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EXECUTIVE SUMMARY 

Seabird bycatch by longline fishing vessels poses a major threat to some albatross populations, 
particularly some species in the southern oceans. The current world population estimate for black­
footed albatrosses (Phoebastria nigripes) is 60,660 breeding pairs and 558,415 breeding pairs for 
Laysan albatrosses (Phoebastriaimmutabilis) (Cousins and Cooper, in prep-). Ninety-six percent of 
black-footed albatross and more than 99 percent of Laysan albatross nesting sites are in the 
Northwest Hawaiian Islands {Cousins and Cooper, in prep.)_ Data collected by the National Marine 
Fisheries Service (NMFS) Hawaii Longline Observer Program suggest that 1,963 (Confidence 
Interval 1,479-2,470) black-footed albatross and 1,479 (Confidence Interval 822~2,336) Laysan 
albatross were incidentally taken in interactions with Hawaii pelagic longline fishing vessels in 1998 
(Kleiber 1999). The federally listed, endangered short-tailed albatross (Phoebastria albatrus) may 
also be encountered by Hawaii pelagic longline vessels. 

In an effort to reduce seabird bycatch in the Hawaii longline fishery, the Western Pacific Regional 
Fishery Management Council (WESPAC) commissioned Garcia and Associates (GANDA)to conduct· 
the Hawaii Longline Seabird Mortality Mitigation Project. The goals of the project were to compare 
the efficiency, intrusiveness, effect on catch rates, and enforceability of six mitigation measures for 
reducing seabird bycatch: tori lines, towed buoys,. no offal discards; strategic offal discards, blue-dyed 
bait, and night setting. 

The scope of work for the project included: a literature review, 'an examination ofNMFS Hawaii 
Longline Observer Program data, development of a working research design, acquisition and 
construction of mitigation gear, field testing of mitigation gear, quantitative data analyses, and the 
preparation of recommendations to WESPAC. 

A literature review was conducted to gather information on seabird longline interactions in Hawaii 
and other fisheries. Interviews were conducted with academicians, government agency officials, 
fishermen, and fishing industry representatives working on longline fishing/seabird bycatch reduction 
issues in Hawaii, Alaska, Australia,- and New Zealand. These contacts provided information on 
current mitigation techniques. Seabird bycatch data fromNMFS Hawaii Longline Observer Program 
were reviewed to characterize the Hawaii pelagic longline fishery effort. 

The research design was subsequently refined to incorporate information gathered through the 
literature review and the examination NMFS Hawaii Longline Observer Program data. A major 
component of GANDA' s research design was dividing the fishery into two vessel categories 
(Swordfish and Tuna) based on seabird interaction and mortality levels, target species, associated 
fishirig gear, and fishing practices. Vessels targeting broadbill swordfish (Xiphias gladius) fishing 
north of the Hawaiian Islands have dramatically higher levels of seabird mortalities than vessels using 
fishing gear specifically designed to target bigeye tuna (Thunnus obesus). 

Mitigation gear for the reduction of seabird bycatch was designed, purchased, and assembled. Five 
research trips, each lasting approximately thirty days, were conducted on Hawaii pelagic longline 
swordfish/tuna vessels to quantify the effectiveness of mitigation measures. Field data were recorded 
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on standardized forms developed for the project. Multi-varied environmental and fishing gear -related 
factors were also recorded. 

Data were collected on the performance of mitigation methods tested relative to each other and to 
controls on Hawaii longline vessels, and on the specific species of seabirds these vessels encounter. 
Data were entered into a project database after each research trip. Quantitative data analyses were 
subsequently conducted. The effectiveness of the mitigation measures was evaluated by quantifYing 
behavioral responses (attempts.and interactions) and resulting mortalities of albatrosses with, and 
without, mitigation measures in place during setting and hauling longline fishing gear~ 

During gear-setting operations, blue-dyed baits were found to be the most effective mitigation 
strategy in reducing seabird interactions with fishing gear, followed by strategic offal discards. The 
tori line and the towed buoy system also proved to be effective mitigation measures during the set. 

During gear-hauling operations, blue-dyed baits and the tori line were found to be equally effective 
mitigation strategies in reducing seabird interactions with fishing gear, followed by the towed buoy 
system. Analyses furthe~ indicate thatthe strategy ofretaining offal on board during the haul (no offal 
discards) led to increased attempts and interactions. . 

Analyses were conducted to determine the effect of the mitigation measures on catch per unit effort 
(CPUE) ·for fishery target species. Data indicate that using blue-dyed bait may actually increase 
CPUE. Field observations suggest that the other mitigation measures (tori lines, towed buoy system, 
strategic offal discard, no offal discard, and night setting) have negligible effects on CPUE other than 
reducing bait losses to seabirds. 

Feedback from fishermen involved in this project was collected through a standardized questionnaire, 
which was evaluated. Responses concerned improvements to mitigation measures, safety issues, and 
preferred mitigation measures. 

Based on the results ofthe literature review, the examination ofNMFS Hawaii Longline Observer 
Program data, research trips, fishermen survey results, and data analyses, recommendations to 
WESP AC were developed to reduce seabird bycatch/mortalitiesin theHawaii pelagic longline:fishery. 
Data suggest that no single mitigation method will.entirely eliminate mortalities of seabirds in the 
fishery: A combination of mitigation measures and simple modifications to common fishing practices 
for each fishery segment will be the most effective approach for reducing seabird bycatch in the 
Hawaii pelagic longline fishery. GANDA's recommendations to WESPAC have been designed for 
each fishery segment (swordfish and tuna) and are fully listed in Section8.0. These recommendations 
are for vessels fishing above 23 o north latitude or when seabirds are present. Recommendation 
suminaries are presented below. · · 
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For tuna vessels: 

Deploy a seabird-scaring line (tori line or towed buoy system) with effective streamers throughout 
the towline and a terminal buoy. 

• Ensure that baited hooks enter the water under the protection of the aerial portion ofthe seabird­
scaring line. 

• Dispose of all offaVdiscard baits on the opposite side of the vessel from where baited hooks 
enter/leave the water, and in such a manner as,to best distract seabirds away from the vessel and 
fishing operations. 

For swordfish vessels: 

• Do not begin-setting until at least one hour after sunset and complete setting at least one hour 
before sunrise. 

• Use blue-dyed baits throughout the entire set. 

• Deploy a seabird-scaring line (tori line or towed buoy system) with effective streamers throughout 
the towline and a terminal buoy. 

• Ensure that baited hooks enter/leave the water under the protection of the aerial portion of the 
seabird-scaring line. 

• Use strategic offal discarding to decoy seabirds away from the vessel and baited hooks. 
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1.0 INTRODUCTION 

In an effort to reduce seabird bycatch in the Hawaii pelagic longline fishery, the Western Pacific 
Regional Fishery Management Council (WESP A C) commissioned GANDA to conduct the Hawaii 
Pelagic Longline Seabird Mortality Mitigation Project to determine the most effective and least 
intrusive seabird mortality mitigation d.evices for use in this fishery. This study compared the 
efficiency, intrusiyeness, effect on catchrates, and ease of compliance monitoring of five seabird 
bycatch lllitigation rnethodsfot use ill'thisfishery. These methods include tori lines, towed buoys, no 
offal disdards,str~tegic offal discards; and"blue-dyed bait Night setting mortality data were also 
collected and treated separately be~ause b"ehavioral observationsco!lld not be made at night, Testing 
pro~osed mitigation measures during actUal fishing operations, .prior to mandatory implementation, 
should insure that the measures adopted are effective on Hawaii pelagic longline fishing vessels. 

1.1 Project Background 
. . 

Around the world, seabird bycatch occurs in both pelagic and demersllllongline fisheries. Currently, 
it is likely that most albatrosses williriteract with longlif1e fishing vessels at some stage in theirlives. 
Bycatch in some longline fisheries poses a major threat to seven1,lpopulations of albatrosses (family 
Diomedeidae) (Murray et aL 1993; Brothers 1991; BirdLife Internationall995; Croxallet al. 1990; 
Weimerskirch et al. 1997). The C!lrrent worldwide albatross byeal:chrate on pelagic longlines is 
approXimately 0.4 birds observedca!Jght per tho!lsand books set (Al~Jxand~:ret aL1997),Several 
species are eridailg~Jred, such as the short~tailed albatross (Pacific Seabird Group 1997} 

ForeignloQgline fishing fleets from Japan, Taiwan, Korea, and other nations provide_approximately 
90 percel!t 6fthe fishing effortjnthe central north Pacific. The remainder is attrib!ltedto the Hawaii­
based -longline fleet. In. 1991, federal rt::gtdations (WPRFMC 1991). were implemented to prohibit 
longline vessels from fishing within sa·· miles of the Northwest Hawaiian Island National Wildlife 
Refuges and within 25-75 miTes (seasonally) of the main Hawaiian Islands. The vast majority of 
pelagic longline fishing takes place outside the United States' 200-mile Exclusive Economic Zone 
(EEZ). The Food and Agriculture Organization (F AO) of the United Nations Committee on Fisheries 
recently adopted an International Plan of Action (IPOA) for Reducing the Incidental Catch of 
Seabirds in Longline Fisheries (FAO 1999). 

Two species caught incidentally in the Hawaii pelagic longline fishery are the black-footed albatross 
(Phoebastria nigripes) and the Laysan albatross (Phoebastria immutabilis) (Plate 1 ). The endangered 
short-tailed albatross may also be encountered by Hawaii pelagic longline vessels. Laysan, black­
footed, and short-tailed albatrosses are protected under the Migratory Bird Treaty Act (16 US. C. 
·703-711) (MBTA).The current world population estimate for black-footed albatrosses is 60,660 
breeding pairs and 558,415 breeding pairs ofLaysan albatrosses (Cousins and Cooper, in prep.). 
Ninety-six percent of black-footed albatross and more than 99 percent ofLaysan albatross nesting 
sites are in the Northwest Hawaiian Islands (Cousins and Cooper, in prep.). These species have an 
approximate 7-foot wingspan and a lifespan of forty or more years. They become sexually mature 
between the ages of seven to eight years and generally mate for life (Rice and Kenyon 1962). 
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Pia tela. Plate lb. 

Plate Ia. Black-footed Albatross (Phoebastria nigripes). Plate 1 b. Laysan Albatross (Phoebastria 
immutabilis). Both seen on a Midway Island nesting site (K. Cousins). 
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Breeding pairs of these species typically raise a single chick annually with gestation, and chick rearing 
. taking five to six months. The stability of albatross populations is more sensitive to changes in the 

adult survivorship than to annual changes in reproductive· success (Pacific Seabird Group 1997). 
Currently, it is not known what impacts the Hawaii pelagic longline fishery has on these two albatross 
populations (draft proceeding from the Hawaii Black-footed Albatross Population Biology 
Workshop). 

Black-footed and Laysan albatrosses range widely in search offood (Anderson 1998) (Figure I), 
foraging throughout the north Pacific Ocean, generally well offshore. Albatrosses forage by surface 
seizing or diving, with squid being afavorite prey. An albatross diet study (Harrison et al. 1985) 
indicated that Laysan albatrosses consumed more volume of squid (65%) than black-footed 
albatrosses (32% ). 

Albatrosses are known to follow ships, including fishing vessels, scavenging for food. Fishing vessels 
are particularly attractive to the albatross because bait and offal are usually found on decks, on the 
fishing gear, or discarded in the water. Squid are the preferred bait for the Hawaii-based Iongline 
broadbill swordfish (Xiphias gladius) fishery. This fishery, along with the Hawaii-based bigeye tuna 
(Thunnus obesus) fishery are both in close proximity to the breeding colonies and large 
concentrations of albatrosses. Most longline-related mortalities occur when albatrosses attempt to 
feed on baited hooks as the line is being set (Plate 2). Black-footed and Laysan albatrosses locate 
baited hooks and seize them with their beaks either on the surface of the water or by diving. Feeding 
frenzies often ensue, leading to hookings and/or entanglements. The seabirds are then drawn 
underwater by the sinking mainline and drown. Seabirds may also be caughi when the gear is being 
retrieved (hauled) during daytime hauls (Huin and Croxall, in press). Seabirds caught on the haul may 
survive or die later from injuries associated with hookings or entanglements (Weimerskirch and 
Jouventin 1987). 

Data collected by the National Marine Fisheries Service (NMFS) Hawaii Longline Observer Program 
suggests that 1,963 (Confidence Interval 1,479-2,470) black-footed albatrosses and 1,479 
(Confidence Interval 822-2,336) Laysan albatrosses were incidentally killed in interactions with 
Hawaii pelagic Iongline fishing vessels in 1998 (Kleiber 1999) (Plate 3). While the long term effects 
of these mortality levels on the albatross populations are not currently known, it is likely that such 
mortalities will have a negative impact. 

In addition to the impact on albatrosses, when baits are taken by seabirds, the profitability and 
productivity of longline fishing operations are diminished. It is in the best interest of the fishing 
industry and albatross conservation to reduce, and eventually eliminate, the mortality of albatrosses 
and other seabirds caused by interactions with longline vessels. Reduction of albatross mortality is 
also consistent with FAO's IPOA and NMFS's Bycatch Plan recommendations. 

Collaborative research between biologists and fishing industry personnel have shown a reduction in 
the bycatch of seabirds by modifYing gear and fishing techniques, using mitigation measures, and 
educating fishing personnel (Murray et al. 1993; Polacheck and Tuck 1995). Longline seabird bycatch 
mitigation techniques that can substantially reduce fisheries-related deaths of albatrosses are being 
used in several fisheries around the world, including those in New Zealand, Australia, and Alaska. . . 
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Figure I. Flight patterns of Black-footed Albatross and Laysan Albatross from. the 
Albatross Project: Satellite Tracking of Albatross Flight Patterns. Blue Locations are Black­
footed Albatrosses• and Red Locations are Laysan Albatrosses. Wake Forest University, 
Winston-Salem, NC. 
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Plate 2a. Hawaii pelagic longline vessd. 

Plate 2b. Seabirds pursuing a HaWaii pelagic longline vessel. 
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Plate 3. Blaekirootedlle:rrJan<lLay~;an (right) Albatross mortalities resulting from an interaction with 
a Hawaii pelagicJonglinevesseL 
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Mitigation techniques employ three different methods to reduce mortalities: 

• Setting the gear in such away that it does not linger at the surface long enough to allow 
seabird interaction (increase sink rate). 

• Frightening the seabirds away from the gear (seabird deterrent). 

• Reducing visibility or attraction of bait (camouflage, distraction). 

Mitigation techniques can be highly effective in reducing mortality. Offtasmania, Japanese longline 
vessels using seabird bycatch mitigation measures reduced their bycatch by 88 percent from the 
previous season (Gales 1993). · · · 

1.2 Project Description 

The following research tasks were completed as part of this study: 

Task 1: Literature Review. A search was conducted for information and data on seabird-longline 
interactions in Hawaii and other fisheries. Various personnel in New Zealand, Australia, and Alaska 
were contacted to discuss mitigation measures in use and in production. 

Task 2: NMFS Hawaii Longline Observer Program Data Review. Data were obtained from the 
NMFS Hawaii Longline Observer Program to optimize the effectiveness of this study. Insights were 
gained from this data, including geographic parameters of where the fleet was- experiencing the most 
seabird interactions, seasonal parameters of when the most interactions were occurring, and the 
number of interactions per fishery segment (swordfish or tuna). 

Task 3: Research Design Refinement. The research design was revised to incorporate information 
gathered through literature reView, NMFS Hawaii Longline Observer Program data review, and 
characterization of longline fishing effort. Information provided by seabird bycatch experts from 
around the globe, U.S. Fish and Wildlife Service (USFWS) and WESPAC personnel, vessel 
operators, and fishermen were also incorporated into the project research design (McNamara and 
Torre 1998). 

Task 4: Gear Acquisition. Research equipment, safety gear, and mitigation gear were purchased 
and assembled, taking into consideration a number of factors crucial to optimizing the effectiveness 
of the gear. Data collection forms and logbooks were designed to record seabird interactions with 
fishing gear. 

Task 5: On board Research. Five 30-day mitigation research trips were conducted on Hawaii 
longline vessels. Tori lines, towed buoys, no offal discards, strategic offal discards, blue-dyed baits, 
and night setting were tested while seabird responses were recorded. Environmental conditions and 
gear specifications were recorded, and fishing crews were surveyed. All project data were recorded 
on project-specific data forms, which were labeled and placed in log books. 
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Task 6: Data Input and Quantitative Analyses. Project data were entered into a computer 
database and verified prior to statistical analysis. The effectiveness of mitigation measures was 
evaluated by quantifYing behavioral responses (attempts and interactions). and resulting mortalities 
of seabirds with and without mitigation measures in place during setting and hauling of pelagic 
longline fishing gear. Behavioral data were analyzed for possible species-specific effects as the Laysan 
and black-footed albatrosses may behave or react to mitigation measures differently. Data tables and 
graphs were generated from the quantitative analyses. Data form printouts were also generated at this 
time and are provided in appendices. 

Task7: Qu:tlitative Analysis/Recommendations. A qualitative analysis of each mitigation measure 
tested was conducted to assist fishery managers in choosing appropriate, acceptable and enforceable . 
mitigation measures ·for this fishery. Based on the results of the literature review, an examination of 
NMFS Hawaii Longline Observer Program data, at-sea testing results, quantitative and qualitative 
analyses, and feedback from fishermen, recommendations to WESP AC were developed. 
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2.0 PROJECT OBJECTIVES 

Primary objectives of the Hawaii Longline Seabird Mortality Mitigation Project included: 

Deploy, measure, and compare the effectiveness of various mitigation gear and techniques for 
reducing seabird bycatch on vessels in the Hawaii pelagic longline fishery. 

• Conduct quantitative analyses of data gathered through at-sea testing. 

• Recommend the most effective and least intrusive mitigation measures for use in the Hawaii 
pelagiclongline fishery based on data generated through gear testing, data analyses, fisherinen 
input, and effects of mitigation on catch oftarget species. 

Secondary objeetives included: 

• Initiate a dialog with local fisherinen about the seabird bycatch issue and implementation of 
mitigation measures. 

• Gather information from seabird bycatch researchers in the North Pacific, New Zealand, and 
Australian longline fisheries to determine which mitigation measures were best suited to this 
project's goals and limitations. 

• Review NMFS Hawaii Longline Observer Program seabird bycatch data collected in the 
Hawaii pelagic longline fishery. 

• Recommend strategies for implementation of mitigation technique(s) for use in the Hawaii 
pelagic longline fishery. · 

This study has gathered new information regarding the behavioral responses of seabirds encountered 
by the Hawaii longline fishery to the mitigation gears and techniques tested. These data will be useful 
to WESP AC in planning seabird· bycatch reduction strategies for this fishery. WESPAC may utilize 
project data to: 

• Make informed management decisions regarding the most effective mitigation measures for 
reducing seabird bycatch in the Hawaii pelagic longline fishery. 

• Implement a detailed and real-data-driven educational program for use with fishery personnel, 
governmental agencies, conservationists, and other concerned individuals. 
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3.0 PRE-FIELD ACTIVITIES 

Prior to field testing mitigation gears, land-based activities included collecting information regarding 
seabird-longline interactions in Hawaii and in other fisheries, a review of NMFS Hawaii Longline 
Observer data, characterizing the Hawaii-based pelagic longline effort, securing vessel cooperation, 
research design refinement, design of data collection protocols and forms, and gear acquisition. 

3.1 Project Commencement 

Correspondence with the Seabird By catch Community. Research contacts included academicians, 
researchers, government agencies, fishermen, and industry representatives working on seabird­
longline bycatch reduction issues in the states of Hawaii, Washiniton, and Alaska, andin Australia 
and New Zealand. These contacts provided up-to-date information on the most current mitigation 
techniques, dataccollection efforts, and field research on seabird bycatch in their lohglinefisheries. The 
results of these communications indicate that there is a paucity of quantifiable data on the 
effectiveness of the various seabird bycatch mitigation. measures developed to date. Those seabird. 
bycatch researchers who were contacted have confirmed the need to study the effects ofmitigation 
measures in terms of reduction of seabird foraging behaviors, as well as mortalities (see Contact List 
in Appendix A), The current study is one of the first to measure mitigation effectiveness in terms of 
behavioral responses of seabirds. 

Notification to Vessel Owners/Operators of Project. After consultation with WESP AC regarding 
the implementation of this project, GANDA and WESPAC jointly mailed a notification letter to 
current permit holders and/or their agents announcing the start of the project. A request was made 
for volunteer vessels from tuna and swordfish segments of the longline fishery to allow GANDA's 
researcher to conduct studies during fishing operations. Following the limited response to this 
request, vessel owners and operators were approached dockside and informed about the details of 
the project and their involvem:!lt was requested. 

