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           T  he North Pacific  armorhead,  Pentaceros 
wheeleri,  was once con sid ered a rare fi sh, spo-
rad i cally col lected in the east ern and west ern 
North Pacifi c Ocean. In No vem ber 1967, an 
ex plor atory bot tom trawler of the Soviet 
Union dis cov ered large ag gre ga tions of this 
spe cies as so ci ated with the sum mits of the 
Southern Emperor – Northern Ha wai ian 
Ridge (SE - NHR) sea mounts. The large trawl 
catches attracted the par tic i pa tion of com mer-

cial bot tom trawl fl eets of the Soviet Union, 
Japan, and Korea. In line with the ex pan sion 
of com mer cial uti li za tion, ba sic in for ma tion 
on the bi o log i cal as pects of this spe cies has 
 ac cu mu lated through ex plor atory fi sh er ies 
and sci en tifi c sur veys. In some cases, how ev er, 
the re peated ci ta tion of past lit er a ture has 
made it dif fi  cult to dis tin guish fac tual knowl-
edge based on sci en tifi c sur veys and an a ly ses 
from an ec dotal in for ma tion and spec u la tion. 

 History, Biology, and Conservation of Pacifi c Endemics 2. 
The North Pacifi c Armorhead,  Pentaceros wheeleri  (Hardy, 1983) 

(Perciformes, Pentacerotidae) 1  

  Masashi   Kiyota , 2,3   Kazuya   Nishida , 2   Chisato   Murakami , 2  and  Shiroh   Yonezaki   2  

   Abstract:     North Pacifi c armorhead ( Pentaceros wheeleri ) was pre vi ously con-
sid ered rare and was spo rad i cally cap tured in the east ern and west ern North 
Pacifi c. In 1967, an ex plor atory bot tom trawler of the Soviet Union dis cov ered 
large ag gre ga tions of this spe cies as so ci ated with the sum mits of the Southern 
Emperor – Northern Ha wai ian Ridge (SE - NHR) sea mounts. The large trawl 
catches attracted the par tic i pa tion of com mer cial bot tom trawl fl eets of the So-
viet Union, Japan, and Korea. Although ex plor atory fi sh er ies and sci en tifi c sur-
veys col lected some ba sic in for ma tion on the bi  ol ogy of this spe cies, large 
uncertainties re main due to its pe cu liar life his to ry. Here we de scribe the cur-
rent knowl edge and in for ma tion gaps for the bi  ol ogy and ecol ogy of this spe cies 
through a re view of orig i nal sci en tifi c lit er a ture. The life cy cle of this spe cies 
con sists of pe lagic and de mer sal stages. Juvenile and im ma ture fi sh are widely 
dis trib uted over the sub arc tic sur face wa ters of the cen tral and east ern North 
Pacifi c Ocean.  P. wheeleri  un dergo a protracted ini tial pe lagic phase of 2 +  yr (per-
haps up to 4.5 yr) in the epi pe lagic zone. Subadult fi sh  ≥  25 cm in fork length 
re cruit to the sum mits and up per slopes of the SE - NHR sea mounts in spring 
or sum mer. There are large ep i sodic fl uc tu a tions in re cruit ment to the sea mounts 
that are not pre dict able or un der stood and these events ob scure the de ter mi na-
tion of a spawn er - re cruit re la tion ship. After sea mount re cruit ment, body growth 
ceases, and the de mer sal re pro duc tive phase be gins. Spawning has only been 
con fi rmed around SE - NHR sea mounts and oc curs from No vem ber to Feb ru-
ary. Large fl uc tu a tions in re cruit ment, dif fi  cul ties in de ter mi na tion of age and 
other life his tory pa ram e ters, and the oc cur rence of fi sh ing grounds on the high 
seas make the stock as sess ment and man age ment of this spe cies chal leng ing.  

  1   This re view work was supported by the pro ject on 
the eval u a tion of sta tus of in ter na tional fi sh ery re sources by the Fisheries Agency of Japan. Manuscript ac cepted 

5 Au gust 2015. 
  2   Oceanic Ecosystem Group,  National Research In-

stitute of Far Seas Fisheries , Fisheries Research Agency, 
Japan, 2 – 12 – 4 Fukuura, Kanazawaku, Yokohama, 236 –
 8648 Japan. 

  3   Correspondeng au thor (e - mail: kiyo @ affrc.go.jp). 
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In ad di tion, the pe cu liar life cy cle of this spe-
cies and re lated tax o nomic changes resulted in 
some con fu sion in past sci en tifi c de scrip tions. 

 Because of global con cerns about the im-
pact of deep sea fi sh er ies on both the targeted 
fi sh spe cies and the vul ner a ble ma rine eco sys-
tems, such as cold - wa ter cor als, sig nifi   cant 
in ter na tional ef forts are cur rently un der way 
to im prove sus tain able use of deep sea re-
sources and con ser va tion of eco sys tems. The 
U.N. General Assembly adopted res o lu tion 
59 / 25 in 2004, which called upon fi sh ing states 
to ur gently co op er ate in the es tab lish ment of 
new re gional fi sh ery man age ment or ga ni za-
tions to reg u late bot tom fi sh er ies and their 
im pacts on vul ner a ble ma rine eco sys tems in 
ar eas where no such rel e vant man age ment 
bod ies existed (UNGA 2005). In re sponse to 
the re quest, in ter gov ern men tal meet ings have 
been held since 2006 to es tab lish a new re-
gional fi sh ery man age ment or ga ni za tion in 
the North Pacifi c re gion to en sure the long -
 term con ser va tion and sus tain able use of the 
fi sh er ies ’  re sources in its area of com pe tence, 
while protecting the ma rine eco sys tems in 
which these re sources oc cur. The Convention 
on the Conservation and Management of 
High Seas Fisheries Resources of the North 
Pacifi c Ocean was adopted in Feb ru ary 2012, 
which was in force in July 2015. The con ven-
tion established the North Pacifi c Fisheries 
Commission (NPFC) in Sep tem ber 2015, 
through which the mem bers co op er ate to 
ensure the long - term and sus tain able use of 
fi sh er ies ’  re sources in the con ven tion ar ea. 
Accurate data and sci en tifi c knowl edge are 
fun da men tal to the proper man age ment of 
fi sh and fi sh er ies. In this pa per, we scru ti nize 
orig i nal sci en tifi c lit er a ture, sum ma rize cur-
rent knowl edge, and point out in for ma tion 
gaps on the bi  ol ogy of this spe cies. We have 
also in cluded a brief re view of com mer cial 
fi sh er ies in the SE - NHR sea mounts ar ea. 

  tax on o my  

 Nomenclature and Classifi cation 

  Pentaceros wheeleri  (Hardy, 1983) is a mem ber 
of the fam ily Pentacerotidae (or der Perci-
formes, sub or der Percoidei; Nelson 2006). 

