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Is There Abundant Zooplankton Prey for Salmonids
in the Subarctic North Pacific in Winter?

Kazuya NAGASAWA”®

Macrozooplankton was sampled using a North Pacific standard plankton net during two
trans-Pacific cruises of the R/V Kaiyo maru at 27 and 23 stations in a wide area of the
northern North Pacific Ocean in November-December 1992 and January 1996, respectively. In
all of the western and central North Pacific and Gulf of Alaska, the macrozooplankton biomass
in these winter months was much lower than that in summer months. Salmonids (Oncorhynchus
spp.) were captured in waters with low sea surface temperatures (<8 °C), where the
macrozooplankton biomass remained quite low as well. The salmonids may have a survival
strategy to stay in cold waters in order to reduce their energetic consumption, because
macrozooplankton as prey is not abundantly available in winter. The cold-water environment
appears to be advantageous to the survival of offshore salmonids overwintering under poor food

conditions.

Key words: macrozooplankton biomass, subarctic North Pacific Ocean, salmonids, ocean
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Fig. 1. Sampling stations of macrozooplankton during two trans-Pacific cruises of the R/V Kaivo maru in November-December
1992 (@) and January 1996 (). The macrozooplankton was collected using a North Pacific standard plankton net at 27
and 23 stations in 1992 and 1996, respectively. The survey area was divided into three region: western North Pacific (west
of 172°30'E), central North Pacific (172" 30'E-150" 00'W), and Gulf of Alaska (east of 150" 00'W).
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Table 1. Regional variations in mean macrozooplankton biomass (mg/m’) in the Subarctic Domain, Transition Domain, and
Subtropical waters in the western (west of 172°30'E) and central (172" 30'E-150" 00'W) North Pacific and the Gulf of
Alaska (east of 150" 00'W) in November-December 1992 and January 1996,

Western North Pacific Central North Pacific Gulf of Alaska
November-D b January December January December January
Subarctic Domain 96,3+ 533 (4) 32.20.0(1) 69,9+ 0.0 (1) 8.5 0.0(1) NS NS
Transition Domain 78.1 £68.2(2) 30,1 £13.4 (6) 33.715.7(10) 17.8+ 2.8(8) 33.8+155(6) 187+£7.0(M
Subtropica | waters 37.5£214(2) NS 9.2:7.0(2) NS NS NS

"Mean + standard deviation (number of sampling locations in parentheses).
"' NS: No sampling.
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Fig. 2. Frequency distribution of macrozooplankton biomass
in the North Pacific Ocean in November-December
1992 (top) and January 1996 (bottom). Arrows
indicate means of macrozooplankton biomass.
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Fig. 3. Locations where salmonids were collected (®) and not collected () in the Subarctic Domain, Transition Domain, and
Subtropical waters in November-December 1992 (top) and January 1996 (bottom).
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Seasonal changes in macrozooplankton biomass at
locations where salmonids were caught in the
western (top) and central (middle) North Pacific
and the Gulf of Alaska (bottom). Data on the
summer macrozooplankton biomass are from
Nagasawa and Ishida (1995, 1997a) for the
western North Pacific (165 00'E, 42" 00'N-46" 00
'‘N), Tadokoro et al. (1995) and Nagasawa and
Ishida (1997b) for the central North Pacific (179
30'W, 447 30'N-49° 30'N), and Parson and Lalli
(1988) for the Gulf of Alaska (Station P: 145 00'
W, 50" 00'N).
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Appendix table 1. Macrozooplankton biomass in the northern North Pacific Ocean From November 28 to December 18, 1992.
The samples were collected by a vertical tow of a North Pacific standard net from 150 m to the surface.

Station Location Wet weight (mg/ m’)

