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A Theoretical Approach to the Selectivity of the Net Gears— [I.
A Method of Estimating Selectivity Curves of Trawl and Seine Nets

By

Akio Fuuisur

For the purpose of enforcing mesh regulations and providing informations of the op-
timum yield, a number of experiments on the mesh selection of trawl and seine nets
have been carried out for many years in the important fishing grounds in the world.
The cover-net method, the commonest method, have been widely used for estimating the
selection curves. Those curves are determined by capturing the fishes which have escaped
from the large meshed cod-ends and comparing their body length or girth with those
retained by the small meshed cover-nets.

From the view-points of saving much time and labour for the field experiments and
offering the suggestive data to the effective fisheries management in the near future, it
is also important to develop a new theory of selectivity. The theoretical approach to the
selectivity proves to be favorable to using the geometrical relations between the shape
of cross-section of fish body and that of mesh under tow, as described in the previous
paper”). In this type of investigation it is difficult to estimate the degree of defor-
mation of mesh shape when fishes are forcing their way through the meshes. Crarg!?
made a series of mesh experiments in JCNAF subarea V, in which he pointed out that the
flexibility of the mesh as a whole increased with increase of mesh sizet But the cod-
end’s .meshes under tow are not so flexible as the mesh shapes are deformable according
to the cross-section of fish body. Furthermore it is satisfactory to consider that the
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flexibility of the mesh is more or less different in the materials of net and mesh location
in the cod-end. .

Introducing CLARK’s tesults and other possible items relating to the flexibility of the
mesh, the author, to simplify the argument, distinguished between two different shapes as
the approximate mesh shapes. Those are of the diamond shape as the rigid mesh and
of the wide-shaped hexagon as the flexible mesh. From the two mesh shapes, the re-
lative magnitude 24/(T/4) within the upper and lower selection limits can be expressed by
following forms, in the same manner as presented in the previous paper17):

In the case where the mesh is of the diamond shape,

2a/(T/4) = sin 20 / \/1 — &% sin* (0 — @) 0=<e<1)
In the case where the mesh is of the wide hexagonal shape.

2a/(T|4) = 2 Jsin 6 — sin*6 |/ \/1 — &2%cos?y 0=e=<¢)
and

2a/(T[4) = 2sin @ cos o /\/1 — &Zsin?(a — @) (5, = e= 1)
6 is related to a by the following equations;

sina=2sinf — 1 and cosa:Z/msin_zf)

where 2a is the body height at the maximum girth on the assumption that the cross-
sectional shape of fish body has an elliptical form, 7/4 is the length of half mesh size,
¢ and « are the mesh angles as shown in Fig. 1, ¢ is the angle between the major axis
of ellipse and the longer diagonal line of mesh, € is the eccentricity of the ellipse cor-
responding to the degree of flatness of fish body and e, is a kind of the critical value of
& as shown in the appendix (1).

In this repori, the combinations of the ratioc of a major axis to the maximum axis
of ellipse and the ratio of area of ellipse to that of mesh in the ranges of the afore-said
limits were used as one of the substitutes for the index of the retention rate. If these
ratios are small, fishes have much chance to escape and vice versa. Though these
ratios vary from O to 1, practically at a certain value fishes begin to be selected and at
another certain value smaller than 1, all fishes are retained. Therefore here the average
of percentage of iwo ratios were adopted as the retention rate. The lower and upper
selection limits are obtained from the above expressions under which ¢ equals to a right
angle and zero. In accordance with the way described above, the theoretical selection
curves arve illustrated with the relative magnitude as abscissa against the percentage “rate
of retention” as ordinate by the combinations of ¢ and & The following conclusions
became evident after comparing the theoretical values with experimental values referring
t0 AOYAMA’S papersl’2>3=4’5):

1) It is assumed that the theoretical values at five retention points (0, 25, 50, 75 and

100%) are almost the same as the experimental values.

2) The deviations from the theoretical values to actual at 100% retention point shown
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in Table 3 were helpful both as a judgement on the applicability of approximated
shape of mesh and as a hint for estimating the flexibility of meshes under tow.
Nainely, considering the accuracy of experiments, a few percent deviation is satis-
factory and it may in common fairness be said that the wide-hexagonal shape is a
fitting application as the flexible mesh by the posteriori reasoning.

