
Age Estimation and Composition 
of Pelagic Armorhead 
Pseudopentacems wheelen’ 
from the Hancock Seamounts 
James H. Uchiyama 
Jeffrey D. Sampaga 
Honolulu Laboratory. b u m w e n  Fisheries Center 
National Marine Fishenes Service, NOAA 
2570 Dole Street. Honolulu, Hawaii 96822-2396 

The pelagic armorhead Psacdopen- 
taceros wheeleri is widely distrib- 
uted in the North Pacific, but rare- 
ly collected until fishermen from the 
Soviet Union discovered large con- 
centrations on the central North 
Pacific seamounts in the late 1960s 
(Sakiura 1972). The Soviet Union 
started a trawl fishery at the south- 
ern Emperor-northem Hawaiian 
Ridge (SE-NHR) seamounts (29”N, 
179”E to 35’N, 171”E) in 1967, and 
the Japanese entered the fishery in 
1969 (Sasaki 1986). Since then, in- 
tensive fishing occurred at the 
Northwest and Southeast Hancock 
Seamounts, the southeast i i t  of 
the pelagic armorhead seamounts. 
During the 1970s, the pelagic ar- 
morhead catch rate by Japanese 
fishing vessels a t  the Hancock Sea- 
mounts declined dramatically (Uchi- 
da and Tagami 1984). Commercial 
fishing at  the Hancock Seamounts 
ceased in 1984, and finally, a 6-year 
fishing moratorium went into effect 
in August 1986 (NMFS 1986). 

Pelagic armorhead have an un- 
usual life history. At  SE-NHR sea- 
mounts, adults spawn during De- 
cember-March, as indicated by ova- 
rian studies (Sasaki 1974, Bilim et 
al. 1978) and the occurrence of lar- 
vae and young juveniles in Febru- 
ary and March (Borets 1980). As 
juveniles, they apparently are pela- 
gic and occur to the north and 
northeast of the seamounts as far 
as the Alaskan gyre before return- 

ing to the seamounts (Fujii 1986, 
Boehlert and Sasaki 1988). At the 
SE-NHR seamounts, most of the 
pelagic armorhead caught in the 
fishery are 26-33 cm fork length 
(FL), although 15-40 cm FL speci- 
mens occur (Humphreys and Taga- 
mi 1986). Larger specimens (>40 
cm FL), but none 26-33 cm FL, 
have been caught on the northem 
Hawaiian Ridge, from Kure Atoll to 
French Frigate Shoals (Tagamj and 
Humphreys, in prep.). 

Pelagic armorhead at the sea- 
mounts exhiiit three morphological 
types: fat, intermediate, and lean 
(Humphreys et al. 1984,1989 Hum- 
phreys and Tagami 1986). During 
their pelagic phase and when they 
recruit to seamounts, they are “fat” 
and their gonads are in an early 
stage of development. When gonads 
begin developing and spawning oc- 
curs, they transform from an “inter- 
mediate” to a “lean” stage. I t  has 
not been determined whether the 
lean fish recover to spawn again. 

In this study, we determined 
which hard part is the most suitable 
for estimating armorhead age and 
determined the temporal meaning 
of perceived daily growth incre- 
ments and apparent annual check 
marks on the sagitta, the preferred 
hard part. Chikuni (1970) and 
Vasil’kov and Borets (1975) used 
annuli on scales to estimate age, but 
their estimates did not agree. Fur- 
thermore, neither study used vali- 

dation procedures, nor did they 
document the area of collection. The 
criteria we developed were used to 
estimate the age composition of 
pelagic armorhead captured on 
Southeast Hancock Seamount. 

