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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 rp'o'pula'tion' estimate for black-
footed albatrosses (Phoebastria nigripes) is 60,660 breeding pairs and, 558,415 breeding pairs for
Laysan albatrosses (Phoebastria immutabilis) (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_fedz:ral_ly 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 weré 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. ' - SR R

The scope of werk for the project included: a literature review, an examination of NMFS. 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. ' - ' : o

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 répresentatives 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 from NMFS Hawaii Longline Observer Program.
were reviewed to characterize the Hawaii pelagic longline fishery effort. B

The research design was subsequeﬁtly 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 .
fishing 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 tnps, 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

Fiaal Report of the Hawaii Longline Seabird " Garcia and Associates -
Montality Mitigation Project " Septexinber 1999
S Pagei



on standardlzed forms developed for the project. Multi-varied enwronmental 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 Ionglme vessels, and on the specific species of seabirds these vessels encounter.
'Data wereé ‘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, arid
without, mitigation measures-in place during settmg and. haulmg longlme fishing gear. -

Durmg gear-settmg operatlons blue—dyed baxts were found to be the most effective ﬁli’ti'gatio'n
strategy in reducing seabird interactions with fishing gear; followed by strategic offal discards. The
tori lme and the towed buoy system also proved to be effective’ mmgatlon measures durmg the set.

During gear-hauling operations, blue-dyed baits and the tori lme were found to be equally effective
mitigation strategies in reducing seabird interactions with fishing gear, followed by the towed buoy
system. Ana!yses further indicate that the strategy of retaining offal onboard dunng the haul (no offal
d:scards) led to mcreased attempts and interactions.- _

Ana]yses were conducted to determme the eﬂ‘ect of the mltlgatlon measures on catch per unit effort
(CPUE) for fishery target species. Data indicate that using blue-dyed bait may actually increase
CPUE. Feld observations suggest that the other mitigation measures (tori lines, towed buoy system,
strategic offal discard, no offal discard, and night settmg) have negligible: eﬁ’ects on CPUE other than
reducmg bait losses to seabn'ds '

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

Based on thie results of the Ilterature review, the examination of NMFS Hawaii Longlme Observer
Program data research trips, fishermen survey results, -and data analyses, recommiendations to-
WESPAC were developed to reduce seabird bycatch/mortalities in the Hawaii pelagic longling ﬁshery

Data suggest that no single mmgatlon 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 Section 8.0. These recommendatlons
are for vessels fishing above 23° north latitude or when seabirds are present Recommendatxon
summanes are presented below. :
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For tuna vessels:

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

*  Ensure that baited hooks enter the water under the protection of the aerial portion of the seabird-
scaring line. - IR ‘ '

+. Dispose of all offal/discard 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. B ' '

For swordfish vessels:

+ Do pot begin-setting until at least one hour after sunset and complete setting at least one hour
before sunrise. : ' : e :

* Use blue-dyed .baits throughout the entire set.

*  Deploy a seabird-scaring line (tori line or towed buoy system) with éffective streamers throughaﬁt
the towline and a termina] buoy. S '

* . Ensure that baited hooks enter/leave the water under the protection of the derial 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 tongline fishery, the Western Pacific
Regional Fishery Management Council (WESPAC) commissioned GANDA to conduct the Hawaii
Pelagic Longline Seabird Mortality Mitigation Project to determine the most effective and least
intrusive seabird mortality mitigation devices for use in this fishery. This study compared the
efficiéncy, intrusiveness, effect.on catch rates, and ease of compliance monitoring of five seabird
bjic.fl.ﬁ;}_iﬁﬁt_iﬁ_aitioh-met'h{)ds'-fbr;uséi his fishery. These methods include tori lines, towed buoys, no
offal discards, strategic offal discards; and blue-dyed bait. Night 'setting mortality ddta were also
collected and treated separately because behavioral observations could not be made at night. Testing
proposed mitigation measures during actual fishing operations, prior to'mandatory implemenitation,
should insure that the measures adopted are effective on Hawaii pelagic Iongline fishing vessels.

l.l ,'Préjéctr-ﬁ-ﬁékground

Around the world, seabird bycatch: oceurs in both pelagic and demersal longiine ﬁshgifi-és._--:Curfently,

it s likely that most albatrosses will-interact with longline fishing vessels at some stage in their lives.
‘Bycatch in some longline fisheries poses a major threaf to several populatioris-of albatrosses (family
Diomedeidae) (Murray et al. 1993; Brothers 1991; BirdLife International 1995; Croxall et ai. 1990;
“Weimerskirch et al. 1997). The current worldwide albatross bycatch rate on pelagic longtines is
approximately 0.4 birds observed caught per thousand hooks set (Alexander et al.1997). Several
species are endangered, such as the short-tailed albatross (Pacific Seabird Group'1997)."

Fore:gnlonglmeﬁshmg 1l om Japan,Ta:wan, Korea,andothernatlonsprovxde approxxmately
90 percent of the fishing effort in the central north Pacific. The remainder is attributed to the Hawaii-
based Jon

1 longline fleet. In 1991, federal regulations (WPREMC.1991) were implemeiited to prohibit
longline vessels from fishing within 50"milés of the Northwest Hawaiian Istand National Wildlife
- Refuges and within 25-75 miles (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 (FAOQ) 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
(Phoebastrianigripes) 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 U.S.C.
"703-711) (MBTA).The current world population estimate for black-footed albatrosses is 60,660
breeding pairs and 558,415 breeding pairs of Laysan albatrosses {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 Hawatian 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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~ Plate 1a. S Patelb

Plate 1a. Black-footed Albatross (Phoebastria nigripes). Plate 1b. L'aysah 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 onthese two albatross:
populations (draft - proceeding from the Hawaii Black-footed Albatross. Population Biology
Workshop). -

Black-footed and Laysan aibatro_ss_es range widely in search of food (Anderson 1998) (Figure 1),
foraging throughout the north Pacific Ocean, generally well offshore. Albatrosses forage by surface
seizing or diving, with squid being a favorite 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 longline
broadbill swordfish (Xiphias gladius) fishery. This fishery, along with the Hawaii-based bigeye tuna
(Thunnus obesus)y 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 caught 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 1,479-2470) black-footed albatrosses and 1,479

(Confidence Interval 822-2,336) Laysan albatrosses were incidentally killed in interactions with’
H{twaii pelagic longline fishing vessels in 1998 (Kieiber 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 operationis are diminished. Tt 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 NMEFS’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 1 thht pattems 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 Umversnty
Winston-Salem, NC. : :
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Plate 2b. Seabirds pursuing a Hawai pelagic longline vessel.
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Plate 3. Blackifooted (left)-and. Laysan (nght) Albatross mortalmes resultmg from -an mteractlon with
ongline vessel.
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Mitigation techniques employ three different methods to reduce'mortaﬁﬁes:

¢ Setting the gear in such a’ way that it does not linger at the surface long enough to allow-
seabird interaction (mcrease sink rate). '

. Frightening the seabirds away from the gear (seabird deterrent).
»  Reducing visibility or attraction of bait {camouflage, distfactio’n). '

Mitigation techniques can be highly effective in reducing mortality. Off Tasmama, Japanese longline
vessels using seabird bycatch miitigation measures reduced thetr bycatch by 88 percent from the
prev:ous season (Gales 1993)

1.2 Project Description
The folbwing research tasks were completed as part of this study:

Task 1: Literature Review. A search was conducted for- information and data on seabird-tongline
interactions in Hawaii and other fisheries. Various personne! 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 occumng, 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 mmgatlon 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: Onboard 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.

Final Repoit of the Hawaii Loagline Seabird : T Garcia and Asseciates -
Mortality Mitigation Project September 1999
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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 pnntouts were also generated at this
time and are provided in appendices.

Task 7: Qualitative AnalySIs/Recom mendations. 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 WESPAC were developed.

Final Report of the Hawaii Longline Seabird ‘ .. Garcia and Associates _
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2.0 PROJECT OBJECTIVES

Primary'dbjectives of the Hawaii Longline Seabird Mortality Mitigation Pro’jecfi"nclhded

Deploy, measure, and compare the effectweness of various mitigation gear and techmques for
reducing seabird bycatch on vessels in the Hawaii pelaglc 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 Hawali

pelagiclongline fishery based on data generated through gear testmg, data ana]yses fi shermen
mput and effects of mmganon on catch of target specxes

Secondary objeetives i’ncluded:

.

' Imtxate a dlalog with local fishermen about the seabird bycatch issue and 1mplementat10n of

rmtlgatlon measures.

Gather mformatlon from seablrd bycatch researchers in the North Pacific, New Zealand and
Australian longline fisheries to determine which miti gation measures were best suited to thls

pro;ect s goals and llmxtatlons

Revnew NMFS Hawaii Longlme Observer Program seabird bycatch data co]lected in the

Hawan pe]aglc longline ﬁshery

Recommend strategies for implementation of mmgatlon techmque(s) for use in the Hawan
pelagic longline fishery.