No. Date Time Lat (N} Long (E/W) EU cO__ AM PT AP CH 0OS JE SA FI 5Q OT _ Toul
1-1 Nov.28 20:42 37°51.8' 157°28.2'E 30 15.9 0.5 0 0.1 1.0 0.1 1.0 0 0.3 0 05 224
1-2 Nov.29 07:24 39°34.6' 157°32.1'E 1.9 478 0 0 0.4 1.9 0.1 0.1 0 0 o 04 526
1-3 Nov.29 22:16 41°17.0' 157°42.2'E 162 903 25 0.5 04 116 1.4 12 0 0 0 22 1263
1-4 Nov.30 08:14 42°12.9° 157°424'E 0.1 282 0 0 0.1 0.9 0.2 0.2 0 0 0 0.2 299
1-5 Dec.01  08:52 44°47.7 158°03.2'E 1.9 14.0 1.4 0 0 244 0 0.2 0 0 0 55 474
1-6 Dec.02 07:19 45°38.4' 157°30.0E 121 384 8.2 0 0 314 0 0.5 0 0 0 20 926
2-1 Dec.03  05:49 45°12.1' 163°51.0E 7.8 758 52 0.6 0 19.6 0 0.3 0 0 0 13.0 1223
2-2 Dec.04 12:44 44°26.7 168°54.4E 0.8 428 0.7 1.6 03 618 1.2 0.7 0 0 0 129 1228
2-3 Dec.05  14:14  42°30.8' 174°50.4'E 0 116 0 0 0.1 0.2 o1 0.1 1] 0 0 0.4 12.5
3-1 Dec.06  15:42 41°06.7" 179°11.4E 0 28 0 0 0 0 0 0 0 0 0 1.4 42
32 Dec.06  06:56 41°20.5' 179°35.0'W 0 78 0.1 0 0 0 0 52 0.4 0 0 0.7 141
3-3 Dec.06  18:34 42°01.4° 179°16.3'W 1.0 279 0 0.2 1] 0 0.4 0.2 0 0 0 0 297
34 Dec.07 07:10 43°51.8' 179°29.9'W 0.4 16.6 1.6 0.1 0.1 1.0 0.3 0.1 0 0 0 0.7 209
3-5 Dec.07 21:48 44°54.6'° 179°17.3'W 45 299 0.8 0.5 0.3 5.6 0.1 0.3 0 0 0 0.1 421
3-6 Dec.08  08:46 46°17.6° 179°12.3'W 0.2 523 0.2 0.3 1.0 12.4 0.2 0.2 0 0 0 29 699
4-1 Dec.09  11:39 46°23.1' 174°29.8'W 0.1 314 8.2 01 0.1 82 0.1 0.1 0 0 0 38 521
42 Dec.10 11:25 48°23.3' 168°51.TW 0.1 488 32 0.1 0.2 4.1 0.2 0.2 0 0 0 04 573
4-3 Dec.1l  09:16 47°58.8' 164°49.1'W 0.1 319 0.4 0.1 0.3 5.7 0.1 0 0 0 ] 1.6 402
4-4 Dec.13  07:39 46°56.6' 159°06.8'W 0.1 6.2 0.4 0 0 0.1 0.1 0.2 12 0 0 1.6 9.9
4-5 Dec.13  22:22 46°20.5' 155°04.3'W 1.1 298 0.5 09 0.1 3.1 0.2 0.5 0 0 0.2 14 378
4-6 Dec.14 17:33 45°52.0' 151°31.8'W 24 133 3.1 8.8 0.1 0.9 1.0 1.5 0 0.1 0 37 349
5-1 Dec.15  18:40 44°39.5' 146°01.5'W 48  16.1 3.0 59 0.1 24 32 5.7 0 0 0 56 468
5-2 Dec.l6 07:24 45°32.0°  145°03.1'W 0.3 23 0.6 279 0.1 0.3 1.0 0.5 0 0 0 6.2 392
5-3 Dec.l6 20:13 46°18.7  144°56.3'W 32 16.4 24 16.8 0.1 7.2 1.0 1.5 0 0 0 1.3 499
5-4 Dec.17  06:58 47°18.1'  144°58.8'W 25 16.0 0.2 2.6 0.1 0.9 0.7 2.0 0 1] 0 34 284
5-5 Dec.17  21:02 49°12.4" 145°02.2'W 0.2 247 2.6 0.5 0 0.4 0.4 0.7 0.7 0 0 1.2 314
5-6 Dec.18  09:11 51°13.4"  144°49.3"W 0.1 5.7 0.5 0 0 0.3 0.3 04 0 0 0 " 73
5-7 Dec.19 - 51°54.0' 144°13.6'W Nat collected

EU: euphausiids, CO: copepods, AM: amphipods, PT: pteropods, AP: appendicularians, CH: ct gnaths, OS: ostracods, 1E: jellyfishes (medusae, ctenophores),
SA: salps, FI: fishes, SQ: squids, OT: others.

Appendix table 2. Macrozooplankton biomass in the northern North Pacific Ocean from January 9 to 25, 1996. The samples were
collected by a vertical tow of a North Pacific standard net from 150 m to the surface.

