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I. ABSI'RACT 

One of the most wi&ly distributed and abundant 
nektonic animals in the epipelagic North Pacific Ocean 
is the Pacific p0mfm.t Bramu japonica. We present 
various ecological and life history aspects of B. 
japonica based on 148 larval and Juvenile Specimens 
collected with a midwater trawl at 8 locations wrth of 
the Ha& Islands near the Subtropical Frontal Zone 
(STFZ). Most B. japonica were caught within the 

their distribution was limited to the south by the 21°C 
isotherm. Satellite data depicting the location of the 
STFZ, in conjunction with catch data, indicate that 
larval and juvenile B. japonica were typically dis- 
tributed to the north of the Subtropical Front. Ages and 
growth rates of 32 larvae and jwdes were determined 
through analysis of otolith microstructures: Estimated 
ages were 1-2 montbs, and estimated growth rate was 
0.353 mm d'  for 11-24 mm standard length fish and 
hatching dates based on back-calculated age estimates 
were 2-30 January 1991. An examhaion of the 
feeding habits of pomfrets caught by driftnet near the 
STFZ revealed that most of the stomachs were empty; 
hypenid amphipods along with other unidentified 
crustaceaos were predominant in the stomachs that 
contained prey. 

IL INTRODUCTION 

mixed layer in water temperptures Of 17J0-19.8"C; 

Pacific pomfret Bramu japonica are widely 
distributed in oceauic waters across the North Pacific 
approximately between 25" and 50"N latitude (Shima- 
zaki and Nak?murp 1981). As a p r e d o m t  compo- 
nent of the incidental bycatch of the high seas 4uid 
driftnet fishery (second only to the target species in 
total biomass; INPFC 199 1). B. japonica are considered 

to be among fishes with low economic value and rn 
g e n d y  discpmled when caught. Historically, B. 

but 
promising i k k y  ~ e ~ o u r c e  (Hitz and French 1965; 
Baanett aud Teeny 1981). 

Brama japonica, like the flying squid ommrrrrrephcs 
bamami and other species of the North pacific Tran- 
sition Zone @ i ) ,  migrate wrthward during summer 
months to fed  alcmg the S M C  Frontal Zone 
(SAEZ). D u h g  the fall. B. japonica undergo a rapid 
southwad migration town& the S-cal Frontal 

tooccur 
during w i n e  through early spring (Shim;rplki and 
Nakamure 1981; Yoan and ShimaplLi 1981) (Fig. 1). 
Most lmowledge pertaining to the life history and 

ecology of B. japonica has been based upon catch data 
and samples collected with driftnets during the summer 
feeding period near the Subarctic Boumlery (Machidon 
and Nalrnmurp 1971; S h i m a d i  and Nakamum 1981; 
Wadn and Murata 1985; Shimatalri 1989). Limited 
information is available regarding the distribution, 
ecology, and life history of B. japonica during their 
winter and spring occupation of the STFZ. In this 
paper, we focus on the biology of B. japonica 
occupying the STFZ during winter. Preliminnry results 
are presented on the ageing and distribution of the 
larvae and juveniles and the feeding ecology of the 
adults. 

japonica have drawn atteation as an udemthd . .  

b e  (STFZ), where spawning is hypothesized . 

1. Larval and Juvenile Collection 

During 25 February-21 M a h  1991,40to~~ 
with a modified pelagic Cobb haw1 were 
conducted aboard the N O M  ship Townsend Cromwell 
in waters around the HawaiianArchipelago(Fig. 1). 
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2. S a t e I I i t e O c e a a o s R p h i f ~  

satellitefintaweredy&tochpnctenzc - t b e  
mesoscple potterns of wa&s mmse and h t s  in 
relation to the disbibution of larval and jwede B. 
japonica. Sea surface tempmum (ssr) measurernears 
fromNOAA-11 AdvencedVery HighResolutionRadio- 
meter (AVHRR) hagcs wen- from satellite 
passes archived at the ullive€sity of Hawaii's satellite 
OceMOgRphyIpborptory. ~ ~ ~ ~ t s w e m  
integrated over 1.0 km', the ruea resolved by a single 
pixel on an AVHRR huge; the acauacy of the SSTs 
mepwved by the NOM-11 AVHRR w ~ 6  *0.2"C. 

