Feeding eCOIOﬂ of the Sooty
Shearwater in the western subarctic
Nerth Pacific Ocean!

1, Abstract

Stomach contents from 173 Sooty Shearwaters
(Puffinus griseus) taken in deep, oceanic waters of the
western subarctic North Pacitic from spring to autumn,
1975--80 (except for 1976} were examined. By weight, fish
was the most important food item (83.1%), particularly
Pacific saury (Cololabis saira) which comprised 69.7% of
stomach contents. Squid, the next most important prey, may
have been underestimated due to a rapid rate of digestion.
Squid increased and the saury decreased in importance with
increasing latitude.

The prevalence of saury in the diet, by weight,
shifted northvards in oceanographic areas with time: in

June 78.1% in the Subtropic Region and 88.1% in the

Transition Domain; in July 26.6% in the Transition
Domain; in August 84.4% in the Transition Domiin. 62.9%
in the Subarctic Current, and 30.1% in the Alaskan Streany;
in September and October 99.2% in the Subtropic Region,
80.0% in the Transition Domain, and 88.1% in the Sub-
arctic Current, The prevalence of squid in the diet did not
change with time. Sea surface tetperatures (SS 1 ranging
from 9 to 13°C at localities where numerous Sooty Shear-
waters were often observed feeding were also favoured by
shoals of saury; both the shearwater and siury moved
notthwards as SST's warmed. 'The movements of Sooty
Shearwaters in pelagic subarctic waters of the North Pacific
may be related directly to change in the physical environ-
ment and to the availability of suitable prey.

2 Résumé

Nous avons examiné le contenu stomacal de 173
Puffins fuligineux (Puffinus griseus) recueillis dans les caux
pélagiques de I'ouest de l'océan Pacifique Nord subarctique,
du printemps A l'automne, de 1975 4 1980 (saul 1976). k.n
poids, les poissons étaient "aliment prédomimant (83,1 7).
Nous reconnaissions surtout le balaou japonais (Cololabis
seira) qui constituait 69,7 % du contentl stomacal. Le calmar,
la deuxiéme proie en importance, peut avoir €t sOLS-eSUIME
A cause de sa rapidité de digestion. Plus nous allions at
nord, plus l'importance du calmar augmentait et phs celle
du balaou diminuait.

Avec le temps, la prédominance, en poids, du balaou
dans le régime changeait 2 mesure gue nous MONLonNs vers
le nord dans les zones océanographiques : en juin, 78,1 %
dans la région subtropicale et 88,1 % dans le domaine de
transition; en juillet, 26,6 % dans le domaine de transition.
en aoQt, 84,4 % dans le domaine de transition, 62,9 % dans
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le courant subarctigue et 30,1 % dans le conrant de FALaskit:
en septembre et octobre, M2 % dans fa regon subtiopicale,
89,0 ¢ dans le domaine de transition et 88,1 % dans e
courant subarctique. La prédonunance du calmar dans e
régime ne changeait pas dans le temps. Les temperatuves de
la surface de La mer, se situant entre 9 et 130 des endrons .
ot nous observions souvent de nombreuyx Puthns tulgg-
neux en train de se nourtir, ¢aaent ausst preferces par les
hancs de balaous. Les putfine et les balanus se deplagaient
vers le nord i mesure que L surface de b mer se rechaat-
fait. Les deplacements des Puttins tuligimeux dansies canx
subarctiques pélagiques du Pacitique Nord peuvent ctre
directement relies aux changensoats dans le milieu physique
et it la disponibibite des protes approprives. | |

3. Introduction

The Sooty Shearwater (FPuffints groacus) ngrates (o
the northern hemisphere atter breeding o the southern
hemisphere (Loomis 1921, Phillips 1963, Shuntov 1972,
and in the subarctic regions of the NorthPaciti Ocean
during summiet it becomes one of the most important
components of the marine ivitauna. The speecies” teeding
habits while it the northern hemisphere have been studied
fragmentarily, and largelv i neritic habitats (Waens and
Scott 1975 Baltzand Morejohn 1977 Morejohn et ol 197X
Sanger and Baird 19776, 19775 Sanger etal 1078 Brown ¢
al. TUR]). | |

I the present study the prey af Sooty Shearwaters
was determined for pelagic waters of the subarctic wesiern
North Pacitic Ocean trom June to October. The occurience
of this bird was then viewed in relition to oceanographic
conditions and the distribution and migration of prey.

