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ABSTRACT

The object of this study was to determine a method of estimating the selectivity of gill nets
for which catch data are available for only a few mesh sizes. For bass, a model inferring
retention from girth measurements of fish and mesh dimension, bul which is independent
of catch data. resulted in wide selectivily curves, which could not be used to predict mesh
size¢ which would most etficiently catch fish in a particular range. Methods wtilising
observed frequency distributions of the ratio between mesh perimeter and fish length or
girth provided good fits between the catch and selectivity curves for the mesh sizes most
used in a bass (Dicentrarchus labrax) fishery. For whitc croaker (AMicropovonias
Surmiert), only one approach can be adequately applicd to dara obtained from only lonc
mesh size whith depends on the inference of selectivity from gin.h measurements. The
results were unsatisfactory because the selectivity curve underestimates the catch, the catch
curve does not fall within the probability of capture and because these methods ignore any
fishing trial with mesh size that should theoretically be selective on certain length ranges.

The role and uscfulness of the selectivity models in the management of gill-net fisheries is

discussed.

1. INTRODUCTION

Commercial fishermen use the most suitable mesh sizes to caich the most abundant
or economically valuable size classes of the available tish spocies, and only a tew dilterent
mesh sizes are emploved 1o catch a particular species. For practical reasons, Ihcre]‘orlc, a
method of estimating gill net selectivity is required which is capable of using length

distributions of commercial catches from only a few mesh sizes.

The objective of this study was to determine which anahtical techniques can best be
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used with commercial data to provide a scientific basis for advice on mesh size regulations.
This was developedrus'mg'as data set: |

a) the length coﬁpoﬁﬁon of bass (Dicentrarchus fabrax 1.y caught with gill nets of
4 different mesh sizes on the English and We_lsh coasts, and applied to

b) the size frequency distributions of white croaker (A1, furnieri) of the southern

Brazilian coast caught with gillnets of only one mesh size. -

2. MATERIAL

. Data on the length frequency distributions of bass and white croaker were obtained
from commercial gﬂ-nét ﬁ:sheries_ They were pooled by mesh size for the whole sampling .
period for. each species, which reduces the influence that characteristic size distributions of
particualar year cl_asses tght have on the retention curves.

For bass, length frequency distributions were obtained from catches taken by inshore
monofilament gifl-net Tisheries in English and Welsh coastal waters, during a study of the
bass fishery in 1981-1984 (Pawson and Pickett, 1987). Although a wide range of mesh
sizes was used throughout this multi-species fishery, only the samples of bass {aken in nets
with a stretched mesh size of 70, 82, 89 and 92 mm were considered to contain sufhicient
data for the analysis (n=95, 549, 580 and 274 fish respectively). Girth and length
measurcments of bass were oblained from biological samples of angling and gillnet catches.

For white croaker. length frequency distributions were obtained from catches taken
by monofilament gill-net ﬁsherics.'m coa.éla.l walters of southern Brazil in 1988-89 and
1991. A total of 3382 fish caught with a stretched mesh size of 140 mm were sampled for
length during thé 3-year period. Girth and length measurements of white croaker were )
obtained from samples of commercial trawl and coastal gill net catches, and from

expgrimcntal catches with gill nets in the cstuary of the Patos Lagobn (Reis, 1993).

3. METHODS
In order (o transfer from girth to length, an overall relationship between maximum
girth (Gax) and total tength (1.), of the form Gﬁ]ax=a+bL, was determi_ncd tor bass and
for white croaker, and between head girth (Gh) and total length for whitc croaker. Length
frequency distributions of gill-net catches of bass and of white croaker were used in some
of the chosen selectivity methods and to validate the resulting selectivity curves.
~ Reviews of sclegtivity models (see Regier and Robson, 1966; Hamley, i975)
indicated that two approaches are most applicable in situations where data from oaly a
small number of commercially used mesh sizes are available. Therefore, in the case of

bass, inference from girth measurements (Sechin, 1969a, 1965b) and the indirect methods



of MpC‘ambic and Fry (1960) and Kitahara (1968) were used to estimate selectivity,

' On the other hand, only one approach can be adequately applicd o data obiaincd
from only onec mesh size. This depends on the inference of selectivity t}oﬁ girth
measurements, and the procedures developed by Sechin (1969a, '1969b} and Kawamura

(1972) were used tor white croaker.

3.1. Inference from (rirth Measurements
. This method allows selectivity to be pfcdictcd from mcasurcfnents of a species'
maximum and head girths, provided that wedging and glllmg are the main ways of capture,
and the analysis is indcf)cndcnt of size distribution data t.br gill-net catches. Sechin (1969a,
l969b) and Kawamura (1972) derived theoretical selectivity curves based on the following
~ assumptions: l
A a} all fish are fully selected whose maximum girth is grealér but head girth is smaller

than the mesh pcﬁmuter; by girths among any length class of fish are distributed normally
with a common variance for all tength classes. _

Following Sechin (1969a), the length distribution of fish small enough to enter a
mesh bevond the opercudum is

P{Gy=2M)= DM-Gyoy ™)

and that of fish (oo large to pass through the mesh is

PM=Gax)= H(2M-GmaxPmax | ) where

Gy, is the mean head girth in the jth length interval, 6, is the standard deviation of
head girth, Gimax i the mean maximum girth in the jth length interval, 05, is the
standard deviation of maximum' girth, 2M is the mesh perimeter (M= mesh size when
sireiched between two opposile knots), and @ is the cumulative standardised normal
distribution function.

