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Introduction 

Commercial exploitation of deep
water snappers in Hawaii began before 
the turn of the century (Cobb, 1903), 
and except for a hiatus during World 
War II, has continued to the present. 
The fishery operates throughout the 
Hawaiian archipelago, but the inhab
ited Main Hawaiian Islands (MHI) ex
perience the highest explo~tation. by 
both commercial and recreatIOnal fIsh
ermen. The uninhabited islands and 
atolls northwest of Niihau, called the 
Northwestern Hawaiian Islands 
(NWHI) (Fig. 1), are fished mainly by 
commercial fishermen. 

The deepwater handline fishery tar
gets a multispecies group of f~sh~s con
sisting of snappers (LutJamdae), 
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ABSTRACT - Commercial and recre
ational deepwater (100-400 m) bottom
fishing in Hawaii targets a multlspeCies 
group oflutjanid snapp,ers. RelatIvely ltttle 
is known about the life hIstory of these 
species. Research in Hawaii and elsewhere 
in the tropical Pacific suggests that most 
ofthe species are slow growing, long lived, 
and have a relatively high age at sexual 
maturity. Stock assessment is difficult be
cause of the multispecies nature of the 
fishery. However, re~en~ analysis of com
mercial fishery data mdlcates that som,e of 
the species may currently be ov~rexplOlted. 

Research is underway to determme the effi
cacy ofmanagement measures such as mini
mum-size limit changes or seasonal and 
spatial fishery closures to maintain optimal 
spawning biomass. 

groupers (Serranidae), and jacks 
(Carangidae). However, s~appers .are 
the most important group 10 the fIsh
ery, both by numbers and revenue. J 

Most of the commercially important 
species have a relatively high age at 
maturity, long life span, and slow 
growth rate. These fa~to~s, c?mbined 
with considerable varIatIOn 10 larval 
recruitment, make these fishes highly 
susceptible to overfishing. Recent evi
dence suggests that some of the spe
cies may be overfished, and several 
others are approaching a level of con
cern l ,2 (Ralston and Polovina, 1982; 
Ralston, 1984). 

Historically, minimum size limits 
have been the only measure used to 
manage both the MHI and NWHI 
stocks. Since 1989, the NWHI have 
been managed on a limited entry sys
tem. Minimum size limits remain the 
only management tool currently in ef
fect in the MHI. Several management 
measures are being evaluated to main
tain adequate spawning stock biomass 
in the future. These include changing 
minimum size limits, creating closed 
refuge areas, and imposing bag limits 
and closed fishing seasons. 

This report presents a summary of 
available information regarding the bi
ology, fishery, and management of 
these valuable species. 

I(WPRFMC) Western Pacific Regional Fishery 
Management Council. 1991. Annual bottomflsh 
and seamount groundfish report, 85 p. 
2S Ralston and K. E. Kawamoto. 1985. A pre
li~inary analysis of the 1984 size structure of 
Hawaii's commercial opakapaka landings and 
a consideration of age at entry and yield per 
recruit. U. S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv., Southwest Fish. Cent., Admin. Rep. 
H-85-1, 9 p. 

Species and Distribution 

The commercially important deep
water snapper complex in Hawaii is 
composed of seven species of the 
lutjanid subfamily Etelinae: Pristipo
moides filamentosus (opakapaka), P. 
seiboldii (kalekale), P. zona/us 
(gindai), Etelis carbunculus (ehu), E. 
coruscans (onaga), Aprion virescens 
(uku), and Aphareus rutilans (le~i). 

Some commercial landings of an In

troduced snapper, Lutjanus kasmira 
(taape), are also made, but this species 
usually occurs in shallower water ~han 

the other species. The commerCIally 
important deepwater lutjanids inhabit 
the deep slopes of island coasts and 
banks at depths of 100 to 400 m. These 
banks and deep slopes comprise an area 
over 6 times that of shallow water reefs 
in the state. Biological production in 
these deepwater areas is thought to be 
quite different from shallow-water 
coral reef areas (Agegian et aI., 1988). 

Throughout their spatial and depth 
range, deepwater snappers in Hawaii 
are typically distributed in a clumped 
pattern, and are often associated ~ith 

underwater headlands and areas of hIgh 
relief. Four of the deepwater snapper 
species found in Hawaii were observed 
in situ from manned submerSIbles and 
an unmanned remotely operated ve
hicle (ROY) and were found to form 
large aggregations of up to 100 in?i
viduals near submerged promontones 
and areas of high relief (Brock and 
Chamberlain, 1968; Ralston et aI., 
1986; Haight, 1989). This clumped dis
tribution pattern is also apparent when 
fishing from the surface. 