The fam ily com prises 12 – 13 spe cies in 7 – 8 
gen era (Hardy 1983 a, b;  Nelson 2006; Kim 
2012). There has been some con fu sion over 
the tax on omy of this spe cies. From the 1950s 
to the 1980s, North Pacifi c armorhead was of-
ten misidentifi ed as a closely re lated spe cies 
recorded from the Southern Hemisphere. Abe 
(1957) de scribed spec i mens col lected by hook 
and line in the North Pacifi c near Japan as 
 Pentaceros richardsoni,  which Smith (1844) ad-
vo cated as the sci en tifi c name for Southern 
Hemisphere spec i mens. Welander et al. (1957) 
reported four spec i mens of  Pseudopentaceros 
richardsoni  col lected by sur face gill net in the 
east ern North Pacifi c Ocean off Oregon. 
Hardy (1983 a ) re vised the fam ily Pentacerot-
idae and sep a rated the ge nus  Pseudopentaceros  
Bleeker, 1876, from the ge nus  Pentaceros  Cu-
vier, 1829, according to the dif fer ences in body 
shape ( Pseudopentaceros  has a more elon gated 
body) and dor sal fi n for mu la. He de scribed 
three spe cies in  Pseudopentaceros:  one spe cies 
in the Southern Hemisphere ( P. richardsoni ) 
and two new spe cies in the North Pacifi c 
( P .  wheeleri  and  P .  pectoralis ). The two North 
Pacifi c spe cies were dis tin guished by the dif-
fer ence in the ra tio of body height to body 
length (body depth / stan dard length [SL]  <  1 / 3 
in  P .  wheeleri,  and  >  1 / 3 in  P .  pectoralis ). Later, 
Humphreys et al. (1989) did mor pho logic and 
elec tro pho retic com par i sons of the  P .  wheeleri  
and  P .  pectoralis  spec i mens and con cluded that 
they were meta mor phic var i a tions of a sin gle 
spe cies. Thereafter,  Pseudopentaceros wheeleri  
has been widely ac cepted as the sci en tifi c 
name of the North Pacifi c armorhead. 

 Recently, Kim (2012) re vised the clas si fi  ca-
tion of Pentacerotidae and ad vo cated a new 
tax o nomic sys tem in which the gen era  Pseu-
dopentaceros  and  Pentaceros  were com bined into 
a sin gle ge nus  Pentaceros . According to the 
clas si fi  ca tion, this spe cies should be re ferred 
to as  Pentaceros wheeleri . Here we fol low the 
clas si fi  ca tion of Kim (2012) and use the ab bre-
vi ated sci en tifi c name  P. wheeleri  through out 
the rest of this pa per. 

 Common Names 

 The NPFC com mon name for this spe cie is 
North Pacifi c armorhead. In En glish, it has 
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also been re ferred to by the com mon names 
boarfi sh (Welander et al. 1957, Neave 1959, 
Honma and Mizusawa 1969, Borets 1975, Fe-
dosova and Komrakov 1975, Bilim et al. 1978), 
percoid fi sh (Follett and Dempster 1963), ar-
morhead (Boehlert and Sasaki 1988), pe lagic 
armorhead (Zama et al. 1977, Uchiyama and 
Sampaga 1990, Seki and Somerton 1994, 
Mundy and Moser 1997), and slen der armor-
head (Food and Agriculture Organization 
of  the United Nations,  http://www.fao.org/ 
fi shery/species/19049/en ). Common names 
in other lan guages are kusakari tsubodai (Jap-
a nese), minsajagu (Ko re an), and kaban – ryba 
(Rus sian). In Japan, fi shermen and fi sh mar-
ket staff use dif fer ent names for the fat type, 
hon – tsubodai, and the lean type, kusakari. 
The fat type rep re sents newly recruited fi sh 
that have rich fat re serves and large body 
heights. After the set tle ment onto the sum-
mits of sea mounts, the fi sh stop body growth 
and grad u ally trans fer to the lean type by con-
sum ing fat re serves and los ing body heights 
and weights (see the growth sec tion). 

 Morphology 

 A de tailed de scrip tion of  P. wheeleri  was given 
by Hardy (1983 a ). It should be noted that  Pseu-

dopentaceros pectoralis  of Hardy (1983 a ) cor re-
sponds to the fat type or ju ve niles of this 
spe cies. The body is deep and strongly lat er-
ally com pressed. Eyes are of mod er ate size, 
the mouth is small, the lat eral line is com plete, 
the dor sal fi n is sin gle, the pec to ral fi n is elon-
gate and point ed. The name  “ armorhead ”  is 
de rived from the fact that the head is encased 
in ex posed, stri ated bones ( Figure 1 ). 

  P. wheeleri  can be dis tin guished from 
 P. richardsoni  by a lon ger pec to ral fi n (pec to ral 
fi n length / SL is  >  1 / 3.5 in  P. wheeleri,  com-
pared with 1 / 4 – 1 / 3.7 in  P. richardsoni ),  <  30 
mid line throat scales from isth mus to pel vic 
fi n in ser tions (32 – 39 scales in  P. richardsoni ) 
(Hardy 1983 a ), and a long spine in the pos te-
rior por tion of the uro style (Kim 2012). The 
two spe cies also dif fer in geo graph i cal dis tri-
bu tion ( P. richardsoni  in the Southern Hemi-
sphere and  P. wheeleri  in the North Pacifi c). 

  P. wheeleri  can be dis tin guished from 
 Pentaceros japonicus,  which some times oc curs 
sym pat ri cal ly, in terms of a body height 
 <  37 %  of SL (body height of  P. japonicus  is 
 >  52 %  of SL), a dif fer ence in the num ber of 
dor sal fi n spines (13 – 14) and soft rays (8 – 9) 
( P .  japonicus  has 11 – 12 spines and 12 – 14 rays), 
and  >  60 lat eral line pores ( P .  japonicus  has 
 <  56) (Nakabo 2013). 

  

 F  igure  1. Photographs of  Pentaceros wheeleri . ( A ) Pelagic ju ve nile, ( B ) pe lagic sub adult, ( C  ) de mer sal adult (fat 
type), ( D ) de mer sal adult (lean type).
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  life cy cle, dis tri bu tion, mi gra tion, 
and be hav ior  

 General Life Cycle 

  P. wheeleri  has a unique life cy cle consisting of 
an ini tial growth phase in epi pe lagic wa ters 
followed by growth ces sa tion and re pro duc-
tive de vel op ment in the sub se quent de mer sal 
sea mount stages ( Figure 2 ). Larvae are found 
in the sur face wa ters over and ad ja cent to the 
SE - NHR sea mounts whereas ju ve niles and 
sub adults live in the epi pe lagic layer of the 
sub arc tic North Pacifi c Ocean. The young 
fi sh grow in the epi pe lagic zone for 2 +  yr, up 
to 4.5 yr (pe lagic life stage); re cruits are adult 
size upon set tle ment to the sea mount sum mits 
or con ti nen tal slopes and shift to the de mer-
sal life stage. Seamount re cruits may at tain re-
pro duc tive ma tu rity in sev eral months and 
spawn an nu ally in win ter; life span at the sea-
mounts ap pears to be 4 – 5 yr but may be lon-
ger (Somerton and Kikkawa 1992; see de tailed 
de scrip tion below). Distribution, mi gra tion, 
feed ing, and growth of  P. wheeleri  show marked 

dif fer ences be tween the two life stages. Cau-
tion is nec es sary when interpreting geo graph-
i cal re cords that lack spe cifi c de scrip tions of 
sam pling depth and / or fi sh size. In the fol-
low ing sec tions, the bi o log i cal fea tures of the 
spe cies are de scribed sep a rately for the two 
stages. 

