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A study on the mesh selectivity of salmon research gillnets
Kenji TAKAGI*

Abstract

Pacific salmon species, genus Oncorhynchus, spend the greater part of their life in the ocean
before they return to rivers to spawn in fresh water. Therefore, biological data are required not
only for the freshwater life stage but also for the ocean life stage in order to manage rationally
fishery resources of these species.

It is important to know the status of fish populations in the sea apart from commercial catches
landed, although an analysis of commercial landings is also needed to investigate biomass dynamics.

Drift gillnets are effective fishing gear for catching salmon species in the surface layer of the
ocean. But a sample obtained by a single mesh size gillnet gives a biased estimate of the population
because the gillnet selectively catches fish only suitable for its mesh size.

It is essential to obtain a representative unbiased sample in order to get unbiased estimates of
the size composition, age composition, sex ratio, maturity stage, relative abundance, etc., at sea.

For this research purpose, the author proposed a non-selective gillnet that is composed of ten
gangs of the same number of tans. FEach gang consists of different mesh sizes in a geometric series
progressively increasing by 149§, namely, 48, 55, 63, 72, 82, 93, 106, 121, 138, and 157 mm.

The test fishing was conducted in 1971 by using research gillnets consisting of ten different
mesh sizes that were designed to get a flat composite selectivity for salmon ranging from 25-70 cm
in fork length ; a theoretically expected selectivity curve was verified from the data from the test
fishing. Based on this test, research gillnets of ten mesh sizes were introduced in 1972 to all salmon
research vessels of Japan. In this paper, mesh selectivity curves, growth equations, offshore
distribution, and yearly fluctuations of a relative abundance index, etc., were analyzed by using a

large quantity of data obtained from the research gillnets during the years 1972 to 1984.

1. Comparisons were made among selectivity curves estimated by four different methods by

19964 3 H 6 HEH mEE/KEIEATM 53205
* ERVEERFEE RS (Fuyo Ocean Development & Engineering Co., Ltd.; 1-8-2 Torigoe,
Taitou-ku, Tokyo, 111 Japan)



18 [ N e

applying them to the same data of size composition of immature chum salmon. The curve
estimated by Kitahara’s method is similar to that yielded by Ishida’s method. The curve estimated
by Holt’s method shows that the slope of the ascending arm is less steep, and the efficiency is
optimum over a narrower size range than that produced by Ishida’s method. The slope of the left
arm in the curve estimated by Gulland-Harding’s method is similar to that estimated by Holt’s
method, but the range of selection extends to larger fish. For purposes of comparison the selectiv-

ity curves used in this paper are derived by Ishida’s method.

2. Among the selectivity curves of the specific mesh net for pink salmon by time periods, it can
be noted that the selectivity curves vary seasonally even for the same species, and that the nets are
relatively more efficient in catching smaller fish as the season progresses. This is seen in the
curves derived from the data by both Type A (121 mm mesh-series) and Type B (114 mm mesh-
series). This phenomenon would be caused mainly by the increase in condition factor (fatness) of

the fish as the season progresses.

3. In order to examine the accuracy of estimated selectivity curves for pink salmon, the author
used data from four research vessels equipped with longlines fished in waters west of 165°E and
south of 48°N, and another five research vessels equipped with four different mesh (68 mm, 85 mm,
100 mm, 111-115 mm) gillnets fished in almost the same waters and the same time period. First,
the selectivity curve was applied to the size composition of pink salmon caught on longlines, and the
ratio of CPUE by mesh size was calculated. Assuming that the size composition of fish caught on
longlines is representative of the population, the expected ratio was compared to the observed ratio
for fish taken by each mesh. It may be concluded from the analysis given above that expected
ratios generally agree with the observed ratios, except in April for the 68 mm mesh, and in May for
the 85 mm mesh. While the selectivity curve was estimated from the combined data for April and
May because of the need for larger sample sizes, it was applied to data for April and for May
separately. This may partly explain the discrepancies mentioned above.

To examine this point, by using the same procedure as afore-mentioned, the expected mean
length of fish was compared with the observed mean length. It is noted that there is an obvious
trend in the results of t-tests applied to each pair of figures by month. Namely, in April and in May
when Curve I was applied, expected means were always larger than observed ones, where lengths
differed significantly. In June and July when Curve II was applied, expected means were smaller
in June and larger in July than the observed ones. It may be concluded that the differences may
vanish if sufficient monthly data can be obtained to estimate the selectivity curve.

When the relative efficiency of a small mesh decreases and the relative efficiency of the next
larger mesh increases, the fork length corresponding to the point of intersection of those two size
frequency curves represents the fork length at which the catch efficiency of these two meshes is
equal. Applying this relationship to size frequency of pink salmon in May in the western North
Pacific, it was suggested that expected mean length, by using Curve I, which was estimated from

combined data in April and May, may lead to an overestimate.
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The selectivity curve combining 10 different mesh sizes in a geometric progression shows less
change by season. Namely, individual curves for each mesh size move equally toward the left side
with time and thus are mutually compensating. As a result, the seasonal difference in the combined
selectivity curve appears only at the ends of the curve. In the range of 28-68 cm fork length,
coefficients of variation for the mean of compound relative efficiency are 0.0133~0.0345 and the
combined curve is almost flat. It is, therefore, concluded that the research gillnet is non-selective.

There is a high correlation (r = 0.988) between the pink salmon CPUE of the Type A net and
that of the Type C net at each fishing station, and the regression line almost falls on a 45°line
through the origin. Mean fork lengths of fish caught by Type A and Type C nets were 35.5 cm and
35.6 cm, respectively, and there was no significant difference between them. The coefficient of
variation for the mean of the compound relative efficiency of Type A net is less than 0.0848 of Type

C net. In other words, Type A net is more non-selective than Type C net for pink salmon.

4. Although chum salmon of four ages occurred in the research waters, catches by each mesh
size differed distinctly in age and size composition as a result of mesh selectivity. There is no
significant difference between the optimum length of Curve 1 estimated from small fish data and
Curve 2 estimated from large fish data. There are differences in the slope of the arms of both curves.
Curve 1 has a steeper slope than Curve 2, especially in the left arm. This difference results from
differences in the condition factor of the fish.

There is a high correlation (r = 0.990) between the chum salmon CPUE of the Type A net and
that of the Type C net at each fishing station, and the regression line almost falls on a 45°line
through the origin. There was no significant difference between mean fork lengths of fish caught
by Type A and Type C nets. The coefficient of variation for the mean of compound relative
efficiency of Type A net is 0.1256 and slightly smaller than 0.1426 of Type C net. In other words,

Type A net is slightly more non-selective than Type C net for chum salmon.

5. In the experimental fishing, it is a rule that the same number of tans of nets should be used
for each mesh size, and all fish caught should be subjected to biological measurements. However,
the actual case sometimes deviates from the rule unavoidably. The number of tans of various mesh
sizes differs, or certain mesh sizes are absent, or the proportion of the catch sampled varies. In
order to evaluate an estimate from incomplete data, tests of three cases were made. The result
from complete data was considered as the “standard” for the evaluation. The first test was to
sample 30 fish or less for biological measurement data from the catch, by each mesh size, in order
to evaluate the accuracy of the estimate obtained from partially sampled data. The second test
was to eliminate all data obtained from fish caught by the 72 mm mesh net. The third test was to
adjust for the absence of 72 mm mesh data by a procedure which had three steps, i.e., estimation of
the selectivity curve from data excluding the 72 mm mesh net, estimation of size composition of the
population, and estimation of expected catches by the 72 mm mesh net. In three tests, items
examined were age composition, percentage of immature fish, mean fork length by age-maturity

group, and mean fork length for all age groups pooled.
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As a result, it is noted that adjustment of the data to estimate the age and size composition is
difficult when the number of tans and the proportion of the catch sampled vary. In addition,
adjustment for the absence of a particular mesh net is impossible if basic data are not broken down
by mesh size. However, an unbiased estimate can be obtained without a breakdown of catch by

mesh size as long as the same number of tans are fished and the total catch is measured.