This study has gathered new mformatlon regarding the behavioral responses of seabirds encountered
by the Hawaii longline fishery to the mitigation gears and techniques tested. These data will beuseful
to WESPAC in plarmmg seablrd bycatch reductlon strategies for this ﬁshery WESPAC may ut:hze

proyect data to: ' :

Make informed management decisions regarding the most effective mitigation measures for '
reducmg seabird bycatch in the Hawau pelaglc longline ﬁshery

Implement 4 detailed and real—data—dnven educational program for use with fishery personne] N
govemmental agencnes conservatlom sts, and other concemed individuals. -

Final Report of the Hawaii Lougline Seabird _ " Garcia abd Associates
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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

Correspondencewith the Seabird Bycatch Community. Research contacts included academicians,

researchers, government agencies, fishermen, and industry representatxves working. on seabird-
longline bycatch reduction issues in the states of Hawaii, Washington, and Alaska, and in Australia
and New Zealand. These contacts provided up-to-date information on the most current mitigation
techniques, data'collection efforts, and field research on seabird bycatch in their longline fisheries. 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 of mitigation -
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 mmgat:on effectlveness in‘terms of
behavieral responses of seabirds. : -

Notification to Vessel Owners/Operators of Project. After consultation with WESPAC 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 mvolvement was requested.

Vessel Cooperatlon Agreements. GANDA was ass:sted in mfomung ﬁshermen about tlus pro_]ect >
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. MinhDang. 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 fromthe 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 Dlamond Inc., offered his vessel for the fifth
trip (Trip 5 targeted swordfish).

Final Report of the Hawaii Longhine Seabird - L Garcia and Associates ..
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3.2 NMFS Hawaii Longline 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 1994 have been observed. The database yielded
mformatlon about interactions between the Hawaii longline fleet and albatross species (Table 1)

NMFS Observer Program data provided important information on the spatial and temporal
distribution of incidental 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 longline fleet was experiencing the most seabird interactions, and of the
seasonal parameters relative to the time of year when most interactions were occurrmg.

Hawaii longlme observer field expenence indicated that vessels using mamlme shooters nearly always
target bigeye tuna and commonly use branchlines with weights in close 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 ( 1995) found that as weights are moved closer to the hooks, smk rates will
increase, thereby reducing bait losses to seabirds.

Based on these data, project staff hypothes:zed 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
hlgher for vesselstargeting swordfish without using a mainline shooter than those using a shooter and
targetmg blgeye tuna (see: Sectlon 33 for shooter descnptlon)

The data also provided the rate of‘ mteractlons per ﬁshery segment (swordﬁsh or tuna). Choosmg
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 testuig phase of this project. NMFS
Hawaii Longline Observer Program data helped determme whnch vessels were selected for testmg of
seabird bycatch reduction measures.

Table 1. Take estimates from NMFS Hawaii Longline_Obse'rver Prdgram for 1994-1998*

Year Laysan Albatross 95% Confideace Black-footed Aibatross 95% Confidence
Take Estimates _Intervals - Take Estimates Intervals.
1994 1828 933-2,984 1994 | 1,508-2,578
19957 | 1457 | 767-2,308 LT | 1,439-2,497
1996 S L047T | 569-1,610° 1,568 1,158-1,976
1997 | 1,150 - 599.1,875 i 1,653 _ 1,243-2,102
1998 ) 1479 822-2.336 1,963 ' _1,479-2,470
TOTALS | 6,961 = 9,157 —_
*(Kleiber 1999) '
. Final Report of the Hawaii Longline Seabird - Garcia and Associates
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Important information affecting lmplementat:on of this study was obtamed from the review of NMFS
Hawai: Longline Observer Program data:

= NMFS Observer Program data indicate that overall fishing eﬂ'on 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 fishmg gear
best suited for targetmg swordﬁsh) fishing north of the main Hawaiian Islands were
responsible for the vast majonty of seabird interactions and mortalities.

»  When trip types are separated according to target species as reported in NMFS Fishermen’s
Logbooks (on observed trips), trips targeting tuna have Iower numbers of seabird takes than
those targetmg 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 categonzed 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. landmg mixed .catches
(swordfish and tuna), “Switchers” as mamlylandmg 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). Reahstlcai]y, there are many
_vessels dedicated to the pursuit of bigeye 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 brgeye
tuna, swordfish sets Incur more mteractrons and mortalmes :

3.3 De_scr_ip;i_on of Hawaii Longline Fishing Gear, Vessel Types, and 'Fishing Practices.

Hawail’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 welght to the hook varies .
by vessel and fishery. 3
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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
seablrd 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 pelagic longline 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 1,200-2,500 hooks, place 18-28 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 1995; NMFS Observer Program
Data 1998). Tuna vessels use branchlines with a 40-80-gram weight less than 1 m 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 1995; Harrison et al. 1985).

* Dedicated tuna vessels use mainline shooters to deploy the mainline which create slack.
+  Between 18 and 28 branchlines are set between floats on the mainline. Branchlines have a lead
weight (40-80 grams) at a distance of 1 m or less from the hook with wire leading from

sinker to hook substantially i increasing the hook sink rate.

» Seabird bycatch can be higher if branchlines without weights close to the hook are uscd‘ ,.
{Cook, pers. comm.).

+ Often the bait is not completely thawed increasing the amount of time it takes to sink
(Brothers et al. 1995).

Fisal Report of the Hawaii Longline Seabird : : _ : , Garcia and Associates
Morlality Mitigation Project . o e S . September 1999 -
) S Page 14 o : :



Table 2 Key d:ﬁ'erences in fishing gear and tactics employed by Hawait pelagic longline tuna and

swordfish vessels.

Swordfish Targeting vessels*

Gear Types/Tactics Used Tuna Targeting Vessels
Is mainline shooter used? Yes No
Opportunistically target other species with No Yes
minimal gear changes?
Number of hooks set 1,200-2,500 800-1,500
Number of hooks between floats 18-28 3-5
Bait type A _Samna (saury) Squid
[| Begin gear set time i\&dri:ingﬁnid-day Sunset/night
Begin gear haul time Nightlaﬂer dark . _ Early morning
, Lead weight size 40-—80 grams | 60-80 grams
Weight proximity to the hook 20——90 o '7 : 57m
Use buoyant chemical lightsticks? No_-'-__.::;;_- _ B Yes
Vessel size | - 15- 30 in 1 15-30 m
Mainline length - 155 tHCm R 155.4 km
l Length of branchlines .7 . : 7 : - 15-20 m ) ;- 15-20 m
I High tevets of seabira mbrialities? No | - Yes
{L_Target depth oA DeeE_ T Shallow |

*There were three trips thal had Sets both wﬂh and without a shooter-

-+ Propeller turbulence may push the bazts riear the surface where the seabirds can reach them

by diving (Brothers 1995)

* The vessel is movmg away from the hooks as they are bemg 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 of 23 °latitude where albatrosses are less abundant. -

*+  The discarding of poor quality baits attract seabirds (Brothers 1995).
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Plate 4. M_ai_niine shooting device employed by tuna vessels. - - : .
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' __-Pl'éitgiﬁ'_a..: Tuna vessels use sanma (saury) for bait. Note: bottom bait is.‘qygdfb.}ud

" Plate 6b. Swordfish vessels use squid for bait.
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Seabird mortalities during Hawaii pelagic longline tuna gear retrieval aré _néarly: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 of ascent 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 oceur during tuna fishing hauls. Laysan albatross
are somewhat adapted for nocturnal feeding (Harrison et al. 1985), and bright moonlight canincrease
seabird bycatch levels (Brothers 1991). The use of lazy 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 gearto

‘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 mainfine. Swordfish vessels use open gap “F” hooks (see 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
branchlines with weights 57 m from the hook and buoyant chemical lightsticks 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 fightsticks near the hook, greatly reduces the hook sink rate. Itis
hypothesized that these factors are the main gear-related causes of high levels of seabird interactions
and mortalities for swordfish vessels.

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 aid mortalities than vessels using a mainline shooter and targeting bigeye tuna
(Kleiber 1999) . Since the vast majority of fatal longline seabird interactions occur during the setting
of gear on vessels targeting swordfish, this study primarily focuses on that segment of the fishery.

The following factors affect seabird interactions during SWOrdﬁsh aﬁémoon-to-eVenihg' sets:

* - Swordfish gear is set without a mainline shooter-. ‘The mainline spools off the stern 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 branchlines are kept near
the surface by the taut mainline and the turbulence of the vessel’s wake. '
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Branchline weights (6080 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 i increase the time and dlstance behind the vessels that baited hooks

may be taken by seablrds

Swordfish vessels use squid for bait, which has high natural buoyancy and isa preferred f'ood

- of albatrosses. -

Balts are often not completeiy thawed, Wthh increases the amount of time it takes them to
sink (Brothers etal 1995) . _ S

' : Seabirds are able to see the baits and bright hghtstlcks wnh the Laysan albatross ha\nng

better .nocturnal vision than the black-footed albatross (Harrison et al. 1985): As the sets-
continue into darkness, the bright buoyant hghtstlcks canattract seablrds and 1llummate baits

' that are still in dlvmg 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 (1 e, spottmg, landmg, dlvmg, x

- retnevmg, and swallowmg)

Swordfish vessels mamly ﬁsh north of the main Hawauan Islands where albatrosses are much.

more. abundant (NN[FS 1998 Anderson 1998; He et al. 1997)

’Durmg swordﬁsh gear retrieval, interactions that become hookmgs or entang]ements may
* have a lesser degree of mortalities seabirds are often brought aboard alive and therefore have -
a better chance of being released by the fishermen (Brothers 1995).