Vess.el Cooperation Agreements. GANDA was assisted in informing fishermen aboutthis project 
and securing vessel cooperation by Mr. James Cook, Captain Steve. Gates, Mr. Skip Gallimore of 
Finest Kind Marine Distributors, Inc., Mr. Kevin Van, Mr. Dennis Hong, and Mr. Minh Dang. Atthe 
outset of the project, Mr. Cook provided the use of one of his vessels for pre-field testing of 
mitigation measures prior to deployment on actual research fishing trips. Vessel owners from the tuna 
and swordfish fisheries agreed to allow GANDA's researcher on their vessels. Mr. Gallimore offered 
his vessels for the project's first two research trips (Trip 1 targeted tuna and Trip 2 targeted 
swordfish). Mr. Khan Truong of Captain Diamond, Inc., offered his vessel for the third trip (Trip 3 
targeted swordfish). Mr. Elvis Van of Ocean Diamond, Inc., offered his vessel for the fourth trip (Trip 
4 targeted swordfish). Mr. Calvin Ko Huynh of Queen Diamond, Inc., offered his vessel for the fifth 
trip (Trip 5 targeted swordfish). 
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3.2 NMFS HawaiiLongline Observer Program Data Review 

NMFS has established a mandatory Hawaii Longline Observer Program in the Hawaii pelagic longline 
fishery that records instances of marine mammal, sea turtle, and seabird interactions. Approximately 
4 percent of the Hawaii longline fishing trips since I 994 have been observed. The database yielded 
information about interactions between the Hawaii longline fleet and albatross species (Table I): 

NMFS Observer Program data provided important information on the spatial and temporal 
distribution ofincidental seabird takes based on NMFS classification of vessel type (swordfish, mixed, 
switcher, and tuna). This allowed GANDA to gain a better understanding of geographic parameters 
relating to where the Hawaii longl,ine fleet was experiencing the most seabird interactions, and of the 
seasonal parameters relative to the time of year when most interactions were occurring. . 

Hawaii longline observer field experience indicated that vessels using mainline shooters nearly always 
target bigeye tuna and commonly use branchlines with weights inclose proximity to the hooks. These 
vessels also have far lower seabird mortalities than vessels that do not use mainline shooters, use 
branchlines with weights further from the hooks, and target swordfish and other species (including 
bigeye tuna). Brothers (I 995) found that as weights are moved closer to the hooks, sink rates will 
increase, thereby reducing bait losses to seabirds. 

Based on these data, project stllff hypothesized that vessels not using mainline shooters and the 
associated tackle would have higher levels of seabird mortalities. The NMFS Observer data did 
revealed that seabird mortalities recorded on observed trips were more than one order of magnitude 
higher for vesselstargeting swordfish without using a mainline shooter than those using a shooter and 
targeting bigeye tuna (see Section 3.3 for shooter description). 

The data also provided the rate of interactions per fishery segment (swordfish or tuna). Choosing 
vessels with high rates of seabird interactions that fish in areas with high levels of seabird 
concentrations was important to the mobilization of the at-sea testing phase of this project. NMFS 
Hawaii Longline Observer Program data helped determine which vessels were selected for testing of 
seabird bycatch reduction measures, 

T bl 1 T k a e . a e esttmates fr NMFSH om a wan ongnne .. L r Ob server p fi I994-I998* rogram or 

Year Laysan Albatross 
Take Estimates 

1994 1,828 

1995 1,457 

1996 1,047 

1997 1,150 

1998 1,479 
-

TOTALS 6,961 

*(Kle1ber I 999) 
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Important information affecting implementation of this study was obtained from the review ofNMFS 
Hawaii Longline Observer Program data: 

• · .NMFS Observer Program data indicate that overall fishing effort and recorded seabird 
bycatch levels are lowest during the third quarter of the year (NMFS 1998). The reduction 
in bycatch may be attributable to the amount and location of fishing effort (seasonality), low 
levels of NMFS longline observer coverage (4%), and/or under-reporting of seabird 
interactions in NMFS Fishermen's Logs. 

• 

• 

• 

• 

Data show that swordfish vessels {those not using mainline shooters and using fishing gear 
best suited for targeting swordfish) fishing north of the main Hawaiian Islands were 
responsible for the vast majority of seabird interactions arrd mortalities. 

When trip types are separated according to target species as reported in NMFS Fishermen's 
Logbooks (on observed trijls ), trips targeting tuna have lower numbers of seabird takes than 
those targeting swordfish (NMFS 1998). The use of a mainline shooter is a key indicator of 
the branchline construction and terminal tackle. Branchline construction is the single most 
important gear-related factor in the hook sink rate differences between swordfish and tuna 
vessels. Increased hook sink rates lead to reduction in seabird bycatch (Boggs 1999). 

NMFS has categorized the vessels/trip types into "swordfish," "mixed," "switchers," and 
"tuna" based upon NMFS Fishermen's Logbook data and fish landings. NMFS describes 
"Swordfish boats" as mainly landing swordfish, "Mixed boats" as landing mixed catches 
(swordfish and tuna), "Switchers"as mainly landing swordfish followed by landings of mostly 
tuna, and "Tuna boats" as landing mainly tuna. Under these classifications, the fishery has 
only one vessel designated as a tuna vessel (NMFS 1998). Realistically, there are many 
vessels dedicated to the pursuit ofbigeye tuna in this fishery. 

Of all observed sets listing bigeye tuna as the target species, regardless of NMFS vessel 
category(swordfish, mixed, switcher, and tuna), NMFS Observer Program data show a lower 
number of seabird interactions and mortalities for vessels using mainline .shooters and 
associated tuna gear. When all sets are compared by target species, swordfish versus bigeye 
tuna, swordfish sets incur more interactions and mortalities. 

3.3 Description of Hawaii Longline Fishing Gear, Vessel Types, and Fishing Practices 

Hawaii's pelagic longline fleet uses mid-water set longline gear to primarily target bigeye tuna 
and broadbill swordfish. Vessels range from 15-30 m (49.2-98.4 feet) in length, and set a single 
monofilament longline (mainline) up to 155.4 km (60 miles) in length (Figure 2). The mainline 
holds between 600-3,000 branchlines, each about 15-20 m {49.2-65.6 feet) long holding a single 
hook. Vessels in this fishery currently bait hooks by hand as the mainline is set. Hooks are usually 
suspended 30-200 m (98.4-656 feet) below the surface of the water. The branchlines are usually 
weighted with lead weights of 40-80 grams, but the proximity of the weight to the hook varies 
by vessel and fishery. 
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For the purposes of attributing accurate levels of seabird interactions and mortalities to the 
appropriate vessels, and effective implementation of this project, we have divided the Hawaii pelagic 
longline fishery into two distinct segments: swordfish targeting vessels versus tuna targeting vessels. 
These segments are based upon differences in the principal target species, associated fishing gear, 
fishing tactics, and areas of normal fishing effort. These differences greatly affect the numbers of 
seabird mortalities experienced by each type of fishing vessel (Table 2). 

A key distinction between these two segments is the presence or absence of a mainline shooting 
device and the associated terminal tackle (Plate 4). Typically, vessels dedicated to the pursuit of 
bigeye tuna use a mainline shooter and the associated tackle, while vessels dedicated to the pursuit 
of swordfish do not. NMFS Hawaii Longline Observer experience and consultations with Hawaii 
pelagic longline fishermen have led to the conclusion that the presence or absence of a mainline 
shooting device and, importantly, the associated terminal tackle construction are significant fishing 
gear factors affecting incidental takes of albatrosses in the Hawaii pelagiclongline fishery (Foy, pers. 
comm.). 

3.3.1. Tuna Vessel Description. Dedicated tuna vessels use a mainline shooter to deploy the mainline 
at a great depth between each float. They set between I,200-2,500 hooks, place I8-28 hooks 
between floats, use tuna ring hooks (Plate 5); use sanma (saury) bait (Plate 6), set the gear during the 
day, and start retrieving the gear in the evening or after dark. During tuna fishing operations, the 
largest number of seabird interactions occur during the set (Brothers I 995; NMFS Observer Program 
Data I998). Tuna vessels use branchlines with a 40....80-gram weight less than I IIi from the hook to 
set the gear at great depth. Field observations indicate that this greatly increases the sink rate of the 
baited hooks which effectively reduces seabird interactions and mortalities. 

The following factors affect seabird interactions during daytime tuna fishing sets: 

• Setting takes place during Hawaii pelagic longline daylight hours when seabirds can better see 
the baits (Brothers I 995; Harrison et al. I 985). 

• Dedicated tuna vessels use mainline shooters to deploy the mainline which create slack. 

• Between I 8 and 28 branchlines are set between floats on the mainline. Branchlines have a lead 
weight ( 40-80 grams) at a distance of I m or less from the hook with wire leading from 
sinker to hook substantially increasing the hook sink rate. 

• Seabird bycatch can be higher if branchlines without weights close to the hook are used 
(Cook, pers. comm.). 

• Often the bait is not completely thawed increasing the amount of time it takes to sink 
(Brothers et al. I 995). 
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Table 2. Key differences in fishing gear and tactics employed by Hawaii pelagic longline tuna and 
swordfish vessels 

Gear Types/Tactics Used Tuna Targeting Vessels Swordfish Targeting vessels* 

Is mainline shooter used? Yes No 

Opportunistically target other species with No Yes 
minimal gear changes? 

Number of hooks set I ,200-2,500 800-1,500 

Number of hooks.between floats 18-28 3-5 

Bait type . Samoa (saury) Squid . 
Begin _gear set time Morning/mid-day Sunset/night 

Begin gear haul time Night/after dark Early morning 

Lead weight size 40-80 grams 60-80 grams 

Weight proximity to the hook 
. ·. . . . 

I . .·20-90ciD . _; 5-7m 

Use buoyant chemicallightsticks? No ... .····.· Yes . .· . .. · .. 
Vessel size . ·. 15-30 m • • .. 15-30 m 

Mainline length 155.4,krn . 155.4 km 
.. .·. . ... 

Lengtll_ofbranchlines 15-20.m 15-20 m 
ligh ..... ··. . 

Ncr 
· .. 

Hi levels of seabird mbrtalilies? ·Yes 

Target depth 
.... ··•·. 

. Deep 
. I . Shallow 

*There were three tnps that.had sets both With and \VIthout a shooter. 

• Propeller turbulence m~y pu~h the baits near th; surface where the seabirds can reach them 
by diving (Brothers 199'5). ·· 

• The vessel is moving away from the hooks as they are being set; therefore, the vessel's 
proximity does not deter the seabird's foraging behavior (i.e., spotting, landing, diving, 
retrieving, and swallowing). 

• Tuna vessels generally fish south of23olatitude where albatrosses are less abundant. 

• The discarding of poor quality baits attract seabirds (Brothers I 995). 
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Plate 4. Mainline shooting device employed by tuna vessels. 
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Plate 5. Terminal tackle fot'runa and swordfish:()ranchlihes>~op row: rona ring hook and wire leader from 
hook to 60-gram-weighted swlveLBottomrow:c~emic1!)Hghtstick,andswordfish "j" hook. Note: 60-to-80-
gram weighted swivel not s)lown{see Section 3.1.3.2 for des~ription) . 

Final Report of the Hawaii Longline Seabird 
Mortality Mitigation Project 

Page 17 

. 

Garcia and Associates 
September 1999 



~Plate 6a •. Tuna vessels use sanma (saury) for bait. Note: bottom bait is dyed blue_ 

Plate 6b. Swordfish vessels use squid for bait. 
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Seabird mortalities during Hawaii pelagic longline tuna gear retrieval are nearly all attributable to 
interactions that took place during daytime line setting operations (NMFS 1998). This is because the 
gear is usually hauled beginning in the evening and continues throughout the night (reduced visibility 
and foraging). Another key factor is the near-vertical ascent of the mainline during retrieval. This is 
due to the extreme depth of the gear produced by the line shooter and the large amount of mainline 
between floats (Gates, pers. comm.). The steep angle ofascimt causes the hauling operation to take 
place at Slower vessel speeds than that of vessels with swordfish gear (Gates, pers. comm. ). This 
further reduces the likelihood of baited hooks being drawn to the surface far from the vessel, 

One should not infer that seabird interactions do not occur during tuna fishing hauls. Laysan albatross 
are somewhat adapted for nocturnal feeding (Harrison et al. 1985), and bright moonlight can increase 
seabird bycatch levels (Brothers 1991). The use oflazy lines to convey branchlines to crewmen 
working at hook baskets can result in multiple hooks being available to seabirds. The GANDA 
researcher's experience as a fishery observer has shown that when problems occur that force gear to 
be retrieved during daylight hours, the level of interactions can be similar to daytime hauling of 
swordfish gear. · 

3.3.2 Swordfish Vessel Description. This category includes vessels targeting swordfish and 
opportunistically targeting tuna and other species without greatly altering their gear to do so. 
Swordfish gear is designed to fish higher in the water column than tuna gear; therefore, a mainline 
shooter is not used to deploy the mainline. Swordfish vessels use open gap "J" hooks (s~e Plate 5) 
and squid for bait (see Plate 6), set between 800-1,500 hooks, deploy 3-5 hooks betWeen floats, 
begin setting in the evening or after dark, and haul the gear during the day. Swordfish vessels use 
branchlineswithweights 5-7 m from the hook and buoyant chemicallightsticks 2...:.3 m from the hook. 
The number of branchlines with lightsticks attached varies from 3 3-100 percent of the total 
branchlines on a given swordfish set. The distance of the weight from the hook, combined with 
placement of buoyant chemical lightsticks near the hook, greatly reduces the hook sink rate. It is 
hypothesized that these factors are the main geaNelated causes of high levels of seabird interactions 
and mortalities for swordfish v~ssels. 

Swordfish sets that begin in the afternoon or twilight hours have the highest incidence of seabird 
interactions and mortalities (NMFS 1998). NMFS Hawaii Longline Observer Program data show that 
vessels targeting swordfish and opportunistically targeting other species have a much higher number 
·of seabird interactions and mortalities than vessels using a mainline shooter and targeting bigeye· tuna 
(Kleiber 1999} . Since the vast majority of fatal Iongline seabird interactions occur during the setting 
of gear on vessels targeting swordfish, this study primarily focuses on that segment ofthe fishery. 

The following factors affect seabird ~nteractions during swordfish afternoon-to-evening sets: 

• Swordfish gear is set without a mainline shooter. The mainline spools off the stem at about 
the speed of the vessel. The drag of the gear in the water keeps the mainline taut and the line 
can only begin to sink once it is well astern. The baited hooks on the branchiines are kept near 
the surface by the taut mainline and the turbulence of the vessel's wake. 
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• Branchline weights (60--80 grams) are far from the hook (>5 m), and buoyant chemical 
lightsticks may be attached close to the baited hooks (2~3 m). These key factors combine to 
reduce hook sink rate and increase the time and distance behind the vessels that baited hooks 
may be taken by seabirds. 

• Swordfish vessels use squid for bait, which has high natural buoyancy and is a preferred food 
of albatrosses. · 

• Baits are often not completely thawed, which increases the amount of time it takes them to 
sink (Brothers et al. 1995). 

• Seabirds are able to see the baits and bright lightsticks, with the Laysan albatross having 
better .nocturnal vision than the black-footed albatross (Harrison et al. 1985). As the sets 
continue into darkness, the bright buoyant lightsticks can attract seabirds and illuminate baits 
that are still in diving range. 

• The vessel is moving away from the hooks as they are being set; therefore, the vessel's 
proximity does not deter the seabird's foraging behavior (i.e., spotting, landing, diving, 
retrieving, .and swallowing). 

• Swordfish vessels mainly fish north ofthe main Hawaiian Islands where albatrosses are much 
more abundant (NMFS 1998; Anderson ·1998; He et al. 1997); 

• During swordfish gear retrieval, interactions thafbecome bookings or entanglements may 
have a Jesser degree of mortalities seabirds are often brought aboard alive and therefore have 
a better chance ofbeing released by the fishermen (Brothers 1995). 

The following factors affect seabird interactions during the swordfish gear haul: 

• The gear is hauled during the day when seabirds are most actively foraging (Harrison eta!. 
1985). 

• Discarding baits and offal directly over trailing hooks/hauling operations serves as an 
attractant and increases the risk of bookings and entanglements (Brothers 1995). 

• The shallow angle of ascent of the mainline, and the consequent speed of the vessel during 
retrieval, can bring the baited hooks to the surface at a great enough distance from the vessel 
that the seabirds are not deterred by its presence. 

• Trailing buoyant lightsticks attract seabirds and reduce the sink rate of trailing hooks when 
vessels slow or stop. 

• Propeller turbulence pushes baits near the surface. 
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• The use of a "lazy line" whereby the "roller" operator, who unclips the branchline from the 
mainline, attaches it to a line that allows it to slide back to the crewmen who then "coil" the 
lines into the baskets/totes. If the crew gets behind the pace of the roller operator, as many 
as four to eight baited hooks can trail I 0-20 m behind the vesseL Whether the seabirds can 
actually strike the trailing baits depends on factors such as wind speed and direction, vessel 
speed, sea state, and the speed of the crew's hauling activities such as retrieving branchlines. 

3;4 Research Plan Refinement 

Based on the data. gathered through literature review, an examination ofNMFS Hawaii Longline 
Observer Program data, and contacts with bycatch scientists in other fisheries, the research design 
was refined. The initial project proposal incorporated the quantification of seabird behaviors as the 
mairi element of determining the effectiveness of various seabird bycatch mitigation gears and 
techniques. Tliis key element of the project was refined into a framework that was workable in the 
environment of commercial Jongline fishing vessels. Additionally, the scope of the project was 
expanded to include gathering qualitative information about the effectiveness and intrusiveness into 
fishing operations of the mitigation measures being tested. The adaptability of effective methods used 
in other longline fisheries to the Hawaii pelagic longline fishery was included in order to provide 
WESP AC with a more comprehensive 'set of seabird bycatch reduction options. 

3.4.1 Behaviors Per Unit Effort (BPUE). To quantifY the relative effectiveness of various seabird 
bycatch mitigation measures, data were to be analyzed in terms of the amount offoraging behaviors 
per hook [behaviors per unit effort (BPUE)J that a particular measure deters. Actual interactions with 
longline gear are rare in comparison to the events that proceed them. It was assumed that there is a 
correlatio'! between a reduction in "attempts" to take baited hooks and the "interactions" that ensue. 
Counting "attempts" provided a more powerful data set to quantitatively analyze the effectiveness . 
of a particular mitigation measure. 

Due to the relatively low numbers of albatross bookings, entanglements, and mortalities in relation 
to the higher number of attempts (chases, landings, and dives) and interactions (contact with the 
gear), it is difficultto make statistically valid, quantitative comparisons of the effectiveness ofvatious 
seabird bycatch reduction techniques (Skillman, Molloy, Fadely, Melvin, and Scott, pers. comm.). 
For this project, the criteria for evaluating the effectiveness of the bycatch mitigation techniques and 
gear per Iongline fishing event (set, soak, and haul) were to be based_on the behavioral responses 
(attempts/interactions) and mortalities of the seabirds with, and without, mitigation measures 
employed. 

DePending on which mitigation technique or gear was being tested, different behavioral responses 
from the seabirds were expected. Some mitigation gear functioned to scare seabirds away from the 
baited hooks (tori lines, towing buoys) while other mitigation techniques functioned to reduce the 
attraction or visibility of baited hooks (night setting, blue-dyed baits, modified bait/offal discards). 
The use of these mitigation measures was expected to cause reductions in the amount of attempts, 
interactions, and therefore mortalities. Those measures that reduced the numbers of attempts and 
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interactions the most in relation to control periods and the other bycatch reduction techniques would 
be deemed the most effective. 

· 3.4.2 Zones of Convergence and Opportunity. In order to make quantifiable analyses of a 
mitigation measure's effectiveness, a zone was designated to provide a baseline count of the number 
of seabirds actively following the vesseL A second zone was delineated alongside and/or behind the 
vessel where seabirds have the opportunity to strike baited hooks (Figure 3). 

• The Zone of Convergence is the area 300 m to port and 300 m to starboard by 300 m astern. 
This is the flight area where seabirds actively follow the vessel to converge on the baited hooks, 
bait discards, and offal discards. This is also the area where seabirds were counted for the baseline 
abundance measurement .. 

• The Zone of Opportunity is the area where the baited hook may be brought to the surface by 
the turbulence ofthe wake, tension on the gear created by motion of the vessel, or retrieval by 
the crew. Seabirds may have an opportunity to strike the bait either by diving underwater or by 
directly picking up the bait from the sea surface. 

For example, during line setting, the maximum zone width is the length of the branchline laterallyto 
either side o~ the mainline, and astern to the point where the baits are too deep to be retrieved by 
diving seabirds. This distance was determined by calculating the farthest distance behind the vessel 
that a seabird could dive for a bait. Distances were.to be determinedby using an optical rangefinder. 
During gear hauling, the Zone of Opportunity included the area abeam where a baited hook cpuld 
appear at the surface or within diving range ofa seabird, and to the point astern where a bait might 
trail at the full extent of the branchline. 

3.4.3 Project Data Recording. In the field, data were to be collected by categorizing seabird 
behaviors into "Attempts" and "Interactions." 