6. Massive data from a total of 653,200 fish were obtained by the research gillnets of 10 mesh
sizes during the years 1972 to 1984, and classified by species, year, month, mesh size, and fork length.
By using these massive data, monthly selectivity curves from May to August were estimated for 11
species-size categories : namely, pink salmon of even- and odd-numbered years, chum salmon of
small, medium, and large fish, sockeye salmon of small, medium, and large fish, coho salmon, and
small and large chinook salmon.

The selectivity curve for pink salmon obtained from data pooled for all months as well as even-
and odd-numbered years is useful as a universal curve, although the slope of the left and right arms
are slightly less steep than in monthly curves.

The shape of the selectivity curve for large chum salmon in this paper is similar to those of
small and medium-sized chum and sockeye salmon. On the other hand, the shape of selectivity
curves for large sockeye salmon and coho salmon indicate a feature in which the right arm spreads
laterally because the netting mechanism in these cases is considered to be not only “gilling” but also
“entangling” by means of “teeth” and “snout”. Therefore, it is inferred that the shape of the
selectivity curve for large chum salmon approaches that of large sockeye salmon, if sampling
encounters well-matured chum salmon having developed secondary sexual characters.

In general, there are two types of selectivity curve: i.e., the a-type curve which is fitted to
selectivities by mesh size for fixed body length and the S-type curve which is fitted to selectivity on
body length for a fixed mesh size. Both types of selectivity curve were estimated for each
species-size category, and it was noted that a feature of the right arm of the a-type curve appeared
as a feature of the left arm of the S3-type curve and the significance of features was essentially the

same in both types.

7. The maximum mesh size of 5-1/4 inch (133 mm) of the INPFC standard research gillnets is
too small to obtain representative samples of large sockeye salmon, and there is thus a weak point
in the INPFC research gillnets in which the combined selectivity curve of 4 different mesh sizes is
less flat. Therefore, growth curves of salmon estimated from data by the INPFC nets have
contained a bias caused by the basic data. As representative massive data were obtained from the
newly introduced research gillnets of 10 mesh sizes in a geometric progression, it is appropriate to
estimate new growth curves by using these data.

The following growth equations were estimated for sockeye and chum salmon that winter more
than once in the ocean before maturation.

sockeye, female, immature : L(t) = 556[1-e~08%(t-0:90D)]

sockeye, female, maturing : L(t) = 630[1-e 0-80(t-0-481)]



FEMY 7 - ~ AT O E FEINE BT 2 W5 21

sockeye, male, immature © L(t) = 594[1-e 082(t-0.874)]
sockeye, male, maturing © L(t) = 662[1-e 092t-1.004]
chum, female, immature : L(t) = 604[1-e 060t-0621]
chum, female, maturing  © L(t) = 666[1-e 05t+0.129)]
chum, male, immature o L(t) = 656[1-e0s1t-0-551)]
chum, male, maturing T L(t) = 697[1-e0-60t-0:580)]

In the above equations, L indicates fork length in mm and t indicates age at the time in July.

8. The percentage of sets in which target species were caught (the rate of success) were
calculated at each 1°C class of sea temperature. Based on the lower limit of the temperature range
in which the rate of success was more than 50, the preferred temperature ranges for each species
were : sockeye salmon, 3~9°C; chinook salmon, 4~9°C; pink salmon, 3~10°C ; chum salmon, 1
~12°C; coho salmon, 6~12°C; and flying squid, more than 12°C. Most of the chinook salmon
caught in this study area and time period were immature, and maturing chinook salmon have
already migrated northward and passed through the study area by this season. Except for this
point, the above mentioned results coincide with the characteristic distribution area of each species.
Namely, coho salmon, having a high preferred temperature, occupy the most southern part of the
salmon distribution area ; sockeye salmon, having a low preferred temperature, occupy the most
northern part of the salmon distribution area; and chum and pink salmon, having a medium
preferred temperature, occupy the middle area between both of them.

In addition, the characteristic distribution area of each species agrees with the peculiarity of
up-stream migration time periods of each species. Namely, the order of return migrations to the
Kamchatka-Okhotsk coast is as follows ; chinook salmon return earliest, then sockeye salmon, pink
salmon, and chum salmon with coho salmon migrating last. This order of migration corresponds
to the preferred temperatures and offshore distribution positions.

There are differences of preferred temperature range and offshore distribution area between
immature and maturing fish of even the same species. Based on CPUE distribution of immature
and maturing chum salmon caught by 10 mesh-size research gillnets, it was noted that immature
chum salmon occurred in the southeastern part of the chum salmon distribution area in May,
occupied the main part of the area south of 50°N and east of 170°E in June as if immature fish fill
up an area vacated by maturing fish, and extended throughout the whole offshore area in mid-July
replacing maturing fish, which shifted to the coastal waters. These results indicated the offshore
distribution pattern of immature chum salmon in May to July more clearly than results reported in
the INPFC comprehensive report of chum salmon by Neave et. al. (1976). In other words, this paper
provided new information on offshore distribution of immature and maturing chum salmon in the
North Pacific.

9. Relative abundance indices of immature sockeye salmon caught by the 10-mesh type of
research gillnets in central Aleutian waters indicate a high correlation with inshore run size of

sockeye salmon in Bristol Bay in the following year. Data of immature sockeye salmon were
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obtained in the waters of longitude 175°E to 175°W and latitude 50°N to 52°N from July 1 to August
10 during the years 1972 to 1986. These data indicated a closer correlation with Bristol sockeye
salmon than did data from U. S. purse seine research, and provided further valuable information
after the discontinuance of the U. S. purse seine research project.

The relationship between mean CPUE of age . 1 immature sockeye salmon in Aleutian waters
(X,) and the number of age .2 sockeye in the run to Bristol Bay in the following year (Y,) is as
follows :

Y, =398 + 15.54 X, (coefficient r = 0.66)

The relationship between mean CPUE of age . 2 immature sockeye salmon in Aleutian waters
(X,) and the number of age .3 sockeye in the run to Bristol Bay in the following year (Y,) is as
follows :

Y, =539 + 311 X, (coefficient r = 0.63)

Although the cause of the difference in incline between the two regression lines is unknown at
present, considering each ocean age group separately reveals significant correlation of abundance
indices between offshore immature fish and the following year’s inshore run, and the correlations

are useful for prediction of inshore run size and assessment of stock condition.