The length distribution of fish that are caughi if they swim into the net, i.c.. fish for
which Gh<2M<Gmay. is

§7= DM-GRo 1= (M- Pma D] whers

§j is selectivity

Sechin (1969a, 1969b) added to this formula coetficients 10 account for compression
of girth and variation in-mesh size but, in view of the lack of relevant information, the

formula presented above was used in Lhis study for both bass and white croaker.

Kawamura (1972) expressed girth as function of length, and detined critical values
of maximum and head girth between which Tish would be retained fry the nel. These are:
hmc='2E§/k,.. and G;c=2’.?)/kr;, where
" Gmge- critical value for maximum girth
km- the average degrec of body coméression at maximum girth, expressed as
k=20 G

G- critical value for head girth



Ko~ the average degree of body compression at head girth. expressed as k=20/Goy

2(3- mesh petimeter. : -

. For bass; two methods of estimating Gmax, for cach length class were considered.
The first was sim'ply.m pé]culate the average of observed values. but there were insutﬁcient
data for sor;le important length classes for this to be practicable. ’l‘hé second method |
assumed that Gmayx has an overall relationship with 1. As there were very few _data for,Gh,
this was assumed to be a fixed proporiion of Gmax.

Selcct'rvity curves were estimated for me_sh s;izes for which catch data were available,
and at two 4 mm incremlznts above these, to xamine the 1‘qlaﬁ0£1slﬁp between selectivity
and catch curves. These calculations aiso provided informajlion with which to judge the
most "efficient” .mesh size (i.e. that which maxnmn,es thie proportidn of those fish
encountering the net wﬁjch are retained) for the length ranges that preldommatc in the
catch. |

. Fm" white croaker, overall relationships hctwcen' Gmax and L, and Gk .'m_d 1. were
used to estimate girths for each length class. For Kawamura's (1972) method, values of ki
and k-~ were calculated from individual values of maximum.and head girth at each length

class and then averaged for the whole data sel,

3.2, Indirect Methods ,

The indirect methods wtilise size djslllibuliorps of caches taken by gill nets of
specified mesh sizes. They rely on assumptions about the nature of selectivity curves and
their relationship with the mesh sizes used, but require no hnowledge of the fish
population's size composition. Using girth or length data from gill net catches, selectivity is

related to mesh size for a given fish length, and these estimaies are then used 1o predict

how selectivity changes with fish length for a given mesh size.

McCombie and Fry's Method {1960) 7

Length dislribulioﬁ dqla from the calches by mesh size were converted to fish girth-
mesh perimeter (G/P) ratios and their frequencies calculated for each mesh size for each
tish size class. The number of fish captured in each length class was plotted against log
(Gﬂ"). The ordinates of these size-class curves werc‘bmught to the same scale b-_v shifting
the ordinate of each plot to compensate for numerically unéqual size distributions in the
fished population, on the assumption that all mesh sizes had the same relative total catching
eﬂi;:iency over their respective retention ranges. To draw the master plot, these adjusted
froqucncies wel;c grouped in intervals of 0.01 log(G/P) and the interval means calculated,
Thc,thcoretical frequ;mcy curve wés then c'slimat.cdr by referring the mean and standard
deviation, together with the modal frequency of the master plot, to a table of ordinates for
the normal frequency distribution. The relative frequencics of cach lcngth'class of fish,

which each mesh size would be expected to capture, was then estimated. As with the girth
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inference method, sclectivity curves were caloulated for 2 mesh sizes larger than that of the
original. '

Kitahara's Method (1968)

The catch per unit cffor_t (Cij) of tish in any lcﬁglh class L/ taken by a net of mesh
size M, is given by

Cij=SM;,Ly)qDy

where g is the catchability at the peak of the sclection curve, and Dy is the population
density of fish at Ly, -

A plot of log Cif against log (Li/M), for different length classes of fish, produces a
family of parallel curves that can be superimposed by verncal adjustment. as in the
previous method. Theoretically, the degree of adjustment is proportional to the relative
(log) abundance of fish in the length fanges selected by various mesh sizes. To obtain the
master plot, means of log catch frequencies were obtained for intervals of 0.01 log( UM).