 Pelagic Habitat 

 Boehlert and Sasaki (1988) reviewed the oc-
cur rence re cords of  P. wheeleri  and dem on-
strated that the pe lagic fi sh were widely 
dis trib uted over the sub arc tic wa ter mass of 
the cen tral and east ern North Pacifi c. Smaller 
fi sh were sam pled in the west ern North Pa-
cifi c near the SE - NHR sea mounts.  Table 1  
sum ma rizes re cords of pe lagic oc cur rence 
that were not cov ered by Boehlert and Sasaki 
(1988). Larvae and ju ve niles (5 – 40 mm to tal 
length [TL]) were col lected from the SE -
 NHR area from Feb ru ary to April (Komra-
kov 1970; Borets 1975, 1979; Fedosova and 
Komrakov 1975; Boehlert and Sasaki 1988, 

  

 F  igure  2. Diagram show ing the life cy cle of  Pentaceros wheeleri,  consisting of pe lagic and de mer sal stages.
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cit ing unpubl. data of R. L. Humphreys). Lar-
vae of  P. wheeleri  were col lected from sur face 
tows taken near south ern Emperor Seamounts 
at 29.5 °  – 30.5 °  N and 178 °  – 180 °  E in Feb ru ary 
1985 (Mundy and Moser 1997) and at 30 °  – 35 °  
N and 171 °  – 177 °  E in Feb ru ary – March 1997 
(Japan Fisheries Agency 1998). Welander 
et al. (1957) and Larkins (1964) reported pe-
lagic spec i mens col lected by salmon sur face 
gill net in the east ern North Pacifi c. Yatsu 
et al. (1993) an a lyzed re cords of sci en tifi c ob-
serv ers in the high - seas squid drift net fi sh ery 
in the 1980s, reported a high con cen tra tion of 
ju ve niles at 40 °  – 45 °  N, 160 °  – 165 °  W, and sug-
gested that the grad ual east ward shift of the 
dis tri bu tion might rep re sent a mi gra tion of 
young fi sh (20 – 32 cm fork length [FL]). 
Honma and Mizusawa (1969) caught larger ju-
ve niles by dip net un der deck lights dur ing 
the night in the east ern North Pacifi c. Hum-
phreys and Tagami (1986) reported that large 
num bers of  P. wheeleri  were fi shed by hand 
line un der deck lights on a Jap a nese whal ing 
ves sel at night dur ing 1967 – 1969. Boehlert and 
Sasaki (1988) sum ma rized sur face sea wa ter 
tem per a tures for the oc cur rence of pe lagic 
sam ples as rang ing from 8.6ºC to 15.0ºC. 

 Demersal Habitat 

  Table 2  sum ma rizes the oc cur rence of de mer-
sal spec i mens of  P. wheeleri . The larg est 
known de mer sal pop u la tion is on the SE -
 NHR sea mounts (29 °  – 35 °  N, 171 °  E – 179 °  
W) (Kuroiwa 1973, Takahashi and Sasaki 
1977, Humphreys and Tagami 1986). The sea-
mount chain in this area is com posed of many 
fl at - topped guy ots and some peaked sea-
mounts (Clague et  al. 1980). Depths of the 
sea mount tops are  >  250 m and are gen er ally 
greater in the north ern sea mounts. The fl at 
tops, sum mits, and up per slopes of the sea-
mounts pro vide hab i tats for  P. wheeleri . Taka-
hashi and Sasaki (1977) sup posed that 
 P. wheeleri  would not in habit the deeper sea-
mounts to the north of 35 °  N. Kuroiwa (1973) 
spec u lated that the abun dance of  P. wheeleri  
would be low on shal low sea mounts to the east 
of 180 °  W. The dis tri bu tion pat tern was later 
con fi rmed by the ex tent of com mer cial fi sh-
ing grounds in the 1980s from Hancock to 

Koko sea mounts as well as by the sci en tifi c 
sur veys of U.S. NMFS Honolulu Laboratory, 
which revealed that  P. wheeleri  in the North-
western Ha wai ian Islands oc curred only 
on slopes in small num bers (R. L. Hum-
phreys, pers. comm.). Large ben thic spec i-
mens ( >  460 mm FL) were col lected from the 
Northwestern Ha wai ian Islands (Randall 
1980; Humphreys et al. 1989, cit ing unpubl. 
data of D. T. Tagami). 

 Demersal  P. wheeleri  has also been reported 
from Japan and off the west ern coast of North 
America, as sum ma rized by Boehlert and Sa-
saki (1988). Abe (1957) reported a spec i men 
(354 mm FL) pos si bly caught by hook and line 
off Hachijo Island, Japan. Although the re port 
did not spec ify whether the sam ple was col-
lected from a pe lagic or de mer sal depth zone, 
a pic ture of the fi sh shows what ap pears to be 
a lean type fi sh, typ i cal of the de mer sal life 
stage. Later, Abe (1969) men tioned the dis cov-
ery of a good fi sh ing ground for this spe cies 
near Hachijo Island and in wa ters to the east. 
However, no com mer cial fi sh ery targeting 
 P. wheeleri  de vel oped in Jap a nese wa ters, and 
cur rently the spe cies is caught only in ci den-
tally (J. Yonezawa, Tokyo Metropolitan Fish-
eries Experimental Station, pers. comm.). 

 Zama et al. (1977) reported sev eral spec i-
mens caught by hook and line fi sh ery to the 
north of Hachijo Island and off the Ogasawara 
Islands, and they de scribed the three fi sh 
caught off Ogasawara as skinny (250 – 270 mm 
SL) and the one fi sh caught off Hachijo Island 
as hav ing a deeper body shape (239 mm SL). 
They also men tioned that 236 spec i mens 
(206 – 383 mm FL, mix ture of fat and slen der 
body types) were col lected by hook and line 
op er a tions of the Tokyo Metropolitan Fisher-
ies Experiment Station off Hachijo Island 
dur ing 1971 – 1974. Mochizuki (1982) reported 
that the spe cies was col lected by bot tom trawl 
or deep - sea an gling on the Kyushu – Palau 
Ridge. Yanagimoto et  al. (2008) de scribed 
 P. wheeleri  col lected by bot tom long - line fi sh-
ery off the Ogasawara Islands at a depth range 
of 290 – 410 m. 

 Wagner and Bond (1961) reported three 
spec i mens (two reported as 250 mm and 
338 mm SL) col lected by rock fi sh trawl fi sh-
ery on the con ti nen tal shelf (96 – 110 m deep) 
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off Oregon. Smith (1965) reported a spec i men 
(253 mm SL) caught in the trawl fi sh ery off 
California (210 m deep). Follett and Dempster 
(1963) gave a de tailed mor pho log i cal de scrip-
tion of a spec i men (252 mm SL) col lected by 
drag fi sh ery off cen tral California (ap prox i -
mately 450 m deep). 

 Vertical Distribution 

 Records of pe lagic sam pling of  P. wheeleri  sum-
ma rized in Table 1 and Boehlert and Sasaki 
(1988) dem on strate that lar vae are neustonic 
be cause they were col lected by sur face net 
tows. Juveniles and sub adults were col lected by 
sur face gill net, dip net, or hand line, suggest-
ing that they also live near the sea sur face. 