A contributing factor in the distribu
tion pattern of these fish may be that 
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currents striking deepwater areas of 
high relief form localized zones of tur
bulent vertical water movement, in
creasing the availability of planktonic 
prey items (e.g. Brock and Chamber
lain, 1968). In an ecological study of 
the bottomfish resources of Johnston 
Atoll, Ralston et al. (1986) found P. 
filamentosus in much higher densities 
on the upcurrent versus the down
current side of the atoll, and postulated 
that this was related to increased avail
ability of allochthonous planktonic prey 
in the neritic upcurrent areas due to 
oceanic currents impacting the atoll. 
Although snappers throughout the 
world are generally thought of as top 
level carnivores, several snapper spe
cies in the Pacific are known to incor
porate significant amounts of zooplank
ton, often gelatinous urochordates, in 
their diets (Parrish, 1987). Haight et 
al. (1993) found zooplankton to be an 
important prey item in four of the com
mercially important snappers in Ha
waii. The same study found that the 
six snapper species studied were either 
primarily zooplanktivorous or prima-

Figure I. - The Hawaiian Archipelago 

rily piscivorous and showed little over
lap in diet composition between trophic 
guilds. 

Reproduction 

Relatively little is known about the 
reproduction and early life history of 
deepwater snappers in Hawaii. Size at 
maturity has been estimated for only 
two species in the MHI and two spe
cies in the NWHI. In the MHI, uku 
reaches sexual maturity at 47 cm fork 
length (FL), which is 46% of maxi
mum size (Loo). Onaga reaches sexual 
maturity at 61 cm FL (62% Loo) 
(Everson et aI., 1989). In the NWHI, 
ehu reaches maturity at about 30 cm 
FL (46% Loo) and opakapaka reaches 
maturity at around 43 cm FL (48% 
Loo) (Everson, 1984; Kikkawa, 1984; 
Grimes, 1987). 

There is a record of one anecdotal 
observation on the spawning behavior 
of opakapaka in Hawaii. A NWHI com
mercial fisherman using a chromoscope 
depth sounder observed an opakapaka 
aggregation at about 150 m become 
very dense during the mid-morning 

hours. Catch rates decreased at this 
time, and egg masses were observed 
adhering to the fishing gear. By mid
afternoon the school became less com
pacted and catch rates increased. 
Opakapaka caught during this time 
were in spawning condition, some fe
males released eggs and males released 
milt. Free-floating eggs were noted 
covering a large surface area around 
the vessel. The observations were made 
in mid-April. 3 

Gonadal studies on four of the spe
cies in Hawaii indicate that spawning 
may occur serially over a protracted 
period but is at a maximum during the 
summer months, and peaks from July 
to September (Everson et aI., 1989; 
Uchida and Uchiyama, 1986). Esti
mated annual fecundity is 0.5 to 1.5 
million eggs. The eggs are relatively 
small (0.7 to 0.8 mm) and are released 
into the water column. 

3(WPRFMC) Western Pacific Regional Fishery 
Management Council. 1988, 1986 annual re
port of the fishery management plan for the 
bottomfish and seamount groundfish fisheries 
of the western Pacific region, 150 p. 
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Larval and Juvenile Stages 

Newly hatched larvae of lutjanids in 
general are typical of those from fish 
with small pelagic eggs; the larvae have 
a large yolk sac, unpigmented eyes, 
and no mouth. The yolk sac typically 
lasts 3-4 days, after which the mouth 
is fully formed and the eyes become 
pigmented (Leis, 1987). The larval 
stages of snappers in Hawaii are poorly 
studied, perhaps because of their rarity 
in plankton samples. In a 16-month 
survey of the larval fishes near Oahu, 
snappers of the subfamily Etelinae were 
taken exclusively in the late summer 
and fall, and occurred in very low num
bers, making up less than 0.5% of the 
5,200 fish larvae identified (Clarke, 
1991). Snapper larvae are thought to 
be planktonic and subject to advection 
by ocean current systems until benthic 
habitat suitable for metamorphosis is 
encountered (Munro, 1987). The dura
tion of the pelagic phase is thought to 
be at least 25 days (Leis, 1987). 