Summarizing the above, it is best to combine several mesh sizes in geometric progression in
order to sample salmon at sea with equal catchability. It is concluded that research gillnets with
10 mesh sizes ,which were proposed by the author and introduced after the feasibility tests, are
suitable from a practical aspect and useful as sampling gear to improve research efficiency for
pelagic fishes.
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B> (1966) 1@ & > THRES NIEEFEFMIE. 55, 72, 93, 1216 L 11573 Y 0 5 D H A THERK
ENTHEY ., KB TUUT “CH” AT R T 2, HOO 1% (JLRA) &, 46, 53, 60,



P Y -~ AT M E SRk B3 5 Bge 27

68. 77. 88. 100, 114, 1308 £ U148 2 ) D10 O HE THEEL S M7z FIE TN (Famscic 8T LU
T “B&” FAHEHTM AT 2) 2EH L, AR - BH - CHOZHEOME b FE—KEE2FEHT 5
ZErEFAEL, BALLBERE—HAOH LR ELHRT 2 Z L1z L, L LEBICIERHEI O
DL TER LIRS T, FRL L TRHEHEOEMHREMNE S L v BEIE U,

FREEE X, FAlE L C@Buc o THEML . 2E0E 3 #2356 1 1 EY > S BT 2T h
Fics

ARUABATREE. RE2502 — b, BEBKE X -T2 GEliaEEC O L TIRfAR
12R), HEOKRE &3 2 BHIBIEEF LT Th %, AEAMMEAOBZRG R & 72 - e BIREiR I~
FT4TAY NFERC X BWIHET — 5 IS B SNh, )T 2 OREREE I B VTR L RERT
EEHEIED (1966) AW b D LML THED . £/ 745 A2 MEgLSK-> Tz, SVF 745
AV REER) T 4T AV b OFRBEOEERIREOLKIE., s DEBR TR IThRr o7,

1971 B W T AL X OB OFRE A 24 H U 7z SR mEus . 45193 TH D | % O
LB AL ATEE, AR =Y 7B X U= Y 7L blzo> TWic (K1), FHIICAOMRY

T T T T ' T T T T T
Type A Type B
March o |
April — Moy A A
June = July o [ ]
August — September O ¢
o O
|~ o o o 60N
0 o o
) o o
S o 0o
0 o
< (o}
% o
% o
% oy 59%eZ o Dot e 0°°°)
o
¢ 23 o ® A R dso
% [ J %.o o © A A SON
° e ° 2e e Apa &
3 . . .
o @ 2 2
S e x.A o A A
Va - * ° .D. A of 4 A 7]
w ® (8] [ J A
(74 .- oo A ®
A A " A A
A
n A A
n A
b A 40N
12 1 | L 1 1 1 1 1

; 1
140E 150E 160E 170E 180

1. AfMB kU0 BREEHRMEIC & 2 BEREAMRE, 19714,
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F1. ARB XU BREEEERAIMEE BV HBREREEL L 0% ORERLL

B R ¥

HAEO W% - . = =
et B B % <=y ve¥y #F7 bR Fv¥Fsr <wa)ayr & B
AR 38 1 131 107 1,025 0 0 1,263

45—54 27 658 324 292 7 3 1,284

68—7A 35 368 3,501 282 3 47 4,201

8A—9A 5¢ 1,291 1,410 83 933 22 3,739

BI: 3R 8 7 88 505 0 0 600

4B—5H 19 280 395 592 30 2 1,299

65—7A 37 432 500 1,890 232 1 3,065

85—9 A 2 27 2 8 15 0 74

* ARIFERAIT 48, 55,63,72,82,93,106,121,138 B X UF 157 2 U BRALHMEEH TS,
B RUPE#EIT 46, 53,60, 68,77,88, 100,114,130 8L UF 148 I ) BHA» LW E LTS,

ZbT 20T, HEGENRERR*AEPMSA2 B U CHMICHET 2 2 L 3T#ETH D (O
FE 1966 ; A 1967, 1969b ; @A « i 1971, L7zdi-> T, #EHEEZ3H, 4 —5H, 6 -7
A. BXU8-9HD4HZHITT—F 28 LT: (F1),

EIRPEER O RE I BEAK O K X IWEETH S (Regier and Robson, 1966) DT, #7 7 h <A
ZOWTREMEIZD 2200 EOADNEITN, Y u¥y R=FrBIUF U FriconTIAFER
RERRAKDBEADNR G STz, BB L IZREORMEDOITNS TE o7 D | HHEYOSEEIEH»TTH
NieholBEHCR, T—9 2EADUHIELLKRICOER L SN, BEESCET 27— 52
RIML THBIFBETE, FRCEET 2 IXTOT—F 3B stz flziE, ABGEEEFERLE 1
EOMEMM 4 -5 BBLU8 — 9 HICIST ) HEOHEEM > |ERTL R - HE . % DR UHIHE
WHIDFAEMMIS7TI YV HEL OB T —F 3RS iz, bO 12082 HThiE. ABFGHEEHERL
72 1EDOFEM 8 ARIZE53I ) L633 ) ODHADHE LK 72D T, FNUBREFEMIC L > TH
SN T = BRI E Nz, P LTERESNAR I N T — 513, AOEENBEAICAHE 2 107X
hTws,

19714121k, ARIB LU BRI ORERATNEZ AV 4 EOFEMLSNC, LB LV (F7213) =i
TR LB ONEDOREMDY 7 « T AFAEICHBE L, KR IZBW TR, s OFEM
NELT—4 b LEWECTHER L, B LT — 1B 238013 7 ORIz BV TR
%,

19714FIC BT 2 10 H G FHERRAAOABIRER R 2 MET L. ZOEESHER S DT, 19724
D OKRETHED ALY v ARBEEMCE W CERM T 2B ICIEEAHEARMEEEA L2,
TRTOFEMIIH—L T OEAFTMLEML . FHRESCBD2FEAED 1 2L LTLTE
AL,

KL DBET RDHES 6 E~E3 . 9EIIB L TH S RETIEROEYE T — 51k, 19726605
19844F I I CIEH AFAERATMIc Lo TUES R D TH S FitEEIC >V TREAELS
W) o COHMIbEY 7« = AFE SN, BUH - #R2E - HE - AR E M L REINER 2 1R T
WD TH 5,

FEARME LT 2 10EEOHSE. SEEGOME bR—KEEBEHAT 2 L 2FEAE L, BEEL
7B EREA—HEOHF L RIS 2 2 Lic Uiz, L LEBICETHEI WO S TE S RS 3.
BRELTHEHAOEARBRS &) BESREZE U, 205413, FHEH CPUE icHow»
TT7 =% OFEIEMTbiI,

1
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£ 2. 1971~198441VEE) L7 Aty o « ~ AFAEAM (HRMEEERL) OV X b,

|___ P e (EBIIEITLDTH) 1971 1972 1973 1974 1975 1976 1977 1978 [ 1979 1980 1981 1982 1983 1984
E A% I | [ A
B3 BLLBR ® | ® | @ | W 8- 48| R R A
tx SLEA W | ® [Wm-m| & | ® | ® | ® | ® | ® | @ | m | & &\ | @&
Ex BRI WoW| ® W@ Wem W | W | ®
K WIREIOA BEA A A
TS CERE L5 MW m el MRl @ | ® | R W | W | ® | W &

el - K A - JERGL 48 - 4 | 0 PO | AR - | 0~ G |40 ¥ | 4 9 | 9 - G | B | 9P| - M| BB

AE - kR EL W W W R ® W ® | ® | ®
TLEE - K BITT - B RN R E R A ® W
WEAR | AL - B W (m-m( WM W | W | ® | W | W
EEKE_ LA - BFA W m-om( @\ ® | m | ® | ® | m
EF KB | BER WoE oW A W | m | W | W
BE KB | DHTA W E | | W | m | |
BE kB | AW - BIDHTR R N s I e i I I L)
BAKER | LbEA ®m m-om ®om ® | @ | ® | ® | ® | % | ® | ® | @& @ [ &
(TeAk® | Bl - AR W mom oW @ | W | | | m | | W | @& | W [ @ | @ | &
[KEEr PR | 6757 - SIS0 - K - 12 ‘ R R Y
BRI | BHIEEA i | [

ST 15 T 6 | 16 [ 16 15 [ 5 [ 1 [ 9 I I ) 101§ 9

B FRRMERAERT. H=H8. M =150, #§ - 8= TRk UER.