Selectivity is estimated as a function of L/M, by taking the anti-logarithm of the
master curve and letting the peak represent 100% relative efficiency. It is then possible to
estimate the relative frequencies of the various length classes of fish which any mesh would
be expected to capture,

The resulting curves were compared with the catch curves by mesh size, and again

selectivity curves for two larger mesh sizes were determined,

4, RESULTS
4.1. BASS
* Girth vs Length Relationship
Linear regressions of the girth and length data for catches of bass taken by angling
and gill nets were [itted separately, and the relationships were found not 1o be significantly
difterent. The fitted regression for the combined gill-net and angling data was as follows:
Gmax™ 14.09 + 0.5127 L (n=775 r=0.96) and
 Omax = 0.0366 L.
A In the absence of appropriate data, the mean head girth was taken as being Gh= 0,75
Gmax. (a reasonable approximation to .thc actual proportion of head girth in relation to
maximum girth, Pickett. G. pers.comm.), with its standard deviation Gh assumed lo be

equal to Gmax.

4.1.2, Selectivity istimates
Chrth Inference Method (S 'cht‘ﬁ, 1969a)
The selectivity curves catculated for 70, 82, 89 and 92 mm mesh sizes arc unimodal.

skewed to the lett and with more icngth classes above than below the mode (Fig. 1), As the
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mlcsh size increases, the modal lengths shift towards higher length classes and the selcp_tiqn
ranges increase. The results indicate that the .probabil'lty of catching bass is highest at the 28
cm length group with a 70 mm mesh sizc, at 34 cm with an 82 mm mesh size, 37 cm with
89 mm and 38 cm with 92 mm. Oniy with the 89 mm mesh .éizc did the calculated
select:ivity- curve approximate to the length frequency distribution of the respective catch,
-and if is apparent that the fishery's catch curves were consistently narrower and had larger -

modal lengths than those of the comresponding selectivity curves,

Indirect Methods

McCombie and Frv's Method (1960)

The girﬂ'.l-perimeter ratio frequencies were ca_]culatcd for cach size class from-32 cm
to 44 crﬁ,-lhcse being the size classes that contributed to calches taken by all four
commr:rci;lly used mesh sizes. With the logarithmic transformation of G/P, the curves with
adjusted frequencies all appeared (o Havc the same symmetrical shape and were casily
superimposed. Their modes varied between 0,06 and 0.117. expressed as log(G/P). The
mear: and the standard deviation of the master plot (Fig.2) were tound to be Q.074 and
0.029:9, respectively, with the mode, at 0.07, This fitted theoretical distribution of log (G/P)
agrees reasonably well with that observed. |

‘The resulting selectivity curves are shown in Fig.3, which can be compared directly-
with Fig.1, obtained using the girth inference method. The predicted efficiency of the 70
mm net appears to be highest for fish in the 30 cm length group, that of 82 mm at 35 cm,
that of 89 mm at 38 cm, and that of 92 mm net at 40 ¢cm. Comparison with the catch
curves for the corresponding mesh sizes shows that the two curvﬁs overlap quite closely for
both the 82 mm and 89 mm nets. whilst !th catch curves of the 70 mm and 92 mm nets
are more closely matched by sclectivity curves calculaicd for mesh sizes some 4-6 mm

farger than those actually used.

Kitahara's Method (1968) .

Log catch numbers were ploted against the log of tish length-mesh size for fish in
the 32-44 cm length range. Values [or those lengith classes in:whiuh catches were low (= 3
observations) were not included in the master plot (Fig.4), which has a peak at fog
{L/M}=0.335. The sclectivity curve derived from the master plot has a maximum relative
selection efficiency at (L/M)=2.14. l

Fig.5 shows caich and scleclivit_\} curves obtained by Kitahara's method and is .
dirccﬂyl comparable with Iizigs. 1 and 3, obtained using Sechim's and McCombie and Fry's
methods, respectively. The selectivity curves lor the 82 mun and 89 mm mesh sizes reflect
the corresponding catch curves, but the 70 mm and 92 mm nets are again predicted to be

more selective at smaller length classes than for those length classes most prevalent in the

respective catches,



4.2. WHITE CROAKER

Girth vs Length Relationship

The girth and length data sets trom catches Ui'cmakcr taken by trawls, coastal mll
nets and experimental estuarine gill nets were [ited separately, and the relationship for the
experimental data was found to be significantly different from those for coastal gifl net and
trawling, which were similar. The fitied regressions for the combined coastal gill net and
trawling dafa were

Gmax=-1.93+6.07L (n=617 r=0.98)

and

Gh=-7.14+5.431, (n=619 r=0.95)

Standard deviations of maximum girth (Bmax) and head girth (Oh) increased with
length and linear relationships with y-intercept=0 were ‘

Bmax=0.251L. (r=0.77)

and

Bh=0.2031. (r=0.78)

In this case, head girth was not considered to be the girih measured at the posterior
end of the opercula. Girths at the end of opercula, base of pectoral fin and anterior end of
the first dorsal fin, are located on approximately the same imaginary line coincident with
maximum girth (Reis, 1993), and head girth was therefore measured at the pre-opercula

region.

4.2.2. Selectivity Estimates
Sechin's Method (1969a)

The selectivity curve caloulated tor 140 mm mesh size is umimodal and has a narrow

* range (Fig.6), The catch curve did not coincide with the selectivity curve of the 140 mm

mesh, and showed an increased number of larger tish, but for both curves, the probability

of catching white croaker appears to be highest at the 50 cm length group.