Little information currently exists on 
larval development, settlement, or early 
juvenile life history of deepwater snap
pers in Hawaii. Despite considerable 
research effort directed toward snap
per productive processes in Hawaii, 
little is known about the ecology of 
juveniles from time of settlement to 
their appearance in the adult fishery. 
Age at entry to the fishery for the prin
cipal species is thought to be 2 to 3 
years after settlement.4 In a three-year 
study of fish settlement on artificial 
reefs adjacent to adult snapper habitat 
in Hawaii, no recruitment of juvenile 
snappers to the reefs was observed, 
although adults aggregated at times 
around the reef structures (Moffitt et 
aI., 1989). 

Occasional reports of recreational 
fishermen taking juvenile opakapaka 
while fishing in depths less than 100 m 
prompted exploratory research fishing 
to be conducted in these nearshore ar
eas. Results from a 13-month inten
sive fishing program off Kaneohe Bay, 
Oahu, Hawaii indicated juvenile 

4S. Ralston and K. E. Kawamoto. 1987. An 
assessment and description of the status of bot
tom fish stocks in Hawaii. U. S. Dep. Commer., 
NOAA, Natl. Mar. Fish. Serv., Southwest Fish. 
Cent. Admin. Rep. H-87-7, SS p. 

opakapaka first appear in the relatively 
shallow (60-100 m) nearshore areas at 
about 10 months of age (7-10 cm FL) 
during the fall and early winter months. 
The young opakapaka remain in this 
habitat for the next 7 months until they 
reach 18-24 cm FL,5 In situ scuba ob
servations of the juvenile habitat found 
it to be a relatively flat, soft sediment 
substrate devoid of relief (Parrish, 
1989). Recent trawl surveys suggest 
juvenile opakapaka are fairly wide
spread throughout the MHI in similar 
habitat and depths. 6 

Age, Growth, and Mortality 

Tropical snappers in general are slow 
growing, long lived, and have low rates 
of natural mortality. Maximum ages 
exceed 10 years, and von Bertalanffy 
growth coefficients (K) are usually in 
the range of 0.10 to 0.25 per year 
(Manooch, 1987). Most aging studies 
of tropical snappers have depended on 
the enumeration of regularly formed 
marks on calcareous structures. The 
extended reproductive cycles and 
weakly expressed seasonality of growth 
in these fishes, however, confounds the 
accuracy of such studies. In Hawaii, 
Ralston and Miyamoto (1983) used 
daily growth increments deposited on 
the otoliths of immature P. filamentosus 
to determine its growth rate. Using in 
vivo tetracycline injection as a valida
tion technique, they concluded that 
daily otolith increments were depos
ited in fish up to 3 years old (sexually 
mature), however, aging offish greater 
than age 3 was difficult owing to epi
sodic otolith deposition in sexually 
mature fish. Based on the growth of 
immature fish, the estimated growth 
coefficient of opakapaka was 0.145 per 
year, and asymptotic upper boundary 
on growth (Loo) was 78 cm FL, which 
occurred at over 18 years of age. 

5R. B. Moffit and F. A. Parrish. In review. 
Temporal andspati.al utilization of habitat by 
JuvenIle HawaIIan pInk snapper, Pristipomoides 
filamentosus. 
6D. A. Ellis, E. E. Demartini, and R. B. Moffitt. 
1992. Bottom trawl catches of juvenile 
opaka(Jaka, Pristipomoides filamentosus (F. 
LutJanIdae), and associated fishes, Townsend 
Cromwell cruise TC-90-10, 1990. U. S. Dep. 
Commer., NOAA, Natl. Mar. Fish. Serv., South
west Fish. Sci. Cent. Admin. Rep. H-92-D3, 33 p. 

Ralston (1987), in a comprehensive 
review of published reports on snapper 
growth and natural mortality, deter
mined that for the 10 species studied, 
mortality and growth rates were highly 
correlated, with a mean M/K ratio of 
2.0. Thus, if a value of K is available 
for a given species, its natural mortal
ity rate can be estimated. Using an 
age-length probability matrix for 
opakapaka applied to length frequency 
samples, Ralston (1981) estimated the 
natural mortality rate for opakapaka in 
Hawaii to be 0.25, which when com
pared to the estimated K value for this 
species (0.145) is close to the value 
predicted by the M/K relationship de
rived for snappers in general. 