4.  Materials and methods

Stomach contents trom 173 Sooty Shearwaters tha
were incidentally entangled in gill nets set for salion.
(Onchorhynchus spp ) tuna (Family Se anderidace), and squd.
were used in this study. Stomach samples were colleeted in
1975, and 1977-80, from the following research vessels: T8
Oshoro Maru (O9), TS Hokuset Mara (Ho), RN Habomaot Maru
No. 21 (Hb), RV Shinvo Maru (Sh), TS Hokwho Maru (] 1k),
RV Hoyo Maru No. 67 (Hy). and RV Huatsue Maru No, 62

(Hy.
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1978~82; Kikuchi and Tsujita 1977; Favorite etal. 1976;
and Ogi 1980) and longitudinal sections of temperature
rofiles, as follows: along longitude (long.) 167°30’E from
atitude (lat.) 39°50'N to 52°30'N during 18~30 April 1975
by RV Habomat Maru No. 21 (Hokkaido Univ. 1976); along
long. 180° from lat. 39°N to 46°N during 12-20 june 1979

and along long. 175°W from lat. 39°N to 45°N during
21-28 June 1979 by TS Oshoro Maru (Hokkaido Univ,

1980); along long. 175°30'E from lat. 39°54'N to 47°32'N
during 26-31 July 1979 (Hokkaido Univ. 1980) and ca.
long. 170°E from lat. 35°N to 47°41'N during 28 July ~
5 August 1977 by TS Hokuse: Maru (Hokkaido Univ. 1978).
Gill nets were set for fish along all these lines, and all Sooty
Shearwaters caught incidentally in these nets were used.
The distribution of Sonty Shearwaters was de-
termined from two sources: the data on gill-netted seabirds
by various research vessels from 1969 to 1981 (Ogi, unpubl.
data) and seabird sighting data during six cruises from April
to November 1979-81 (Ogi, unpubl. data).

Data on the distribution of the Pacific saury (Cololabis
saira) came from gill nets set by the TS Oshoro Maru and TS

Hokusei Maru (Hokkaido Univ. 1980, 1981 and 1982) and
“T'S Hatsue Maru No. 62 (Mishima ¢t al. 1981). Each of the
above vessels used a non-selective net composed of mesh
sizes ranging from 25 or 37, to 204 or 233 mm (stretched

To determine the overall seasonal composition of the
diet, sampling stations were grouped into four pertods
(Fig. 1, Table 1). The number of birds s*fimp!ed in respective
periods were as follows: 51 from 13 stations n June, 50
from 8 stations in July, 35 from 11 stations in August, and
37 fiom 14 stations in September and October. One bird
was also caught in April.

~Stomach contents in the proventriculus and gizzard
of each shearwater were identified and grouped into the
fullowing categories: fish, squid, euphausiids, amphipods,
shrimp, pelagic barnacles, jellyfish, unidentified digested
matter, and other materials. The latter were further classi-
fied into fish otoliths, cephalopod beaks, pebbles, vegetable
matter (including seaweed, grass seed, and small pieces ot
wood), and plastic particles.

All whole items were weighed wet to the nearest
0.001 g. When possible, items were identified to species.
Stomach contents were preserved in neutral formaldehyde
solution for up to 6 months, so some otoliths disappeared
and others became corroded beyond identification. Eight
intact otoliths from three stomachs were identified to family
level. -

Sampling stations were grouped according to four
oceanographic areas (Fig. 1) based on the hterature
(Doditnead et al. 1963; Favorite 1967; Hokkaido Univ, 1976,

Figrure |

hampling sations lor Sooty Shearwitters i the North Paalic 1975, and
1477 R0, () Black dot denotes Xpril sampling station. (7 Blick dots
denote September sampling stations, AS 8 Alaskan Steeam. SCas Subaraic
Cuavrent, P Fosition Domain, SRs Subtropie Region
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measurement). In addition to these mesh sizes, additional
nets were added that were particularly effective for Pacific

saury, albacore (Thunnus alalunga), and Pacific salmon. Nets

with mesh ranging from 25 to 48 mm were most effective
for catching saury. [ also used the unpublished sightin
records of saurh shoals at sea compiled from the logs u%
various research vessels. The occurrence of saury in bird
stomachs was also used to confirm the fish distribution.