Tﬁé:_fdlloWing factors affect seab_ird interactions during the s_wordﬁshi gear haul:

The gear is hauled during the day when seabirds are most actlvely foragmg (Hamson etal.

1985).

' Dlscardmg ‘baits and offal dlrect!y over trallmg hooks/haulmg operations serves as an
" attractant and increases the nsk of hookings and entanglements (Brothers 1995).

The shallow angle of ascent of the mainline, and thc 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 10-20 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 of NMFS 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
main element of determining the effectiveness of various seabird bycatch mitigation gears and
‘techniques. This key element of the project was refined into a framework that was workable in the
environment of commercial longline fishing vessels. Additionally, the scope of the project was
expanded to include gathering qualitative information about the effectiveness and iritrusiveness 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 iri,c'lpded:'i.n_ order to provide
WESPAC with a more comprehensive set of seabird bycatch reduction options. '

3.4.1 Behaviors Per Unit Effort (BPUE). To quantify the relative eﬁ‘ec_tiveness' of various seabird
bycatch mitigation measures, data were to be analyzed in terms of the amount of foraging behaviors
per hook [behaviors per unit effort (BPUE)] 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
correlation 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. ) ' o

Due to the relatively low numbers of albatross hookings, entanglements, and mortalities in relation
to the higher number of attempts (chases, landings, and dives) and interactions (contact with the
gear), it is difficult to make statistically valid, quantitative comparisons of the effectiveness of vatious
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 longline fishing event (set, soak, and haul) were to be based on the behavioral responses
(attempts/interactions) and mortalities of the seabirds with, and witheut, 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 penods and the other bycatch reduction techniques would
be deemed the most eﬁ'ectrve

3.4.2° Zones of Con\%ergence 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 15 the flight area where seabirds actively follow the vessel to converge on the baited hooks,
bait discards, and offal dlscards This is also.the area where seabirds were counted for the baselme

- ‘abundance measurement : : -

~*+ The Zone of Opportunity is the. area where the baited hook may be brought to the surface by
the turbulence of the 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
direetly picking up the bait from the sea surface. o :

For.example, during line setting, the maximum zone width is the length of the branchline laterally to'
either side of 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 determined by using an optical rangefinder.

During gear hauling, the Zone of Opportumty included the area. abeam where a baited hook could’
appear-at the surface or within diving range of a seabird, and to the pomt astern where a bazt mrght

tra:l at the. full extent of the branchlme : -

343 Pro_]ect Data Recording. In the field, data were to be collected by categonzmg seablrd
behaviors into “Attempts and “Interactions.” _

“Attempts” refers to the number of seablrd attempts to pick up baited hooks. Attempts were'to be
counted only for pursuits of baited hooks or lightsticks attached to branchlines when they occur in
‘the Zone of Opportunity. Attempt. behawors infer that the seabird is pursuing the baited hook were '
further broken down mto three subgroups chases, landings, and dives. : :

«  Chases: Stalling or hovenng in the air within 1 m of the vrsrble baited hook or hghtstlck, or
' paddlmg/runmng 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 body in an attempt to retrieve a submerged balted

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, hookings, and entanglements. If the number of interactions became too
great to subdivide, all contacts, hookings, 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 lightstick, flying into
mainline or branchlines, and pecking floats, etc. Contact with mitigation measures were to be
counted. - '

* Hookings: 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 penods (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. S

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: '

1) Vessel Specifications Form. This form was used to identify the vessel, vessel owner 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. 5 : o

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 of bycatch mitigation technique tested, fishing gearconstruction, setting speeds,
and hook count information for the set and haul. C

3) Pelagic Longline Seabird Interaction Record. This form was used to record each:30-minute
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 o record tﬁd’,targeti—ispecies,
number of hooks deployed (effort), and the quantity of each species caught during the current
set and haul. ' - L

3.6 Gear Acquisiﬁon

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 constructioir of
towed seabird mitigation measures. 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 tise 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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Figure 4. Hawaii Longline Seabird Mortality Mitigation Project Interaction Record.
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4.0 FIELD RESEARCH -+ +'

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 vessel (employing a mainline
. shooter) targeting bigeye tuna. Four trips were on swordfish vessels (no mainline shooter) using
swordfish gear to target swordfish and/or bigeye tuna. Seabird behavioral bservation data were
collected during daylight hiours. Toti lines; towed ¢ s, -arding practices,
blue-dyed baits, night: setting (swordfish vessel; s ‘were: conducted during
commercial longline fishing operations ngon mortalities were colle: zed
based on seabirds found- ) ons could not be made at night.
Multi-variate factors 1g {0 envir ntal conditions and gear variation between vessels were
recorded on field data forms and ¢ ered in final analyses. Research aims and-objectives for each

mitigation technique. and.g ararellstedbelow e

4.1 Mitigation Measure Descriptions and Usage -

This study tested mitigation techniques and gears that deter seabirds from interacting with the gear

by either: 1) 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 to improve the effectiveness and decrease the intrusiveness of these
measures on fishing operations. - .. R

ria vessels and function to deter
rface ep:the seabirds from
°t- was a modified
ree AMLR) version’
‘was att urdy fiberglass pole (tori pole)
tern of the ve a'swiveling steel base: The base was placed atop the
setting house or shelter:deck on the stern of the vessel (Pla 7).approximatély 2 mfrom the stern and
2 minboard of the ganwale. The height of the attachment point above water ranged from 4.5-7.2 m.

4.1.1 Tori Line. Tori lines were designed.for Japanese longline
seabirds by having streamers fluttering in the air close enoughtc
flying under them (Brothers 1995). The tori line system test
Commission for the Conservation of Antar Aa
(CCAMLR 1993; see Appendix C). The t
that secured near the stern of the vessel on

The tori line varied from 140175 m fong depending on the length of the 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 cm) 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 7b. Tori line déployed on the haul. Note: albatross have landed behind aerial streamer portion.
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Plate 7c. Aerial streatner of graduated lengths were attached to the fori line (following page). See Appendix

C for construction ir;stmctions.
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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
rematned 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 determined 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 assuring that the terminal end would not cross the mainline or entangle
suspender floats. The ﬁrst ofitl ; as then deployed Either the researcheror
-drogue overboard so that the tori fine would then trail out’
'enal' 'treamers were up, the crew began

behind the vessel. When_ tl
setting the baited hooks,

back up, and turn repe'é_ifeﬂf
to the pole positioning’:’ _

Modifications by Vessel/T hrget*, Spec:es For Settmg. Tori lmes were designed for setting
operations on funa vessels with mainlirie shooters and associated fishing gear. The resulting increased
sink rate of baited hooks means that the aenal streamer portzon of the tori line on these vessels can
usually cover the hooks until they sink. On swordﬁsh 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 upto 35 m longer for use on swordfish vessels.

Modifications by Vessel/Target Species: For laulmg. Dunng hauls the tori line was shortened to
approximately 50 m, and a terminal buoy-attached to create- enough tension to keep the aerial
streamers aloft. This was done- bécause the Zone of Opportumty is'much shorter during hauls, and
the vessels stop and back up frequently al. portion. r_reeds to ‘cover only the distance the
branchlines extend behind the boat (usually: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 during the 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: 1) 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:
1) with one buoy at the terminal end; and 2) with two buoys, one at the midpoint and one at the
terminal 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
towmg pole Permanent 1-m-long plastic strap aerial streamers were incorporated in the buoy towing
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Plate 8b. Towed buoy system with one terminal buoy deployed duﬁng gear haul.

Final Report of the Hawaii Longline Scabird : _ Garcia and Associates
Moriality Mitigation Project B ) September 1999

Page 31




line to increase effectiveness (CCAMLR 1993; Appendlx C). ThlS system also mcorporates 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 lme Plastlc strappmg from the bmt boxes was found to make excellent streamers and dld

' 'ttachmg another buoy to the
1on remams aleft behind the

too much tension
for tori lines.

on the towmg pole Maten eededf':for constructlon are essentlall y the same &

Procedure for..S_etft‘l__l‘l'.g._l__S;ee_,t_b.' 1n'e"§pt_('}'eedlii?e'.ﬂ;. R

Procedu_re forHauImgS ton neprocedure -

Modifications by Vessel/Target Sbecies. Just as the tori line wasdesigned 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 effectiveness of this
mitigation method (Brothers 1995). Conversely, use of buoyant chemical lightsticks 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 compromise optimal: setting operations.
Although tuna vessels begin: ’;nd énd setting during dayhght hours, the level of seibird interactions
for these: vessels is: extremely low; therefore, this method wasnot tested onthe onetunatrip included
in this study It was convement to collect data about the effects of mght settmg on seabird mortalities

1in ' ' th igh t. Collection of

Procedure. There were no changes to normal ﬁshmg operatlons reqmred t sllect data on night
setting mortalities. nght setting data were collected for hooks that were set after dark. Night setting
data were collected. by the researcher on sets that began before dark by markmg the mainline with a
colored mainlinie marker at the poir t_ where it became too dark: to‘continue collex ing observational
data. Seabird mortahtles retrieved durmg hauls prior: to the appearance of the mainline marker, from
sets that began before dark, were consrdered mght setting mortalities.” > All seabirds found dead on
sets that began and ended after dark were also considered night setting mortalities.
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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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Modifications by Vessel/Target Species. Observations made by the researcher determined that the
majonty 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
for testing on the single tuna.trip . included in this study. It shouid be noted that when these weights
are removed"ﬁ'o Iilmes tuna vessels can incur seabird- interactions and mortality levels
i f a swordfish vessel (Cook, pers. comm)

in thi _awan swordﬁsh fleet (see Sectlon 7.7). Dyemg the
see _balts :'Seablrds may not recognize the odd-colored baits as food.
This methodTeduces the contr lE_(wsnbxllty) of thie bait’s natural color to the surrounding ocean when
seen from-aboy : ked in a-mixture of blue food coloring additive and sea water until
it is the same blue b as the ocean (Plate 10)- “This technique had the added benefit of thawing the

bait, which "-'hook sink rate. Crews must take the time to thaw and separate the baits prior
to dyeing the 5 :
Procedure. Due to the voluntary nature of vessel pamcxpatlon mn thlS study, strict adherence to

complete bait thawmg for all mitigation tests could not be réquired. Some fishermen prefer baits in
a seml—frozen state to reduce breakage as hooks are baited. Also, keep' baits frozen gives fishermen
the option of preserving bait. quality should a ‘set be cut short: and baits returned to the freezer.
Although bait thawing was not-a mitigation measure tested during this study, the lével of bait thawing
was recorded for each observation period (see Figure 4).