3) We think the values shown in Fig. 3., Fig. 4. and Fig. 5. give useful suggestion as to
enforcing mesh regulations.
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Fig. 1. Positional relationships among wide-shaped
diamond and hexagonal meshes and elliptical
form of fish body at the maximum girth,

Notes: 1/2 mesh size (AB, BC); T/4
1/4 mesh size (PS;, BS1); T/8
Mesh angles of diamond and hexagon;
0 and «a.
The solid and dotted lines of body shapes
indicate lower selection limits in the cases of
diamond and hexagonal mehses, respect-

ively.
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Fig. 2. Estimated theoretical selection curves by the use of geometrical re-
lations between cross-sectional shape of fish body and mesh
shapes.
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Table 1. The values of selection range and relative magnitude {2¢/(T/4)} corresponding to
the upper and lower selection limits by the mesh angle (8 or @) and eccentricity

().
Values of selection limits ¥* s
Mesh angle #——-—'/————[J’——————'—‘ election range
fora e* Upper (A) Lower (B) (A) — (B)
(Deg. ) {2a/ (T/4)} R-100% 124/ (T/4)} R=0%
0.50 1.0301 0.7698 0.2603
0.70 1.1470 Do 0.3772
55 0.80 1.2830 Do 0.5132
(39.7) 0.90 1.5408 Do 0.7710
0.95 1.5860 Do 0.8162
(.98 1.6165 Do 0.8467
0.50 0.9608 0.6813 0.2795
0.70 1.0889 Do 0.4076
60 0.80 1.2010 Do 0.5197
(47.1) 0.90 1.5629 Do 0.8816
0.95 1.6421 Do 0.9608
0.98 1.6938 Do 1.0125
0.50 0.8593 0.5828 0.2865
0.70 0.9910 Do. 0.4082
G5 0.80 1.1123 Do. 0.5295
(54.4) 0.90 1.3370 Do. 0.7542
0.95 1.6619 Do. 1.0791
0.938 1.7466 Do. 1.163:
0.50 1.0301 0.5828 0.4473
0.70 1.1470 Do 0.5642
Average of 0.80 1.2830 Do 0.7002
3 mesh angle 0.90 1.5629 Do 0.9801
0.95 1.6619 Do. 1.0791
0.98 1.7466 Do. 1.1638
Notes: * gis the eccentricity of the cross-sectional shape on the assumption that fish

body has an elliptical form.
B A 2a/(TI4)Y} p-109 and {2af (T/AY r-0% indicate the values of relative mag-

nitude at 100% and 0% retention points, respectively.
Figures in parentheses show the mesh angle of the wide-shaped hexagonal mesh.
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BEIELRS 270, BREFLTNDL )Tk 3,

Table 2. The average eccentricity () of the cross-sectional shape of fish body and regression
equations between body length and body height or body breadth by species.

Samples examined l
Correlati
Species name ¥ & Ranges of body Regression equations ** Orr‘,, a. on
No. length  (cm) coefficient
Argyrosmus argentatus | 0.87 | 10 15.6—19.3 B.H =0.239 T.L.+0.128 0.700
<White croaker,>
Shiro-guchi
Rarabembras curius 0.45 ] 14 16.2—22.2 B.B.=0.174 T. L. —0.400 0.930
(Flat head,)
Uba-gochi
Notes: ™ Common names and Japanese names are given in parentheses.

** The regression equations were determined on the data report of bwmetrlcal
measurement of caught fishes in the East China and the Yellow Sea’ )Vol I,
published by Seikai Reglopal Fisheries Research Laboratory in Nov, 1950 and
the author’s report

In this table, T.L., B.H. and B.B. are abreviations for Total length, Body
height and Body breadth, respectively.