 Not much is known about the ver ti cal dis-
tri bu tion of  P. wheeleri  dur ing the de mer sal 
life stage, de spite the vol ume of lit er a ture that 
includes ref er ences to its depth range. Early 
re ports of ex plor atory trawl fi sh er ies de scribed 
the depth range of fi sh ing op er a tions or the 
re sul tant catch of this spe cies, but some sec-
ond ary lit er a ture er ro ne ously cited these ear-
lier re ports as the depth range of the spe cies. 
Such doc u men ta tion should be interpreted 
with cau tion. The depth range for catches of 
 P. wheeleri  in de mer sal fi sh ing was 150 –
 1,500 m (Wagner and Bond 1961, Follett and 
Dempster 1963, Smith 1965). Borets (1981) 
men tioned that  P. wheeleri  forms ag gre ga tions 
on the fl at crests of sea mounts at depths of 
160 – 400 m, al though there were also con cen-
tra tions on the up per slopes of sea mounts to 
a depth of 800 m. Takahashi and Sasaki (1977) 
reported bathy met ric dif fer ences in size com-
po si tion in that larger in di vid u als were caught 
at depths of 300 – 390 m, com pared with the 
shallower (200 – 290 m) or deeper (400 – 490 m) 
depth ranges in the Emperor Seamounts ar-
ea. They es ti mated that the tol er a ble and 
 op ti mum tem per a ture ranges of de mer sal 
 P. wheeleri  were 5 ° C – 20 ° C and 8 ° C – 15 ° C, 
re spec tive ly. 

 Migration 

 There have been no tag ging sur veys to fol low 
the mi gra tion of  P. wheeleri . The mi gra tion 
pat tern of this spe cies has there fore been sur-

mised from its geo graphic oc cur rence and the 
size com po si tion of pe lagic sam ples, and from 
ocean o graphic fea tures of the North Pacifi c 
ba sin. Prior to the dis cov ery of the large de-
mer sal pop u la tion at the SE - NHR sea mounts, 
Follett and Dempster (1963) suggested that 
the cen ter of abun dance of de mer sal  P. wheeleri  
was lo cated in the vi cin ity of south ern Japan 
and that pe lagic fi sh col lected from the east-
ern North Pacifi c Ocean were transported 
east ward from the pre sumed cen ter of abun-
dance by the North Pacifi c cur rent sys tem. 
Zama et al. (1977) questioned this view be-
cause ju ve niles of this spe cies had not been 
col lected around Japan. After the dis cov ery of 
the large de mer sal pop u la tion in the SE - NHR 
sea mounts, Boehlert and Sasaki (1988) hy-
poth e sized two mi gra tion routes of  P. wheeleri  
cen tered around the spawning pop u la tion 
( Figure 3 ): pe lagic lar vae and ju ve niles move 
north east ward and (1) stay in the sub arc tic wa-
ter and return to the SE - NHR sea mounts ei-
ther di rect ly, or pas sively in the east ward 
cur rent along 40º N up to the Gulf of Alaska, 
west ward in the Alaskan stream, and then 
south ward in its branch along the Emperor 
Seamount chain or the Komandorski Ridge; 
or (2) fol low the south ern route in the Cali-
fornia Current and sub trop i cal gyre to the 
Ha wai ian Islands. They spec u lated that the 
north ern route was the nor mal mi gra tion path 
of this spe cies and takes 1.5 – 2.5 yr for young 
fi sh to com plete a cir cuit. The south ern route 
is lon ger than the nor mal course and expected 
to take lon ger, per haps up to 4.5 yr. Boehlert 
and Sasaki (1988) explained that the lon ger 
pe lagic phase of fi sh fol low ing the south ern 
route accounted for the com mon oc cur rence 
of larger and pre sum ably older spec i mens in 
the Northwestern Ha wai ian Islands. They 
also hy poth e sized that de mer sal fi sh off Japan 
were de rived from lar vae and ju ve niles trans-
ported from the spawning pop u la tion in the 
SE - NHR sea mounts. 

 Seamount Recruitment 

 Several re ports have in di cated that re cruit-
ment to sea mounts hap pens within a short 
pe riod from spring to sum mer. Boehlert and 
Sasaki (1988) an a lyzed monthly changes in 
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Jap a nese trawl catch - per - unit - ef fort (CPUE) 
at SE - NHR sea mounts and es ti mated that the 
re cruit ment of pe lagic fi sh to the sea mounts 
peaked in spring (April – May), with some ad-
di tional re cruit ment in Au gust and Sep tem-
ber. Humphreys et  al. (1993) reported that 
the level of new re cruit ment (de ter mined from 
a fat ness in dex [FI]  ≥  0.26 and in fec tion with 
mono ge nean par a sites; FI  =  body depth / FL, 
see the sec tion on growth for de tailed ex pla-
na tion of FI) was highest in June; less in July 
and Au gust; and very low dur ing Oc to ber, 
No vem ber, Jan u ary, and April. Recruitment 
of  P. wheeleri  to the SE - NHR sea mounts has 
been known to show ir reg u lar ep i sodic pat-
terns that cause an nual fl uc tu a tions in pop u-
la tion bio mass and com mer cial catch (see the 
fi sh er ies and man age ment sec tion). Somerton 
and Kikkawa (1992) in di cated that an nual re-
cruit ment to south east Hancock Seamount 
was ex tremely spo radic be tween 1978 and 
1990, and the to tal bio mass changed con sid-
er ably over this pe ri od. Wetherall and Yong 
(1986) an a lyzed Jap a nese trawl CPUE data 

and dem on strated that large fl uc tu a tion in 
 re cruit ment was in de pen dent of spawning 
bio mass dur ing 1969 – 1977 when spawning 
bio mass was at high lev els. Somerton and Kik-
kawa (1992) an a lyzed the spawning stock bio-
mass and re cruit ment size 2 yr later and found 
no clear cor re la tion dur ing 1980 – 1990, when 
spawning bio mass was con sid er ably low er. 
These au thors suggested the in fl u ence of 
ocean o graphic pro cesses on re cruit ment var-
i a tion, but no such stud ies have yet been made. 
Humphreys (2000) found sig nifi   cant neg a tive 
cor re la tion be tween mean body length of fe-
male re cruits and re cruit ment strength on the 
south east Hancock Seamount. 

 Behavior 

 Chikuni (1970) suggested that pe lagic ju ve-
niles form schools on the ba sis of their ag gre-
gated oc cur rence in sur face sam pling and in 
ce ta cean stom ach con tents. Information in 
the lit er a ture sug gests the di ur nal ver ti cal mi-
gra tion of de mer sal fi sh around the top of 

  