Only one bird was caught in April (at station Hh54 19
in 1975: Fig. 1A) and squid ranked first in its stomach
(64.0% by weight). Also, the sample in September was so
small (one bird at each of three stations; $h8905, Sh9911,
and Sh9916: Fig. 1D) those stomach contents data were

combined with those from October in the following analyss.

5  Results
5.1.  Diet composition by weight percentage

Overall, fish was the most important food item in
stomachs by weight (83.1%), followed by squid (7.3%),
unidentified digested matter (5.4%), and pelagic barnacles
(2.9%) (Table 1). Other items were of minor importance.

Through the months studied, fish was the dominant
food item in almost all areas (Table 1). In the Subarctic
Current in June and Alaskan Stream in August, however.
squid was the top ranking item, respectively comprising
88.9 and 39.8% of the diet, followed by unidentitied
digested matter (8.2%) in the former and fish (30.1%) in
the latter. Squid were not found in bird stomachs in the
Subtropic Region. Euphausiics and amphipods occurred
only in the Subarctic Current during June ind August,
whereas pelagic barnacles and jellyfish were found in the
Transition Domain and/or Subtropic Region from june to

Shearwaters (Puffinus tenwrostnis: Qg et al. 1980) and Thick-
billed Murres (Uria lomvia: Ogi 1980). The maximum
stomach content weight was 106.5 g or about 12.3% of the
body weight. . |

53.  Prey species of the Sooty Shearwater

The prey species and their weights are summatized
in ‘Table 3. In all, Pacific sauties were tound at 15 atof 17
stations, and tn 41 of 173 bird stomachs. During Julv. this
fish was eaten only by shearwaters caught i the Fransition
Domain, but this may have been an artifact of samphng
because six of eight {75%) stations during this month
occurred there. The maximum number of fish per bird was
two in most cases. Fresh sauries oceurted in two storachs in
the ‘T'ransition Domain during June and eme in the Sub-
tropic Region during September—October The ok
lengthis of these fish were 160, 175,100,200 and 262 mm:
the first four of these individuals were mimatore (Csmadl-
sized tvpe” of Odate [1977]) and the list one was an aduk
C‘medium-sized tvpe”). Sauries penetvate 1o the subar i
North Pacitic bevond the Subarenc Boundary durnng earls
summet (Odate 1077, Fukushima 1070 and st i the
Subarctic for about 3 or 4 months [s northward ngration
into the Subarctic asts about 3 months, By late Augast the
fish ranges across the entire northwestern North Pacibic
Some Pactfic sauries reach . 55N in the Okhotsk Sea
(Ogi. unpubl. data) and lat. 6°N along the southeastern

. ' ! -
Table2 | | B
Weights of Sonty Sheas sater stomach conterits ATeeh THe g et
PEOpatton af By weteht, by toonih
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\ Month N Ra;lgr.'lng \h'un & #H H g: | rl"I:'l:l‘l'Iil'i
September—Qctober. e 2 JRange.g  omoam kSR ITTTT
P Jun ] (v e NO 0 0h0 w1 |14 4
¢ . . : Jul o RTINS F) (S0 B2 N4 B DA
592.  Stomach content weight per bird A T T S R L I Syp )
Sep. -k N DT Thon LR T T
R . ; 5, . & [ I W—-“
S[Umll{,h content Wt'lghlﬂ “t b‘“‘“* b'“’ arwaters Hody weiehit ol the bivd that has the PLANIE 0T shoane oot v -1y hat

BW does pot inchude the stomach content wedht
P vk stotach content werght 8o < ton 5

(Table 2) were slightly higher than for other species of
seabirds, taken in the same atreas, such as Shart-tatled

Table | ' - - - R

Overall composition of Svoty Shearwater diethy month and sea are.
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Sea Number of Weight perceniagest | o
-+ Month area’ Station  Stomachs K Nq E A Sh Ba Je  dm
S Jun, 8¢ 3 . oon AN TS - ) "
D § 3 AhiR 1.6 . 6o 0 S
SR 4 14 781 - BTN R
3 T'otal 13 51 949 R 0l AN T T o
T3l §C 2 8 A 1T | | L
1 ™ ) 43 740 2.0} - . 14 (3 _3;1 .
" Total X H0) 0.4 1R 0 0 02 (" edwr
Hi"f “_WMMM“—_— . . - ) - . . . 'l' F t' .
4 Aug, AS I I 3.1 AR - : - M
SC 4 28 744 1.5 B I - TR
D g t N5 G . - e o !: - A ”i
Total i1 15 4.6 RRY R 1} (R} 1) BT i ﬂlh._.w )
Sep,~Oxt, 5 N 4 V6.7 = BRI L
D ¥ 24 805 61 - - B N - e
SR Y 0 0.6 . - - 0.4
Total 14 37 051 24 {) (- 0 0o () 2 4
D —— b MW‘_ ! et - . b = = —— 1. - . -
Grand total 46 173 AR 73 0.4 0.0 Hoi Al I E R y 1

