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PREFACE

To fulfill a partial requirement to obtain my Master of Science degree in

Marine Resource Management from the College of Oceanography, Oregon State

University, I participated in an internship with the Western Pacific Regional

Fisheries Management Council (Council), Honolulu, Hawaii from June 1991 to

Sept. 1991. The Council was established by passage of the Magnuson Fishery

Conservation and Management Act in 1976. The act established eight quasi-federal

regional fisheries management councils which regulate fisheries in federal waters of

the United States Exclusive Economic Zone (F1 7., from 3 to 200 nautical miles

offshore). The Council is the policy-making organization which manages fisheries

in the EEZ around American Samoa, Guam, Hawaii, the Northern Mariana Islands

and other U.S. possessions in the Pacific (Fig 1).

The Council's primary objective is to manage fisheries resources at

sustainable levels by balancing domestic commercial and recreational fishing against

conservation efforts to protect the stocks. Currently, the Council has four Fisheries

Management Plans (FMPs) which manage Pelagic Species, Crustaceans, Bottomfish

and Precious Corals. FMPs are created and modified as needed to regulate domestic

and foreign fishing within the Council's jurisdiction. Regulations are enforced by

the National Marine Fisheries Service (NMFS) and the U.S. Coast Guard.

The pelagic management unit species (PMUS') covered by the Pelagic FMP

are listed below.

Common Name
	 Scientific Name

Indo-Pacific Blue Marlin
	 Makaira mazara

Black Marlin	 Makaira indica
Striped Marlin	 Tetrapturus audax

Effective January 1, 1992, the Council included, into their management responsibilities,
all tuna throughout their range in the tropical and subtropical central and western Pacific
Ocean



1.0) INTRODUCTION
The Pacific Blue Marlin stock supports both recreational and commercial

fisheries throughout their Pacific-wide distribution. The commercial component of

the fishery imposes a greater fishing mortality on the stock but the recreational

component may be more economically dependent on the continued health of the

fishery (Orbach 1989). The recreational or sport component of the blue marlin

fishery generates large incomes for tourist-based coastal communities. It was

estimated that the half dozen annual billfish tournaments held in Kailua Kona,

Hawaii generate several million dollars a year for the local community (Gaffney per.

comm. 1991). This high dependence on the blue marlin fishery by the sport

component suggests that any future billfish management in the U.S. may become

primarily an economic, social and political issue and the conservation issue may be

considered secondary (Orbach 1989).

Questions that must be addressed to help fisheries managers establish

appropriate management measures include, "what is the recreational value of a blue

marlin and what is the best use of the resource?" Society must determine if blue

marlin are worth more when saved for the recreational experience or harvested for

the use as food. Determining a first order value of a single fish, if harvested for

consumption, is dependent on the price the fish will bring at the market.

Establishing an accurate system to estimate the value of a blue marlin saved for the

sporting experience is highly complex. To calculate this, a dollar value must be

placed on abstract factors such as the aesthetic value of being out on the ocean, or

the value of having an opportunity to fight a large billfish. Samples and Schug

(1985) estimated charter patrons contributed $39.4 million to the Hawaii charter

fishing industry as a result of their demand for overall charter fishing experiences.

If the direct and indirect expenditures were included in the evaluation, charter

patrons contributed $52.4 million to the Hawaii economy. The blue marlin

contribution to these estimates are unknown. However, this same study also showed

blue marlin was the most desired species sought after by the charter patrons.
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1.1) Distribution

Blue Marlin, Makaira sp., is primarily an epi-pelagic oceanic species and is

found in surface waters where the depth is deeper than 900 meters (Nakamura

1985). For this reason, blue marlin are often found near coastal land masses where

high relief in bathemetry occurs in near-shore areas. Blue marlin are the most

tropical of all billfish species and are distributed throughout the tropical and

subtropical regions of the World's Oceans (Nakamura 1985). Based on sonar

tagging, the average depth while cruising is about 37 meters (range from 73 m to

surface) and the average speed is 1.6 knots (ranged from 0.6 to 4.4

knots)(Nakamura 1985).

Pacific blue marlin, Makaira mazara, are distributed throughout the central

equatorial Pacific region and are thought to consist of a single stock (Skillman

1989). The single stock hypothesis is based on the homogeneous distribution of

adult fish and larvae captured throughout the central equatorial Pacific (Suzuki

1989). The north to south range of the stock extends from approximately 25

degrees South to 35 degrees North in the eastern Pacific Ocean and 35 degrees

South to 45 degrees North in the western Pacific Ocean (Nakamura 1985)(FIG 2).

Based on samples of fecund adults, juveniles and larvae, the spawning grounds of

the Pacific-wide stock is thought to be concentrated in the western Pacific region

(FIG 2)(Shomura 1980, Suzuki 1989).

The blue marlin stock shows a seasonal north to south migration pattern

(Skillman 1989) which closely corresponds to the seasonal shift of the 24 degree

Celsius surface ocean isotherms (Nakamura 1985). During the winter months, the

population extends from the equatorial region pole-ward in the southern hemisphere.

During the northern summer the stock is concentrated from the equatorial region

north to about 45 degrees. Other research suggests the seasonal migrations may also

depend on the seasonal patterns of prey species, such as skipjack tuna (Hopper

1989). This hypothesis was suggested due to the high correlation observed between

presence of both blue marlin and skipjack tuna.
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Figure 2.	 Schematic presentation of distribution and spawning ground of
Pacific blue marlin. Dotted area represents distribution grounds
and horizontal lined area represents spawning grounds. From
Nakamura 1985.

These seasonal migrations bring greater numbers of blue marlin into

Hawaiian waters during the summer months, and this produces an increase in

commercial and recreational landings that generally peak during July and August.

1.2) Growth

The size frequency distribution of the blue marlin population caught on both

longline and recreational gear is basically bimodal when examined by sex (Hopper

1989). All studies show a strong sexual size dimorphism with females reaching

much larger sizes than males (FIG 3). Because females grow faster than males, the

peak numbers of males (150-200 lbs) and females (300-350 lbs.) probably represents

the same age group of 6-8 year old fish. Also noted was a much larger number of

males than females in the spawning region of the Pacific. The male to female ratio
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Figure 3. Blue Marlin Reproduction. The size frequency distribution shows
the sizes and sexes of 958 Pacific blue marlin examined from 21 Hawaiian
Billfish tournaments, August 1982-August 1987. From Hopper 1989.

has been observed as high as seven males to one female during the productive

summer months. Similar size frequency distributions with same peaks have been

reported for Hawaii Pacific blue marlin caught by the longline fishery during the

years 1960-62 and 1964-67 (Hopper 1989). The maximum length and weight of

adult members of this species are estimated to be over 450 lbs and over 9.5 feet for

males, and over 2000 lbs and over 16 feet for females (Nakamura 1985). The

current International Game Fish Association world record for this species is a 1376

pound female caught on 130 pound class line off Kona Hawaii (IGFA 1990).

Most estimates of growth are calculated through age estimates using hard

parts such as otolith and spine readings (Boggs 1989). The growth parameters for

blue marlin are difficult to estimate and need to be verified through further studies.

The stable tropical environment in which this species inhabits creates a lack of
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seasonal variation and promotes an even growth rate throughout the year, thus clear

seasonal growth rings are not well represented on the hard parts of this species.

Typical growth parameter estimates are shown in TABLE 1.

Table 1: Growth Parameter Estimates Based on Otolith Readings

SEX	 K	 Lo,

Male	 .285	 276 cm	 .106	 .53

Female	 .186	 505 cm	 -.161	 .21

1.3) Reproduction

Based on gonadal examinations of 958 Pacific Blue Marlin caught during 21

billfish tournaments held in Kailua Kona, Hawaii, the size at sexual maturity varied

greatly between males and females.lHopper (1989) suggest males attain sexual

maturity between 100 to 200 pounds and females between 200 to 350 pounds (FIG

3). Hopper also suggests that females have a greater variation in size at first sexual

maturity. The smallest animals sampled that were sexually mature was a 178 pound

female and a 68 pound male, while the largest immature animals sampled included a

448 pound female and a 104 pound male.

The reproductive season is thought to last 4 to 5 months during the summer

season (Hopper 1989). Blue marlin are thought to be multiple spawners, spawning

several times per season. However, an estimate of the number of spawns per season

remains unknown. This is based on gonadal examinations of sexually mature

females (Hopper 1989).

The fecundity of adult females is estimated to produce approximately 110,000

eggs/pound-spawn or 50,000 eggs/kilo-spawn (Hopper 1989). Based on the

examination of fecund females weighing 280 and 924 pounds, : the reproductive

5



potential was 31 5 million and 98 million eggs/spawn, respectively. Further studies

are needed to confirm these estimates.

2.0) FISHERY CHARACTERISTICS 
2.1) Pacific-wide Commercial Fishery

Blue marlin are harvested as incidental catch by the commercial longline fleet

while targeting various tuna and billfish species (swordfish) (Ueyanagi, et al 1989).

Blue marlin are taken primarily by tuna longline gear, but are also harvested as

bycatch in the purse seine, drift gillnet, handline and harpoon fisheries (Ueyanagi,

et.al 1989). Although blue marlin are generally considered bycatch, they are still

highly regarded in the Japanese market. It is eaten raw as "sashimi" or often baked,

broiled, fried and used in the manufacturing of ham and sausage (Ueyanagi, et.al

1989).