3. LerrplandJuv~~~ikAgeandGrowth 

Otoliths from early stages of B. japonia caught in 
Cobb trawls 204 km north of Mam Reef on 5 March 
1991 (Fig. 1) were used for age dekmuah on. Brama 

japonica sorted from the irawl samples were fixed m 
95% ethanol. Standard lea& (SL) of larvae from a 
broad size rnnge were mmsured to the nearest 0.1 mm 
w i t h a n o c u l p r m i c r o m e t a m d ~ l n i ~ .  Both 
sagittal otoliths were extracted snd mounted on micro- 
scope slides inclearrcsin (Eukitt). Thin sections in the 
sagittal plane wae prqmred following plxxdum 

microscope with polarized transmitted light at 

. .  

outlined in Boeblert d Yoklavich (1985). Micro- 
structural examinations were made with a oompormd 

msgnificmtions from 600-1500~ (Fig. 2A). A con- 
spicuous core ana (Fig. 2B) was surrounded with a 

12.7pm,n =25)dwaspostut.tedtobeahatchiug 

nating light and dark bsnds and wen counted from the 
perimeter of the con to the otolith edge. Increments 
were counted by one observer at two sepuate reading 
sessions and avemged for a mean iaCrement value. A 
linear model was fitted to the length-at-age data to 
describe larval and juvenile pwth .  

dakband. T h r r r d i u s o f t h e ~ ~  11-14pm(x= 

d. Growth -k Were oomposed of altef- 

Stomach plnc~eexamkd from76 d u l t  B. jrrponiao 
crptmsa by largemeSa (18Omm) surhcagillnatlbaud 
thereseprchVeeselShiMifW m. Forty-fw Of tbe 
stomrhs wsn extncted aad from at sea from iish 
aptured in tho vicinity of 30°N latitude md 
170'E loagitrvb on 18-22 3.wuy 1991. Ths ze- 
mainhg 32 ane~otakm franfishclphasdd from 
whole at about 30" lati* md 150°W longitudson 
10-15 Fobnuy 1991; stonmc& were extracted in tbs 
kbontory. AUoftheB.japonioawaremupledfran 
driflnet sets deployed duriag 1500 and 1600 h md 
rctrievedbetwsea0000md0600h. &upleawere 
3 9 . 0 4 . 3  fork la@ (FL) (r- 44.7, SD = 3.4). 

procdumforexsminingthestomrchsweresimilu 
to thost employed by SSLi and Hanimn (1989). Brief- 
ly, stonrrcbs wem fixst examined for the prcsmce of 
food items, empty stomschs werenoted and discuded 
Food ssmples were sorted, Colmted. and ideatified to 
lowest prrctial taxon. Sorted prey itenrs were blotted 
dry, and wet weights wece lzmlsud to thenauest 0.1 
g. Values of prey items wem d by using pacmt 
of the index of relative importpnce 0 values, 
modified from PinLrS et d (1971), which incorporPtrs 

of o~xlt~~lct 0: IRI = AF(5GN + %W). 
IV. RESULTS AND DISCUSSION 

percmt.gebY n d 0 ,  weight 0, and 6rsqpeacY 

Brama japonica at early 0ntogaAc stages, 
including eggs, larvae, and juveniles, have been 
reported from single localities in the central North 
Pacific by Mesd (1972); Loeb (1979a, b); and Seki and 
M d y  (1991). Out collections of larvae and juveailes 
an froma broad ssmpling nmge, providing insight into 
the veitiad md spotipl distxibution of esrly life stages 
of B. japonica md mmequedy helping delincpte 

A total of 148 larval a d  j w d e  B. japonica (Fig. 
3A). from 9.8 to 34.0 mm SL (r= 14.2, SD = 3.2). 
were collected from 8 locltioas (Table 1). Although 

of the Hmpii.n Archipekgo, dl but one of the B. 
japoniawerecollectedfromstati~28,113, and204 
hnnorthof  the 183 m (100 fm) contour at Midway 
Islands 4 Mu0 Reef. The SSTs at these st.tionS 
typically were 17.So-19.8"C, with the mixed layer 
typically extending to about 100 m. No B. japonica 
were caphucd at any stations south of Maro Reef (U 
25'30")Wbere surface tempemtumexcded 21°C. 

sprwniag grolmds and of the species. 

spmpliDgwP6condudednorthandsouththrwghd 
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1721-1930 
0805-1009 
17161912 
082G1006 
1 S 1 7 1 2  
1002-1 158 
201Q.2214 
1049-1245 

25.50.9' 
27.27.8' 
30-03.2' 
28'32.2' 
27.04.1' 
29'12.0' 
29'42.0' 
26.44.2' 

170.28.7' 
170.56.0' 
176.23.4' 
in*uz.i* 
117036.2' 
176.44.6' 
176'59.9' 
171W.7' 

11 
4s 
12 
24 

1 
49 
2 
1 

10.611.8 
io.s-34.o 
1i .az.o 
9.816.5 

13.1 
10.4-21.0 
12.3-12.5 

11.2 

19.8 
17.7 
17.5 
18.4 
21.3 
18.0 
18.0 
18.2 

Thisco- therepotted southern distributional 
limit of B. japonica at the 21'C isOttaerm (Mad 1972). 