Kawamura's Method (1972)

A complete selectivity curve was not drawn auq to.‘thc scarcify of points 1[; gencrate a
smooth line (Fig.6), but the estimated selection pbinls show thal the probability of calching
croaker is estimated fo be highest at the 55 crﬁ length ‘group. The catck curve fell well
within the probability of capture for the large length ranges, but the selectivity points do not
include the left arm of the length frequency distributicn, which is the opposite of that

indicated by Sechin's method.



5. DISCUSSION
5.1, BASS

Girth- lengfh relationship estimated for bass, using data from angling catches (in
which there i is no selection by girth), did not differ mgmhc..amlv from that based on gill-net
_catches , and any difference in this relationship between tish caught by gill nets and the fish
population in general is thought not to be a significant source of error. The shape of th:, ‘
fish's body can alo explain some irregularity of selectivity curves {(McCombie and Bcrst
1969), though this does not seem . to be the case for bass, t_nr which sclectivity curves are

normally distributed.

5.1.1. Sechin's Mcthod (1969a)

It was assumed that head girth was cqual to 75% of the maximum girth and that the
stendard deviation by length was the same as that for maximum girth. 'Other, but still
rélasonablc, values lor the relationship between head girth and maximum girth and for the
sl%ndard deviation of the head girth, were tested, but the resulting selectivity curves sh'owcd‘
a much wider Se_lcction range of fish size than appeared in any of the catch curves.

The modal lengths of the catch were between 20 and 14% larger than those of the
uqrresponding selectivity curves, However, it is probable that a measured mesh size
underestimates that of the same net when it is fishing. A quickly swirﬁnn'ng fish will force
itself into a mesh by compressing ils body and stretching the varn of the net. An increase of
5-10% in the modelled mesh size resulted in overlapping catch and selectivity curves, and it
is suggested ihat the formulac used here to estimale selectivity should allow for some
degree of mesh stretching, which frequently occurs with monefilament nets (Potter, 1983).
This effect could be investigated it catch data for nets of different material were available
and the net characteristics were better known. Together with the excessive width of these
sefective curves, this suggests that, at least in the case of bass, this type of analysis should

not be used to investigate catch efficiency or predict changes in yield with mesh size.

5.1.2. McCombie and Fry's Method {1960)

A gillnet will not c_:alch fish by cumeshing as long as the fish's girth is less than the
mesh perimeter, aﬁd retention IS a consequence of mavimum and head girth dimension
and the elasticity of the fish's body and the net's mesh.  As the maximum girth-mesh
perimeter ratio exceeds unity, the e‘ﬂ':cicnc_v of these monotilament gill nets in cafching bass
increased up lo a maximum ra.tio of 1.17. Beyond lhat, the elliciency dech'ncd until it was
neghglblc above a ratio of 1.32. This value of {G/P) at the position of maximum eﬂlcnencv
lies rmdway between that of 108, calculate for sockeye salmon (Um.w/wmhus rerka) by
Holt (1963), and 1.26, reported by McCombie and Fry (1960) for whitelish (Coregomus

clapeatormis),




With this model, the selectivity curves of the 82 mm and 89 mm nets were similar o
their respective catch curves, bui the 70 and 92 mm mesh sizes were predicied to have
catching efficiency maxima for bass which did not correspond to the modal sizes in the
catch data. In practice, this result could be because during the fishing period, fish in the
size range most readily selected were not so available as larger fish, There were fewer catch
data for the 70 and 92 mm mesh sizes, suggesting that they are less frequently used than
the 82 and 89 mm nets, which are more suited to the size range of bass available in the

fishing arca.

S..1.3. Kitahara's Method

Kitahara's (1968) master plot is usually determined by adjusting the plot of log catch
vs log(L/M) for cach length class (Fig.4) by an appropriate paralle]l shift. To minimise the
subjectivity of superimposing curves in this way, we decided 1o use the mean of log catch
by log (I/M) interval, This simple method of estimating selectivity is still rather subjective,
because the results depend on how well the curves can be drawn by cye. Nevertheless, the
relative frequencics of length group, predicted by Kitahara's method as being caught by a

particular mesh size, are similar to those obtained with the method of McCombic and Fry.

5.1.4. Comparison between Girth/Mesh Perimeter Method and Indirect Methods

The selection ranges derived by Sechin's mé:thod are at least 50% larger than those
derived by the methods of McCombie and Fry and Kitahara. In all cases, however, the
length range of tish which are liable to be captured expands with increasing mesh size and
the curves broaden. One of the fundamental assumptions of the indirect methods is that the
selectivity curves of different mesh sizes are of the same shape, and this confirms that
selection i3 by girth rather than by lengih. 7

