarely a sin-
gle MMS  in the codend of towed nets which is appropriate for all
the species caught in an area, due to differences in body shape
and size at first maturity. A mesh size appropriate for one species
could be unsuitable for many others (Stewart, 2002). Many stud-
ies in the Mediterranean Sea were focused on the effect of mesh
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size and mesh configuration on selectivity of the main commercial
species (Guijarro and Massutí, 2006; Ordines et al., 2006; Sardà et
al., 2006; Tosunoğlu, 2007; Lucchetti, 2008; Sala et al., 2008; Tokaç
et al., 2009). Some authors investigated the effect on the selective
properties of the netting material (Tokaç et al., 2004; Deval et al.,
2006). Other studies regarded escapes through the body or under
the footrope of a bottom trawl (Dremière et al., 1999; Fiorentini
et al., 1999). Sala et al. (2007a,b) have investigated the effects of
twine thickness on the codend selectivity of Mediterranean bottom
trawls. Relatively little scientific work has been done to assess the
effect on selectivity of codend circumference in the variable multi-
species conditions prevailing in the Mediterranean demersal trawl
fisheries (Özbilgin et al., 2005; Sala et al., 2006; Sala and Lucchetti,
2010). In order to reduce fishing mortality and discards of dying
marine organisms by fishing vessels, Council Regulation (EC) No.
1967/06 established for towed nets the increase of diamond-mesh
size from 40 mm to 50 mm or the square-meshed netting of 40 mm
at the codend. Furthermore, the circumference of the rearmost part
of the trawl body (the tapered section) or of the extension piece (the
untapered section) shall not be smaller than the circumference of
the front end of the codend sensu stricto (see Annex I of the EC

0165-7836/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.fishres.2011.04.012



Author's personal copy

A. Sala, A. Lucchetti / Fisheries Research 110 (2011) 252– 258 253

Reg. 1967/06). Where the circumference of any cross-section in a
diamond-mesh netting of a trawl net shall be calculated as the num-
ber of meshes in that cross section multiplied by the stretched mesh
size. Therefore the EC Reg. 1967/06 gives clear recommendations
on the rigging ratio between the codend and the extension piece,
which shall not exceed 1. Mediterranean demersal trawl fisheries
traditionally operate using diamond-shape meshes in the codend
and for this reason in Italy most of the fishermen have decided to
implement a MMS  of 50 mm diamond stretched mesh in the codend
with an equal circumference of the codend and extension piece.
The objective of this study was to investigate the effect of mesh
size and codend circumference on selectivity of some commercially
important species. Four different codends were used in the trials.
The nominal mesh sizes tested were 48 mm and 56 mm and two
different nominal circumferences were associated with each mesh
size: one standard and one large circumference. The two  codends
with a standard circumference have the same circumference of the
extension piece and therefore have identical rigging rules to those
commonly adopted in commercial practice in Mediterranean dem-
ersal trawl fisheries. While the other two large codends tested have
around a 13–17% larger circumference than that of the extension
piece.

2. Materials and methods

2.1. Research vessel and fishing gear

The sea trials were carried out onboard RV “G. Dallaporta”,  an
Italian Research Vessel of 810 kW at 1650 rpm, Length overall of
35.30 m and Gross Tonnage of 285 GT. The gear employed in the
sea trials was a typical Italian commercial trawl as used in the
Central Adriatic, entirely made up of knotless polyamide (PA) net-
ting that was approximately 58 m long from the wing tips to the
codend, with 600 meshes in the top panel at the footrope level. It
was equipped with a 60.3 m footrope comprising a 36 mm com-
bined rope weighted with 73.2 kg of leads over its whole length. All
rigging components of the gear were identical to those commonly
adopted in commercial practice in Central Adriatic trawl fisheries.
The characteristics of trawl and codends used during the samplings
are shown in Fig. 1 and Table 1.

The codend mesh openings were measured using an ICES mesh
gauge (ICES, 1962) with 4 kg tension while the netting was  wet
(Pope et al., 1975). For knotless netting, diamond-mesh size refers
to the inside distance between two opposite joints in the same
mesh fully extended in the N-direction. The actual mesh openings
of the four tested codends were: 46.50 mm (M48C280), 56.75 mm
(M56C240), 46.50 mm (M48C326) and 56.10 mm  (M56C280) (see
Table 1). The codend to be used first was chosen randomly at the
beginning of each trip, and then the four codends were alternated
daily on the same trawl, having an extension piece with mesh size
of 48.00 mm and 280 meshes-around (extension circumference of
13.44 m).  Adverse weather conditions prevented the same number
of hauls from being performed with the four codends.