Ueyanagi et. al (1989) suggests the history of the fishery can be well

represented by the historical development of the high-seas Japanese tuna longline

fleet. This is true because the Japanese longline fleet has been the primary source

of commercial harvest of blue marlin throughout the fisheries range and history.

Therefore, the total catch and effort of the fishery is well represented by the

historical catch and effort data gathered by the Japanese Ministry of Fisheries

(Ueyanagi, et.al 1989).

The Japanese longline fishery started after World War II in the western

Pacific region during the early 1950s. The fleet quickly expanded eastward during

the 1960s and by 1965 the fleet was fishing the entire equatorial Pacific Ocean (FIG

4)(NOAA 1981). The Japanese harvest of blue marlin increased with the fleet's

expansion and peaked in the mid 1960s at about 31,000 metric tons (TABLE

2)(Suzuki 1989). The total catch of blue marlin by the Japanese and the newly

developed Taiwan and Korean fleets steadily declined until the late 1970s. This

decline in catch occurred while the total effort by these foreign fleets continued to

increase (FIG 5).
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Figure 4.	 Expansion of Japanese longline fishing in the Pacific Ocean.
From NOAA Technical Report 1981.

In the early 1970s, fishing effort by the Japanese longline fleet began to shift

away from surface yellowfm tuna longline gear and started to target deeper bigeye

tuna which required deeper set longline gear (Ueyanagi, et.al 1989). In 1970, the

longline landing consisted of 30% bigeye tuna and over 20% various billfish species.

By 1980, the bigeye landing increased to over 40% and the billfish landing was

reduced to about 13% (Ueyanagi, et.al 1989). Ueyanagi et.al (1989) suggest this

reduction in billfish landing was due to billfish species generally inhabiting surface

waters and the shift in fishing effort toward deeper bigeye tuna reduced the fishing

pressure on surface billfish. This reduction in fishing effort may account for the

slight increase in catch per unit effort (CPUE) during the early 1980s.

Based on the historic catch and effort data collected from the Japanese,

Taiwan and Korean longline fleets, the National Marine Fisheries Service (NMFS)

suggests the Pacific blue marlin stock appears to be overfished beyond maximum

sustainable yield (MSY)(FIG 6)(Shomura 1980). This assessment is based on a
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Table 2. From Suzuki 1989.

Catch (103 tons), fishing intensity (104 effective hooks/5° square)
and CPUE on the Pacific blue marlin stock, 1952-1985.

Year	 Catch	 Fishing Intensity	 CPUE x 10'
Japanese	 Total Japanese Long.	 Total Japanese Long.
Long. Fishery Fishery Fishery

1 952 15 .4
53 17.2 17.3 20.8 20.9 8.27
54 10.2 10.5 19.4 20.0 5.26
55 23.6 24.2 33.0 33.9 7.15
56 18.1 18.8 26.3 27.2 6.88
57 22.9 23.5 37.6 38.5 6.09
58 21.6 22.1 43.5 44.4 4.97
59 19.8 20.3 45.2 46.3 4.38
60 17.7 18.2 43.5 44.5 4.07
61 26.2 26.6 63.9 64.9 4.10
62 29.9 30.7 73.1 75.1 4.09
63 29.4 31.3 83.5 89.2 3.52
64 21.2 23.2 67.5 74.0 3.14
65 16.6 18.6 69.4 77.6 2.39
66 16.0 18.6 66.8 77.6 2.40
67 13.8 17.2 61.5 76.8 2.24
68 12.2 15.3 58.2 72.7 2.10
69 14.1 17.4 61.7 76.3 2.29
70 16.8 20.1 65.6 78.7 2.56
71 9.8 13.3 58.1 79.5 1.69
72 11.5 15.3 63.4 84.5 1.81
73 12.6 17.3 64.7 88.7 1.95
74 11.8 15.6 76.3 101.0 1.55
75 8.2 12.5 68.4 104.2 1.20
76 7.6 12.6 73.0 121.2 1.04
77 7.4 12.9 71.8 124.9 1.03
78 8.3 15.0 71.8 129.9 1.16
79 8.9 15.6 78.0 136.4 1.14
80 9.8 18.0 77.8 142.4 1.26
81 9.6 18.5 79.5 152.7 1.21
82 10.3 17.5 69.2 117.7 1.49
83 9.4 17.3 57.7 106.1 1.63
84 11.6 21.4 57.2 105.3 2.03
85 8.8 15.6 56.4 100.5 1.56
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Ocean. From Shomura 1980.

single stock assumption for the entire Pacific wide population of blue marlin. The

MSY was estimated to be about 22,000 metric tons per year, which corresponded to

about 500,000 hooks of effective effort per 5° square-year or 50% of the 1975 total

effort (NOAA 1981).

2.2) Pacific-wide Recreational Fishery

Blue marlin, like other billfish species, are highly prized by the recreational

angler. Pacific blue marlin are caught throughout their distribution by sport and

subsistence fishermen. Rod and reel trolling with artificial lures and live bait are

the primary methods used to hook and land this species. Other methods include

handline and harpoon. The total catch by the recreational component is insignificant

when compared to the total catch by the longline fishery. However, as stated

previously, the recreational component of the blue marlin fishery is vital to many

coastal community economies which are dependent on the tourist based charter

9



HUNDRED THOUSAND HOOKS /5° SQUARE

Figure 6. Relation between catch of blue marlin and effective fishing effort.
The equilibrium yield curve is based on the production model. From Shomura
1980.

fleets.

The NMFS in La Jolla California has conducted a Billfish Angler Survey

throughout the Pacific Basin for the past 33 years. This survey distributes billfish

tagging equipment and instructions to any recreational angler interested in

participating in a billfish tagging and recovery program. Based on the results from

this program, the NMFS has shown that the recreational catch rate for blue marlin

declined in the early 1970s and continues to be low today (FIG 7) (Squire 1991).

2.3) Hawaii Pacific Blue Marlin Fishery Characteristics

Blue marlin are caught by trolling, handline, and tuna and swordfish longline

gear. Trolling gear consists of rod and reel and can be used with live bait or

artificial lures. The trolling technique is primarily used by the charter boat and

recreational fishery which targets a variety of pelagic species including yellowfm

10
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catch areas. From Squire 1991.

and skipjack tuna, blue, black, striped, and shortbill marlin. Pelagic hardline gear

is primarily used at night to target tuna species, but occasionally catches blue

marlin. The majority of the blue marlin harvested in Hawaii is landed by the troll

and longline fisheries. Tuna and swordfish longline gear are essentially the same.

The primary differences between the two techniques are time of day and the depth at

which the gear is set. Generally, swordfish gear is set at night and use baited hooks

and glow-sticks to attract swordfish. Tuna longline gear is set during day light

hours and the depth can vary depending on the species of tuna targeted.

The Hawaii charter boat fishery is particularly dependent on the abundance of

blue marlin in Hawaiian waters. Blue marlin is second only to yellowfm tuna in
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total pounds landed by the commercial trolling and handline fleet (WPRFMC 1990).

Until the late 1980s, the commercial trolling and handline fleets landed much more

blue marlin annually than the domestic commercial longline fleet. In 1987 and

1988, the blue marlin landing by the trolling and handline fleet was 8 and "4 times

greater than the longline landings, respectively. However, due to a recent expansion

of the domestic longline fleet operating out of Hawaii, the 1989 annual harvest of

blue marlin by the longline fishery has surpassed the declining harvest of the

troll/handline fishery (Table 3).

3.0) EVALUATION METHODS
This study was conducted using information provided from private, local,

state and federal agencies. Data contained in this report was obtained from the

National Marine Fisheries Service, Pacific Area Office, and La Jolla Office;

University of Hawaii; Western Pacific Regional Fisheries Management Council;

South Atlantic Regional Fisheries Management Council; State of Hawaii

Department of Land and Natural Resources, Division of Aquatic Resources;

Department of Transportation, Marine Division; and the Department of Business,

Tourism and Economic Development. A list of private businesses and individuals

consulted can be found in APPENDIX L

The status of the PMUS stocks are evaluated annually by the NMFS

Honolulu Laboratory using data from NMFS Market and Shoreside Monitoring

Program and longline logbooks and the Hawaii State Division of Aquatic Resources

(HDAR) Commercial Marine License monthly catch reports and a Dockside

Monitoring Program. The NMFS and HDAR conducts daily surveillance of the

United Fishing Agency which receives and distributes over 90% of all the pelagic

fish caught by domestic pelagic fishermen (Kokubun per. comm.). HDAR receives

monthly catch reports from all commercial fishermen who hold Commercial Marine

licenses. NMFS receives monthly catch reports, as of 1990, for all fishermen

participating in the longline fishery. Both of these programs rely exclusively on

12



TABLE 3
Summary of Estimated Commercial Landings of Longliner and Trolller and Handline Fishermen in Hawaii, 1988-1990

Longline Troll & Handline Combined Total

1988 1989 1990 1988 1989 1990 1988 1989 1990

PMUS' (1000
pounds)

1,990 3,980 6,780 2,190 2,560 2,330 4,180 6,540 9,110

PMUS and Tunas' 6,740 9,850 13,080 5,610 4,780 4,450 12,350 14,630 17,530
(1000 pounds)
Total PMUS and 15.9 21.3 28.7 7.9 6.9 7.0 29.7 32.7 37.6
Tunas (millions of
dollars)

Blue Marlin
(numbers)

1,400 4,700 4,200 4,400 4,100 2,100 6,100 8,800 6,300

Blue Marlin (1000
pounds)

230 770 830 .880 1,080 560 1,110 1,850 1,390

Blue Marlin (1000
dollars)

191 642 715 688 767 454 879 1,409 1,169

% Total Revenue 1% 3% 2% 8 % 11 % 6%

Number of Vessels 50 80 138 1,897 1,874 1,879

Source: Estimated landings are based on the National Marine Fisheries Service (NMFS), Honolulu Laboratory shoreside sampling monitoring program. The
estimated number of longline vessels are from the NMFS market monitoring program and dockside counts and the troll/handline estimates are from the Hawaii

Division of Aquatic Resources records.