Because of clod contamhation. most AVHRR 
images- ' g to the B. japonica capture dates 
(4-11 March 1991, Table 1) were unusable howevex, 
a satellite pass on 3 March 1991 at 1500 h provided 
good coverage of the area where B. japonica were cap 
tured (Fig. 4). The difference in color in Figure 4 
iudicates a chnnge in SST; cleariy evideat is the Sub- 
tropical Front between 26' and 28"N. The distribution 
of larval and juvenile B. japonica revealed that nearly 
all captures occurred in cold (17O-18OC) wnter to the 
north of the Subtropical Front. The AVHRR image 
from 3 March was likely representative of the meso- 
scale SST distributions, since shipboard SST measure- 
ments at cap- locations of B. japonica corresponded 
well with SSTs derived from the AVHRR image. 

Nearly all of the B. japonica were talrea in oblique 
tows conducted during daylight hours; two iadividuals 
at one location weretakea within 20 mofthesurfacein 
a night tow. However, since d y  stages of B. 
japonica have been taken in both day and night oblique 
tows near Southeast Hancock Sepmount P047'N,  
179'03'E) (Seki and Mundy 1991), the near abseact of 
B. japonica in the night tows was UeIy an artifact of 
the surface sampling (0-20 m) rather than differences 
due to die1 presence or absence in the water coiumn. 
Early stages of B. japonica reportedly are vertically 
distributed through most of the mixed layer, with no 
evidence of diel migration (Seki and Mundy 1991). 

The size at which the juveniles begin migration 
north is not known. Two large juvenile E.  japonica 
(64.6 and 66.4 mm SL; 77.3 and 78.4 mm FL; Fig. 
3B) were collected in a fish trap within 95 m of the 

surfaw at Ladd Bank (28"30", 176O38'W; Fig. 1) on 
24 April 1980. By comparison, ShimaprLi et aL (1981) 
csptured juvenile B. juponiuz as d as 160 mm FL 
in NPTZ wptess near the subprctc Bouadpry usiag 
nonselective suhce giUnets (20 mesh sizes of 25-233 
mm stretched mesh). Unfortuoately. most knowledge 
of pornfret distribution and ecology in the NPTZ is 
based on fish cppturedwith s u r f p c e ~ ,  and little 
i n f o d o n  is awilable with regard to the vertical 
distribution of pornfrets below the 10 m 6shing depth of 
the driftnets where d e r  juveniles may occur. 

2. Larval and Juvenile Age and Growth 

Otoliths wereexBmiDed from 32 B. japonica ranging 
from 10.8 to 24.1 mm SL. Mean incremeat oolmts 
rauged from 34.5 for the youngest larva to 62.0 for the 
oldest juvenile. Mean differeoce betweeu incrtment 
counts was 2.16 imxementS . Novalidntionexpesimeot 
wasconductedto- ' the periodicity of iDcnment 

adaily basis, besausedailyiDcrement deposition within 

C. @elis, have beea vplidated in the laborptory 

Estimated leagth-at-age dntp (Fig. 5)  were describsd 

deposition; incremEnts WerelsaMed to be deposited on 

postlwse of related species. CoryphaCM hippurus and 

(uchiyamp et aL 1986). 

as follows: 
&- = -1.77 + 0.353t, 

where &- = standard length (mm) at age t .  The 
. 'on ( r )  was 0.70. coefficient of detemm& 

The growth model suggests that growth was 0.353 
mm b' for fish of 11-24 mm SL. Growth rates 



278 BULLEXIN 53 @)-NORTH PACIFIC COMMISSION 



BULLnIN 53 @)-NORTH PACIFIC COMMISSION 

Q 

f 

m 
E 

Q) 
N 

z 
0 
0 m 

# F- 
a 

-- 
% e  

279 



BULLETM 53 (II)-NORTH PACIFIC COMMISSION 

N = 32 
v 

20 

10 

1 0 
20 30 40 50 60 70 

INCREMENTS (days?) 

