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Evaluation of Stock Enhancement Programs and Stock Assessment
for Masu Salmon in Hokkaido, Northern Japan

Yasuyuki Miyakoshi

Abstract(] In northern Japan, particularly in Hokkaido, masu salmon Oncorhynchus masou is an important
commercial fish species. Although masu salmon have been enhanced since the 19th century with hatcheries and
rearing techniques continue to improve, enhancement effectiveness has rarely been adequately evaluated because of
inadequate assessment programs and experimental design. In this study, to evaluate the effectiveness of
enhancement of masu salmon including stocking, quantitative sampling surveys were conducted. In these surveys,
the improved sampling schemes were developed by incorporating the ecological characteristics of masu salmon.

0 To estimate catches of hatchery-reared masu salmon in coastal commercial fisheries, two-stage sampling surveys
were conducted at fish markets over an extensive area in western Hokkaido from 199401 2002. Recovery rates for
hatchery-reared masu salmon were 0.2200 0.54 % for fry (mean weight: 0.600 1.0 g at release) and 0.1801 4.05 % for
smolts (mean weight: 14.8[1 38.2 g at release). Recovery rates for smolts were generally high but highly variable.
When smolts exceeding 30 g were released, they were subsequently caught at higher rates than fish that had been
released as smaller smolts, but there was no apparent benefit of raising smolts beyond 35 g. To establish smolt
stocking as an effective management tool, methods should be put in place to improve fish survivals and make
survivals more consistent. Recovery rates for fish stocked as fry were lower but so were production costs. Stocking
fry can therefore be cost-effective when fish are stocked in rivers with favorable habitat conditions where fishing for
juvenile masu salmon is controlled. The relationship between precision of catch estimates and numbers of fish
markets surveyed and numbers of survey days at each market was examined. Stratification of markets greatly
improved precision and was an important component in the generation of reliable estimates from the survey data.

[ Recreational catches in the coastal area of Iburi, southwestern Hokkaido, were estimated by sampling recreational
party boats in the winters of 19980011999 and 199901 2000. Estimated numbers of masu salmon caught by
recreational anglers in the survey area were apprroximately 120 13 % of the total annual commercial catches in
Hokkaido. The high recreational catches demonstrate the need to evaluate the recreational fishery in order to
properly assess and manage masu salmon.

0 Estimates of smolt numbers and overwinter survivals are useful when assessing the stocking successes of
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hatchery-reared fish. Hatchery-reared age-0 masu salmon (mean weight 4.100 13.9 g) were stocked in the Masuhoro
River, northern Hokkaido, in the falls of 19941 1998. The proportions of fish smolting at age-1 (2.200 15.7 %) were
positively correlated with mean weights at release, as were overwinter survivals (9.000 17.0 %). This study showed
that size at release strongly influences overwinter survival and numbers of smolts exiting the spring following
stocking. In estimating the number of smolts migrating downward in a river, the mark-recapture estimation method
was applied and the pooled-Petersen and the stratified-Petersen methods were compared. The migratory behavior of
masu salmon smolts changed during the run and the capture efficiency of the trap varied as water flow fluctuated.
Under these conditions, heterogeneity in capture probability occurred, which violated a critical assumption of the
pooled Petersen. The stratified Petersen estimator, which consistently produced higher estimates than the pooled
Petersen, was most appropriate.

O Despite recent progress in hatchery rearing techniques, there are growing concerns of negative effects of stocking
of hatchery-reared fish on wild salmon populations. Based on the current status of stock enhancement of masu
salmon as determined in this study, various suggestions to improve enhancement and stock assessment for masu

salmon were provided.
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Fig. 3 Locations of the fish markets in western Hokkaido, northern Japan. Locations of fish markets surveyed (e ) and
not surveyed (o ) in 1996. Locations of hatcheries (m ) are indicated.
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Fig. 4 Masu salmon landed at the Muroran Fish
Market, southwestern Hokkaido.

Fig. 5 Marked masu salmon landed at the Muroran
Fish Market. The upper one is unmarked fish, and the
lower one is maked fish (adipose, dorsal, and anal fins
clipped).

Table 1 Number of fish markets and days surveyed, and number of masu salmon examined for marks in the fish market

surveys in western Hokkaido, 19940 2002

Number of
Year fish markets  fish markets fraction for of

Number of  Sampling Total number Total number Sampling Total number Total number Mark

of fraction for of of marked  ratio

in the population surveyed fish markets landing days days surveyed landing days fish examined fish observed' (%)

1994 69 33 0.478 5,038
1995 67 36 0.537 5,442
1996 69 35 0.507 5,309
1997 69 37 0.536 5,276
1998 71 35 0.493 5,366
1999 68 25 0.368 5,071
2000 68 25 0.368 4,756
2001 63 25 0.397 4,029
2002 64 25 0.391 4,922

679 0.135 72,124 3,000 4.2
625 0.115 60,366 4,135 6.8
704 0.133 65,504 3,675 5.6
352 0.067 35,505 1,041 2.9
380 0.071 44,116 999 2.3
247 0.049 24,505 1,055 4.3
247 0.052 28,891 1,563 5.4
198 0.049 15,384 626 4.1
189 0.038 20,745 1,734 8.4

"Numbers of total marked masu salmon counted by samplers at fish markets (i.e. does not imply total recoveries).
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Table 2 Date, site, number, mean weight, and mark of masu salmon smolts stocked in 199301 1995

Date Release Number Mean Year Number of
of . of fish weight at Mark (fin clips) of fish observed at
site . B
release released release (g) recovery fish markets
1993.5.31 Shosanbetsu 81,000 21.1 Adipose and left pelvic fins 1994 280
1994.5.19 Otobe 212,000 22.4 Adipose and right pelvic fins 1995 1,037
1994.5.26 Shosanbetsu 45,000 14.8 Adipose and anal fins 1995 10
1995.5.19 Otobe 100,000 32.6 Adipose and right pelvic fins 1996 1,003
1995.5.29 Shosanbetsu 69,000 26.0 Adipose and left pelvic fins 1996 226

! Numbers of total marked masu salmon counted by samplers at fish markets (i.e. does not imply total recoveries).
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Table 3 Number of marked fish recovered and mark ratio at each fish market surveyed in 1996

. Total Number Total Number Number of marked fish observed Mark

Fish number of of number of Fish stocked Fish stocked  Total ratio

market landing days of fish flsh from from marked %)

days surveyed landed  examined Otobe Shosanbetsu fish

Okhotsk Sea Sarufutsu 38 5 13,492 2,416 1 4 28 1.2
Koetoi 33 6 587 43 0 0 1 2.3
Shosanbetsu 46 8 3,734 716 0 109 127 17.7
Rumoi 59 16 4,430 863 2 17 151 17.5
Mashike 69 20 1,096 243 0 1 22 9.1
Yoichi 97 97 3,560 3,560 22 4 125 3.5
Bikuni 91 11 2,879 114 2 0 13 114
Shakotan 41 14 20,850 941 3 0 26 2.8
?;;a(r’lf Sakazuki 88 76 8,347 8,263 37 2 136 16
Nishi-Shimamaki 88 13 7,418 1,213 8 2 37 3.1
Setana 64 6 8,545 849 1 18 2.1
Kudo 117 12 44,180 2,320 25 1 84 3.6
Kumaishi 62 13 2,665 389 10 0 14 3.6
Otobe 82 71 9,811 9,577 692 0 808 8.4
Kaminokuni 49 2 5,522 167 2 0 7 4.2
Matsumae 98 15 20,602 4,848 15 3 101 2.1
Shiriuchi 119 24 14,076 2,423 18 3 84 3.5
Zenigamesawa 102 17 5,829 681 8 1 63 9.3
Ishizaki 57 14 665 172 0 11 6.4
Toi-Seibu 73 15 1,448 326 6 1 30 9.2
T;‘gf;i“ Higashi-Toi 43 19 1,821 1,208 10 3 60 5.0
Hiura 83 23 3,876 1,223 11 2 74 6.1
Shirikishinai 99 28 13,846 4,801 30 18 342 7.1
Kobui 74 24 2,417 539 2 1 36 6.7
Esan 105 29 19,559 5,742 35 25 470 8.2
Todohokke 101 26 5,117 1,596 14 4 124 7.8
Kinaoshi 124 24 9,287 2,405 19 2 198 8.2
Shikabe 65 15 5,003 1,185 3 1 39 3.3
Muroran 80 5 6,013 1,144 0 3 79 6.9
Pacific  Noboribetsu 120 12 16,676 1,351 3 5 97 7.2
Ocean Kojyohama 95 13 10,399 1,629 4 3 84 5.2
Tomakomai 84 2 2,825 118 0 1 6 5.1
Shizunai 91 7 6,091 469 0 0 17 3.6
Samani 107 13 2,294 444 2 2 27 6.1
Hiroo 89 9 13,045 1,526 13 7 136 8.9
Total 2,838 704 298,005 65,504 1,003 226 3,675 5.6
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Fig. 9 Effects of stratification of fish markets on the
coefficient of variation for the estimates. Explanatory
notes show the hatcheries of origin and the years of
recoveries.