2.2. Sea trials and gear behaviour performance

Sea trials were conducted in the course of two  different peri-
ods of the year (May and September 2005) on two different fishing
grounds of the Central Adriatic normally exploited by local fish-
ermen. The first cruise took place at about 15–20 m of depth,
approximately 5 nm off Ancona, and the second in the Ortona
depression also named Western Pomo pit, at depths ranging from
180 to 220 m.  Commercial practice was followed with regard to
trawling speed. In both cruises all the hauls had a duration of
about 1 h with the towing speed kept as close as possible to 3.2

knots. Selectivity was measured using the covered codend tech-
nique, where a cover with a nominal mesh opening of 20 mm is
supported by circular hoops to keep it clear of the codend and
minimize masking effects (Wileman et al., 1996). The cover was
approximately 1.5 times larger and longer than the codends, as
recommended by Stewart and Robertson (1985).  After each haul,
catches in the codend and cover were kept separate and weighed.
Length–frequency distributions of the main and most abundant
species were recorded for both cover and codend catches. Total
length for fish and mantle length for cephalopod were measured
to the 0.5 cm below. The target species under investigation were
red mullet (Mullus barbatus) and little squid (Alloteuthis media)  on
the first cruise, and European hake (Merluccius merluccius) on the
second. Gear performance (i.e., door spread, horizontal and verti-
cal net openings) was measured on all hauls using the SCANBAS
SGM-15 system (SCANMAR, Norway). A laptop automatically con-
trolled data acquisition and provided for real time correct system
functioning through a customized software. The main goal of these
measurements was to obtain for each haul detailed, real time data
on gear performance.

2.3. Selectivity data analysis

The data analysed in this study were obtained in the course of
two  different cruises, but the selectivity results of each species were
derived only from the first or the second cruise within the same
area. In particular, the collected data of the first cruise allowed
analysis of the selection characteristics for red mullet and lit-
tle squid, while data from the second cruise allowed analysis for
European hake. For each haul, the retention probability r(l) in the
codend was modelled by means of the logistic selectivity curve:
r(l) = e�1+�2l/(1 + e�1+�2l) where r(l) is the probability that a fish of
length l is retained, given that it entered the codend (Wileman
et al., 1996), and �̂ = (�1, �2)T is the vector of the selectivity
parameters. The model proposed by Fryer (1991) was then used
allowing a mean curve to be estimated for each codend. Finally
the selectivity data were modelled according to Fryer (1991) by
estimating the individual contribution of various explanatory vari-
ables to the selectivity parameters. All possible linear combinations
of the selectivity parameters as functions of the explanatory vari-
ables mesh size (mi), rigging ratio (ni) and codend catch weight
(ci) were tested. All were adjusted as continuous variables. Instead
of codend circumference we preferred to use codend rigging ratio
in the model because it was the technical parameter enforced in
the EC Reg. 1967/06. So that, the model can be used as a fishery
management tool to predict the selectivity of other codends with
different rigging ratio across different mesh sizes around 50 mm.
The haul-by-haul maximum likelihood of selectivity parameters
for individual hauls was  estimated using the CC2000 software
(ConStat, 1995). Models, including between-haul variation, were
estimated using the ECModeller software (ConStat, 1995).

3. Results

3.1. Selectivity parameters

Overall, 36 valid hauls were performed in the first cruise and 32
in the second. The collected data allowed analysis of the selection
characteristics for red mullet, little squid and European hake. The
REML parameter estimates of each codend obtained from direct
analysis (no fixed effects) are shown in Table 2. Individual haul and
mean curves are shown in Figs. 2a-4a.  The estimated alpha parame-
ters of all species are listed in Figs. 2b-4b,  along with their standard
deviation and t-values, which indicates the relative importance of
the variables in the models.
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Fig. 1. Design and gear rigging of the trawl used during the samplings at sea. FC1: first sea cruise (May, 2005); FC2: second sea cruise (September, 2005). For details of the
four  codends tested see Table 1.
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Table 1
Characteristics of the four codends (M48C280, M56C240, M48C326, and M56C280) and the extension piece tested during the Adriatic sea trials. The acronyms of codend
name  provide the nominal mesh opening (Mxx) and the number of meshes around (Cxxx). SCC and LCC: codends with standard and large circumference, respectively.