_:-- *AS is Alaskan Streasm, SC is Subarctic Corrent, D is Transition Doma, SR ix Subtropic Region
& 1F: lish; Sq: squid; E: cuphausiics; A amphipods; Sh: shrimp: Ba barmacles; Je: jellvtish dm: digested mater
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‘Kamchatka Peninsula in the western Bering Sea (Parin
1968). In early autumn the fish turns southward for its
contranatant migration; it spawns and winters in the Sub-
tropic Region (Odate 1977, Fukushima 1979). |

A chub mackere! was found in one bird stotnach in

July in the Transition Domain. Like the saury, this fish also
penetrates into the subarctic North Pacitic and reaches

about lat. 49°N in the Subarctic Current during July (Mura-

Table 3 |
Prev species of the Sooty Shearwater | _
Sea (No.of prey) prey weight (g) of
Month area® Station Nt nt individual bird (FL or DMLY
a. Pacific saury
|1n. {1} (s9626 T (25K 208 mm) and
39O EL: P )
C)sUOY D g v 06, (1307
()sU624 G 7 0690, 829 (DA (9408
| (FL: 175 ) and 35.2(F1.:
160 ). 6.8, 509
o PO O BT 1) e R | (3.6
SN 002 a2 i:ﬁ“.tll
O=UG0Y b 2,04
ful. i Tob7d 4 2 thdbh 2o
Ay, AS  HARSO) N R TIXY
SCooTloisgd 4 9 8 v
Houstt? 12 2 isb. 0l
1D Owsal 22 gauy
PO UREYT Y h4 4
Sep wC Shoulo | 1 hsY
f Wi,
D ShOtul A BTN
11 7 50497 LT (9310, 338,

shttin] o
| |22, 13.6

GO 150 131 (75 KL
Q09 mmg, 0.5, (NHKR.G |

SR OShUOITHES A b

b. Chub mackerel (Scomber japanicus)
ful T 97340 4

c. Threespine stickleback {Gasterosteus aculeatus).

(L H3.80FE: TS9O

Jul. AL ORI U | Vo lPRtd PR S B AL D RN
d. Rockfish (Sebastes sp.) -

lal SCOHRSTZH 4 ] uls
e. Unidentified fish Jarva '

s, S Shiod o1 (hood

.
ol
"

"¢

f. Berryteuthis anonychus

jun MO OMIB2G 2T O DML A0, 64 8084 num)
g. Barnacles (Cirripedia sp.) |
Jramn., 1Y Osond T 0 7.0
L N SR S TR T L 1 20 " SO B e T I
ONG2F 9 ] 2] |
MR OUHYS 4 4 DX LY 449 406
{I0HDY I R
Sep -G TH ShOYOI6 3 1 w7y
H. Vellela lata
Jan. 1L On27 32 04,01
84626 120
Os9624 9 9 0907
SROOs9619 5 2 4.4.4.3
Jul. [Ty Os4730 4 1 0.7
Aug. D Os480] 2 146

e e ———
*AS s Alaskan Stream, SC is Subarctic Current, T is Transition Domain,
SR s Subtropic Regrion., | |
~*Number of stomach siimples. -
~INumber of stomachs in which each prey speciés occurred.
- 8FL: tork dength (mm) i tish: DML: dorsal mantle length (mm) in se)uid.
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kami 1969). In this study this fish species was of minor

importance to shearwaters.
A threespine stickleback occurred in one bird sto-

mach in the Subarctic Current in July. In the Subarctic
Current and Transition Domain, this species occurred in

‘stomach contents of Short-tailed Shearwaters (Puffinus

tenuirostris) (Ogi et al. 1980), Thick-billed Murres (Uria
lomvia) (Ogi 1980), Tufted Puftins (Fralercula cirrhata), and
Horned Puffins (Fratercula corniculata) (Ogi, unpubl. data).
Several times at night I saw thousands of threespine stickle-
backs around the drifting ship in the Transition Domain
and Subarctic Current. It would thus seem that Sooty
Shearwaters would have the opportunity to feed on this fish
during the daytime hours.

