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Growth and Age Estimation of the Pacific Pollock, 7 heragra chalcogramma

(PALLAS), in the Eastern Bering Sea.

Hirotsune YAMAGUCHI and Yoshiya TAKAHASHI
(Far Seas Fisheries Research Laboratory)

In the present investigation, the age estimations of the Pacific pollock, Theragra chalcogram-
ma (PALLAS), in the eastern Bering Sea, are mainly dealt with on the basis of scales sampled
from about 3,500 fish specimens caught by the commercial trawlers and the research vessels
during the period from April 1965 to July 1968 (Table 1, Fig, 1).

The scales were stripped off from the body part between the first dorsal fin base and the
lateral line on the left side of the fish, and mounted on the shadowgraph to observe the
sculptures and marks on it by the magnifying images in twenty to fifty times.

The scale of the Pacific pollock has many concentric circuli around the focus, as shown in
Figures 2 and 3. Length of scale (R) or each radius of scale (r) was measured from the focus
to the tip of scale or each mark, respectively (Fig. 2).

The results obtained are summarized as follows :

1) A similarity of the mark formation is found among the scales stripped off from some
different parts of a single fish body, and a correspondency of the mark formation is found
among the scales from the different fish specimens; that is the ratio of ry, rs, rg,-=----- 5
rn to R is nearly equal, respectively (Fig. 5 and 6).

2) The monthly changes of marginal increment, (R— r »)/(r n— r n—1)X10?% indicate that
the marks are formed once a year, during January to June, mainly from February to
April (Fig. 7).

3) The spawning season of the Pacific pollock in the eastern Bering Sea is assumed extending
once a year from April to May by the monthly changes of sexual maturity of gonad. It
is about a month later than the spawning season of the Pacific pollock around northern
Japan.

4) The fork length at age t is given by the BERTALANFFY’s formulars (6), (7) and (8), and
shown in Figure 9 and Table 5.

5) The body weight at age t is given by the BERTALANFFY’s formulars (12, (13 and (14, and
the results of calculation are tabulated in Table 5 and the growth curve is shown in
Figure 10.

6) The relation between the fork length (FL) and the body weight (W) is given by the
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equations (9), (10 and (11, and shown in Figure 1].
7) The relation between the fork length (FL) and the standard length (BL) is given by the
equations (15, (16 and (7, and shown in Figure 12.
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Table 1.
o v x| Number of|
Date ;Block No.* specimens
April & May, 1%5 166553 431
January, 1966 166543 50
February, 1966 165543 100
March, 1966 166543 161
March, 1966 167543 307
April, 1966 167550 230
April, 1966 173570 99
April, 1966 167540 105
April, 1966 164553 176
April, 1966 164560 368
April, 1966 164553 204
June, 1966 165543 100
July, 1966 171560 50
July, 1966 171563 20
July, 1966 172563 20
July, 1966 173573 20
August, 1966 177583 100
September, 1966 176593 100
July, 1967 165550 60
]uly, 1967 163553 57
- T R
the right three, the north latitude. For

shows 166°00"—166°59"

in west longitude,

respectively, as shown in Fig. [.
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Sampling dates, localities in statistical Block No. and number of specimens.

Number of
| Date Block No *‘ specimens
July, 1967 160570 34
July, 1967 161573 40
July, 1967 166580 23
July, 1967 166590 40
July, 1967 171580 67
| July, 1967 171570 40
| Tuly, 1967 168563 93
| ‘August, 1967 179610 46
June, 1968 162560 85
June, 1968 163553 42
June, 1968 160570 39
| June, 1968 161560 61
June, 1968 161580 74
| June, 1968 164563 82
| July, 1968 166573 24
[ July, 1968 167580 14
Tuly, 1968 167590 12
Tuly, 1968 171570 97
I Total ‘ 3,671
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Sampling localities in statistical Block of the specimens used in the present study.
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BASAL AREA

APICAL AREA
Fig. 2. A typical scale of the Pacific pollock, with showing the measuring
method of the scale length.

R :radius of scale, r :radius of annual ring measured from the
focus to the posterior end of the annual ring.

(Age—5; FL—506mm ; Sex-female)
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Fig. 3. Photographs of the Pacific pollock scales.