Pattern of stratification:

I : on the basis of magnitudes of landings (<5,000; >5,000)

II: on the basis of geography (Sea of Japan; Pacific Ocean)

III: on the basis of distance from release site (<10 km; >10 km)

Table 4a Estimated number of total masu salmon landed in the coastal waters of western Hokkaido in 199400 1996

(without stratification of markets)

Year Estimate W. Var.! B.Var.? Total Var. CvV True number Accuracy(%) *

1994 525,819 1.72x 109 3.53%x 109 5.25x 109 0.14 529,997 -0.79
(32.8 %) (67.2 %) (100.0 %)

1995 616,419 1.52x 109 2.75% 109 4.27x 109 0.11 542,499 +13.63
(35.6 %) (64.4 %) (100.0 %)

1996 580,395 2.26x 109 2.60x 109 4.86x 109 0.12 531,862 +9.13
(46.5 %) (53.5 %) (100.0 %)

! Within-variance: variance accounts for the variation of fish landed among landing days

? Between-variance: variance accounts for the variation of fish

landed among fish markets

* Accuracy(%) = (Estimate - True number)/True number x 100

Table 4b Estimated number of marked masu salmon landed in the coastal waters of western Hokkaido in 19941 1996

(without stratification of markets)

Year Release site Estimate W. Var.! B.Var.? Total Var. CV

1994 Shosanbetsu 2,364 227,512 1,171,544 1,399,056 0.50
(16.3 %) (83.7 %) (100.0 %)

1995 Otobe 5,030 111,587 979,574 1,091,161 0.21
(10.2 %) (89.8 %) (100.0 %)

1995 Shosanbetsu 107 1,304 49 1,353 0.34
(96.4 %) ( 3.6 %) (100.0 %)

1996 Otobe 4,518 97,894 1,201,587 1,299,481 0.25
( 7.5 %) (92.5 %) (100.0 %)

1996 Shosanbetsu 2,480 96,699 688,318 785,017 0.36
(12.3 %) (87.7 %) (100.0 %)

! Within-variance: variance accounts for the variation of fish landed among landing days

2 Between-variance: variance accounts for the variation of fish

landed among fish markets
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Table 5a Estimated number of total masu salmon landed in the coastal waters of western Hokkaido in 1994 1996
(with stratification I &II)

Year Estimate W. Var.! B.Var.? Total Var. Ccv True number Accuracy(%)*

1994 502,304 1.46x 109 1.20x 109 2.66x 109 0.10 529,997 -5.23
(54.9 %) (45.1 %) (100.0 %)

1995 585,031 1.33% 109 1.05% 109 2.38x 109 0.08 542,499 +7.84
(55.9 %) (44.1 %) (100.0 %)

1996 511,474 1.68x 109 1.08x 109 2.76x% 109 0.10 531,862 -3.84

(60.9 %) (39.1 %) (100.0 %)

! Within-variance: variance accounts for the variation of fish landed among landing days
? Between-variance: variance accounts for the variation of fish landed among fish markets

* Accuracy(%) = (Estimate - True number)/True number x 100

Table 5b Estimated number and recovery rate of marked masu salmon landed in the coastal water of western Hokkaido in

199401 1996 (with stratification I, IT & III)

Percent

Year Release site  Estimate W. Var.' B.Var.? Total Var. Cv SE
recovery

1994 Shosanbetsu 1,458 58,345 16,046 74,391 0.19 1.80 0.34
(78.4 %) (21.6 %) (100.0 %)

1995 Otobe 4,205 96,027 176,876 272,903 0.12 1.98 0.25
(35.2 %) (64.8 %) (100.0 %)

1995 Shosanbetsu 83 700 5 705 0.32 0.18 0.06
(199.3 %) ( 0.7 %) (100.0 %)

1996 Otobe 3,502 85,015 84,123 169,138 0.12 3.50 0.41
(50.3 %) (149.7 %) (100.0 %)

1996 Shosanbetsu 1,706 43,379 15,616 58,995 0.14 2.47 0.35
(73.5 %) (26.5 %) (100.0 %)

! Within-variance: variance accounts for the variation of fish landed among landing days
? Between-variance: variance accounts for the variation of fish landed among fish markets
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A) Otobe Hatchery stock recovered in 1996
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Fig. 10 Relation between the numbers of fish markets
surveyed and survey days for SE of the marked masu
salmon recovered. [ Present value of the estimate of
SE. (A) Otobe Hatchery stock recovered in 1996. (B)
Shosanbetsu Hatchery stock recovered in 1995.
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Table 6 Data of marked masu salmon fry and smolts released and recovery rates estimated from the fish market surveys in western Hokkaido, 19941 2002

Mean
fork Mean Number of fish landed Recovery rate (%)
Date of Number of length  weight at Year of
Hatchery fish Mark (fin clips) !
release released at release recovery
release (2) Estimate SE? 95% C.I.2 CV* Estimate SE 95% C.I.
(cm)
0 00 O Smolt
1993.531 Shosanbetsu 81,000 12.8 211 Qgﬂzsgn?d left 1994 280 1458 273 (9230 1,993) 019  1.80 034 (L1140 2.46)
1994. 5.26-27 Shosanbetsu 45,000 11.3 14.8 Adipose and anal fins 1995 10 83 27 ( 310 135) 0.32 0.18 0.06 (0.07 0 0.30)
1995.5.29 Shosanbetsu 69,000 14.0 26.0 levpizsgnasnd left 1996 226 1,706 243 ( 12300 2182) 014 247 035 (1780 3.16)
1997.6.4 Shosanbetsu 68,000 13.0 22.0 QS;pose and right pelvic 1990 43 537 104 ( 3340  740) 019 079 0.15 (0490 1.09)
2001. 6.4 Shosanbetsu 154,100 13.2 23.7  Right pectoral fin 2002 289 3213 634 ( 19710 4455) 0.20 2.09 041 (1280 2.89)
1994.5.19-26  Otobe 212,000 13.2 994  Adiposeand 1995 1,037 4,205 522 ( 3,181 0 5229) 0.12 1.98 025 (1500 2.47)
right pelvic fins
1995. 5.19 Otobe 100,000 14.8 396  Adiposeand 1996 1,003 3,502 411 ( 2,696 0 4,308) 0.12 350 041 (2700 4.31)
right pelvic fins
2001. 5.11 Otobe 313,700 ND* 315  Adipose fin 2002 680 9,222 1,653 ( 59810 12,463) 0.18 294 053 (1910 3.97)
1998.5.12  Kumaishi 42,200 15.8 38.2 ggﬁ‘fgn&snd left 1999 153 1,322 366 (6050 2,039) 0.28 3.13 087 (1430 4.83)
1999.5.12  Kumaishi 62,200 14.9 34.6 ggﬁ‘fgnasnd left 2000 255 1,767 313 ( 1,540 2,380) 0.18 284 050 (1850 3.83)
2000.5.19  Kumaishi 31,000 15.7 385 ggfvpi‘fgnasnd left 2001 48 946 335 ( 2000 1,602) 0.35 3.05 1.08 (0940 5.17)
2001.5.18  Kumaishi 103,400 14.6 32.0 lelvpi‘fgnasnd left 2002 256 4,188 910 ( 24050 5971) 0.22 405 0.88 (2330 5.77)
O0000dFry
‘g Adipose and right or
1992.5.31  Kumaishi 100,000 4.0 065 1ot ectoral fins 1994 26 347 106 (1390  555) 0.31 035 0.11 (0.140 0.55)
‘g Adipose and right or
1993.5.25  Kumaishi 100,000 ND 073 ot moctoral fins 1995 65 530 124 ( 2870  773) 0.23 053 0.12 (0290 0.77)
o Adipose and left
1994.5.17  Kumaishi 50,000 ND 063 ¢ ctoral fins 1996 13 109 39 ( 330 185) 0.36 0.22 0.08 (0.070 0.37)
1994.6.21  Nobusha 195,000 45 0.7  Posterior part of 1996 212 1,054 168 ( 7250 1,383) 0.16 054 0.09 (0370 0.71)

dorsal fin

! Numbers of marked fish observed at fish markets, * Standard errors, * Normally approximated confidence intervals, * Coefficient of variation, ° No data
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Table 7 Cost and financial returns for hatchery-reared masu salmon fry and smolts. Ranges in parentheses.

Sample Cost per Size at Recovery Landing per Economic
Stage Hatchery sizg release (yen) release rate release (yen) efficiency
A) (g (%) (B) (B/A)
Fr Kumaishi 4 46 0.8 0.41 7.4 1.6
y & Nobusha : (060 1.0) (0220 054) (440 10.6) (100 2.3)
21.5 1.46 20.4 0.6
Smolt — Shosanbetsu ° 355 (1480 260) (0180 247) (250 346) (010 1.0)
Smolt Kumaishi 7 38.7 32.8 3.08 61.7 1.6
& Otobe : (2240 382) (1980 4.05) (3960 81.0) (100 2.1)
Smolt Total 12 37.7 281 2.41 445 12

(1480 38.2) (0180 4.05) (250 81.0) (010 21)

Shosanbetsu Hatchery (Smolt)
No. fish stocked: 69,000
Est. no. recovered: 1,706

Nobusha Hatchery (Fry)
No. fish stocked: 195,000
Est. no. recovered: 1,054

Hokkaido

Kumaishi Res. Branch (Fry)
No. fish stocked: 50,000
Est. no. recovered: 109

Il Seaof Japan

:] Market near releaes site (<10km)
[ Pacific Ocean

Otobe Hatchery (Smolt)
No. fish stocked: 100,000
Est. no. recovered: 3,502

Fig. 110 Relative catch ratios of hatchery-reared masu salmon fry and smolts landed from the Sea of Japan, the Pacific
Ocean, and markets near the release sites in 1996. Locations of hatcheries (m ) are indicated.

3.0

25

20 F

Body weight (kg)

Jan. Feb. Mar. Apr. May Jun.
Month

—-O-— Shosanbetsu Hatchery stock ~ —@— Otobe Hatchery stock

Fig. 1200 Mean weight of marked masu salmon landed in western Hokkaido in 1996. Vertical bar indicates standard
deviation.
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Table 8 Detailed results from investigating parameters of each model to illustrate the relationship between smolt size of
hatchery-reared masu salmon at release and subsequent recovery rate by commercial fisheries (for total smolts)

Estimated value and SE of parameters

Model Formula® AIC
a SE(a) B SE(B) Y SE(y)
1 E(Y)=a+pX: -2.198 0.192 0.161 0.011 33.509
2 E(Y)=o+pX 5,523 0411 1.479 0.099 34.164
3 E(Y)=a+BInX) -8.823 0.634 3.334 0.229 36.684
4 E¥)=al{l-exp(+X)} 26.317 76.870 0.089 0.275 -0.006 0.020 35.401
5 E(Y)=o+pXityX? -2.459 0.769 0.187 0.075 -0.001 0.002 35.386
6  EX)=a+pX: -2.559 2.065 0.241 0.506 0.902 0.503 35.464
7 E(%)D—Hq%%ggﬂ% 3.368 0.283 7.963 1.064 -0.339 0.051 29.368
af oo . . . . . . .