B3RD (B.L)mé (B L) e t0EOHEHFE (B) 104 3 B4 10 dHHERBE A EIERED
E (R ETFN3ILEERLTVS, 8BFHCFVT (B L)mé (B L) 0EH x5 afEL s o
VYISV E - 7AST DRIV Th B, 851, EREUAINIHREORELEE TN, sFo4
B OMBTEEERGIIBIS (B L)mE (B L) eDFEMEL AL LTLESS 3, LAL, 5
A TECDENREDP 272, ZORRIMOEEOERIANY F7 4 OEREFZEL L EVOTERYE S
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Table 3. Comparison of the derived body length from this theory (B.L.)rs» with the estimated
body lengih from the experimental selection curves (B.L. ). in five retention points
by species and mesh size (7/4).

Species T/4 Body length in the respective retention points (cm)
- & Body length

No. Science name (cm) 0% 25% 50% 75% | 100%
1 Tanakius 0.98 | 3.62 | (B L)E (4) 10.8] 13.6| 152 17.0° 19.6
kitaharai (B.L.) (B) 6.7 12.8 14.6 17.1. - 20.4
Diff. (A) —(B) 4.1 0.8 0.6 —0.1;— 0.8
2 Rhinoplagushia (.98 3.00 (B.L.Ye: (A) 17.5 19.3 20.8 22.5 24.6
japonica (B.L.) 7w (B) 15.8 19.3 20.3 21.7 23.6
Diff. (A) —(B) 1.7 0 0.5 0.8 1.0
3 Trichiurus 0.95 2.71 (B.L.) g« (A) 9.5 13.2 15.2 17.5 21.9
lepturus (B.L.) 1 (B) 9.5 16. 9 19.8 22.7 27.2
Diff. (A) —(B) 0y— 3.7!—46]—52|—53
Do. 3.99 (B.L.)E= (A — 19.5 20.3 24.2 30.7
(B.L.) 7 (B 12.6 22.6 26. 4 30.3 36.3
Diff. (A)— (B —31|—61—61—256
4 Pseudosciaena 0.89 3.00 EB. L. % e (A) 12.1 13.2 14.8 16.6 19.4
manchurica B.L)r (B) 6.0 1L.5 13.2 15.1 19.7
Diff. (A) —(B) 5.9 1.7 1.6 1.5 — 0.3
Do. 3.62 (B.L.)Ex (A) — 16.5 19.2 21.7 25.0
(B.L.)r (B) 7.8 14.4 16.5 18.7 24.3
Diff. (A) —(B) — 2.1 2.7 3.0 0.7
Do. 3.99 (B.L.)rs (A) — 16. 8 19.3 21.6 —
(B.L.) i (B) 8.8 16.1 18.4 20.8 27.0
Diff. (A) —(B) — 0.7 0.9 0.8 —
Do. 5.78 (B.L.)gx (A) — 23.3 310 34.2 42.5
(B. L.} (B) 15.7 24.3 27.7 31.2 40.2
Diff. (A)—(B) — | — 1.0 3.3 3.0 2.3
5 Argyrosomus 0.87 | 3.00 EB. L.) g %A% 0.7 12.0| 134 154} 20.0
argentaius B.L)m (B 6.8 11.5 12.9 14.4 18.4
Diff. (A) —(B) 3.9 0.5 0.5 1.0 1.6
Do. 3.99 (B.L.) g« (A) — 18.2 19.3 20.3 —
(B.L.)rv (B) 9,1 15.1 17.2 19.1 24.4
Diff. (A) — (B) — 3.2 2.1 1.2 —
6 Argyrosomus 0.85 3.00 (B.L.) e« (A) 12.3 13.2 14.3 16. 1 17.5
nibe (B.L.)m (B) 1.1 14.6 15.8 17.1 18. 1
Diff. (A) —(B) 1.21— 1.4/ — 1.5|— 10— 0.6
Do. 3.03 (B.L.)Ex (A) 9.5 13. 4 14.8 16.0 20.0
(B.L.)ra (B) 1.1 14.8 16.0 17.3 20.0
Diff. (A)—(B) |— 1L6|— L4} — 12 — 1.3/ — 023
7  Suggrundus 0.80 3.99 (B.L.)gx (A) 12.5 18.0 20.3 22.0 —
meerdervoorti (B.L.) 7w (B) 13.4 20.8 23.7 26. 5 31.8
Diff. (A)—(B) |— 0.9 — 28— 3.4|— 4 5 —
8 Saurida tumbil 0.50 2.71 (B.L.)Es (A) 14.5 17.3 18.6 20.0 22.7
(B.L.) v (B) 13.71 16.7| 18.4 0.2 2.7
Diff. (A)—(B) 0.8 0.6 0.21— 0.2 0
Do. 3.99 (B.L)E: (A) 15.8 20.4 23.0 25.3 30.2
(B.L.)r (B) 17.6 21.6 24.0 26. 2 29.5
Diff. (A)—(B) |— L8|— L2]— LO|— 0.9 0.7
9 Uronoscopus 0.50 3.00 (B.L.)gs (A) 9.0 10.2 11.8 14.2 19.2
japonicus (B.L.) v (B) 8.7 10.8 11.9 13. 1 14.8
Diff. (A) —(B) 0.3]— 06— 0.1 1.1 4.4
10 Parabembras 0.45 3.00 (B.L.)ex (A) 11.3 16.2 19.2 21.0 22.0
curius (B.L.)mw (B) 12.4 14.7 16.0 17.7 19. 6
Diff. (A)—(B) | — L1 1.5 3.2 3.3 2.2