Methods and materials 

Speclmen collectlon 

Pelagic armorhead were obtained at 
the H a n m k  Seamounts in 1976-85 
from the Japanese trawler Kitu- 
kami Maru, and by bottom trawl 
and handline from the N O M  ship 
Townsend Cromwell. Random sam- 
ples were obtained by pooling speci- 
mens from bucket scoops (range 
2-100 kghaul) on the Kitakami 
Mum, during 1 August-15 October 
1981, and from a single haul on the 
Townsend Cromwell on 24 July 
1984. Fish were measured for F L  
to thz nearest millimeter and sexed 
by gonadal examination. Fish were 
classified, on the basis of color and 
body depth, to one of three body 
types: fat, intermediate, or lean 
(Humphreys et ai. 1984). We also in- 
cluded a few very large specimens 
caught by handline on the northern 
Hawaiian Ridge seamounts between 
Kure Atoll and French Frigate 
Shoals and postlarvae caught in a 
surface tow with a Tucker trawl at 
Southeast Hancock Seamount, 23- 
24 February 1985. All postlarval 
specimens were preserved and 
stored in 70% ethanol. 

Hard-part selection and 
check-mark counts 

To determine which hard part was 
most suitable for estimating age, 13 
structures (Table 1) were dissected 
from 5 specimens collected at the 
H a n d  Seamounts. The structures 
were prepared for examination fol- 
lowing modified procedures of Six 
and Horton (1977). The hypural 
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Table 1 
Comparison of check marks on vanous hard parts of five Psewhpentaceros 
w k l e r i  from the Hancock Seamounts. 

No. check marks by fish identification number 
~ ~~~ ~ 

Hard part 343 350 338 385 383 

Sagitta 3 3 - 3 2 
Centrum (vertebra) 3 3 3 3 2 
Dorsal spine 3 3 3 3 2 
Dorsal ray 0 0 0 0 0 
And spine 3 0 3 3 2 
Anal ray 0 0 0 0 0 
Pelvic spine 0 0 3 3 0 
Pelvic ray 0 0 0 0 0 

, Pectoral spine 0 0 0 0 0 
' Pectoral ray 0 0 0 0 0 

H Y P d  3 3 3 3 2 

Scales 0 
1 Maxillary 0 0 3 3 2 

0 - - - 

I a7 

1 654  3 2  1 Scale: 1 mm 
I 

Figure 1 
S q t t a  of Pseudopentactros wheelen wth annuli marked and numbered 

plate. maxillary, and vertebrae were cleaned of tissue 
and dried. Spines and rays of the dorsal. pelvic, pec- 
toral, and anal fins were cleaned of tissue, embedded 
in resin, cross-sectioned in a continuous series from the 
base, and examined under a compound microscope. 
Both surfaces of a section were examined. Tissues were 
also examined under a dissecting microscope with 
reflected and transmitted light. 

Sagittae were sanded lightly on the surfaces with no. 
400 grit carborundum sandpaper, then, with a dissect- 
ing microscope, were examined whole against a black 
background while submerged in water. Check marks 
appeared as pairs of bright (opaque) and dark (translu- 
cent) concentric bands under reflected light (Fig. 1). 

Scales were taken from nine different areas of the 
body. Three sites were along the lateral line: below the 
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first dorsal spine, midway along the lateral line, and 
below the posterior end of the dorsal fin. Three sites 
were midway between the lateral line sites and the dor- 
sal fin, and three were midway between the lateral line 
sites and the ventral border. Scales were taken from 
20 fish of three different body types and from 13 fish, 
caught in February 1985, with three check marks 
on their saBttae. After being cleaned, scales were 
mounted in Euparal under a cover glass on a glass slide 
or flattened between two glass slides after being air 
dried. 

Selection of the hard part for ageing was based on 
the consistency of perceived annual check mark counts 
and ease of preparation (Table 1). Only the sagittae, 
vertebral centrum, hypural plate, and dorsal and anal 
fin spines showed check marks. Counts of check marks 
from each part were identical (Table l), indicating these 
structures could be used for estimating age if their 
check marks could be verified as annuli. The number 
of check marks on vertebral centrum, hypural plate, 
and maxillary was reduced by half upon drying. Soft 
rays of dorsal, pelvic, pectoral, and anal fins showed 
no marks that could be interpreted as check marks. 
Scales were without check marks, and their circuli ap- 
peared evenly spaced. Of all the structures compared, 
the sagitta was considered the best structure for 
estimating the age of pelagic armorhead. 