' Xi is mean weight of hatchery-reared masu salmon at release, and Y; is estimated recovery rate by commercial fisheries.

5
O Shosanbetsu Hatchery
@ Kumaishi and Otobe Hatcheries
4 +
S
Q
g3 I
e
15}
>
St
8 2r {
m %
3.368
Y, =
1 r 1+exp(7.963- 0.339X,)
0 1 L1 1 1 1 1 1 1 1 1 1 1 L1 1 1 1 1 1 1 1 1 1 L1 1
10 15 20 25 30 35

40

Mean weight at release (g)

Fig. 13 Relationship between recovery rate by commercial fisheries and mean weight of masu salmon smolts at release.

Regression line was estimated for total smolts.
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Table 9 Detailed results from investigating parameters of each model to illustrate the relationship between smolt size of
hatchery-reared masu salmon at release and subsequent recovery rate by commercial fisheries (for smolts stocked from

Shosanbetsu)
Estimated value and SE of parameters
Model Formula' AIC
o SE(a) B SE(B) Y SE(y)
1 E(Y)=o+pX; -1.976 0.287 0.145 0.017 16.054
2 E(Y)=o+pX** -4.630 0.605 1.249 0.150 16.966
3 E(Y)=a+BIn(X) -7.021 0.897 2.671 0.323 17.851
4 E(Y)=a{l-exp(B+vXi)} Failed to form estimates
5 E(Y)=o+pXi+yX? 5.147 3.067 -0.642 0.338 0.021 0.009 12.612
6 E(Y)=a+pXi Failed to form estimates
7 E(g)m—%ﬁgﬂ;@; 16.357 66.076 8.095 2.987 -0.246 0.075 12.315
0 1-exp(B+y.Xi

! X; is mean weight of hatchery-reared masu salmon at release, and Y; is estimated recovery rate by commercial fisheries.

Table 10 Detailed results from investigating parameters of each model to illustrate the relationship between smolt size of
hatchery-reared masu salmon at release and subsequent recovery rate by commercial fisheries (for smolts stocked from
Kumaishi and Otobe)

Estimated value and SE of parameters

Model Formula' AIC
o SE(a) B SE(B) Y SE()

1 EY)=a+BX: 0.184 0.859 0.100 0.030 13.186
2 E(¥)=o+pX” 13026 1.688 1.070 0.319 12.947
3 E(Y)=a+Bln(x) 6.843 2.795 2.854 0.842 12.738
4 E(Y)=o{l-exp(B+yX)} Failed to form estimates

5  E(XY)=a+BXtyX? 9.335 6.879 0.766 0.498 0.012 0.009 13.388
6  EX)=a+BX: 49.773  361.814 43750 356.499 0.054 0.612 14.759
7 %@%%%Q%%@ﬁyﬁ 3.218 0.243 28.754 12.845 1.305 0.573 13.483

! Xi is mean weight of hatchery-reared masu salmon at release, and Y; is estimated recovery rate by commercial fisheries.

Recovery rate (%)

5

O Shosanbetsu Hatchery
@ Kumaishi and Otobe Hatcheries
V- 16357 ———>
" 1+exp(8.095-0.246X,)
/! Y=-6.843+2.8541n X,
______ o7
s Rl 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |
10 15 20 25 30 35

Mean weight at release (g)

40

Fig. 14 Relationship between recovery rate by commercial fisheries and mean weight of masu salmon smolts at release.
Regression lines were estimated for the Shosanbetsu Hatchery stock (1) and the Kumaishi and Otobe Hatcheries stocks
(—), separately.
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Table 1100 Estimates of recreational catches from the sampling survey for recreational party boats and commercial catches

of masu salmon in the Iburi district, Hokkaido

Catch rate (mean number of masu

Total number of masu salmon

Year salmon caught per boat per day) caught by recreational party boats Commercial
(December-March) - - catch
Estimate SE CV Estimate SE CV
1998-1999 19.8 1.81 0.09 66,844 11,685 0.17 7,231
1999-2000 18.6 0.97 0.05 57,454 6,559 0.11 17,301
g 4 1998-1999 W0r 1999-2000
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= 30 30 F
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2 o L 0k Fig. 19 Estimated catch rates (num-
% ber of fish caught per fishing boat) for
5 5T ST masu salmon in the coastal areas off
0 I I I 0 I I Iburi. Vertical bars show the
Dec Jan. Feb Mar. Dec.  Jan Feb. Mar.  standard errors.
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Fig. 22 A partial fence installed above the Soya
Research Branch of the Hokkaido Fish Hatchery. The
allow indicates flow direction.
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Table 1200 Summary statistics for the mark-recapture of masu salmon smolts in the Masuhoro River, Hokkaido, in 1999

Release  Beginning ~ Number of Number of fish recaptured Recapture
stratum  date’  fishmarked”  Week 1 Week2 Week3 Week4 Week5 Week6 Week7 Weeks — rate
Week 1 21 May 75 1 18 11 0 0 0 0 0 0.40
Week 2 29 May 111 0 10 13 3 0 0 0 0 0.23
Week 3 5 June 172 0 0 27 4 1 0 0 0 0.19
Week 4 12 June 244 0 0 0 20 12 0 0 0 0.13
Week 5 19 June 191 0 0 0 0 6 5 0 0 0.06
Week 6 26 June 258 0 0 0 0 0 32 53 4 0.34
Week 7 3 July 36 0 0 0 0 0 0 1 3 0.11

Number of unmarked fish recovered 39 197 523 302 60 47 22 3

Mark ratio 0.03 0.12 0.09 0.08 0.24 0.44 0.71 0.70

! Each week consisted of 7 days with the exception of Week 1 which consisted of 9 days.

* Numbers were adjusted for tag loss and tagging induced mortality.
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Table 1300 Summary statistics for the mark-recapture of masu salmon smolts in the Masuhoro River, Hokkaido, in 1999

(after pooling)

Release Beginning Number of Number of fish recaptured Recapture
stratum date’ fish marked” Weeks 1+2 Week 3 Weeks 445  Weeks 601 8 rate
Week 1 21 May 75 19 11 0 0 0.40
Week 2 29 May 111 10 13 3 0 0.23
Week 3 5 June 172 0 27 5 0 0.19
Weeks 4+5 12 June 435 0 0 38 5 0.10
Weeks 6+7 26 June 294 0 0 0 93 0.32
Number of unmarked fish recovered 236 523 362 72
Mark ratio 0.11 0.09 0.11 0.58

' Each week consisted of 7 days with the exception of Week 1 which consisted of 9 days.

* Numbers were adjusted for tag loss and tagging induced mortality.
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Table 1400 Results from analyzing mark-recapture data
for masu salmon smolts in the Masuhoro River

(A) Estimates by pooled Petersen and ML Darroch (stratified
Petersen)

pooled ML pooled ML
Petersen Darroch  Petersen Darroch
1998 1999
Estimate 10,666 13,821 6,361 7,988
SE 465 1,203 373 682
Ccv 0.044 0.087 0.054 0.085

(B) Results of diagnostic tests for complete pooling

P-value df P-value df

1998 1999
Test 1" P<0.01 4 P<0.01 3
Test 2* P<0.01 5 P<0.01 4

! Test labelled "Equal proportions" by Arnason et al. (1996)
* Test labelled "Complete mixing" by Arnason et al. (1996)
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Fig. 24 Numbers of masu salmon smolts for each
stratum estimated by maximum likelihood Darroch
(stratified Petersen) estimator.
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Table 15 Estimated probability that a smolt in a
particular release stratum moved to a particular
recovery stratum, Masuhoro River, 1999

Recovery stratum

Release
stratum Weeks Week Weeks Weeks
1+2 3 4+5 6008
Week 1 0.36 0.64 0.00 0.00
Week 2 0.13 0.54 0.33 0.00
Week 3 0.00 0.69 0.31 0.00
Weeks 4+5 0.00 0.00 0.96 0.04
Weeks 6+7 0.00 0.00 0.00 1.00
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Fig. 25 Mean discharge and trap efficiecy (estimated
by maximum likelihood Darroch estimator) in 1999.
Vartical bars indicate standard error of the estimated
trap efficiency.
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Fig. 26 Frequency distributions of fork lengths of wild masu salmon smolts captured at the upstream tagging site and the

downstream recovery site in the Masuhoro River, 1999.
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Table 1601 Date, number, length (cm), and weight (g) of juvenile masu salmon stocked in the Masuhoro River 199400 1998.

ND indicates no data.