Pelagic Management Unit Species includes blue marlin, black marlin, striped marlin, shortbill spearfish, swordfish, mahimahi, wahoo and various oceanic

sharks.

2 Tunas include Bigeye, Yellowfin, Albacore, Skipjack, Kawakawa and Keokeo (Frigate Mackerel).



commercial catch reports and landing to assess the status of the Hawaii pelagic

fisheries. The recreational component has recently been evaluated using a dockside

sampling survey, sponsored by the HDAR. However, the survey was limited to the

Island of Oahu and the results may not be confidently expanded to the entire State.

4.0) PROBLEMS 
4.1) Need for Scientific Information

The federal and state management regimes which assess the pelagic fisheries

in Hawaii waters greatly need to improve the current data collection system to

ensure that fisheries management decisions are based on sound, reliable and accurate

data. To properly assess the pelagic fisheries, new data from the recreational,

commercial and subsistence components are needed. Outlined below are several

areas of concern that may contribute to the current lack of information needed to

better understand the stock structure of many pelagic species.

A) Improving Existing Data: Accurate and Complete
Based on the NMFS Honolulu Laboratory Market and Shoreside Monitoring

Program, the annual landing of blue marlin by the commercial longline fleet more

than tripled from 1988 to 1989 and remained high in 1990. The total annual landing

by the troll and handline fishery experienced a slight decline in 1989, and showed a

significant decline of approximately 50% in 1990 (Table 3) and continued to remain

low in 1991. In contrast, data from the State Division of Aquatic Resources

commercial fishing log reports show the troll CPUE for blue marlin increased from

23.7 pounds per trip to 37.7 pounds per trip from 1987 to 1989. The means by

which the troll and handline CPUE can increase significantly while the total catch

remains stable or decreases, may occur if the total effort by the troll fleet decreases

proportionately or the total pounds landed is miscalculated. There is no evidence to

suggest that the effort by the troll/handline fleet has substantially decreased to

support the change in CPUE.

14



This discrepancy between the two data sources indicates a short fall in the

data collection system. The NMFS monitoring program can not be used here to

verify the catch reports of the commercially licensed fishermen. Trollers who catch

a blue marlin during periods when the market price for the species is low, often take

their fish and sell it along the roadside or smoke it and sell it to friends. These fish

are never recorded by the NMFS market monitoring program but are included in the

Division of Aquatic Resources log reports. This problem may be increasing because

of the increased longline catch flooding blue marlin market thus driving the prices

down. It is also important to note that the "unit effort" HDAR uses to calculate

CPUE is based on fishing trips, and not hours fished or hooks. Fishing effort based

on "trips" may introduce problems since trips may vary in duration and fishing

power between vessels are not standardized. The state and federal management

agencies must coordinate efforts to establish an accurate and complete data base of

total catch and effort for all fishermen by which sound management decisions can be

made.

B)	 New Scientific Information

a) Need for an up-dated stock assessment

The current pacific-wide blue marlin stock assessment is based on the

historical Japanese longline catch and effort data (Suzuki 1989). New information is

necessary to update the stock assessment and provide fisheries managers with new

criteria needed to evaluate the fishery. An updated assessment is essential needed

due to changes in target species by the Pacific-wide longline fleet within the past

decade. Suzuki (1989) states the current stock assessment, which was produced

during the first Billfish Stock Assessment Workshop in 1977, predicted the blue

marlin stock to be overfished two times beyond MSY and any increase in fishing

pressure would likely produce a reduction in catch. In contrast, Suzuki (1989)

showed that the catch continued to increase after 1975 even with an increasing total

fishing effort. The observed increase in total catch may suggest the stock can

sustain higher fishing pressure than predicted by the first billfish stock assessment

15



workshop. However, Suzuki suggested higher fishing effort should not be

recommended due to the continued decline in CPUE over this later period of effort

expansion (Fig. 5). New scientific information is needed to better understand the

population dynamics and stock structure of the fishery.

The current blue marlin stock assessment is based on a single Pacific-wide

stock assumption used by the participants of the first billfish stock assessment

workshop (Shomura 1980). This assumption has never been officially accepted or

rejected by the fisheries management community. Weatherall and Yong (1984) and

Skillman and Kramer (1985) have shown a correlation between the high-seas foreign

longline CPUE and the domestic longline CPUE which would tend to indicate that

both fleets are operating on a common mid-Pacific stock of blue marlin.

Genetic analysis on blue marlin taken from Hawaii waters were conducted to

determine if the stock is indeed homogeneous or if several genetically isolated stocks

do exist (Shackley and Brill 1980). Shackley's (1983) preliminary results suggest

blue marlin tissue samples taken during the summer months of two consecutive

summers show high uniformity. However, when the summer samples were

compared to the winter samples, the tissue samples appeared to be genetically

different. Also, the summer and winter samples collected in Hawaii were distinctly

different from samples collected from Guam. These preliminary results may

indicate the possibility of several sub-populations of blue marlin in which genetic

divergence and reproductive isolation does exist. Further studies must be continued

to test the stock heterogeneity and determine the bounds of the blue marlin stock

structure throughout the Pacific. Until the geographic limits of such stock structures

are conclusively defined, fisheries policies can not be confidently implemented to

ensure effective fisheries management programs.

b) Fisheries interactions

Blue marlin harvested annually within Hawaii waters represent about 4% of

the total blue marlin taken throughout the Pacific Ocean (FAO 1989, NMFS

Honolulu Lab 1990). The local abundance is dependent on the replacement rate at
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which fish migrate into the area. The migration rate and migration pattern of

Pacific blue marlin still remains largely unknown. However, based on the current

stock assessment, it is believed that depleting the local abundance of blue marlin will

negatively effect the catch rates of the local fisheries, but will not have wide range

impacts on the Pacific wide population (Lovejoy 1977, 1981, Wetherall and Yong

1984, Skillman and Kamer 1985, Squire and Au 1990). When a change in fishing

effort by one fishery affects the catch rate of other fisheries, the relationship is

referred to as a fishery interaction. Skillman and Kramer (1985) showed, through

correlation analysis, that negative fisheries interaction occurred on near-shore

domestic fleets when there was an increase in foreign high-seas longline effort

around the Hawaiian Islands.

The local catches of many pelagic species have grown so large in recent

years that the fishing community is concerned that the increased exploitation may be

affecting the local abundance (Boggs 1991). A recent expanse in the Hawaii based

longline fishery has caused concern among the fishing and scientific community.

The annual number of longline vessels operating in Hawaii waters in the mid-1980s

averaged below 40 vessels. Currently, there are over 170 federally-permitted

vessels, but this number is not expected to increase due to recent Council actions

requiring longline limited entry permits (Table 4)(WPRFMC 1991). The dramatic

increase in longline fishing effort has increased the longline landings of all

commercially targeted pelagic species (Table 3). During this longline expansion, the

troll and handline landings declined substantially causing the troll and handline

pelagic fishermen to voice concerns to the Council claiming local over-harvesting.

The recreational component of the pelagic fishery also claimed a reduction in catch

rate. However, the NMFS and HDAR could not confirm this reduction in catch rate

due to the lack of pelagic recreational and subsistence fisheries information. The

recreational fishermen, along with the charter fleet, coalesced to establish the

"Hawaii Fisherman's Foundation" with the intent to stop the longline expansion

(Spalding 1991).
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TABLE 4: Number of Longline Vessels in Hawaii, 1948 - Present

Year Oahu Hawaii Kauai Total

1948 27 30 2 59

1949 29 42 2 73,	 .
1950 30 42 4 76
1951 31 32 4 67
1952 31 21 4 56
1953 35 20 3 58
1954 31 20 3 54
1955 33 17 2 51
1956 33 16 2 51
1957 33 14 2 49
1958 	... 	 31 12 1 44	 .
1959 27 12 2 41
1960 27 10 1 38
1961 25 9 2 36
1962 25 9 1 35
1963 	 24 7 	 32 
1964 24 7 - 31
1965 24 6 - 30
1966 23 5 - 28
1967 21 - 26
1968 19 3 - 22  
1969 19 - 23
1970 20 4 - 24
1971 20 3 - 23
1972 19 4 - 23
1973 17 2 - 19
1974 16 2 - 18
1975 15 2 - 17
1976 15 2 - 17
1977 15 3 - 18
1978 16 -  20
1979 16 2 - 18
1980 19 3 - 22
1981 21 4 - 25
1982 23 4 - 27
1983 ' 37
1984-85 NO RELIABLE DATA
1986 39
1987 37
1988 50
1989 80
1990 138

Present 170

Sources: 1948-1982 Hawaii Division of Aquatic Resourecs unpublished records;
1983-1990 NMFS Market Monitoring Program; Present is from NMFS permit data.
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Fisheries interactions between the longline fishery and the commercial and

recreational troll and handline fishery must be addressed to move toward resolving

the current conflicts. Quantitative interactions must be obtained if the allocation of

pelagic resources between user groups become necessary. The Council must

promulgate new scientific programs to obtain much needed information.