 F  igure  3. Known de mer sal hab i tats and hy poth e sized pe lagic mi gra tion routes of  Pentaceros wheeleri  (mod i fi ed 
from Boehlert and Sasaki 1988).
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sea mounts. Komrakov (1970) conducted an 
acous tic sur vey at Zapadnaya and Academi-
cian Berg sea mounts in the sum mer of 1969 
and in di cated that fi sh moved up ward to the 
ther mo cline (depth, 80 – 100 m) dur ing day-
time and returned to the top of the sea-
mounts at night. Komrakov (1970) re peat edly 
sam pled the top of the sea mounts and sug-
gested that the fi sh ag gre ga tions were near 
the sum mits at night, when the catches were 
at their max i mum, and the ag gre ga tions 
shifted up in the wa ter col umn at dawn when 
a grad ual de cline in the catches was ob served, 
with min i mum catches dur ing the day time. 
Kitani and Iguchi (1974) an a lyzed acous tic 
im ages and tem po ral changes in trawl CPUE 
and presented a dif fer ent view of the ver ti cal 
mi gra tion. They suggested that  P. wheeleri  
stays on the sea mount sum mits in the morn-
ing, moves up into the wa ter col umn dur ing 
day time, returns to the top of the sea mount 
in the even ing, and moves far ther down the 
sea mount slopes or to rug ged ar eas at night. 
Humphreys and Tagami (1986) sim ply stated 
that ag gre ga tions of  P. wheeleri  were pres ent 
over the sum mits of the SE - NHR sea mounts 
at night but were typ i cally ab sent dur ing 
the day time. Humphreys (2000) con sid ered 
postrecruitment move ment of  P. wheeleri  be-
tween sea mounts un like ly, but presented no 
ev i dence for this sug ges tion. 

  age and growth  

 Age Determination 

 Sagittal oto liths (Uchiyama and Sampaga 
1990, Humphreys 2000), scales (Chikuni 
1970), and other hard tis sue parts have been 
tested for use in age de ter mi na tion of this spe-
cies. Uchiyama and Sampaga (1990) ex am-
ined 13 dif fer ent hard part struc tures and 
found check marks on oto lith sagittae, ver te-
bral cen trums, hypural plates, and dor sal and 
anal fi n spine sec tions. The check marks 
 detected on sag it tal oto liths were the most 
prom is ing. Interpretation of these check 
marks as an nuli was cor rob o rated based on 
counts of pre sumed daily growth in cre ments 
(DGIs). However, age de ter mi na tion of older 
fi sh was con sid ered dif fi  cult as DGIs be come 

pro gres sively smaller in width with age. Hum-
phreys (2000) detected set tle ment marks on 
sag it tal oto lith trans verse sec tions, which 
were char ac ter ized by an abrupt de crease in 
the width of DGIs, and a change to an erod ed, 
less dis tinct ap pear ance of the in cre ments, or 
the pres ence of two or more prominent and 
closely spaced check marks. An im por tant 
lim i ta tion of the Uchiyama and Sampaga 
(1990) study in volved oto lith age counts based 
on ex am i na tion of unsectioned oto liths. Cur-
rent best prac tice in oto lith age de ter mi na tion 
stud ies is to pre pare sec tioned oto liths that 
con sis tently pro vide bet ter clar ity for iden ti-
fy ing and enu mer at ing an nuli or DGIs (R. L. 
Humphreys, pers. comm.). 

 The 2 – 2 +  yr old pe lagic du ra tions obtained 
for all  (n  =  96) sea mount re cruits sam pled over 
three re cruit years by Humphreys (2000) was 
at var i ance with youn ger ages (1 +  yr olds) of 
sea mounts re cruits reported by Uchiyama and 
Sampaga (1990). A new oto lith - based age de-
ter mi na tion study to pro vide age of de mer sal 
stage fi sh based on FI at age (since growth in 
length ceases dur ing the de mer sal stage) is re-
quired in or der to pro vide the data nec es sary 
for conducting age - based stock as sess ments. 

 Body Size and Sexual Differences 

 It is well known that the body lengths of de-
mer sal fi sh caught at the SE - NHR sea mounts 
fall into a nar row range. Chikuni (1971) re-
ported body lengths of  P. wheeleri  caught at 
Milwaukee Seamount in 1969 show ing a nar-
row unimodal dis tri bu tion with a peak around 
30 cm FL and an ab sence of smaller fi sh (less 
than about 25 cm FL). He suggested that 
 P. wheeleri  set tles down to the sea mounts when 
they reach 25 cm FL. Iguchi (1973) ob served 
a sim i lar body length dis tri bu tion around 
27 cm FL at Kanmu, Colahan, Hancock, and 
Kinmei sea mounts in 1972. Takahashi and Sa-
saki (1977) reported that the fi sh sam pled in 
trawl fi sh ing from 1969 to 1976 were in the 
range of 26 – 33 cm FL; they in cluded de tailed 
size com po si tion data in their ap pen di ces. Sa-
saki (1986) reported a sim i lar range of fi sh size 
(27 – 32 cm FL). Humphreys et al. (1989) men-
tioned that  P. wheeleri  set tles to the sea mounts 
at 25 – 33 cm FL. Takahashi and Sasaki (1977) 
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showed that smaller fi sh (20 – 24 cm FL) were 
also caught in Milwaukee Seamount in 1972. 
Unusually large fi sh were col lected oc ca sion-
ally in the Northwestern Ha wai ian Islands as 
de scribed in the mi gra tion sec tion. The larg-
est fi sh recorded was 54.7 cm FL, which had 
eight or more sag it tal check marks (Uchiyama 
and Sampaga 1990). 

 Several au thors have in di cated that the 
mean body length of fe males was greater than 
that of males (Sasaki 1974, Humphreys and 
Tagami 1986, Uchiyama and Sampaga 1990), 
al though the dif fer ence was small and was not 
detected in small sam ples. The data shown in 
Uchiyama and Sampaga (1990) and Hum-
phreys and Tagami (1986) sug gest that the 
sex ual dif fer ence in mean body length is 
 <  15 mm. The sex ra tio in de mer sal sam ples 
varies be tween years, and there is no clear dif-
fer ence from a 1:1 male - fe male ra tio in the 
data of Humphreys and Tagami (1986), Uchi-
yama and Sampaga (1990), and Somerton and 
Kikkawa (1992). 

 Growth 

 Little in for ma tion is avail  able about the 
growth of  P. wheeleri  dur ing the pe lagic life 
stage. Based on counts of DGIs from trans-
versely sec tioned sag it tal oto liths of epi pe-
lagic spec i mens, ages of 0 + , 1 + , and 2 +  yr olds 
corresponded to length ranges of 72 – 124, 
174 – 222, and 233 – 279 mm SL, re spec tively 
(Humphreys 2000). Fish kept in Vancouver 
Aquarium grew nearly 75 mm, from 250 mm 
to 325 mm, in 3 yr (Hart 1973). The oc cur-
rence of large fi sh in the Northwestern Ha-
wai ian Islands cou pled with the mi gra tion 
hy poth e sis of Boehlert and Sasaki (1988) is in-
dic a tive of steady growth dur ing their pe lagic 
life stage. 

 In con trast, body growth in de mer sal fi sh 
is known to cease, and body height and weight 
to de crease. Iguchi (1973) and Takahashi and 
Sasaki (1977) reported that the body length 
dis tri bu tion of de mer sal fi sh at the SE - NHR 
sea mounts showed a sin gle - peaked pat tern, 
but no monthly shifts in the peak length were 
ob served. 