Notes: (B.L.);, were estimated from the selection curves referring to AOYAMA’S
papersl’273’4’5). (B.L.)ri, were calculated from the theory and regression equations

as shown in Table 2 and the previous report™ /.
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Table 4. The modified values of lower selection limit and selection range by the eccentri-

city (&).
The modified values
&
2a/(T/4) Selection range
0.50 0.5828 0.4473
0.70 0.590 0.557
0.80° 0.625 0.658
0.90 0.650 0.943
0.95 0.675 0.987
0.98 0.700 1.047
101 10F <,S/°/{§\Q (@)0/( é’\“
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Body height (2a: cm)

Fig. 3. The body height at five retention points by mesh size (T/4) and eccentricity (e).
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Fig. 5. Relation between mesh size and body

Fig. 4. The body height at 50% retention length at 50% retention points by
point (22) R-s0% corresponding to the species. Figures in parentheses show
respective T/4 and € values. the species number in Table 3.
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Fig. 6. Schermatic diagrams between mesh shapes and cross-sectional shapes of fish body.

Motes: (A) Inelastic fish body enclosed by a rigid mesh.
(B) Inelastic fish body enclosed by a slightly flexible mesh.
(C) A slightly flexible fish body enclosed by a rigid mesh.
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22 ZTEUY I BIAOIEREME & (2RO SRIAEAEENE & 0 k& v, BREE S h 2Rk & 5EC
KBk CHEH 25T HE 2 RRE R U CHElE S RIS S #ET 5 oMARGETTS™ (£ Haddock
& Whiting 120 W CIEML 2 VERIIE (N.G.) LIEHRB (C.G.) 2BEL, MEL 2 hFNEE (&
E:T. L) OEEXRTELLE, ZALDERREOED LB TH 3,

Haddock © N. G. =0.559 T. L. — 1,508+ (T. L. =21~55 cm) «+eveeeveesesssessoees (12)
C.G.=0.513 T. L. —0.615-+--- (T. L. =21~55¢m) - veeeeeersrsneemsssennnss (13)
Whiting © N. G. =0.543 T. L. —1. 739+ (T. L. =17~4d cm) +rreeeveesesesessesieces (14)
C.G.=0.538 T. L. —2.903----- (T. L. =073 em) cerreeeeeeereeenenaens <15)

T, HANADE U EAEIRE R ISR R R R 4 105 o5k o TRKSHE 2 5BV IEY 3 REE TRH©Y -
T & EDETH B,
ZT, ‘%TZLWJ— Bk & BT B -0 REEREE (R.C) 2 XKXOLIITEET 5,
(NG CG)XlOO/NG ............................................................... (16)
55 FEIiC (12) ~ (16) Kp KRB -MHED R.C. 27T, ZORESZ CRENEHEI L TLRMENEE

Table 5. Constriction of the fish body by species and total length (7.L.).