In response to public concerns raised during Council meetings concerning the

longline fishery expansion, the Council established a longline area closure around

the main Hawaiian Islands (June 17, 1991) to minimize gear conflicts between the

longline and the troll/handline fishery. The Council has also created a Protected

Species Zone (April 15, 1991) around the Northwestern Hawaiian Islands to

eliminate interactions between the longline fishery and protected species. On

November 27, 1990, the Council promulgated an interim emergency rule that

required limited entry permits and catch log books from longline vessels. Fishery

managers will be able to use this information to help estimate the catch and effort of

pelagic species by the longline fishery and evaluate the status of the Hawaii pelagic

stocks. However, these measures will not provide data to better understand the

fisheries interactions between the various user groups.

c) Mortality rates of blue marlin caught on rod and reel and longline

gear

Implementing a management plan which requires commercial and recreational

fishermen to release blue marlin may raise questions of wasteful discard at sea of

dead animals. For example, the Atlantic longline vessels which incidentally catch

billfish species are required by law to release all fish dead or alive (SARFMC

1987). Fishermen argue that fish and revenue are being wasted by forcing them to

discard dead swordfish, blue marlin, sailfish and other prohibited species. For this

reason, fisheries managers must establish what percentage of fish are retrieved alive

and dead by both recreational and commercial fishing gear. However, availability

of current estimates for these values remain scarce.
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Estimating the mortality rate of tagged and released billfish is difficult due to

the pelagic characteristics of the species and the open ocean environment. Once a

fish is tagged and released, there is slight chance of recapture. Most pelagic tag and

recapture surveys report returns of less than 5 %, with the return rate of blue marlin

in the Pacific averaging less than 0.5% (Squire and Prince per. comm.). The

percent of billfish that die and fall to the ocean floor, migrate out of the region,

drop their tags or never caught again are currently undetermined. Determining the

mortality threshold of billfish caught on sport fishing gear has proven difficult.

Fishermen have reported tagging and releasing billfish that were assumed dead and

slowly sank belly up till out of sight which have been recaptured later by another

angler (Gaffney per. comm., Grobecker per. comm.).

Recent studies using sonar tagging and tracking of blue marlin caught on

sport-fishing gear have revealed new information on the vertical and horizontal

migration patterns and short term survival estimates of tagged and released billfish

(Holland et.al, 1990). Holland (1990) suggests that the survival rates of tagged and

released billfish caught on sport tackle is very high. Many researchers and

fishermen believe that the survival chances of an individual fish depends on its

personal fighting characteristics and can vary considerably.

Information on the survival rates of blue marlin caught on commercial

longline gear is currently scarce. Based on observer reports (March 1985-March

1986) from the Domestic Longline Observer Program, the South Atlantic Fisheries

Management Council reports (SARFMC 1987) that the percentage of live blue

marlin brought up on domestic longline gear was 77%. Other species of billfish

brought up had much lower survival percentages, white marlin survival was 50%

and sailfish survival was 38%. The report also states that the blue marlin survival

rate from foreign longline vessels is about 50%. The difference between domestic

and foreign survival rates are due to the difference in target species. Generally,

blue marlin hooked on longline sets targeting tuna have lower survival rates than

longline sets targeting swordfish (Berkeley, pers. comm.). Tuna longline sets are

set during day light hours when blue marlin actively feed. In contrast, swordfish
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longline sets are set at night and most blue marlin landed are generally hooked

during early morning retrievals of the longline gear. Therefore, domestic swordfish

longline sets generally retrieve a higher percentage of live blue marlin.

Boggs (pers. comm.) reports that the survival rate of billfish hooked on

longline gear depends on the length of hook time and activity of the fish after being

hooked. Billfish generally have 100% survival with hook times less than 2 hours,

50% survival with times between 2 and 7 hours, and almost 0% survive with times

greater than 8 hours (Fig. 8). The average longline set for swordfish and tuna is

well over 8 hours. Therefore, billfish incidentally hooked just after the longline has

been set have a low chance of survival. Unofficially, commercial longline

fishermen report a 50% retrieval rate of live billfish. Continued studies must be

conducted to verify both the sport tackle and longline survival estimates.

Tagging induced mortality due to stress and physical harm must also be

considered. The stress from tagging operations may cause altered behavior of the

fish or even mortality. The physical damage of the tag and the stress from handling

will vary with the experience of the fishermen. Therefore, mortality rates due to

tagging operations will vary considerably unless the tagging methods used by all

fishermen can be standardized and executed with consistency.

C) Assessment of Recreational Component
A recent report by Lal and Clark (1991) states Hawaii currently has over

12,000 registered "pleasure" vessels throughout the state (Hawaii Dept. of Trans).

74% of these vessels engage in fishing as their primary activity, and of these

vessels, about 90% occasionally sell their catch for extra revenue and to offset

fishing costs (Lal and Clark 1991). The HDAR, Marine Division, requires all

persons selling any marine organism to obtain a Commercial Marine License and

submit a monthly catch report. As of August 1991, 1038 commercial marine

permits were issued from the State of Hawaii Division of Aquatic Resources

(Kokubun per. comm.). Therefore, it is currently estimated that there are between

5000 to 6000 pleasure vessels engaged in the pelagic fishery which occasionally sell
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their catch but do not have commercial marine licenses (Kokubun per. comm.). The

total annual harvest of blue marlin by these recreational fishermen remains

unknown. The small boat survey recently conducted on Oahu by HDAR will

provide useful information from the recreational fishery, but a routine data collection

system is needed to provide timely and accurate information to assess the impacts of

the recreational fishermen on the pelagic fishery. The 5000 to 6000 vessels which

occasionally sell their catch illegally represent a significant short fall in the

management and enforcement system. Kokubun (per. comm.) also states that of the

1038 registered vessels holding a commercial marine license, only about 50% submit

monthly catch reports.

The indirect economic contribution to the Islands from the local recreational

fishermen which target blue marlin is currently undetermined. Sociological

assessments of the pelagic fisheries needed. The extent to which the recreational

fishermen depend on pelagic species for subsistence should be explored. Also,

defining subsistence on a consumption basis or as supplemental income needs to be

clarified.

D)	 Need for Standardization

Unlike recreational fishermen throughout the continental United States,

Hawaii's "recreational" fishermen often sell a portion of their catch to offset fishing

expenses or to supplement their income. Although they may hold commercial

fishing licenses which allows them to sell their catch, these fishermen do not

consider themselves commercial fishermen and in doing so break the traditional

commercial and recreational definitions (Helvey, et al. 1987), No standard

definitions for these fishermen currently exist between the management agencies,

fishermen and researchers. Definitions also vary between economists, fisheries

scientists, and sociologists. New definitions are created with each new document

released, and therefore, a standard by which Hawaii's fishermen can be defined

must be established. The following definitions are proposed for use by Hawaii's

fishery managers and scientists:
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Purely Recreational
Game fishermen

Sport fishermen

- Fish for recreation and personal consumption
(subsistence).
- Do not sell their catch
- Commercial fishing license not required .

- Fishermen that participates in organized tournaments
and Pelagic trolling clubs
- Do not sell their catch
- No commercial licenses required

Commercial
Part-time	 - Receives less than 50% of annual income from fishing
fishermen	 - Commercial fishing licenses required

- Includes 1) the "weekend warrior" or recreational
fisherman that sells catch, and 2) part-time charter or
troll fishermen that sells catch for additional income

Professional	 - Receives 50% or more of annual income from fishing
- Commercial fishing licenses required
- Includes all major commercial fisheries (eg.,
longline, handline, troll, charter boat)

4.2) Need for Conservation Ethics
Increased conservation ethics must be developed and encouraged to maintain

and/or enhance the abundance of Pacific blue marlin throughout their distribution.

Based on a 1983 study, Samples and Schug (1985) established that the health of the

blue marlin and other pelagic fisheries are both economically and socially important

to Hawaii and its residents. Hawaii, viewed as one of the great blue marlin capitals

of the world, is known for its abundant world-record size fish. The allure of

fighting and landing the "big one" draws thousands of tourist and residents to

Hawaiian waters every year (Samples and Schug 1985). The continued abundance

of blue marlin in Hawaiian waters is vital to the livelihood of several of Hawaii's

coastal communities. For this reason, conservation of the species must be

encouraged and maintained in the Hawaiian Islands and throughout the migratory

range of Pacific blue marlin. Blue marlin is an ideal species to promote

conservation ethics due to its high profile and low commercial market value when

compared to other pelagic species (Table 5).
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Table 5. Hawaii 1989 Average Prices for Pelagic Species. From HDAR
Commercial Catch Reports for calendar year 1989.

PMUS Price($/Pound)

Swordfish 3.28

Wahoo 2.80

Mahimahi 2.60

Sailfish 1.18

Striped marlin 1.14

Shortbill spearfish 1.12

Black marlin 1.00

BLUE MARLIN 0.89

Sharks 0.83

TUNAS

Bigeye 3.38

Yellowfin 2.22

Skipjack 1.42

Albacore 1.30

5.0) MANAGEMENT OBJECTIVES 

The purpose of the Council is to support the goals outlined in the Magnuson

Fisheries Conservation and Management Act (MFCMA). The primary goal of the

MFCMA requires the Council to prepare fisheries management plans for each

fishery within their jurisdiction for which they deem need federal management. The

national standards for fishery conservation and management are presented in Section

301(a)(1)-(7), 16 U.S.C. 1851 of the MFCMA (1976). The plan requires all FMPs

to be consistent with the following guidelines:
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(1) Conservation and management measures shall prevent overfishing while
achieving, on a continuing basis, the optimum yield from each fishery.