Using Sechin's method, the peaks of selection efficiency occur at smaller length
c[a#scs than those of McCombie and Fry and Kitahara, which predict the same modal
lengths for particular mesh sizes. All three models, however, tend to generate selectivity
curves for 70 and 92 mm mesh sizes that have peaks of efficiency at smaller fish lengths
thait the mode observed in the corresponding catch data. This could be a deficiency in
thesc models, or it might indicate that, during the fishing period, fish in the size range most
readily sclected by these mesh sizes were not so available as larger fish. The 82 mm and
the 89 mm nets, however, appeared to be operating within the most efficient part of their
respective selection ranges, catching fish of 32-40 cm total length which were Lhe ain
target for fishermen {(Pawson and Picket, 1987). It is theretore not surprising that the
cumuiative catches over 4 years and the selectivity curves for 82 and 89 mm are
superimposed, because in these circumstances vear-class-mduced mortality is lsmoothed

and caich curves begin to resemble selectivity curves,
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To test whé_:thcr the 82 mm and 89 mm mesh sizes were etficiently catching tish in
length ranges thought o be rcprcs.cntalivc of the available bass population, the sclectivity
curves were applied to a hypothetical length frequency dism'butio-n constructed to resemble
succémive year classes of equal original strengths. 'l'hié was based on small-meshed trawd
survey catch data for 2 and-3 group bass caught in a s.mall-meshcd' trawl survey in
Séi)lcmbcr 1989 in the Solcﬁt (Pawson, -in press). T hese I_cng!h"- distributions wcré

. extrapolated over four age groups, ai appropriatc modal lengths and with allowance for
_ inslantancous annua meortality of 0.5.

Figure 7 shows the length structure for this "pr;pﬁlation" and the resulting catch
curves. [ is apparent that Sechin's modci is strongly influenced by the length'distribu_ﬁon of
available fish, most probably because it produces a wide sclection range which spans thé
two adjacenl age groupé most fikely to be caught in either fi.? ar 39 mm rﬁeshcs. Thc
results obtained with the models of hchomBie and Fry and Kitahara, howevcr, more
closely replicate the catch curves actually obiained with these mesh sizes. In |ia11icular, they
successtully predict the lengths and ages al which bass begin to recruit ‘lo gill nets. A shift

in age of recruitment trom 4 1o 5 year olds, cohsequent on a change of mesh size from 82

mm (the gear most used in the Solent duning the perod of this study) to 89 mm, is
aprﬁarcm. Commercial fishermen are vs;'e]l aware of the benefiis obtained by matching gill-
net mesh sizes 1o length distribution of fish available to them. Mesh sizes were increased at
ap]laroximately 6 mm increments each vear as the extremely abundant 1976 vear dass of
bass appeared as 3, 4 and § year olds in the inshore fisheries of southern England
(M.G.Pawson, personal obscrvations, 1980-82). l

Sometimes there is a need for enforced changes in the mesh size of gill nets.
Recently, regulations tor the UK bass fishery have been introduced in order o protect
juveniles, whic-h.reach maturity at 4-6 years of age (34-4.0 cm) (Pawson and Pickett, 1991),
| The justification for a prohibition of mesh sizes under 89 mm in this tishery was based on
observations that commercial catcﬁé.s with this mesh size contain less than 10% of bass
under the EC minimum landing size of 36 cm (Pawson and Pickert, 1987). The results
obigined using the methods of McCombie and Fry and Kitahara support this argument,
and clearly indicate that nets of 89 mm and above are not eficient at casching bass smaller

than 36 em.

5;2_-Yi{ﬂTE_C£QAI§EE

The comparison of gith measurements of fish caught by ditlerent fishing gear
showed that an overall relationship between maximum Ig;inh and total length could be
estimated for whilé croaker by considering data from trawling and gill net catches together.

Fish originated from these gears are caught exclusively in marine waters and their girths
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significantly differed from. those of fish caught in the csm.'try with experimental gill nets,

Estuarine fish showed smaller girths al length than fish caught in marne waters. This

indicates a lower condition of fish that stay in the estuary for long periods (Reis, 1993).

’ Head girth, measured at the posterior end of the ochcﬁla, and maximum girth are
similar due to the characteristic anterior profile of the croaker. If there is no ditference
between head and maximum girths, fish tend not to be enmesﬁed because head giﬂﬁ is not
smailcr than the mesh perimeter. That is the reason why the head girth for white croaker is

considered to be the girth measured at the pre-opercula.

5.2.1. Inference from Girth Mcasurements

 Girth inference methods are, naturally, very sensitive to girth measurements. It was
observed that the degree of difference between maximum and head girth strongly atfects
the estimated efficiencies of the selectivity curves, i.c., the larger the difference between
hcaci and maximum girth is, the wider will be the selection range of the resulting selectivity

curves. On the other hand, when head girth and maximum ginh are approximately the

same {as are the girths at the end of operculum and at the anterior end of the first dorsal fin '

in white croaker), selectivity curves have a narrow range. Variances of girths increased with
fish s;izc. This resull indicated that one assumption, that the girths have a common variance
& for all length classes, adopted for the ginth inference method was viofated, In an attempt
o fest the effect of a common standard deviation on the resulting selectivity curves,
averaged standard deviations for maximum and head girth were expressed as the average
lor pooled length classes. The resulling selectivity curve did not show any difference from
the selectivity curve obtained when considcrir'lg increasing variance for larger length classes
(Fig,8). Although constant vartance was supposed to be one of the assumptions required fo
be satisticd in using these methods, it was found that its p;'aclical effect is much less
important than the relation between maximum and head girth.