Baits can be dyed prior to or during settmg 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 of bait 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 10a. Blue-dyed baits: natural colored squid  Plate 1 ob. Blue-dyed baits: ﬁilly dyéd baits.
baits being lowered into dye solution. _ : :

i

Plate 10c. Blue-dyed baits being deployed during a swordfish set.
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During setting, the baits were thrown well outside of the turbulent propellor wash: The dyed bait was
highly visible from above when it was in the white water of the propellor wash compared to' when it

was inclear blue water. Three or four treatments can be done by-o - conta dye. -

Modi y Vessel/Target Species. To date, sword sh fishermen

‘bait s:in, the fishery. This may have a different degree ¢ é s.a seabird
“byca isure for fish baits such as sanma (saury) or mackerel. Sanma baits are already -
deep blue dorsally and silver ventrally from approximately the lateral 1i hese baits can be dyed
effectively; however, the camotiflaging effect may be reduced in briglt s The dye fades more

rapidly and to a greater degree from sanma than squid. If other mitigation-measures 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 setting/hauling activity and the baited hooks (Brothers 1991). Dumping offal outside
the times for setting and hauling e the seabirds™ attraction to the fishing gear and may lessen
the incentive for seabirds to follc vessels in'search of food (Brothers 1991), During research
trips, unused baits, fish offal -an fish species were retained in buckets and barrels or on the
deck (Plate 11). Retaining offa mimal changes to fishing practices.

}_lm_jge_;g:‘ontainers on deck by crewmen. Baits retrieved by
the crew during hauling were: p a Si’égalio_n_ bucket as the branchline was ‘brought aboard.
When buckets at the hauling stations: -ame full, they were emptied into the larger containers used
for offal and bycatch. Sharks and* her large fish bycatch were piled out of the way on the deck.

Procedure. Offal from fish were

ategy mainly applies to swordfish vessels as

Modifications by Vessel/Target Species. T i
1] move the entrails from tunas at sea. Smaller

Hawaii’s tuna vessels haul atmgh o
vessels may find the reduction’in deck

4.1.6 Strategic Offal Discards. Some pelagic fishermen have discovered that removing the bill and
sawing swordfish heads in hal i_zeift‘icziliyfp'r_oyidés__ta’:]-éirﬁ‘gc‘ and durable stationary floating attractant
for seabirds. Swordfish and fish. '(esp:ecial'ly,:_s,_,zirk livers) also serve this purpose but sink
faster. By periodically throwing offal overboard, large groups of seabirds were distracted away from
the vessel and fishing gear (Platé 12 :‘When the ‘offal :was consumed or sank, seabirds were well
astern of the vessel and were less likely to resume pursuit. Periodic discards were made and
encountered by seabirds as they resumed 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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‘were retained:in containers.

Plate 11a. No offal discards: fish | ntr tls

Plate 11b. No offal discards: swordfish heads and large bycatch species were retained in piles on
the deck. '
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Plate 12b. Strategic offal discards were thrown to distract albatross away -from baiied hooks.

Garcia and Associates
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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 quickly sink. Heads were then
sawed in half from top to bottom Each halfof a medmm-s:zed swordfish head floats for about 5-7
minutes. Entrails (especially oil rich livers) of swordfish and sharks wereé also successful at distracting
seabirds. A crewman simply tossed these items in. plain view of 1 the seabirds and- ‘monitored their
approach. He strategically discarded more oﬂ‘al on the side: of the vessel opposzte from where baited
hooks were entering the water. R e

Modnﬁcatnons by Vesselfl‘arget Speues Thls method was developed b swordﬁsh !onglmers The

‘half atmg swordfish entrails.
to u1ckly swallow them
from'night hauls for day
s-generally:‘clo ‘ ]y_ oll‘ w'the hauI in the tuna

and resume pursuit of the vessel Tuna vessels w )
sets. This is not a s:gmﬁcant hmdrance smce tuna

4.2 Field Data Collection Procedures

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 of target species and bycatch, environmental conditions, seabird
abundance, and problems w1th, or changes to, the: mmgatzon measures were also recorded. The goal
in designing the field data collect:on protocol was to maximize the number of hours (number of hooks
‘observed) of niitigation ‘gear data while allowing for ongmng counts of seablrds in the area,
enwronmental summanes and gear mamtenance :

It was mgmﬁcant to the ﬁeld data collection methodology that part 1pat|on of fishmg vessels in this
project was voluntary’ Every effort was made to incorporatetésf hnormal fishing operations to
accurately assess each mJttgatlon measure’s effectiveness. for- reducmg seabird ‘mortalities and
intrusiveness into current,‘ﬂshmg procedures. To securé and maintain the-"cooperataon of fishermen,
the researcher had to 4G 'omplrsh"_ esting and data collectlon' with ‘as tle d:sruptlon of fishing
operations as poss:ble o S O

+  blue-dyedbait.
* no offal dlscards durmg set.

A total of five mitigation measures were tested on swordfish vessel sets and hauls:
+ tori lines
« towed buoy system
+  Dblue-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 tesied 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
pertammg to normal ﬁshmg operanons perfect randomxzat:on cf mmgatlon measure tests was not

ol enods_ _efer to the penods when seablrd behawo wer__e collected
was employed. These  periods of normal: ﬁshmg operations {were included
st -whenever poss:ble This was- done to: negat_ tions in factors

veness "of a partzcular rmtlgatlon measure on any gwen day Enwronmental

__ ese mmgatlon measures: In cases where the 1 \wed mitigation
it free; the remamder of set. data were usually cted’

Thirty-Min
Seabird abun
to provide an

rage 'bundance level for that penod The time between penods 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. Recordmgs 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 Mmgatmn 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

 beattributed 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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Marking the Longline in the Event of a Possible Seabird Mortality. Actual drownings of hooked
- seabirds were rarely witnessed because of the great distanceé 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 mainfine 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 hook/branchline
“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 ionger 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 was 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 hookings 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 turile species hooked, were recorded. The catch tally form was
used to test for effects of seabird 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 themselves. 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 reducmg seabird bycatch, which mitigation measure tested was
most effective, Wthh measure was easiest to use, which measure was most difficult to use, and if
‘mitigation measures affected CPUE. Fishermen were also asked what measures longline fishermen
- would voiuntanly 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 provnded 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 balt, no offal discards (haul only),
and strategic offal discards (set only), and night setting. :

In order to determine the effectnveness 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 controis balts
were completely or pamally thawed by crews pnor to being deployed

A three-tiered behavioral data set—attempts; mteractlons, 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 Longlme Seabird: Interactlon Record”
data forms (see Flgure 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
w:th, and w:thout a mltxgatlon measure in place durmg 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 GANDA -office.
Full data printouts are presented in Appendices J through N. Electronic copies of the data files
accompany the report to be delivered to WESPAC. :

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).
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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 bycateh during gear setting operations was the most
important goal of these ana]yses : '

Atotal of j4,412'hooks were observed when seabirds were present during tuna vessel sets on Trip 1.
A total of 8,023 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 of hooks
for the set by the percent.of total set time represented by each observation period:

no. hook per observatlon penod total no. hook % (obs_ervation'duration/total set.duration)

' The total number of hooks observed for a pamcular mmganon measure is the sum of all' hook
numbers for those observation periods when that particular mitigation measure was in place. The
coverall number of hooks observed is the sum of the hook numbers for all o_bservatlon__penods.

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 tota] hooks observed for SOD were less than those observed for -other
mitigation. measures.

The best determmant of the effectiveness of mmgatlon measures is the number of behavnors that_, _
occurred 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: Fhis
quantity, whichisthe rate of behavror per seabird per hook, is termed “BPUE.” BPUE was caiculated
as follows: - : T

BPUE (no of beha\nors/no of bll’ds present)/no of hooks observed
It was necessary to co‘rrect'behavioral data. for the numbers of seabirds'present' Without correcting
the data, a given mitigation measure used in a observation period in which seablrds were abundant

appeared to-allow many attempts or interactions.