estimated using otolith mi- from other 
perciform pelagic larvse a d  jwdes were 0.17 mmd' 
for 1.6-19 mm Lciosromvr xanthwws W ~ U I  and 
Chester 1985). 0.17 mm d-' for 2.54.0 mm Traduavr 
symetrics (Hewittad 1985), 0.33 mm&'forfll.2 
mm lhwrnvs maccoyii (Jeakim and Davis 1990). and 
1.02-1.07 mm d' for 1248 mm CorVphocM hippunrs 
and C. quiselis (Uchiyama et d in prep.). While the 
comparisonof growth in lea@ is msde d i f i id t  by the 
morphological diversity of larvae and the differeDces in 
environmeotal temperatures. the growth rate estimpted 
for larval and juvenile B. japonicn is within the range 
for related percifom species. The predicted fit of size 

sizes in pornfrets range from 1.56 to 1.60 mm 
(Matarese et al. 1989) and larvae as small as 2.6 mm 
SLbavebeen caphuedin theplpnhon (Seki d M d y  
1991). The size at hatching may have been 

in ethawl or the growth of dy-stage larv= 

growth of larvae and j u v d e s .  
Hptching dateestimates, based 011 theages of larvae 

and jwdes back calculated from the date of capture. 
ranged from2 to30 Jauuary 1991 wheathe first incm 
mntwaspssumedtobedepositedathatclling. Ifthe 
first incremeat was formed at a time after hatching 
(Le.. yolk-sac absoqtion, first feeding),  the^ the octupl 
hatching dates would precede the 2-30 January estimate. 

ath.tchingwaslmderestimpted (-1.77 mm). a~ egg 

lmderestimPtedeitilerbecouseofshrinLageofspecimars 

@reflexion) perhaps beiug slower tbaa the modeled 

Hntchingdatesfromoursbdy~tothose(No-  
vember to May) of Sb. tl - (1989). hsedon theback 
cplculntion of otolith increments from juveniles and 
adults and the period of reproduction (winter to early 
summer) predicted by Yoon and Shimmmki (1981). 

3. FeediogEa~logy 

With regard to feeding ecology, only 14 (18.4%) of 
the 76 pomfret stomchs cxamhed contakd prey. No 
stomachs were replete from receDt feeding, WT were 
=Y - . Total weight of stommchcoateats ranged 
from 0.2 to 8.9 g (w = 3.5, SD = 3.1) and a v q e d  
5.6 items (SD = 6.6). Unideatifibd crustsQPns (%EU 
= 47.8). hyperiid .mphipods (SSrrU = 19.3). and 
cephalopods (SSIRI = 11.3) wens the most iqortant 
dietnryampmmts. Microaddoar 'c fishes aQd pelagic 
tunicptes l q m m t e d  the renrninhr of the ideatified 

plastic bag flagmeats and marrofikmmt. also were 
stomach coatarts (Table 2). Debris items, such as 

found in the stompchs of t h e  B. j q n i c a .  but were 
not consided prey (Table 2). 

Little information is available on the feeding 
ecology ofB.  jpnicn during their southward 

Nakamura (1981) reported that the diets of B. japoniaa 
caught in the suMropics during winter umsisted of 
fish, squid, a d  other unidentified digested matter. 

winter migration. Qunlitrtively, shima7di and 
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For B. japonicn inhabiting the SAFZ waters during 

1971; Wada and Munta 1985; Kuboderp and Shimzaki 
1989; Shhszaki 1989) have reported that B. japonica 

myctophids, and j w d e  mrkerel) pod small squids 
( g d d s  snd onybkuthids). Brama japonica caught 

surm~er-fall. prior shdies @f&Aid& pod NpLprrmR 

feed On sm;rll pelagic fishes (srxlries, snrdines, 

f a l t h e r s o u t h m p i n g ~ i n t h e N P T z k c d a n  
-&pteropods(- *mdNalrrrmuro 
1981, Shhazaki 1989). 

Shimamki and Nakamura (1981) adso reported high 
proportions of empty stomechs a m n g  B. japonica 001- 
le~ted duriag wiater @ecember-Jpnupr~) in the STFZ. 
The proption of empty stomachs is oomprvPtrv . 4 Y  
much lower among B.  japoriico sampled near the 
subarctic BouDdary (shhwakl ' and Nelrnmuro 1981; 
Shbazaki 1989). Likewise. considerably fewer empty 
stomachs (46.2% were empty) have been found among 
pornfrets taken in the S A F Z  during summer (Seki 
unpubl. data). 
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