 Morphological var i a tions are well known 
in  P. wheeleri  as men tioned in the tax on omy 

sec tion (Figure 1). Demersal fi sh and large 
pe lagic fi sh were clas si fi ed into fat, lean, and 
in ter me di ate types based on body depth and 
ap pear ance (Kuroiwa 1973, Sasaki 1974, Zama 
et al. 1977). The lean and in ter me di ate types 
are brown ish in col or, and pre dom i nate in 
the catches at the SE - NHR sea mounts. The 
fat type is blu ish gray, sex u ally im ma ture, and 
is only in fre quently caught at the SE - NHR 
sea mounts. The fat type was also found in the 
epi pe lagic zone of the North Pacifi c (Hardy 
1983 a,  Humphreys et  al. 1989). However, 
Humphreys and Tagami (1986) could not ob-
jec tively dis tin guish the three types on the 
ba sis of mor pho log i cal char ac ter is tics. Hum-
phreys et  al. (1989) con cluded that lin ear 
growth of the body length es sen tially ceased 
af ter set tle ment, and the use of fat re serves 
caused a de crease in rel a tive body depth and 
in duced trans for ma tion from the fat type to 
the in ter me di ate type. They con sid ered the 
trans for ma tion to the in ter me di ate type (par-
tic u larly the change in col or a tion) to be rapid 
and accounted for the low rel a tive abun dance 
of the fat type at the SE - NHR sea mounts 
dur ing the re cruit ment pe ri od. Boehlert and 
Sasaki (1988) and Martin et al. (1992) noted 
that newly recruited fi sh shortly af ter set tle-
ment could be dis tin guished by higher con di-
tion fac tor ( “ body weight di vided by length to 
a power [typ i cally 3] mul ti plied by some scal-
ing fac tor, ”  but de tails were not de scribed in 
the lit er a ture)  >  2 and higher FI  >  0.25, re spec-
tive ly. Humphreys et  al. (1993) con fi rmed 
that the higher FI val ues  ≥  0.26 corresponded 
to new re cruits based on the ab sence of a 
mono ge nean par a site in de mer sal spec i mens. 
Somerton and Kikkawa (1992) suc cess fully 
used the FI to trace the re cruit co horts over 
time at the south east Hancock Seamount. 
Frequency his to grams of FI displayed modes 
that moved an nu ally from higher to lower FI. 

 Duration of Pelagic and Demersal Life Stages 

 Borets (1979) stated that  P. wheeleri  spends up 
to 7 yr in the pe lagic zone. This es ti mate was 
based on age de ter mi na tion, where spec i mens 
26 – 30 cm long were aged 6 – 8 yr, but he in-
cluded no de tailed data from oto lith anal y sis. 
Uchida and Tagami (1984) re ferred to an an-
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ec dotal hy poth e sis that the ju ve niles remained 
pe lagic un til age 4 – 5 yr (25 – 30 cm FL). 
Boehlert and Sasaki (1988) es ti mated that the 
pe lagic pe riod was most of ten from 1.5 to 2.5 
yr based on an un pub lished man u script of the 
sag it tal check mark anal y sis by Uchiyama and 
Sampaga. Humphreys et al. (1989) cited un-
pub lished in for ma tion from Uchiyama and 
Sampaga that the age of new re cruits usu ally 
ranged from 18 to 30 months and stated that 
most fi sh sam pled at Hancock Seamount 
stayed in the epi pe lagic zone for 2 – 3 yr, but 
Humphreys et al. (1989) also suggested that 
the large adult type orig i nated from the fat 
type fi sh that had spent 4 – 5 yr in the pe lagic 
phase while they strayed south. Humphreys 
(2000) an a lyzed the pre sumed DGIs of sec-
tioned sag it tal oto liths and es ti mated the pe-
lagic du ra tion to be 726 to 999 days (mean 
pe lagic du ra tion, 848 – 891 days) for fi sh of 
310 – 320 mm av er age FL col lected on the 
south east Hancock Seamounts in 1980, 1986, 

and 1989. These oto lith an a ly ses sup port the 
mi gra tion hy poth e sis of Boehlert and Sasaki 
(1988), who es ti mated that the nor mal north-
ern route would take 1.5 – 2.5 yr. However, as 
of yet, there has been no age de ter mi na tion 
for the un usu ally large fi sh that pre sum ably 
followed the south ern route and spent up to 
4.5 yr in the epi pe lagic zone. 

 The sur vival of co horts on sea mounts can 
be traced in  Figure 4  of Somerton and Kik-
kawa (1992), which dem on strates the an nual 
shifts of the FI dis tri bu tion. This fi g ure in di-
cates that de mer sal fi sh could sur vive for up 
to 4 yr af ter re cruit ment to the sea mount. 
Seki and Somerton (1994) cited Humphreys 
et al. (1989) and stated  “ it is now known, how-
ev er, that armorhead ar rive at the sea mounts 
with an ex traor di narily large amount of stored 
fat which is sub se quently me tab o lized over the 
remaining 3 to 4 years of their lives, ”  al though 
Humphreys et al. (1989) did not re fer to the 
lon gev ity of de mer sal fi sh. 

  

 F  igure  4. Historical trends in an nual com mer cial catches (in met ric tons, t) of  Pentaceros wheeleri  in the SE - NHR 
area by the Soviet Union (USSR) and Russia, Japan, and Korea.
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are largely de pen dent on plank ton and DSL 
or gan isms as prey re sources rather than prey-
ing on lo cally pro duced ben thic food. 

 Predators 

 Little in for ma tion is avail  able on the pred a-
tors of  P. wheeleri . Boehlert and Sasaki (1988) 
cited a per sonal com mu ni ca tion by H. Kato 
that  P. wheeleri  was dis cov ered in the stom ach 
of a Bryde ’ s whale  Balaenoptera brydei . Chi-
kuni (1970) and Kawamura (1982) reported 
 P. wheeleri  from the stom ach con tents of sei 
whales ( B. borealis ). These pred a tors likely 
preyed on schools of pe lagic  P. wheeleri . There 
are no re ports of pre da tion on  P. wheeleri  dur-
ing the de mer sal life stage. 

 Parasites 

 Kazachenko and Kurochkin (1974) reported 
that the par a sitic co pe pod  Pennella hawaiien-
sis  infected 59 %  of the mus cu la ture of 
 P. wheeleri  (range, 44 %  – 80 % ) col lected by trawl 
sam pling at the SE - NHR sea mounts. Infec-
tions by  P. hawaiiensis  were also reported by 
Borets (1975, 1979). Humphreys and Tagami 
(1986) iden ti fi ed par a sitic trem a todes, nem a-
todes, and crus ta ceans from fi sh col lected on 
Hancock Seamount. The mono ge nean gill 
par a site  Microcotyle macropharynx  was highly 
prev a lent among the de mer sal fi sh col lected 
from SE - NHR sea mounts but was ab sent 
from epi pe lagic sam ples. Humphreys et  al. 
(1993) found that new re cruits could be iden-
ti fi ed by the ab sence of ma ture  M. macrophar-
ynx,  as sum ing its rapid in fec tion and 
mat u ra tion in the de mer sal zone. 

  re pro duc tion  

 Sexual Maturity 

 Many au thors have reported sex u ally ma ture 
fi sh from the SE - NHR sea mounts (e.g., Sa-
saki 1974, Bilim et al. 1978, Yanagimoto and 
Humphreys 2005), and there fore the SE -
 NHR sea mounts are be lieved to be the 
larg est spawning grounds for  P. wheeleri  
(Humphreys and Tagami 1986, Boehlert 
and Sasaki 1988). Although sev eral de mer sal 

  feed ing, pre da tion, and par a sit ism  

 Diets 

 Fedosova and Komrakov (1975) an a lyzed the 
stom ach con tents of ju ve nile fi sh (8.5 – 23 mm) 
col lected above the NHR sea mounts in 
March – April 1969. The main prey items were 
co pe pods, chae to gnaths, and lar vae of bi valve 
mol lusks. Copepods (predominated by  Clau-
socalanus arcuicomis,  followed by  Oithona similis  
and  Mecynocera clausi ) were most fre quently 
ob served in the stom ach. The size of prey was 
0.31 – 9.0 mm. 