. Age—1 3 FL—14] mm ; Sex— %
Age— 2 ; FL—262 mm ; Sex—female
:Age—3 ; FL—330 mm ; Sex—female
:Age—4 ; FL—368 mm ; Sex—male
:Age—6 ; FL—555 mm ; Sex—female

HOoOOWe

Size composition of about 50 scales stripped off from the specified position
between Ist dorsal fin and lateral line in six individuals of different sizes.
The mean ratios of the diameter of ring to the radius of the scale are
also shown.

1) FL=134 (sex unknown) 2) FL=262 (male)

Size category | Number lMean ratio Size category ‘ Number : Mean 7rati0
of scale in mm ‘ of scale ’ r/R of scale in mm of scale ‘ /R ‘ /R
‘ | 1.01~1,10 ‘ 5 0.4 0.68
0.51~0.40 | 13 | 0.93 L1~1,20 | 5 0,42 0,68
0,41~0,50 27 | 0,93 1,21~1.30 | 8 0,41 | 0.70
e | 1,31~1.40 | 9 0,40 | 0.68
it I I R v N N R 7

‘ 1.81~~1, : .
0.61~0.70 | 1 | 0.8 1.61~1.70 30| 043 | onm
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Table 2. (continued)
3) FL=335 (male)

Sise category of ’ Number of scale s
scale in mm | | ri/R ro/'R r3/R
1,01~1.10 F 2 | 0.28 ? 0.64 0.97
1.11~1.20 | 10 ‘ 0.26 ' 0,62 0.97
1.21~1.30 | 22 0,27 0,63 0.97
1.31~1.40 ‘ 12 0.28 0.64 0.97
1.41~1.50 3 f 0.26 0.63 0.97
1,51~1,60 1 0.26 0.61 0.99
4) FL=337 (male)
Size category of ) Number of scale !77, — - =
scale inmm R | wR | wR | R | /R
1.21~1,30 1 0.28 0,44 0,67 | 0.85 | 0.9
1.31~1.40 1 0.30 0.51 0.72 0.83 | 0.98
1.41~1.50 3 0.27 0,48 0.67 0.85 | 0.98
1.51~1.60 7 0.26 0,47 0.65 0.83 \ 0.98
1.61~1.70 12 0.26 0.45 0.64 0.84 | 0.97
1,71~1.80 9 0.28 0,44 0,64 0.85 0.98
1.81~1.90 7 0.26 0,45 0.64 0.83 0.97
1,91~2.00 5 0.24 0.43 0.63 0.82 0.97
2.01~2.10 5 0.25 0.42 0.62 0.80 0.96
5) FL=434 (male)
Size category of Number of scale ‘ 7 D= it
scale in mm 1 | /R l /R l /B R
1,41~1.50 ‘ 2 |0.25 | 044 | 0.63 0,89
1.51~1.60 2 0.26 0.47 | 0.68 0.90
1.61~1.70 , 11 0.26 0,48 0,68 0,92
1.71~1.80 \ 10 0.25 0.46 0.65 0,91
1.81~1.90 : 11 0.25 0.45 0.67 0.91
1.91~2.00 | 8 0.25 0,44 0.65 0.93
2.01~2.10 | 3 0.26 0,44 0.64 0.92
2.11~2.20 : 0.26 0,45 0.65 0.92
2.21~2.30 ‘ 1 0.26 0.50 0.66 0.92
6) FL=519 (female)
il i = ' -
Size category of Number of | Mean ratio
scale in mm | scale ‘ /R “ rs/R \ 5/ R ~ 1/ R 5IR \ ro/R \ /R
1.71~1.80 ‘ 2 | 0.21 | 0.36 | 0.59 | 0.77 | 0.87 | 0.93 | 0.98
1.81~1.90 7 0.91 | 0.37 | 0.57 | 0,77 | 0.86 | 0.93 | 0.99
1,91~2.00 3 0,23 | 0.39 | 0.58 | 0.77 | 0.8 | 0.93 | 0.97
2.01~2.10 6 0,19 | 0.37 | 0.56 | 0,75 | 0.8 | 0.93 | 0.99
2.11~2.20 7 0.19 | 0.38 | 0.56 | 0.77 | 0.8 | 0.94 | 0.99
2.21~2.30 ‘ 4 0.20 | 0.36 | 0.5 | 0.77 | 088 | 0.95 | 0.99
2.31~2.40 l 8 i 0,17 | 0.35 | 0.52 | 0.73 | 0.84 | 0.94 | 0.99
2.41~2.50 1 9 0.19 | 0.36 | 0.53 | 0.74 | 0.85 [ 0,93 | 0,99
2.51~2.60 } 4 | 0.18 | 0.35 | 0.55 | 0.76 | 0.86 | 0.93 | 0.99