Fishery Synopsis 

Deepwater snapper in Hawaii have 
been commercially exploited since the 
early part of the century. In 1925, the 
Territorial Legislature, concerned with 
an increasing level of fishing pressure, 
imposed a one-pound minimum size 
limit for most of the deepwater snap
pers. By the 1930's, a fleet of vessels 
fished for bottomfish throughout the 
archipelago, with as many as five large 
(20 m) vessels venturing into the 
NWHI. After the hiatus imposed on 
the fishery by WWII, as many as nine 
vessels fished the NWHI. Landings 
peaked in the early 1950's at about 
500 t, and declined steadily through 
the mid-1970's (Fig. 2). In the mid
1950' s, poor fish prices and vessel 
losses reduced the number of fisher
men in the NWHI; by the 1960's only 
one vessel remained in operation in 
the NWHI (Hau, 1984). There was re
newed interest in the resources of the 
NWHI in the mid-1970's when state 
and federal agencies collaborated in a 
study focusing on the resources of this 
region. Bottomfish resources within 
this area were investigated during con
ducting an economic study of the fish
ery. The potential of the NWHI 
bottomfish resource prompted many 
new fishers to enter the fishery. 

During the late 1970's, the fleet ex
ploited banks closest to the MHI ports. 
As yields decreased, the fleet moved 
farther into the NWHI. A few vessels 
with extended fuel and hold capacity 
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Figure 2. - Annual commercial bottomfish landings for the 
entire Hawaiian Archipelago, 1948-1990. (State of Hawaii, 
Division of Aquatic Resources data) 

were fishing around Midway and Kure 
by 1988. The fishery expanded rapidly 
in the 1980's and landings peaked in 
1987 (Fig. 2). Increased fishing pres
sure and fluctuating exploitation rates 
in the NWHI prompted the Western 
Pacific Regional Fishery Management 
Council (WPRFMC) to impose a lim
ited access system for a large part of 
this area in 1989. Currently, effort in 
the portion of the NWHI west of 
Necker Island (Fig. I ) is limited to 6 
vessels. 

Fishing Gear 

The Hawaiian snapper fishery uti
lizes various modifications of tradi
tional Hawaiian handline gear. The gear 
consists of a main line with a 2--4 kg 
weight attached at the terminus. Sev
eral40-60 cm sidelines with circle hooks 
are attached above the weight at 1 m 
intervals. The basic design of the handline 
gear used in the fishery has remained 
essentially unchanged from gear used by 
early, indigenous Hawaiians. 

Commercial snapper fishermen in 
Hawaii mainly utilize vessels 10-20 m 
in length. The vessels are usually 
equipped with color video depth and 
fish echo sounders, satellite naviga
tion receivers, Single Side Band (SSB) 
and VHF radios, EPIRB' s, and hydrau
lic line-pulling equipment. 

Vessels venturing into the NWHI 
tend to be in the upper end of the size 
range, as distance from ports and lack 
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of rough-weather shelter keep many of 
the smaller vessels closer to their home 
ports. The MHI vessels, although 
smaller than those used in the NWHI, 
are similarly equipped. 

There are also many part-time rec
reational/commercial fishermen in the 
MHI. The boats involved in this fish
ery are smaller than the full-time com
mercial vessels and usually range from 
5 to 15 m in length. Most of the part
time fishermen have color video depth! 
fish sounders, CB radios, and electric 
line-pulling equipment. Many also 
have satellite navigation equipment. 

Since the late 1960's, the availabil
ity of improved navigational and fish
ing gear has greatly increased the 
fishing power of both commercial and 
recreational fishermen in Hawaii. It is 
now possible to return to a particular 
fishing spot with great accuracy in vari
ous weather conditions using electronic 
navigation equipment and to target 
single species using color video sound
ing equipment. In the past, triangula
tion from visible onshore landmarks 
was the most common method of relo
cating productive fishing grounds. This 
method can be very accurate, but de
pends on weather and other conditions 
beyond the control of the fisherman. 

Until recently, many fishermen tar
geted individual species of snappers, 
but this strategy is not commonly prac
ticed today. Most fishermen now di
versify fishing effort because of de

creased catch rates for some of the 
species. Targeting different species of 
snapper seasonally, or fishing for pe
lagic species when bottomfish are 
scarce, is now commonly practiced. 

Seasons and Markets 

The various snapper species are 
mainly caught during the months of 
November-February, with peak 
catches in December. Uku is an excep
tion in that it is heavily exploited dur
ing the summer months when it 
aggregates in shallow water to spawn. 
Some uku are landed incidentally in 
December owing to increased fishing 
pressure on opakapaka which occurs 
at the same depths as uku. 