In the Subtropic Region, myctophid (lantetrnfish)
otoliths were found from two birds in June and from one
bird in October.

in the Subarctic Current in June, a shearwater had
eaten four squid whose dorsal mantle lengths ranged from
64 to 84 mm. This was the only squid identified to species in
this study.

Barnacles occurred in a total of 13 birds taken at six
stations in the Transition Domain and Subtropic Region.
On several occasions, 1 saw a number of shearwaters
crowded around a floating log, the surface of which was
densely covered with pelagic barnacles. When the ship
approached closer, several grazed patches were evident on
each log. In this way Sooty Shearwaters were able to feed on
these sessile organisis.

54. Seasonal and oceanographic changes in diet
To study the incidence of saury in shearwater sto-
machs in more detail, I determined the frequency ot
occurrence (Table 4) and percentage by weight (Table 5) of
the Pacific saury in the shearwater diet for each arca and
month. They appeared in stomachs from the "Transition
Domain (33.3%) and Subtropic Region (38.5%) during
June; only in the Transition Domain (4.8%) during July;
and in the Alaskan Stream (one bird), Subarctic Current
(14.3%) and Transition Domain (66.7%) during August.
‘Thus by early August saury had occurred in shearwater
stomachs across the latitudinal extent of stations sampled in
the subarctic North Pacific. From August onward, the
occurrence of sauries in bird stomachs continued to be high:
in the Subarctic Current, 25%; Transition Domain, 33.3%;
and Subtropic Region, 66.7%. In all, the species was found
in a minimum of 41 (23.7%) of 173 stomachs.

Based on weight, the importance of saury to

- shearwaters is even more obvious (T'able 5). During June

the saury comprised 88.1% of stomach contents weight in
the Transition Domain and 78.2% in the Subtropic Region!
26.6% 1n the Transition Domain during July; 30.1% in the
Alaskan Stream (one bird), 62.9% in the Subarctic Current,
and 84.4% in the Transition Domain during August; and
88.1% in the Subarctic Current, 89.0% in the 'T'ransition
Domain, and 99.2% in the Subtropic Region in September-
October. Overall, the saury comprised 69.7% of the total
weight of stomach contents.

The prevalence of Pacific sauries among total stom-
ach content weights from June to September~October
increased with decreasing latitude: 30,1% in the Alaskan
Streain (one bird), 30.6% in the Subarctic Current, 79.9% in

the Transition Domain, and 92.0% in the Subtropic Region.

Since Sooty Shearwaters also increased in abundance with
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decreasing latitude (see below), the above results indicate did not show a trend. When all arcas and seasons are

that the occurrence of Sooty Shearwaters and Pacific sauries combined, the frequency of squid beaks anid the average
coincided in the areas studied. | number of beaks per bird are 72.8 and 48.6, respectivels
o | (T'able 6). When compared with other seabirds in the same
5.5. The importance of cephalopods area such as Common Murres, Thick-billed Murres, and
| Short-tailed Shearwaters, Sooty Shearwater girzards can-
Precisely how long cephalopod beaks stay in a bird's tained more cephalopod beiks (Ogi. unpubl. data).
gizzard is not known, but their presence indicates that the The large number of squid beaks in gizzards suggests
birds fed on cephalopods in the recent past. Both tresh and a greater use of these prey than mdicated by stomach
wotrn beaks were found in this study (Table 6). The contents analvsis. Syuid ¢ nmprlwll only 7.9% of the total
maximum number of beaks in a ﬁmgie bird was 290 at food by m*lghl. although thev accounted 72.8% by frequen-
station Ho9730 in the Transition Domain durmg July. cy of occurrence (Tables | and B). Tvappears that cephilo-
Based on the frequency of occurrence of beaks in each . -pndh are digested much taster thun other Large prev, which
oceanographic area re ardless of month, squid decreased in causes problems in the quantitative amalvas of s{.llmrl food.
importance as prey with decreasing latitude: 100% in the Furthermore, some tiny hard beaks may havecome lrom
Alaskan Stream (n = 1 stomach) and Subarctic Current cephalopods inhabiting waters tarther south: though most
(n = 48),66.7% in the Transition Domain (n = 102), and beakscaine from squid. the tew Jupetelln and A gonaite
43.5% in the Subtropic Region (n=22) (Table 6). The same beaks were probably from prey earen south of the Subarcue
decreasing order was also observed in the average number Boundary (Kubodera F982). Nevertheless, the Large num-
of beaks per bird: 67.2 in the Subarctic Current, 40.3 in the ber of beaks found in the gizzand indicie thag the Sooty
T ransition Dnmmn, and 16.0in the Slll}tr{)plt Rt’gmn Shearwater {lt‘[}l nds considerably on smatl ce Illldhliliﬂl‘h ln
{_.I‘!:UWE\’ET, the number of beaks per bird between months sane localities [lul Ing suine perods, Judging trom beak