Counts of daily growth increments 
Sagttae removed at  sea were stored in fresh water in 
vials and refrigerated: those not extracted at  sea were 
frozen within the head and later removed in the labor- 
atory. Sapttae were sanded lightly on both sides with 
no. 400 carborundum sandpaper until translucent and 
etched in a very dilute solution of HCI for 3-5 minutes. 
The acid was diluted until only 1-2 bubbles per second 
were formed in reaction to the calcium carbonate of 
the sagtta.  This process was repeated until the incre- 
ments became visible from the core to the tip of the 
postrostrum. The sagittae of postlarval specimens were 
teased from the skull, cleaned, and mounted in Euparal 
without further processing. To support the coverslip, 
each sagitta was mounted on a microscope slide in 
Euparal by using short segments of monofilament line 
slightly greater in diameter than the thickness of the 
otolith. Sagittae were examined under a compound 
microscope at 300 x magnification. 

Increment counts often took a circuitous route be- 
tween the core and the tip of the postrostrum; the mean 
of 10 counts was used as the age estimate. Increment 
counts were routine for sagittae with two check marks 
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but were more difficult for those with three check 
marks. Increment width in translucent zones decreased 
with increasing number of check marks (8.3 pm dur- 
ing year 1, 1.7 pm during year 2, and 1.5 pm during 
year 3), and incremental pattern was more variable 
after year 2. 

Age estimation 
Check marks could not be validated as annuli by con- 
ventional means (Beamish and McFarlane 1983). Mean 
increment counts were used to estimate the hatching 
time, assuming the first increment formed at or soon 
after hatching. This technique, though low in accuracy, 
may suffice when direct validation is unattainable 
(Gjbsaeter e t  al. 1984). TO verify check marks as an- 
nuli, mean counts of growth increments for fish caught 
in February were then compared with counts of check 
marks, which were multiplied by 365. 

Age composition of catches of pelagic armorhead at 
Southeast Hancock Seamount was based on check- 
mark counts (i.e., perceived annuli). Mean FLs between 
age-sex groups were compared using the Mann- 
Whitney paired test, since unequal variances occurred 
in one sample. To increase sample size of age-sex 
groups from the Kztakumi Maru catch, randomly 
sampled specimens from Northwest and Southeast 
Hancock Seamounts were combined. 

Results and discussion 

Increment counts from demersal and oceanic adults 
and juvenile pelagic armorhead suggested that incre- 
ments were deposited daily (Tables 2 and 3). A total 
of 88% of the estimated hatching dates of adults oc- 
curred within the spawning period, and the other three 
hatching dates were reasonably close to the spawning 
period. 

Check marks appeared to be valid annuli based on 
number of daily growth increments for fish caught in 
February (Table 2). Sagittae with two check marks had 
approximately 730 increments (range 728-773, N,= 5), 
and those with three check marks had about 1095 in- 
crements (range 1037-1128, N =4). Check marks were 
also verified as annuli by a second but less precise 
method (Pannella 1971). Partial counts of 365 apparent 
daily growth increments appeared to coincide closely 
with the first pair of opaque and translucent zones of 
sagittae of age-1 and -2 fish. Partial counts of about 
730 apparent daily growth increments corresponded 
with the outer margin of the second translucent zone 
on sagittae of age-2 fish. 

Fish caught in summer appeared to have completed 
check marks on their sagittae. Sagittae from fish 
caught in July with two check marks had increment 
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Table 2 
Age estimates of pelagic annorhead Pscudopnttu.xros whselen by counting apparent daily growth incrementa (GI) on sagittae. 