FER—Y v ZUERE AT b 25 DR & E 55

oA o0 IR

D @GR DS I DT

FHOESEEICONTIR, HAT AEBEENAITH > T, WiEHRINT 2ROHS REHICE -TS
FEXETH DB, ANV b I KX TKICH SN BMELDHINTDONTIZ, 8 FLLEoEkm AR T HRINAESIE
3TH B, FEHLR, MEARD OHF—HE LT 431 EEDERICDONT ZNENIAT 1T 8EI % 5541
D, ZOMBEERIK L, ZD§5HE1E Table. 3 ICREN 2L DI, 13U D TOMECHIE T & EH566% 13
T—HL Tz, MFEDHAROB—FHLBWERIZ22H-T, 1B LIHOHEICONTTH 3, HiA
o OFEEEE, KIEHEIERT 2RERKICE, BRCL ->TEND B, ZDH 213, FHUKE & OEK
SNBHEICET 20T, MOMENKEMBIDIIRICLEEDTH 505, BOBUMRER, Kl
WTNTE D> TOBDIEICHKT 20BN C ik 5, 2D 2 DDERTHEL - LA—BE BT IEEY
96%»5s—FH LT,

Table 3. Coincidence in scale readings of the Pacific pollock by the two

observers, “T” and “Y”. Figures in the parenthesis show the

percentages in each group of “number of rings”.

No. ot scales| Deviation of Y’s reading from T’s reading No. of scale,
Number of | _No- of both which was
. sample of teadin + . read by Y,
LIgs scales 5 greedg — but wasn’t
1 2 3 1 2 3 by T.
2 8 8
(100) (100)
3 215 151 61 2 1
(100) (70,2) (28,49 (0.9 (0.5
4 83 45 15 8 15
(100) (54.2) (18,1 9.6 (18. 1)
5 61 45 8 8
(100) (73.8) (13. D (3. 1)
6 50 35 4 9 1 1
(100) (70,0) 8.0 (18.00 (2.0 2.0)
7 12 8 3 1
(100) (66.7) (25.0) (8.3)
8 1 i}
(100) (100)
9 —
10 —
1 1
Ll (100) (100)
Total 431 284 96 10 2 35 1 1 2
(100) (65.9) (22.3) @2.3) (0,5) @.1 .2) 0.2 0.5
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Fig. 4. Localities of scale on each specimen,

for the test of similarity of ring

formation within a single fish.
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Fig. 5. Showing the similarity of ring-mark formation on scale taken
from different parts of body of a single specimen.
The marks in the figure indicate the sampling position from
a single fish, as shown in Figure 4.
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Fig. 6. Showing the correspondence of ring-mark formation on scale

taken from different specimens.
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Fig. 7. Monthly changes of the relative marginal increment (a)
of scale taken from the four-or five-ring fish.
a=(R—rn)/(rn—Tn-1)x10?
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Fig. 8. WALFORD’s growth transformation of the fish size, based upon
the data shown in Table 4.
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Table 4. Mean calculated fork-length of the Pacific pollock at the time

of mark formation. Each value was obtained by the equation (2).

Calculated fork-length (mm)