Date of release Number of Fork length Weight Fins clipped or
fish released Mean SE Mean SE partially clipped

14 October 1994 20,000 10.2 ND 11.6 ND adipose, left pelvic, anal

6 October 1995 20,000 9.0 0.07 9.0 0.19 posterior dorsal
24 October 1996 36,000 7.3 0.10 4.1 0.17 anterior dorsal
14 October 1997 20,000 10.7 0.05 12.5 0.18 dorsal, left pelvic
14 October 1997 20,000 10.0 0.06 10.4 0.17 dorsal, right pelvic
00001997 Total 40,000 10.4 0.04 115 0.14

1 October 1998 17,000 10.8 0.05 13.9 0.20 dorsal, upper caudal

1 October 1998 17,000 9.4 0.07 9.3 0.20 dorsal, lower caudal
00001998 Total 34,000 10.1 0.05 11.6 0.18
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Fig. 28 Locations of fall stocking sites, tagging sites, and recovery sites for masu salmon smolts in the Masuhoro River,
northern Hokkaido. Solid circles indicate the stream reaches surveyed for resident masu salmon in 1998 and 1999, open

circles the stream reaches surveyed only in 1999.
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Table 1700 Number of hatchery-origin masu salomon smolts tagged, recovered and recaptured in the Masuhoro River

1+ smolt

2+ smolt

Year Upper sampling site

Lower sampling site

Upper sampling site Lower sampling site

of Group

. Number Number of  Number of Number Number of ~ Number of

stocking of fish fish tagged fish of fish fish tagged fish

tagged recovered recaptured tagged ! recovered recaptured
1994 299 141 14 0 0 0
1995 195 158 14 2 3 0
1996 59 66 4 113 73 18
1997 Large 655 272 76 65 15 11
1997 Small 451 247 56 26 10 6
1998 Large 933 521 183 O 0 O
1998 Small 368 207 60 O 0 O

! Numbers were adjusted for tag loss and tagging induced mortality.
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Fig. 29 Relationships between the mean weight of
hatchery-reared masu salmon stocked in fall and the
proportion of fish smolting at age 1 (upper panel: Y =
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are shown in parentheses.

Table 1801 Estimates and standard errors of numbers of hatchery-origin masu salomon smolts in the Masuhoro River

Year 1+ smolt . 2+ smolt .
oy S ot g B oo bt

(SE) (SE)

1994 Pooled Petersen 2,843 (672) 14.2 ( 3.4) 0(C 0) 0.0 ( 0.00)

1995 Pooled Petersen 2,076 (494) 10.4 ( 2.5) Failed to form estimates®

1996 Pooled Petersen 804 ( 316) 2.2 (0.9 Pooled Petersen 445 ( 86) 1.2 (0.24)

1997 Large ML Darroch 2,448 (1 286) 12.2 (1.4) Pooled Petersen 88 (12) 0.4 (0.06)

1997 Small ML Darroch 1,669 (193) 8.3(1.1) Pooled Petersen 43( 9 0.2 ( 0.05)

1998 Large ML Darroch 2,677 (192) 15.7 (1.1) O a

1998 Small ML Darroch 1,128 ( 168) 6.6 ( 1.0) O a

' Number of 1+ smolts divided by number of masu salmon released.
* Number of 2+ smolts divided by number of masu salmon released.
* Failed to form estimates because of no recapture of tagged fish.
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Table 1900 Estimates and variances of numbers of hatchery-origin 1+ smolts and resident fish in the Masuhoro River in
spring 199801 1999

Number of 1+ smolts Number of 1+ parr Number of survivors

Year .
Size — Percent
stocking 80U Estimate Variance CV Estimate Bet.weenl W.l thin ) Tgtal (%)% Estimate  Variance =~ CV smolt’
g variance’  variance variance
1997 Large 2,448 81,722 0.12 689 (8581’32(75) ( f’fg) (fgg’gég) 1.35 3,137 952,165 0.31  78.0
1997 Small 1,669 37,122 0.12 891 1,(4;5’;1,5%73) ( 329’5‘?2) 1(’585’(?973) 1.38 2,560 1,540,924 0.48 65.2
1998 Large 2,677 36,711 0.07 217 ( 921’;%2) (5 83(‘)75) (10%20173) 0.33 2,894 41,928 0.07 92.5
1998 Small 1128 28221 015 407 9282’33}2) (1 43%2) (1%%%?;;) 037 1535 5098 015 735

! Variance accounts for the variation of number of fish among sampling sites.
* Variance accounts for the total variance of the removal method applied at each sampling site.
* Number of 1+smolt divided by number of survivor.

Table 200 Estimated numbers of smolt and resident masu salmon in the Masuhoro River in spring 199801 1999. Standard
errors are in parentheses

Number of masu salmon Overwinter
Year Category - .
Smolt Resident Total survival (%)
1998 Hatchery (age-1)' 4,117 ( 345) 1,580 ( 722) 5,697 ( 800) 14.2 (2.0)
Wild (age-1<) 13,821 (1,203) 11,127 (1,315) 24,948 (1,782)
Total 17,938 (1,251) 12,707 (1,500) 30,645 (1,954)
1999 Hatchery (age-1)* 3,805 ( 255) 624 ( 167) 4,429 ( 305) 13.0 (0.9)
Wild (age-1<) 7,988 ( 682) 7,780 (1,569) 15,768 (1,711)

Total

11,793 ( 728)

8,404 (1,578)

20,197 (1,738)

! Hatchery-origin fish stocked in fall 1997
* Hatchery-origin fish stocked in fall 1998
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Mathematical Method for Estimating Stock Characteristics of Adult Chum
Salmon (Oncorhynchus keta) based on Mark-Recapture Data.

Noboru Hoshino
Hokkaido Fish Hatchery, Kitakashiwagi 3-373, Eniwa, Hokkaido 061-1433, Japan

Abstract[] In this paper, I present four mathematical methods of estimating the numerical values that are required to

evaluate salmon stock characteristics based on mark-recapture data for adult chum salmon (Oncorhynchus keta) in

northern Hokkaido, Japan. First, the fishing mortality coefficient and dispersal rate (per day) in the fishing area were

estimated based on time series data of recaptures. Second, the date on which most fish reached a catch point in the

river was estimated. The third and fourth methods provided the estimates for the parameters of stock structure.

Each mathematical model was closely followed to the observed data of the three mark-recapture experiments
conducted in the costal area of the Sea of Okhotsk in 2003 and 2004.
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Fig.1 Locations of the release points of mark-
recapture experiment in the coastal area of Hokkaido.
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Table 10 Summary of the five mark-recapture experiments in the coastal area of Hokkaido (2003-2004).

Fish released

Recaptures

Location Position of Trap Date

Number

MeanEL.(s.d.00 Percentage of

Number

(mm) Recaptures

Esashi Inshore 11-12 Sep. 2003 355 700(51.0) 196 55.2

Inshore 17 Sep. 2004 213 666(48.1) 128 60.1
Esashi

Offshore 16 Sep. 2004 259 663(51.0) 157 60.6

Inshore 28 Sep. 2004 236 670(47.1) 142 60.2
Tokoro

Offshore 28 Sep. 2004 186 669(47.1) 117 62.9

Inshore trap; fishing trap set in the position of 50000 1,000m from coast line.
Offshore trap; fishing trap set in the position of 2,00000 3,000m from coast line.
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Fig. 2 Changes in the cumulative number of
recaptures in each fishing area. The curve shows the
theoretical prediction based on estimated parameters ( f
& z).

f; instantaneous fishing mortality coefficient, z; dispersal
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fit of logistic function.



gbobobooooooboobobobooooo
gbobobooooooobobobobooooo
gogboogooboobboobuoobobooboon
gogbooooboobboooboobbooboon
gobogooboobobooboobbooboon
goboooboobbooboo

S
1+exp (A D)

gobooooooooooocoOobooooobooboooon
goboooooooooocoobooooboobooon
10000000000000000000000O0
ooboooDoOooobooooxmoooooooyYyoo
gopoos0boooDOouoobooOonoos»booon
goboooooooooooooboooboooon
000000kRg4dOO00O0O0DOOOt0OO00O0
gobi1zooO000O0200400004.60 000200300
gosz200000b0o0ooooobooobosoooboon
gobooooooooooocooooooobooboooon
goboooooooooocooooooobooboooon

oo

goboooooooooocooboocooboocoooo

oOooooooozoo40O000O0O0OOOODOOO
gbozoo300OooobDOoOoOoDbDOoOooobooooboD
gobooooooooooooobooooboboooon
gobooooooooooooobooooobooon
goboooooooooooooboooooboobooon
goboooooooooooooooooobooboooon
gobooooooooooocooooooobooboooon
gobooooooooooocooooooobooboooon
goboooooooooocooobooooobooboooon
gobooooooooooooboooooboooon
goboooooooooooooooooooon
gobooooooooooooobooooboooon
goboooooooooooooobooooobobooon
gobooooooooooooboooooboooon
gobooooooooooooobooooobooooon
gobooooooooooooooooobooboooon
oobooooooooooocoooOoooooocooon
gobooooooooboobooobooooo
goboooooooooocooooooooooon
goboooooooooooooboooooooon
gobooooooooooooooboooooboooon
gobooooooooooooobooooboboooon
gobooooooooooooobooooobooon
goboooooooooooooboooooboobooon

