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ABSTRACT

Predictive and functional length-weight and standard
length-fork (or total) length relationships were cal-
culated from lengths and weights of eight major deep-
Sea species caught by handline in the Northwestern
Hawaiian Islands (NWHI). Data collected on RV Townsend
Cromwell cruises from August 1978 to September 1981
were grouped by sex, cruise, and location of capture.
Differences in slopes of regression lines between
sexes, tested by ANCOVA for six species, were not
significant. There were, however, significant differ-
ences among cruises for Epinephelus guernus and

isti i filamentosus, the two most important
species in the handline fishery. Among locations,
differences in slopes were also not significant except
for E. guernus. Pooling of data to calculate a single
relationship representative of the whole population for
each species, regardless of sex, cruise, or location of
capture appeared justified. In this paper, length-
weight relationships are given for eight major deepsea
species caught by handline in the NWHI. These data
represent conversion factors that should prove to be
useful in the development of fishery management plans
for the Hawaiian handline fishery.

bottomfish

length-weight
standard length-fork length
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INTRODUCTION

A deepsea handline fishery has been in existence in the
Northwestern Hawaiian Islands since the mid-1940s. In 1976, the
Magnuson Fishery Conservation and Management Act was enacted to
extend U.S. jurisdiction over fishery resources out to 200
nautical miles from shoreline, and a management plan for the
handline fishery resource in Hawaii was undertaken by the Western
Pacific Regional Fishery Management Council. Between October
1976 and September 1981, the National Marine Fisheries Service
(NMFS) conducted a series of resource survey and assessment
cruises on the RV Townsend Cromwell and occasionally on a char-
tered commercial fishing vessel to collect data.

The catch of the deepsea handline fishery consisted primar-
ily of eight species: greater amberjack, Seriola dumerili, pig
ulua, Pseudocaranx dentex (= Caranx cheilio) (W.F. Smith-Vaniz,
The Academy of Natural Sciences, 198l: personal communication),
opakapaka, Pristipomoides filamentosus (= P. microlepis) (revised
by Kami, 1973), kalekale, P. sieboldii, gindai, P. zonatus
(= Rooseveltia brighami) (W.D. Anderson, College of Charleston,
1981: personal communication), ehu or ulaula, Etelis carbunculus
(= E. marshi) (revised by Anderson, 1981), onaga, E. coruscans
(= E. carbunculus) (revised by Anderson, 1981), and hapuupuu,
Epinephelus gquernus. These fishes were caught at the edge of
banks between depths of 73 and 274 m.

There is no published life history information on any of
these fishes from the NWHI and very little from elsewhere in the
world. This report provides length-weight and standard length-
fork length relationships of the eight major fish species caught
on handline gear in the NWHI.

MATERIALS AND METBODS

Fork length (FL) or total length, standard length, weight,
and sex were recorded for all fishes (Osteichthyes) caught at
deepsea handline stations on the Townsend Cromwell survey cruises
78-03, 78-04, 79-02, 80-02, 80-03, 80-04, 80-05, 81-01, 81-02,
81-03, and 81-04 to the NWHI. Fork, total, and standard lengths
were measured to the nearest millimeter with 1l-m fish calipers
according to Ricker (1980). Since the hapuupuu has a rounded
tail, its total length was measured. The other fishes have
forked tails. Although only fork length is mentioned in the
balance of this manuscript, total length was used in place of
fork length for hapuupuu. Weights were taken on a Maco (model
25) platform beam scale to the nearest 10 g. Prior to August
1978, weights were taken by spring scales and considered less
accurate; these were not used in this study. Sex was determined
by examining the gonads.

The length-weight data were examined for possible differ-

ences or changes due to sexual dimorphism, time of year (cruise),
and area of capture (banks). For each species, the length-weight
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data were grouped by sex, cruise, and area of capture, and the
slopes of the length~weight relationships for these groupings
were compared by an analysis of covariance (ANCOVA) to test for
equality of slopes among groups. When the group size was very
small, <3, the data were not used. Computer program PlV from
BMDP Statistical Software (Dixon, 1981) was used to perform the
analyses. The decision to pool all data of the same species was
made partially on the results of these tests. The relationship
of weight to length is described by a power function of the form

W= aLb
where
W = weight in kilograms
a = a constant (the Y-intercept)
L = fork length in millimeters
b = a constant (the regression coefficient or slope)

To fit a least square regression to the linear form of the
length-weight power function, common log transformation of
lengths and weights was required.