_“_________—_———_—__—_—_—__
Table 4 | - | .
Frequency of occurrence, by lllnnlh dml ared, of Pacile saury i the

stomachs of the Sooty Shearwater; N = the nmber ot stomachs. w = the

number of stomachs in which the Pull“l saurs oecurred, Sy s

100)] = the percentage GUCLTence
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Table 5 | | -_ | - |
Percentage by weiglit of Pacitie saury in the stomach contents ol the Soots
Shearwater by month e areas W = the total stomach content wenghy,

w = the weight ot the Pacibic saury, 'ir[iu-“ll} w~ 1] = the percentage by

weight N . e e -
Alaskan Stream Subarctic Carrent l‘r.m-uuun [)mn.un - sublrupu Rruwu L - Total

Month W 1w (%) W w (“¢) i un {' ¢ l “ u {‘ P “' n ()
Jun. o — - 10731 (} {3 BT FTRRRY: ”I [ s R T IR B N .f- hlil 1y l IS T T
Jul. - - 156020 i (O 107 Y1) UN 103 by | o . N N U T
Aug. $5.070 HLAT L GHL D) A6 155 3Lh.0u (LU W 34718 Im e 81D - | B2t A AN TRV Y
Sep.—Oct. - — —nm P ALY s A Ut t 3 TN R S I‘1I i M*HH 1 H*HM; RARLEN mu ’u | Hi'n' HHH‘H STR Y
Total 35070 HOATL 301y 3385008 IllfL:'t‘.!H WKLY ﬂn.uu% nH HH :;*.i*,_n UNN AU 260 850 **’m tim WEY T8 TR 1;,+_-7,

Table 6 | | | . | | |
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sizes. the original dorsal mantle lengths of most cephalopods
probably runged from 30 to 40 mm but some were as large

“as 250 mm (Kubodera, pers. comm.).

5 6.  The occurrence of Sooty Shearwaters in relation to
| Pacitic sauries and the oceanographic environment

Several seasons of systematically gathered transect
counts of Sootv Shearwaters (Ogi, unpubl. data), along with
concurrent data on Pacific sauries and shearwaters at gill-
net fishing stations (Ogi, unpubl. data), and independently
gathered information on Paciic sauties in various data
records (Hokkaido Univ. 1979, 1980, 1981, and 1982) and
the literature (Hotta and Fukushima 1970, Odate 1977,
Eokushima 1979, Mishima ef af. 1981), indicate that latitu-
dinal movements of these two organisms in the North
Pacific may be strongly affected by seasonal changes in the
oceanographic climate, This was evident when the distribu-
don of these two vertebrates were compared (Fig. 2) with
the seasonal changes in the sea surface wemperatures (SST).

M
Figure 2 ,

Seasonal watet teinperatures % depth dsotherms in degrees Celsius), il
i rene ol the Soors Shearwater and Pacilic saury, Fhe position of the
seelranene Banndary conneaded wigh the subsurtace ocourrence of 34 %
sobabine tDhodimead of el 19693, and the boundary hetween the ransition
Botnain and the Subiarctic Carvent coincided with the 3°Cisotherm helow
Lot s Fasenite ccaf 19761 SR: Subtropic Region: TD: ' ransition
e SC: Subircte Carrent
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Though temperatures optimal for the Pacific saury
change seasonally with various stages of growth and migra-
tion. the fish was observed at SS'T's ranging from 7 to 25°C;
the most favourable fishing occurs at 14-18°C (Hotta and
tukushima 1970, Odate 1977). Thus, the northern dis-

" wibutional limit of the fish is assumed here to coincide with

the 7°C isotherm, though the bulk of the population occurs

*arther south. Also to be considered in delineating the

Aistribution of the Pacific saury, however, are the facts that
larger fish (over 29 cm standard length) mipfrate farther
north than smatler ones (Odate 1977) and that the frequen-
ov of occurrence of dense schools changes seasonally with
§S T as follows: 8.5-18.5°C (mode: 10.5°C) in June; 8.5
14.5°C (mode 12.5°C) in July; 10.5-16.5°C (mode: 11.5°C)
in August; and 9.5-18.5°C (modes: 11.5, 14.5, and 17.5°C)
in September (Odate 1977). These facts were taken into
account for the preparation of Fig. 2.