RAEREHCBOURE. EAH. KA R, BE, SEEKR. REBES. B, ZUE.
AREHBER S, WEREOSE IEMEAm. REHEHniL . wEEE. BEaAEMEMNRE. A
RER R R AR & e, FHEE AT O WIE 3 2 BORE 2[RRI & L7z,

BRIZOVWT, WHEIN-HE., A, EXE. AR, £ERERES L RS W, FiEE
D OBAEAMRE S NI, ERIC I3, REREH,E T E TR AR D 282 -0 BREZ LD
DI EHE SRS FHEN A UTee 2 OBE I IZEEY) D SR M Th iz, SAMLIZH &5
ATV Z O Z T T — S fEER{TS L =2l Lz,

NZHFr B LUy s QEEE & RRPAOHRNEREA (1961) DFEIEIHE > TITW, YA/ AT D
Z OHFNZFREIT 0 (1974) OHEHER L L 72,

5 % F W CRE S L7 IR O R 13 Koo (1962) I2fE W, B ESTRELBE I X 2 L TRb L
Fzo BlZIE. X. 2 WHOKERAH, MERTR2FETHLI L 2RT,

3. BREIUEBE

3.1 #BEERIER

H4E D W BRI iR 2 HEE T 2 /7R, 4] Baranov (1948) 12 & - T&a U 41, Holt(1957, 1963)
WINESSICKE KBS ET, Holt 12 X 2HFELML. F  OWRFES VL VLR HEICL>TH
< pfafEICBI L CRIME O HE B SR i A HEE L T & 72 (Olsen, 1959; McCombie and Fry, 1960;
McCombie 1961 ; Berst, 1961 ; Garrod, 1961 ; Gulland and Harding, 1961 ; /2 1962, 1964a. 1964b.
1967. 1969a. 1969b; Manzer et. al., 1965 ; Regier and Robson, 1966 ; 4H 1966 ; Peterson, 1966 ; &
FHIE A 1968 ; Kitahara, 1968, 1971 ; McCombie and Berst, 1969 ; Todd and Larkin, 1971), Regier
and Robson (1966) 3. Z O FE ClITREEIN T W5 DOHEEFIAL, Hilz kLI 4 DDFE
2Nz C. Fhoo 2ESE. QL. 8L UQKEED 3 DD 7 v —7Ic L7z, Regier and
Robson 13, E4MENES L 7-fBED 1 > TH % EIEM (skew-normal) € 7 VER LV A 7 « KT A b
74wy oo ot 2R OHEER L L TIRE TH % LS L7, Kitahara(1971) 3 HD 75
(1962) #FEE L. #M1% Regier and Robson DRV A b7 4 v ¥ a®d7 —FC#AH L. Regier and
Robson D iifik & FaA E'TR UBiE % 572,

A IR R OHEE I iE . AEO 8 (1962) 26 A Lz, REICEILE . TaLd 4 DOHEE
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HEr AMFERATHET6 — 7 A s iz v o Py RO BRMER 7 — 2 iR @A 2 C &
D, NS ABEDHIERIT 1o BRYA ADBKEDSLDTINS DT —F BRIENIz, KKK
A (BXE 31~361>F) ZBR- 7 Did, /N & KRB A OSREIMROZF L Manzer et. al. (1965)
WX DRBENT /2D TH S, 216D 4 DDFEDHAIE. Regier and Robson (1966) 7 & Tz Kita-
hara (1968) 2 5HL 7z, EDTEICB LT, “WEOEM” BL UL “bHENEL” BEoTwizwk
{RE & 17z (Regier and Robson, 1966), AT ODFLE X, k1) & Q) & TOFBRHIcH@EL THib
NTns,

L =REEHR BT 5 A0FEE

m: = I BT LEHEOKRE S, 2 HEHEB XL Tk

N; =RHEFHOEE 72 2 A0 E 72 O W hn,

bi = ]\1/1

ny =B Em: DN THIE S NI B L5 3 O

Ty =R 173 5 B EH G mAELE U 72 R IE S N 2 M & 72 I3 AORESR,

sy =R LORIT 2 HEm:DOBEIRME, 3 72b 6 HNEE,

S, =HERILS NIBIRY, Thbb U

max Si -’
J

(1) Holt @77 (Regier and Robson, 1966 : 427-428E 2> 55| FH)

(1) Sij:ifjl‘ei“”iji)z/"zﬁ F O li=hom B RET %,

el LiEM ko THRES N BOEREDTIE ;
CIRAE. TRTD i Zbi>T—%E ;
BERIZTRTD i 12blz > T—EDRE.

(i) syksm BHEZDL, ZITi+ 113 i @cRSESOMEEIET.

Si+1, Niv1,5/ N; Ni+1,j
2] — : = 2 — P Wie n
Sij nfj/]vj Ni i+1,4,7 Zé% ‘5

HDMER 1, 2 F7TET 5, e

ﬁe—(l;‘*‘lin)zlwz
0
RiH, L7 k o
_e_(lj_li)z/zﬂz
o

= e*#[z(_li—_lh1)lj+(721-r1—_12:)]

(111) X T\ [MR,'H, 5 2}72 =02*721+1)+El2‘(—1i+1*71)/j0i /jbC’)b>f0)“>ﬁ'\1‘[¢Kj§Z . Yj:a+ bZJVCz?—) O ~

EREFEICE>TaB LU b 2HET 2,
(iv) &5z,

= *%@i’i'c[f.u): o= %:(ml-l- 77’li+1)‘(\‘35 D S L7285 T

SIS

22
E(Mi+7ni+l) T%éo

oy

=



A+ ~ A P ORBE IR I B 2 e
RO, T=omtSRED . 2 LCHE

@zﬁﬁgﬁﬂxmgn%o
(V) B XU+ 1R 2 R

1 -
Sy=e zoztim*

2ot LB XV Lk AT 3 LIk >TRDOBNE (M2, £3. £4).

(82mm ./ 72mm)

+1f Y= -3.962+0.128X
9 (72mm/63mm)
<
& o
xr Of
O
-
<
(8]
w Y= ~7.804+0.206X
> |
o
o
-

I I I A Il

30 34 38
FORK LENGTH (cm)

H2. 22080 &-o-HEI X 2 BXRERBIERIOL,
723,633 Ve8I 728 ), vavr, 19714,

£3. vuFrREBAOHEIER L OBS O BEOWIEL, 6~7H, 19714,

BYE A A RIRME R WwOE K

(cm) 483y 553y 633y 723 823y 933y log nyy/ngy log ngy/nysy
31 — 3 28 28 3 — 0 =
32 3 7 87 133 7 1 0.18 —1.31
33 3 2 132 235 23 — 0.25 —1.00
34 8 — 92 188 49 1 0.30 —0.59
35 8 — 32 124 28 2 0.58 —0.64
36 — — 6 43 15 1 — —0.46

F4 . yaFr REBEIIH T LR OFEEIR AR B L O RZ OHEE.