A fow BPUE means that each. observed seablrd exhibited fewer behawors per hook Appendlx F
provides the data from which- the BPUE was calculated.:

BPUE was aubdivided into attempts per-'unit effort (APUE) and interactions per nnjt effort (IPUE)..
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5.2.1 Atte:ﬁpés Per Unit Effort (APUE). APUE data is calculated as follows:
APUE = (no. of attempts/no. of seabirds present)/no. of hooks observed

The average APUE for all mitigation measures tested on both the tuna and swordfish tnps was less
than the observed average APUE for the respectrve 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 0f0.0, 0.0, 4.3, and.0.8 per 1,000 hooks, respectively (Table 3). Each of the mitigation
measures, therefore, had lower mean APUEs than the control on tuna sets, partlcularly the towed
_ buoy system and- biue-dyed balt mitigation measures.

Table 3. Tuna Trip: Number of Hooks Observed and Effect of Mitigation Measures on Seablrd
Attempts for the Set o

-Mitigation Measure | Numberof | Attemptsper |
‘Hooks -seabird per
Observed. | 1,000 hooks set
| Towed buoy system ' 243 | oo
|Blue-dyed bait - 579 ool -
No offal discards -~ | . . 601 - 434
Tori line 1 1,463 | : 08
' "_-Control-- L ' 1,526 1071

- The control on the swordfish sets allowed for an averagé of 76.7 attempts per seabird per 1,000
hooks. The towed buoy system, 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-Plus 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 toa general lmear model
(GLM) for the:-data, assummg a Poisson dlstnbunon

The 'F-statlstic‘generated from the GLM of all set data for swordfish trips was used to determine if
the APUEs for mitigation measures différed from one another and/or from the control. Based on the
F statistic, the probability that APUEs for mitigation measures are not different froni one another
and/or control is P = 0.0038 (see Appendix I for complete summary of F statistics). The probability
that observed differences in average APUE on sets occurred solely by chance is less than 1 in 100.
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Table 4. Swordfish Trips: Total Number of Hooks Observed and Effect of Mitigation Measures on
-Seabird Attempts and Interactions for the Set. F statistic for thesé data from a GLM analysis indicate
that they are distinct with a probability of P = 0.0038. - : :

" Mitigation Measure ‘| Number of Hooks |~ APUE per IPUEper

. Observed 1,000 hooks set ~ 1,000 hooks set
Towed buoy system 1,902 37.1 16.1
IBlue-dyed bait 2503 393 16

sop 880 294 154
Tori fine 1,526 471 157
Control 1212 76.7 323

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

The effectiveness of each miti gatlon measure may be expressed as the percentage by whichit reduced
“seabird attempts. The formula for calculating percent effectiveness is:

% effectlveness = ((control APUE mltlgatron measure APUE)/ control APUE) 100

Using this formula, a mitigation measure that is 100 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 (Fi igure 5) Since these percentages were derived
from APUE data (which are statistically significant) we may consider “% effectiveness” to reflect
significant differences between mitigation measures and the control as well.

5.2.2 Interactions per Umt Effort (IPUE). IPUE was calculated in exactly the same way as APUE
with the smgle exception that interaction data were substituted into the calculation for- attempt: data.
IPUE is calculated as follows: : o _

IPUE (no of mteractions/ no. of seab:rds present)/ no. of hooks observed

Because interaétion data are exclusive of attempt _d_ata, H’UE 1sa com_pletely in_dependent measure
of the effectiveness of mitigation measures (see Appendix F). Both APUE and TPUE 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 statlstlcally 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 sing_]e_inter'_action 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 hi'gﬁ'er"thgn__ IPUEs for any of the

mitigation measures. Differences between IPUE averages for mitigation measures and contro! were
found to be statistically significant via GLM with an F statistic of P = 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 16.1; 7.6,

15.4 and 15.7 per 1,000 hooks, respectively (see Table 4).

When data are converted into “% effectiveness” (see Figure 5), all mitigation _nicasuré:s 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 _Measnres.on Hauls

Because swordfish longline vessels typically haul during the day, ihey allowed for many bbs.er{ration
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

tor line.
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During swordfish hauls, a total of 37,810 hooks were observed. The number of hooks 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 TPUE 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 hasa P
< 0.0000 (see Appendix I).

Table 5. BPUE Summary for Swordfish Haul Data. Note that retention of offal discards (in bold})
allowed the greatest number of seabird attempts and interactions to occur.

Mitigation Measure Total Hooks A_PUE ' IPUE
' ‘Observed | Per 1,000 Hooks Per 1,000 Hooks
Towed buoy system B '_6,77'_8;.:1 20 0.2
Blue-dyed bait - ssu 52 o 0.1}
No offal discard - 6.,.80_-2 " ) | 25.5 ~' - L3}
Tori line Co7es| 12} | 0.1
" Control ' | 10785 | o | -1_5._5_." | o 1.2

Table 5 reveals a clear pattern of the eﬂ'ecttveness of mitigation measures during swordfish vessel
hauls. The towed buoy system, blue-dyed balt and tori line ail reduced attempt and interaction
behaviors by a degree of magnitude, or greater, over the control. Interestmgly, the retention of offal
discards resulted in increased numbers of attempts and mteractlons at a rate greater than that
'observed for the controi :
 Figure 6 plots the “0), effectiveness” of each mtttgatton mcasure 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 mlttgatton measure resulted i 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 eﬂ‘ectwe at reducmg attempts and—
interactions on the haul. The tori line was 92 percent effective in reducmg 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.the tori 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 <0.0000. = - SRR - ' R

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 of both. : ' ' ' :

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 of no-risk food
sources, like offal, intensifies seabirds’ effoits 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 presenited 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 fo mortahtles ‘as BPUE does, MPUE quantifies the number of

mortalities per seabird present per hook. MPUE i 1§ caiculai_:ed as follows:
MPUE = (no. of mortalities/no. of seabifds preseﬁt)/ﬁq. of hooks observed

No mortalities occurred on Tﬁp-'l' This is most 1iké1y a resu]f of the location of the fishing effort and
the low levels of i mteractlons assocnated with tuna vessel ﬁshmg gear (i.e., mainline shooter and
associated terminal tackle),. - : L

Seventy-eight albatross mortalities occurred during sets on swordfish trips. Ofthe 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 durmg hau]s 26 albatrosses ‘were hooked durmg 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 “hookings”™ and not “mortalities,” therefore, the data
have been included in the TPUE analysis for the haul. However, all of these birds sustained i mjunes
of varying. degrees from the hook that could lead to eventual death. -

Ofthe 26 hookmgs that occurred during swordfish hauls 19 occurred durmg control penods (]O 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 hookmgs-'
occurred as blue dyed balts were hauied (5,521 hooks observed) . ;

Table 6 illustrates the MPUE for each mltlgatlon measure GLM of the MPUE data mdlcates that the '
results of the statistical analyses are significant (P <0.0000). All mitigation measures resulted:ina
- 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 mortahties
per 1,000 hooks. :

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

% effectiveness = ((control MPUE — rﬁitigation measure NfPUE)/ control MPUE) x 100
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Table 6. Effect of Mrtrgatron Measures on Seabird Mortahty During Swordfish. Sets

lr' Mltrgatlon Measure Mortalities per seabird
E B _ o per 1,000 hooks
 {FTowed buoy system | R - | 026 ' _
IBrue-dyed bait R S 012 |
lsop_ T D |
| Tori line o | 047
{ Night VSetting‘ S ol 0.60 7
Control ‘ : . 4 2.23 . || .

_' | Al of the devzces reduced mortahty 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 mortalmes by
88 percent and 86 percent, respectwely (see F:gure 5)

 Statistical analyses of data from the swordfish vessel sets mchcate that the blue-dyed barts 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 of Night Setting

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

_ ,To conduct the night settmg analysrs and present reSUlts as MPUE it was necessary to estimate the
total number of hooks that were set while seabirds were present during dark periods. Since it was not
possible to determine if seabirds were present during dark periods, it was necessary to develop some
criteria for assuming when seabirds were present and when they were absent.

It was assumed that seablrds were present durmg the dark portions of a set if 1) seabirds were
present during the lighted observatron period 1mmed1ately preceding darkness, or 2) if theré was a
mortality during the dark portion of the set. Seabirds were assumed to be absent from the dark
portion of aset if: 1) the entire set occurred in the dark and no mortalities occurred, or 2) there were
no seablrds present on the hghted portion of the set precedmg darkness and no mortalities occurred.

Assummg that seabrrds were present durmg all of the dark: portmns of sets would be. consrstent, but
would lead to an overestimation of the number of hooks 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 somethmg close to the minimum eﬂ‘ectweness of darkness asa deterrent.

- Appendix F presents data for all 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 duning 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
additional 8,292 hooks set in the dark when seabirds were present. An estlmated 40 055 hooks were,
therefore, set in the dark when seabirds were present.

Twenty-four mortalities occurred during dark pernods of the set in whichno mztlgatlon 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 dunng mght settmg was unknown. It ‘was. assumed
that the number of seabirds present equals the numbers of mortalities that occurred durmg each night
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 seab1rds Ppresent equal to, or greater than, the
" number of mortalltles that occurred.