(2) Conservation and management shall be based upon the best scientific
information available.

(3) To the extent practicable, an individual stock of fish shall be managed as
a unit throughout its range, and interrelated stocks of fish shall be managed
as a unit or in close coordination.

(4) Conservation and management measures shall not discriminate between
residents of different States. If it becomes necessary to allocate or assign
fishing privileges among various United States fishermen, such allocation
shall be (A) fair and equitable to all such fishermen; (B) reasonably
calculated to promote conservation; and (C) carried out in such manner that
no particular individual, corporation, or other entity acquires an excessive
share of such privileges.

(5) Conservation and management measures shall, where practicable,
promote efficiency in the utilization of fishery resources; except that no such
measure shall have economic allocation as its sole purpose.

(6) Conservation and management measures shall take into account and
allow for variations among, and contingencies in, fisheries, fishery resources,
and catches.

(7) Conservation and management measures shall, where practicable,
minimize costs and avoid unnecessary duplication.

To work toward resolving the problems outlined in this paper and meet the

MFCMA goals, the Council should submit a proposal to amend the current Pelagic

FMP. All proposed management measures to amend the Pelagic FMP should be

created to obtain the following objectives:

1. Increase and update scientific biological information to better understand the

movement patterns, residence times and stock structure of the Pacific blue

marlin throughout their migratory range.
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2. Obtain information on the interactions between foreign, large-scale, high-

seas, highly-mobile pelagic fleets, and domestic, island-based, limited-range

pelagic fleets (not necessarily small-scale); or between different segments of

the domestic island-based fisheries.

3. Promote conservation ethics of Pacific blue marlin within Hawaii waters and

educate the public on the importance of complete and accurate data.

6.0) MANAGEMENT APPROACHES 
The Council's fisheries management jurisdiction represents a small fraction

of the total distribution area of the blue marlin population throughout the Pacific

Ocean. Conservation of blue marlin within this small zone most likely would not

provide wide range benefits to the total blue marlin population. A properly.

implemented conservation program for blue marlin would significantly reduce blue

marlin fishing mortality on a stock wide basis. As mentioned previously, fishing

effort must be reduced to about 500,000 hooks of effective longline effort per 5°

square to exploit the fishery at MSY (Fig. 6).

Current and accurate scientific information is needed to further understand

the blue marlin fishery and generate an updated stock assessment. To obtain

scientific information on the blue marlin stock, tag and release practices must be

encouraged. Tag and release studies can provide fishery managers with valuable

information to assess potential fishery interactions and also give insight on the

migration patterns, migration rates, residence times and stock boundaries of the blue

marlin stock. The Council should initiate measures to better understand the stock

structure and move toward enhancing the blue marlin resource by implementing a

local tag and release program with the future vision of Pacific-wide participation.

The basic questions that a tag and release program must address are the

following:

1)	 Who will be required to tag and release blue marlin (eg., trollers,

longliners, handline)?
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2) What size fish will be required to be released (eg., total, minimum

size, window)?

3) Will the program be voluntary or mandatory?

Working with these basic components, a wide variety of tagging systems can be

proposed. Each component must be evaluated in coordination with the other

components to ensure a workable program.

The Council should also promulgate new scientific research and conservation

efforts and foster other commercial and recreational fisheries throughout the Pacific

to follow. The Council must obtain a complete assessment of the Hawaii

recreational and subsistence fisheries. This information is vital to properly evaluate

the health of the pelagic stocks. Also, through an observer program, fisheries

managers will be able to collect the necessary catch and mortality rate data for blue

marlin and other pelagic species.

7.0 PROPOSED BLUE MARLIN MANAGEMENT PROGRAM

To work towards ameliorating the problems outlined in this report and

achieve the goals mandated by Congress, the Council should take positive action by

implementing a blue marlin management program. Listed below are several

proposed management measures which could be implemented.

1) Create a voluntary tagging program and a mandatory partial release policy to

increase available scientific information.

2) Establish a periodic survey of the recreational and subsistence fisheries.

3) Create an observer program to collect scientific data and to monitor vessel

operators for compliance with all proposed fishing regulations.
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4) Create a promotional program to increase the general awareness of tag and

release practices and to teach correct tagging procedures. The program

should be targeted at all fishermen participating in the pelagic fishery.

5) Establish a minimum line-strength requirement for rod and reel fishing line to

reduce blue marlin mortality due to overexertion during the fight.

8.0) RATIONALE OF THE BLUE MARLIN MANAGEMENT PROGRAM 
9.0) Tageing Program 

Tag and recapture data will provide valuable scientific migratory and fishery

interaction information. Increased scientific research is needed to quantify potential

fisheries interactions between the distant-water and near-shore pelagic fisheries.

These interactions occur between the high-seas longline and driftnet fisheries and the

near-shore handline and trolling fisheries. Increased fishing effort in international

waters around the EEZ of Hawaii negatively impacts the catch rate of domestic

fleets fishing within the F147. (WPRFMC 1991). Also, domestic longline and

troll/handline fisheries compete for many pelagic species within Hawaiian waters

and the success of one fishery may be at the expense of another. This complex set

of biological and fisheries interactions are best studied using tag and recovery

information in concert with historical and temporal analysis of catch rate data

(WPRFMC 1991; Kleiber pers. comm.). This information will also be applicable in

determining the abundance and health of fish stocks over time (WPRFMC 1991).

The population dynamics and stock structure information that will be gained

through a tag and release survey will depend on the number of tagged fish

recovered, but will be anecdotal at best. Tag recoveries must be numerous to

accurately interpret the status of pelagic stocks. Potential tag returns will be

dependent on the cooperation of domestic and international pelagic fleets. If a

sufficient number of tags are returned and estimates of total catch and effort by the

recapture fishery are known, tag and recapture methods can provide migratory

pattern information, generate "ball park" estimates of current stock status and
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exploitation potentials of pelagic species (SPC 1991). Therefore, it is essential to

have the greatest number of fishermen participate in tagging and releasing blue

marlin throughout their distribution range. Commercial longline, handline, charter

and all recreational fishermen should be encouraged to participate in the program.

Increasing the number of fishermen that voluntarily tag blue marlin will be a

promotional issue. Jim Squire of the NMFS, La Jolla, California distributes about

800 billfish tags annually to Hawaii fishermen that are interested in participating in

the voluntary tag and release survey each year. The number of billfish tagged in

Hawaiian waters is slowly increasing, but still remains much lower than other

billfish fisheries around the continental U.S. and foreign nations (Squire and Prince

per. comm.). Since the magnitude of the recreational take of blue marlin has never

been accurately estimated, the additional data reported from the recreational or sport

and game fishermen will provide fisheries scientist with information that has never

before been available. For further information on existing and potential tagging

programs see APPENDIX E.

9.1) Prohibit sale and possession
Prohibiting the sale, trade, barter or possession of Pacific blue marlin under

a minimum size limit or within a size window will eliminate the harvest of fish

within that range and encourage tagging of fish. This "no sale" measure is intended

to supplement and work synergistically with a proposed tagging measure to increase

scientific information on Pacific blue marlin and should be enforced for all

fishermen.

Since the managed stock is not contained solely within the EEZ of Hawaii,

prohibiting the sale and possession of blue marlin is necessary and appropriate

toward obtaining the objectives of this program. Longline vessels fishing within

Hawaiian waters would be able to harvest blue marlin and report it as caught in

international waters, thus creating an enforcement loop hole. This measure is

created to prevent this loop hole and protect Pacific blue marlin both within and

around Hawaii's EEZ Currently, there is no practical means of determining if the
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billfish was harvested within the R147. of Hawaii or in international waters. Until

the origin of harvest can be determined, the sale and possession of blue marlin with

in or outside of the EEZ must be prohibited for enforcement purposes.

The release of blue marlin in international waters by domestic vessels

competing for pelagic species on the high seas will also be questioned. A concern

exists regarding foreign fishing vessels benefiting directly from the conservation

efforts of the U.S. fleet. The no sale measure is intended to eliminate any potential

commercial market for foreign imports that would be viewed by domestic fishermen

as unfair.

9.2) Voluntary or Mandatory
Creating a mandatory release program with voluntary tagging will be more

readily accepted than a mandatory tagging program, especially if fishermen receive

free tagging equipment from the Pacific-Indian Ocean International Billfish Angler

Survey. The National Marine Fishery Service (NMFS) has conducted the Pacific-

Indian Ocean International Billfish Angler Survey over the past 33 years and

continues to distribute free tags and tagging information to fishermen who are

interested in participating in a pelagic tag and release program. Enforcement of a

mandatory tag and release program will be very difficult on commercial vessels and

nearly impossible on recreational vessels. If this measure is implemented in

coordination with the limited sale and retention regulation, enforcement of the

mandatory release provision will be feasible, but enforcement of the tagging

provision will remain unlikely. Therefore, the program should adopt a voluntary

tagging provision and implement a limited retention and no sale policy for blue

marlin under a minimum size limit or within a tagging window.

9.3) Minimum Size Limits or Tag and Release Windows
Two possible approaches to meet the objectives outlined above would be to

create a scheme that would require either the tag and release of fish under a certain

size limit or within a certain size window. This would act to reduce fishing
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mortality and increase the number of fish that can be tagged, released and available

for later recapture.