"Attempts" refers to the number of seabird attempts to pick up baited hooks. Attemptswereto be 
counted only for pursuits of baited hooks or lightsticks attached to branchlines when they occur in 
the Zone of Opportunity. Attempt behaviors infer thatthe seabird is pursuing the baited hook were 
further broken down into three subgroups: chases~ landings, and dives. 

• Chases: Stalling or hovering in the air within I m of the visible baited hook or lightstick, or 
paddling/running on the surface in pursuit of baited hooks. 

• _Landings: Landing on the water within 2 m of a visible/submerged baited hook. 

• Dives: A seabird that submerges its head or bodyin an attempt to retrieve a submerged baited 
hook(regardless if successful). Dives for discarded baits and offal will not be counted, even when 
they occur in the Zone of Opportunity. 
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Figure 3. (a) Zone of Convergence and Zone of Opportunity for Gear Setting; (b) Zone of 
Opportunity for Swordfish Haul; and (c) Zone of Opportunity for Tuna Haul. 
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A single seabird may exhibit more than one "attempt" behavior or the same behavior multiple times. 
If the number of attempts became too great to subdivide, all chases, landings, and dives were to be 
recorded under total attempts for that observation period. Collecting seabird behavioral data was to· 
take precedence over collection of other data elements. 

"Interactions" refers to observed contact by individual seabirds with the gear or baited hooks. Bait 
on the hook is considered part of the gear. Interactions were to be subdivided whenever possible into 
three categories: contacts, bookings, and entanglements. If the number of interactions became too 
great to subdivide, all contacts, bookings, and entanglements were recorded under total interactions 
for that observation period. Interactions that become mortalities were also to be counted. 

• Contacts: Any contact by the seabird with any portion of the fishing gear within the Zone of 
Opportunity. If a single seabird contacts the gear multiple times, each was to be recorded. 
Contacts include picking up a baited hook, pecking a baited hook or Iightstick, flying into 
mainline or-branchlines, and pecking floats, etc. Contact with mitigation measures were to be 
counted. · 

• Bookings: Any time a seabird is hooked on any part of its body for any duration. If the seabird 
then becomes entangled, only the hooking was to be counted. 

• Entanglements: Any seabird that is entangled on any part of its body for any duration. An 
entanglement that results .in a hooking was counted as an entanglement and a hooking. 

"Mortality" was to be recorded, whenever possible, during the period of observation when the death 
occurred. A seabird observed interacting on the set in a hooking or entanglement and was drawn 
underwater was to be assumed killed and counted as a mortality at that time. A flagged clip was to 
be attached to the mainline to ensure that the seabird was not added to mortality counts for 
unobserved periods (i.e., night setting). Mortalities included seabirds found dead on the line during 
the haul, seabirds killed during the haul, or mortally wounded seabirds. Condition and disposition of 
seabirds were to be noted. . · 

3.4.4 Other Measures. Participation by Hawaii pelagic longline vessels in this project was on a 
voluntary basis. The field research portion of the project was restricted to five research cruises. Due 
to the limited nature of this study, bait-throwing devices, spraying water at seabirds, night setting for 
tuna, or underwater setting were not tested. Based on preliminary research, these mitigation measures 
would entail great cost, re-fitting of vessels, greater resistance from fishermen, and would not be 
effective in meeting the goals of the current WESPAC project (Cook, Gallimore, and Gates, pers. 
com.). Attempts to test weighted hooks on swordfish vessels encountered strong opposition due to 
the fishermen's substantial safety concerns. The five mitigation measures tested are widely viewed 
as being effective, cost-efficient, and minimally intrusive to current fishing methods (Alexander et al. 
1997). 
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3.5 Data Form Creation 

Data collection forms were designed for the field portion of this project. All forms were printed on 
water-proof paper for use at sea. These forms and their specific data collection protocols can be 
found in Appendix B. A brief description of these forms follows: 

I) Vessel Specifications Form. This form was used to identifY the vessel, vessel qwner or 
owner's representative, and vessel captain. Departure and arrival information and the results 
of the pre-boarding inspection of U.S. Coast Guard required safety equipment were also 
recorded on the form. 

2) Daily Operational Record. This form was designed to be completed for every set. It includes 
fields for entering the date, time, and location of each set and haul. It also contains fields for 
the recording ofbycatch mitigation technique tested, fishing gear construction, setting speeds, 
and hook count information for the set and haul. 

3) Pelagic Longline Seabird Interaction Record. This form was used to record each 30-rninute 
observation period (Figure 4). Fields for describing environmental conditions at the beginning 
of each period, the number of seabirds present in the Zone of Convergence, and the number 
of interaction behaviors exhibited by each species. within the Zone of Opportunity were 
included. Comments about seabird behavior, injuries, mortalities, and mitigation measures' 
effectiveness or modifications during the current observation period were also described here. 

4) Catch Tally Sheet. This sheet was used during the gear retrieval to record thetarget;species, 
number ofhooks deployed (effort), and the quantity of each species caught during the current 
set and haul. 

3.6 Gear Acquisition 

During this phase of the project, gear and equipment were purchased for use in the field including . ' - . 

safety gear for the field researcher, research equipment· and tools, and mitigation components .. 
Mitigation gear consisted of buoys, various lines, and assorted hardware for the constructiolf of 
towed seabird mitigation me~ures. Two tori poles and a steel base were donated to the project by 
the U.S. Fish and Wildlife Service (USFWS). Towed buoy systems and tori line systems were 
constructed, and bait dyeing tests were conducted to determine the proper soak time for baits. Mr. 
James Cook provided the use of one of his vessels to test gears in the near-shore waters prior to 
actual deployment at sea. Tori lines and towed buoys were deployed and some modifications were 
made to the gear based on these trials. 
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4.0 FIELD RESE:ARCH 

A total of five seabird bycatch mitigation research trips of approximately thirty days duration were 
conducted on Hawaii pelagic longline vessels. One trip was on a tuna vess.el (employing a mainline 
shooter) targeting bigeyetuna, fourtrips.were. on ~\Vordfish vt;~sels (no rilalnlint; shooter) using 
swordfish gear to target s~&rdfisp and/or bigeye tuna .. ~eabirdbehaviqra.lobservation data were 
collected during daylight ho.urs .. Tori lines, towedbU()Y systelllS/rt!~difiedoffaldiscarding practices, 
blue-dyed baits, night setting: ~swordfish vessels only)ai{d: ®ntroFtests were conducted during 
commerciallongline fishingppenitlons .. Dataojreffects rifllight .k'ettiqgon mortalities were coiJe,. red 
based on seabirds founddeaddtiring hau!sb~cause seabird9bservations could notbe made at night. 
Multi-variate factors rehiting to envirom)1entaiconditionsand gear variation between vessels were 
recorded on field data: fofJ!ls and considered in final analyses. Research aims and objectives for each 
mitigation technique an<! g(la(are listed below. . .... 

4.1 Mitigation Measure Descriptions and Usage 

This study tested mitigation techniques and gears that deter seabirds from interacting with the gear 
by either: I) frightening seabirds away from baited hooks, or 2) reducing attraction or visibility of 
baited hooks. Tori lines and towed buoy systems scare seabirds away from the area where baited 
hooks first enter the water. Blue-dyed baits, no offal discards, strategic offal discards, and night 
setting serve to reduce visibility of baited hooks or attraction to the vessel. 

Adaptation and modification of mitigation measures and gear were carried out on each trip to adjust 
to individual vessels, and t() iwprove the. effectivenes.s and decrease the intrusiveness of these 
measures on fishing ope(atjpils. · ( > . · · · 

4.1.1 Tori Line. tori lin~sweredesignedfor Japanese lonitlnt;tutia.vessels and function to deter 
seabirds by having streamers fluiteringin the air close enought~the surface to keep the sellbirds from 
flying under them (Brothers 1995). The tori linesystem testt;lkguci~g this projt;ct.was a modified 
Commission for the Conservation of A.ntar~tic ¥!!rine: Li'i!ing }tes()urces {GCAMLR) version 
(CCAMLR 1993; see Appendix q 'fhe t()riline was(lttii:cbedtoa·sturdy fiberglass pole (tori pole) 
that secured near thestem of the vessel on a swiveling ste,eibase: Tbe base was placed atop the 
setting house or sheltet-d,eck onthe stem ofthe vessel(l'l~te7),approxirilately2 mfrom the stem and 
2m inboard of the gunwale. The height of the attaphmt;lltpoint above waterr~nged from 4.5-7.2 m. 

The tori line varied from 140--.175 mlong depending on th~ length ofthe Zone of Opportunity 
established for the individual vessel. It was made of 1/4-inch, three-strand poly line, and had six 
detachable aerial streamers. The aerial streamers were made of flexible material that moved freely and 
unpredictably and were designed to be long enough so they dangled just above the water's surface. 
The portion of the tori line that trailed in the water had short (10-25 em) plastic water streamers. The 
tori line incorPorated a 1/2-inch hollow braid poly drogue section at the terminal end rather than a 
terminal buoy. The drogue reduced entanglements with fishing gear that crossed the tori line. To 
achieve full effectiveness, the researcher tried to assure that the tori line was positioned directly above 
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Plate 7a. Tori line and pole: the pole and swivelling steel base were mounted on top of the baitshack. 

Plate 7b. Tori line deployed on the haul. Note: albatross have landed behind aerial streamer portion. 
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Plate 7c. Aerial streamer .of graduated lengths were attached to the tori line (following page). See Appendix 
C for construction instructions. 
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the area where the baited hooks were deployed. The height of the attachment point, length of the tori 
line, and weight of the aerial streamers determined the distance that the aerial streamer portion 
remained aloft behind the vessel (see Appendix C). 

Procedure for Setting. Prior to deployment of the tori line, the researcher and the captain of the 
vessel detennined the wind direction relative to the vessel's setting course. The researcher positioned 
the tori pole so that the aerial portion of the tori line would best cover the area where baited hooks 
entered the water, while assurin&that the tenninal endwould not cross the mainline or entangle 
suspender floats. The firstradt~bll(lYO.ftll~l'j~hj~ggel!r "~!Vas then deployed. Either the researcher or 
a crewman would then thfow the to~ linedto~egverboardsothatthe tori line would then trail out' 
behind the vessel. When th~ todl!~¢was full}' deployed and aerial streamers were up, the crew began 
setting the baited hooks. The baited hooks §:ere thtpwn qutside the vessel wake and under the 
protection of the aerialsir~all1ers. ;Tht.J;res~~rth~r and the crew had to continually monitor the tori 
line for positioning, possible eiltijl)gl.ewints \>lith fishing gear, and effects of sea state and weather. 

' -- -· . -- ;.;. - - . 

Procedure for Bauling,Qllrtrighl!ulirtgqpe(~tions1thetoripole was positioned so that the aerial 
streamers and tenninal bup}' ~e~ covere<h~e)i~t!ratbaite~ hopks were brought near to or trailed 
on the waters surface. Thepp~ti()n oft~tf{!lji ~irewl!s closely.I'IloJiitpred because vessels slow, stop, 
back up, and tum repea:te<IIY!:!ur:ing iia!1ls:"This Yfas f()undto bethe best time to make adjustments 
to the pole positioning. · · ·· · · · · · 

Modifications by VessellTarget Species For Setting; Tori lines were designed for setting 
operations on tuna vessels with mainline shooters and associated fishing gear. The resulting increased 
sink rate of baited hooks means thatthe aerial strearnerportion ofthe tori line on these vessels can 
usually cover the hooks until they sink. On swotdfish.vessels (without shooters), baited hooks are 
available near the surface well.beyond the aerial portion of the tori line; therefore, the tori lines were 
made up to 35 m longer for use on swordfish vessels. 

Modifications by V esselffat"g!'t Species .Forllauling. During hauls, the tori line was shortened to 
approximately 50 m, and a terminal buor !!J:tl!ched to create' enough tension to keep the aerial 
streamers aloft. This was done because tlleZbpe of Opportunity is much shorter during hauls, and 
the vessels stop and back up frequently: The .~C:riaLportion needs to cover only the distance the 
branchlines extend behind the boat (usuall}'20"m or less). In this study, only four shortened aerial 
streamers were used to cover the area where baited hooks trail on the surface duringthe hauL 

4.1.2 Towed Buoy System. This technique works on the same principal as the tori line. It was 
expected that a towed streamer line with one or more buoys would be more effective than the tori 
line for two reasons: l) tension on the tow line created by the buoy increases the distance that the 
aerial streamer portion remains aloft behind the vessel, and 2) the bouncing and splashing of the buoy 
distracts the seabirds. In most cases, the tow line was attached to the same base and pole used for the 
tori line. The tow lines tested varied from 140-175 m long. Tow lines were tested in two formats: 
I) with one buoy at the terminal end; and 2) with two buoys, one at the midpoint and one at the 
tenninal end (Plate 8). The· use of a second buoy at the mid-point was abandoned after several 
breakdowns caused by the middle buoy submerging under swells and creating too much drag on the 
towing pole. Permanent 1-m-long plastic strap aerial streamers were incorporated in the buoy towing 
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Plate Sa. Towed buoy system being deployed. 

-~ 

Plate Sb. Towed buoy system with one terminal buoy deployed during gear haul. 
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line to increase effectiveness (CCAMLR 1993; Appendix C). This system also incorporates 1/4-m­
long plastic strap water streamers. 

Mitigation Measure Construction. Towed buoy systems are simple to construct and use less 
hardware than a tori line. As with a tori line, swivels were placed every 20 m to reduce twisting in 
the towing line, Plastic strapping from the bait boxes was found to make excellent streamers and did 
not wrap around the towing line to the same .extent as the longer tori line .streamers. The plastic 
streamers weresiriJPi)'woventhroughthe towing line atl-mintervl!.ls.Attachinganother buoy to the 
towing line was found to significantlyincrease.thedistancethe_aerial portion-remajrtsaloft behind the 
vessel and added an9ther bo~n:ing; splashiligd~terrentto frighten seabirds. This became problematic 
in large swells ami orrough }:Ve~J,ther a5 theforwl}rd buoywo~ddsu9rli.erge and puttoo much tension 
on the towing.pole.Materia]~net:ded for (;()nstruction areessentiilllythe same ;is for tori lines. 

Procedure for Setting •. See tori line procedure. 

Procedure forHauling. See torilineprocedore. 

Modifications by Vesselffarget Species. Just as the tori line was designed to best cover the Zone 
of Opportunity for each vessel, the towed buoy system was designed taking into account the distance 
behind the vessel that baited hooks are available to seabirds. The towed buoy system line was 
lengthened by up to 35 m to cover the extended Zone of Opportunity for swordfish vessels. 

4.1.3 Night Setting. Longline sets beginning at least one hour after sunset and ending at least one 
hour before sunrise can be considered night sets. Baited hooks set in darkness are not easily located 
by seabirds (Plate 9). Turning off non-essential vessel lights can increase the eff~ctiveness of this 
mitigation method (Brothers 1995). Conversely, use ofbuoyant chemicallightsticks may reduce the 
effectiveness of this technique. Fishing strategies depend heavily on the diurnal movement of target 
species and moon phase. Therefore, this method may comprqmise optimal setting operations. 
Although tunlJ.yc;ssels begi~ a!id end setting during daylight hol.!rS, the level ofseal>ird inter;!.ctions 
for these vesst;Is is extrt;melylow; therefore, thismetpod was not tested onthe one tuna trip included · 
in this study.Jtwas convenient to cq1lectdata abmifthe effects ofnightsettingon se~bird mortalities 
because most swordfis,h sets>begin in the evening -ali(! continue throughout the night. Collection of 
these data required no changes to normal setting procedures. 

Procedure. There were no changes to normal fishing op¢r;ttions required todo,uect d~ta on night 
setting mortalities, Nightsetting data were collected for liooks that y.rere set l!!ler(lark. Night setting 
data were collected by theres~archef on sets thatbegali before dark by marking the mainline with a 
col0red mainline marker atthe poiritwhere itbecarne too dark to continue soll~cting observational 
data. Seabird mortalities retrieved (!tiring qauls priorto the appearance of the mainline marker, from 
sets that began before dark, were considered "nigfitsetting mortalities.'' All seabirds found dead on 
sets that began and ended after dark were also considered night setting mortaiities. 
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Plate 9. Night setting: swordfish gear being deployed at night. Note: no mainline shooter and blue·dyed baits. 
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Modificati-ons by Vessei!I'arget Species. Observations made by the researcher determined that the 
majority of hooks set on a swordfish set enter the water at night. It follows that swordfish vessels 
setting before dark are responsible for the vast majority of albatross mortalities in this fishery. Waiting 
until one hour after sunset to begin setting only reduces optional setting time for these vessels by a 
small amount. Dedicated tuna vessels begin setting in the morning and finish about five hours later. 
These vessels have much lower seabird mortality rates due to their use of mainline shooters combined 
with branchlines with weights near the hooks; therefore, night setting was not deemed appropriate 
fortestingonthesin~Jetl)natripincluded in this study. It should be noted that when these weights 
are removed from the l)rancli!iries; Jtma vessels can incur seabird interactions and mortality levels 
approachirigtho~~:ofas~ordfishv~ss!ll (Cook, pers. comm). 

4.1.4 Blu~4Y~Jb~its: Thi~t~chrtique\vasd~yeloped by East Coast Jongline fishermen, but the 
informationw~n~t\Vjdeiy 4iss!Jitlinatedin the Hawaii swordfish fleet (see Section 7. 7). Dyeing the 
baits reducesseabirds~" ~bility.to see baits. Seal)irds may not recognize the odd-colored baits as food. 
This method'Teducesth?cqn,trasi:(visibility) oft}ie bait's natJJral color to the surrounding ocean when 
seen from al)oVeoThe .bait'Wsoaked in a mixture. of blue food coloring additive and sea water until 
it is the sam!) blue hue as tile ocean (Plate 1 O):'This technique had the added benefit of thawing the 
bait, which iricre#~s book sink rate. Crews must take the time to thaw and separate the baits prior 
to dyeing them. · 

Procedure. ])ue to the voluntary nature of vessel participation in this study, strict adherence to 
complete baitthawing for all mitigation tests could not berequired.Some fishermen prefer baits in 
a semi-fro:Zenstate to reduce breakage as hooks are baited. Also; keeping l)aitsfrozengives fishermen 
the option of preserving bait quality should a set be cut"short ani! baits returned to the freezer. 
Although bait thawing was nota mitigation measure tested during this study, the level ofbait thawing 
was recorded for each observation period (see Figure 4). 

Baits can be dy.ed prior to or during setting operations. The researcher dyed the baits blue by soaking 
them in blue food coloring mixed with sea water prior to the hooks being baited. The dye comes in 
a finely powdered form, and It ·was found to be more efficient to premix a concentrated dye solution 
by transferring the powder into a 1- to 2-quart container and adding warm fresh water. This 
concentrated solution was then portioned out for use. The researcher added approximately 15 gallons 
of sea water to a 40-gallon container and then added one portion of the concentrated dye solution 
and mixed. 

The crew removed boxes ofbait from the bait freezer several hours prior to dyeing. Blocks of frozen 
bait were sometimes soaked in sea water to speed the thawing process. When individual squids were 
easily freed from the blocks, they were separated and put into mesh baskets and immersed in the dye 
solution in the 40-gallon container. Not more than two boxes of bait (60-100 squids) were dyed at 
one time. The squids were stirred frequently to assure that all were coated by the dye solution. 
Depending on the concentration of the dye solution, 15-30 minutes was sufficient for the baits to 
reach a very dark blue color. When properly dyed, the squid became the same dark blue color of the 
ocean. 
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Plate lOa. Blue-dyed baits: natural colored squid Plate lOb. Blue-dyed baits: fully dyed baits. 
baits being lowered into dye solution. 

Plate toe. Blue-dyed baits being deployed during a swordfish set 
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During setting, the baits were thrown well outside oftheturbulent propellor wash, Thedyed bait was 
highly visible from above when it was in the white water of the ptopellor wash compared to when it 
was in clearbhie water. Three or four treatments can be done by one container of dye. 

- . --·- ' - . ~ -. ' --_; 

Mo.tific~t~onsby VI!SselfTarget Species. To date, swordfishfishriJllen arer~sponsil>lefor iriitiating 
bait dyeingc!lff<lft.sinthe fishery. This may have a differentdegre.e oft;ffelfriveness as a ~eabird 
byclltch mitigatjonme~IJTe for fish baits such as sanma (saury)or mackerel Sanmabahs are already 
deep b)Qe dorsally arid silver ventrally from approximately the lateraUiqe~These<l>aits can be dyed 
effectively; however, the camouflaging effect may be reduced in bright sullli~t. The dye fades more 
rapidly and to a greater degree from sanma than squid. If other mitigatibn)rieasures do not prove to 
be effective enough for tuna vessels, further research should be conducted tO determine the degree 
of effectiveness of blue-dyed bait for tuna vessels. 