Fork length Mean GI Estimated No. 
Date captured (mm) Sex count SD hatching date check marks Body type 

29 Oct. 1976 277' M 623 25.63 8 Feb. 1975 2 
18 June 1983 340 F 902 13.04 29 Dee. 1980 3 Fat 
12 July 1984 300 F 576 24.03 13 Dec. 1982 2 Lean 
12 July 1984 322 F 621 21.67 30 Oct. 1982 2 Intermediate 
13 July 1984 305 M 549 43.83 10 Jan. 1983 2 Intermediate 
13 July 1984 308 F 937 58.00 18 Dec. 1981 3 L a  
24 July 1984 309 M 907 94.29 28 Jan. 1982 3 Fat  
24 July 1984 310 M 544 37.28 26 Jan. 1983 2 Fat  
24 July 1984 322 M 923 92.46 13 Jan. 1982 3 Fat  
24 July 1984 329 F 605 37.94 26 Nov. 1982 2 Fat 
25 July 1984 307 F 586 37.16 16 Dee. 1983 2 Intermediate 
25 July 1984 319 F 914 39.99 22 Jan. 1982 3 Intermediate 
29 July 1984 303 M 853 51.39 28 Mar. 1982 3 Intermediate 
16 Feb. 1985 282 M 728 46.10 18 Feb. 1983 2 Lean 
16 Feb. 1985 290 M 1037 26.80 15 Apr. I982 3 Lean 
16 Feb. 1985 293 M 762 50.96 15 Jan. 1983 2 Fat 
16 Feb. 1985 304 F 758 40.53 19 Jan. 1983 2 Lean 
16 Feb. 1985 311 F 761 45.73 16 Jan. 1983 2 Lean 
16 Feb. 1985 317 M 773 27.29 4 Jan. 1983 2 Lean 
16 Feb. 1985 319 F 1128 79.66 14 Jan. 1982 3 Lean 
16 Feb. 1985 320 F 1101 84.65 10 Feb. 1982 3 Lean 
23 Feb. 1985 355 F 1065 51.32 25 Mar. 1982 3 Fat 
25 Jnty.1984 3 e  M 951 69.04 16 Dec. 1981 3 Fat 
25 July 1984 308 - 599 35.83 3 Dee. 1982 2 Fat 
25 July 1984 314 F 580 52.73 22 Dec. 1982 2 Fat 

'Estimated from standard length. 
Maru. lat. 45'26", long. 154'58'W. 

'Oskoru Maru. lat. 45'26", long. 155"WW. 
dConad undeveloped. 
'Oskoru Maru. lat. 45'26". long. 155OWW. 

- 

d 

' 

Table 3 
Age estimates of postlarval Psedopentaceros wkeelen. determined by counts of apparent daily 
growth increments (GI) on saaittae. 

Fork length 
(mm) 

12.1 
12.1 
13.4 
13.6 
13.6 
15.9 
15.9 
18.2 

Capture date 

24 Feb. 1985 
24 Feb. 1985 
24 Feb. 1985 
23 Feb. 1985 
24 Feb. 1985 
23 Feb. 1985 
23 Feb. 1985 
23 Feb. 1985 

Mean GI 
count SD 

Estimated 
hatching date 

36.5 
34.7 
39.6 
42.1 
41.9 
41.9 
48.0 
57.7 

1.72 
1.89 
2.41 
2.02 
2.64 
2.28 
5.16 
5.93 

19 Jan. 1985 
20 Jan. 1985 
15 Jan. 1985 
12 Jan. 1985 
12 Jan. 1985 
12 Jan. 1985 
6 Jan. 1985 
27 Dec. 1984 

counts (544-621) roughly equivalent to 1.5 years, and 
those with three check marks had increment counts 
(853-937) roughly equivalent to 2.5 years (Table 2). In 
July, sagittae of age-1 and -2 fish appeared to have two 
and three translucent zones, respectively. The outer 
translucent zone probably was due to thinness at the 
edge of the sagittae. Another possibility is that the 

opaque zone formed over a short period (<2 months) 
and formed internally in the translucent zone so that 
the outer edge was opaque for only a brief period. This 
has also been observed for Ammodytes tobianus (Reay 
1972). Regardless, the result would be an overestima- 
tion of age for part of the year if fish were sampled 
prior to the spawning season. 
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Table 4 
Mean fork lengths (FL) of pelagic armorhead Pseudupentacrros w k l e r i  age p u p s  at the Southeast Haneock Seamount. 