A large portion of the MHI snapper 
landings is taken by recreational fish
ermen; therefore, the NWHI commer
cial fishery plays an important role in 
providing a consistent supply of fresh 
bottomfish to local markets. Generally 
the demand for fresh fish outstrips the 
supply. Snapper from various Pacific 
island nations are imported at times to 
supplement the supply of local fish. In 
the past these imports generally were 
of lower relative quality; however, in 
recent years the quality of these im
ports has improved dramatically. The 
price of these imported fish has also 
increased but is still lower than that of 
comparable local fish. The seasonal 
abundance of these imports can affect 
the price of the local bottomfish. How
ever, most imports occur during the 
local low season for bottomfishing, 
which contributes to a year-round con
sistent supply of fish. 

Most commercial fish in Hawaii are 
sold at wholesale fish auction houses. 
The demand for freshness and quality 
is high. Ex-vessel price can vary con
siderably depending on the quality of 
individual lots of fish. Snappers are 
generally separated into two catego
ries at the auction: 1) large fish for the 
restaurant fillet market and 2) smaller 
whole fish for local consumers. De
mand from local tourist-oriented res
taurants is the major factor in bottom
fish market economics. The local con
sumer market for smaller fish fluctuates 
to some extent, with peak demand occur
ring during traditional winter holidays. 
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Fishery Data Collection 

In Hawaii, fishermen who sell all or 
part of their catch must be commer
cially licensed and submit a monthly 
catch report. These data have been 
available from the State of Hawaii Di
vision of Aquatic resources (HDAR) 
since 1948. In the MHI, incomplete 
reporting, and the "under-the-table" 
selling of fish by recreational fisher
men confound the accuracy of the catch 
reporting system. In 1984 the 
WPRFMC initiated a monitoring pro
gram at the Honolulu fish auction to 
provide additional information on 
bottomfish landings in Hawaii. In 1986 
the NMFS assumed responsibility for 
the program. In 1990, the HDAR be
gan to share monitoring duties with 
the NMFS on a half-time basis. During 
the years 1984 through 1987, monitor
ing was conducted six days per week. 
This was reduced to five days per week 
in 1988, and three days per week in 
1992. Information collected includes 
name of vessel or fisherman, date of 
sale, general area fished, species of 
fish, number of fish and corresponding 
weight, price per pound, and buyer. 
Information is recorded on a data sheet, 
coded and keypunched for analysis. 
Until recently, the majority of snapper 
sold in Hawaii passed through the 
monitored site. However, beginning in 
1991, the majority of NWHI landings 
were not sold at the monitored site, 
which increased the difficulty in moni
toring total archipelago landings. 

An additional problem in obtaining 
total archipelago catch information is 
the large number of fish landed by rec
reational fishermen and not reported. 
The MHI recreational catch of snapper 
is impossible to accurately estimate. 
The large number of small trailerable 
boats currently registered in Hawaii 
gives an indication of the magnitude 
of the problem. Many of these "recre
ational" fishermen often sell their catch 
disregarding commercial fishing li
cense requirements. The ease of sell
ing privately to wholesalers, retail 
fishmarkets, restaurants, supermarkets, 
peddling, etc., without the proper li
censes or reporting, leads to serious 
underestimation of total state catches. 

Stock Status and
 
Population Dynamics
 

Several different stock assessment 
approaches have been applied to the 
Hawaiian deepwater snapper fishery. 
These will be reviewed in approximate 
order of methodological complexity, 
which is similar to their chronological 
order in time because of developments 
in stock assessment methods and/or 
availability of additional data. 

Simple catch per unit of fishing ef
fort (CPUE) of commercial fishermen 
or research vessel surveys is commonly 
used as an index of stock abundance. 
CPUE alone can only provide estimates 
of relative changes in abundance; but, 
when coupled with certain assumptions 
and cast in the proper mathematical 
framework, it is possible to obtain mea
sures of absolute abundance by estimat
ing a catchability parameter. Catchability 
can be estimated in several different 
ways, and one of the more common 
approaches is to use the catch data in a 
surplus production model which will 
also estimate other fishery statistics 
such as maximum sustainable yield. 
Ralston and Polovina (1982) used a 
Schaefer surplus production model in 
one of the earliest attempts to assess 
MHI deepwater snapper stocks. The 
parameters for this model were esti
mated from a linear regression of yearly 
CPUE on yearly effort over the time 
period 1959-1978 (HDAR data). 
Rather than fit individual models to 
each species, Ralston and Polovina 
found that an intermediate level of spe
cies aggregation (from the species pool 
of 8 deepwater snappers) resulted in 
significantly improved fits to the 
model. This was apparently due to both 
depth segregation by species and the 
multispecies nature of the fishery 
where, since fishing effort (in fisher
man-days) is not necessarily directed 
at a single species, single species 
CPUE, calculated by using the aggre
gate fishing effort, does not reflect that 
species abundance. Ralston and Polo
vina sought to aggregate species in the 
analysis to essentially mimic the ag
gregate nature of the fishing effort. This 
optimal level of species aggregation 
was objectively determined through 