MPUEs durmg mght settmg of 0.60 per 1,000 hooks is the most conservative estiinate of mght
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 ton line (0. 47) Conversxon 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 statistical analyses consrdenng the -
- effect of the various mitigation devices on the behawors and monalmes 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 spec:es-speaf ic set and haul data were
significant, with a P < 0.05for interactions for both albatross species. The P-value for black-footed
albatross interactions on the set was P'= 0.008, and P = 0.03 for Laysan albatross. The p-value for
“both the black—footed aibatross and Laysan albatross mteractlons on the haul was P <0. OOOO

The P-value for APUE from sets was P < 0 05 for the black-footed albatross (P = 0.01) and P >0.05
for the Laysan albatross (P = 0.8). Because the aimof thls anaIysns is to compare the effectiveness
of each mitigation measure between the two albatross speues the APUEs for each of the species
must be mgmﬁcant The Laysan albatross APUE data did not meet this cntenon 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 / LA pfesent)/no. of hooks observed
IPUE BFA = (BFA mteractlons / BFA present)/no of hooks observed

Table 7 illustrates some 1mp0rtant species—spemﬁc dnﬁ'erences between Laysan and Black-footed
albatrosses. Laysan albatrosses have greater IPUESs than black-footed albatrosses for every deterrent
except blue-dyed bait. This 1mphes that Laysan a]batrosses were either more aggressive and interacted
with the fishing gear more oﬁen, or. were more successﬁxl” at contactmg fishing gear when they
made the effort. S

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 tor1 line, affected both albatross species to the same degree. Strategic offal
discards, however, were much more effective in reducing black-footed albatross interactions (89%)
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 haut,
with blue-dyed baits being more successful at mitigating Laysan albatross interactions. The towed
buoy system, blue-dyed bait, and ton hne all reduced black-footed albatross interactions by more than
90 percent.

Table 7. Species-specific IPUEs on sets and hauls. These d:ﬂ‘erences were shown to have statistically
significant (P. < 0.05) F statistics when subjected to GLM analysis.

Mitigation ' IPUE on the Set R IPUE on the Haul
Measure .. Per1,000 hooks | Per 1,000 hooks
' BFA LA |  BFaA LA 1
Towed buoy 17.0 186 05 0.21
system '
il :
Blue-dyed bait 7.0 ' 9.6 0.09 ' 0.04
SOD (set)/No 34 ' ‘ 179} 1.22 1.38 -
offal (haut) ' _ '
Tori line 130 170 | . 002 015 |
Control 30.1 33.4 0.95 1.13 "
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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 values were subjected to GLM and the F statistic for both
black-footed and Laysan albatrosses and were found to have a P < 0.05 (P = 0.0000 black-foot
albatross data; P = 0.04 Laysan albatross data)

Although black-footed albatrosses mteracted wzth ﬁshmg gear less frequently, they were more likely
to be killed. MPUE for black-footed albatrosses under.control conditions was 3.62 mortalities per
1,000 hooks, which is over four times the magmtude of the Laysan albatross MPUE (0.76 mortalities.
per 1,000 hooks). The MPUE for black-footed albatrosses is greater than, or equal to, that for Laysan
albatrosses for all mitigation measures, as: weIl ' R

This result runs somewhat counter to statlstlcal “analysis results for interaction data—Laysan
albatrosses interacted with fishing gear much more often thaniblack-footed albatrosses. This apparent
incongruity points out an important spec:es-spemﬁc difference ‘between the two albatross species:
Laysan albatrosses were more aggressive-and more adept: at takmg bait without getting hooked than
~ black-footed albatrosses. The important overall result from analyses of these data is that black-footed -
albatrosses are more likely to be killed. :

Figure 9 illustrates the “% effectiveness” of mmgatlon measures used during sets at reducing
mortalities for each albatross species. All mitigation measures ar¢ 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 were best reduced usmg blue-dyed
baits and strategic offal discards, which achieved 86 percent and 91 pertent détérrent effectiveness
respectively. The ton line was less successful in reducmg mortalltles of Laysan a]batrosses achieving
66 percent. effect:veness

Table 8. Species-specific MPUESs for sets. These dlff'erences were shown to have statlstlcally-
31gmﬁcant (P <0.05) F statistics when subjected to GLM analysis. :

‘ Mi_t_iga.tion.Measure_ | , | Moﬁalitiés .OI_I.IIV theSet Pef‘l,ﬂﬂ_ﬁ Ho_oks "
_ BIéék—foOtgd'Albairéss__ 1 _'_i'Liysi_m Alpaffdgs_ B
Towed buoy sysiem . 040 4o 0.22
" Blue-dyed bait 023 L e - 011
SOD (set)/No | | 0.63 N 0.07
offal (haul) ‘ ' : : . ‘;
Tori line 026 1 02
Control i 3.62 0.76
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57 Efl‘ectof B_lﬁq-dycd :B_a':it-'o_n Target and Mai_‘kefable Spec:es

* 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 however are'a cr:tlcal part of the ﬁshmg gear 1tself and therefore may affect: CPUE.-

To remove between-set variation- from the CPUE analysrs of blue-dyed bazts versus natural ba:ts

control periods (natural baits) were included in all sets in which blue-dyed baits were used. CPUE
data analysis was fimited to sets where blue and natural baits were combined. Comparisons of CPUE
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 calc_ti_lated from data as follows:
CPUE = no. fish caught with blue bait/no. hooks with blue b_ait_.

CPUE fdr control was calculated in the same manner.
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On the tuna trip, blue-dyed 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 CPUE value overlap.
The conclusion one draws from this is simply thét there is no statistically significant difference in the
ability of blue-dyed bait and natural bait to catch fish. RS

The effect of blue-dyed baits on marketable spet_f;i_g'_s' 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 caugﬁt 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

132.9 per 1,000 hooks with natural baits and 29.1 per 1,000 hooks with blue-dyed baits. Once again,

however, 80 percent confidence initervals around the blue shark mean CPUE’s overlap, 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 fish
species, marketable fish species and blue shark catches. Overall, blue-dyed baits do notappeartohave
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. '

Table 9. Effect of Blue-dyed bait on Target Species, Marketable Species, and Blue Shark Catch.

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

Tuna Only _ : 3.9 6.3
Marketable Species* (Tuna Vessel) | 15.9 218 ll
Swordfish Only 10.5 15.9
Marketable'Spébies* (Swordfish Vessel) 313 36.6 "
Blue Shark (Tuna Vessel) 34 : 2.2 - "
Blue Shark (Swordfish Vessel) | 32.9 291 "

*Marketable species include all fish that may be brought back to sell, they include: all marlin species, all tuna species:
swordfish, shortbill spearfish, opah, wahoo, and dolphinfish. :
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CPUE for Dyed versus Natural Baits
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Figure 10. Companson of CPUE data from blue-dyed versus natural baits for target- ]
fish species, marketable fish species, and blue sharks. Error bars indicate the standard
error. Data are from swordfish trips only. CPUE is md:cated as catch per hook.

Owerall, 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 ﬁilmg out
a questionnaire: Quéstionnaires were distributed to the crew members at the end of each researchtrip
as the vessel headed for port. Eighteen of 25 crew members completed and returned surveys. Of the
5 crew members on the tuna targeting trip (Trip 1), 4 responded. On swordfish trips (Trips 2-5), 14
of the 20 crew members responded.

A number of the fisherman questlonnalres required translation from Vietnamese to Engllsh An¢
-appropnate Vietnamiese transtator was located and the translatlons were made. Survey results were
entered into the computer for ana]ysns :

The crews of the longhne vessels that part1c1pated in this study were of various ethnic groups ‘The
ethnic breakdown of the survey respondents is as follows: nine Vietnamese, five Caucasians, two
"Pacific Islanders; and two Afiican Americans. The data were analyzed along ethnic lines @nd 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 d:d not
respond ina smular fashlon to the same questxons (see Sectlon 8.3.2).

The questionnaire was designed to gather information regardmg fishermen’s attltudes toward, and :
awareness of, the seabird bycatch issue; their willingness to reduce bycatch; the degree to whlch
mitigation measures intrude into fishing operations; and the perceived effects on CPUE. Survey fopics
included attitudes toward seabird bycatch reduction, ease/difficulty in the use of mitigation measures,.
suggestions for improvements to mitigation measures, measures that were most eﬁ‘ectxve the effects :
on CPUE, and the fishermen’s willingness to voluntarily reduce bycatch B

When asked if they felt seabird bycatch reduction was important, 50 percent of the tuna crewmen and
64 percent of the swordfish crewmen replied affirmatively. Negative responses accounted for 25
percent of the tuna crewmen, and 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 if bycatch 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 shouid be noted though that these
comments are based on only two sets using dyed baits. 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 opposmon 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 fine was most
difficult, while 14 percent 1 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 swordfish 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 setfing, '

When asked if any of the mitigation measures tested affected.catch of target species, 75 percent of
the tuna crewmen and 43 percent of the swordfish crewmen responded that it did. not affect their -
catch. In addltlon, 43 percent of the swordﬁsh crewmen. were not sure if mitlgatlon measures hadan -
effect.” : -

When asked what voluntary measures fishermen would comply w1th 50 percent of the tuna crewmen g
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 36 percent of the swordfish. crewmen. said -
they would comply with a tori line (or b:rd-scanng lme) and dyed baits (either in combmatlon or

a!one) : : _ . ; -

These responses have been 1ncorporated nto our recommendatlons 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 Appendnx 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 of these
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 particular
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 seiibirds 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 pattérns approaching the stern 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 proximiity to the
seabirds, they occasionally ignored the streamers. This was especially true whien seabird abundance
was high, as this increased competition for available baits. B