— 70 —

oooooooood
oobooooooooobooooooooobooooo
ooboooooooooboocoooooooboooon
oobooooooooobooooboooboboooo
oobooooooooobooooboboooboboooon
oobooooooooobooooboooboooon
ooboooooooooboocoooooooboooon
ooboooooooooboocoooooooboooon
000000000 0Fg 0002004000000
ooboooooooooboocOoOoooOooboOooon
OooooooooooooooooolkmbOnOnO
oobooooooooobocooooooboooo
gzoo40O0O0DOOO0ODOOOODODOOODOOOOn
ooooooooooobooooboooboooon
ooboooooooooboooooboobooobooon
ooboooooooooboocooooooboooon
oboobooboboooooooosbOobozsgnoon
oboobboz200b00oboobob0Ooo0o0ooonnZzoo4
ooboobO0oOo0ooooooooonoodneewd
OOoDoO00O3kmdOO0O00O0O0O0OOO0COODOO
OoboooooOooOoOsoo00000020kmO00
Oo00oo0oooDOos8»b46%010km0 000000
oo0o027%0180 00000000000 0OD0O0OO
ooboooooooooboooobooobooon
oobooozo4ooobDoooooooboooon
obooooooooooobobOoboboooooon
ooboooooooooboocooooooboooon
25000000000000000o05000000
ooboooooooooboocoooboboooboooo
ooo
oooooooooooboooooboooboooon
ooooooooooobooooboooboboooo
oobooooooooobooooboooboooon
ooboooooooooboocooobooboooboooon
oooooooobooooooon
ooboooooooooboocoooooooboooo
po<p<1 000000000000 1p0OOnOd
0000000 oooooooooooooosoo
ooooooOooooooooooooooroooo
oboobdoz2oooooooooooooooobao
oobooooooooooboooobooobooon
ooboooooooooboooobobooobooon
ooboooooooooboooooboooboooon
oobooooooooooboocooooboooboooon



gooooooooooooo

0.8 0.8
Tokoro- Offshore trap Tokoro- Inshore trap
0.6 0.6
2 A
. 0.4 0.4 /./
5 02 0.2 '
E 0 - T T T 0 T T T T
L 0 10 20 30 0 10 20 30
g
3
g Esashi 2004 Esashi2004 ..
O 08 - Offshore trap 0.8 7 -Inshore trap
0.6 //<'>/<> 0.6 /
0.4 /'/ 0.4 /
0.2 / 0.2 f
0 ! T T T (B
0 10 20 30 0 10 20 30
Distance (km)
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Table 200 Maximum likelihood estimates of stock structure for each release group.
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Location Position of trap equation (5) & (6) equation (8)
b4 a B b4
Inshore 0.601 0.008 0.008 0.703
Esashi 2004
Offshore 0.219 0.004 0.005 0.268
Inshore O ad O 0.339
Tokoro
Offshore 0.480
Esashi 2003 Inshore O ad O 0.458

gobgoboobbooboooboobboon
Oo0OdOopoOooosoooOoobobOodooodd
gooooo

0S = 10exp(Dadd) 050
000704000000
O7T =exp(0B0d) 0Oed

O000oOpOO0O0OOOODODODODOOOO
0044000000010 0Db0b0obooboooon
0AQ-90o0oooooooooodpod-nooo
Ooooooooo@dS+@p700000DOOO
gbobooboobobooboboooboobboon

0000000000o0o0oootpbe 0O 0000
goboooobooboobbooboobbobn
pDo0pBO0O0DOOODODOO
gopbozeo4000oooooODbOOOOOODOOOO
Table20 D0 0OO0OOODOOOOODOOOODOO
oobooooOo22eiObDOoObDOeoOOOOOO
gboobobobobooooooboobobobobo
godbooooboobooobbooboobbooo
go20000000000e0200000000
gobooobooboobbooboobboobon
goboooobooboobbooboobboon



Frequency

Tokoro

I1VErs

0.8

0 -

23456
0.8 J.otherarea.......
0.6
04
0.2
07573745 6
0.8 J.Inshore trap.......
0.6
04
0.2
07573745 6
08 4. Offshore trap....
0.6
04
0.2
07273745 6

0.8
0.6
04
0.2

0.8
0.6
04
0.2

0.8

0.8
0.6
04
0.2

0 -

Esashi2004 Esashi2003
rivers. 08 rivers
0.6
04
02
23456 Y 23456
J..otherarea....... 08 J..otherarea ...
0.6
04
0.2
23456 Y 23456
J.Inshare trap....... 0.8 J.Inshore trap........

4. Offshore trap.......

—

23456
Age (Year)

23456
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Effects of Acid Snow to the Chemical Profiles of the Shokanbetsu River,
Northern Hokkaido, Japan during 2001-2003

Tomoharu Watanabe, Ryouhei Yasutomi, and Kazusi Imada
Hokkaido Fish Hatchery, Kitakashiwagi 3-373, Eniwa, Hokkaido 061-1433, Japan

Abstract[] Slight acidification of stream water was continually observed in a tributary of the Shokanbetsu River

system in northern Hokkaido, Japan, during the snowmelt season through 2001-2003. Alkalinity and pH began to

decrease as soon as atmospheric temperature rose through February-March. Furthermore, alkalinity and pH showed

the lowest values when flow was at its maximum in the tributary through March-April. The lowest pH was 6.74 in
the main stem, 6.57 in the tributary, and 6.28 in a rillet of the tributary through 2001-2003. Although the pH of the

tributary was low, it was exposed up to neutralization in the main stem. EC reached a peak of over 10 mSm™ in

March during the early snowmelt season. Most water quality indices of the tributary recorded a maximum or

minimum value through evening to night after the maximum flow during the snowmelt season. It was considered

that the lower pH of 6.28 observed in the Shokanbetsu River system may affect the physiological condition of

salmonid fish.
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R. Shokanbetsu

R. Nenosawa

Rillet of R. Nenosawa

Year (Main stem) (Tributary) (Rillet)

Date pH Date pH Date pH
2001 Mar 26 6.87 Mar 26 6.63 Mar 26 6.28
2002 Apr 17 6.74 Apr 15 6.57 Apr 2 6.30
2003 May 30 6.86 Apr 17 6.57 Apr 8 6.28
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Table 2 EC and pH values of meltwater from surface
to bottom layer, collected at a shore of the Shokanbetsu
River, 2002 and 2003.

g SEOE WL

Date Hight) Volume

(cm) (cm) @) I mSm™)
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2.15 1500110 30x 30x 30  8.94 444  3.73
110077  30x 30x 30  12.07 485 299
77050 30x 30x 25  12.25 438  4.93
50025 30x 30x 25  8.59 446  6.02
2500  30x 30x 20  7.05 5.02 341
2003 2300195 30x 20x 35  7.81 475  5.01
3.21 1950140 20x 15x 55  6.42 461  6.67
140090 20x 15x 50  6.35 461 547
90045 20x 15x 45  6.92 4.73 497
4500  20x 15%x 45  6.55 513 341
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Seasonal Change in Serum Agglutination Titer against
Renibacterium salmoninarum
in Farmed Masu Salmon Oncorhynchus masou

Makoto Hatakeyama“', Koki Miura"?
O ""Hokkaido Fish Hatchery Doto branch, Maruyama 3-1-10, Nakashibetsu, Hokkaido 086-1164, Japan[J

0 "* (Present address) Hokkaido Central Fisheries Experimental Station, Hamanakacho 238, Yoichi, Hokkaido 046-8555,(]

Japan

Abstract] Chronic bacterial kidney disease (BKD) in masu salmon, Oncorhynchus masou was investigated at a fish
farm. In previous cases at the farm, BKD broke out concentrating in the spring-to-early-summer season. To clarify
the factors of the seasonal limitation of an outbreak, the BKD infection rate of the fish was determined by isolating
Renibacterium salmoninarum at certain intervals. In addition, the agglutination titer against R. salmoninarum and
total immunoglobulin M (IgM) levels of the fish serum were researched as indications of host reactions against the
bacteria. A seasonal change in the agglutination titer against R. salmoninarum was found. The characteristics of the
seasonal change in the titer were a moderate increase from summer at age 0" until winter at 17, an acute decrease in
spring at 17, a moderate recovery from summer at 1" until winter at 2", an acute decrease in spring at 2* and a
moderate decrease until spawning. A seasonal change in the agglutination titer was also found in the fish group that
was negative on the bacterial isolation. The seasonal change in the agglutination titer did not completely accord with
the seasonal changes in total IgM levels or water temperature. From the characteristics of the seasonal change in

the agglutination titer and the past timing of outbreaks on the farm, the occurrence of BKD was considered to be

Sci. Rep. Hokkaido Fish Hatchery[800 9101 970 2006

closely correlated with a decrease in the agglutination titer against R. salmoninarum.

Key words: masu salmon, BKD, agglutination titer

Introduction

0 Masu salmon, Oncorhynchus masou, is anadromous
salmonid distributed in the Far East and an important
species for fisheries in Japan (Machidori and Kato, 1984).
In Hokkaido, artificial stock enhancement of this species
has been performed using fish produced by pond culture
as a counter plan against the trend of decreasing stock
since the 1970s (Nagata, 2002).

O A problem in fish culture is bacterial kidney disease

(BKD) caused by the pathogen, Renibacterium

salmoninarum. The infection has often been observed
since 1973, which saw the first outbreak in Hokkaido
(Awakura, 1978). Most serious characteristic of this
disease is intra-ovum infection reported by Evelyn ef al.
(1984). This vertical infection (infection from parents to
offspring) of R. salmoninarum means that the

disinfection of the egg surface using povidone-iodine is
not always effective. Kimura (1978) researched the
features of natural outbreaks of BKD and stated that the
infection tended to be chronic on farms, and sometimes

caused high mortality if certain triggers were present.

*E-mail: hatakeyamam@fishexp.pref.hokkido.jp
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O In this study, we researched the farm that had often
suffered damage by BKD in order to obtain knowledge
about what triggers an outbreak. In past cases at the
farm, BKD mostly broke out from spring to early
summer. To clarify the factors of the seasonal limitation
of an outbreak, the BKD infection rate of the fish was
determined by isolatimg R. salmoninarum at certain
intervals. In addition, the agglutination titer against R.
salmoninarum and total immunoglobulin M (IgM) levels
of the fish serum were researched as indications of host

reactions against the bacteria.

Materials and Methods

Fish

0 Masu salmon, Oncorhynchus masou, cultured at a farm
located southwest of Hokkaido Prefecture of Japan was
researched. Past outbreaks of BKD on the farm were
recorded by the Hokkaido Fish Hatchery as the
diagnosis document (Table 1). The fish researched in
this study were hatched in 1998 (Group 1), in 1999
(Group 2) and in 2000 (Group 3). Sampling data including
date, number of fish, fish age, and average body weight
of fish are shown in Table 2. The fish collected at the last
samplings in Group 1 (3 Oct. 2001) and Group 2 (24 Sep.
2002) were female after spawning. The water for the fish
culture was drawn from a nearby river, and sometimes
mixed with well water. The water temperature of the
pond was measured automatically using a temperature

SEensor.