Acronym NMS [mm] CMN (Nr.) MMO  [mm] NCC [m]  RR

SCC M48C280 48 280 46.50 ± 0.53 13.02 0.97
M56C240 56 240 56.75 ± 0.46 13.62 1.01

LCC  M48C326 48 326 46.50 ± 0.53 15.16 1.13
M56C280 56 280 56.10 ± 0.57 15.71 1.17

Extension 48 280 48.00 ± 0.63 13.44 –

NMS: nominal mesh size; CMN: circumference mesh number; MMO: measured mesh opening; NCC: nominal circumference (NCC = MMO·CMN); RR: codend rigging ratio,
which  is the ratio of the codend circumference and the extension circumference.

Table 2
Direct estimate of the selectivity parameters for the four codends (M48C280, M56C240, M48C326, and M56C280) tested during the Adriatic sea trials. Mean values (in
bold)  and respective Standard Errors (SE) of the retention length at 50% (L50) and Selection Range (SR) are reported for AM:  Alloteuthis media (little squid); MM:  Merluccius
merluccius (European hake); MB:  Mullus barbatus (red mullet). SF: selection factor; �1 and �2: maximum likelihood estimators of the selectivity parameters; {R}: variance
matrix  measuring the within-haul variation; {D}: measures the between-haul variation in the parameters {�}.

Species Codend L50 [cm] SE [cm] SR [cm] SE [cm] SF �1 �2 R11 {R} Rl2 R22 D11 {D} D12 D22

AM

M48C280 4.47 0.137 1.18 0.108 0.96 −8.336 1.866 0.070 −0.016 0.003 0.019 −0.007 0.012
M48C326 3.68 0.094 1.37 0.181 0.79 −5.908 1.605 0.017 0.033 0.165 0.009 0.000 0.033
M56C240 5.17  0.161 2.49 0.269 0.91 −4.559 0.882 0.043 0.027 0.016 0.026 −0.011 0.072
M56C280 4.50 0.159 1.84 0.123 0.80 −5.388 1.196 0.156 0.063 0.026 0.025 0.005 0.015

MM

M48C280 11.45 0.634 5.62 0.568 2.46 −4.479 0.391 2.682 1.219 0.559 0.402 0.090 0.323
M48C326 10.43 0.389 5.87 0.670 2.24 −3.906 0.374 0.418 −0.644 1.364 0.151 −0.203 0.448
M56C240 16.25 0.631 7.56 0.568 2.86 −4.721 0.290 2.297 0.113 0.006 0.398 0.098 0.322
M56C280 11.99 1.499 7.94 1.555 2.14 −3.321 0.277 10.214 −9.350 8.559 2.247 −2.117 2.419

MB

M48C280 10.74 0.456 4.59 0.437 2.31 −5.135 0.478 1.579 −0.446 0.954 0.208 −0.069 0.191
M48C326 7.50  1.193 6.61 0.687 1.61 −2.496 0.333 8.620 −0.979 0.503 1.423 −0.395 0.472
M56C240 12.78 0.215 4.63 0.425 2.25 −6.068 0.475 0.284 −0.416 0.844 0.046 −0.040 0.181
M56C280 9.95  0.976 7.72 0.892 1.77 −2.830 0.285 6.078 −1.561 0.402 0.952 −0.415 0.796

Definitions of selection parameters: (a) The 50% retention length (L50) of a codend for a particular species is the length at which 50% of the species entering the codend
is  retained. (b) The selection range (SR) is the length difference between the 75% retention length and 25% retention length. (c) The selection factor (SF) of a codend for a
particular species is the ratio of the 50% retention length and the mean measured mesh opening.

Fig. 2. Merluccius merluccius (European hake). (a) Selectivity curves for individual hauls (thin lines) and mean curve (thick line) Fryer (1991) method. MLS: Minimum Landing
Size.  (b) Mean REML values and between haul variation of Selection Range (SR) plotted against the 50% retention length (L50), based on the lowest value of Akaike’s Information
Criterion (AIC). Alpha parameter estimates, standard deviation (SD), t-value, degrees of freedom (dof) and p-value. ( is the vector that determines the direction and magnitude
of  the influence of the explanatory variables on selectivity parameters (L50 and SR). M48C280: codend nominal mesh size of 48 mm,  280 meshes-around; M56C240: nominal
mesh  size of 56 mm,  240 meshes-around; M48C326: nominal mesh size of 48 mm,  326 meshes-around; M56C280: nominal mesh size of 56 mm,  280 meshes-around.
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Fig. 3. Mullus barbatus (red mullet).