 It is gen er ally sup posed that bathy pe lagic 
fi sh ag gre ga tions on sea mounts are supported 
by pe lagic food supplies from the wa ter col-
umns ei ther by en hanced hor i zon tal fl ux of 
plank ton past the sea mounts or through pre-
da tion on deep scat ter ing layer (DSL) or gan-
isms that are intercepted and trapped dur ing 
the ver ti cal mi gra tion pro cess (Tseytlin 1985, 
Porteiro and Sutton 2007, Clark et al. 2010). 
Seki and Somerton (1994) noted that DSL 
or gan isms con sti tuted the ma jor di ets of 
 de mer sal  P. wheeleri,  based on lit er a ture in for-
ma tion (Nasu and Sasaki 1973, Japan Fisher-
ies Agency 1974, Sasaki 1974, Borets 1979, 
Kazuma and Barnett, fi eld obs. cited by 
Humphreys and Tagami 1986). Iguchi (1973) 
re cov ered di ets from 10 %  of  P. wheeleri  stom-
ach sam ples (80 %  were emp ty, 10 %  were di-
gested and un iden ti fi  able) and reported 
mysids, small fi sh, and small oc to puses as food 
items. Nasu and Sasaki (1973) and Sasaki 
(1974) reported that de mer sal  P. wheeleri  
preyed on crus ta ceans (co pe pods, am phi pods, 
eu phau si ids, mysids, sergestids), salps, ptero-
pods, and myctophid fi sh. Komrakov (1970) 
reported that the most im por tant food item 
for  P. wheeleri  inhabiting sea mounts was 
 pe lagic crus ta ceans. Borets (1975) listed 73 
spe cies of zoo plank ton (dom i nated by co pe-
pods and am phi pods) from stom ach con tents, 
and Fedosova (1976) de scribed crus ta ceans 
(co pe pods, hyperiids, and eu phau si ids) and 
 uro chor dates as ma jor diet items. Seki and 
Somerton (1994) reported that 19.7 %  of stom-
achs had con tents in which uro chor dates, pi-
sces, or crus ta ceans were dom i nant. These 
stud ies in di cate that  P. wheeleri  on sea mounts 
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spec i mens of both fat and lean types have 
been col lected from other ar eas near Japan 
or off North America (Abe 1957, Wagner and 
Bond 1961, Follett and Dempster 1963, Zama 
et  al. 1977), the re pro duc tive con di tion of 
fi sh in these ar eas has not been ex am ined. 

 The age and tim ing of ma tu rity have not 
been pre cisely de ter mined. Uchiyama and 
Sampaga (1990) an a lyzed the age and body 
size of de mer sal spec i mens and pointed out 
the dif fi  cul ties in es ti mat ing the ex act age at 
ma tu ri ty. They spec u lated that ma tu rity 
would be attained at ap prox i ma tely 2 yr of age, 
but they also suggested a pos si ble sce nario in 
which  P. wheeleri  might at tain sex ual ma tu rity 
be fore reaching the sea mounts. The lat ter 
pos si bil ity has not been sub stan ti ated to date. 
Humphreys et al. (1989) men tioned that newly 
recruited fat - type fi sh quickly un der went a 
trans for ma tion to in ter me di ate type, which 
would ac count for the en ergy re quire ments 
for re pro duc tion and pos si bly for ac cli ma tion 
to new en vi ron men tal con di tions. 

 Spawning 

 Various data have in di cated that  P. wheeleri  
spawn in win ter. The spawning pe riod at the 
SE - NHR sea mounts was es ti mated to be be-
tween No vem ber and March on the ba sis of 
the monthly change in go nadal so matic in dex 
(Sasaki 1974). Bilim et al. (1978) made his to-
log i cal ob ser va tions of ovogenesis and 
 reported that spawning be gan in early De-
cem ber, peaked from late De cem ber to Jan-
u ary, de clined in Feb ru ary, and ended by 
March. Yanagimoto and Humphreys (2005) 
ex am ined the trends in go nadal so matic in dex 
and ovar ian his tol ogy and con cluded that 
spawning oc curred dur ing No vem ber – Feb ru-
ary and peaked dur ing De cem ber – Jan u ary. 
They also reported asynchronistic de vel op-
ment of oo cytes. Borets (1975) spec u lated 
that spawning might oc cur in the wa ter col-
umn above sea mounts be cause fully ma ture 
fe males were not col lected by bot tom trawl 
sam pling dur ing the spawning sea son. Bilim 
et al. (1978) reported that the eggs of this spe-
cies are of the fl oat ing type. Estimated hatch-
ing dates back - cal cu lated from the counts of 
pre sumed DGIs in oto liths were be tween 

De cem ber and Feb ru ary (Uchiyama and Sam-
paga 1990). 

  pop u la tion and fish er ies  

 Population Structure 

 Genetic dif fer en ti a tion has not been detected 
among the North Pacifi c pop u la tions. Martin 
et  al. (1992) an a lyzed mi to chon drial deoxy-
ribonucleic acid (mtDNA) var i a tions be tween 
de mer sal spec i mens col lected from Hancock 
and Koko sea mounts and pe lagic spec i mens 
from the east ern North Pacifi c by us ing the 
poly mer ase chain re ac tion and a com bi na tion 
of DNA se quenc ing and re stric tion frag ment 
length poly mor phism (RFLP). The re sul tant 
data in di cated a lack of dif fer en ti a tion be-
tween fi sh col lected at the dif fer ent sea-
mounts and from the pe lagic ocean. They also 
con fi rmed no sig nifi   cant ge netic dif fer en ti a-
tion among the fat, lean, and in ter me di ate 
mor pho logic types. Yanagimoto et al. (2008) 
an a lyzed mtDNA (16S ri bo somal ribonucleic 
acid and D – loop) var i a tion of spec i mens col-
lected from six sea mounts in the SE - NHR ar-
ea, from Hachijo Island near Japan, and from 
the epi pe lagic zone of the east ern North Pa-
cifi c, and found no ar ea - spe cifi c RFLP pro-
fi les and no dif fer ence in the fre quen cies of 
com pos ite mtDNA hap lo types among sam-
pling sites. 

 Natural Mortality 

 Natural mor tal ity of de mer sal fi sh at the SE -
 NHR sea mounts was es ti mated on two oc ca-
sions by trac ing the CPUEs of co horts in 
suc ces sive years. Borets (1975, 1976) an a lyzed 
com mer cial fi sh ing data from the Soviet 
Union for 1968 – 1975, traced the num ber of 8 
and 9 yr old fi sh on the ba sis of catch and fi sh-
ing ef fort (ves sel days), and es ti mated the in-
stan ta neous nat u ral mor tal ity co ef fi  cient at 
0.25 / yr. Somerton and Kikkawa (1992) es ti-
mated nat u ral mor tal ity at 0.54 / yr on the ba-
sis of the an nual changes in the rel a tive 
abun dance of two co horts in 1985 and 1986, 
us ing FI as the co hort iden ti fi er (see the sea-
mount re cruit ment and growth sec tions). 
They also reported that fe males had higher 

Downloaded From: https://bioone.org/journals/Pacific-Science on 18 Sep 2019
Terms of Use: https://bioone.org/terms-of-use Access provided by University of Alaska Fairbanks



History, Biology, and Conservation of the North Pacifi c Armorhead  ·   Kiyota et al.   15 

nat u ral mor tal ity (0.045 / month) than did 
males (0.037 / month). Natural mor tal ity has 
not been es ti mated in re cent years. 