4.1.5 No Offal Discards. Dumping offal or discarding baits and bycatch while setting or hauling the 
fishing gear is a major cause of seabird attraction to fishing vessels. Offal discards direct seabirds 
towards the line settinglhaulingactivity and the baitedh()oks(Brothers 1991 ). Dumping offal outside 
the times for setting and haulingiJUlytedQcet!Ies.eabirds'<~ttractiontothefishinggear and may lessen 
the incentive for seabirds to follo\'{fi~hingvesselsinsearch of food (Brothers 1991 ). During research 
trips, unUsed baits, fish offal, and bycatch fish species .were retained in buckets and barrels or on the 
deck (Plate 11 ). Retaining offalrequires minimal· cl)anges to fishing practices. 

Procedure. Offal from fish were ~ptlti1lto large containers on deck by crewmen. Baits retrieved by 
the crew during hauling were placedirito a s~gallon bucket as the branchline was brought aboard. 
When buckets at the hauling Station~·h¢came full, they were emptied into the larger containers used 
for offal and bycatch. Sharks and o~hei large fist\ bycittch were piled out of the way on the deck. 

Modifications by VesselfTargei Species.Thls•stlitegy mainly applies to swordfish vessels as 
Hawaii's tuna vessels haul at night and donotnormally:remove the entrails from tunas at sea. Smaller 
vessels may find the reductionin deck$aee problematic. - ~--- " . '- - -,_ .- -.- - ' -

4.1.6 Strategic Offal Discards; Sqmepel~gic fisheiJllen have discovered that removing the bill and 
sawing swordfish heads in haifverticallyprovidesa large and durable stationary floating attractant 
for seabirds. Swordfish and fish ~ritnli!s (especiaflysl)ark livers) also serve this purpose but siilk 
faSter. By periodically throwing offal overboard, large groups of seabirds were distracted away from 
the vessel and fishing gear (Piati(J2), When the offalwas consumed or sank, seabirds were well 
astern of the vessel and were: l~ss likt;:ly to resume pursuit. Periodic discards were made and 
encountered by seabirds as they resu_l11ed pursuit of the vessel. Since suitable amounts of offal are not 
always available, offal may be frozen for later use. Effectiveness of this method can be increased by 
freezing heads and offal which makes them float better and increases seabirds' consumption time. This 
method requires modification of offal discard practices during gear retrieval in an effort to save 
discards for the set. Strategic offal discards were introduced as a mitigation measure during Trip 5. 
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Plate 11 b. No offal discards: swordfish heads and large bycatch species were retained in piles on 
the deck 
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Plate 12a. Strategic offal discards: swordfish heads and offal prepared for discarding. 

Plate 12b. Strategic offal discards were thrown to distract albatross away from baited hooks. 
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Procedure. Crewmen removed and retained swordfish heads as the fish were processed during hauls. 
The upper bills were severed at the base and discarded because they Q1Jickly sink. Heads were then 
sawed in half from top to bottom. Each half of a medium,sized swordfish head floats for about 5-7 
minutes. Entrails (especially oil rich livers) of swordfish andsharkswere also successful at distracting 
seabirds. A crewman simply tossed these items in plain view of the seabirds and monitored their 
approach. He strategically discarded more offal on the side ofthe vessel opposite from where baited 
hooks were entering the water. · · 

Modifications by Vesselffarget Species. This method Wl!S developed, by swordfish longliners. The 
most effective offal. is. swordfish heads that have beeruiplii in halfhr l'!l>atiitg swordfish entrails. 
Smaller offal and baits can be used, however, they niiJ.Y allow the ~eabirds to quickly swallow them 
and resume pursuit of the vessel. Tuna vessels would luiveto retairioff# tfomnight hauls for day 
sets. This is not a significant hindrance since tuna ~ets generally clos~Iyfollowthe haul in the tuna 
fishery. 

4.2 Field Data CollectionProcedures · 

Seabird bycatch reduction measures were tested individually during each set and haul. Whenever 
possible, control periods were incorporated into each test. Vessel operational data were collected for 
each set/haul· sequence; The catch oftarget species and bycatch, environmental conditions, seabird 
abundance, and probfems with, or changes to, the mitigation measures were also recorded. The goal 
in designing th,efield data collection protocol was to maximize the number of hours (number ofhooks 
observed) of rliitigation gear data while allowing for ongoing. eourits of seabirds in the area, 
environmentalsummaries, and gear maintenance. · . ' · 

It was significant toth~ field data collection methodologythatpa[ticipation.offishing vessels in this 
project was voluntary. Every effort was made to incOrporate tests With rlonnal fishing operations to 
accurately assess each mitigation measure's effectiveness Jbr reducing seabird mortalities and 
intrusiveness into currentfishingprocedures. To secutean;d-waintain the cooperation of fishermen, 
the researcher had to IJ.Ccomplishtesting and data collectiqnwlth as little disruption of fishing 
operations as possible. · · · ·· 

. . ~ ' ' 

A total offour mitigation measures were tested on tuna vessel.~ets arid hauls: 
• tori liJ1~S . ........ . . · · · ·· · 
• towed .blloy system 
• bluecdye~·bait · 
• no offal discards during set. 

A total of five mitigation measures were tested on swordfish vessel sets and hauls: 
• tori lines 
• towed buoy system 
• blue-dyed bait 
• night setting (set only) 
• strategic offal discards (set )/no offal discards (haul) 
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Ordering of Mitigation Tests. It is possible that a given mitigation measure may affect seabird 
behavior in some way (habituation) that carries over into the' next test_ In order to reduce any such 
effects, the ordering of mitigation measure testing was randomized such that the same mitigation 
measure was not tested on consecutive sets. Over the course of the project, more data were 
accumulated for some measures than others. Later testing was ordered to attempt to equalize the 
amount of data collected for each mitigation measure. For this reason and for operational reasons 
pertaining to normal fishing operations, perfect randomization of mitigation measure tests was not 
possible. "-'' 

Control Peri~~~~r,Gollt(QI;eriod~ refer to the periods whenseabirdbehawofaldatltwere collected 
while no mitigatiqJtmei!sll,t~'was employed. These periods ofnonnal fishing operations were included 
within each mi'tig~ti~~ test whenever possible. This was· done . to negate vaJiations in factors 
influencing the effe~Hveness of a particular mitigation measure on any given day. Environmental 
conditions, level ofpaittha\\fillg, imiilability ofbaited hooks, variations in seabird abundance levels, 
etc., can viuy![eitily withinandbetweensets.By including control peridds d~ringwhich normal 
fishing gear and ~r!iptice$:Were employed baseline compariSOt'1SOf seabird foraging pehaviors were 
obtained. In s~Iile ~~ses, -~ontr,ol peri?ds could not be. perfectly randomiz.ed due to operational 
constraints, ])i~do,\¥11s qrent~11glements ofmitigation measures, or other factors. Because the tori 
line and tow¢9· btJOY syst~lll are ~ifficult to .retrieve during Ii~e setting, C()ntr<il periods usually 
occurred prior.-tp:deJ)Ioyn)ent of!llese mitigation measures. In cases. w)1ere the to.w¢d mitigation 
measure brokeor·haq to he;liutfree, the remainder of set.data were usually crillected as a control. 

Thirty-Minutel>llta (]oll~ction J>er;iods. Standard data.collection·periodswere3~ minutes long. 
Seabird abulld\1-i(~ecbllnt~in theZpne ofConvergence were collected prior to, ltnd after, each period 
to provide all average abundance level for that period. The time between periods was used for 
gathering environmental data, mitigation gear deployment or retrieval, and fish counts. If an 
observation period was interrupted, the length of the interruption was noted and subtracted from the 
total observation time. In the case of longer interruptions, the observation period was ended and a 
new period started when fishing operations resumed. 

Multi-variant Factors. Data were collected on environmental, operational, and technical factors that 
may impact the effectiveness of mitigation measures. Recordings were made for time of day, light 
level, moon phase, vessel speed during set/haul, vessel location, wind speed and direction, target 
species, gear used, bait type and condition (level of thawing), seabirds species and numbers present, 
and seabird behavior (attempt/interaction/mortality) during each set and haul. 

Marking Changes from Mitigation Measure to Control. Changes from mitigation measure to 
control, and vice versa, were marked using colored mainline markers (Plate 13). Due to course 
changes, entanglements with fishing gear, intrusiveness into fishing operations, and other factors, 
mitigation measures were not always deployed throughout the night on sets. When testing of a 
mitigation measure was ended at night, a marker was attached to the mainline so mortalities could 
be attributed to the portion of the night set with, or without, a mitigation measure in place. Adherence 
to the mixing of control periods in each mitigation measure test was attempted as was feasible. 
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Plate 13. Colored' mainline markers used to signify cbanges from deterrentto control, potential mortalities, 
and time markers. · 
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Marking the Longline in the Event of a Possible Seabird Mortality. Actual drownings ofhooked 
seabirds were rarely witnessed because of the great distance behind swordfish vessels where 
interactions can occur and' because the vessel was moving away from the place where the interaction 
was occurring, When an albatross was observed to have brought a baited hook to the surface, a 
marker was placed on the mainline to mark it as a potential mortality. A hooked seabird may have 
been removed from the hook by sharks. The hook would only be seen as an empty hooklbranchline 
on the hauL Empty or missing hooks found on the haul where a mortality might be expected were not 
counted as mortalities.· 

Stopping Behavioral Data Collection Due to Darkness. Data collection stopped at the time the 
researcher could no longer identifY seabird behaviors or individual species. A marker was attached 
to the mainline to indicate the point where observations ceased. In a few rare cases, data were 
collected where species of albatrosses could not be determined. These were recorded as 
undifferentiated species. 

Assigning Time to Mortalities. The order that mainline markers were recovered during gear hauling 
allowed mortalities to be entered on the data form corresponding to the period when the hooking 
occurred. When a mortality was not witnessed and the researcher observed a dead seabird on a hook 
during the haul, the mortality was assigned a time based on the marker's location on the mainline. 
Night mortalities were assigned times by their location on the mainline. In many cases, knowing the 
time a certain marker ~as placed on .the mainline relative to the position of the mortality allowed for 
close approximation of the time the hooking occurred. During the last trip of the project, the number 
of night mortalities was higher than on all other trips combined (see Section 7.3). During night sets 
on this trip, mainline markers were attached to the mainline at intervals. The time the marker was 
attached was recorded. Approximate times of bookings could be derived by the location of the 
mortalities relative to the markers. 

Catch Tallies. Catch Tally forms were completed during each gear hauL All target and non-target 
fish species, plus any seabird or sea turtle species hooked, were recorded. The catch tally form was 
used to test for effects of seaoird mitigation methods on CPUE for all species. It also recorded 
whether the animal was hooked during a mitigation measure test or control period during setting 
operations. Seabirds that were hooked during gear hauls were recorded on the Pelagic Longline 
Seabird Interaction Record for the time period when it occurred. In most cases, catch was recorded 
as it came aboard; however, if seabird attempts and interactions were occurring, the catch was tallied 
after the observation period ended. 

4.3 Fisherman Questionnaire 

An important part of determining the most effective and least intrusive methods for reducing seabird 
mortalities in the Hawaii longline fishery is feedback from fishermen themse1ves. The collection of 
opinions and concerns from vessel operators and crews was an important element of this study. This 
information will be very useful as it pertains to adaptation, acceptance, and implementation seabird 
bycatch reduction mitigation measures in this fishery. A post-cruise questionnaire was designed to 
collect this information. 
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Fishermen on vessels participating in the project were asked to fill out the .questionnaire to determine 
their opinions about the importance of reducing seabird bycatch, which mitigation measure tested was 
most effective, which measure was easiest to use, which measure was most difficult to use, _and if 
mitigation measures affected CPUE. Fishermen were also asked wha(measures longline fishermen 
would voluntarily comply with. These surveys were filled out while the vessel returned to port. The 
results of these surveys are detailed in Section 6.0. The questionnaires are provided in Appendix D. 

-. 
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5.0 QUANTITATIVE ANALYSIS OF MITIGATION MEASURES 

5.1 General Methods 

The major quantitative goals of this study were to determine the effectiveness of each mitigation 
measure relative to one another and to a control in terms of seabird bycatch and CPUE. Mitigation 
measures tested were the tori line, towed buoy system, blue-dyed bait, no offal discards (haul only), 
and strategic offal discards (set only), and night setting. 

In order to determine the effectiveness of each mitigation measure, seabird behaviors were recorded 
during sets and hauls while a single mitigation measure was in place. Behavioral data were also 
recorded during control periods when no mitigation measures were used. All analyses are for 
observation periods when seabirds were present. Night setting data were collected on all trips only 
in terms of seabird mortalities (i.e., behavioral data could not be collected in the dark). 

Vessel preferences for bait thawing procedures were consented to during this project. Only blue-dyed 
bait tests incorporated completely thawed baits throughout. During most tests and controls, baits 
were completely or partially thawed by crews prior to being deployed. 

A three-tiered behavioral data set-attempts; interactions, and mortalities-was designed for this 
study because it was clear from NMFS Hawaii Longline Observer Program data that the number of 
mortalities per "test," which for our purposes is the hook, is low. Behavioral data were recorded 
during all sets and hauls when light levels allowed the observer to record seabird behaviors. 
Behavioral data and seabird counts were recorded on "Pelagic Longline Seabird Interaction Record" 
data forms (see Figure 3 above). 

In addition to data recorded on the Pelagic Longline Seabird Interaction Records, data describing the 
number of hooks and type of gear used for each set and haul; set and haul duration; trip, set and haul 
number; target species catch;· and seabird bycatch were also used in the following analyses. To 
determine if mitigation measures have any effect on target species catch, the number of fish caught 
with, and without, a mitigation measure in place during the set was recorded. 

Data collected through at-sea research were entered directly from the field forms into a computerized 
spreadsheet. Master data sheets were created for each discrete data collection form. Data were then 
entered using these master sheets as guides for each trip. Data were organized and grouped together 
by trip number. This procedure resulted in one large data file per trip which facilitated querying and 
analysis. The raw data (hard copies) collected at sea are stored in logbooks at the GANDAoffice. 
Full data printouts are presented in Appendices J through N. Electronic copies of the data files 
accompany the report to be delivered to WESP AC. 

All data manipulations and analyses described below were performed using Corel Quattro Pro 8 
spreadsheets. Raw and derived data, from which each overall result draws a conclusion, are provided 
as separate appendices corresponding to each analysis subsection (Appendices F through I). 

Ymal Report of the Hawaii Longliue Seabird 
MortalitY Mitigation Project 

Page 45 

Garcia and Associates 
September 1999 



5.2 Effectiveness of the Mitigation Measures on Sets 

The number of albatross mortalities that occur during Hawaii pelagic longline sets is significantly 
greater than the number occurring during hauls (NMFS 1998); therefore, determining which 
mitigation measure best reduces seabird bycatch during gear setting operations was the most 
important goal of these analyses. 

A total of4,412 hooks were observed when seabirds were present during tuna vessel sets on Trip 1. 
A total of8,023 hooks were observed when seabirds were present during swordfish vessel sets on 
Trips 2-5. The number of hooks observed was determined by multiplying the total number ofhooks 
for the set by the percent of total set time represented by each observation period: 

no. hook per observation period = total no. hook x (observation duration/total set duration) 

The total number of hooks observed for a particular mitigation measure is the sum of all hook 
numbers for those observation periods when that particular mitigation measure was in place. The 
overall number of hooks observed is the sum of the hook numbers for all observation periodsc 

Five seabird mitigation measures were tested on sets.: towed buoy system, blue-dyed bait, strategic 
offal discards (SOD), tori line, and night setting. SOD were introduced as a mitigation measure 
during Trip 5; therefore, the total hooks observed for .SOD were less than those observed for other 
mitigation measures. 

The best determinant of the effectiveness of mitigation measures is the number of behaviors that . 
oc.curred in a given observation period with a given mitigation measure in place corrected for the 
number of seabirds present and divided by the number of hooks that were set in that period. This 
quantity, which is the rate ofbehavior per seabird per hook, is termed ''BPUE." BPUE was calculated 
as follows: 

BPUE =(no. of behaviors/no. of birds present)/no. of hooks observed 

It was necessary to correct behavioral data for the numbers of seabirds present. Without correcting 
the data, a given mitigation measure used in a observation period in which seabirds were abundant 
appeared to allow many attempts or interactions. 

A low BPUE means that each observed seabird exhibited fewer behaviors per hook. Appendix F 
provides the data from which the BPUE was calculated. 

BPUE was subdivided into attempts per unit effort (APUE) and interactions per unit effort (IPUE). 

F"mal Report of the Hawaii Lougline Seabird 
MOrtality Mitigation Project 

Page 46 

Garcia-and Associates 
September 1999 



.. 

5.2.1 Attempts Per Unit Effort (APUE). APUE data is calculated as follows: 

APUE = (no. of attempts/no. of seabirds present)/no. ofhooks observed 

The average APUE for all mitigation measures tested on both the tuna and swordfish trips was less 
than the observed average APUE for the respective controls. 

The control on the tuna sets allowed for an average of 10.7 attempts per seabird per 1,000 hooks. 
The towed buoy system, blue-dyed baits, no offal discards, and tori line tested on the tuna trip had 
mean APUEs ofO.O, 0.0, 4.3, and0.8 per 1,000 hooks, respectively (Table 3). Each ofthe mitigation 
measures, therefore, had lower mean APUEs than the control on tuna sets, particularly the towed 
buoy system and blue-dyed bait mitigation measures. 

Table 3. Turia 'frip: Number of Hooks Observed and Effect of Mitigation Measures on Seabird 
Attempts for the Set. 

Mitigation Measure Number of Attempts per 
Hooks seabird per 

Observed 1,000 hooks set 
.· 

Towed buoy system . 243 0.0 

Bluecdyed bait 579 OcO 
. 

No offal discards .• 601. 4.3 

Tori line 1,463 0.8 

Control 1,526 10.7 
. 

The control on the swordfish sets allowed for an average of 76.7 attempts per seabird per 1,000 
h9oks. The towed buoysystem, blue-dyed baits, SOD, and tori line resulted in 37.1, 39.3, 29.4, and 
47.1 attempts per seabird per 1,000 hooks, respectively (Table 4). These APUEs were analyzed for 
statistical significance using S-Pius software produced by Statsci. The frequency distribution of 
APUE data were generated and observed· to be similar to a Poisson distribution: APUEs for all 
observations during the set in which seabirds were present were compared to a general fu1ear model 
(GLM) for the data, assUming a Poisson distribution. 

The F statistic generated from the GLM of all set data for swordfish trips was \Jsedto detennine if 
the APUEs for mitigation measures differed from one another and/or from the control. Based on the 
F statistic, the probability that APUEs for mitigation measures are not different from one another 
and/or control is P = 0.0038 (see Appendix I for complete summary ofF statistics). The probability 
that observed differences in average APUE on sets occurred solely by chance is less than I in I 00. 
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Table 4. Swordfish Trips: Total Number ofHooks Observed and Effect of Mitigation Measures on 
Seabird Attempts and Interactions for the Set. F statistic for these data from a GLM analysis indicate 
that they are distinct with a probability ofP = 0.0038 . 

Mitigation Measure Number of Hooks APUEper ·IPUEper 
Observed 1,000 hooks set 1,000 books set 

Towed buoy system 1,902 37.1 16.1 
. . 

Blue-dyed bait 2,503 39.3 7.6 

SOD 880 29.4 15.4 

Tori line 1,526 47.1 15.7 

Control 1,212 76.7 32.8 

Note: Night setting data are not included in this tables because only mortalities were recorded during the haul. 

The effectiveness of each mitigation measure may be expressed as the percentage by which it reduced 
seabird attempts. The formula for calculating percent effectiveness is: 

%effectiveness_= ((control APUE- mitigation measure APUE)/control APUE) x 100 

Using this formula, a mitigation measure that is I 00 percent effective results in no attempts while a 
mitigation measure that is 25 percent effective reduces attempts by 25 percent (and allows behaviors 
by 75%) when compared to the values observed with the control. 

SOD reduced attempts by 62 percent, while the towed buoy system and blue-dyed bait reduced 
attempts by 52 percent and 49 percent, respectively (Figure 5). Since these percentages were derived 
from APUE data (which are slatistically significant) we may consider "% effectiveness" to reflect 
significant differences between mitigation measures and the control as well. 

5.2.2 Interactions per Unit Effort (IPUE). IPUE was calculated in exactly the same way as APUE 
with the single exception that interaction data were substituted into the calculation for attempt data. 
IPUE is calculated as follows: · 

IPUE = (no. of interactions/no. ofsea.birds present)/no. of hooks observed 

-
Because interaction data are exclusive of attempt data, IPUE is a completely independent measure 
of the effectiveness of mitigation measures (see Appendix F). Both APUE and IPUE data should be 
considered when making decisions about the overall effectiveness of each mitigation measure. APUE 
data are the more abundant data and provide the most statistically significant results. IPUE data are 
based on actual. contact with fishing gear. 
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Figure 5. Effectiveness of mitigation measures in reducing attempts, 
interactions and mortalities on swordfish sets (Trips 2-5). 