Sex Ring | No. of :
growppamelel 1, | L, | Ly | Lo | Le | Lo | Lo | Ly | Le | L
1| 106 | 1226 | | | | ; ‘
2 | 120 | 130.5 | 232.2 | ‘ 1 ;
30| 219 | 136.2 | 243.1 314.0 ‘
4 | 263 | 144.4 | 235.1 | 324.4 | 392.0
5| 215 | 142.0 229.0\ 322.4 | 3981 44,3 | | | \
Male | 6 | 145 | 1419 | 220.5 | 315.8 | 390.7 | 442.0 | 484,2 1
7 | 69 | 146,5| 227.7 | 314.6 | 388.8 | 433.6 | 474,6 | 519.0
8 | 43 | 145.2| 219.5 | 320.7 | 389.0 | 444,7 | 481.8 | 523,4 | 557.1 |
9 | 14 | 149.7| 2001 | 314.1| 392.4 | 449.3 | 478.6 | 534.7 | 566.8 | 596.3
10 | 8 | 1377 222.4 | 330.0 | 408.3 | 4414 | 4781 SI5.7 | 529.2 | 585.2 | 619.6
Mean | 139.7 | 226,7 | 319.5 ‘ 9.2 | 426 | 419.5 523.2| 5510 | 590.8 | 619, 6
1| 106 | 122.6 \ | ‘ |
2 91 | 130.4 | 231.5 ‘ | \
300305 | 158 2028 LT | | | |
4] 203 1447 241,3 | 3204 395.4 | | |
5 | 153 | 14,0 | 226,9 | 321.6 | 393.1 | 430.4 | |
Female| 6 | 161 | 144,6 | 228.4 | 324,4 | 397.1 | 446.8 | 488.1 | ‘
7| 7L 141.3| 23.5| 3161 39,1 445.2 | 4811 526.2
8 | 44 | 48,1 2113 | 3169 | 395.2 | 447.1| 487.3 | 529.6 | 562.7 ‘
9 ‘ 21 | 152.9 | 214.1 | 314.4 | 395.2 | 437.7 | 484.2 | 521.9 | 560.9 | 593,1
10| 4 | 1545 225.4 | 3346 | 406.9 447.7| 4847 | 529.1 | 562.7 | 539.9  621.8
Mean | 142.5] 2272 3209 | 396.0 | 442.5 | 485.1] 526.7 | 562.1| 593.5 6218
1| 106 | 122.6 | ‘ |
2| 211 | 130.4 | 2319
300 584 | 1360 | 2429 | 315.9 | |
4| 466 | 14,5 237.7 | 323.1 | 393.6
5 368 | 1427 | 228.2 | 322.0 | 396.1 | 438,0
Male+ | ¢ | 306 | 143.4 | 224.6 | 320.3 | 394.1 | Wb 486.4
Female 7 | 140 | 146,9 | 225.7 | 315.4 | 389.0 | 439.6 | 478.0 | 522.6 \ ]
8 | 87 | 146.6| 215.6 | 318.8 3923 | 4459 | 84,5 | 526.5 | 560.0 |
9 | 35 | 1516 | 213.0| 314.2 | 394.2 | 442,9 | 482,3 | 528.0 | 562.7 | 594.3
10 | 12 | 144.0 | 223.4 | 3314 | 4079 444.5 | 480.1 | 521.1 | 543.5 | S87.0 620,0
Mean| | 140.9 | 227.0 | 320.1| 395.3 | 442.6 | 482.3 | 524.6 | 555.4 \ 590.7 | 620, 0
Male FL i +1=115.9340.8463 FL i -(Leo=T54) wrooovosssmssermmsmssssmsnnsie (3)
Female FL;41=115.584+0. 8483 FL s --(Law=T62) --vvsressssssresssssssssvcemnnenen (@)
Male+Female FL;+1=115.97+0.8465 FL {++(Loo="T56) «rreeerevreeerrrumeeemnnineennniens (5)
s FLi4i: (i + 1) WERHORXE mm
Li: i @EHORTE mm "
ik, VON BERTALANFFY O EHEAXEZE M4 % (Ricker, 1958)
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Male L3 =754 ( 1 — ©:—0:165CHE+032T0) Jouvwsomsvuunvevissmssnssvummomns sosse susorsns g eass (6)
Female L=762 (1 — € 01630 +0.291) Yurrrerrerrmmmninniinieniiiiiiiiiiiii s (1)
Male+Female L¢=756 (1 — € 016401 +0.288) )eurvunnnrriiinneniiiiiiiiiiiii i (8)
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Fig.11. Length-weight relationship for the Pacific pollock, collected
from June to July in 1968.
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2, 248 RiIC OO TBIFRRAERY 3 L znghko»nis 615 (Fig. 10),

Male W:()‘SZXIO*S (FL)2.916 ............................................................ (9)
Female W=8.20x10"3 (FL)Z,DS& ........................................................... (10)
Male+ Female W=8.67x10"3 (FL)ZJU« ........................................................... (11)