cluster analysis of species weight com
position in HDAR daily commercial 
catch reports. The potentially complex 
effects of interaggregation interaction 
(i.e. predation, competition, and mutu
alism) were statistically examined and 
dismissed. Of the four MHI regions 
examined, statistically significant mod
els were consistently achieved only for 
the Maui-Lanai-Kahoolawe-Molokai 
(MLKM) region (Fig. 1), an area which 
accounts for over 50% of the statewide 
bottomfish landings. This provided an 
estimate of MSY per habitat area which 
was then used in conjunction with other 
habitat area estimates to extrapolate 
other regional and total MSY's in the 
MHI and NWHI. Ralston and Polovina 
concluded that the MHI aggregate 
bottomfishery was operating at or near 
MSY in 1978, and in more recent years 
both MHI and NWHI landings have 
consistently exceeded estimates of 

7MSy4. (Polovina, 1987), a situation 
difficult to interpret for purposes of 
stock assessment. The next level of 
stock assessment approaches for Ha
waiian deepwater snappers attempted 
to utilize information on age and growth 
and patterns of size/age at entry to the 
fishery on a species-specific level. 

Assessment of Hawaiian deepwater 
snappers in the 1980' s relied heavily 
on the Beverton and Holt (1957) ap
proach, also referred to as dynamic 
pool modelling. The normal method
ology is simply to use the equations 
presented by Beverton and Holt (1957), 
inserting where necessary the von 
Bertalanffy growth coefficient (K) or 
asymptotic length (Loo) parameters, 
values of total, natural, or fishing in
stantaneous mortality (2, M, or F), and 
ages at maturity or entry to the fishery 
(trn or t ). Since this complete set ofe
information is not available for many 
species of Hawaiian deepwater snap
pers, alternative methods must often 
be used to solve the yield equation. 

The first alternative method is to 
estimate independently as many pa
rameters as are within the limits of the 

7S. Ralston and K. E. Kawamoto. 1988. A bio
logical assessment of Hawaiian bottom fish 
stocks, 1984-87. U. S. Dep. Commer., NOAA, 
Natl. Mar. Fish. Serv., Southwest Fish. Cent. 
Admin. Rep. H-88-8, Honolulu, Hawaii, 60 p. 
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database, and then use empirical rela
tionships to estimate the remaining pa
rameters. Ralston and Kawamoto7 used 
this approach for five species of Ha
waiian bottomfish (including four spe
cies of deepwater snappers: ehu, onaga, 
opakapaka, and uku), starting with es
timates of Loo and the ratio ZJK from 
application of the Wetherall et al. 
(1987) method on catch length frequen
cies. These length frequencies were 
converted from Honolulu auction 
weight data by using the length-weight 
conversion parameters from Loubens 
(1980), Uchiyama et al. (1984), 
Brouard and Grandperrin (1984), and 
Ralston (1988). The empirical relation
ship presented in Manooch (1987) was 
used to estimate K from Loo, and the 
empirical relationship presented in 
Ralston (1987) was used to estimate M 
from K. The mortality parameters Z 
and F were deduced algebraically, 
where Z=(ZJK)K and F=Z-M. Ages at 
entry were estimated from the ascend
ing limbs of the weight frequency dis
tributions, by using the length-weight 
conversion parameters and Loo and K 
(assuming To=O). The estimates of Loo 
and K were further used to construct a 
length converted catch curve from the 
length frequency distributions (also 
assuming To=O), resulting in another 
estimate of Z. Ralston (1984) also esti
mated M from Loo, K, and water tem
perature using the empirical formula 
given in Pauly (1980). Generally, mul
tiple estimates of a parameter were av
eraged when they were in close 
agreement. Ralston and Kawamoto7 

concluded that NWHI stocks were 
healthy, but most MHI stocks were be
ing growth overfished by excessive har
vesting of juvenile fish. They 
recommended some form of manage
ment regulation to counteract this. 