A) Minimum size limit
The established standard minimum size to be used with this survey should be

based on biological, economic and social factors. Estimating the percent of blue

marlin to be conserved or tagged and released can be calculated using a weight

frequency distribution of blue marlin caught in Hawaiian waters. The minimum size

limit for the Atlantic blue marlin fishery was established by the South Atlantic

Regional Fisheries Management Council by choosing a desired level of conservation

and correlating it with the weight frequency distribution of historic Atlantic catches.

The Southeast Region NMFS established a 50% conservation level for blue marlin

which corresponded with a 200-pound minimum size limit. Carol Hopper (1989)

reported the size frequency distribution of 958 Pacific blue marlin caught during 21

Hawaiian billfish tournaments from 1982 to 1987. It is feasible to use this historic

weight distribution to determine a minimum size limit for Pacific blue marlin in

Hawaii waters. Also available is the size frequency information from the NMFS

Honolulu Laboratory and State Division of Aquatic Resources market monitoring

programs.

Biological factors should be considered when establishing a minimum size

limit. Hopper's blue marlin study (1989) revealed a double peaked bimodal

distribution and a sexual dimorphism with female weights averaging much heavier

than males (Fig. 3). Hopper reported the smallest mature female and male sampled

during the six years was 176 and 68 pounds, respectively. However, correlating

size with reproductive maturity varied considerably, particularly for females.

Establishing a 200 to 300 pound minimum size limit should allow for the sexual

maturity of both sexes, thus assuring reproductive opportunity prior to fishing

mortality. However, using a 200 pound minimum size limit would selectively

remove much greater females than males, further adding to the heavily weighted

male population while almost entirely exploiting the female population. Also from a
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fishermen's perspective, due to the sexual dimorphism and high male to female sex

ratio observed during the productive summer months, releasing fish under 200

pounds will not increase the availability of larger tournament and world record size

fish in the future.

Hopper's sample represented blue marlin caught only on sport trolling gear

and the statistics may vary if information from longline-caught blue marlin were

incorporated into the data. The commercial longline size frequency distribution for

blue marlin caught in Hawaii waters shows similar peaks to the distribution of blue

marlin caught on sport tackle. However, smaller females tend to be more common

in commercial longline catches, possibly suggesting an increased abundance of

smaller females further offshore (Hopper 1989).

Jerry Panzo of the Hawaii International Billfish Tournament uses a voluntary

200 pound minimum size limit with the tournament point system. This tournament

regulation offers a minimum of 200 points for blue marlin less than 200 pounds if

tagged and released. For example, a 100 pound blue marlin would bring 100 points

if scaled at the dock, but if tagged and released the angler would receive the

minimum 200 points. This rule was created as an incentive for tagging and

releasing smaller billfish. Several other billfish tournaments have adopted

regulations encouraging the tag and release of blue marlin and more are considering

implementing similar regulations in the future.

Professional fishermen will be impacted economically by not allowing the

continued sale of smaller blue marlin for additional income. Professional fishermen

will be allowed to harvest and sell blue marlin larger than the minimum weight

adopted. The continued landing of larger blue marlin will not optimally benefit

fishermen who sell their catch. In general, blue marlin between 100 and 230 pounds

are sold at a higher price than blue marlin over 230 pounds (Kaneko per. comm.).

It is believed that smaller, younger individuals are more tender and are of better

food quality than larger, older individuals. The price difference can also vary

greatly depending on how the fish was caught (troll vs. longline), how the fish was

handled and the abundance of other species at the market. If the above statement is
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correct, requiring the release of blue marlin under 200 or 300 pounds will not be

economically beneficial to professional fishermen who sell blue marlin.

Since blue marlin represents such a small percentage of the commercial

longline total revenue, creating a minimum size limit would not significantly

decrease the total revenue of the longline fleet.

B) Create Tag and Release Windows
John Dean of the University of South Carolina outlined a "windows"

approach to tag and release (personal communication). The windows approach

would create a tag and release policy that protects the spawning potential of blue

marlin in Hawaiian waters. In this approach, a "window" is created which requires

the tag and release of blue marlin within a prescribed weight range. For example,

Carol Hopper (1986) reports that 62.5 % of the females landed during 12 Hawaii

billfish tournaments from 1982 to 1984 weighed between 200 to 450 pounds and

86.5 % of the males landed were between 100 and 200 pounds. If a window was

created requiring the release of blue marlin in the 200 to 450 pound weight range, a

larger percentage of the female spawning stock would be conserved. The rationale

behind this approach is that the percent of very large females, above 450 pounds, is

small enough that the spawning potential of the stock would not be greatly affected

if fishermen were allowed to harvest these fish. Also, the ratio of males to females

during the productive summer months is so heavily weighted toward the male

population, allowing the landing of fish under 200 pounds, which will be primarily

males, will not substantially affect the male spawning stock.

Combining this windows approach with a minimum size limit offers a third

option. In addition to the 200 to 450 pound window, all fish under 100 pounds

should also be tagged and released. This will allow the males to spawn at least once

and also provide a greater number of tagged and release fish to be available for

recapture.

Using tag and release windows offers three major benefits to recreational

professional fishermen. First, it allows for continued landing of large blue marlin
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during billfish tournaments. Second, it allows a greater total number that can be

landed by all fishermen. The majority of blue marlin landed would be harvested

from the larger male population, thus protecting the female spawning potential of the

local abundance. Third, blue marlin under 200 pounds are considered prime market

size and generally receive the highest prices (Kaneko per. comm.). If the male

spawning abundance becomes over-exploited, the 200 pound lower limit can be

reduced to increase the male spawning potential.

Creating a management measure based on protecting the spawning potential

of blue marlin in Hawaiian waters can be argued. Since the local abundance of blue

marlin represents a small percentage of the Pacific wide distribution, conserving the

mature animals in Hawaii waters will insignificantly contribute to the stock wide

spawning potential. This type of management approach would be better applied to a

species where the stock wide abundance is contained within the managed area.

Also, requiring fishermen to estimate three weights, 100, 200 and 450 pounds, will

add confusion to the program. The minimum size limit approach only requires

fishermen to estimate one weight, which might allow for increased accuracy in

determining weights.

9.4) Impacts from the Proposed Tagging Program
The most obvious impact of this measure will be the lost revenues of all

commercially licensed fishermen and associated industries dependent on the sale of

blue marlin. Greatest economic impacts will be imposed on part-time and

professional charter fishermen and possibly competitive billfish tournaments. The

economic impacts on the longline, sport and game fishermen should be minimal due

to their lower economic dependence on the species. Social impacts from the

proposed tagging program would most likely affect the recreational sport and

subsistence fisheries greatest. However, the extent of these impacts are difficult to

determine due to the lack of information presently available on the recreational and

subsistence fisheries.
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A) Competitive Billfish Tournaments
Most billfish tournaments are scheduled during the productive summer

months when blue marlin populations increase in Hawaiian waters. These

tournaments were created and promoted around the allure of catching and "landing

big game marlin. A no-retention provision requiring the release of blue marlin will

reduce the dock side landing of blue marlin caught during these events. Removal of

the primary target species from billfish tournaments would greatly reduce the allure

of these well established events, thus possibly reducing participation. If tournament

officials can create an accurate size determination method for tagged and released

billfish using observer, video or photo techniques, tag and release impacts could be

minimized. However, estimating the size (length or weight) of tagged and released

billfish for tournament purposes remains very inaccurate and difficult.

B) Charter Boat Fishermen
Unlike continental U.S. and international charter boat fisheries, fish landed

by a charter patron in Hawaii belongs to the charter captain and crew. Charters will

allow a portion of the catch to be taken by the angler, but most often the catch is

kept by the crew to be sold at the market. The additional revenue often goes to the

crew and acts as an incentive to produce fish during charters. Also, charter

operators occasionally receive commissions from taxidermy firms through the

referral of anglers who wish to mount their prize catch.

The impacts on the charter boat fleet are difficult to assess. If a no-retention

measure is adopted, the troll/handline fishery could lose up to 6% or 8% (Table 3)

of their revenue generally gained through the sale of blue marlin. The charter boat

fleet will also be financially impacted if the number of charter patrons decrease due

to this measure.

A 1985 report by Samples and Schug on charter fishing patrons in Hawaii

shows that patron satisfaction on charter trips is closely linked to the opportunity of

being able to catch billfish. The study reports that charter patrons were willing to

pay an additional $65 if their chances of catching a 250 pound blue marlin were to
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increase 65 % above the 1984 Kewalo Basin average catch rates. If the troll catch

rate of blue marlin increases due to the reduced overall mortality of the local

abundance, the charter fishery will be able to increase trip fees and reduce the

impacts of this measure. Furthermore, blue marlin generally bring lower prices

when compared to other pelagic species such as ahi (yellowfin tuna), bigeye,

mahimahi, ono (wahoo) and aku (skipjack tuna) (Table 5). The charter fleet would

be allowed to continue to sell the higher market value species to offset operating

expenses.

Charter patrons occasionally use taxidermy services to mount their prized

catch. Traditionally, fisherman brought trophy fish to a taxidermy firm and the

taxidermist created a mount using the original fins, bill and outer skin layers of the

fish. Today, major taxidermists can create a realistic mount of any size blue marlin

using fiberglass replicas. Taxidermy firms need only the overall length of the fish.