Only a single interaction occurred on the tuna trip, therefore, no quantitative analysis results of 
seabird interaCtions on tuna vessels are presented here. · 

The average control value for IPUE during swordfish sets is higher th!ln IPUEs.Jor any of the 
mitigation measures. Differen«es between IPUE averages for mitigation measures and control were 
found to be statistically significant via GLM with an F statistic ofP = 0.0038 (see Appendix I). The 
mean IPUE for control during swordfish sets is 32.8 interactions per seabird per 1,000 hooks. The 
values for the towed buoy system,blue-dyed baits, strategic offal discards, and tori line are 16 .I, 7 .6, 
15.4and 15.7 per 1,000 hooks, respectively (see Table 4). 

When data are converted into "% effectiveness" (see Figure 5), all mitigation measures reduced 
IPUEs by at least 50 percent. Blue-dyed bait reduced IPUEs by greater than 77 percent. The towed 
buoy system, SOD, and tori line reduced IPUEs by 50 percent. 

5.3 Effectiveness of Mitigation Measures on Hauls 

Because swordfish longline vessels typically haul during the day, they allowed for many observation 
periods within a single haul and, therefore, generated the largest data set. The four mitigation 
measures tested during the hauls were the towed buoy system, blue-dyed bait, no offal discards, and 
tori line. 
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During swordfish hauls, a total of37,810 hooks were observed_ The number ofhooks observed for 
the towed buoy system, blue-dyed bait, no offal discards, tori line and control was 6,778, 5,521, 
6,802, 7,924 and 10,785, respectively (Table 5)_ 

5.3.1 APUE and IPUE on Hauls_ APUE and IPUE were calculated for the haul in the same manner 
as for the set. Table 5 presents the average APUE and IPUE. data on the haul. APUE and IPUE data 
were analyzed separately using GLM_ The F statistic for both attempt and interaction data has a P 
< 0.0000 (see Appendix 1). 

Table 5. BPUE Summary for Swordfish Haul Data. Note that retention of offal discards (in bold) 
II d h t t b f b. d tt t d . t f a owe t e grea es num er o sea tr a empts an m erac tons to occur. 

Mitigation Measure Total Hooks APUE IPUE 
>Observed Per 1,000 Hooks Per 1,000 Hooks 

. 

Towed buoy system 6,778 ._ 2.0 0.2 

Blue-dyed bait 5;521 5.2 0.1 

No offal discard 6,802 25.5 1.3 

Tori line 7,924 1.2 0.1 

-Control _10,785 15.5 1.2 

Table 5 reveals a clear pattern of the effegtiveness of mitigation measures during swordfish vessel 
hauls. The towed buoy system, blue-dyed bait, and tori line all reduced attempt and interaction 
behaviors by a degree of magnitude, or greater, over the control. Interestingly, the retention of offal 
discards resulted in increased numbers of attempts and interactions at a rate greater than that 
observed for the control. 

. ' 

Figure 6 plots the "% effectiveness" of each mitigation measure on swordfish hauls. Percent 
effectiveness for hauls was calculated from APUE and IPUE data in the same manner as it was for 
sets. A negative "% effectiveness;, implies that the mitigation measure resulted in a greater number 
of attempts or interactions than observed with the control. -

The tori line, towed buoy system, and blue-dyed baits were all very effective at reducing attempts and 
interactions on the haul. The tori line was 92 percent effective in reducing attempts and 93 percent 
effective in reducing interactions. The towed buoy system was 87 percent effective in reducing 
attempts and 85 percent effective in reducing interactions on the haul. The blue-dyed baits were less 
effective than the towed buoy system or tori line at mitigating attempts but equaled thet()ri line in 
being the most effective mitigation measure in reducing interactions. The blue-dyed bait allows 
attempts because it offers no physical deterrent to the water above the baits_ 
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Figure 6. Effectiveness of mitigation measures in reducing attempts and 
interactions on the hauL BPUE data from which these "%effectiveness" values 
were generated were shown to be statistically significant with F statistic 
P<O.OOOO. 

These results suggest that blue:dyed baits may be successfully used on the haul in combination with 
a physical deterrent on the surface (i.e., towed buoy system or tori line) thereby increasing the 
effectiveness ofboth. · 

The negative "% effectiveness" of the retention of offal discards on the haul is an important result. 
First, as a mitigation measure, it may actually increase risks to seabirds in the short term. Prior to this 
study, it was expected that the control, which represents fishing without mitigation measures, was 
the worst-case scenario. Data gathered and analyzed through this study have proven this assumption 
false. Second, it allows for inferences about seabird behavior. Decreasing the presence ofno•risk food 
sources, like offal, intensifies seabirds' efforts towards risky food sources (i.e., baited hooks). Unless 
a way can be devised to completely eliminate the seabirds from the Zone of Opportunity altogether, 
eliminating no-risk food may be an unwise choice. 

The quantitative results presented here indicate that blue-dyed baits used in combination with either 
the tori line or towed buoy system would best mitigate seabird bycatch on the haul. 

5.4 MPUE: Mortalities 
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5.4 MPUE: Mortalities 
MPUE, or mortalities per unit effort, is a measure analogous to BPUE. Instead of quantifYing the 
numbers of behaviors that may lead to mortalities, as BPUE does, MPUE quantifies the number of 
mortalities per seabird present per hook. MPUE i~ calculated as follows: 

MPUE = (no. of mortalities/no. of seabirds present)/no. of hooks observed 

No mortalities occurred on Trip 1. This is most likely a result of the location of the fishing effort and 
the low levels of interactions associated with tuna vessel fishing gear (i.e., mainline shooter and 
associated terminal tackle). 

Seventy-eight albatross mortalities occurred during sets on swordfish trips. Of the 78 total mortalities, 
54 occurred during "lighted" observation periods. The remaining 24 mortalities occurred during dark 
portion of the sets in which no mitigation device was in use. Since night setting mitigates mortalities 
(see Section 5.5), dark periods in which no mitigation measure was in place cannot be considered to 
be control periods and were not included as such. Mortalities that occurred in the dark have been 
treated separately as mortalities occurring when the mitigation measure "darkness" was in place. 

Of the 54 mortalities that occurred during observed periods, 22 occurred during control periods 
(1,224 hooks observed), 13 mortalities occurred when the towed buoy was in place (1,902 hooks 
observed), 7 when dyed bait were in use (2,503 hooks observed), 2 with strategic offal discards {880 
hooks observed) and 10 with the tori pole in place (1,526 hooks observed). 

Although no mortalities occurred during hauls, 26 albatrosses were hooked during swordfish hauls. 
Had these birds been hooked on the set, many would have been pulled under the water and drowned. 
Birds hooked on the haul, however, are typically brought aboard and released alive but injured. Since 
the birds were still alive they were counted as "bookings" and not "mortalities," therefore, the data 
have been included in the IPUE analysis for the haul. However, all of these birds sustained injuries 
of varying degrees from the ~~ok that could lead to eventual death. 

Of the 26 bookings that occurred during swordfish hauls, 19 occurred during control periods(! 0, 782 
hooks observed), 5 during no offal discards (6,802 hooks observed), 1 with the towed buoy in place 
(6,778 hooks observed) and 1 with the tori pole in place (7,924 hooks observed). No hookings · 
occurred as blue dyed baits were hauled (5,521 hooks observed). 

Table 6 illustratesthe MPUE for each mitigation measure. GLM ofthe MPUE data indicates that the 
results of the statistical analyses are significant(P = <0.0000). All mitigation measures resulted: in a 
degree of magnitude fewer mortalities than that .observed for the control. While the control allowed 
for 2.23 mortalities per 1,000 hooks set, the mitigation measures allowed for 0.12- 0.47 mortalities 
per 1,000 hooks. 

Percent effectiveness for mitigation measures against mortality was calculated as follows: 

% effectiveness = ( (control MPUE - mitigation measure MPUE)/ control MPUE) x 1 00 
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Tab Je 6. Effect ofMitigation Measures on Seabird Mortality During Sword fish Sets 

Mitigation Measure Mortalities per seabird 
per 1,000 hooks 

Towed buoy system 0.26 

Bluecdyed bait 0.12 

SOD 0.32 

Tori line 0.47 
' 

Night Setting 
' 

0.60 

Control 2.23 

All of the devices reduced mortality by 73 percent or greater. Blue~dyed bait achieved a 95 percent 
reduction in mortality while the towed buoy system and SOD reduced seabird bycatch mortalities by 
88 percent and 86 percent, respectively (see Figure 5). , 

Statistical analyses of data from the swordfish vessel sets indicate that the blue-dyed baits performed 
best overall on the set Blue-dyed baits have the greatest ability to mitigate against mortalities (95%) 
and interactions (77% ), and provided a 50 percent reduction in attempt behaviors. 

5.5 Effectiveness llf Night Setting 

Because the majority of swordfish hooks are set after dark and darkness is a facile and potentially 
effective mitigation measure against mortality, mortality data were analyzed for the effect of darkness 
utilizing MPUE. 

To conduct the rught setting analysis and present results as MPUE, it was necessary to estimate the 
total numberofhooks that were setwhile seabirds were present during dark periods. Since it was not 
possible to determine if seabirds were present during dark periods, itwas necessary to develop soine 
criteria for assuming when seabirds were present and when they were absent 

It was assumed that seabirds were present during the dark portions of a set if: I) seabirds were 
present during the lighted observation period immediately preceding darkness, or 2) ,if there was a 
mortality during the dark portion of the set. Seabirds were assumed to, be absent from the dark 
portion of a set if: I) the entire set' occurred in the dark and no mortalities occurred, or 2) there were 
no sea~irds present on the lighted portion of the set preceding darkness and no mortalities occurred. 

1\gsuming that seabirds were present during all of the dark portions of sets would be consistent, but 
would lead to an overestimation of the number ofhooks set when seabirds were present This would 
result in a far lower MPUE for night setting, making it appear to be a better mitigation measure than 
it actually is. The manner in which the estimate of hooks was formulated provides for a conservative 
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estimate of hooks that were set. in the dark when seabirds were present. The value presented here 
represents something close to the minimum effectiveness of darkness as a deterrent. 

Appendix F presents data for aU sets in which seabirds were present during lighted observation 
periods immediately preceding darkness. It was assumed that seabirds were present during the dark 
portions of these sets. The total number of hooks set in the dark represented by these sets is 31,763 
(total hooks set minus hooks set in lighted periods). There were nine additional sets that occurred 
entirely in the dark during which a mortality occurred. These sets were 4, 5 and 8 during Trip 4; and 
sets 4, 5, 7, 8 and 10 during Trip 5. The total number of hooks set in the dark for these sets is the sum 
of the hooks set, since each of these sets occurred entirely in the dark. These trips accounted for an 
additional8,292 hooks set in the dark when seabirds were present. An estimated 40,055 hooks were, 
therefore, set in the dark when seabirds were present. 

Twenty-four mortalities occurred during dark periods ofthe set in which no mitigation measures were 
in place. The MPUE of these 24 mortalities is (24 morts/40,055 hooks) or 0.60 mortalities/1,000 
hooks. It is important to note that this MPUE value was not corrected for the number of seabirds 
present because the numbers of .seabirds present during nlght setting was unknown. It was assumed 
that the number of seabirds present equals the numbers of mortalities that occurred during eaclunght 
set. This is a conservative estimate that will act only to decrease the apparent effectiveness of night 
setting since there could only have been a number of seabirds present equal to, or greater than, the 
number of mortalities that occurred. 

MPUEs during night setting of 0.60 per 1,000 hooks is the most conservative estimate of night 
setting's bycatch mitigation effectiveness. This MPUE value was much lower than that obtained for 
the control (2.23) and comparable to that observed for the tori line (0.47). Conversion to "% 

·effectiveness" reveals that night setting is 73 percent effective. 

5.6 Species-Specific Behavioral Responses to Mitigation Measures 

5.6.1 Species-Specific Interactions. All quantitative results presented thus far group black-footed 
and Laysan albatrosses together. Following are the results of the statisticallmalyses 'consideritigthe 
effect of the various mitigation devices on the behaviors and mortalities observed for the two 
albatross species treated ·separately. 

Species-specific APUEs and IPUEs from sets and hauls for each mitigation measure were analyzed 
for statistical significance using GLM. The F statistic for the species-specific set and haul datawere 
significant, with a P < 0.05for interactions for both albatross species. The P-value for black-footed 
albatross interactions on the set wasP= 0,008, and P = 0.03 for Laysan albatross. The p-:value for 
both the black-footed albatross and Laysan albatross interactions on the haul wasP< 0.0000._ 

The P-value for APUE from sets wasP< 0.05 for the black-footed albatross (P = 0.01) andP > 0.05 
for the Laysan albatross (P = 0.8). Because the aim of this analysis is to compare the effectiveness 
of each mitigation measure between the two albatross species, the APUEs for eacn of the species 
muSt be significant. The Laysan albatross APUE data did not meet this criterion and cannot be 
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included in the analysis. The comparison of the effectiveness of the various mitigation measures 
utilizes only the IPUE data from both sets and the hauls. 

Table 7 presents the IPUE for the black-footed albatross (BFA) and the Laysan albatross (LA) from 
the sets and hauls of Trips 2-5. Data from which these IPUEs were calculated is presented in 
Appendices F and G. IPUE for a single species was calculated as follows: 

IPUE LA =(LA interactions I LA present)/no. of hooks observed 

IPUE BFA =(BFA interactions I BFApresent)lno. of hooks observed 

Table 7 illustrates some important species-specific differences between Laysan and Black-footed 
albatrosses. Laysan albatrosses have great(:r IPUEsthan black-footed albatrosses for every deterrent 
except blue-dyed bait. This implies thatLaysan albatro~ses were either more aggressive and interacted 
with the fishing gear more often, or weremore "successful" at contacting fishing gear when they 
made the effort. 

Figures 7 and 8 compare the"% effectiveness" of each mitigation measure against interactions on the 
set and hauL Figure 7 illustrates that three of the four mitigation measures on the set, the towed buoy 
system, blue-dyed bait and tori line, affected both albatross species to the same degree. Strategic offal 
discards, however, were much more effective in reducing black -footed albatross interactions (89"/o) 
than they were in reducing Laysan albatross interactions ( 46%) on the set. 

Figure 8 demonstrates that all mitigation measures were effective for both species during the haul, 
with blue-dyed baits being more successful at mitigating Laysan albatross interactions. The towed 
buoy system, blue-dyed bait, and tori line all reduced black-footed albatross interactions by more than 
90 percent. 

Table 7. Species-specific IPlJ¥s on sets and hauls. These differences were shown to have statistically 
significant (P < 0.05) F statistics when subjected to GLManalysis. 

Mitigation IPUE on the Set 
Measure Per 1,000 hooks 

BFA LA 

Towed buoy 17.0 18.6 
system 

Blue-dyed bait 7.0 9.6 

.SOD (set)/No 3.4 17.9 
offal (haul) 

Tori line 13.0 17.0 

Control 30.1 33.4 
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IPUE on the Haul 
Per 1,000 hooks 

BFA 

.05 

0.09 

1.22 

0.02 

0.95 

LA 

0.21 

0.04 

us· 

0.15 
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Figure 7. Speciescspecific effectiveness on the set. 
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5.6.2 Effectiveness Against Mortalities. MPUE data for sets on swordfish trips indicate which 
mitigation measures were more effective with a particular albatross species. Table 8 illustrates MPUE 
values for each albatross species. These vi!]ues were subjected to GLM and the F statistic for both 
black-footed and Laysan albatrosses andwere found to have a P < 0.05 (P = 0.0000 black-foot 
albatross data; P = 0.04 Laysan albatross data). 

Although black-footed albatrosses interacted with fishing.gi:ar less frequently, they were more likely 
to be killed. MPUE for black-footed albatrosses llnder coill'rol conditions was 3.62 mortalities per 
1, 000 hooks, which is over four times the magnitude. of the 1,-aysan albatross MPUE ( 0. 7 6 mortalities 
per 1, 000 hooks). The MPUE for black· footed itlbatrosses htgreater than, or equal to, that for Laysan 
albatrosses for all mitigation measures, as well. · · 

This result runs somewhat counter to statistical amllysi.s results for interaction data-Laysan 
albatrosses interacted with fishing gear much more often than.black-footed albatrosses. This apparent 
incongruity points out an important species~specific difference between the two albatross species: 
Laysan albatrosses were more agg_ressive·and more adeptatlaking bait without getting hooked than . . 
black-footed albatrosses. The important overall result from analyses ofthese data is that black-footed 
albatrosses are more likely to be killed. 

Figure 9 illustrates the "% effectiveness" of mitigation measures used during sets at reducing 
mortalities for each albatross species. All mitigation measures are over 80 percent effective in 
reducing black-footed albatross mortalities. The blue-dyed bait and tori line are both greater than 90 
percent effective with this species. Laysan albatross mortalities wen~ best reduced using blue-dyed 
baits and strategic offal discards, which achieved 86 percent and 91 percent deterrent' effectiveness 
respectively. The tori line was less successful in reducing mortalities ofLaysan albatrosses achieving 
66 percent effectiveness. · · · 

Table 8. Species-specific MPUEs for sets. These differences w~re shown to have statistically-
significant (P < 0.05) F statistics when subjected to GLM analysis. · 

Mitigation Measure 

Towed buoy system 

Blue-dyed bait 

SOD (set)/No 
offal (haul) 

Tori line 

Control -
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.0.40 

.0.23 

0.63 

0.26 
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Figure 9. Species-specific effectiveness of~itigation measures in reducing mortalities. 

5.7 Eff,ectofBlue-dyed Bait on Target and Marketable Species 

The· mitigation measure that had the highest potential effect on CPUE was blue~dyed bait All other 
mitigation measures used during sets: towed buoy system, strategic offal discards, and tori line, are 
in the proximity of each hook for less than 30 seconds. Any deterrent near the hooks for this short 
duration should have little effect on fish catch other than the reduction in bait losses to seabirds, 
Blue-dyed baits ho~ever are'a·criticat part of the fishing gear itself and therefore may affect CPUE. 

To remove between-set variation from the CPUE analysis ofblue-dyed baits versus natt~ral baits, 
control periods (natural baits) were included in all sets in which blue-dyed baits were used. CPUE 
data analysiswas limited to sets where blue and naturalbaits were combined. Comparisons ofCPUE 
could, therefore, be made within each set, as well as between overall mean CPUE' s for all sets where 
blue and natural baits were combined (see Appendix H). 

CPUE for blue-dyed bait was calculated from data as follows: . 

CPUE = no. fish caught with blue bait/no. hooks with blue bait 

CPUE for control was calculated in the same manner. 
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On the tuna trip, bluecdyed baits were tested on two sets. Both sets resulted in a greater target species 
CPUE for blue-dyed baits than for control baits (see Appendix H). Average target species CPUE for 
tuna was 6.3 per 1,000 hooks with blue baits and 3.9 per 1,000 hooks with natural baits (Table 15). 

For swordfish trips, 18 sets employed blue and normal baits. Blue-dyed baits had a greater CPUE on 
12 of the 18 sets. The average swordfish target species CPUE was 21.8 per 1,000 hooks for blue 
baits and 15.9 per 1,000 hooks for natural baits. These two values, however, may not formally differ 
from one another as 80 percent confidence intervals around each mean target CP(JE value overlap. 
The conclusion one draws from this is simply that there is no statistically significant difference in the 
ability of blue-dyed bait and natural bait to catcll fish. 

The ·effect of blue-dyed baits on marketable species looks similar to that observed for target species 
(Table 9). Blue-dyed baits appear to do better than natural baits on individual sets, leading to an 
overall higher average marketable species CPUE for blue-dyed baits on both tuna and swordfish trips. 
Again, however, 80 percent confidence intervals around the CPUE's for marketable species overlap 
indicating that both baits may simply work equally well. 

Blue-dyed baits may have caught fewer blue sharks than natural baits (see Appendix H). The average 
blue shark catch for the tuna trip was 3.4 fish per 1,000 hooks with the natural bait, and only 2.2 fish 
per 1,000 hooks with blue-dyed baits (Table 9). On swordfish trips, the average blue shark catch was 
32.9 per 1,000 hooks with natural baits and 29.1 per 1,000 hooks with blue-dyed baits. Once again, 
however, 80 percent confidence intervals around the blue shark mean CPUE'soverlap, indicating that 
both baits may actually catch statistically equivalent numbers of blue sharks. 

Figure 10 illustrates CPUE results from blue-dyed versus natural baited hooks for the target fi:sh 
species, marketable fish species and blue shark catches. Overall, blue-dyed baits do not appear to have 
detrimentally affected CPUE for target or marketable species catch and may have actually eflhanced 
CPUE in these two categories. The blue-dyed baits may reduce blue shark catch. 

9 Effi Table • ect o fBI d db .. ue-1ye att on arget s k s h k Spectes, Mar etable Spectes, and Blue S ar h Catc . 
. 

Catch Control CPUE per Dyed CPUE per 
1,000 hooks 1,000 hooks 

Tuna Only 3.9 6.3 

Marketable Species* {Tuna Vessel) 15.9 21.8 

Swordfish Only 10.5 15.9 
. 