K (6)~(8) BXTUR (9)~M1) 2 SARBORESEXEAE S 2 LR TREN S,

Table 5. Fork length and body weight of the Pacific pollock at each age,
calculated from the equations (6)—(8) and (12—(14).
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\\ Sex Ma{gi Female Male+ Female
Age . | FL (mm) | BW (g) | FL (mm) | BW (g) | FL (mm) | BW (&)
1 142,5 19.1 14,6 20,7 144,0 | 2.3
2 235.3 86.1 237.5 91,5 236.6 90,2
3 314.0 204,7 316.4 216.3 315.2 213.1
4 380, 7 365.0 383.5 3850 381.9 379.1
5 437.4 553.3 440, 4 583.3 438.5 573.9
6 485,4 756.4 488.8 793,3 486.6 783.3
7 526.2 963, 4 529,9 1,015.9 527.3 997,9
8 560, 7 1,166.0 564,7 1,229.9 561.9 1,207.9
9 590, 0 1,358.6 594,5 1,434,6 591.1 1,405.7
10 614.9 1,537.8 619.7 1,624,8 616.2 1,592.3
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E
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Fig.12. Relationship between fork length and body length of the Pacific pollock.
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Male Wi =2835 (1 — 01650t +0.213))8 wevvrrimmmiieiiiiiiiiiniiniieeeiinieiennnnne 19)
Female Wi =3021 (1 — € 01630 +0.291))3  ouummiiiiiiiiiiiiiiiiiiiiiiiiiiie e 19
Male+Female Wi =2940( 1 — e —0.164(t +0.288))3 .ooooiiiiiiiiiiiiiiiiiii 14)
72E s, Wi it dokEe

t Al

INKD, Hiwl0y comEMRER T Fig. 11l ok 3,
ﬁ(%%&ﬁi@ﬂﬂ%ﬂ@ﬁéﬁﬁ%ﬁ@ﬂﬁﬁ {kiEzsks 5 & Table 5 RSN AFERE S,
196846 H~ 17 H olicis Sz WEEEER, HE218)2, i 225 Ric2o0»T, BXE (FL) &iE#KE
(BL) oBdf&id Fig. 12 X5y, ThTNORIBZKRD L DT B,

Male B =0 G004 BT [, 300w wmsminwmsssoissmemmssmssm s ssissm s sn s (15)
Female BL=0: 5707 Bl L0 0 [0 nenintnamnn inmniinsamsnns snnnnesmtansnsmsssnmmmnsssbmein (16)
MaleztFemale BL=0,92200F L =035 ssmenesnsssssm s e s e ssessa s {17

A h AT OERICONTINE TICRERINACDOOPM S, WMHMFREOERENSRINTO 2HHRE,
3 (1B~07) 6 - TR LG L /2D Table 6 Tdh 3
Table 6. Comparison of the growth in fork-length (cm) of the Pacific pollock

at each age, among the results obtained by various researchers.

o UNOW | YAMADA® | OGATAI .
CAuther | (jogg) (1943b) | (1954) L_?fesent cufhor
: Measurement in Measurement in | :
. Method ‘ Back calculation spawning season | spawning season Back calculation
Material Vertebra ‘ Scale ‘ Scale
Area | Iwanai l Niigata Korea Niigata ‘ Kasumi | East Bermg Sea
Sex ‘ Male = Female } Male ‘ Female
" Age [ - B -1 71
il 9,96 10,40 13.97 14,25
2 20,09 20,15 24,97 22,67 22,12
3 28,57 29.27 34,06 33,02 34,52 30,94 3195 32.09
4 35,06 35,10 35,45 33.92 42,76 43,19 39,42 39,60
) 40, 26 40,06 37.61 35:28 46,12 45,26 44,26 44,25
6 45,47 44,84 38,72 36.95 50,46 47,10 47,95 48,51
7 50,47 49,38 41.09 37.60 51,98 54,80 52.32 52,67
8 52,48 53.42 57.73 55,10 - 56,21
9 57,64 59,08 59,35
10 62,39 | 61,96 62,18
Z =

2 b 2T EIICE T BETOIERIHIC DN T, EM(N%)wHKW@@%QKOmTﬁﬁbTwéo
ZHICEBE, BOFRIEBKIALSRES HEToMICESN DA, KSR 2AZRLELTLI~3AK
SRR B, TROD, FH S ORI LA & 3K 1y HROHTA~FITO B8, AL, BRI D %
CEBbDEEZ LN, o

EW%KOQTM;E%(N%)i AARMBHED & DICDNT, tmfmmﬁ~2ﬂc%®§%w%5&L
~, e (1954) BIbEERTLEEDO SO TI2ZH~3 A, %/, Bk (1959) 2, ACHEERES A g RE
LTI~ 4A HTH5E LTV B, EEDMBEEAN—) ¥ 7ilgT, 196643 H~ 9 Hich g THRES 1L
A TERR O BEEIC DN TSR TR, ENOKIIZ 4 Hpars 5 AFAEEZLN, ARSI
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