Species T. L. Rate of constriction (%)
25.0 2.0
30.0 3.2
35.0 3.9
Haddock 40.0 4.6
45.0 5.0
50.0 5.3
55.0 5.6
- 30.0 9.2
Whiting 35.0 7.9
Note: The rate of constrictions were calculated from the constricted girth and natural

girth referring to MARGETTS’s paper 0
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Table.6 Constriction of fish body estimated from the body girth (circumference of ellipse}
and inner circumference of mesh (T7).

Mesh size(em) 100% retention point {cm) Constriction
Species € /4 Inner circum- | Body | Body |Maximum (G)— (T {(G)— (')} /(G)

* | ference(T’) | length | height | girth(G) (cm) (%)
Tanakius kilaharai 0.98 | 3.62 12.8 19.6 6.1 12.7 — 0.1 —
Rhinoplagushia japonica | 0.98 | 3.00 10.0 24.6 5.7 1.9 1.9 15.95
Trichiurus lepturus 0.95]3.00 10.0 21.9 4.0 8.7 - L3 —
Do. |3.99 13.5 30.7 5.7 12.2 — L3 —
Pseudoscicena monchurica | 0.89 | 3.00 10.0 19.4 4.1 9.6 — 0.4 —
Do. | 3.62 12.8 25.0 5.7 13.3 0.5 3.76
Do. |5.78 20.9 42.5 9.3 21.8 0.9 4.13
Argyrosomus argentalus 0.87 | 3.00 10.0 20.0 4.9 117 1.7 14.53
Argyrosomus nibe ¢.8513.00 10.0 19.5 4.2 10.2 0.2 1.96
Saurida tumbil 0.50 | 3.00 10.0 22.7 3.1 9.1 - 0.9 —
Do. |3.99 13.5 30.2 4.3 12.4 - 11 —
Uranoscopus japonicus 0.50 1 3.00 10.0 19.2 4.0 11.8 1.8 15.25
Parabembras curius (.45 3.00 10.0 22.0 3.4 10.2 0.2 1.96
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B AMEE OER TREATHOE INL Y, BHOERE (2¢) # PP tHL v SITHET 5,
Tabb,
2a= 20P= 2RS,
zz7, AB=BC=T/4, BS,=P5=T/8, LAQS:=/RS:B=a, LOAB=/0CB=0t¥ 5, AOAB
HEPFARSB LV ZNFhoEDOERRIKILT 5,
OB~ (T/4)siné
F_B;:(T/8)sina
=51,
OB=0OR+RB, 7-71L, OR=5P=T/8
(T/4) sin6=(T/8)+(T/8) sin a

sin a=2sind — 1
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%72, ARSB &9
SR=(T/8)cose, SR -5 B —FKB
RB=0B—OR—(T/8) (2sinf—1)
. cos a=2,/sinf—sin? 0
BIRERIIMAEE IR 528D LI 12RO ENS, ZOMIZLVOB=e4—F & L& 512, BHRE LD
28 (m, m") PRELNAED 2 PS, HEUV BS N L 2RER TR T, 22 THEOOER (2¢) bk
URERE 20) 22 hsnXa, Y#e L, O2ESIC&AE, BHO—BRAESEDL BV TH S,

x2/a"+y2/b211 ................................................................................... (14 1)
Y
i
A
N
1N
[ D
! N
UL{P NS,

:WN

7
”_K | r/j/B
i

\ £0VS,=(m/2)+(p —a)
ZOUP=(7w/2)~¢

App. fig. 1. Inscribed ellipse in the wide-shaped hexa-
gonal mesh at the condition under which
@ is held constant. m and m' indicate
the points of contact with PS, and
BS; .