Detection of the bacteria

OR. salmoninarum was detected from the fish kidney
by cultivation using a agar medium based on KDM-2
(Evelyn, 1977). The medium consisted of proteose
peptone No. 3 (DIFCO LABORATORIES Inc., Detroit,
Michigan, U. S.) at 10 g per 1, yeast extract (DIFCO
LABORATORIES) at 0.5 g per |, cystein hydrochloride
at 1 g per 1, and agar (DIFCO LABORATORIES) at 15 g
per 1. This medium was supplemented with 1% of the
broth medium (same component as described medium
except the agar) spent for the culture of R.
salmoninarum. The test agar plates were incubated at 15

O for 4 weeks. The bacterial colony cultured on the test

—92 —

Table 1 Past outbreaks of bacterial kidney disease on
the farm researched in this study ™"

Date of Age of Water temperature
diagnosis infected-fish @) "
5 July 1988 2" 13
29 May 1992 2" 9
5 July 1994 2" 15
24 July 1997 2" 18
4 June 1999 2" 14
2 May 2000 1%, 2° 8

“! Outbreaks of BKD were recorded in the diagnosis
document of Hokkaido Fish Hatchery.

“* Approximate temperature of the rearing water during the
outbreak.

Table 20 Sampling data

Group Date Fish age I\i;uflll:; r Avirfa%esgv «(e;)ght
1 7 May 2001 2* 30 407.3
1 10 Jul. 2001 2° 30 609.8
1 3 Oct. 2001 2° 41 703.5
2 7 May 2001 1" 30 36.1
2 10 Jul. 2001 1" 30 81.0
2 26 Sep. 2001 1" 30 209.4
2 5 Feb. 2002 2° 30 292.7
2 17 May 2002 2° 30 508.1
2 24 Sep. 2002 2 40 741.4
3 10 Jul. 2001 0* 30 1.5
3 26Sep.2001 0" 30 10.1
3 5Feb. 2002 1 30 25.2
3 16 May 2002 1° 30 64.4
3 26 Aug. 2002 1" 30 180.1
3 18 Dec. 2002 2" 30 368.0
3 28 Mar. 2003 2" 30 429.5

plate was identified by the agglutination test using an
antibody against R. salmoninarum (Kirkegaard & Perry

Laboratories Inc. Geitherburg, Maryland, U.S.).

Serum agglutination titer against
R. salmoninarum
OR. salmoninarum, strain 20-1, isolated from masu

salmon reared at the farm in 1998 was cultured in order
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to determine the agglutination titer of the fish serum. A
liquid culture of the strain was inactivated by heating at
1000 for 30 min. The cells were harvested by
centrifugation at 12,000 X g for 10 min, and suspended
with phosphate-buffered saline (PBS) at optical density
(600 nm) 0.5. The serum obtained from the fish blood
was serially diluted with PBS. Fifty microliters of diluted
serum was mixed with the same volume of the bacterial
suspension in the 96-well microplate with a rounded
bottom (IWAKI, Co. Ltd., Tokyo, Japan). The
agglutination titer was red after incubation at 2000 for
18 h.

IgM concentration of the serum

O The IgM concentration of the fish serum was
measured by ELISA. A solution of rabbit IgG against
masu salmon IgM (anti-masu salmon IgM) was kindly
supplied from Prof. A. Hara, Graduate School of
Fisheries, Hokkaido University, Japan. The protocols for
the preparation of rabbit IgG against masu salmon IgM
were described by Fuda et al. (1991).

O Fifty microliters of fish serum diluted 160-fold with
PBS was dropped on the wells of the ELISA plate
(IWAKI) and incubated at 40 for 18 h. The wells of the
plate were washed three times with PBS-T, PBS
containing 0.05 % of Tween 20 (Bio-Rad, Inc., Hercules,
California, U.S.). For blocking, 100 p 1 of PBS-T
containing skim milk at 2 % was dispensed to each well
and incubated at 40 for 6 h. The wells were washed
three times with PBS-T. Fifty microliters of anti-masu
salmon IgM diluted 1000-fold with PBS-T was dispensed
to the wells and incubated at 2000 for 18 h. The wells
were washed three times with PBS-T. A HRP-labeled
IgG against rabbit IgG (from goat, Bio-Rad) was diluted
2000-fold with PBS-T. Fifty microliters of the HRP-
labeled IgG solution was dispensed to each well and
incubated at 370 for 2 h. The well was washed five
times with PBS-T. Fifty microliters of the solution for
color development (0.1 M Na,HPO,, 0.05 M citrate, o-
phenyrendiamine tetra chloride at 100 mg per 1 and 0.03
% of H,0,) was dispensed to the wells and incubated at
room temperature for 15 min in the dark. Finally, 50 p 1
of 0.1 M H,SO, was added to the wells. The optical

density (absorbance) at 405 nm was measured on a

microplate reader, MPR 4Ai (TOSOH Co. Ltd., Tokyo,
Japan). The standard curve was conducted by the
densities of the serial dilutions of a pre-measured serum
supplied from the Graduate School of Fisheries,

Hokkaido University, Japan.

Results

Temperature of rearing water

[ The water temperature of each pond was continuously
recorded during the research period. The monthly
averages of the temperatures at 10 a. m. are shown in
Fig. 1. The water temperature changed seasonally. The
maximum averages in the years (15.50 to 17.500 ) were
recorded in August. The minimum averages in the years

(2.80 to 3.70 ) were recorded in December or January.

Infection of bacterial kidney disease

[ The rates of the infected fish in each group are shown
in Fig. 2. Infections were detected in Group 1 and Group
2. In Group 1, infections were detected at every three
samplings. The rates of the infected fish in Group 1 were
26.7 % on 7 May 2001, 10.0 % on 10 July 2001 and 25.0
% on 3 October 2001. In Group 2, infection was detected
only once (3.3 % on 5 February 2002) in six samplings.
Infection was not detected in Group 3 during the

research period.

Changes in serum agglutination titer against R.
salmoninarum

0 The serum agglutination titer against R. salmonina-
rum was classified to < 1: 40, 1:40, 1:80, 1:160 and O
1:360. The results of the serum agglutination titer are
shown in Fig. 3 as the columns consisted of the
percentages of the titer classes at each sampling. The
titer of Group 1 decreased from May at age 2" until the
maturation period in October. The titer of Group 2
increased from May at age 1° until February at age 2°.
From February at age 27, the titer of Group 2 decreased
until maturation period of October. The titer of Group 3
tended to increase from July at age 0" until February at
age 1'. The titer of Group 3 decreased once in May at

age 17, and increased again until December at age 2.
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Fig. 1 The temperature of rearing water for each group.
Each circle indicates the monthly average of the
temperature at 10 a. m. The graphs for the groups are
arrayed corresponding to the fish age.
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Fig. 3 Serum agglutination titer against Renibacterium
salmoninarum in each group. The rates of titer classes are
indicated as percentage columns and arrayed correspond-
ing to the fish age (0", 1" and 2%) and sampling date.

Changes in IgM concentration

0 The serum IgM levels of each group are shown in Fig.
4. The average serum IgM levels were 390 to 967y g
per ml except for the sampling of the post-spawned fish.
The average IgM levels of the post-spawned fish (final
sample in Group 1 and Group 2) were in the range of 100
to 200 p g per ml. The IgM levels of Group 1 (age 2°)
increased from May until July, and decreased until the
final sampling in October. The levels of Group 2
increased from May until July at age 1°. Then, the levels
started to decrease until September at age 2*. The IgM
levels of Group 3 tended to decrease from July at age 0*
until February at age 1". The levels of Group 3 increased
once until August at age 1+, and decreased again until

March at age 2°.
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Fig. 2 Infection rate in each group. Each circle indicates
the percentage of infected fish. The graphs for the groups
are arrayed corresponding to the fish age (0*, 1" and 2%)
and sampling date.
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Fig. 4 1IgM level in each group. Each circle indicates the
average of IgM (u g per ml). Bar indicates standard
deviation. The graphs for the groups are arrayed
corresponding to the fish age (0", 1" and 2") and sampling
date.

Correlation between infection and the parameters

O1In Group 1, BKD infections were detected at every
three samplings (Fig. 2). The agglutination titer and IgM
levels of Group 1 were analyzed comparing infected fish
with non-infected fish. From the compositions of the
titer class percentages (Fig. 5), the titers of the infected
fish were clearly higher than the titers of the non-
infected fish at every sampling. The IgM data are shown
in Fig. 6. The means of the IgM levels of the infected
fish showed no significant difference (f-fest) with the
means of the levels of the non-infected fish at every

samplings.
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Fig.5 Correlation between the infection and the
agglutination titer. The agglutination titer on Group 1
was analyzed comparing infected fish with non-infected
fish. The rates of classes of agglutination titer against
Renibacterium salmoninarum are indicated as percent-
age columns. Sampling date is attached with each
column. Plus and minus indicate infected fish and non-
infected fish, respectively.
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Fig. 6 Correlation between the infection and the IgM
level. The IgM level on Group 1 was analyzed comparing
infected fish with non-infected fish. Averages of IgM
level are indicated as columns with standard deviation
(bar). Sampling date is attached with each column. Plus
and minus indicate infected fish and non-infected fish,
respectively.

Discussion

0 Past outhreaks of BKD were concentrated from spring
to early summer at the farm researched (Table 1). The
water temperature of the term was 8 to 1800 (Table 1).
The temperature during this critical period was in the
range suitable for R. salmoninarum growth. However,
the concentration of the outbreaks cannot be explained
completely by the seasonal change in temperature,
because the temperature suited for bacterial growth was
also recorded in the autumn.