Selectivity curves for 140 min tnesh size estimated both b_\‘. Sechin's and Kawamura's
method partially overlapped the catch curve and the sclection range was smaller than the

catch curve.

The narrow selectivity curve found for white croaker is probably a result of its body
shape. Comparing to bass, their anterior profiles differ, white croaker appearing to be more
stouter than bass, Maximum girth and head girth measures of whiicr croaker differ only
stightly, and Jensen (1986) found a narrow selection range for burbot (Lota lota 1..). which
1s also probably related to the fish's cylindrical body shape.

“ In view of the characteristics of the coastal gill uet fishery being studicd, only girth
inference methods could be used (o estimate selectivity for white croaker. The results of
using Sechin's or Kawamura's methods are not satisfactory, however, for the Tollowing

reasons!;
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a) the seleclion range is narrower than the catch curve ::;ngc. unlike the'widcr ]
selectrvity ranges for other species estimated by the same mﬂhnds (Kawamura, 1972;
 Ehrhardt and Die, 1988); L
v . b) the catch curveldocs not fall within the probability ot caplure;

c) alIh(-Jugh the pﬁrely theoretical hpproach-a]lows 5ci£:c_tivity'10 _l)c'cslitﬁated in
almost any circumstances, providing girth measurements are available, it is ot eqrsyr io
accept the results as being completely trustworthy, be;;ausc they ig'nore: any fishing trial

with mesh size that should theoretically be selective on certain length ranges.

6. GENERAL DISCUSSION

The relationship between the size dism'bul::on of fish in the catch and that in the
population being fished can be affected at any stage of Lhe caplure process: the geographic
distribution of the fish and the fishery must overlap in time and space, the ﬁsh must
encounter the net, and 'ﬁnally be caught and retained. 'f() niinimise the effect of "patchy”
fish distributions and vaﬁzm'ons in relative abundance of the vear classes of bass (Pawson
and Pickett, 1987) and white croaker accessible to the fishery, the data on fish ienglh
* distributions in gi!i net catches were pooled for several years by mesh size. The procedure
has the addittonal benefit of smoothjhg modality induced by year class size distributions, so
thal catch curves begin to resemble selectivity curves.

Girth-based methods for determining sclcctiﬁty of gill nets require that fish are, in
practice, caught by becoming enmeshed between the operculum and the tishes' maximum
girth. However, tish which have become tangled in the net can sometimes account for a
signiticant praportion of the catch and, in these circum‘;[anccs:., compound sclectivity curves
are rcquircéi. Bass and whilc ctoaker were mostly enmeshed, which is corroborated by the
fishery's catch curves, which are relatively narow and unimaodal for all mesh sizes. In this
case,; compound selectivity cirves are considered to be an unncccs§ary complication.

Whilst selcctivitf lcurvcs can be used to provide an estimate of tﬁe relative numb-ers ‘
of each size group in the population from which the catch is mkén, the index of efficiency
discussed here indicates only that proportion of fish which one mesh sizcl will capture
relative to other meshes. It does not show directty what fraction of the a\;'allilablc fish
population any mesh size will catch (i.¢., the net's absolute uﬂ'f:cti\;'eness). l

Precise estimates of average girths for cach length class are required for valid results,
and the distribution of the girths should be thali of the lished population and not of the gill .
net catches alone (M.Nicholson, pers.comm., 1990). When girth measurements are taken
from fish caught by gill nets only, they will show reduced variance due to the nets' high

selectivity for girth, leading to bias in the results.
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Inference from Girth Measurements .

The gith inference method's main advantages are that it can be used in the abser'lce
of catch data and its mathematical expression is simple, though more comples cquations
can be used depending on the information available (see, for example Sechin, 196%a,
1969b; Kawamura, 1972). The model assumes that the length distribution ot fish caughi by
giﬂ nets follows a normal function, but selectivity curves are generally skewed to the lefl,
which suggests that models incorporating appropriale transfm"maﬁons are likely ml be more
satisfacto.ry (Regier and Robson, 1966). Their application is limited to those species of fish
which are normally caught by wedging or gilling. No account is taken of fish that are
tangled in the nets. Their purely theoretical approach is their main weakness. Whilst this
method does not require catch data for its application, carch curves should be available in
order to validate the fesulting selectivity curves.

Indirect Methods

Methods of estimafing selectivity which indirectly use length or ginh {requency data
lor actual catches can Ec used to predict a minimum mesh size which will support a
regulation aimed at increasing the size at which fish recruit to a gill-net fishery. It is
sugpested, however, that these methods fail to describe properdy the entire selection
characteristics of gill nets and care should be taken in using them.

The methods of McCombie and Fry (1960} and Kitahara {1968) gave safisfaciory
results for hass, but it appears that only where adequate catch data are readily available for
nets with mesh sizes selecting the most abundant length ranges in the local fish population,
can models be developed which not only fit the catch curves but are validated by them.
That is, a knowledge of the stze distribution in the fished population is still important.
Fxtrapolation to other. less well used, mesh sizes is made with less confidence, and these
methods are unlikely to provide a robust basis for advice on mesh sizes intended fo

maximise vields in gill-net fishenes, For example.