H & a b my+meyy —2alb k T Gy
63 — — — — 29.9 —
63-72 —3.962 0.128 13.50 61.91 — 5.8
72 — — — — 4.75 34.2 —
72-82 —7.804 0.206 15.50 75.77 — 5.0

82 s s 2 s 39.4 —
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(2) Gulland-Harding ® /% (Regier and Robson, 1966 : 439-440E L D 5[H),

() AP BELOES i BLU ) OMEREBY Bssl3 TN THELLLRET . Z2Tas sk

VbETRTD I BLIYeblkoT—ETH5,

(i) aBIXVbEZWETLLOIC. EEINT LDV TnstmAE7Dy b L, FRITHE S iR
EHTRD. ZOE— 27 HET 2 M=m:AERD B, TXTOMH L% 70y b L, BRERER L -
TaBLUVbERD 2, M=al,+b

(ili) 2FWZndm%E7ay hL, Zhnrb

My=—1 ERD 2,
max(ni;)
M,

WZ Z7uy b L, IPIOWHEEE s:=3:%155%,

(iv) TXRTO 7;1Z0ET % log

W) STN=F1TH%. BEORTNTiDEZLDT

~

N=3ns/s35TH 5,
(vi) B, UFOFEE@DET, Tab5. Jo=ny/ NEFHEL, TCO :sz-jﬁ/og%j%fmy
MY B, CHICHESHREIMED TEO T, & SICHIES NI so & NDIEEHE £ 50 WETRE sy &
Nz DWW T ORMIEEESBENE ETINERDET,

AR BT, BUDIM=3 nom/ SngBHHL, OB NLILE LLOBF (L=a
+bl) o aBLVb EWE LTz, FIB#UEMIROBEIE. BEXRICEHBL: (M3 BLUKL),

74

(MM)

MESH

SELECTION

Mj=28.702+l.246|j

MEAN

1 1 1 ] 1 1 1
32 34 36

FORK LENGTH (CM)

3. FHEIREA (M;=Smmn,;,/ 3n,) &yaifr
DREYE & O OBER.



HERY 7 -~ AT O E #ER M B3 5 e 33

100

50F

RELATIVE EFFICIENCY (%, )

A

~0.16 -0.08 0 +0.08 +0.16

LOG RATIO. BEST MESH / MESH USED

4 . Gulland-Harding @ F#EIC L > THE S Lz

D= Rl e 6 e P oB R 1R
&
— 100} A—Y=D=X
5 4 e 31(cm)
v ] o A 32
z
w A v 33
:t) v o 34
% Sof o X 35
vy 36
w v
= o'y x
-
< )v\
o v
= | A Dblﬁt:‘n(( L L A A\v_na_x.o..v A n
30 40 50
FORK LENGTH (. cm )

5. BHOAFHEKE X-> THEI Ny oy icntd 2723 ) HEOZEREMRR. iS5 R3EXE
P&l 2~ T,

(3) EEE@???% (Regier and Robson, 1966 : 438-439HE X 1 #ike) .

i‘lia‘ﬂ/b)i S i k] OGRS 7‘%) Sl TRTEL W ERET 5, FHINICIZUDICp;=D&
<o =pmsREEL. %n,JL’JLVC ’E‘Jrﬁﬁ‘% FBEOm=m %2R, Enyll DT Yy=

“” z»+ﬁmo 2 2T YT B nab A B £ 5 R fm=m LIS BT, T 5 IR

E’JH‘H‘??%Z@T B2, WAWEEPAIIET 2 EDE LD HERNT. HLOLpEHEL, T—5 %7

oy bLEBLT, OHBRED TED L, HETANEEHOLSEDPBEOSNE ETHOHEERD K

T ZORREES NI b ODEEGm ORI OEIC %22 (M5),

(4) Kitahara ™/ (Kitahara, 1968 : 760-761E X D ¥ o

5z sl B 0 HEmDMEER /j@ééo_ﬁbfﬁ@“éémli T b b HEMERIEEE, S(n:, LT
2, [ BXUMOHDEEANICB T, b>£bb>i77§‘z ) @,fHAJe‘LioH%S(ml, WDIFTNTE
LWERET %5, ZORENS. EBH@EQEE&IEJI/’C%E;# S(m, Z)b;t—@iﬁ"ﬁt LThobbE s,
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Stm, D)=S(km, k)=SCL) M

CITRRERTH D EE LOBORERMEE2d 35 L. HAEm THEIES NI EERE [OfADBEMNE
ﬁ%% D ﬁ%%Csziyﬂa)ﬁb:i ‘9‘(5‘2. %ﬂz)o

Cy=S(m:, 1})ad: (2)
ZZTEREHROE — 7 1B 2 MIERRERTH 2, HERQ)OMLDOSH % & 5 &

Zog ij:log S(ﬂli, ZJ)+ log ([dz‘ (3)
b

HERD) L FERB) S, B 2 hE LItV TDlog Coft-2-07 0y Nd, LOZEZHT 3 [FERO
A2 L, Hame [ OFPEANTEMEEZ F T2 2Lk, 2o % 1 DO IC Bl
SEb¥BLIENbhrb, COBEBRELINHE»SSn, D3ESRSE (M6BXUKT),

UED 420Kk Lo THEES NIy ¥ a2 HE723 ) OO FREHELS, X8 127
&N T3, Kitahara #1012 & o THEE S Lz tifid G BRI X 2 iR S 0L T w323, ZhiEiE O
FENERINCER—TH 2 e d A THROBRTH 2, Holt iz £ 2 iz, ZEBIOERSHH
FIC & BHERCHARTES 2 TH D | ImilfERE ORI, Gulland-Harding 12 X 2 #ifgid. Z/0
{E#FHS Holt i & 5 fHifg & LU T 223, AEITIRREFEESILA > T 3,

f—D7 =2 ICHH LG E T, FAT 2HEROE VT X > TEIRMEARIS A LI L R

2.0F
:N o 31(em)
W A 32
/X v 33
2 0 34
1.5} X 35
v v 36
o
/-\v
/ 7N\ X
? o
1.0 v
(o]
- / \2
0.5 A A
l \4
\
3 . . i
-0.5 -0.4 -0.3 -0.2
L oG (| /m)

6 . FEEMHT LD log(l/m)I2xtd % logC D
Ty bk, yaPy,



REH Y7 - ~ AT OMERRE BT 2 PF% 35

201 Vb
K 0\ o 31(cm)
v A 32
2\o v 33
o 34
1.5 v x 35
W L) X v 36
x \
v
1.0}F v o
o
-1
A A
0.5}
1 ! 1 A
-0.5 -0.4 -0.3 -0.2

LoG (I /m)

7 . Kitahara O A HEIC & > THERE S N7 BfiR.
U RN ST,

METHOD 4

.\. (4]
100}
> METHOD 1
v
E METHOD 2
o
T METHOD 3
& so}
w
2
(=
<
-t
w
o

FORK LEENGTH (cm )

M8, B340 HEREI->THESINLTI) HERMD > a9 7 a3 538 i,
1(Holt,1957) ; 2 (Gulland-Harding,1961) ; 3 (f5H,1962) ; 4 (Kitahara,1968)

HEETRT DT, DGR %R ICHRET T 2 7201 3 E— O BRI EE 2 WS 2 EMNEE L,
AHIFe O T FATMEIE A P & 2 BRI D W TR SN b D TH B, F7o. AHEEEA
OFFRANT — 7 2L TED 5D TR L JBREHEW Hb & TR IR iR 2 Ko 2 HETH D |
TR ABEOEEOEHESHIROIC KIS S (FH 1964b) EWHFEEFET 2, LD Z ensRk
R TIE. TRTAEHEIC & » THEE S 7GEIREHRICE DWW TR E 779 %,
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3.2 H57 b2RICET EIEERER

3H, 4—5H, BLXU6—THADIEHIcBNT, AMFIBREORATARMICL > ClEsh
fehT7 b= RIE, WTH 200227225, BEFGMIC L 2BERED NS o7 (Rl)e AT 7
b AR TH 2 72 D I HREHR BT, ERKESORIMEARIEL D DRILEEC L S
7o, Fhicd 2EREHROMERE TEv EBbh s,

M9k, WARWLWAEEKEDSY T 7 b~ AT 5823 V) HE OB & B REER - FRRhR
LEbDTHE(TE2OF—FICHEDTL), T2IBWT, ERMEMEN L ZRACABIET 2 b0
ThHh-> THEHCERT 22 LoD, 72, 525 HOEMEIEOE— 2723, KD
RIS TEDAAE-TWE, ZOZ ki, ABEBRMOMADT —& e < fhig B L <3\
LCRDSENDE, ZOBRKIF, MIOCWHSMREIITH T 7 b~ ADIEMESRFOHER > THK
L, EA—#EETHREMEAL, #2F 21, FA—REO#OEENNULT 2Dz blzs3nd b
DERRTE 2 (GEIEH 1966 ; ] 1967, 1969a ; EA « HEH 1967),