Prefabricated fiberglass molds of small to large blue marlin can be matched to

within several pounds of the angler's trophy fish. Many fishermen still prefer the

traditional taxidermy methods when mounting a fish. If a no-retention policy for

blue marlin is implemented, the demand for mounted blue marlin may initially

decline. However, once fishermen become accustomed to the new fiberglass

techniques the demand may return to previous levels reducing the impacts of this

measure.

C) Part-time Professional Fishermen

Part-time commercial fishermen operating at very low profit margins or at

deficits could be greatly impacted by this measure. Many part-time commercial

license holders are recreational fishermen that sell their catch to offset fuel and other

fishing expenses. Based on a 1990 study by Lal and Clark (1991) on personal

recreational boating in Hawaii, 74% of 12,690 recreational vessels engage in fishing

as their primary activity. Of these fishermen, 90% reported to sell their catch

occasionally for extra income. Fishermen generally receive low prices for blue

marlin when compared to other pelagic species, but the low prices are often
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compensated by larger sizes. For many of these fishermen, an additional $50 or

$100 from the sale of a billfish would determine when or if they will be able to fish

again. Considering that most of these fishermen usually hold regular jobs and fish

for supplemental income and recreation, their livelihoods will not entirely be based

on this measure.

D) Full-time Professional Fishermen
The fmancial impact on the longline fishery will be minimal. Based on the

NMFS, Honolulu Laboratory market survey, the 1990 estimated value of the Hawaii

blue marlin fishery is 1.16 million dollars. Blue marlin contributed an estimated

$715,000 to the longline fishery, which represents about 2% (Table 3) of the total

longline revenue. All other fisheries (troll/handline) accounted for the remaining

$454,000 generated from blue marlin sales. Encouraging the longline fleet to

participate in a tagging program would greatly increase the number of fish that will

be tagged and released and therefore available for future recapture. Traditionally,

longline fishermen have participated in reporting tag recoveries. Many international

fleets have returned tags originating from U.S. tagging projects (Squire and Prince

per. comm.). However, both domestic and foreign longline fleets have not

participated in the tagging and releasing these fish.

E) Game and Sport Fishermen
Game and sport fishermen will be minimally affected by this measure. These

fishermen have no fmancial dependence on the species and will still be provided the

opportunity to hook and fight billfish. If blue marlin catch rates increase due to

reduced mortality rates, this group of fishermen would stand to benefit the greatest

by enhancing the recreational fishing experience. Traditionally, the local game

fishermen generally prefer and target various tuna species, primarily Ahi (yellowfin

tuna) and Aku (skipjack tuna), over marlin species (Lal and Clark 1991). The

impacts will be greater on game fishermen that harvest blue marlin for subsistence.
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The magnitude of these impacts are difficult to quantify due to the minimal

information currently available on recreational and subsistence fishery.

10.0) 5-YEAR PERIODIC SURVEY OF '111E RECREATIONAL AND 

SUBSISTENCE FISHERIES 

The recreational and subsistence fishery must be evaluated to estimate the

total harvest of pelagic species by this group of fishermen. Lal and Clark (1991)

have determined the demographics and fishing behavior of these fishermen, but no

quantitative analysis was provided to estimate the total harvest of blue marlin or

other pelagic species. A standard periodic survey to collect specific information that

will provide insight on recreational and subsistence catch and effort trends should be

conducted at least once every five years. Yearly surveys are not recommended since

this component of the fishery is not expected to change rapidly. Recreational and

subsistence fisheries tend to be less variant than commercial fisheries (Shomura per

comm.).

11.0) DATA REPORTING AND OBSERVER PROGRAM

The Council is expected to implement an observer program for the Hawaii

based longline fishery during the summer of 1992 (Harman per. comm.) This

measure will use random observer coverage on professional fishing vessels to collect

scientific biological and fisheries information and to monitor vessels for compliance

with all fishing regulations. Information collected by observers will be used to

better evaluate the fishery and can be applied towards fisheries management

decisions. Observers on commercial longline vessels can also be responsible for

tagging and releasing blue marlin. Placing tagging responsibilities with the

biological observers should act as an incentive for fishermen to accept observer

coverage. The observers may also collect information on the survival rate and

condition of blue marlin retrieved on longline gear.

All fishermen that catch and release blue marlin should be encouraged to

place a tag in the billfish as described in the tagging instnictions. Each fish must be
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released to ensure the highest possibility for survival. Fishermen will be required to

complete tag report cards for each fish released and submit the cards to the NMFS

or as instructed on the card.

12.0) PROMOTION OF CONSERVATION ETHICS 
The objective of this measure is to promote tag and release practices of all

species and encourage general conservation ethics through multi-media techniques.

Hawaii fishermen, like fishermen worldwide, will catch as much fish as they can

while the fish are available. Changing the "harvest as much as you can while you

can" attitude of fishermen to a more conservative ethic of "fish for the sport of

fishing and conserve the resource," is probably the most important measure that will

contribute to a blue marlin management program. Redirecting the attitude of such a

large population will start with restrictive regulatory measures followed, more

importantly, with an educational or promotional program to encourage participation.

Fishermen must believe that tagging and releasing billfish is in their best interest and

will directly benefit them and the resource. Support by major game and sport

fishing organizations and the State of Hawaii will be essential to the success of the

program.

A promotional program encouraging tagging practices and teaching proper

tagging procedures must be implemented with this proposed management plan.

Education on the importance of complete and accurate tag and release information

will be vital in producing a reliable data base. Instructions on tagging and reporting

procedures and general information are included with all distributed tagging

packages. However, fishermen often forget to return report cards or the information

returned is frequently incomplete (Squire and Prince per. comm.). These are

examples of the problems that the promotional program must address.

The accuracy of the data collected from a mandatory tagging program will be

questionable. The primary reason tagging programs are voluntary is to obtain the

most accurate information possible from the fishermen. Since report cards are

completed by the fishermen and submitted to an administering agency, incorrect data
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can be intentionally reported by individuals not willing to comply with the

mandatory regulation. Falsified data will be unidentifiable, and enforcing accurate

reporting impossible. Unlike other species, blue marlin will not be retained and

report cards or log books can not be verified against the actual landings.

Ideally, this measure will affect all fishermen by changing their attitude

towards conservation and encourage best use for the fisheries. Promotion of a

conservation ethics program must be long term and considered an investment

towards the future of the Hawaii pelagic stocks. The impacts of this measure will

not be immediate and will be difficult to quantify.

The cost of implementing an educational program will depend on the means

by which fisheries managers select to educate the public. Possible methods include;

1) educational posters in high visibility areas including boat harbors, fishing tackle

supply stores, marine boat outlets and shows, fishing tournaments and other areas

where pelagic fishermen frequent; 2) Educational adds promoting conservation can

be placed in the "Hawaii Fishing News" and other fishing periodicals; 3) Television

and radio air time; 4) Working with the two high profile fishing personalities, Mike

Sakamoto and Hari Kojima, to promote conservation on their weekly television

shows will reach a large fishing audience and provide education by example. Proper

tag and release methods of pelagic species can be shown to teach correct tagging

methods and increase the general awareness of tagging practices.

13.0) MINIMUM LINE-STRENGTH LIMIT FOR ROD AND REEL FISHING

LINE
Numerous world records have been set for Pacific blue marlin by sport and

game fishermen using heavier class fishing lines. Lighter and lighter class fishing

lines are being used by sport and game fishermen to land blue marlin in hopes of

setting new world records. The Hawaii recreational and charter fishery has

experienced a modest trend toward lighter lines in the past several years (Gaffney

and Grobecker pers. comm). Light line billfish tournaments requiring anglers to use

30 pound test or lighter are annually held in Kona, Hawaii.
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Opposing arguments are raised when experienced fishermen are questioned

about the use of light line for billfish in conjunction with tag and release practices.

Opponents argue that lighter class lines require more angling skill and provides for

longer fights, often lasting for several hours. This longer fight time requires more

exertion by the fish, possibly increasing the mortality rate of tagged and released

fish. Anglers occasionally report retrieving billfish that have died dining the fight

due to pure exhaustion and opportunistic sharks that are attracted to the struggling

fish (Gaffney pers. comm.). Assuming the above statement is true, setting a

minimum strength limit for rod and reel fishing line would reduce fight times and

increase the survival chances of tagged and released fish caught by sport and game

fishermen.

Proponents claim lower energy is exerted by the fish due to reduced drag

tension that can be applied with lighter lines. Fishermen, in an extreme example,

reported hooked marlin continuing to feed on tuna during the fight, possibly

unaware of being hooked. These fishermen also claim that billfish fought on light

line are often landed quickly in good condition and encourage the use of tagging

practices with light line fishing. When a billfish is hooked on very light line, the

boat operator often chases the fish with the boat and tries to bring the fish to gaff

quickly to avoid breaking the line.

It is clear that basic studies are needed to determine the extent of light line

fishing in Hawaiian waters and if a strength limit for rod and reel fishing line is

needed when targeting billfish. The object of this measure must be to allow for a

higher survival rate of blue marlin hooked by rod and reel, but must still provide for

a reasonable sporting experience for recreational fishermen.

Adopting a minimum strength limit for fishing line would eliminate the

opportunity for rod and reel fishermen to set light-line world records for blue

marlin. Economic impacts on the charter fishery may be imposed through the loss

of light-line clientele. The impacts on billfish tournaments would likely be minimal

since most tournament rules encourage the use of 50 and 80 pound class line.

However, these tournaments should eliminate the use of 50 pound line and
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encourage the use of 130 pound line to reduce the fighting time and possibly

increase the survival rates.