The second alternative method is to 
modify the yield equation to a form 
which uses the ratios ZJK, MIK, or FIK 
rather than Z, M, F, or K since the 
former are readily calculable by using 
the Wetherall et al. method on weight
converted length frequency samples 
from a fished population (where ZJ 
K=MIK+FlK) and an unfished popula
tion (where ZJK=MIK). FlK can then 
be solved for by subtraction, FIK=ZJ 

55(2), 1993 

K-FIK. This was suggested by Polovina 
(1987) and implemented by Somerton 
and Kobayashi8 to calculate the spawn
ing potential ratio (SPR=ratio of cur
rent spawning stock biomass per recruit 
to the virgin spawning stock biomass 
per recruit) for two species of MHI 
deepwater snappers (ehu and opaka
paka). This analysis assumed that 
length frequencies of NWHI catch ap
proximated a virgin unfished condi
tion. Somerton and Kobayashi 8 

concluded that SPR values were in the 
20-30% range which borders on the 
20% value generally accepted as an 
indicator of recruitment overfishing 
(Beddington and Cooke9). 

Both of these ad hoc applications of 
Beverton-Holt probably suffer from 
biases because of the variety of ap
proximations and assumptions. One 
bias potentially affecting both ap
proaches is due to use of the Wetherall 
et al. method to estimate initial param
eters of the analyses. Somerton and 
Kobayashi (1991) used computer simu
lation to show that estimates of ZJK 
and Loo from the Wetherall et al. 
method can be either positively or nega
tively biased for many years while the 
population is adjusting to a change in 
fishing intensity or from a recruitment 
perturbation (however, bias due to re
cruitment seasonality per se can be neg
ligible [Ralston, 1990]). Even under 
equilibrium conditions there can be 
substantial bias due to error in estimat
ing the size at complete fishery selec
tion and growth variability (Somerton 
and Kobayashi, 1991; Issac, 1990). In 
their assessment of the 1988 bottomfish 
stock, Somerton et al. lo abandoned the 
Beverton-Holt approach because of 
uncertainties regarding this type of 

8D. A. Somerton and D. R. Kobayashi. 1990. A 
measure of overfishing and its application on 
Hawaiian bottomfishes. U. S. Dep. Commer., 
NOAA, Natl. Mar. Fish. Serv., Southwest Fish. 
Sci. Cent. Admin. Rep. H-90-10, 18 p. 
9J. R. Beddington and J. G. Cooke. 1983. The 
potential yield of fish stocks. FAO Fish. Tech. 
Pap. 242, 47 p. 
IOD. A. Somerton, B. S. Kikkawa, and A. R. 
Everson. 1989. Biological assessment of the 
Hawaii bottom fish stocks and the southeast 
Hancock Seamount armorhead stock, 1988. 
U. S. Dep. Commer., NOAA, Natl. Mar. Fish. 
Serv., Southwest Fish. Cent. Admin. Rep. H
89-6,34 p. 

bias; however, as mentioned previ
ously, Somerton and Kobayashi8 ap
plied the ZJK, MIK, FIK version of 
Beverton-Holt to estimate SPR for ehu, 
which does appear to be in equilib
rium, and for opakapaka, for which 
there are additional data on size at com
plete fishery selection. 

Ralston and his coworkers2 ,4,7 

(Ralston, 1981, 1984; Ralston and 
Miyamoto, 1983) have assembled an 
extensive database on the biology and 
fishery for opakapaka, which is by far 
the single best known species of Ha
waiian deepwater snapper. For this rea
son, assessment approaches for 
opakapaka require fewer assumptions 
and approximations, and often there 
are multiple estimates available for a 
desired parameter. Ralston (1984) and 
Ralston and Kawamoto2 applied yield
per-recruit analyses to opakapaka 
which made use of many independently 
estimated parameters. Von Bertalanffy 
parameters were obtained from a study 
of otolith microstructure (Ralston and 
Miyamoto, 1983), and Z and M were 
estimated from length converted catch 
curves from fished and unfished areas, 
and age at entry was estimated from 
the ascending limbs of catch weight 
frequency distributions, by using 
length-weight conversion and von 
Bertalanffy parameters. 