OIn this study, the agglutinating reaction against R.
salmoninarum changed seasonally (Fig. 3). This seasonal
change in the agglutination titer was also found in the
fish group that was negative on the bacterial isolation
(Fig. 2). The characteristics of the seasonal change of
the life cycle were a moderate increase from summer at
age 0" until winter at 1%, an acute decrease in spring at
1%, a moderate recovery from summer at 1* until winter
at 2%, an acute decrease in spring at 2° and a moderate
decrease until the spawning season. The significant
point of the characteristics was assumed to be a
decrease in spring.

0 The agglutinating reaction of fish serum against
bacteria is an important defense of hosts for the
exclusion of pathogens, and this is defined by the role of
immunoglobulin (Kaattari and Piganelli, 1996). The
elevation of agglutination titer is usually induced by
contact with the bacteria. There are studies that
attempted to find infected fish by ELISA detecting
immunoglobulin against bacterial pathogens. Yoshimizu
et al. (1992) suggested the application of ELISA for the
prevention of flunclosis on a farm. Jansson and
Lijungberg (1998) have reported the utility of ELISA by
infection with BKD. The humoral

response of fish due to infection was clearly detected in

experimental

their study. Elevation of the agglutination titer due to the
infection was also found in our research (Fig. 5).
However, the seasonal change in the agglutination titer
found in this study indicates that the titer can change
due to certain factors not correlated with the infection.

0 Serum IgM levels also changed seasonally (Fig. 4).
The seasonal change in total IgM levels was found to

have a similar trend to the change in water temperature
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(Fig. 1). In the fish after spawning, IgM levels were
remarkably low level (Fig. 4). IgM levels may not
indicate the presence of BKD infection or activity of host
defense against the bacteria, because an elevation of IgM
was not observed in infected fish (Fig. 6). The seasonal
change in total IgM did not completely accord with the
change in the agglutination titer. A difference in the
seasonal changes was observed in the winter. The
agglutination maintained relatively high titers, contrary
to the low IgM levels in the winter. This fact may
indicate that the agglutination titer (the levels of IgM for
the bacterial agglutination) changes seasonally due to
certain factors that are different from the total IgM
levels.

[ Seasonal changes in immune response were reported
in some fish species (Burreson and Frizzel, 1986;
Nakanishi, 1986). For salmonid fish, Lopez- Fierro et al.
(1994) reported that total IgM and the agglutination titer
against Yersinia rucheri had low values in the winter in
farmed rainbow trout. Tatner (1996) stated that the
natural change in the immunological parameters of the
fish cannot be concluded simply due to the change in
water temperature, because a seasonal change in
immunological reaction was also observed in the fish
reared at a constant temperature. Fish immunity may be
influenced by hormone levels that change through
lifecycle events. In coho salmon, serum cortisol levels
greatly elevated due to acute stress during parr-smolt
transformation (Barton et al., 1985). Masu salmon is also
a salmonid that undergoes parr-smolt transformation in
spring at age 1° (Kubo, 1980). Nagae et al. (1994)
investigated the immuno-modulation by cortisol, and
found that the oral administration of cortisol resulted in
a decrease of IgM levels in masu salmon.

OIn this study, we found seasonal changes in the
agglutination titer against R. salmoninarum. We consider
that chronic BKD may cause high mortality when the
host defenses including the agglutination titer decrease.
On the farm researched, BKD may break out in spring or
early summer because of low levels of host defense
against bacteria and a suitable temperature for bacterial
growth. In addition, the disease may not cause high
mortality in autumn because the levels of defense are
high.
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(Short paper)
Genetic Diversity of Infectious Hematopoietic Necrosis
Virus Isolated in Hokkaido, Japan

Makoto Hatakeyama"
O ” Hokkaido Fish Hatchery Doto branch, Maruyama 3-1-10, Nakashibetsu, Hokkaido 086-1164, Japan

Abstract] The NV gene sequence of the IHN virus isolated in Hokkaido, Japan, was investigated in order to obtain
knowledge about the genetic evolution of the virus. Four strains isolated in the 1980s (HLR-1, HSR-3, HLM-3 and
HSM-1) and four strains isolated in the 2000s (Hen 00, Hhi 01, Hni 00 and Hch 01) were used in this study. All the
NV genes were found to be 336 in nucleotide length. The genetic distances (substitutes / positions) of the
combinations of the isolates in the 1980s were 0.015 to 0.033. The genetic distances of the isolates in the 2000s
were 0.039 to 0.086. The phylogenic tree constructed from the sequence data indicated that the diversity of NV
genes of the isolates in the 2000s was higher than that of the isolates in the 1980s. Through an analysis including of
other NV gene sequences deposited in GenBank, strain RB-76 isolated in the United States was found to be similar
to strain HSR-3. The substitutes between strain RB-76 and strain HSR-3 were 2 nucleotides per 336 positions
(0.006 in genetic distance). Each sequence data of eight strains isolated in Hokkaido showed highest similarity with

the data of strain RB-76. The results suggest that the IHN virus in Hokkaido evolved from an origin similar to that
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of strain RB-76.

Key words: THN, genetic diversity, NV gene

O Infectious hematopoietic necrosis (IHN) is still a
serious problem in salmonid culture. The IHN virus may
have high variation because the distribution of the virus
has spread in the world since the 1950s. Techniques for
researching the polymorphisms of the IHN viral gene
have been reported. Oshima ef al. (1995) researched the
variety by T1 ribonuclease fingerprinting. Kurath ef al.
(1995) reported the utility of RNase protection assay. In
the techniques for researching genetic variations,
nucleotide sequencing may bring the most detailed data.
The THN virus genome is a single-stranded antisense
RNA encoding the N, P M, G, NV and L gene (Kurath et
al., 1985). Nichol et al. (1995) researched the nucleotide
divergence of the G and NV gene of the virus isolated in
the United States. They concluded that the phylogenic

relationships of the virus correlated with the localities of
the isolate origins. In this report, the NV gene
sequences of four strains isolated in the 1980s (1986-
1989) and the four isolated in the 2000s (2000- 2001)
were investigated in order to obtain knowledge about
the genetic evolution of the IHN virus in Hokkaido,
Japan.

0O The IHN virus strains used for this study were
isolated from salmonid reared at private farms in
Hokkaido, Japan (Table 1). The details of the origins
including location or farm name have been eliminated
from Table 1 because of commercial privacy. For virus
multiplication, RTG-2 cells (Wolf and Quimby, 1962)
were cultured at 200 with Eagle's minimum essential

medium (MEM) supplemented with fetal bovine serum

* E-mail: hatakeyamam @fishexp.pref.hokkaido.jp
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at 10 %, penicillin at 100 I.U. per ml and streptomycin at
100p g per ml. RTG-2 cells cultured in 25 cm’ flask were
infected with IHN virus at MOI 1, and incubated at 150
for 72 h. Infected cells were harvested by mechanically
detaching from the flask bottoms, and centrifugation at
1000 X g for 10 min. Nucleic acid was purified from cell
pellets by SepaGene (Sankyo Junyaku Co., Ltd., Tokyo,
Japan) according to the manual. The obtained pellets
containing the IHN virus genome were dissolved in
distilled water, and used for RT-PCR. RT-PCR was
conducted by Titan One Tube RT-PCR (Roche
Indianapolis, Indiana, U. S.). The

primers for NV gene amplification were designed from

Diagnostic Inc.,

the published sequence of strain WRAC (Morzunov et
al., 1995; Gene Bank accession number L40883). The
nucleotide sequences of the primers were

Forward (5'-CAAAAAGAGACAATGGACCAC-3")

and Reverse (5- CTTTCTGTGATGGGGTGCTGT-3).
RT-PCR was performed in a mixture (50 p1 in the total
volume) containing 1 yl RNA sample, 1 pl primers
(20p M), 10p 15 X buffer (of the kit), 541 dANTPs (2 mM
each, Perkin-Elmer Inc., Boston, Massachusetts, U. S.),
2.5 p1 dithiothreitol (100 mM, of the kit), 1 yl of the
enzyme containing reverse transcriptase and DNA
polymerase (of the kit), and 1.5 pl RNasin (RNase
inhibitor, 40 units per pl, Promega Inc., Madison,
Wisconsin, U.S.). Temperature cycling was performed by
Gene Amp 2400 (Perkin-Elmer). The reaction mixtures
were incubated for reverse transcription (500 for 30
min), and were then incubated for 35 cycles composed of
denaturation (940 for 30 sec), annealing (5500 for 30
sec) and extension (68[1 for 45 sec). Finally, the reaction
tubes were incubated for additional extension (6801 for 7
min). The PCR products obtained were ligated into
plasmid vector pCR 2.1 (Invitrogen Inc., Carlshad,
California, U. S.). The plasmid vector was transfected
into competent E.coli cells (strain Top 10 F'). In order to
determine the sequences, the plasmid was purified from
the transformed E.coli clone using FlexiPrep kit
(Amersham Pharmacia Biotech AB., Uppsala, Sweden).
The sequences of the NV genes were determined by an
automatic sequencer, ALF-2 (Amersham Pharmacia
Biotech), using Autocycle sequencing kit (Amersham

Pharmacia Biotech). The sequence edits were per-
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Table 1 Strains of IHN virus isolated in Hokkaido, Japan

Strain Year Host
HLR-1* 1989 Rainbow trout
HSR-3* 1986 Rainbow trout
HLM-3%* 1988 Masu salmon
HSM-1%* 1988 Masu salmon
Hen 00 2000 Rainbow trout
Hhi 01 2001 Rainbow trout
Hni 00 2000 Rainbow trout
Hch 01 2001 Sockeye salmon

*: The strain was reported by Suzuki and Sakai (1989).
**: The strain was reported by Suzuki and Sakai (1991).

formed by a software package, GeneWorks 2.45 (Teijin
Science Technology Co., Ltd., Yokohama, Japan). A
phylogenetic tree was constructed by Clustal W 1.7
(Thompson et al., 1994), and drawn by TreeView (Page,
1996).