7. GENERAL CONCLUSION

Selectivity curves, exprcss;fd as relative retention efticicncy by length class. when
applied to population length frequency distributions, will seldom precisely replicate actual
catch at length data. Retention is by girth and not by length. and the variance of girth,
particilarly in length classes fonger and shorter than the imode, should be taken into
account. |

It is difficull 1o estimate selectivity when only data from one mesh siée are available.
The analytical investigation using bass data helped'to identify the possible muthods 1o
estimate sclectivity with dala originated from few mesh sizes, and emphasised the need 1o

validate selectivity estimates regardless of the method used.  Estimates of seleciivity of
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* while croaker presented in his study, although not entirely satisfactory. are the only ones

available. Manv papers have been recently published on selectivity of gl nets ~ (Jensen, -

"1986; Densen. 1987, Amarasinghe, 1988; Ehrhardt and Die, 1988;'Winlcir§ and W’heeler,_

1990; among others} but most of them are based in traditional iipprﬁéchcs;Whicﬁ are not

" 1o be usable with data originating from only a few mesh sizes. Gill nets arc fréquently used

in dc\relobing countries where infrastructure conditions are tar from ileal, and methods of
estimating selectivity that rely on experimental fishing to collect data are unlikely to be put

info practice.
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2- Theoretical frequency curve of the master plot of logyy (tish girth-mesh
perimeler) for bass in monofilament gill nets:(®) denotes calculated means of adjusted log

i

((3/P) frequencies; ()} denotes observed values.




18

YSAW Wl 76 (P) ‘ysow wan g8 (o)

‘yssw unu 7§ (q) ‘Yssw wnu (g () 130J $9AIND YojEd .wﬁ,v:oamotou pue 781, W umoys

10/d J0152W 3Y) U0 poseq $19U YIS JUSWIRTIJOUOW W SSBq JOJ SSAIND ANADNDINDG -¢

{wio) Wpbue _EE

¥G 65 25 15 06 6F 8F A¥ OF Sk P CF 2 ¥ OF 6C BE 16 90 SE PU L€ ¢F

jﬂr f _|ﬁ TR R S PRV S SUNS VDU S SN WU R N S N N
o v o F Ay
: g vt . P v +
T : Do
[w] A J * i .
o ‘# + . m‘
v o
o oW F. -+
B i v
.I: oo
_ 3 f
; _— a ‘p EN : * o
PN ll— { - 9°0
IERY )] [ v
[ ! - oy . ¥
| WHUOO § _ jm) .,1. ¥ __,. *
Y. : ; - 80
_ﬁ WG _ U,. - 0 .\4 , U
. . : . :
_ Sy, {
| EEmmI_ L __D..D v )
4 (
(wo) wpBuat jejo
8y f¥ OF S¥ ¥¥ ¥ Z¥ W O 6 Bt £ Y€ GE P Ef ¢
m . ] . _...-.l..,. 1 \.-'l_ H 1 i 1 1 1 1 O
, v " N .
o \ a Fl .
* . - N A
u] A4 N f
. Lo v -
\ o !
B A I o} vo
\ v ! |
. \ o /
SRR EN .
||li|_" O v \ .s L a0
WD | S
s | ooy S
v | : M 2 A 80
hE;ﬁm _ \ \..\*
® | R E L
et | I d v —H Ly AQ
Vv Y

Aousrbeid sAgeieyY

Asuenie.4 eaneley

. wo) ypbus feloL
1S OS ty ¥ 2y OF 4F ¥ Ov.wv P O BL BE /€ 90 € pE€ €L 2L 1L 00 62

.r\, .|_| ».l.,. . L i ] H L 1 I} . i 5 AN S | " \, ﬂh
: * e~ , ] o w £~
N ; ’ % ..\..
. i - : /
A «
v 1
* \ i
B V2
§ & o
* 3 .\
,./.. ..‘
F. *
* ! !
—e—- - . ﬂ ..s./. ..g C
WwED Y I
Lo f T
l.lEmw,,m . _4 “.. AO
- .
(o) Bue elo L :
OF 60 89 JE 9 G€ € €L 28 £ 08 62 8 22 Y€ G¢
m M - G J._Qﬂ “ﬁn u“”||_. L - ._ : —_ A ) A\_w _. ! "l
o A 4 "~ ¥ .A\. v +
-
o v N * .. . *
i ! v
[ wi * o
.,.. j )
_ [ i 4
...... = [} e -
yoes _ ».. Uy
E_.mmx _ /.. ! *
o *
_ .E_“vh \ 0 \
E_u.Oh ] 3 W ‘..\ v . + Am
™~

&0

¥Ei

910

g0

Asuenbely sageley

g0

)

80

80

Aousnbe.iy sanejey



- 19 =

2.5 -]
1
?
n
L)
[
F)
€
.2 1.5
S )
[
[* B I
[a;]
[=3
.|
0.5 -1
|
°‘ T T T T Y
0.2 025 . a3 0.35 04 0.45

Logyg (Lm!