 Fisheries and Management 

 Commercial fi sh er ies for North Pacifi c ar-
morhead have only been conducted at the 
sea mounts of the SE - NHR re gion. Early in-
for ma tion on the sea mount fi sh er ies was sum-
ma rized by Takahashi and Sasaki (1977), 
Sasaki (1986), and Wetherall and Yong (1986). 
Bottom fi sh er ies at the SE - NHR sea mounts 
were fi rst ex plored by the trawl fl eet of the 
Soviet Union in 1967. The Jap a nese fl eet 
joined the trawl fi sh ery in 1969. The Ko rean 
com mer cial trawl fl eet started fi sh ing in the 
area in 2004. Russia has not conducted com-
mer cial op er a tions since 2007, but Jap a nese 
trawl and gill net ves sels and Ko rean trawl 
ves sels have been op er at ing in the SE - NHR 
sea mounts. 

 During the ini tial phase of ex ploi ta tion in 
the SE - NHR sea mounts ar ea, the an nual to-
tal catch of  P. wheeleri  surpassed 100,000 t in 
1969, 1970, 1972, and 1973, with the peak of 
178,000 t in 1973 (Figure 4). The Jap a nese 
catch exceeded 20,000 t in 1970 and 1972 – 1976 
and peaked at 35,000 t in 1972. However, the 
com mer cial catch showed a rapid de cline in 
1977 and there af ter remained at very low lev-
els ( <  2,000 t in most years). As men tioned in 
the sea mount re cruit ment sec tion, bio mass 
in crease at sea mounts de pends solely on spo-
radic re cruit ment events. Therefore, sud den 
in creases in com mer cial catch ap prox i ma tely 

re fl ect re cruit ment events. Large re cruit ment 
oc curred in 1992 when the Jap a nese com mer-
cial catch reached 14,000 t. Commercial 
catches in re cent years were rel a tively large in 
2004, 2008, 2010, and 2012 (Figure 4). In 
2012, in par tic u lar, the Jap a nese com mer cial 
catch was above 20,000 t and recorded the 
larg est catch af ter 1976. The re cent rise in 
com mer cial catch prob a bly in di cates an in-
creased fre quency of large re cruit ment and 
could be a sign of stock re cov ery, al though the 
catch and re cruit ment still show large an nual 
fl uc tu a tions. 

 Participants in the pre pa ra tory con fer ence 
for the NPFC have in tro duced in terim and 
vol un tary man age ment mea sures since 2009 
for the sus tain able uti li za tion of bot tom fi sh 
re sources and the con ser va tion of ma rine 
 eco sys tems ( Table 3 ). The eval u a tion of the 
 ef fec tive ness of these mea sures and the es-
tab lish ment of valid con ser va tion and man-
age ment mea sures are the task of the NPFC. 

 Diffi culties in Stock Assessment 

 The pe cu liar life his tory char ac ter is tics of  P. 
wheeleri  de scribed pose dif fi  cul ties in stock as-
sess ment and man age ment. Conventional 
stock dy nam ics mod els are not ef fec tive in an-
a lyz ing stock sta tus. For ex am ple, ap pli ca tion 
of an age - struc tured model is dif fi  cult be cause 
co horts can not be dis tin guished by the size 
com po si tion of the com mer cial catch. Simi-
larly, length -  or weight - based size - struc tured 
mod els are not ap pli ca ble be cause de mer sal 
fi sh cease body growth and lose weight af ter 

  TABLE 3 

List of Interim and Voluntary Measures for Management of Bottom Fisheries in the SE - NHR Area 
Implemented as of March 2014 by NPFC Members 

Input con trol  Capacity limit No in crease of fi sh ing ves sels  
  Effort con trol 20 %  re duc tion of trawl fi sh ing ef fort (Japan) 

Time clo sure Closure of bot tom fi sh ing in No vem ber – De cem ber (Japan) 
Closure of bot tom fi sh ing in Oc to ber – Feb ru ary (Korea)  

Area clo sure Prohibition of bot tom fi sh ing at sea mounts to the north of 45º N 
Prohibition of bot tom fi sh ing in ar eas deeper than 1,500 m  
Closure of C–H sea mounts  
Closure of south east ern part of Koko sea mount  

Output con trol Upper catch limit (15,000 t / year) of  P. wheeleri  ( Japan)  
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set tle ment. Wetherall and Yong (1986) tested 
an autoregression model but could not achieve 
a good fi t be cause of the large re cruit ment 
var i a tion. Yonezaki et al. (2012) ap plied a sur-
plus pro duc tion model but failed to pro vide 
valid re sults for man age ment be cause of the 
large uncertainties in fi sh er ies data dur ing the 
ini tial ex ploi ta tion phase and be cause the 
weak spawn er - re cruit re la tion ship was over-
whelmed by large fl uc tu a tions in re cruit ment. 
Somerton and Kikkawa (1992) succeeded in 
trac ing co horts and es ti mat ing stock bio mass 
us ing the DeLury method (Seber 1982) based 
on the in tra - an nual change in FI com po si tion 
and sur vey CPUE at Hancock Seamount. 

  in for ma tion gaps and fu ture tasks  

 We have reviewed the cur rent state of knowl-
edge of the bi o log i cal char ac ter is tics of 
 P.  wheeleri  and de lin eated in for ma tion gaps. 
The fol low ing is a list of fu ture tasks that should 
be com pleted for bet ter un der stand ing of the 
ecol ogy and stock dy nam ics of this spe cies. 

    •    Migration 
  °    Estimate mi gra tion routes by us ing 

tag ging and other meth ods 
  •    Age and growth 

  °    Establish and val i date age de ter mi na-
tion meth ods; 

  °    Estimate growth curve dur ing pe lagic 
life stage; 

  °    Determine age at re cruit ment and ma-
tu ri ty, and lon gev ity 

  •     Reproduction 
  °    Determine pres ence or ab sence of 

spawning in ar eas other than the 
 SE - NHR; 

  °    Determine the num ber of spawns per 
fi sh (an nual or life time); 

  °    Examine change in brood size with 
 ag ing 

  •    Population and fi sh er ies 
  °    Estimate nat u ral mor tal ity for re cent 

years; 
  °    Estimate re cruit ment size and har vest 

rate; 
  °    Analyze re cruit ment var i abil ity and its 

re la tion ship to ocean o graphic con di-
tions; 

  °    Establish prac ti cal meth ods to iden tify 
co horts from com mer cial catch da ta; 

  °    Develop and ap ply a suit able stock as-
sess ment model  

 Hopefully, this list and re view of in for ma-
tion will help the NPFC to con duct sci en tifi c 
ac tiv i ties for im proved bi o log i cal un der stand-
ing of this spe cies and its proper stock as sess-
ment and man age ment to en sure long - term 
sus tain able uti li za tion and con ser va tion of 
this spe cies. 
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