The predictive length-weight and standard length-fork length
relationships were calculated by the BMDP computer program P6D
(Dixon, 1981). The parameters for the functional length-weight,
and standard length-fork length regression were calculated using
the slopes of the predictive regression equations (Ricker, 1973).

RESULTS

Results of the ANCOVA comparing slopes and a tabulation of
slopes for individual groups of six species of fish are listed by
sex in Table 1, seven species by cruise in Table 2, and seven
species by bank in Table 3. On the basis of these tests, all
data were pooled for each species, so that single length-weight
relationships would be representative of the whole NWHI popu-
lation.

Parameters for the predictive and geometric mean (GM) func-
tional length-weight regressions, sample size, correlation
coefficients, and range of fork lengths for each species are
tabulated in Table 4. Parameters for the predictive and GM func-
tional standard length-fork length regressions are tabulated in
Table 5. Functional length-weight curves for the eight deepsea
fishes are illustrated in Figures 1 through 8,
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TABLE 4. LENGTH-WEIGHT RELATIONSHIPS OF FISHES COMMONLY CAUGHT

IN THE DEEPSEA BANDLINE FISHERY IN THE NORTHWESTERN
HAWAIIAN ISLANDS

Fork Length

. Y-axis Regression Correlation
Species Equation*  rntercept Coefficient N Coefficient Max. Min.
(mm) (mm)
Serjola
dumerili 1 2.6069 0.3349 181 0.985 1,138 499
2 -7.5280 2.8971
3 2.6026 0.3400
4 ~7.6551 2.9412
Pseudocaranx
dentex 1 2.5860 0.3283 267 0.987 890 333
2 -7.6624 2.9694
3 2.5832 0.3325
4 -7.7686 3.0074
filamentosus 1 2.5852 0.3455 471 0.995 779 234
2 -7.4085 2.8670
3 2,5846 0.3471
4 -7.4453 2.8806
C o id
Bieboldii 1 2.5741 0.2758 128 0.929 435 245
2 -8.0845 3.1327
3 2.5772 0.2967
4 -8.6857 3.3702
cos id
zonatug 1 2.5580 0.3026 86 0.965 489 263
2 -7.8524 3.0751
3 2.5559 0.3137
4 ~8.1477 3.1878
Etelis
carbunculus 1 2.5864 0.3192 754 0.981 635 260
2 -7.7930 3.0163
3 2.5850 0.3253
4 ~7.9464 3.0740
Etelis
coruscans 1 2.5993 0.3376 44 0.979 880 480
2 -7.3542 2.8399
3 2.5945 0.3448
4 -7.5248 2.9003
Epinephelus
querpus 1 2.5912 0.3187 547 0.989 1,106 238
2 -7.9342 3.0683
3 2,5886 0.3223
4 -8.0318 3.1028
*Predictive equation 1: log X = log a + b log Y
Predictive equation 2: log Y = log c + d log X
Functional equation 3: log X = log u + v log Y
Functional equation 4: log Y = log w + x log X

where X = fork length (mm)
Y = weight (kg)
Y-intercept: a, ¢, u,
regression coefficient:

“Total length

W
b, 4,

Ve
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Seriola dumerili
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Figure 1. Functional length-weight relation-
ship of the greater amberjack from
the Northwestern Hawaiian Islands
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Figure 2. Functional length-weight relation-

ship of pig ulua from the North-
western Hawaiian Islands
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Prigtipomoides filamentosus
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Figure 3. Functional length-weight relation-
ship of opakapaka from the North-
western Hawaiian Islands
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ship of kalekale from the North-
western Hawaiian Islands

220




WEIGHT {kg)

Pristipomoides zonatus

| . L ; ! !