14.0 SUMMARY
Creating a management program for blue marlin in Hawaiian waters will not

increase the local abundance unless similar conservation efforts can be established

throughout the Pacific Basin. However, if the local harvest is allowed to surpass the

replacement rate at which blue marlin migrate in to the region, charter and

recreational fishermen that are highly dependent on the species may be greatly

impacted. The Western Pacific Regional Fisheries Management Council can take

positive steps toward better understanding the blue marlin fishery in Hawaiian

waters by encouraging tag and release practices locally and internationally.

The Council must select an appropriate management program that will

provide the greatest quantity and quality fishery data to effectively evaluate the

resource while minimizing the impacts on the various user groups. To properly

assess the problem and create a purposeful program, more information must be

collected on:

o social and economic value of the Pacific Blue Marlin fishery to the

various user groups;

o fishery dynamics of the local abundance and stock-wide population

throughout the migratory range of blue marlin;

o catch and effort statistics from all fishermen (commercial and

recreational) catching blue marlin and other pelagic species;

o interactions between fisheries that harvest this species;

o percentage of marlin retrieved alive when hooked on various gear

types (e.g. longline, rod and reel);

o mortality due to stress from the tagging procedure.
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The current management scheme used by NMFS and HDAR to monitor

Hawaii's pelagic fisheries is inadequate and produces many shortfalls and

inconsistencies. NMFS and HDAR must work to improve and coordinate the

existing data collection system within each agency. In order to ensure an "effective

program, the following must be considered:

o	 improve the current State and Federal data collection systems to

ensure complete and accurate reporting of all pelagic species landed in

Hawaii; and,

o	 improve the enforcement of all existing and proposed fishing

regulations.

Although much of the above information is lacking at this time and, indeed,

some of these questions may not have defmitive answers, implementing a tag and

release program with a provision for limited retention of Pacific blue marlin will

provide positive benefits for the local abundance of blue marlin, as well as the

fishing and scientific community. Blue marlin is a prime candidate for such a

program due to its overfished status, high recreational value, low market value when

compared to other pelagic species, and overall high profile. Creative fisheries

management measures are needed to conserve the resource and gain scientific

information. The potential value of a blue marlin tag and release program should be

explored further to evaluate the overall contribution of such a program to the blue

marlin fishery in Hawaiian waters.
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APPENDIX I

Private Businesses
Bartram, Paul

Berkeley, Steven

Boggs, Christofer

Brill, Richard

Cook, James

Daxboeck, Charles

Dean, John

Gaffney, Rick

Grobecker, Dave

Harman, Robert

Haupert, Chuck

Holland, Kim

Hopper, Carol

Hornebring, Randy

Ikehara, Walter

Iwai, Tom

Johnston, Chuck

Katekaru, Alvin

Kerr, Grace

Kleiber, Pierre

Kokubun, Reggie

Kushima, Joanne

Nibley, Frank

Panzo, Gerry

Pooley, Samuel

and Individuals Consulted
- Commercial Fisheries Consultant

- Fisheries Biologist, South Atlantic Fisheries Management

Council

- Fisheries Biologist, NMFS, Honolulu Lab.

- Fisheries Biologist, NMFS, Honolulu Lab.

- Pacific Ocean Producers

- Diodax Consulting

- University of South Carolina

- Consultant, Associate editor for Hawaii Fishing News

- Director, Pacific Gamefish Foundation

- Biologist, Western Pacific Regional Fisheries Management

Council

- Charter Fishing Captain, Kona

- Hawaii Institute of Marine Biology

- Education Director for the Waikiki Aquarium

- HDAR, Eduction and promotion of marine conservation

- HDAR, Commercial and Recreational Fisheries

- HDAR, Fisheries Biologist

- Director, Hawaii Fishing News

- Commercial Fishing Federal Permitting, NMFS

- Keehi Boat Club and Reel Fishing Club, Board of Directors

- Fisheries Modeling, NMFS, La Jolla, CA.

- Commercial Marine License Permitting

- Shoreside Monitoring Program, HDAR

- WPRFMC Member, Hawaii International Billfish

Tournament, Board of Directors

- Hawaii International Billfish Tournament, Director

- Fisheries Economist, NMFS, Honolulu Lab.
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Prince, Eric	 - Fisheries Biologist, NMFS, Southeast Region, The Billfish

Foundation, Florida.

Rutka, Justin	 - Economist, WPRFMC

Salvado, Carlos	 - Fisheries Modeling, NMFS, La Jolla

Shomura, Richard - Ex-Director NMFS, Honolulu Lab., Consultant

Witham, Harold	 - Enforcement Office, NMFS Southwest Region Law

Enforcement Branch.
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APPENDIX II

Tag and Release Programs

Traditionally, tag and release programs have relied on the voluntary

participation of charter and recreational fishermen. The National Marine 'Fishery

Service (NMFS) conducts the Pacific-Indian Ocean International Billfish Angler

Survey and the Atlantic Cooperative Game Fish Tagging Program and distributes

free tags and tagging information to fishermen who are interested in participating in

a pelagic tag and release program. Each boat receives tagging equipment which

consists of stainless steel dart tags, tag applicator, tag report cards and instructions.

The report cards are filled out by the boat captain and/or angler and sent to the

NMFS where the information is entered and maintained. Requested information on

the report cards consist of: species, date, location, estimated length and weight, fish

condition, angler's name and captain's name and address (Witzell and Scott 1990,

Squire and Prince per. comm.). Most tagging programs publish a periodic news

letter to provide fishermen with positive feedback on the information submitted to

the administering agency. General information given in the news letters include the

number of tagged fish released, the number of tagged fish recovered, where it was

released and recovered, duration of time the fish was free, names of the captains

and/or boats that have participated and the number of fish each captain or boat has

tagged and released for that year. News letters are also used to present scientific

results of the tagging program and inform participants of new or modified tagging

techniques and equipment. The cost of implementing a tag and release program

depends on the number of fishermen participating in the program. In voluntary

programs, costs are absorbed by the administering agency or group that requires the

tagging information. Jim Squire of the NMFS, La Jolla, California works with the

Pacific-Indian Ocean International Billfish Angler Survey which purchases billfish

tags and tag applicators from Hallprint Pty, Ltd., Australia. Stainless steel dart tags

can be purchased at $1600 per 2000 and tag applicators at $1.00 each. The total

number of tags and tag applicators to be used if a tag and release program were

implemented in Hawaii is dependant upon the type of program adopted (total
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release, minimum size limit, windows) and estimating the total number of blue

marlin caught by the recreational fishery, which remains undetermined. The 1989

and 1990 estimates of the annual total number of Pacific blue marlin commercially

landed in Hawaii by longline and troll/handline fisheries were 8800 and 6300,

respectively (Table 3). In a mandatory program, cost of tagging equipment can be

transferred to the fishermen. However, this will reduce the likelihood of fishermen

participating in the program and will encourage release without tagging.

Tag and recovery information gathered from the Hawaii blue marlin fishery

should be coordinated with the Pacific-Indian Ocean International Billfish Angler

Survey in La Jolla, California to provide a more cost and labor efficient program.

Report cards could be directly sent to the NMFS, La Jolla by all Hawaii fishermen,

where the information will be entered and maintained by Jim Squire at the Pacific-

Indian Ocean International Billfish Angler Survey. Summarized tag and recovery

information would be forwarded to the NMFS, Honolulu Laboratory.

An alternative to sending tagging information directly to NMFS in La Jolla

would be to maintain all tag and recovery information at the NMFS Honolulu

Laboratory. The Honolulu Laboratory could distribute all tagging equipment and

receive and maintain information from Hawaii fishermen. Summarized tag and

recovery information could be forwarded to the NMFS, La. Jolla office periodically.

This option provides Hawaii fisheries managers with continuous access to the

tagging information that can be applied to management decisions.
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Shortbill Spearfish
Swordfish
Mahimahi (dolphinfish)
Pompano dolphinfish
Ono (Wahoo)
Requiem sharks
Thresher sharks
Hammerhead sharks
Mackerel sharks

Tetrapturus angustirostris
Xiphias gladius
C,oryphaena Hippurus
Coryphaena equiselis
Acanthocybium solandri
Carcharhinidae
Alopiidae
Sphyrnidae
Lamnidae

My primary responsibilities included assisting the Council staff in amending

the pelagic FMP for the Council meeting held in Kailua, Kona on August 19-23,

1991. More specifically, I worked with the staff to 1) create a management plan to

better assess the Pacific-wide and Hawaii blue marlin fishery; 2) create a more

efficient program by which to collect complete and accurate catch and effort

information from all fishermen (recreational, subsistence and commercial)

participating in the Hawaii pelagic fishery; and 3) support general office operations

by providing information to private, state and federal agencies on the pelagic

fisheries status.

In this report, I will provide a general background overview and assessment

on the Pacific-wide and Hawaii blue marlin fishery. This report is intended to

provide an initial evaluation and identify areas where scientific, economic and social

information is needed to better assess the status of the blue marlin fishery. Included

in this evaluation is a proposed management plan to ameliorate the short falls in the

current management system. This is a preliminary plan intended to promote active

discussion of possible management schemes that may help improve our

understanding of the blue marlin stock structure and enhance the blue marlin fishery

in Hawaiian waters.
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Figure 1. Western Pacific Council (shaded) — the FP7. around American Samoa, Guam
Hawaii, the Northern Mariana Islands and other U.S. islands in the Pacific.

From the Western Pacific Regional Fishery Management Council.
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