4- Theoretical ﬁ*cquency curve of the master plot of logyg (fish length-mesh
perimeter) for bass in monofilament gill nets:(®) denotes calculated means of logyq caich

frequencies; () denotes observed values.



- 20 -

YSOW WU 76 (p) Ysow ww g8 (0}

fyssw wnu 7g (q) ‘ysswr wiui o/ (€) [30] SIAInd Ydjeds Suipuodsaliod pue Bi,] W umoys

1o0id 13)52W11 we U0 paseq 19U IS IUSUETFOUOW 1 §5BQ JOJ SIAIND AJANOJRS -¢

(o). pBueT /o

6F 8y J¥ 9¥ 4¥ vy EF EZF t¥ OF €L BC /L O€ ST FE
i . H 1 . L H 1 il . e L ] i i 0
~ ' : \f.\\|_ :
R N £ oL
mi .P K \ v
q g -
P / v [~
_—., v * hw *
oo s
A T oy “ -
o *
L T ,\ A
G | i
o LI/ 1 N !
ﬁ ﬁ“mo ” 1 * ..‘. v
Wb | | ot - ! 1
[ g * . [
ok | R A
‘ = g i e ~ \.. v D
k»EENmI_ / o b
w.w... . v - : ,
: [u] v |
{u10) tabue rejol )
L4 2 > B 4 lv Ot &£ B8c g 8 S€ ¥ €£ ¢ e 0e
—ly 1 4, L L I | i L J A i 1 i
T T
o o . ¥ ]
v N al ﬁ
I - /.. ] .\ *
d * / v \ -
A a [ |
. K *
t v \ v !/
oy I
3 o .,...
\ I L
- v ' v / |
"
! /
.o L
| . -
/s
o -
o B o Wk L

0€

or

ov

Aousnbeld anjeley

{wio) Lpbue fejoy
b ub ¥ 9V ub PV CF 2F Ly OF O BC JE WL G e Cv <€

L Lllrf.. 1 L { N N | L1 A —— ! - L

Aouenbeldd sajeley

~. S -
N . :
../* . g
B : : . /
/. * ..\.,.. \‘. ES oe .
1 ¥
! i ‘ : /! 0¥
) B o
N i
AN j
o ;
v ! b oo
" !
e A I
wED> | \ LAY (o o8
* / '
WGy L i k
e .
LR 001
{Wwo) ybuat rejoy
B¢ L& O S v S8 2 & 08 82 B2 2 92
[} ._ L - 1 J| N L i 1 ] L H A”-
N .
a o e v
v N * i I * _r 0
4 A / v
v . jo .
; L O
Voo : ! v .
\ o
Ny o 9
A x
.., ! v
v
= \
/ A - 08
\Y \,. |
. 7 %
\ ;v Aw
o Ty * L 0oy

AdUenbeld GAQEiéH

Aosusnbelyj angejay



- 21 -
1 - a) r\'
A M catehh |
© | S |
\ ‘
7 e . ! 140 o |
0.8 e/‘ \ L o |
) ! {
5 . ./ ° \,
3 06 ¢ \
g / A
e / ° \
© { \
é 0.4 - f'e AN
o / 3
D / o \
02 - [ ® Y
/ ° \
A S
// ® ° N
— ® - ] ol
4 T WI T |\ S B e o
t N
0} i \ c
i\
; ~
0.6 ! ™~
/ \
%) ! \
a§ 06 - ,I \
o Y
o ! \
L 1 , © ‘\ o
-g 04 - ! l\,
J5! i !
& ! ‘
/ \
0.2 - [ LA
1" \
7 ~
s . B\_\
4] T T — T T T T T T T RSN T T ey T T

M 36 38 4D 42 44 4B 48 50 572 54 56 58 60 62 B4 B6 65§ 70

Total Length (cm)

6~ Selectivity curves for white croaker in monofilament gill nets using Sechin's and
Kawamura's girth inference methods, and corresponding catch length  frequency

distribution for 140 mm mesh.



- 22 -

Giﬂnel.Catch

120 -
a) 2
100
80...
60 -
1.
40
20
0 e T
1% 17 19 20 23 25 27 28 M 13 35737 39 41 43 45
m—l F 1
b) 1 Popuiation |
50 i Sechin II
| McCombie & Fry |
40_ I ...........
l Kitahaia
|

Numbers of Fish
z

T "
30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

] ) RN .
‘ ] ' ix‘.r}_:_.g
-0 T T LA s S B W S B S S IR i S
27 28720 30 M 32 *33 034 35 38 37 *38 39 40 41 *42 43 44 45 46
Total Length (cm) o . ‘

7- Hypothetical length frequency distribution of 2-6-year-old bass showing (a)
retention curves for 82 mm mesh based on three selectivity models, (b) the same
theoretical retention curves and actual commercial gill net catches for 82 mm mesh: (¢)

theoretical retention curves and actual commercial gill net catches for 89 mm mesh.
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