Marketable Species* (Swordfish Vessel) 31.3 36.6 

Blue Shark {Tuna Vessel) 3.4 2.2 

Blue Shark (Swordfish Vessel) 32.9 29.1 
*Marketable spectes mclude all fish thai may be broughl back lo sell, !hey mclude: all marhn spectes, all luna spectes, 
swordfish, shortbill spearfish, opah, wahoo, and dolphinfish. 
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CPUE for Dyed versus Natural Baits 

D Conlrol 
• Dyed 

Target Marketable Blue Shark 

·Fish 

Figure 10. Comparison ofCPUE data from blue-dyed versus natural baitsfor target 
fish species, marketable fish species, and blue sharks, Error bars indicate the standard 
error. Data are from swordfis~ trips only. CPUE is indicated as catch per hook. 

Overall, the blue-dyed baits do not appear to have detrimentally affected CPUE for target or 
marketable species catch and may have actually enhanced CPUE in these two categories. The blue­
dyed baits may reduce blue .shark catch. 
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6.0 FISHERMAN QUESTIONNAIRE EVALUATION 

All crew members aboard the five research trips were asked to participate in the survey by filling out 
a questionnaire. Questionnaires were distributed to the crew members at the end of each research trip 
as the vessel headed for port. Eighteen of25 crew members completed and returned surveys. Of the 
5 crew members on the tuna targeting trip (Trip I), 4 responded. On swordfish trips (Trips 2'-S), 14 
of the 20 crew members responded. 

A number of the fisherman questionnaires required translation from Vietnamese. to English. An 
appropriate Vietnamese translator was located and the translations were made. Survey results were 
entered into the computer for analysis. 

The crews of the longline vessels that participated in this study were ofvarious ethnic groups. The 
ethnic breakdown ofthe survey respondents is as follows: nine Vietnamese, five Caucasians, two 

· Pacific Islanders; and two Afiican Americans. The data were analyzed along ethnklines and by vessel 
type (tuna vessel crews versus swordfish vessel crews). Responses indicate that the Vietnamese tend 
to respond very similarly to the same questions or vote as a block. Other ethnic groups did not 
respond in a similar fashion to the same questions (see Section 8.3.2). 

The questionnairewas designed to gather information regarding fisherrrien' s attitudes toward, and 
awareness of, the seabird bycatch. issue; their willingness to reduce bycatch; the· degree to which . 
mitigation measures intrude into fishing operations; and the perceived effects on CPUE. Survey topics 
included attitudes toward seabird bycatch reduction, ease/difficulty in the use of mitigation measures, 
suggestions for improvements to mitigation measures, measures that were mo'st effective, the effects 
on CPUE, and the fishermen's willingness to voluntarily reduce bycatch. 

When asked if they felt seabird bycatch reduction was important, 50 percent ofthe tuna crewmen and 
64 percent of the swordfish ~rewmen replied affirmatively. Negative responses accounted for 25 
percent of the tuna crewmen, imd 29 percent of the swordfish crewmen's responses. 

When asked what they thought would happen if seabird bycatch was not reduced in this fishery, 50 
percent of the tuna crewmen and 36 percent of the swordfish crewmen thought that there would be 
restricted areas or closures implemented. In addition, 36 percent of the swordfish crewmen thought 
that the seabirds would become extinct ifbycatch was not reduced. 

When asked which mitigation measure was most difficult to use, the crewmen's responses varied 
significantly. Most of the tuna crewmen (75%) felt that dyed bait was the most difficult to use. Many 
stated that the dye was messy and was difficult to clean up. It should be noted though that these 
comments are based on only two sets using dyed baitsc On the tuna trip, the first research trip, the fine 
powder dye was mixed on deck and was easily blown around by the wind. In subsequent trips, the 
researcher pre-mixed a concentrated dye solution. This method eliminated much of the crewmen's 
objections. In contrast, only 7 percent of swordfish crewmen indicated that dyed bait was the most 
difficult to use. 
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The swordfish crews' opinions of the most difficult measure were divided. Thirty-five percent thought 
that weighted hooks were the most difficult to use. During the latter part of this study, the researcher 
attempted to gather data on adding weights to the hook to increase sink rate, but there was such 
strong opposition to this mitigation measure that no testing was conducted. This response shows the 
high level of opposition to using weighted hooks, which were never deployed, but were nevertheless 
voted most difficult to use. Fourteen percent of the swordfish crewmen felt that the tori line was most 
difficult, while 14 percent felt that the towed buoy was most difficult. 

When asked which mitigation measure was easiest to use, 50 percent of the tuna crewmen selected 
the towed buoy, followed by the tori line at 25 percent. For swor~fish crewmen, 49 percent voted 
for blue-dyed baits (alone, or in combination with another measure), 43 percent voted for the towed 
buoy (alone, or in combination with another measure), and 14 percent voted for night setting. 

When asked if any of the mitigation measures tested affected. catch of target species, 75 percent of 
the tuna crewmen and 43 per'?ent of the swordfish crewmen responded thatit did not affect their 
catch. Ina:ddition, 43 percent of the swordfish crewmen.were not sure if mitigation measures had an 
effect. 

When asked what voluntary measures fishermen would comply with, 50 percent of the tuna crewmen· 
and 29 percent of the swordfish crewmen left this question blank. Twenty-five percent of the tuna 
crewmen said they would comply with a tori line, while 16 percent of the swordfish crewmen said 
they would comply with a. tori line (or bird-scaring line) and dyed baits (either in combination or 
alone) .. 

These responses have been incorporated into our recommendations and have also been presented at 
public meetings during the course of this project. The survey questions and a complete breakdown 
of responses are provided in Appendix D. 
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7.0 QUALITATIVE DISCUSSION OF MITIGATION MEASURES 

Variations in Hawaii pelagic longline vessels, fishing gear, tactics, weather, sea state, and seabird 
abundance have impacts on the effectiveness of seabird bycatch mitigation measures. Analysis ofthese 
factors is important for making recommendations about the most effective and least intrusive 
mitigation measures for the Hawaii pelagic longline fishery. The intrusiveness of any particiJlar 
method into fishing operations will have a direct bearing on its level of implementation by the fleet. 
In a fishery that travels far offshore and outside the range Of enforcement agencies, implementation 
of mandatory seabird bycatch mitigation methods will be minimal if these methods are perceived to 
be impractical, ineffective, unsafe, or to have negative impacts on CPUE of target· species. 
Consequently, a qualitative discussion of each method tested during this project has been provided 
to assist fishery managers in choosing appropriate, acceptable, and enforceable measures for this 
fishery. A table summarizing this discussion can be found in Appendix E. 

7.1 Tori Line 

Strategy. The strategy employed by this mitigation measure is to deter seabirds away from baited 
hooks. Towing a line attached to a high point (pole) provides an attachment point for dangling 
vertical streamers, which bounce erratically, frightening seabirds away from baited hooks where they 
are most vulnerable as they enter the water. 

Effect on Seabird Behavior During Setting. Seabirds are best able to forage on baited hooks soon 
after they enter the water and prior to sinking out of diving range. During field testing, it was 
discovered that the aerial streamer portion of the tori line was the part that effectively reduced the 
seabirds' ability to approach baited hooks. Attempt and interaction behaviors were thwarted by the 
streamers dangling from the tori line to the water's surface. Baited hooks were thrown so that they 
landed under this aerial portion of the tori line. This method was mainly effective on the side of the 
mainline where the tori line was deployed. The seabirds' flight patterns approaching the stem of the 
vessel were obstructed by the tori line and streamers. Seabirds that landed were distracted by the 
erratic movements of the streamers. If the bait was on or near the surface in close proximity to the 
seabirds, they occasionally ignored the streamers. This was especially tiue wlien seabird abundance 
was high, as this increased competition for available baits. 

As the tori line trailed back behind the boat, it eventually entered the water. The portion of the line 
trailing through the water had only the limited effectiveness afforded by short plastic water streamers 
woven through the tori line. These splashed as they were dragged through the water. In some cases, 
seabirds would land and inspect or peck at them. The tori line used a drogue section at the terminal 
end rather than a buoy. Without a terminal buoy bouncing and splashing towards them, the seabirds 
could dive for baits or compete with other seabirds for baited hooks along the water streamer portion 
of the tori line. 

Effect on Seabird Behavior During Hauling. During hauling operations thetori line was shortened 
and used a terminal buoy to keep the aerial streamers aloft. The bouncing action of the buoy also · 
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increased the erratic motion of the streamers, more effectively deterring seabirds from chasing baited 
hooks. Seabirds that did land on the water's surface were more effectively distracted from diving for 
baited hooks. When the vessel slowed or stopped to haul in fish, the aerial streamers dropped to the 
water and the seabirds quickly landed on trailing baited hooks. 

Intrusiveness During Setting. The tori line had to.be positioned in such a manner as to provide 
maximum coverage of the baited hooks and yet not be in such close proximity to the fishing gear that 
it became entangled. Captain and crew had to continuously monitor and maintain this desired 
proximity during fishing operations. Since the tori line's aerial streamers reach to the water's surface, 
care had to be taken to assure that baited hooks did riot become entangled with them. Baits that were 
not completely thawed floated, and increased this risk. Towing a l50-to-l75-meter-long tori line 
compromised vessel maneuverability. Even small changes in vessel heading sometimes caused the tori 
line to entangle with longline gear. Safety concerns and monitoring the mitigation measure can 
distract the crew from fishing operations. This was more problematic for swordfish vessels since the 
majority of a set occurs in darkness. The tori line required more attention during the haul as the ve.ssel 
stopped, backed up, and turned more to land fish. When the vessel stopped, a crewman had to be 
ready to retrieve the tori line and redeploy it once the haul resumed. 

Intrusiveness During Hauling. The addition of a terminal buoy on the shortened tori line used 
during hauls increased its effectiveness to levels comparable to the towed buoy system. The tori line 
had to be hauled in and redeployed repeatedly during hauling operations. 

Crew Safety. In good weather conditions, safety concerns were minimal; however, if the tori line 
became entangled with the gear, extreme stresses occasionally resulted in broken tori poles; back­
spooling of mainline onto the deck, broken maiqlines, and associated dangers. These conditions were 
more serious at night when entanglements might not be seen until something broke. 

Effects on CPUE. The tori line.had.minimal effects on CPUE (see Sections 5,7 and 7. 7). 

Cost. The approximate cost for the pole, swivelling base, and tori line used in this project were as 
follows: base $600.00, fiberglass pole $500.00, and tori line with streamers $65.00. The. fiberglass 
tori pole was manufactured in Fujieda, Japan, by Kotake and Company. 

Advantages. 

• Protects baited hooks while hooks are accessible to seabirds at water surface. 
• Forces seabirds to forage further behind boat, giving baits a chance to sink. 
• Highly visible when deployed; presence on vessels can be verified visually for compliance 

monitoring. 
• Aerial streamers reach to the water surfac::e and give more vertical protection ofbaited hoqks. 
• Using a drogue instead of terminal buoy decreases entanglements .. 
• Tori lines can use a terminal buoy, which increases the distance behind the vessel the aerial 

portion remains aloft and increases the erratic movements of streamers . 
. May increase CPUE of target species by reducing bait loss to. seabirds. 
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• Components can be purchased locally, and literature on construction and deployment in other 
fisheries is available. 

Disadvantages. 

• 
• 

• 

.. 
• 
• 
• 

• 

• 
• 
• 
• 
• 
• 

• 

Only covers one side of mainline . 
Only aerial portion of streamer line has maximum effectiveness (which is critical in covering 
Zone of Opportunity). . 
Aeriru portion covers less than·half of the Zone of Opportunity for vessels without mainline 
shooters. 
Tori line must be close to mainline to cover area where baited hooks enter water. 
During night setting, entanglements with fishing gear may not be quickly discovered . 
Seabirds can carry branchlines over the tori line leading to entanglements/breakdowns . 
Multiple poles and pre~constructed tori lines MUST be available to be rapidly redeployed 
when an entanglement results in a pole breaking or a tori line being cut free. 
Variations in vessel design in the Hawaii longline fleet will require vessel-specific tori line/pole 
construction and mounting. 
Tori pole requires a swiveling base to be fully effective in all circumstances . 
Rough seas and high winds reduce effectiveness and increase risk of entanglement . 
Extreme length of tori line reduces vessel course change options . 
Seabirds can become habituated to tori line and streamers . 
Tori line is difficult to retrieve while underway . 
Tori lines that use a drogue rather than a terminal buoy do not have a seabird-scaring device 
to distract seabirds beyond the aerial portion of the tori line. 
When the vessel stops during hauls, the hardware of the aerial streamers causes the tori line 
to sink, increasing the risk of entanglement with the gear or propeller. 

Compliance Monitoring. While the presence of a tori pole and tori line can be monitored at the 
dock, acturu use at sea will be_difficult to monitor without aerial monitoring or at-sea monitoring by 
onboard observers or the U.S. Coast Guard (USCG). 

7.2 Towed Buoy System 

Strategy. The strategy employed by this mitigation measure is to .deter seabirds away from baited 
hooks. This method works on the same principle as a tori line. A buoy towing line with streamers is 
towed behind the boat to fiighten the seabirds away from the area where the baited hooks enter the 
water, allowing the baits to sink untouched. One or more buoys bounce and splash behind the vessel, 
scaring seabirds that may have landed on the water. 

Effect on Seabird Beha:viorDuring Setting. Like the tori line, this method relies on aerial streamers 
to keep seabirds away from baited hooks as they were set. Flight patterns were disrupted as seabirds 
approached the baited hooks, giving them time to sink out of diving range. This method also required 
a pole and swivelling base to assure its effectiveness in all weather conditions. The towing line also 
incorporated a water streamer section to distract seabirds (see Appendix C). The bouncing and 
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splashing objects distract seabirds from pursuing baits. The aerial streamers were shorter than those 
of the tori line but still remained effective in distracting seabirds. Seabirds that hac:! spotted or landed 
near available baits would occasionally ignore the aerial streamers, however, the presence of the 
buoy(s) splashing towards them would distract seabirds from taking the bait. The buoy(s)provide 
greater tension on the towing line, which kept the aerial (most effective) portion aloft further behind 
the vessel. 

Effect on Seabird Behavior During Hauling. The buoy towing line was shortened during hauls. 
The bouncing terminal buoy is closer to the vessel and trailing baited hooks. Seabirds that landed on 
the water and prepared to dive or contact gear were dispersed by the buoy's apprpach. The aerial 
streamers' actions were also made.more erratic. When the vessel slowed or stopped to haul in fish, 
the aerial streamers dropped to the water and the seabirds quickly landed. on whatever .baited hooks 
were trailing. · 

Intrusiveness; As with the tori line, this towed deterrent had to be constantly moniton;d particularly 
because the buoy(s) were more likely to entangle with mainline suspender floats, The towed buoy 
caused the same intrusions on fishing operations that were described for the tori linec 

Crew Safety. In good weather conditions, safety concerns were minimal; ho\¥ever,ifthetowed buoy 
system became entangled with the gear, extreme stresses result in broken attachment poles, back­
spooling of mainline onto the deck, broken mainlines, and associated. dangers, These.conditions were 
more serious at night when entanglements might not be seen until something brpke. 

Effects on CPUE. The towed buoy system has minimal effects on CPl)E (see .Section 7. 7). 

Cost. The cost of the towed buoy system were as follows: swiveling· base $600.00; fiberglass pole 
$500.00, towing line $30.00, buoy $35.00, and plastic strapping from bait boxes (streamers) $0. 

Advantages. 

• Protects baited hooks while accessible to seabirds at water surface. 
• Highly visible when deployed; presence on vessel can be verified visually for compliance 

monitoring. 
• Bouncing buoy has greater seabird-scaring capacity than tori line drogue. 
• Bouncing buoy reduces seabird habituation, 
• Towed buoys add tension, which keeps the aerial. portion up farther behind the vessel and 

keeps the towing line from crossing the mainline. 
• Shorter aerial streamers are-less likely to entangle branchlines. 
• Less chance of entanglement between branchlines and aerial streamers. 
• Terminal buoy is useful as a visual indicator of where the end of the towing line is ... 
• Components can easily be purchased from local suppliers, and literature on construction and 

deployment in other fisheries is available. 
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Disadvantages. 

• Towed buoy system only covers one side of mainline. 
• Only aerial portion of streamer line has maximum effectiveness, which is critical in covering 

Zone of Opportunity. 
• Buoy line must be close to mainline to cover area where baited hooks enter water. 
• Pole requires swiveling base to be fully effective in all weather conditions. 
• Variation in vessel design in Hawaii longline fleet will require vessel-speCific buoy line 

mounting. · 
• Rough seas and high winds reduce effectiveness and increase risk ofentanglement, 
• Multiple poles and pre"constructed buoy lines MUST be availal:ile to be rapidly redepli:>yed 

when an entanglement results in a pole breaking or a buoy line being cut free. 
• Seabirds can carry branchlines over buoy line, resulting in entanglements/breakdown. 
• More than one buoy is problematic during rough weather or large swells. 
• Terminal buoy is prone to entanglement with fishing gear. 
• Cannot be retrieved without slowing or stopping vessel. 

Compliance Monitoring. While the presence of an attachment pole and towed buoy system can be 
monitored at the dock, actual use at sea will be difficult to monitor without aerial monitoring or at-sea 
monitoring by onboard observers or the USCG. 

7.3 Night Setting 

Strategy. The strategy employed by this mitigation measure is to reduce the visibility ofbaited hooks. 
Setting fishing gear in the dark reduces the ability of seabirds to locate baited hooks. Reducing the 
vessel's aft-fucing deck lights is an important factor in this strategy. 

Effect on Seabird Behavior~ Albatrosses cannot easily locate baited hooks set in the dark, 
particularly when vessel lighting is reduced. Seabird foraging behavior appears to be reduced at night 
(Anderson 1998), One working hypothesis was that night setting would result in lower seabird 
mortalities. While quantitative observations of seabird behaviors in the dark could not be collected 
during night setting operations, it was found that mortalities per unit effort (MPUE) during night 
portions ofsettingoperations during this study were far lower than during daylight portions of sets 
(see Section 5.4). Albatrosses were seen landing in close proximity to.the bright, buoyant chemical 
lightsticks attached to branchlines during night portions of swordfish sets. These lightsticks slow the 
sirik rate ofbaited hooks and illuminate the baits, increasing the risk of seabird interactions. Seabirds 
taking up lightsticks can bring baited hooks to the surface or within diving range. 

It has been noted that Laysan albatrosses have somewhat better night vision than black-footed 
albatrosses. A comparison of optical density units (D) of rhodopsin in the eyes of these species 
indicates that Laysan albatrosses are much better adapted for nocturnal vision than black-footed 
albatrosses, the former having 16 Digram and the latter having 4 Digram (Harrison et al. 1985). The 
majority of night mortalities during this project were Laysan albatrosses. On one trip, hooks set at 
night with no mitigation method in use (occurring within the U.S. EEZ in proximity to Midway 
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Island), resulted in 15 Laysan albatross mortalities, compared to 3 black-footed albatross mortalities. 
Laysan albatross night feeding behaviors in close proximity to breeding colonies should be an issue 
of great concern. 

Intrusiveness. This technique reduces available setting options with regard to time and moon phase 
(see Section 7.7). 

Crew Safety. Safety concerns associated with night setting are minimal since the major portion of 
most swordfish sets currently occur in the dark. If towed deterrents are used during night setting, 
entanglements with fishing gear, which occur far behind the vessel, may not be recognized until 
something breaks. Using blue-dyed baits during night setting may reduce the need for a towed 
deterrent. · 

Effects on CPUE. Night Setting may have an effect on CPUE related to optimal fishing times (see 
Section 7.7). -

Cost. There are no costs associated with this measure. 

Advantages. 

• Swordfish vessels commonly set at night; therefore, this technique may have more intrinsic 
acceptance by fishermen. 

• 
• 

Weather and sea condition are not a factor in the effectiveness of this mitigatiortmethod . 
No additional costs incurred by vessels . 

• Requires no additional crew duties . 
• Minimal safety concerns . 
• Can be monitored for compliance by Vessel Monitoring Systems (VMS} technology; 

Disadvantages. 

• Requires modification of existing VMS program to monitor time of gear deployment. ·. 
• · Area-specific setting times wilhhave to be devised based upon latitude and longitude. 
• VMS is.not currently mandatory for vessels not leaving from, or landing fish in, Hawa.iiports. 
• Some fishermen feel this will reduce the .amount of sleep time available (see Section;6;0). 

Complian.ce Monitoring. This strategy has the highest compliance monitoring potential as aJIHawaii 
longline vessels currently have mandatory electronic. VMS aboard. If this technology is modified, it 
may allow monitoring of the beginning and ending times for setting. 