The selectivity of little squid and European hake is significantly
dependent on mesh size (mi) (p < 0.001), both L50 and SR increase
with the mesh size. While for red mullet only L50 increases with
the mesh size. In contrast, the increase of the codend circumference
(or codend rigging ratio) significantly decreases L50 (p < 0.01) of all
the investigated species. In general catch size does not affect codend
selectivity for any of the species analysed (see Figs. 2b-4b).  Another
point of interest is the different between-haul variation in the four

codends. Beside differences in mean size selection, different codend
designs may  also differ in their sensitivity to other factors act-
ing within the fishing process. This could lead to differences in
between-haul variation for different codend designs. According to
Herrmann and O’Neill (2005) and Wienbeck et al. (2011) one rele-
vant factor could be the variation in the shape of the codend during
different fishing stages linked to randomness of fish arrival to the
codend during the fishing process. Except for little squid, where

Fig. 4. Alloteuthis media (little squid).
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there are not differences among the codends in between-haul vari-
ation for both L50 and SR (Fig. 4b), the highest variations were
observed for large codend circumferences (Figs. 2b and 3b), which is
also quantified in the D-matrix in Table 2 (D11 for L50 and D22 for SR;
see Fryer, 1991 for explanation). Thus, the selection process seems
to be much more well-defined for standard codends (M48C280 and
M56C240), resulting in very low between-haul variation.

In Mediterranean, little squid has a remarkable market value,
it is not subject to any MLS  and may  always be landed legally. For
several hauls of the first sea cruise it was one of the most abun-
dant species. Individual haul and mean selectivity curves for all
the four codends are shown in Fig. 4a. The results show that the
effect of increasing only the mesh size from 48 mm  to 56 mm,
i.e. from M48C280 to M56C240 or from M48C326 to M56C280,
significantly increases L50 by +0.70 cm and +0.82 cm (+16% and
+22%), while that of increasing only the codend circumference,
i.e. from M48C280 to M48C326 or from M56C240 to M56C280,
results in a significant decrease in L50 of −0.79 cm and −0.67 cm
(−18%) (Table 2, Fig. 4b). The selection factor, SF (the ratio of L50
and the codend mesh size), depends on the codend circumfer-
ence and does not result mesh-size-independent. The change from
standard (M48C280 and M56C240) to large codend circumferences
(M48C326 and M56C280) increases SF from 0.91–0.96 to 0.79–0.80,
respectively.

European hake was fished only in the second sea cruise, owing
to the fact that this cruise was carried out just at the end of the
closed season, the abundance of this species was  very high. In the
Mediterranean, the MLS  for European hake is 20 cm (EC Reg. 1967,
2006). Individual haul and mean selectivity curves for all the four
codends are shown in Fig. 2a. As for the little squid, L50 increases of
+4.81 cm and +1.56 cm (+42% and +15%) by increasing only the mesh
size from 48 mm to 56 mm.  While by increasing only the codend
circumference (or the rigging ratio), L50 decreases of −1.02 cm and
−4.26 cm (−9% and −41%) (Table 2 and Fig. 2b). As for little squid,
the model best describing the data (Fig. 2b) shows that codend cir-
cumference does not significantly (p > 0.05) influence SR. SF varies
between 2.46 and 2.86 for the standard circumference codends of
48 mm and 56 mm of mesh size (M48C280 and M56C240), respec-
tively. While for large codends SF decreases down to 2.24 and 2.14
for M48C326 and M56C280, respectively.

Red mullet was abundantly caught in the first fishing cruise.
For several hauls, the catch of red mullet was  more than 50% of
the total weight. In the Mediterranean Sea, red mullet is subject to
an MLS  of 11 cm (EC Reg. 1967, 2006). Individual haul and mean
selectivity curves are shown in Fig. 3a. As for the other two  species,
only the change from 48 mm to 56 mm,  significantly increases L50
of +2.04 cm and +2.44 cm (+19% and 33%). While by increasing only
the codend circumference, L50 significantly decreases of −3.23 cm
and −2.83 cm (−30% and −38%) (Table 2 and Fig. 3b), thus being
more effective than increasing mesh size. SF decreases from about
2.31 and 2.25, obtained with the standard circumference codends
M48C280 and M56C240, respectively, to less than 1.61 and 1.77
with large codend circumferences (M48C326 and M56C280).