ST EIRESE (K 9) 1, Manzeretal. (1965) k- THES NIz DTHD, T
RAFRMOBTOER L 5 bDTH S, INSDOMifRE, ZZTHenBREEE3ABLL4 -5
AIZOWTIEREZ>TWEY, 6 — 7B 288, L CABECL2Zh L CEUMLTWS,
Zhix, Manzeretal. (1965) OFERPEAMFRDIIBTEICB L £ 2T L > T 6 — 7 HFEME CIUE S
hWiz7—% (s, 1958) WEIL LD THY, KUFEO ARG 6 — 7 Al & HfET — 5 OFF
ERFAPABE D ILEH L T 5d 2 LR T % L a5, BREMEIC X 2 Hi## 1 Manzer O g & %0
D, ZOHEMBBIFHTH 225, WRAFORFOEOCLIERREDORY - KBOEREE2ED TE
BAETRIELE S ERIZZ WV,

971D T —Z ICHE DB THEE S NI A T 7 b~ ISR 2850 (B ABIRHE) 1, 6 —7
HIiZDWwT Manzer Ol & X {—BT 2 2 LB SN, I TRMEESNT-HEORE 2B xR
200 HTHEI LI, 2081 L LT, EBBEEVORRESfiERE 2L —y a Y OBREMM LIREL,
ZERBIC X > THRIES Lo 7 7 7 b~ A DEREMBNC SR MR 2 Tk » ¢, HAHI CPUE OMiFHE %
FEL, COMfMERSHE Lo THES N A ODWTEAISh etk Lz, B2 £ LT,
U RIS L - THIES NIz A T 7 b~ 2 OERMABGEIVER % H Tldo T, BERRIEDOF
BRRICET 2 HRE R R, Zho 2 EHE KL 2,

19714E12 1%, ZEMRZ2E0H L 72 4 EOFIEAG2Y165°E LI, 48°N LIFFOAE CHE L, SBOHE (A
HTHBRETHHEV) RER LD 5 EDOTHEMITEA ER UABRIC B W TRE L, ZhsOFHE
ifeko 4O HE DM, Tabb, 68, 858 LU1003 VDOHERSICIII—1153 ) Db 57
FHAEREAL, AROESEAKRIZRIICRTEY Th 5,

BAHEIC X 2 HIEICEE D W T 4 — 5 HIZD W THEE S M 7BIREREE (ITHR L LF592) BL U
6 — 7 BIZDWTHEE S 7R MEMER (LUFHIRIL = %) 2, RUEHICEBTRES NS 5
T IRARCHTED, S5EOTMEBICL > THEHASAZ VWO AEERSIZIIII Y 151153 ) DE
FlC b7z o Twledd, fHEICEEL T3S Y HETRES B0, EBER S & CHELAR OFEMIZ,
KIWCTTEY TH D,

£51F, 20X 5L TRk HERND CPUE HOBRHES X £ 2R MBS h - EHlE &
DHBHERT, ZZTHOWIREBERMOT -2 13, AUHELREHE KR TR DO ERWE, B
REBERTORBHRETCE L VWO T, BELHRICEMZ Zv, LrLEds, HBconTid, 683
VOHBCELTIH4IAB L U5H, 853 VOHARBEL Tk5 A8 2545 %2K\\T, BRHE - EH
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TYPE A TYPE B
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e
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I
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>
< 20} 20
=
w
M ,—I‘V_‘—{-!TI_WLN ’l ,—-r—(—r-[ﬂ—LI—h-F'L_
R o A : ;
0.8 1.0 1.2 1.4 0.8 1.0 1.2 1.4
COND I T I ON FACTOR oF F I SH ( 1008.w./FL> )

X10. ABEB X UOBREFATHARMEC L > CRES LA 7 7~ ADIERER B L U
SOES |

x5. KEETHRESNSE A 77 b~ AD CPUE B3 2 HAfRHE & ERIME, ARl

£ W &
Mmo8# M®
[SEJ=R
A 1133y 1003y 853y 68 3y (111-115 3 y) 100y 853y 68 3 v
48 1.0 9.7 46.0 23.5 1.0 8.2 49.4 47.5
5H 1.0 6.4 15.6 3.3 1.0 6.3 8.1 1.2
6 A 1.0 1.5 1.0 0.2 1.0 1.4 1.0 0.2
7H 1.0 1.1 0.5 0.1 1.0 1.2 0.7 0.3

EZZIE—HL T AT e TE 2, MRTI B4 LS AREY LT — S CETOTHES L
72bDTH2D, ThE4ABIUSHEhZn#MA L, COZ LB ETOERY 521D
DERED b HI v,

F61E, FERRICHER I WCORTFEERELZZE RO NIHAR, HAOH 5 7 b~ ZADFEHEXED
HARHE S £ U2 < 2R &S S 2 HIE, 75 CIC&IHZ DWW T OFEMEOZEICET 2 t RED
FERETRT, R 1 2D TIED 4 -5 HACBWLWTHBENRED SN L ZATIE, W bEFED
FPFEUHEL D KRS podz, MR EDTED/Z6 — 7 IBWTIE, 6 B TIHIEED 1 ERIE X
D/ANE L, TATRUIFHED HERE X D KEho, M REOREYDE—RE 21—y 3 >
POEELGNIZBDTHZE L) Tk, BLUVEBEEYISHRREE 2 L —y 3 v OEDEEMK 2
LTw2 LREST NI, I THEE S WICBIREERS EfEZ b O ChniE, HIFHE & EHME L 13—3
T2ETTHD, WIRHESEHEL D bREVEWS T EiF, HTIED S NIHEEBIREREHE O il
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140E I50E 160E 170E 140E 150E 160E 170E
T T T ¥ '/"V i R T T T T T T
GD'APRIL/—-»—/‘-},ﬁ7[,' OF MAY s ;-r‘ 60
L N WA 44
ol A 1 < 7 .
| N | |__ ‘ \
52 v {/ s2f \ \Vr bl P
/\ rd
48} - 48} / - 48
7 N 4 ~1
4t asl ) \17
/1 \ S / % 44
)3 %
40 ), AN\ 40 3 % 40
V4 |
140E 150E 160E 170E 140E 150E 160E 170E
T T T T T T T T T T ) T T
F JUNE pven / Of yuLy v_»—;,jfv 60
i s - &
% i 4
561 ZL 56| /] Z 56
. \ \
s2f \ 152 ll 7
\ A \
a8t 48t 48
44 2, :88&888: a4 ¢ y 2 \\\\ 44
- N =
40 N\ 40
L 7L 40
2/ ol d
140E 150E 160E 170E 140E I1S0E 160E I170E
B11. Fifds L OCRERIC X 23Kk, AP, 19714,
£6. SHATH¥EIND A 77 b~ ADOEYBRXRICE T 2 HAFHE & EHIfE, A5,
Hig 1 g 11
41 54 64 78
B & e FZRUE WiFE ERIE i HIEFE SERIE HiFFE EfE
68 3y 36.9 36.1% 38.3 38.5 41.7 42.2 44.2 42.7*%
853y 39.5 38.7* 41.4 39.8% 42.8 43 .5% 45.3 44 5%
100 =2y 41.7 41.8 43.5 42.0* 43.8 44.6%* 46.1 45.6*
BERS (1133y) 44.1 43.8 4.9 44,0 45.0 45.6* 47.0 46.8

* p=0.05 Kz THE L E.
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LD HEATR TV (TbbUIFHEEDRATHE) 2EWRT 2, Ko, BIFHEASEHIE X