O The nucleotide sequences of the NV gene were
shown in Table 2. All the NV genes were found to be 336
in nucleotide length including the start and stop signal.
The genetic distances (substitutes / positions) of the
strains are shown in Table 3. The genetic distances of all
combinations of the isolates in the 1980s (HLR-1, HSR-
3, HLM-3 and HSM-1) were 0.015 to 0.033. The genetic
distances of the isolates in the 2000s (Hen 00, Hhi 01,
Hni 00 and Hch 01) were 0.039 to 0.086. The phylogenic
tree constructed from the sequence data is shown in Fig.
1. The tree clearly indicates that the diversity of the NV
genes of the isolates in the 2000s was higher than that of
the isolates in the 1980s. These findings indicate that
the diversity of the virus may have increased in
Hokkaido, Japan.

0 Nicol et al. (1995) have researched the divergence of
the IHN virus isolated in the United States by an
analysis of sequence data including the NV gene
(GenBank accession number L140871- 140882). The
genetic distances of the NV gene between the isolates
used in their study and the isolates in this report were
calculated (Table 4). Out of 12 strains isolated in the
United States, strain RB-76 was found to be similar to
strain HSR-3. The substitutes of the NV gene between

strain RB-76 and strain HSR-3 were only 2 nucleotides
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Table 20 Nucleotide sequences of NV gene encoded in the IHN virus strains isolated in Hokkaido, Japan

1 10 20 30 40 50 60 70 80 90
atggaccacc gygamayaaacacgmwcatg gargcactca gagamgytct gcgrtacaag aacraggtgg ccggacacgs yttcctcttt
HLR-1  *xekkkkkkx *phk ok Rk Hokkok g qkokkk file i *ekdk gk phkk kg kg g I
HSR-3  #kikkkkik okt kkk g gk **g******* okkk g Rk kkk g ***g g C
HLM-2 ks kprk R ORER kkok g ok **g******* ekkk g Rk kk gkkkkkk ***g c t
HSM-1  *kikkkkrx il ik kkk g gk **g******* P ***g****** *okk g g I
HenQQ  *xwikxkkkx ko gk Rk Fokkok o g Rkkk **g******* *kdok ok kA Hokk g kkkkok ***g * *kq I
Hhio1 Fkkkkkkkkk *OkkgR Rk Hkkok g qkokkk ok gkkkkokk ekdok gk kkok kg kg g I
HNioOo Fkkkkkkkkk *ORRQRCRER kkk g gk **g******* okkk gk ChAR kkk g ***g g c
HChQ1  *kikkskix kphk g Rk kkok g gk **g******* P kk gkkkkkk *ohk gy g c
100 110 120 130 140 150 160 170 180

raygacggwg acctggtmtg gckkgargag gacgacgmrmcrtggaggcg gyyttacgat —gtcgtcammg sactgatytb  ytccaagagg

HLR_l g*c*****t* *******a** **gt**a*** *******Cac *a *C-[ CC* C I C C
HSR_3 g*C*****t* *******a** **gt**a*** *******Caa *a *Ct ac* C C*C C
HLM_2 g*c*****a* *******a** **gt**a*** *******Caa *ax *Ct ac* C C*C C
HSM_l g*C*****a* *******a** **gt**a*** *******aaa *a *C[ ac* C C*C C
Henoo g*c*****a* *******a** **gt**a*** *******Caa *g *C-[ ac* C C*C C
thol a*c*****a* *******a** **gt**a*** *******Caa *a *C-[ ac* C C*g C
HnIOO g*C*****a* *******a** **gt**g*** *******aaa *a *tc ac* g C*C t
H c ho 1 g*t*****a* *******C** **tg**a*** *******Cg a *ax *Ct aa* C C*t C
190 200 210 220 230 240 250 260 270
atgcagcsag taytgtacat ggacctcagy atcaccaagg gcgargggya tytayttttk gtggatctcc  arggrvmyaa gaaccgcytg
- *kkkkkhkykk * *kkkyhkkAk * Kk Akkkk *hkkkkkhkhkk * %k, *% *kkkkkkAkk

HLR-1 g t g***c CHFCHFRIE a**gacc C
H S R_3 *******g** t C ****g***c* *C**C****t *kkkkkhhkk *g**g acc** *******C**
HLM_2 *******g** t C ****g***c* *C**C****t Fhkkkkhkkk *g**gacc** *******t**
HSM_l *******g** I C ****g***c* *C**C****t Fhkkkkhkkk *g**gacc** *******t**
Henoo *******g** **C -[ ****g***c* *C**C****t *hkkkkkhkkk *g**g aCC** *******C**

1 *kkkkkkykk *kkkyhkkAk * kkAkkkk *hkkkkkkkkk *Myxk *% *kkkhkhkkirk
Hhi01 g t (o g***c CHFCFFRI g**acac t

1 *kkkkkkykk *kkkyhkk Ak * Kk ~kkkk *kkkkkhhkk * kK *% *kkkkkk kK
Hni0O g t (¢ g***c (el ol g**ggac c
H C ho 1 *******C** t C ****a***t* *t**t****g Khkkkkkhkkk *g**g act** *******C**

280 290 300 310 320 330 336
tacaaagarc mccgrttcag gagacatctg atmctgattg argamtttct tgcttatcyc — agatag

H L R_ l ********a* C***a***** **C *a**c***** ********C* *hkkkk
HSR_3 ********a* a***a***** **C *a**c***** ********C* Fhkkkk
H L M _2 ********a* C***g***** **C *g**c***** ********C* *khkkkk
H S M - l *kkkkkkk a* C*** a***** **C * a**C***** ********C* *kkkkk
H enoo ********a* C***a***** **a *a**c***** ********t* *kkkkk
H h |0 1 ********a* C***a***** **C *a**c***** ********C* Kkkkkk

1 *hkkkkkhk ok kkk qkkkkk *%k * *akkkkkkk *kkkkkkk A~k *hkkkk
HnioO g c*a c arc c
H C ho 1 ********a* C***g***** **C *a**a***** ********C* *khkkkk

per 336 positions (0.006 in genetic distance).

Furthermore, each sequence data of eight strains
isolated in Hokkaido showed highest similarity with the
data of strain RB-76. Through the analysis, it was
suggested that strain HSR-3 and strain RB-76 evolved

from the same origin. The results also suggest that the
THN virus in Hokkaido evolved from the origin similar to
strain HSR-3. Winton (1991) stated that worldwide
distribution of the IHN virus was due to the movement

of infected fish and eggs. Yoshimizu (1996) also reported
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Table 30 Genetic distance among the strains

HLR-1 HSR-3 HLM-3 HSM-1 Hen 00 Hhi 01 Hni 00 Hch 01
HLR-1 0 0.015 0.033 0.024 0.045 0.036 0.051 0.071
HSR-3 0.015% 0 0.024 0.015 0.036 0.036 0.042 0.063
HLM-3 0.033 0.024 O 0.021 0.048 0.042 0.054 0.068
HSM-1 0.024 0.015 0.021 0.039 0.033 0.039 0.065
Hen 00 0.045 0.036 0.048 0.039 ] 0.048 0.054 0.074
Hhi 01 0.036 0.036 0.042 0.033 0.048 ad 0.039 0.077
Hni 00 0.051 0.042 0.054 0.039 0.054 0.039 O 0.086
Hch 01 0.071 0.063 0.068 0.065 0.074 0.077 0.086 O
*. Genetic distance is shown as value of substitutions per positions (336).
Table 40 Genetic distances of NV genes among the isolates in Hokkaido and the isolates in the United States
Isolates in Hokkaido
Isolates in U. S. *
HLR-1 HSR-3 HLM-3 HSM-1 Hen 00 Hhi 01 Hni 00 Hch 01
RB-76 0.015 ** 0.006 0.018 0.009 0.030 0.030 0.036 0.057
LWS-87 0.027 0.018 0.030 0.021 0.042 0.042 0.048 0.068
LR-73 0.030 0.021 0.033 0.024 0.045 0.039 0.039 0.071
Carson-89 0.030 0.021 0.033 0.024 0.045 0.045 0.051 0.071
SRCV 0.036 0.027 0.039 0.030 0.039 0.045 0.051 0.068
Col-80 0.036 0.027 0.039 0.030 0.039 0.045 0.051 0.068
WRAC 0.033 0.030 0.042 0.033 0.036 0.042 0.048 0.068
CST-82 0.033 0.030 0.042 0.033 0.036 0.042 0.048 0.068
LR-80 0.042 0.033 0.045 0.036 0.045 0.051 0.057 0.077
Col-85 0.042 0.033 0.045 0.036 0.045 0.051 0.057 0.077
HO-7 0.048 0.039 0.051 0.042 0.051 0.057 0.063 0.083
193-11 0.045 0.042 0.054 0.045 0.054 0.051 0.065 0.086

*: The neuleotide sequences of NV gene of U. S. isolates were researched by Nichol et al. (1997) and deposited in GenBank (Number

L40871-1L40882).

**: Genetic distance is shown as value of substitutions per positions (336).

i HLE-]

Hoa 00

HSR-3

001 sudstihdien | paition

a0

Heh 01
Hen 00

Fig.1 The phylogenic tree (neighbor jointing method)
constructed from sequence data of NV gene. Bootstrap

values for 1,000 replicates are shown. Bar indicates genetic
distance (0.01 substitutions per positions).

that THN that took root in some salmonid fish in Japan
might originate from infected eggs brought by
international trade. The similarity found in strain HSR-3
isolated in Hokkaido and strain RB-76 isolated in the

United States is strong evidence for their hypothesis.
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