7o, BHOBIEBELE (¢) BRATSE 5N 5,

AOUP &9, OU=(T/4),/sinf — sinB/cos ¢
B2, 212, SBLUPO2ARRREGY (1-1), (1 2)0XRXEVO>ED k3121850 3,
y=(—tan @) x+ (T/4) /mmy COS (P wereerersrrmcuneuiniiin (1-3)
BRHE LOm B PS LT 572010 RAPTMILL 25 TS 5 B0,
a® (—tan @) ?—a® (1—e?) = { (T/4) ﬁmﬂ/cos¢}2
IhEEET 5L

20/(T/4) =2,/ sin @ —sin’ G /,/ T—€2cos? @ «rrerreererrreasmnsercminioni. (1-4)
—7, BHELOm 557 BS L#ET ABAII@ 0 SOBRRASES R,
ABOV kv
OV =0B"-sin { (n/2) —a} /sin{ (7/2)+ (a— )}
=(T/4)sin 8 cos a{/cos(a—¢) ...................................................... (1-5)
OOV IZRIHMOMNEE (2) 2BHALT, ok e DB THRHLT LN TED, Thbb,
OV =/ T 78T (@ = 9] / €08 (@— @)errerrsrmsrmmsssesssniisisiisiasissis e (1-6)
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App. fig. 2. The ¢, values corresponding to the combinations of the ¢ values and f or o values.



HBE BB 3R AT — 11 197

(1-5)=(1-6) £BVTKhREES
2a/(T/4) = 2sin 8 cos a/,/ T—€2SIn" (@ ) roernrerrrmerrnmmunememmioniiiiiinnn. (1-7)
(1-4) R erk—ELTE, BHD e APEL L > TEMPSREICHBIE T CBEI, m »° PS5, L3
TEDTH->T,m & B EI3ETAZEATELRVNZERBHRL TV, 20z, (1-7) Rr o
—EETIE, EHO e PRE - THBAFREIIRTEICE3BAIL, n #F BSLETADTE-T, m
EPG LT AZ LA TERNILEBKL TS, LAF-ST, (1-4=(1-7) bVT, eizow
TIRTIE, 20HEE e —ED L 512, m w’ ©2 AP R PS, BS 123EL Tw 3 & & 0N H i
DEIZE B, Znk & LBETIERRFELENS,
g;=./sinf (2—sin®a)—1/,/sin 8 cos®a cos?¢p— (1—sin §)sin® (a—¢) (1 -8)
ZDe; DB R > CGEIREBIZERT 35X AHRE S, CRETEDTRTEDENDEINLE L, T4hb,
FEED & DIFEIZDOWT,
D= e, DBEICE, ERLEELZEDA2RT (1-4) KRBT e=0tBIIEdwv, LEP-T,

)

Zi=
2(1/(T/4)=2\/sin6~sin26/\/1—€7 ...................................................... (1 .9)
e =e<<1MEAITE, BREBEERD AR (1:7) Kb To=02tHiFidkn, Liad-T,
26/ (T/4) = 25in 0 cos 0 [/ LT 2SINT @ weorerrreerrmorsmminsinnintiiii e (1-10)

Fa, BRTRICHET 3R e ORDEEBETINESFLVOT (1-4) RIZHWT =90 &HiTE

vy,
TEFE 2T (1:8) ROELD3IZEH (8, o, ¢) OHAEFITE-Te; FEDE I BTN TLI2A2ERL

DT H B,

& (2)

=
=

BEETERR SN TH 3 & OREIZEINT, BORE (G) 22 FOBHEHEL 5K 5,

~

Major axis (2a)

Circumference of ellipse (G)

App. fig. 3. Relationship between circumference of ellipse () and major axis (2¢) by the
eccentricity (&).
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7/2 .
G=4a j J/1=e*sin? g d ¢
0

=2,”,|:1ﬁ (%)2‘52 - (%—_Zf)? %4._...._{% Z (2n2;1) F, (2753‘1) ,...]..(2 )

SEQEED +overen e 2+ 2)

Z 2T, MAOEE (2a), K20, BPE (¢) #2ATEHORE, ME, HEELFONET 58
DEt B, (2+1) RickbwT, e MERMTHAE, GIF (2 2) RDE I 20 D—RATHR 5N 5,
e 3 EBEE Tl B S WA RBORKOBTEELS (2-1) RIZRALT, Gk 2a OBGRERDLL
LOTH B, 2k, ORI (2-1) ROFEWAD n=5H (FH) FTAHELUELNZLOTHS,