 Concurrent seabird censuses and gill-net tishing
along long. 167°30°E from lat. 38°N to lat. 50°N during
April indicated that both Prcific sauries and Sooty Sheat-
waters occurred just south of the Subarctic Boundary (Fig.

9A). At that time SS'T's in adjacent sub-tropical and subarctic

waters were 10.9-12.1°C and 2.2-4.2°C, respectively (Hok-
kaido Univ. 1976). By May the 7°C isotherm had reached
the middle of the Transition Domain, and during this
month both sauries and shearwaters crossed the Subarctic
Boundary into the Transition Domain, By mid june at long.
180°, Sooty Shearwaters reached lat. 48°N in the Subarctic
Current (Fig. 2B), but the 7°C isotherm reached only lat,
44°30'N near the northern edge of the Transition Domain
(Hokkaido Univ, 1980). In tact, sauries were not then found
i stomachs of sooties taken in the northern T'ransition
Domain (N = 30) and Subarctic Current (N = 3). By July
along long. 175°W, swries entered the southern Subarctic
Current (Hokkaido Univ. 1980: Fig. 2C). Sooty Shearwaters
continued to occur vet farther north, some reaching the
Alaskan Stream. From late July to éarly August, shearwaters
and sauries occurred longitudinally across the 'Transition
Domain. Subarctic Current, and Alaskan Stream (Hokkaido
Univ. 1978, 1980: Fig. 2D and E). Along long. 175°30°L,
(Fig. 2D}, Sooty Shearwaters reached north to kat. 50°N and
sauries reached lat. 49°N, with schools occurring most
frequently farther south in the northern Transition Domain
(Hokkaido Umiv. 1980),

6. Discussion

Dense feeding {locks of Sooty Shearwaters often
occur where surface water temperatures range from 9 to
13°C in the North Pacific during summer, and compared

“with the similar Short-tailed Shearwater the sooty appears to

prefer warmer waters (Ogi, unpubl. data), Its initial crossing
of the Subarctic Boundary corresponds with the warming ot
surtace waters beginning early in May. After this initial
northward movement, lasting over a period of 1.5 months,
its occurrence in the northern North Pacific is likely to be
affected strongly by the occurrence and availability ot
suitable prey. S |

- Sooty Shearwaters did not show changes in diet
composition between oceanographic areas (as did P, tenuiros-
tris, Ogi ef al. 1980), but did show changes.in diet by latitude:
sauries decreased and squid increased with increasing lati-
tude. In the overall diet, fish ranked highest by weight

(83.1%), and the Pacific saury occupied 84% of this total fish

weight. Weight of squid, however, was probably under-
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i estimated due to much more rapid digestion. 'The opposite
t rends with latitude shown by the prevalence of sauties and
1 squid as Sooty Shearwater prey indicate that in the absence
of this fish, squid was the dominant food. In the absence of
hoth, the shearwater ate barnacles and jellytish, 1t did not
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o
-
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Jdoser to shore (Baltz and Morejohn 1977, Morejohn et al
1978, Brown et al. 1981),

The periods during which the shearwater and the
saury occur in the subarctic North Pacitic coincided, and
both species seemed to prefer 9-13°C temperatures (Odate
1977, this study). This may indicate that the distribution of
this bird in the region may be related to water temperature,
the occutrence of saury shoals, or both, The fact that
shearwaters moved northward slightly ahead of the tish
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ature rather than the shearwater to the fish. Flving isa
much more rapid means of dispersal than swimming. The
additional fact that the importance of sauries as prey
changed seasonally, but squid did not, suggests that the
. [arge-scale occurrrence of the shearwater was a response to
_ temperature whereas its smaller-scale occurrence related to
© prey availability. |
L In the present study, averaging observations from

> different sets of data and years served to indicate that an
. interesting interrelationship does exist between bird. prey,
“ and sea surface temperature, but for this relationship to be
< properly understood, additional data will have to b
gathered simultaneously.
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