Somerton and Kobayashi8 developed 
a computationally simple dynamic es
timator of SPR that makes use of a 
time series of CPUE and catch size 
frequencies. Assuming that CPUE is 
an index of population size, changes in 
CPUE over time, coupled with the 
changes in the catch size composition, 
can be used to make estimates of SPR. 
Resorting to a similar strategy as that 
of Ralston and Polovina (1982), 
Somerton and Kobayashi8 aggregated 
species in the CPUE index and were 
able to calculate species-specific dy
namic SPR for five MHI bottomfish 
species (including four species of 
deepwater snappers: ehu, onaga, 
opakapaka, and uku) by utilizing spe
cies-specific catch size frequency dis
tributions and sizes at maturity. These 
dynamic SPR values were similar to 
the equilibrium SPR values, falling in 
the range of 20-40%. The earliest 
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(1948) CPUE data were considered vir
gin, but it is known that considerable 
bottomfishing may have been taking 
place at least as early as the 1930's 
(Polovina, 1987); and no attempt was 
made to correct for technological im
provement in fishing efficiency. 
Clearly, there is a need for some type 
of dynamic stock estimator which does 
not rely on CPUE. 

The logical alternatives are dynamic 
production modelling or age-structured 
models. The former approach is handi
capped by incomplete landings and ef
fort data, and the lack of a reliable 
CPUE. The latter approach may be 
more suitable, particularly since more 
age and growth data are available from 
ongoing otolith studies. Preliminary 
application of stock-synthesis, an age
structured model developed by Methot 
(1989,1990), to NWHI opakapaka has 
been favorable 11, and a synthesis-like 
equilibrium approach called IMMAGE 
(Somerton and Kobayashi, 1992) has 
been successfully used to estimate re
cruitment, fishing mortality, and the 
gear selection curve for MHI and 
NWHI opakapaka II. Currently, the 
1991 stocks are assessed with the 
CPUE-based dynamic SPR method. 

Management and Regulation 

Current fishing regulations for Ha
waiian deepwater snappers include 
commercial minimum size limits of 1 
pound for opakapaka, onaga and uku, 
and limited entry in the NWHI. There 
are no bag limits, closed seasons, or 
recreational minimum size limits for 
any deepwater snapper. 

Somerton and Kobayashi l2, 13 ex
plored the possible consequences of 
increasing the minimum size limit for 
opakapaka from 1 to 3 pounds or initi

110. Kobayashi, Natl. Mar. Fish. Servo South
west Fish. Sci. Cent. 2570 Dole Street Hono
lulu, Hawaii 96822, unpublished data. 
12D. A. Somerton, and D. R. Kobayashi. 1990. 
Some effects of increasing the minimum com
mercial size limit of opakapaka, Pristipomoides 
fiLamentosus. U. S. Dep. Commer., NOAA, Natl. 
Mar. Fish. Serv., Southwest Fish. Cent. Admin. 
Rep. H-90-3, 10 p. 
lJD. A. Somerton, and D. R. Kobayashi. 1990. 
Some effects of a seasonal fishing closure on 
opakapaka, Pristipomoides fiLamentosus. U. S. 
Dep. Commer., NOAA, Natl. Mar. Fish. Serv., 
Southwest Fish. Cent. Admin. Rep. H-9G-16, 9 p. 
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ating a 1-3 month seasonal closure of 
the fishery. Their results from com
puter simulation indicated that both 
management strategies could substan
tially benefit the fish population in 
terms of increasing the spawning stock 
biomass. The potential increases ranged 
from 15-300% after a time period of 
5-10 years, depending on the initial 
condition of the stock, Maximal ben
efits are attained if sublegal fishing 
mortality is minimal (i,e. small fish are 
avoided or released alive) in the case 
of a size limit increase, and if a sea
sonal closure effectively reduces the 
total annual fishing mortality (i.e. there 
is no compensatory increase in fishing 
effort during the open season). It is 
unlikely that the long-term equilibrium 
yield would increase; however, the 
population would be less vulnerable to 
recruitment overfishing and the asso
ciated catastrophic stock decline. The 
State of Hawaii is currently evaluating 
these and other management options 
(e.g. bag limits, areal closures) in re
sponse to concerns of deepwater snap
per overfishing, primarily in the MHI. 

Research Needs Pertaining to 
Management 

Details of the reproductive biology 
are minimally adequate for most of the 
primary Hawaiian deepwater snapper 
species. More age and growth studies 
are needed, particularly for the younger 
and smaller fish, with enough data to 
better define the magnitude of growth 
variability. Discrepancies in growth 
estimation due to methodological dif
ferences in aging (e.g. Morales-Nin and 
Ralston, 1990; Radtke, 1987; Smith 
and Kost1an, 1991) need to be ad
dressed and resolved, as this informa
tion forms the foundation for cohort! 
virtual population analysis, or stock 
synthesis assessment models. Move
ment patterns of adults and the extent 
of egg and larval dispersal need fur
ther study to clarify the identity of in
dividual stocks, which would help 
determine the temporal and spatial 
scale for effective management. 
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