Male FL (mm) Female FL (mm) 

Sample date Age Range Mean SD N Range Mean SD N 

Aug.-Oct. 1981 1.5 267-320 294 14.07 37 285-325 307 9.54 68 
2.5 304-304 304 2 283-329 310 14.08 8 

July 1984 1.5 247-330 301 15.57 37 295-331 308 8.22 39 
2.5 285-326 307 13.96 13 290-342 315 10.89 27 

Flgure 2 
Length-frequency distnbution of Pseudqmtaceros w h e e h  sampled 
at the Hancock Seamounts. 1 August-15 October 1981. 

We could not determine when the opaque zone formed 
because specimens were not obtainable throughout the 
year and the edge always appeared translucent:' 

Pelagic armorhead from the summer trawl fishery 
at the Southeast Hancock Seamount consisted of fish 
approximately ages 1.5 and 2.5, and yearlings were 
dominant in both 1981 (96%) and 1984 (66%) (Table 4). 
Yearling females appeared to be larger than males in 
both 1981 and 1984 samples (Figs. 2 and 3; Table 4). 
Differences between male and female mean lengths 
were significant in 1981 (P<O.OOl) and in 1984 
(P = 0.025), but difference in mean lengths for year-2 
females and males in 1984 was not significant 
(P = 0.107). The latter could have been due to small 
sample size; hence, larger samples should be examined 
before requiring separate growth curves for males and 
females. Our samples were not perfectly suited for 
group comparison because sex and age were unknown 

Figure 3 
Length-frequency distnbution of Pseudopentaceros wheelen sampled 
at the Southeast Hancock Seamount. 24 July 1984. 

when the random samples were taken. Thus, unequal 
group size and unequal variances occurred. Due to our 
small sample size, slight skewness and kurtosis were 
encountered in comparing central tendencies of some 
age-sex groups. However, only the unequal variance 
between groups was serious enough to have affected 
the analyses. 

Pelagic armorhead may attain sexual maturity before 
they reach the seamount. We base this on the age- 
length relationships of the three oceanic specimens 
(Table 2). After pelagic armorhead settle on the sea- 
mount, it appears that little growth occurs. Length- 
frequency distribution reported by other investigators 
(Sasaki 1986, Wetherall and Yong 1986) tends to con- 
firm this observation. The lack of older (>age 3) indi- 
viduals on the seamounts suggests that pelagic armor- 
head may spawn only one or two seasons and then die. 
Indeed. the presence of emaciated individuals suggests 
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some postspawning mortality (Humphreys et  al. 1984, 
Humphreys and Tagami 1986). Conversely, the exis- 
tence of larger and older specimens in the north- 
western Hawaiian Islands would suggest that longer 
life is possible and different life histories occur in dif- 
ferent environments. Of the sagittae from large pelagic 
armorhead examined for comparison purposes, fish 
43-48 cm FL (N = 3) had four check marks, fish 48-54 
cm FL (N = 2) had five check marks, and the largest 
fish, 54.7 cm FL, had eight-plus check marks (Fig. 1). 
Although the relationship of these large pelagic ar- 
morhead to those on the seamounts is unknown, it is 
plausible that during the pelagic stage juveniles were 
displaced to the east, entered the subtropical gyre, and 
grew larger while spending 1-3 years longer in the 
open ocean before settling in the northern Hawaiian 
Ridge seamounts, southeast of the SE-NHR sea- 
mounts (Boehlert and Sasaki 1988). 
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