DHNZVEWND T EiE, HEESHBEREMESEOMB I D bAEANTR T2 (Thb b
HEOMNE) #EET 2, 4 -5 A0F—2IchTidzd sz I3, BEEEOBAFMmE S
7oL, FOREER4HEID LS AOBEOADBKE N>/ 6 —THOT =7 2H T S iz i
i3, 6 AOHfHERIGENHE 725 L, 7THOZNCERTFHZ L5 Lz, RN 6 HE 7
BOTF—2 258 bDOholESNLIELSHWILT, INoDERIFL L D LEbNS,

CPUE OB L OFHHEEICET 2 21 s 2 DOME 1S, 5 HICB Y 2 EHIME & fik [ o <
BHE L OBEIOFR—BHNED iz, T, fiiE 1 OHEZ I H v & e 7 — 2 1 F iR e ki
TELNIbDTHY, MAMERSD TSN T — 5 LR ARTESZ 6N bDTH
ZECGERT 200N 201 8L U, 5 HKBT 2R FEEERABRORE 2 -y 3 &~
DOWBEICIE, EOFRMEMES IR [ OAHICAIE T 2 (T2abBAFHI) »E 5%, & 5IHES
Lz

HEBOBEREMFESE S NE WA TY, 1 DOHEDRIEMFESM 2o BED % h L s
B2k oT, BREMBROLEOMELHEET 2 ENTE L, $8bbHVESKHAEDS b,
INEWFHOBEOHMEIENREA L, ZORIZKEWEHEGOHMWBIENEINT 2854, Tho 2D
DEEHEEHBORZ AT 2 EXEE, 2 200HEOHNBIERZE L hskErEbLYT, B
3 HEW X 2 BEMRES 2 LT 28558511, BAMOERKES L HEADK & & 2R8I J1%
L Tide sy, K12— 11, MEICL Ty 2ENOERHERZBEICEMIcinEL TEsn
TERMETH 2, KI12— 2 ZHRE SN ERERETRT, KI2— 31, 320KEEDIN—7D 3
RBEIC L > TH OIS NIERRMK E 7T, BEITEIC X 2 iz, B L LREDNMER
BEWCED B IREDHETIE B VD, AUNCREERDE IENTES, ZOLICLTHEINLR
HOMEIF, 85I VHE L1003V HELDOEITIRL.72 > FDEZATHY, 1003 VHEGELWDLO S
FHEGEDETIZ46.92 T DL I5Th-o7z (K12— 3), FBICHEE & BRI R OB E 1213,
85I VHE L1003 ) HEDMB L U003 VHE L1133 Y HEDMOR AiX, Mg I BT Z7Fh
4B FBIUSL.8EYFORMICHD (12— 4), HBRIBETIEZNENA0 4> FBLU46. 4L >
FOFCH 2 (F12—5), Zhid, EMSNIEREMEEOZSONMNE (40.7246.92 > F) 23, hff 1
o oS NIAE (44.8L51.8€ > F) LD LRI SWIFFS LA (40.4846.4€>F) D
FWEWZ L 2EERT 2, DLEOMEHERIE, 5 AR FHEELARCBI25 77 b~ ABET 5
FRY, dhiR I 3 ERREICERFHEIZ b7 0T LW I RBE2EIT T3,

S MICEESG L OB, o 2FA—A/TYH, F=E, A, EHECHE-> T8 3,
Lo Lahy s, Sl e x4 5% 2 HE 2 HAEDE - GEGRINE R IE T ENE L 2 # s icm 72
JTh2, KIBIFHHR I B L OFEIIICED < ABFEOI0EE & O S EER MR EZESL, WO T
O IR AL U 7 S RGERIRME R 2R T, ZOBE, 262> FUTB L U632 v F L Lo
B3 27— OFETEHEONE»-57:0T, BHE LEREOLPEL WS OHRMIZIRIZEL »
EVWIRER NS OEREHICHEHL T, COREDOTEBWT, HFohi&EERDFERME
HIRR SRR OHERS I > C—RRICEBIAN TR, Lz2i-> TEESBMHEBNICE S S5, ZO/BE, &
BRI AR O HA 7S B R O TS IC D AFKDbN T L BTl E 7o, 1313, ke 15 s e
DOEIDEIZHEEL > FULDAICODWTDABEETHL I LERLTWVWS, 282 F 660k F %
TOREHHETIE, s 2 DOEHHRE & bICTRA EFBTH S, FEROKREHERMNICK T 5 &5
FISTEZN R DB R B0E, #hfR 1 HET0.0345TH Y, MifRIIEETIE 0.0133TH 2,
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12— 4 . fifR 1D <RI,
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13, B 1 B X U IICET < A 7 7 b~ Ay 2 A RO A EGER R

PbEDZ s, FHEMTME, 4825 7 O, 28¢5 560¢ v F ORREHFEOY 7 7 +
AR U CIHEHERKTH S L2 D,

AR CRER LI T 2 o010, o OEEAIRIEES IR [ cE oW TR sl (K14),
25 ¥ F 573k v F £ TORERANOHFIETE &£ bIFRA LW TH 208, ABOEERE
0.0384TH Y CEFAD Z D0 . 0848I LR TRR/NE 0, ATHAIC S 2EAF R D E 523D T —
7 2T, RS & U CPUE B ¥ 2l z AR L CTUEOM TITo o AT THIES iz
517 7 b= X DOMAEEHRE, CEfTHREINT-ADZICE LHELL TWwi (K15, ARHES
FUOCHFTHREI N AOTHEER, ThFN3B.58>FBLU35.62yFTHY, MEORICH
BREREDo T, BE¥ESCH D5 AEHED CPUE & CEMED 1 & ORICIZE WAER (r=0.988)
DR S, F OEIFERIEF L %D 5 OER R 5 T EMRIGEW DO Th -7 (K16), Thbb
OBIORD TiE, ARFEAEMFHE & C AR & ORI IE, ARSI mEmaR BT 2
EREFFED NN,

3.3 o¥4IcEEYT 34REEEER

COBRBBECBL YUY OERESR LS L oDEF, ARFHERTMECELS6 -7 A0FHE
Thotz (F1l), WIEMERSHICIE 3 DOFEREICNT 2 3 00— FBFEEL Tz (B17), 5
1DE—=FIE3BEYTFOLIAEHD, RKREAOUWEFHE 1 FH (1 FA LR, UTHEER e
Z2HDTHDWe FEL2DE—FIFBLYFTDEIBIEHY, . 2HACHIET 25D TEDOKRES (¥
89%) MEEBMATH 5, HLIDE—FIBG8LITDEIBIZHY, . IEATTIET2HDTEDK
sy (RI71%) DA TH > 12, [A—ERTH > THRAADEE I REAADEE LD IS I
KEWV, ZNH6D 3 DDOFMWBFOIINIC. AFHBBEAL Tz, 6 —THINRN-V Y JHICBWTAR
WS NIz a0y 73 EREO X O 2 ERER E ERAK TH - 72,

K18 v u ¥ O HEMWEMAR % 3 B> TSI LD TH S, 483V B
FU553 ) D 2 BORNEE TIIFAA EHIEDR R - T2H, ZNE. 0 FEANZ DKBIZ Wi oTe7c®
TH> 5, yu¥y THEMIIF, 633,23 VBLURI VD IEEOESICL > TOARBEES NIz,
ZORHAB L OKEIC B W TIR723 ) HED. 1 FRICH L TIROBIENTH o7, 2FA, . 3FEAB
FOAERDY O HFEFICEEL TWes, 2o DABHEEBEREA DO OIC2S VUTOESE
TRBEIN RG5>, FRIUERMOATOEHEDKE LS B 5 EZDHBEMORENRKE L3S T ENE
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AR 7 -~ A O N E R B 3 5 e 47