4. Discussion and conclusions

Reliable selectivity results were obtained for three commercial
species: red mullet, little squid and European hake. The between-
haul variation of L50 and SR is an important parameter when
evaluating the selective properties of a fishing gear because it gives
an idea of the stability of the gear’s performance (Sistiaga et al.,
2009). If different codends provide very similar mean selectivity
parameter estimates, the between-haul variability would be the
parameter to investigate to decide which one of them performs
best. Our results show that, for both the two fish species studied,

the two large codends provided higher between-haul variations.
The results obtained in this investigation are in line with the results
obtained in the simulation study by Sala et al. (2006).  Reasons are
unclear, but we suspect that these deviations are correlated to the
selection properties of each codend. For all the species, the codend
circumference (or codend rigging ratio) plays a role which is as
important as mesh size. An increase in mesh size from 48 mm to
56 mm could be made fruitless by an increase in codend circumfer-
ence of only 13–17%. In agreement with Galbraith et al. (1994) and
Tosunoğlu et al. (2008) we have found that selectivity increases
with larger mesh size but also decreases with wider codends. In
the Mediterranean Sea, the effect of circumference might be not
evident because the scarce catch size does not allow the meshes
of the codend to stay open (Sala and Lucchetti, 2010). In general,
however, during the tow the codend forms a typical bulge which
expands to a maximum diameter as the catch accumulates. Nar-
row codends should expand to form a smaller bulge and it takes
less time to achieve the maximum diameter and hence, the max-
imum mesh opening at the point where the fish mainly escape.
As a consequence the selection factor, SF, depends on the nominal
codend circumference and does not result mesh-size-independent.
L50 improves when the mesh size of 56 mm replaces the 48 mm
mesh size but it does not sufficiently avoid the catch of hakes under
the MLS  of 20 cm as fixed by the EC Reg. 1967/06. Therefore the
mandatory use of a diamond MMS  of 50 mm for bottom trawling
(EC Reg. 1967, 2006) does not seem to be the most suitable for
the management of hake in Mediterranean. This evidence and the
results presented here confirm that it is not sufficient to regulate
selectivity in mixed fisheries just by setting a minimum mesh size
(Tschernij et al., 2004), account must be also taken of the effects
of other factors such as the codend circumference. Differences in
the size ranges of the two fish species considered resulted in dif-
ferences in codend selectivity, supporting the idea that mesh size
regulations may  be of limited use when managing multispecies
fisheries when biological and life history differences exist between
the principal species (Nichols et al., 2001). Information on discards
in Mediterranean trawl fisheries confirm the magnitude of the
problem, though they vary considerably in amount and composi-
tion depending on region, boat size, season, bottom type and depth
of the exploited ground (Tudela, 2004). Combined data gave discard
estimations ranging from 23% to 67% of total catch in bottoms less
than 150 m deep, 13–62% in bottoms 150–350 m deep and 14–43%
in slope bottoms deeper than 350 m (Carbonell, 1997; Carbonell
et al., 1998). Although bottom trawling is inherently rather unselec-
tive, bycatches and discards can be minimized. Technical measures
can be introduced to improve selectivity (Tudela, 2004). Trawling
gears could be made more selective by using higher mesh sizes
or incorporating special excluding devices, such as those based
on rigid grids (Lucchetti and Sala, 2009; Tudela, 2004). The for-
mer  solution may  be difficult to apply in Mediterranean waters for
social and political reasons, but the development and compulsory
use of excluding devices increasing selectivity deserve attention.
Alternatively, the use of a square-mesh can also improve selec-
tivity (Sala et al., 2008; Sala and Lucchetti, 2010). Retention on
board, landing and selling fish less than the MLS  is prohibited in
EU countries (EC Reg. 1967/06), resulting in high discarding rates.
CEC (2004) suggests that by either adjusting MLS  to match selec-
tivity or, conversely, adjusting MMS  to better reflect MLS, there
could be a solution to reducing discarding. Readjusting an MMS  to
an MLS  may  be suitable in some cases, but not if a small mesh size
is needed to retain an important catch component. In agreement
with Graham et al. (2007),  we believe that there is a need in mixed
fisheries to improve selectivity by use of mechanisms in addition to
codend mesh size. For example a number of Mediterranean coun-
tries pursue a “no-discard” policy and several prohibit for certain
species discards at sea under their legislation (Kelleher, 2005). Thus,
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the choice is between catching and not catching unwanted fish.
Increasing the mesh size under such circumstances can result in
an unacceptably large loss of landings, and an incentive to reduce
gear selectivity to retain as many fish above MLS  as possible (Cook,
2003). This problem is even more acute in the Mediterranean mul-
tispecies fisheries, in which each target species has its specific MLS
that may  not be tuned to the size selectivity of the prescribed mesh
size. In agreement with Kelleher (2005),  we believe that a possible
solution would be to design policies and management programmes
that seek to minimise discards, which include: (i) active rather than
static management through close monitoring of fisheries and rapid
closures of areas with excessive quantities of unwanted bycatch;
(ii) obligations to land all catches; and (iii) no MLS  and no (or
reduced) benefits from landings of juvenile fish.
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