25 30 35 40 45 50
FORK LENGTH (cm}

Figure 5. Functional length-weight réiation—
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DISCUSSION

The slopes of length-weight regressions were compared among
groups by ANCOVA to test for equality of slopes in the data.
There were no significant differences between the slopes of male
and female groups for any species (Table 1). Sex comparison for
hapuupuu was not conducted due to the small sample size for
males. No significant differences occurred in the comparison of
slopes among cruises except for opakapaka and hapuupuu (Table 2).
Large opakapaka caught on cruises 78-03 and 80-03 and small
opakapaka caught on cruise 81-03 appeared to have been respon-
sible for the significant difference. The slope of the length-
weight regression of opakapaka of cruise 78-03 was lower than the
rest of the cruises and the slopes for cruises 80-03 and 81-03
were higher than the other cruises. Likewise, large hapuupuu
caught on cruise 80-03 appeared to be responsible for the signif-
icant difference among cruises. These cruises occurred during
different months of the year, so the nonsignificance may also
have implied that there were no significant seasonal differences
in their length-weight relations. No significant differences
were found in the comparison of slopes among banks for all
species except hapuupuu (Table 3). Hapuupuu has a stout body
compared with the more elongated body type of the snappers and
greater amberjack or the laterally compressed body of pig ulua,
and its length-weight relations may reflect changes in size
structure in its population more than the other bottomfishes.

Forster et al. (1970) estimated the length-weight rela-
tionship of ehu from the western Indian Ocean, They found that
females grew larger than males, calculated the length-weight
relationship separately for males and females, and provided
95 percent confidence limits of the exponent of L (length).
Although most of the Indian Ocean specimens were larger than
Hawaiian forms (largest: 111 cm in the Indian Ocean, 63 c¢m in
the NWHI), the estimates of the exponent of L for the two areas
agreed well for males (3.07) and were well within the confidence
limits (P = 0.05) of the exponent of L for females. Female fish
in Hawaii also grew slightly larger, but the difference was not
statistically significant.

Ralston (1981) calculated the length-weight relationship of
opakapaka from the NWHI, from data collected on a commercial
fishing vessel using a spring scale to weigh the fish. The
parameters could not be directly compared, so curves derived from
the parameters were compared and found to be only slightly dif-
ferent., Weights estimated for lengths <70 cm PL were slightly
larger by Ralston's parameters,

Burch (1979) calculated the length-weight relationship of
the greatest amberjack caught by sport fishing boats at Miami,
Florida. Hawaii data could not be compared directly because
different units of measurements were used, so curves derived
from the parameters were compared and found to be slightly dif-
ferent. Weights estimated by Burch's formula tended to be lower
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than Hawaiian estimates, with the difference increasing as length
increased. The weight difference estimated for a 130-cm FL fish
by the two formulae was about 2.5 kg. The differerce in length-
weight relationships may have been due to unequal fish sizes in
the two studies. The catch in the NWHI consisted mostly of fish
under 100-cm FL, whereas the catch in Florida consisted primarily
of fish greater than 100-cm FL. Other possible reasons for the
difference in length-weight relationships may have been real
morphometric differences between populations in different geo-
graphical areas or unequal dehydration due to sampling methods,
Burch weighed his samples at the dock after a day's fishing trip,
whereas Hawaiian samples were weighed within 2 hours after being
caught.

SUMMARY

Length-weight data for each species except onaga were sepa-
rated into groups by sex, cruise, and area of capture. The slope
of length-weight relationship of a group was compared with others
within their grouping by ANCOVA to test for heterogeneity in the
data. Results of the tests appeared to justify the pooling of
all data for each species.

Parameters of both the functional and predictive equations
of length-weight relationship and standard length-fork length
relationship were calculated for greater amberjack, pig ulua,
opakapaka, kalekale, gindai, ehu, and onaga. For hapuupuu, the
parameters for standard length-total length and length-weight
relationships were calculated. 1In this paper, length-weight
relationships are given for eight major deepsea species caught by
handline in the NWHI. These data represent conversion factors
that should prove to be useful in the development of fishery man-
agement plans for the Hawaiian handline fishery.
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