7.4 Blue-Dyed Bait 

Strategy. The strategy employed by this mitigation measure is to camouflage baited hooks. Dyeing 
baits blue to match the color of the surrounding ocean reduces bait visibility when seen from above. 
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Effect on Seabird Behavior During Setting. Squid baits that have been dyed a deep azure blue have 
remarkable effects on seabird foraging behaviors. It is not known whether seabirds do not see blue 
well; the matching blue of the ocean and dyed bait acts as camouflage (reduced contrast); or, the 
seabirds no longer consider the dyed squid as food. In many cases, seabirds that were actively 
pursuing natural-colored baits would completely ignore dyed baits that were obviously within view 
and range of the seabirds. Their foraging behavior towards dyed baits were greatly reduced during 
both setting and hauling operations. Seabirds that landed dose to these blue baits were less likely to 
dive for them. If a seabird did pick up a blue-dyed bait, the other seabirds were not as likely to try to 
take it away. This was especially the case when there were few seabirds in the area. 

It should be noted that on some occasions, Laysan albatrosses were considerably more aggressive in 
their pursuits of blue baits than black-footed albatrosses in the same area. Further study is required 
to determine whether this is attributable to the Laysan albatrosses' natural aggressiveness in foraging 
closer to vessels where baits· are near the surface. 

Effect on Seabird Behavior During·Hauling. After many hours in the water, the blue color of the 
bait fades somewhat, but the seabirds still did not pursue the trailing blue baited hooks or discarded 
blue baits with the same vigor as natural baits or discarded offal (see Section 5.3). Seabirds would 
occasionally chase or land in close proximity to the dyed bait, and sometimes even duck their heads 
under water to look at it, but rarely dove or competed for it in the aggressive manner exhibited 
toward natural baits. Seabirds that were actively chasing a baited hook splashing along behind the 
boat were less likely to pick up the blue-dyed bait if the boat slowed or the bait was discarded in plain 
view ofthe seabird. If a seabird picked up a blue bait, it was often seen to hold, peck, or toy with it 
for longer than they would a natural bait. In some instances seabirds have discarded the dyed baits. 

During observed gear hauls, blue-dyed baits reduced attempts by 67 percent, whereas tori lines and 
towed buoys reduced attempts by 93 percent and 87 percent, respectively (see Section 5.3). The 
seabird-scaring lines provide a visible physical barrier to seabirds attempting to approach the baited 
hook. It is notable that dyed b_aits reduced interactions (contacts with fishing gear) during the haul 
by 93 percent, which was equai to the effectiveness of the tori line and greater than the towed buoy 
system (see Section 5.3.1). 

Intrusiveness. The process of dyeing bait required some preliminary preparation of the dye solution, 
and thawing and separating individual baits prior to immersion in the blue food coloring solution. This 
should be of minimal concern, as the sink rate of thawed baits is increased and reduces bait loss to 
seabirds. Vessel personnel handling the dye and baits were supplied with leak-proof gloves. 
Additional clean"UP time is required, but the dye is water~soluble and is easily removed: Bait dyeing 
is intrusive in that it affects every bait, and fishermen will be concerned with its effect on CPUE. 

Crew Safety. Crew safety was not affected by the use of dyed bait. It is a non-toxic food coloring. 
The only precaution suggested is that powdered dye be mixed with water in a place where the wind 
will not blow the fine powder into one's eyes. This concentrated solution can then be added to · 
ordinary seawater in a barrel on deck This method did not effect vessel maneuverability and was $llfe 
and effective even under adverse weather conditions. · 
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Effects on CPUE. Project data indicate that blue-dyed baits may increase CPUE (see Sections 5.7 
and 7.7). 

Cost. Current retail price for one container of Virginia Dare FDC No. l Blue Food Additive is 
$53.20. This will dye approximately four sets of 1,000 baits. The price per container should be less 
ifdye is purchased by the case. A 40-gallon bucket that serves as the dye container should cost about 
$35.00, and a mesh basket that fits inside the 40-gallon bucket should cost about $7.00. 

Advantages. 

• 

• 

• 
• 

• 
• 

• 
• 
• 

• 

• 

• 

Blue-dyed baits' effectiveness as a mitigation measure is not affected by adverse weather 
conditions. 
This measure works throughout the Zone of Opportunity. In fact, the farther behind the boat 
the baited hook gets, the deeper it will be and the greater the camouflage effect of the 
surrounding water. 
The use of these baits does not affect vessel maneuverability in any way . 
Baits that are unprotected by towed deterrents (due to propeller turbulence, when the towed 
deterrent breaks or becomes entangled, or when the bait passes beyond the aerial streamer 
portion) still retain a degree of protection. 
There are no safety. issues associated with dyed baits . 
~fthe bait is dyed just. prior to use, thawing ofthe baits will be assured, thereby increasing the 
sink rate. 
There are no changes to .. current fishing gear or practices other than the bait .dyeing process . 
CPUE does not appear to be adversely affected . 
Dyed baits remain effective for red ).Icing attempts and interactions during hauling operations, 
but at a lowerlevel than during sets. 
Blue-dyed baits. have been used to reduce bait losses to seabirds and increase swordfish 
CPUE in this fishery in the past (Gallimore, pers. comm.). 
Fishermen surveyed during this project felt that this was a measure they were willing to use 
(seeSection6.0).- · · 
Bait loss to seabirds should be reduced, leaving more baited hooks to catch fish . 

Disadvantages. 

• Dyeing the baits is intrusive in that it affects each bait. 
• Bait dyeingrequires some preparation. 
• Bait must be monitored to assure that it remains in the dye solution long enough to become 

_thoroughly darkened for maximum effectiveness. 
• May require some extra clean-up time. 

Compiiance Monitoring. Monitoring the use of dyed baits will be difficult. There is no way to 
assure that baits are being dyed without an observer on board or via at-sea inspection, In the future, 
bait suppliers may find incentive to provide the fishery withprecdyed bait. Until that time, ·its use will 
depend entirely on education and acceptance by vessel operators. 
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7.5 No Offal Discards 

Strategy. This mitigation measure was tested to determine its effectiveness in reducing attraction to 
baited hooks by reducing attraction to vessel and fishing gear. This is most relevant duringthe haul 
because there are few baits and little or no offal being discarded during setting operations (see Section 
4.1.5). 

Effect on Seabird Behavior. By not feeding seabirds while hooks are present in the water, the 
seabirds' behavior of following the fishing vessel is expected to be reduced (Brothers 1995). 
Additionally, seabirds should not mistake baited hooks as safe forage, such as discarded offal; 
however, data collected through this project show significant increases in attempts and interactions. 
When this method was employed, seabirds followed closer to the vessel and attempted to forage on 
the only food available, i.e., baited hooks. 

Intrusiveness. Retention of sharks and other fish bycatch can result in large quantities offish stored 
on the deck over the course of the haul, which can lead to possible safety concerns. Some extra effort 
is required to retain, move, and store offal and bycatch. Smell rrom retained offal .can become 
offensive. 

Crew safety. Crew safety concerns are minimaL Rough weather can make retaining offal and bycatch 
on board more hazardous. Retained sharks· can bite the unwary, and- billfiSh bills can pose a safety 
hazard, 

Effects on CPUE. No offal discards have minimal effects on CPUE (see Sections 5.7 and 7.7). 

Cost. Five-gallon buckets are readily available on vessels from engine oil changes. three large 
garbage containers at less than $50.00 each. 

Advantages. 

• Requires simple modification of fishing practices. 

Disadvantages. 

• Retaining offal significantly increases the rate of attempts and interactions. 
• Applicable mainly to hauls, as few baits and no offal are discarded during sets. 
• Discarded baits and offal may constitute a major source of food for seabirds. 
• Piles ofbycatch and containers of offal reduce the amount of available deck space. 
• Fishing crews may be unwilling to retain large amounts of bycatch and offal. 
• Smell from offal can become offensive. 
• Fishermen prefer a technique ofjerking the branchline such that most or all of the bait comes 

off in the water making it ·easier to haul in and not requiring the bait to be removed by hand. 

Compliance Monitoring. Compliance monitoring will be difficult without aerial monitoring or at-sea 
monitoring by onboard observers or the USCG. 
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7.6 Strategic Offal Discards (SOD) 

Strategy. Strategic offal discards distract seabirds away from baited hooks. By periodically discarding 
large stationary floating offal, such as split swordfish heads, on the opposite side of the vessel from 
where baits enter the water, seabirds were decoyed away from the baited hooks. The vessel then 
moved away from the seabirds as they sit on the water feeding. As seabirds resumed pursuit of the 
vessel, more offal was strategically discarded in plain view of the seabirds. 

Effect on Seabird Behavior. This method employs seabirds' natural foraging behaviors to distract 
them away from the vessel and baited hooks. Seabirds often land on the water next to .other seabirds 
that appear to be feeding. This ~'mobbing" behavior attracts other seabirds. Large groups of seabirds 
land at a single halved swordfish head or other piece of offal. After the mobbing ends, the seabirds 
will often sit together "rafting" (resting and preening) on the water's sutface rather than immediately 
resuming pursuit of the vessel. During this time, the vessel has moved away from the seabirds at 
approximately-& knots. If the seabirds choose to pursue the vessel, they come upon other groups of· 
seabirds feeding on- consecutive strategic offal discards and often land there as welL In general, 
seabirds appeared to expend the least possible energy to assure a meal. They are soc_ial feeders and 
this method effectively takes advantage of this behavioral trait. Seabirds may become sated and stop 
following the vessel. 

Intrusiveness. This method required retention and preparation of offal from hauls for use on sets. 
It also required . a crewman to monitor the approaching seabirds and discard the offal at . the 
appropriate time to distract the seabirds away from the baited hooks. Depending on the size of the 
crew, this can reduce the manpower available for fishing activities .. 

Crew safety. Crew safety is not affected by this method. 

Effects on CPUE. Strategic offal discards has minimal effects on CPUE (see Sections 5.7 and 7.7). 

Cost. Five-gallon buckets are readily available on vessels from engine oil changes; and three large 
garbage containers at less than $50.00 each. 

Advantages. 

• This method was developed by pelagic longline fishermen and may have more intrinsic 
acceptance by fishermen. 

• Temporarily reduces seabird abundance around the fishing vessel. 
• Distracts seabirds away from baited hooks. 
• No' cost to fishermen. 
• Works in all weather conditions. 
• No safety concerns for crews. 
• When catch rates are high or seabirds are not present, offal may be frozen for future use. 
• Frozen offal floats better and is harder for seabirds to pick apart. 
• Some fishermen enjoy feeding the seabirds. 
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Disadvantages. 

• Requires full attention of at least one crewman to be done effectively. 
• Requires modification of fishing practices and monitoring of seabird abundance levels by 

crew. 
• Requires storage and preparation of offal prior to setting operations. 
• When fish catch rate is low, offal may not be available. 
• Mainly applicable to vessels setting or hauling during the day. 
• Retaining offal during hauls has been shown to increase attempts and interactions with fishing 

gear. Note: baits may be discarded strategically during the haul to reduce interactions while 
larger offal is retained for sets. 

• Fishermen prefer a technique of jerking the branchline such that most or all of the bait comes 
off in the water, making it easier to haul in and not requiring the bait to be removed by hand. 

• While 'temporarily reducing seabird abundance in close proximity to baited hooks, offal 
discards·provide long term positive reinforcement for following fishing vessels: 

Compliance Monitoring. Monitoring will be difficult without aerial surveillance or at-seamonitoring 
by onboard observers or the USCG. 

7.7 Effects of Mitigation Measures on CPUE 

Maintaining acceptable levels of CPUE is a crucial component to acceptance of seabird bycatch 
reduction measures. 

A wide range of factors affect the CPUE for pelagic longline fishing gear. Longline vessels deploy 
as much as 55 miles of gear in a single set. Currents, water temperature, bait quality, bait loss to small 
fish and squid, the amount of time the bait is in the water (soak time), presence or absence of 
chernicallightsticks, and hook -sjze can vary along the mainline within a single set. Great variation in 
CPUE can occur between sets over the same area on consecutive days. It should be stressed that, 
with the exception of no offal discards, aU mitigation measures reduced seabird interactions and in 
tum reduced bait loss to seabirds. In order to determine the effectiveness ofrnitigation measures 
being tested in relation to each other and control periods, measures were not tested in combination. 
Combining these measures during fishing operations, may result in greater reductions in bait loss to 
seabirds (Brothers 1995). 

Tori Lines and Towed Buoys. Tori lines and towed buoy systems were effective at reducing seabird 
interactions with fishing gear. The effectiveness of these towed deterrents to reduce bait losses to 
'seabirds, and thereby increase CPUE potential, is dependent upon deterrent construction, deployment, 
seabird abundance, species, fishing gear type, bait thawing, weather, and sea state. Towed buoy 
systems proved to be somewhat better at deterring seabirds away from baited hooks (see Section 
5.2.2); therefore, CPUE potential should be higher for towed buoy systems. It was recognized from 
the outset of this study that tori lines and towed buoy systems would have little or no negative effect 
on CPUE. These deterrents are fixed to the vessel and trail on the surface as the fishing gear is set 
and hauled. The hooks are close to the deterrent for less than 30 seconds during line setting. Any 
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negative effects are attributable to loss of course change options once the deterrent is deployed or 
to entanglements with fishing gear. Usually, if an entanglement occurred, the deterrent was 
immediately cut free from the vessel and retrieved during the hauL 

Night Setting. Swordfish feed near the surface at night. Most swordfish hooks are set in darkness, 
even when sets begin in the evening. Some swordfish fishermen prefer to begin setting shortly before 
dark and begin hauling at fjrst light to have the gear in place so that hooks are encountered by the fish 
on their upward diurnal migration and again as they return to deeper water in the morning. Others 
determine optimal setting times based upon the moon phas.e. There. may be some reduction in CPUE 
if sets do not begin before dark. Potential bait. loss to,small fish, squid, and seabirds also affect CPUE 
and setting time decisions. CPUE potential based on the these factors is countered by the intensity 
of seabird foraging (bait loss) just prior to dark. 

Blue-dyed .Baits. The evolution of bait dyeing in American pelagic longline fishing. has not been 
documentea. ]t is known that some fishermen on the. East Coast (Atlantic Ocean) began 
experimenting with various colored baits as early as the mid-1970s (Gates, pers. comm.). The goal 
at that time was to increase CPUE of target species. It is not clear whenit was discovered that blue­
dyed baits resulted in reductions in bait losses to seabirds. At some point, American pelagic longline 
fishermen found that a variety of different colored squid baits were effective for targeting swordfish 
(Plate 14). A key difference was that seabirds did not take blue-dyed baits as often as red, green, or 
natural colored ones (Gallimore, pers. comm.; Gates, p.ers. comm.). 

CPUEdatafor analysis were collected on sets where both blue-dyed and natural (control) baits were. 
combined. Although blue-dyed baits' placement along the mainline was not perfectly randomized 
during this study, the total number of dyed and natural baits was relatively equaL Seabird bait-taking 
behavior.s towards blue-dyed squid were greatly reduced on sets during this project. 

Many sets had higher CPUE in dyed sections that were set well after dark or when no seabirds were 
present. Swqrdfish sets combi_ning dyed and natural baits during this study resulted in a higher overall 
swordfish CPUE (see Section 5.7). It is noteworthy thatoverall CPUE for blue sharks (Prionace 
glauc~) on sets where blue-dyed and natural baits were combined shows aJower catchrate for these 
sharks by blue-dyed baits. 

Dyeing of samna (saury) baits was tested on two .sets during the tuna trip. While not a statistically 
large sample, CPUE for bigeye tuna was higher for blue-dyed baits on both sets (see Section 5. 7). 

CPUE data and positive feedback from fishermen during this study indicate that blue-dyed. baits 
effectiveness, at ·reducing bycatch of seabirds may outweigh concerns that bait color have a negative 
effects on CPUE. 

F"wal Report of the Hawaii Longline Seabird 
Mortality Mitig3tioo Proja:t 

!'age 74 

Gan:ia and Associates 
_September 1999 



Pla(e 14. Blue-dyed bait were effective for catching target species. 
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No Offal Discards. The practice of retaining offal to reduce seabird longline interactions during 
setting operations was found to be of minimal testable value in terms of CPUE as it was restricted 
to its effectiveness for reducing interactions while gear was being retrieved during daylight hours. 
Discarding offal at any time may draw fish to the vessel and fishing gear and increase CPUE. This is 
known as "chumming." Chumming is a known method for attracting sharks. Sharks may damage 
saleable fish and take baits that were intended for target species. Chumming is not the intended 
purpose of offal discarded in this fishery. Offal and bycatch are discarded at sea as caught because 
of the length of trips and lack of suitable Spi!cefor n:tentipf1, 

Strategic Offal Discards.Theetrectsbf~O~on6P~willhave effects similar to those mentioned 
above. SOD was developedby<fisi:Jermen•tp reduce ti~iil~s~;;to algatrosses and thereby increase 
CPUE. If this practice didcnoiincre~~eCP~,fishenren\!<'p\J'ldptobably have not continued to use 
it. Most swordfish sets begin i!1S!Jnset or evening; 'fhebll!iS~ljat enter the water at the beginning of 
sets have the longest soaktimeal)d ~he hjghest potential CPiJE. Strategic offal discards are most 
effective at reducing bait loss4urlngthistime.The grel!~,erpprtion of swordfish sets continue into 
darkness when seabird foragillg and vtsibility pf the sttaf~gip otfafqiscards are reduced. 

Summary of Effects ofCln.J"E, All()fthe methddsliste<fa~\iYe can increase CPUE by reducing bait 
loss to seabirds. Tori lines: andto\Ved buoy systems are abov? \>later and have no intrinsic effect on 
CPUE. No offal discards ancj s:trll~t:gicpffaldiscards may aife<::t CPUE to a minimal degree based on 
"chumming." Night settinglllay adversely affect CPUEdepeJiding on~arget species, vessel gear type, 
and current setting practices. During this project; using blilecdyed baitsresulted in increases in overall 
CPUE over natural baits. O[all mitigationmethods tesfeq during this project, bait dying and night 
setting have the highest potential effects on CPUE and also the highest potential for reducing 
mortalities of seabirds. 

7.8 Qualitative DiscussionSumiJ)acy. 

The purpose of the qu~itative discussion section was to examine the factors that determined the 
effectiveness of the seabin:!byeat.ch mitigation methods,b.Ting tested, their intrusiveness on fishing 
operations, and their implemeritationshould use ofthese.IJ)easures become mandatory. 

Some key findings of the qualitative analysis are that blue-'dyed baits (camouflage), strategic offal 
discards (distraction), and night setting (reduced visibility) were very effective methods for reducing 
seabird longline interactions and mortalities on swordfish sets. These methods have the major benefit 
of not being influenced by weather or sea conditions. These methods were also the least intrusive into 
fishing operations and had the fewest cost and safety issues. Night setting is both effective against 
mortalities and may be monitored for compliance with some modifications to the VMS system. 
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Strategic offal discarding and blue-dyed baits are techniques that have been used effectively by some 
fishermen in this fishery for many years. Integration of these techniques into normal swordfish fishing 
practices may be more readily accepted by fishermen. The towed buoy system (deterrent) and tori line 
(deterrent) were also effective during line setting and hauls. These deterrents were more intrusive in 
fishing operations because they reduce vessel course change optioris and required monitoring to avoid 
entanglements with fishing gear. The effectiveness of these mitigation methods can be greatly reduced 
in rough weather. 
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8.0 RECOMMENDATIONS 

The following recommendations are provided to WESP AC as a framework for actions that may be 
initiated to reduce the mortalities of albatrosses in the Hawaii pelagic Iongline fishery. These 
recotnmendati.ons are based on qualitative and quantitative findings from the Hawaii Longline Seabird 
Mortality Mitigation Project, review of seabird bycatch mitigation methods used in other fisheries, 
NMFS Hawaii Longline Observer Program data, and feedback from fishermen. Recommendations 
were developed with an understanding that there is a major division in this fishery (swordfish vessels 
and tuna vessels) based upon vessel fishing gear configuration, fishing practices, and principal target 
species. The levels of seabird mortalities incurred by each segment are not equal. For this reason, 
different recommendations have been made for tuna vessels as opposed to swordfish vessels. It is 
known that swordfish vessels fishing north of the Hawaiian Islands are responsible for the vast 
majority of seabird mortalities in this fishery (NMFS 1998). A more comprehensive suite of mitigation 
methods has been provided for these vessels. 

Data collected during this study indicate that all mitigation methodstested, with the exception of no 
offal discarding, significantly reduced the number of seabird interactions during pelagic longline · 
fishing operations. The data also show that none of these measures alone will completely eliminate 
bycatch of albatrosses by the Hawaii pelagic longline fishery. This conclusion has previously been 
reached in pelagic longline fisheries in the southern oceans (Brothers 1995; Alexander et al. 1997). 
Brothers states that "No solution on its own is totally effective but combinations of solutions can 
almost completely prevent bait loss and the death of birds" (Brothers 1995:6). 

The authors believe that implementation of a combination of mechanical and non-mechanical 
mitigation methods (i.e., bird-scaring devices with bait camouflage, distraction, and bait visibility 
reduction strategies) and simple changes to common fishing practices will produce the greatest 
reduction in seabird interactions for the Hawaii pelagic longline fishery as well. Using a combination 
of mitigation methods may provide continued protection if seabirds become habituated to a given 
mitigation method, weather conditions reduce i~s effectiveness, or breakdowns occur. 