DONT, 823 Y HETIX. 1AL . 2EANEMS NI, KITKEWI3II Y HETIZ. 2 Ay
DEFEER 5T, 1063 VEHETHE. 2FAL . SEASTIES Nz, 1213 ) BEDOREYL 3FANE
HENE L B o7z RAKHADITI ) T 3HMAE . 4 FADOEBALIBES Nz, Zh s 0Kz
4 DDFERP SR SN a7 3540 L Twiess, SEELREIRIER O 72 012 & HE B O fiEy o E£5
RS R TR I R 5> Twniz, ‘

YO IR ERC RS SE TR R VDT, 477 P ADEHELRICRESRIT 2 L1
BIEED D 5 L bz, LkdioT, YO¥ 7 ity 2823 ) HA QBRSNS 7 — 5 (1
THIFR L EFRT2) ERBEADT—% (LITHER2 EH32) 290 CthFnglzicHzE L7z (K19),
HEE DIz DICHWIAERIHIRF IR I T WS, M2 OHDIES DX IR E <, iR 1 Ick~ T
ERENEEbN3,

FRHRIR D ¥ — 27 2Rt EE, il 1 Ll 2 ofIcEE 2= ke v, W OFE I E oER
DOFEFEIWCH %o HHER 1 ILHHER 2 1 TERDE <, Z IR RO ZHER I B W TEL VL, 20
ERBAOMHEDEICL > Tho 3N % (FH1969a) . ke 1 1ZAEME DB /NS v 1 EREH
BORECE IO THEE S R, iR 2 13, 2 FEREEAED S . 4 FERREE £ TOIRIEE OZEFD A X 1
¥EEYICE S W THEE S L (K20),

B190 fifg THip 7zl i3 Manzer et.al. (1965) 12 & - THEE S - BRI TH D, HAERR
WORHOER L 52D TH S, AMOMBOREARR, HiR1 3R 2 owFhozhic

HARTH, DRNEVBHATN TS, s A dhit 1 & TG E, BEEREENEROAME &
CURVE 1
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- a 32
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w
9] o 35
o
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w . 7 N
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K19. v o7 icxtd 3823 ) BHAOBFEMR. M 1 /Ny uyr,
HIGR 2 IZ AR S w . SARO R IE Manzer et.al. (1965) 1< & 2 HEE.
HEEHERRERE TR T,
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SMALL FISH

(AGE .1)

PERCENT )
I
|

(

F1SH

OF
q

LARGE FISH

NUMBER

RELATIVE

0.6
CONDITION FACTOR OF FISH (100BW./F.L?)

B20. > oo O/ IS X UKEY f D AE S A R
HELRL.

FEDMERNC A D15, BRI 2 HhiR 2 & HRTeE, RlRD7E L AR OMERIDIHER 2 O 5030 0%
DTH B ERTIE, WEE2% BRSNSV,

JNEUfR b RB R CRE 2 SEIRMEE N R B C L AVRIBR AN DT, 23V BLUZAUTOHER
R L 2EAL, 933 VB I UERMEOEEICIIHER 2 ZEAL T, AL CHEIED A RGER M
g E KDz, B2LIE 2D X 512 LTRD 2258 > F 95701 > F ODEERFAD Y 0¥ 7 it 2 &%
ML 27T, CHAOESHAARSEIERIE > FAHETAIATW S HEkkiTiE, AT CHR
HOERITHELL T b, GREIERIE36E Y FUTO Yy u¥Friex L TR, 502 F U DA
LU TRRE, g, NUAICER L 7R 1 OFREIRE PRI SIE A L 72 gl 2 R
REEH L D DRI DICELCLERTH 5, GHIENEEOFIHED b D OEBREL, 25701 >~
F OERHFANTARETIZ0.1256TH D, Zhid CEHD0. 14261 LR TRR/NE 1,

6 —7THRICBIT AR L2HET — 7 ICEIWT, Y u¥ s OEEMK & CPUE Y 2 i %
AR CREORITIT o 72, AR L CHRECIRIE S iz v v 7 ORI RMERIE & <EBIL T
Wiz (22), ¥ 7= &S IC BT 5 AR & CAEfHO CPUE ORI EE WA (r=0.990) 238 541
72 (23), ZOFIORD TiF, ABFAEMATNEE C RPN & OMIIE, v u¥Fyr ORI EETS
EREEREICE T 22230 oY, Ihs OMIFIEEIRNCE twvwz k5,



RELATIVE EFFICIENCY ( % )

(PERCENT)

OF FISH

NUMBER

RELATIVE
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21, vy e icdd 2 ARE L O CRIFHE O A ROEIR M R,
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8
6
4
2
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ARE X O CRRMC & > TRIES N7z v a3 DRI B RAEK.
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(< O ] o F Yy ¥ Rk & A G I L L N ET

23, ABB L OCHRFMEORERIEICB T S
a4 O CPUE O,

3.4 RZHUBLUFCYTICEET S PR

ZORBECBNWT, XR=Fr LoV ¥ OEABDRbLE» -0, & b I ARGEERRE
L2 8 -9 HORBEETH O (F1), [FR20 7 =5 I I 2 BIRMEROHEE
ERRAICH, oy P ENLEOBSIEDIKREL, METNEWMBEHET 2 LB TE R,
ZFITINSD 2 AT 2N IR L, 3 ABEEIC X o TS I LItEREMRICE W T
HEE S L7,

NP7 BLOF 7B L THEE S 7B 1, R24CRWERTRENT VLS, MivE
BRCHIN IR AERIE, Manzer etal. (1965) 0L > CTHEE S WIzR=W 7 ICT 2 R TH 5,
Manzer QR TIE352 > FLUTDOR=Y 72T 2R PREN I 235 hdbh 323, 19714E3
BRIRZEIC B W THE S NIAEARED D 7 O TRE L HIZ T E 2w,

F I T B BERERR D X=F 7 OGE L FRIU SEABEN DLW EWI LR, ¥V
DR, ZERIOMERHE S, HHOMERED TREP»TH 2, TOEIRFR, #57 V<R, ¥
0T B LU= OWTHEE S NIGRIREHRIC I A S » S LB R O Th 2, Thid
FAEORE LORBEBEL 72 ¥ > 7 OO 2 RB T 2 b 0TI RV rEBbh s,

BHOE3 . 6 BBV TRET — 7 ICHD ERMMRE RV, N2V 7 B LUX V7 280l
DIARICBE S 5 iR O L 217 5 .

3.5 EARONARMEIZBIT HIRRLAER

ZORBHRECB TR, SEEZEREREEMAL, BEMOLEZ DWW TAKEIE Y 5 2 & 2 JFA|
L7, Linl, EEOBEICH-> T, FHAEDHHRBOME, FEHGOXRM, AKEEREELD
R RIRIH 2 v D RO U, 1 SOFMEMIT, ATVFE IO REIRENM PO 8 A TANC55 2
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SOCKEYE SALMON
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w IA \;¥~\~ Av o 58
> l’ o \\~~n 3 e
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FORK LENGTH (cm )
B24. R=FrBLOF P Icntd 5823 ) HE OB,
A2 SR O R X Manzer et.al. (1965) 1 & 2 #E5E.
s IR E TR,
F 7. WHIERT L HIERICB T 2=V OFEERERK (%).
F i
A B 0.1 0.2 1.1 2.0 1.2 2.1 1.3 2.2 3.1 3.2
#h ne il 1.2 1.9 17.2 0.3 10.3 38.9 0.6 20.8 6.9 1.4
#H n 1% 1.8 1.8 16.7 0.3 9.6 40.0 0.5 21.0 7.1 1.3

VEHEL3S ) HEDOHEREA L >/ TNSOHEDOMZMH S & ThiE, R=F7 0. 1 FEHMNH
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