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 liné. These splashed as they were dragged through the water. In somé 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. : I o

Effect on Seabird Behavior During Hauling. During hauling operations the tori 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 aenal streamers dropped to the
water and the seabirds quickly landed on trailing baited hooks. : :

Intrusrveness Dunng Setting. The ton hne had to be posrtloned in such a manner as to provnde :
maximum coverage of the baited hooks and yet not be in such close proximity to the fishing gear that
it became entangled. Captatn 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 not become entangled with them. Baits that were

not completely thawed floated, and increased this risk. Towing a 150-to-175-meter-long tori line:
compromised vessel maneuverabthty Even small changes in vessel heading soinetimes caused thetori

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 sét occurs in darkness. The tori line required more attention during the haul as the vessel

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
dunng hauls increased its effectiveness to levels comparable to the towed buoy system. The tori line
had to be hauled in and redeployed repeatedly during haulmg 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 mainlines, and associated dangers. These conditions were - -
more senous at nlght ‘when. entanglements mrght not be seen until somethmg broke. T

Effects on CPUE The ton lme had mlmmal eﬁ'ects on CPUE (see Sectrons 5 7 and 7 7)

Cost. The approxlmate cost for the pole swwellmg base, and ton lme used in thls pro;ect wereas .
follows: base $600.00; ﬁberglass pole $500.00, and tori line with streamers $65.00. The ﬁberglass
tori. pole was manufactured 1n Fujleda Japan by Kotake and Company L

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. .

. __nghly visible when deployed presence on vessels can be verified vrsually for compliance
monitoring.

< Aerial streamers reach to the water surface and give more vertical protectlon of balted hooks o

»  Using a drogue instead of tennmal buoy decreases-entanglements. ..

«Tor lines can use a terminal buoy, which increases the distance behind the vessel the aenal
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 canbe purchased Iocal]y, and literature on constructlon and deployment in other
fisheries is avallable .

DisadVantages.

*  Only covers one side of mainline.
«  Only aerial portion of streamer line has maximum eﬁ"ectlveness (whlch is cnitical in covering
‘Zone of Opportunity).
+  Aerial portion covers less than half of the Zone of Opportumty for vessels w1thout 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 qulckly dlscovered
»  Seabirds can carry branchlines over the tori line leading to entariglements/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 longime ﬂeet will require vessel-specific tori lme/pole
cornistruction and mounting,
«  Tort pole requires a swiveling base to be fully effective in all, circumstances.
* - Rough seas and high winds reduce eﬂ’ectweness and increase risk of entangiement
~+ 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 seabtrd-scanng 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 smk increasing the nsk of entang]ement with the gear or propeller

Compliance Monitoring. While the presence of a tori pole and tori line 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 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 frighten the seabirds away from the area where the baited hooks enter the
water, allowing the baits to sink unteuched. One or more buoys bounce and sp]ash behmd the vessel,
scanng seablrds that may have landed on the water,

Eﬁ'ect on Seabird Behavior Durmg Setting. Like the tori line, thls method relies on aerxa] streamers
to keep seabirds away from baited hooks as they were set. Flight pattemns were dlsrupted 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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splashmg 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 had, 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 Haulmg The. buoy towmg lme 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 approach 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 seabtrds qmckly Ianded o1 whatever barted hooks
were trallmg ’ -

‘Intrusiven ess: As with the tori line, this towed deterrent had to be eonst-antiy mon‘i_tored-‘particularly
because the buoy(s) were more likely to entangle with mainkine suspender floats. The towed buoy
caused the same intrusions on fishing operations that were described for the tor line. .

Crew Safety. In goocl weather conditions, safety concerns were mlnlmal however if the towed 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 somethzng broke..

Effects on CPUE. The towed buoy system has m:mmal effects on, CPUE (see Seetlon 7.7).

Cost. The cost of the towed buoy sy_stem were asazfoll_ows: swwelmgs base.$600.00-, ﬁbergiaSs 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 comphance
monitoring. :

»  Bouncing buoy has greater seabird-scaring capacity than tori line drogue

» . Bouncing buoy reduces seabird habituation. :

»  Towed buoys add tension, whnch 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 lineis.

- Components can easily be purchased from local suppliers, and literature on constructlon and
deployment in other ﬁshenes is available.

Final Report of the Hawaii- Longline Seabird - ) ‘ . : ; - Gama and Assouates
Mortality Mitigation Project . o ‘ Septemher 1999
. Page 66 :



‘Disadvantages.

»  Towed buoy system only covers one side of mainline.
*  Only aerial portion of streamer line has maximum effectiveness, whrch is cntlcal in covermg
- 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 desrgn in Hawau longline fleet will requ:re vessel specrﬁc buoy line i
mounting.

*  Rough seas and high winds reduce effectiveness and incredse’ ‘risk: of entanglement

* Multiple poles and pre-constructed buoy lines MUST be availablé to bé rapidly redeployed
when an entanglement results in a pole breaking or a buoy line being cut free.

+  Seabirds can carry branchlines over buoy line, resulting in entanglementsfbreakdown _

*  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 stopplng vessel.

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

7.3 Night Setting

Strategy The strategy employed by this mitigation measure is to reduce the vrsxbrhty of baited hooks.
Setting fishing gear in the dark reduces the ability of seabirds to locate baited hooks Reducmg the
vessel’s aft-facing deck lights is an important factor in thrs strategy. -

Effect on Seabird Behavior. Albatrosses cannot easily locate baited hooks seét in the dark,
particularly when vessel hghtmg 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 of setting operations 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
sink rate of baited hooks and illuminate the baits, i increasing the risk of seabird intefactions. Seablrds
taking up lightsticks can bring baited hooks to'the surface or within diving range:

It has been noted that Laysan albatrosses have somewhat better mght 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 D/gram and the latter having 4 D/gram (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), resultedin 15 Laysan albatross mortalities, compared to 3 black-footed albatross mortatities.
Laysan albatross night feeding behaviors in cIose proximity to breeding colonies should be an issue
of great concern.

Intrusweness This technique reduces ava:lab]e setting optlons w1th 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
somethmg breaks Using blue-dyed baits during night settmg may reduce the- need for a towed
deterrent - :

Effects on CPUE Nrght Setting may have an. eﬂ'ect on CPUE related to optlmal ﬁshmg 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 mitigation method.
»  No additional costs incurred by vessels.
+ Requires no additional crew duties.
. _thma! safety CONCerns. o -
«  Can be monitored for compliance by Vessel Momtonng Systems (VMS) technology

Disadvantages..

. Requrres mod:ﬁcatron of exrstmg VMS program to monitor time of gear deployment
. Area-speclﬁc setting times will-have to be devised based upon latitude and tongitude.

-+ VMSisnot currently mandatory for vessels not leaving from, or landing fishiin, Hawaii ports.
. Some ﬁshermen feel this will reduce the amount of sleep time available (see Sectlon 6. 0)

Comphance Momtormg This strategy has the hrghest comphance monitoring potential as all Hawan
longline vessels currently have mandatory electronic VMS aboard. If this technology is modified, it
may aliow monitoring of the beginning and endmg times for setting. SR SR
7.4 Blue-Dyed Bait

St'rat'_egy.,,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 actlvely-
pursuing natural-colored baits would completely i 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 close 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 albdtrosses were co'nsid'erably 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’ naturai aggress:veness in foraging
closer to vesseis 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 comipeted 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 dlscarded in plain
-~ view of the 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 baxt In some mstances seablrds have dlscardcd the dyed batts..

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, respectxve]y (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 baits reduced interactions (contacts with fishing gear) during the haul
by 93 percent, which was equal 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-solub]e and is easily removed. Bait dyeing
is intrusive in that it affects every bait, and fishermen will be concemed 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 maneuverablhty and- was safe
and effective even under adverse weather conditions.
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Effects on CPUE. Pro_]ect data lndlcate that blue—dyed baits may increase CPUE (see Sections 5.7
and 7.7). _ .

Cost. Current retail prlce for one container of Virginia Dare FDC No I B]ue Food Additive is
$53.20. This will dye approxmately four sets of 1,000 baits. The price per container should: beless
if dyeis purchased by the case. A 40-gallon bucket that serves as the dye container should cost about _
$35.00, and a mesh basket t_hat 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
7 ‘conditions. :
. This measure works throughout the Zone of Opportumty In fact, the farther behrnd 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 bant passes beyond the aerial-streamer -
. portlon) strll retaina degree of protection.
»  There areno safety issues associated with dyed baits.
+ Ifthe balt is dyed Just prior to use, thawing of the baits will be assured, thereby mcreasmg the_
' sinkrafe. : o
"+ There are no changes to current ﬁshmg gear or practlces other than the balt dyeing process :
. CPUE does not appear to be adversely affected. =
+  Dyed baits remain effective for reducing attempts and i interactions durmg haulmg operattons
but at a lower level than during sets. .
. 'Blue-dyed balts have been- used to reduce balt losses to seabxrds and.increase swordﬁsh -
" CPUE in this ﬁshery in the past (Galhmore pers. comm.). ,
. Flshermen surveyed during this project felt that this was a measure they were wﬂlmg to use
. ‘(see-Section 6.0). _ L
'+ Bait loss to seabirds should be reduced leaving more balted hooks to catch fish.