Night setting, blue-dyed baits, and strategic offal discarding ate simple and effective methods that 
· serve to reduce the visibility of bait or distract birds away from fishing operations. They are non­
mechanical methods; their effectiveness is not adversely affected by high winds or rough seas. 

The towed buoy system and tori line are bird-scaring devices. They provide a physical, visible barrier 
that effectively reduce the seabirds' ability to approach baited hooks. Their effectiveness can be 
reduced by high winds and rough seas. When these conditions cause breakdowns, baited hooks will 
be unprotected until the deterrent is repaired, unless one of the non-mechanical mitigation methods 
is also in use. 

The findings and recommendations of this study are based on current Hawaii pelagic longline 
swordfish and tuna vessel gear configurations. The effectiveness of seabird bycatch mitigation 
measures are highly dependent on fishing gear construction and deployment. If changes are made to 
current fishing gear or practices, alterations to these recommendations may be required. 
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As noted above, Hawaii pelagic longline vessels targeting swordfish are responsible for the m<ijority 
of albatross mortalities experienced by the Hawaii pelagic longline fleet. Additionally, NMFS 
Observer Program data shows that little swordfishing effort takes place be16w 25 o north latitude 
(WPRFMC 1999). In order to protect seabird colonies on French Frigate Shoals in the Northwest 
Hawaiian Islands, the recommendations that follow incorporate a demarcation at 23 o north latitude. 
Research also shows that four-fifths of the Hawaii pelagic longline tuna targeting fishing trips occur 
south of23 o north latitude (He et al. 1997). Therefore, the recoriimendations take into consideration 
the far lower numbers of seabird takes experienced by this segment of the fleet. All vessels in the 
Hawaii pelagic longline fishery would still be required to employ seabird bycatch mitigation measures 
below 23 o north latitude when seabirds are present. 

The authors wish to direct attention to promising new underwater setting technology currently 
undergoing field testing on pelagic longline vessels by the New Zealand Department of Conservation. 
This stern mou!lted bait setting funnel is used to deploy baited hooks below the water's surface, 
effectively reducing seabirds' ability to interact with baited hooks (Molloy, pers. comm. ). This device 
may prove highly effective for the seabird species encountered by the Hawaii pelagic longline fishery. 

8.1 Recommendations for Tuna Vessels 

Tuna vessels are defined as vessels targeting bigeye tuna, using a mainline shooter, 18-28 branchlines 
between suspender floats, using weights 45-80 grams within I m of the hook, using sanma (saury) 
for bait,. and not using chemical light sticks. · · · 

8.1.1 Tuna Setting: Daytime Setting Allowed. The following recommendations are for all vessels 
fishing above 23 ° north and for vessels fishingbelow 23 °UOrth when seabirds are present. 

• Deploy a seabird-scaring line (tori line or towed buoy system) with effective streamers 
throughout the towline and a terminal buoy. 

• Employ aerial streamers that are a minimum of I m in length and that remain aloft 50 m behind 
the vessel or beyond the point where baited hooks sink below the diving range of the seabirds. 

• Use and adjust pole or attachment point for the seabird-scaring line to ensure that the aerial 
portion covers the area where seabirds can take baited hooks throughout the set, regardless of 
wind direction and sea condition. 

• .Ensurethat.baited hooks enter the water under theprotection of the aerial"J>ortion of the seabird­
scaring line. 

• Dispose of all offal/discard baits on the opposite side ofthe vessel from where baited hooks enter 
the water, and in such a manner as to best distract seabirds away from the vessel and fishing 
operations. 

Fmal Report or tbe Hawaii Longline Seabird 
Mortality Mitigafion Project 

Page79 

Garcia and Associates 
September 1999 



GANDA recommends that WESPAC consider these additional measures: 

Continue to use sinkers/weights of at least 45 grams on branchlines. 

• Continue placing sinkers/weights within I m of the hook and attach to the hook by a wire leader. . 

• Continue current use of tuna/ring hooks. 

• Completely thaw baits and deflate swim bladders. 

• If seabirds are taking baits with a mitigation measure in place, cease the set until one hour after 
dark. 

• Deterrnin~ the maximum allowable number seabird . takes for the . fishery and enact area 
restrictions when it is reached. 

• Consider an extension of protected zones (currently 50 miles nautical miles) around colonies due 
to the high density of seabirds in these areas. 

• Require the completion of a mandatory seabird bycatch reduction education program in order 
to receive a commercia! fishing license. 

8.1.2 Tuna Hauling. The following recommendations are for all vessels fishing above2Y no~h and 
for vessels fishing below 23 o north when seabirds are present. 

• If seabirds are present, or hauling occurs during daylight hours, tow a seabird-scaring line with 
streamers and a terminal buoy. The length of the streamer line should be sufficient to keep the 
aerial portion of the line aloft beyond trailing branchlines. 

• Retain baits and offal for use as strategic offal discards or discard on the opposite side of the 
vessel from baited hooks. 

GANDArecommends that WESPAC consider these additional measures: 

• Minimize deck lighting during the haul, especially in the area where baited hooks rnay trail behind 
the boat. 

• Stop vessel when seabirds are hooked or entangled during hauls, or encountered still alive from 
the set, and back up to the seabird rather than hauling the seabird to the boat by the branchline. 

• Have bolt cutters and pliers available on deck to facilitate. safe removal of hooks from injured 
seabirds. 
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8.2 Recommendations for Swordfish/Mixed/Switcher Vessels 

Vessels included in this category are all vessels, whether using a mainline shooter (other than those 
meeting the fishing gear parameters listed above), targeting swordfish orother species, deploying less 
than 18 branchlines between suspender floats, attaching weights to branchlines more than 1 m from 
the hook, using 'T' -shaped open gap hooks, using squid for bait, and using any number of chemical 
light sticks. · 

8.2.1 Swordfish Setting: No Daylight Setting Allowed. The following recommendations are for 
all vessels fishing above 23 o north and for vessels fishing below 23 o north when seabirds are present. 

• Do not begin setting until at least one hour after sunset and complete setting at least one hour 
before sunrise. 

-
• Use baits that are dyed dark blue throughout the entire set. 

• Deploy a seabird-scaring line (tori line or towed buoy system) at least 150m long, with effective 
streamers throughout the towline and a terminal buoy. 

• Employ aerial streamers that are a minimum of 1 m long and that remain aloft at least 50 m 
behind the vesseL 

• Use and adjust pole or attachment point for the seabird~ scaring line to ensure that the aerial 
portion covers the area where seabirds can take baited hooks throughout the set, regardless of 
wind direction and sea condition. 

• Ensure that baited hooks enter the water under the protection of the aerial portion of the seabird­
scaring line. 

•. Use strategic offal discarding to decoy seabirds away from the vessel and baited hooks. 

GANDA recommends that WESPAC consider these additional measures: 

• Completely thaw baits. 

• Continue using sinkers/weights of at least 60 grams (preferably 80 grams) on branchlines. 

• Place chemical light sticks, attached to branchlines, between the mainline snap and the branchline 
weight. 

• Minimize vessel lighting for the entire set, particularly lights that shine aft. 

• Determine the maximum allowable· number of seabird takes for the fishery and enact area 
restrictions when it is reached. 
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• Consider an extension of protected zones (currently 50 nautical miles) around colonies due to 
the high density of seabirds in these areas. 

• Consider monitoring night setting electronically via VMS, (Note: this will require modification 
to VMS technology.) 

• Require the completion of a mandatory seabird bycatch reduction education program in order 
to receive a commercial fishing license. 

8.2.2 Swordfish Hauling. The. following recommendations are for all vessels fishing above 23 • 
north and for vessels fishing below 23 ° north when seabirds are present. 

• Baits will remain dyed blue from the set. 

• Use a seabird-scaring line with streamers and. a terminal buoy. 

• Ensure that the aerial portion of the seabird-scaring line remains aloft beyond the trailing hooks. 

• Adjust the seabird-scaring line throughout the haul to best cover the area where baited hooks are 
available to .seabirds, depending on wind direction and vessel course. 

• Do not discard bait or offal on the hauling side of the vesseL Dispose all offaVdiscard baits on 
the opposite side of the vessel from where. baited hooks leave the water and in-such a manner as 
to best distract seabirds away from the vessel and fishing operations. 

GANDA reconlinends that WESPAC consider these additional measures: 

• Stop vessel when seabirds are hooked or entangled during hauls, or encountered still alive from 
the set, and back up to thl} seabird rather than hauling the seabird to the boat by the branchline. 

• Have bolt cutters and pliers available on deck to facilitate safe removal of hooks from injured 
seabirds. 

8.3 Strategies to Implement and Ensure Compliance with Regulations 

The following recommendations are based on a review of seabird bycatch reduction efforts in other 
fisheries, experience in the Hawaii pelagic longline fishery, consultations with fishery managers and 
Hawaii Iongline fishermen, and representatives from compliance monitoring agencies. It should be 
understood by all concerned parties that the Hawaii-based pelagic longline vessels are some ·of the 
farthest-ranging fishing vessels in the world, Thousands of miles can be covered in the. course of a 
single trip. Depending on vessel size, refrigeration capacity, target species, catch rates, and season, 
trips may last from ten to fifty days. Vessels may leave Hawaii and land fish in other states. Vessels 
may leave other states and land fish in Hawaii. Compliance monitoring of mandatory seabird mortality 
mitigation measures will be problematic, costly, and require ongoing commitment of time, effort, and 
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resources. Compliance by fishermen will be based on costs, benefits, and perceptions of the ability 
and commitment of enforcement agencies to prosecute violators. 

While these problems are not insurmountable, previous attempts to .initiate voluntary use ofseabird 
bycatch mitigation methods in this and other fisheries have met with limited success. Mandatory 
measures have only been marginally more effective. New approaches are needed to ensure compliance 
with regulations and effective use of seabird bycatch reduction methods by Hawaii pelagic longline 
vessels. Educating fishermen about the need for these measures is crucial. Providing instltictions to 
fishermen regarding construction and use of measures adapted for this fishery is equally important. 
Commitment of compliance monitoring resources and effective punishment for violations' will 
determine whether regulations are obeyed. Increased scientific monitoring of the fishery will be 
needed to determine ifseabird mortalities are being reduced. A close working relationship between 
fishery managers, fishing industry personnel, and enforcement agencies will provide the open 
communication ;md flexibility needed to ensure that what works is retained and what does not is 
changed or eliminated. 

8.3.1 Fishing Industry Initiatives 
RewardsforCompliance or Innovation. Avoiding seabird bycatch is the responsibility of fishermen 
and they should be encouraged to solve the problem themselves. Commercial fishermen are the most 
appropriate source of new mitigation methods. To promote innovation, fishermen who devise 
methods to increase the sink rate of baited hooks or find other methods. to reduce. by catch to near 
zero levels should be rewarded in some way. For example, the New Zealand government on behalf · 
ofNew Zealand fishing companies requested CCAMLR to grant an exemption from the night setting 
requirement in high latitudes due to lack of darkness during night• time hours. CCAMLR eonsidered 
the request in 1998, and agreed to grant the exemption only sooth of65~south, for the two New 
Zealand flagged and permitted vessels, so long as a line sink rate of 0.3m/sec were met. The two 
vessels used time depth recorders to prove that they cmJid achieve this sink rate, by weighting the 
line. They were subsequently given a permit under New Zealand legislation (the Antarctic Marine 
Living Resources Act 1981 ). --

Scientific Charters. Industry and fishery managers shouldworktogether to increase scientific stupy 
ofbycatch mitigation measures through charters ofcoinmercial pelagic longline vessels for scierttific 
purposes. Data collected Will better reflect actual fishing realities. Additional research should be 
conducted on current hook sink rates based on the presence or absence of mainline shooters and 
branchline construction (i.e., placement of weights, buoyant chemicallightsticks, and hook types), 
effects of blue-dyed baits on target species CPUE, and the effects ofnight setting on CPUE for tuna 
vessels. Underwater setting devices currently being tested in pelagic longline fisheries in the Southern 
Oceans should be tested in the Hawaii pelagic longline fishery as soon as they are available. 
Information gained should be shared with fishermen who Will benefit from the information and feel · 
they are being included in the fishery management process. Information about benefits of an 
innovation will then be quickly spread throughout the fleet. Fishery managers and scientists Will also 
gain accurate data and insights about Hawaii longline fishing efforts and seabird bycatch reduction 
methods. 
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Industry Leaders and Highliners. Fishery managers should initiate contact with respected fishery 
leaders and top producing fishermen (a.k.a. highliners). Information disseminated through respected 
individuals within the fishery will have greater acceptance by fishermen. Special efforts should be 
made to identifY and educate. these individuals about the benefits of adoption ofbycatch reduction 
measures. Fishermen are more likely to adopt ideas .that have been accepted and implemented by their 
peers. 

Fishermen Associations. Fishermen should be encouraged to form associations so that their interests 
are looked after by a group rather than individually. Many Hawaii longline fishermen have little 
understanding of the seriousness ofbycatch issues and the effect it can have on their fishery. The need 
for information is even greater for ethnic groups who may feel disenfranchised by the ,fishery 
management system. V esse! owners, operators, and permit holders in the Hawaii longline fishery fall 
into three main ethnic groups: Vietnamese, Koreans, and Caucasians. There is little communication 
between these groups, hindering the flow ofinformation on important fishery issues and innovations. 
For example, the effectiveness of blue-dyed baits for deterring seabirds was not transmitted from 
Caucasian-manned swordfish vessels to Vietnamese-manned swordfish vessels. The three groups that 
comprise this fishery should be encouraged to come together and solve their mutual problems, By. 
having fishermen associations dedicated to informing them of regulations and other imperatives that 
may affect their livelihoods, fishermen will have a forum where they can agree to do something by 
consensus. 

Suppliers, Buyers, and Processors. Shore~side service providers such as marine suppliers, fish 
buyers, and fish processors. have a stake in the preservation of the Hawaii longline fishery. They 
should be encouraged to take an active role in longline -bycatch reduction issues. They have access 
to fis))ery management meetings, newspapers, and public opinion that fishermen at sea do not. These. 
businesses have themost.contact with fishermen when they are in port. Cooperation between these 
businesses and fishery managers can increase the flow of information to fishermen. 

Value-Added Promotions. Too Hawaii longline fishery should be encouraged to immediately and 
voluntarily initiate use of seabird bycatch reduction measures, thereby reducing negative public 
perceptions that the fishery is waiting to be "forced" to take action. The industry should then begin 
marketing its product as caught in a "BIRD SAFE" manner. Competition is ·fierce· from other U.S. 
fisher,ies and abroad. Negative public opinion recentlyresulted in a boycott of swordfish caught by 
the East Coast longline fishery. The boycott caused ex-vessel prices in Hawaii to fall. The Hawaii 
longline fishery should act quickly to reduce seabird bycatch, promote positive public opinion; and 
increase the value of its product by marketing it as "BIRD SJ\FE." 

8.3.2 Educational and Research Initiatives 
Bycatch Reduction Certificates. Annually renewable seabird bycatch reduction certificates should 
be required forlongline permit holders, captains, and crewmen. There should be quarterly workshops 
where educational videos on protected species bycatch issues are shown, hands-ori training in 
construction and use of mitigation measures is provided, and safe seabird release procedures are 
taught. These should be conducted with Vietnamese and Korean interpreters, as needed. Longline 
vessels should be required to have one or more certified crewmen aboard while fishing. Two-way 
information exchange should be promoted during these training sessions so that fishermen will have 
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an opportunity to relate improvements to existing methods or innovative new bycatch reduction 
techniques. 

International Working Groups/Cross Fishery Seminars. Hawaii fishery managers should support, 
promote, and attend international seabird symposiums to acquire and transmit up-to-date information 
about seabird bycatch reduction efforts and technologies. Hawaii longline fishery representatives 
should be among those sponsored to attend. Experienced fishermen from fisheries that have already 
successfully adopted seabird bycatch mitigation measures should be encouraged to provide training 
or informational seminars for fishermen and fishery managers in Hawaii concerning design, 
construction, and usage of successful mitigation gear and techniques. 

NMFS Hawaii Longline Observers. NMFS currently has a mandatory observer program in place 
for Hawaii longline vessels. Observers' main duties are associated with bycatch of sea turtles. Fish 
morphometric data, biological samples, and seabird information ate also collected. NMFS policy is 
that observers are not to perform compliance monitoring functions .. However, observer data· 
collection priorities should be shifted to increase data collection on the effectiveness of seabird 
bycatch reduction measures. Observers should receive training in construction and usage of seabird 
bycatchreduction techniquescin order to provide a valuable source of experience and information to 
fishermen. Observer field experiences should be used by fishery managers to evaluate the effectiveness 
of seabird bycatch reduction regulations. The NMFS Hawaii Longline Observer Program is the most 
promising source of two-way information about seabird bycatch reduction available. 

NMFS Observer Data on Seabird Interactions and Mortalities. The NMFS Hawaii Longline 
Observer Program database contains information on hundreds of inCidental albatross mortalities that 
have occurred on Hawaii pelagiclongline vessels (see Section 3.1.2,Tables 1 and 2). New analyses 
of this data based on fishing gear parameters will provide valuable information on albatross longline 
interactions and mortalities. Effects of mainline setting methods (shooter, no•shooter),terrninal tackle 
(weight size, placement, hook type), and lightsticks on mortality rates could also be analyzed. The 
database could also be used to determine time of interactions/mortalities (daylight/darkness). This 
information, combined with analysis already completed, can be used by fishery managers and. 
fishermen to focus implementation of seabird bycatch reduction efforts appropriately. 

Cross-cultural Education. Fishery managers should be encouraged to initiate and attend a cross­
cultural training seminar. Greater awareness of the cultural norms of the three groups in this fishery 
will provide insight into the most effective strategies for gaining compliance with mandatory 
·mitigationregulations. For example, Hawaii's Vietnamese American longliners cultural norms cause 
them to avoid self-promotion. This tendency to avoid giving or receiving criticism has resulted in 
information about seabird bycatch reduction not being transmitted within the group. Few fishermen 
wish to come forth and perhaps be seen as attempting to control others. Loss of "face" is so 
important that many fisherman who would like to do more to reduce seabird bycatch feel constrained 
to remain silent and avoid possible confrontations or ill feelings. Understanding culture-specific 
norms, values, and strategies for gaining compliance with innovations will create positive and 
effective communication between fishery managers and the constituents of the fishery. 
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8.3.3 Compliance Monitoring Options 
Electronic Monitoring. Electronic and/or viqeo monitoring are the only compliance monitoring 
options that can ensure compliance by all vessels. Effective and consistent monitoring is a key element 
in compliance monitoring of any seabird bycatch reduction regulation. The feasibility ofusirig video 
monitoring to verifY compliance with the mandatory requirement to use bird scaring lines on tuna 
boats is being investigated in New Zealand (Molloy,.pers. com.). Hawaii longline vessels are currently 
monitored by VMS, which, if modified, has the capacity to determine when and where a vessel is 
setting gear, Technology exists that can more effectively determine if the mainline reel is turning 
(SAIC 1999). 

Utilizing electronic monitoring methods to ensure compliance with mandatory night setting should 
be considered. VMS would have to b.e substantially modified for use in monitoring compliance; 
however, VMS is the only electronic measure that is currently in place aboard Hawaii longline vessels 
that has the pot~ntialto ensure that aU vessels are monitored equally and effectively. Fisherlnen and 
vessel owners in the Hawaii longline fishery have stated that they would comply withregulationsthat 
are enforced effectively and consistently among all vessels. 

Aerial Monitoring. Due to the wide geographic range of fishing effort in ·this fishery, aerial 
surveillance may be impractical and economically prohibitive as a compliance monitoring tool. Areas 
around the Northwest Hawaiian Island seabird· colonies have both high levels of seabird abundance 
and swordfish fishing effort. Periodic aerial fly-overs in these areas by the USCG should be 
considered. 

At-sea Monitoring. Periodic deploymentofUSCG vessels to areas of high seabird abundance and· 
fis!ling effort should be considered. This would allow USCG personnel to conduct surveillance and 
vessel hoardings to ascertain if seabird.bycatci) reductionregulations arebeing followed. Only USCG 
vessels.have the range and capacity to.enforce fishery regulations at sea. 

Dockside lnspecti()ns, The most feasible monitoring will likely be dockside inspections by USCG 
or NMFS compliance monitoring officers. The presence of tori lines or towed buoy systems, 
functional towing poles, bait dye and buckets, or electronic monitoring equipment may be confirmed 
before and after trips. While these inspections cannot ensure that these methods will be used at sea, 
they can determine if they are present on vessels. 

Rewards. NMFS Enforcement Branch should consider initiating an anonymous reward system to 
encourage video documentation. of vessels fishing without mandatory mitigation measures in place 
when fishing with seabirds present. This anonymous reward system gives fishermen complying with 
regulations the opportunity to report violators. 
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