Station Location Wet weight (rngfmjj

No.  Date Time Lat(N) Long(E/W) EU CO__ AM PT AP CH 0s JE SA F1 5Q OT__ Total
1-1 Jan.08  ----  38°33.5 |59°554'E Not collected

1-2 Jan.09  08:15 39°59.6' 160°01.7'E 12 5.1 1.0 04 0.1 44 0.4 0.3 0 0 0 0.5 136
1-3 Jan.10  04:30 41°31.9° 159°58.2'E 1.0 10.3 0.3 0.6 0.1 25 0.4 0.6 0 1] 0 2.5 18.3
1-4 Jan.10  15:28 42°58.2' 159°56.6'E 73 205 1.6 0.5 0.4 54 1.0 2.0 0 0 1.6 20 423
1-3 Jan. 1l 04:40 44°31.3°  |59°59.8'E 38 206 24 0.3 1.1 14.0 1.4 24 0 0 0 1.8 47.8
1-6 Jan.1l  16:09 45°58.2' 160°00.2°E 32106 1.7 0.1 0.3 8.9 0.3 52 0 0 0 1.9 322
2-1 Jan.12  08:38 44°58.9° 165°03.3'E 0.1 15.5 0.6 0.2 0.2 6.6 0.5 0.8 0 0 0 13 258
22 Jan. 13 04:33 43°59.7"  170°00.4'E 0.6 297 0.3 0.1 0.1 0.5 0.2 0.3 0 0 0 0.7 325
2-3 Jan.14  05:45 41°59.7" 176°27.9'E 0.5 10.5 0 0.3 0 0.7 0 0.2 1.1 0 0 0.1 13.4
3-1 Jan.17  07:34 41°29.9" 167°59.7'W 0.2 0.3 0.1 0.9 0 0.3 0 0 0 0 0.1 0.4 23
32 Jan.17  18:12 42°54.5"  168°00.8'W 0.6 113 0.3 1.8 0.1 34 0.3 0.3 0 0 0 0.9 190
33 Jan. 18  05:06 44°30.1' 168°04.2'W 1.6 145 0.4 1.1 0.1 1.4 0.3 0.6 0 0 0 25 225
3-4 Jan.18  16:33 45°57.8'  168°06.0'W 39 8.1 0.5 1.5 0 0.9 0.4 0.4 0 0 0 0.6 16.1
3-5 Jan.19  07:56 47°29.8' 168°09.1'W 02 17.0 0 0.4 0 2.1 0.7 1.7 0 0 0 1.1 232
3-6 Jan.19  15:57 48°57.9° 168°06.6'W 0.6 130 0 0.4 0.2 5.1 0.8 55 0 0 0 33 289
4-1 Jan.200 09:20 49°59.7"  162°56.6'W 0 105 0 0.3 0 3.3 0.3 0.5 0 0 0 24 173
4-2 Jan2l  09:30 51°39.0° 154°37.0'W 0 5.0 0 0.2 0 22 02 0.7 0 0 0 0.2 8.5
4-3 Jan.22  14:40 54°21.0° 148°11.5'W 0 33 0 0.1 0 0.5 0.4 23 0 0 0 23 9.3
5-1 Jan23 0748 55°47.2'° 145°03.9'W 0 39 0 02 0.1 1.4 0.3 73 0 0 0 0.8 14.0
5-2 Jan23  1T:58 54°36.4'  145°11.00W 0.9 8.6 0.2 0.2 0.1 25 0.5 8.2 0 0 0 25 237
5-3 Jan.24  05:54 53°00.3'  145°00.0'W 45 116 1.1 0.1 0.1 0.9 0.1 0.2 5.2 0 0 0.5 243
5-4 Jan24  18:22 51°32.8" 145°09.4'W 4.7 10.5 0.6 0.1 0.2 0.9 0.4 27 1] 0 0 25 22.6
5-5 Jan.25  08:41 50°04.4" 144°58.8'W 0 4.4 0.4 16 0.2 0.5 0.5 3.7 0 0 0 09 11.1
5-6 Jan.25  18:37 48°29.0° 144°47.6'W 1.2 7.1 1.2 6.8 0 5.5 0.8 33 0 0 0 0.3 26.2
EU: euphausiids, CO: copepods, AM: hipods, PT: pteropods, AP: ap ficularians, CH: ch hs, OS: ostracads, JE: jellyfishes (medusae, ctenophores),

SA: salps, FL: fishes, SO: squids, OT: others.