Disadvan_tages.

. Dyemg the balts 15 mtrusnve in that it affects each balt
+ ' Bait dyeing requlres some preparation..

«- Bait must be monitored to assure that it remams in the dye solutlon long enough to become-'
o '.thorough]y darkened for maximum effecttveness '
+  May require some extra clean-up time.

Compllance Momtormg Momtonng the use of dyed baits wnll be d:fﬁcu!t 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 with pre-dyed bait. Until that time, its use will
depend entirely on education and acceptance by vessel operators.. .

Final Report of the Hawaii Longline Seabird ' ' : A Garxia and Associal@. o
Mortality Mitigation Project . September 1999 .
‘ : Page70



7.5 No Offal Discards

Strategy. This mitigation measure was tested to determine its eﬁ'ectrveness in reducing attraction to
baited hooks by reducing attraction to vessel and ﬁshmg gear. This is most relevant during the haul
because there are few balts and little or no oﬁ‘al being discarded during settmg operatrons (see Section

4.1.5).

Effect on Seabird Behavior. By not feeding seabirds whlle 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 oniy food avadable i.e., baited hooks :

Intrusiveness. Retention of sharks and other fish bycatch can resuit in large quantltles of ﬁsh stored
on the deck over the course of the haul, which can lead to possrbie safety concerns. Some extra eff'ort '
is required to retain, move, and store offal and bycatch Smell from retained oﬂ'ai can become: _
offensive.

Crew safety. Crew safety concerns are minimal. Rough weather can make retaining offal and bycatch _

-on board more hazardous Retamed sharks ¢an 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 :larg'e
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 of bycatch 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 of jerking the branchlme such that most or all of the bart comes
off in the water makmg it easner to haul in and not reqmrmg the bart to be removed by hand.

Comphance 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 balted hooks. Seabirds often land on'the water next to other seabirds
that appear to be feedmg This “mobbing” behavzor 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 surface rather than immediately
resuming pursuit of the vessel. During this time, the vessel has moved away from the seabirds at
approximately 8 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,
seabu'ds appeared to expend the least possible energy to assure a meéal. They are social feeders and
this method effectively takes advantage of this behavioral trait. Seabirds may become sated and stop -
following the vessel.

Intrusiveness. This method requn'ed retentlon and preparanon of offal from hau]s 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. Dependmg on the size of the
crew, this can reduce the manpower availabie for fishing activities. : S

Crew safety. Crew safety is not affected by this method.
Effects on CPUE. Sfrategic offal discards has minimal effects on CPUE (sée Sections 5.7 é'nd‘7.7).

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

Advantages.

»  This method was developed by pelagxc longline fishermen and may have more intrinsic
acceptance by ﬁshennen
- Temporarily reduces seabird abundance around the fi shmg 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, oﬂ‘al may be frozen for future use.

« Frozen offal floats better and is harder for seabirds to pick apart.
«  Some ﬁ;hermen 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. : ' o o ' S
~*  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. | S -
+  Fishermen prefer a technique of jerking the branchline such that most or all of the bait comes
offin the water, making it easier to haul in and not requiring the bait to be removed by hand.
-+ While temporarily reducing seabird-abundarice in close proximity to baited hooks; offal

discards provide long term positive reinforcement for following fishing -vesséls:_

Compliance Monitoring. Monitoring will be difficult without aerial surveiliance or at-sea monitoring
- by onboard observers or the USCG. - ' ' a

7.7 Effects of Mitigation Measures on CPUE

Maintaining acceptable levels of CPUE is a crucial component to acceptancé of seabird bycatch
reduction measures, ' I ' - s o

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
chemical lightsticks, and hook size 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, all mitigation measures reduced seabird interactions and in
turn reduced bait loss to seabirds. In order to determine the effectiveness of mitigation measures
being tested in refation 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). e R | o

ToriLines and Towed Buoys. Tori lines and towed buoy systems were effective at reducing seabird
interactions with fishing gear. The effectiveness of these towed deterrénts to redice bait Iosses 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
lmmedxately cut free from the vessel and retneved during the haul. -

Night Settmg Swordfish feed near the surface at rught 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 first 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 phase. 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 Balts The evolut:on of bait. dyemg n Amencan pelagtc ionglme ﬁshmg has not been
documented. Tt 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. Itis-not clear when it 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, pers. comm.). - : :

CPUE data for analysns 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 random:zed
during this study, the total number of dyed and natural baits was relatively equal. Seabird bait-taking
_ behaviors towards blue_-dyed squid were greatly red.uced«on sets during this_ project., I

Many sets had hlgher CPUE in dyed sectlons that were set well aﬁer dark or when no, seabxrds were.

present. Swordfish sets combining dyed 2 and natural baits during this study resulted in a higher overall

swordfish CPUE (sée Section 5.7). It is notewoxthy that overall CPUE for blue sharks:(Prionace

' glauca) on sets where blue-dyed and natural baits were combmed showsa lower catch rate for. these
sharks, by blue—dyed baits. - :

_Dyemg of samna (saury) baits was tested on two sets during the tuna tnp Whlle not a statlstlcally'
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.
effectlveness at reducmg bycatch of seablrds may. outwelgh concerns that balt color have a negative
eﬁ'ects on CPUE ' : :
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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 _ suit_able-space:fer: retention. '

haye eﬂ'ects similar to those mentioned
iibatrosses and thereby increase
bab}y have not continued to use
at enter the water at the beginning of
. Strategic offal discards are most

darkness when seabird foragm

115111ty of the :

Summary of Effects of" CP I of_‘ the methods llsted a _
foss to seabirds. Torl lmes and tow 'rbuoy systems are abo er,and have no intrinsic effect on
CPUE. No offal discards and strategic offal. discards may affect CPUE to a minimal degree based on
“chumming.” Night settmg may. ersely affect CPUE dependm 4 en'target spec:es vessel gear type,

and current setting practices: Durmg this project, usin g blue-dyed: baitstesulted in increases in overall
CPUE over natural baits. Of:all mitigation methods tested: during this project, bait dying and night
setting have the highest potentlal eﬂ‘ects on CPUE and also the hxghest potential for reducing
mortalities of seabirds. . - ' : _

7.8 Qualitative Discussion

The purpose of the qual ative.d
effectiveness of the seabird bye )
operations, and their lmplementatton shoufd use of thes |

asuresfbecomc 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 technigues that have been used effectively by some
fishermen in this fishery for many years. Integration of these techniques into normat 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 optmns and reqmred momtonng toavoid
entanglements with fishing gear The eﬁ'ectlveness of these mxtlgation methods can be greatly reduced
in rough weather : S
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8.0 RECOMMENDATIONS .

The following recommendations are provided to WESPAC as.a framework for actions that may be
initiated to reduce the mortalities of albatrosses in the Hawaii pelagic longline fishery. These
recommendations 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 ali mitigation methods tested, 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 its effectiveness, or breakdowns occur.

~Night setting, blue-dyed baits, and strategic offal discarding are 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 fine 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. e

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 majority
of albatross mortalities experienced by the Hawaii pelagic longline fleet. Additionally, NMFS
Observer Program data shows that little swordfishing effort takes place bélow 25° north latitude
(WPRFMC 1999). In order to protect seabird colonies on French Frigate Shoals in the Northwest
Hawaiian Islands, the recommeridations that follow incorporate a demarcation at 23° north latitude.
Research also shows that four-fifths of the Hawaii pelagic longline tuna targeting fishing trips occur
south of 23° north latitude (He et al. 1997). Therefore, the recommendations 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° 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 mounted:bait setting finnel is used to deploy baited hooks befow thie water’s surface,
effectively reducing seabirds’ ability to interact with baited hooks (Molloy, pers. comin.). This device
may prove highly effective for the seabird species encountered by the Hawqji__pglagic longline fishery.

8.1 Recommendations for Tuna Vessels

Tuna vessels are defined as vessels targeting bi geye tuna, using a maifiline shooter, 18-28 branchlines
between suspender floats, using weights 45-80 grams within 1 m of the hook, using sanma (saury)
for bait, and not using chemical light sticks. o ) S -

8.1.1 Tuna Setting: Daytime Setting Allowed. The following recommendations are for all vessels
fishing above23° north and for vessels fishing below 23 * north when seabirds are present.

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

»  Employ aerial streamers that are a minimum of 1 m in length and that remai'n.aloﬁ 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 thro ghout the set, regardless of

wind direction and sea condition.

*  Ensurethat baited hooks enter the water under the protection of the aetial portion of the seabird-
scaring line: - - : . S _ _ .

*  Dispose of all offal/discard baits on the opposite side of the 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.
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GANDA recommends that WESPAC consider these additional measures:

(_f_ontinue to use sinkers/we_ights of at least 45 grams on branchlines.
Conti_nue placing _sinkers}_'weights v:.v__i,thin 1 mof the hook and attach tothe hook bya Wire;leede_r.- .

Continue current'__ii_se of tuna/ring hooks.

' COntple'te]y-'tliaw baitg and deflate sﬁm'.l')"ladders. _

If seabirds are taking baits with a mltlgatton measure in place cease the set unt1] one hour after
dark : : :

Determme the - maximum aliowable number seabnrd takes for the . ﬁshery and enact area

. restnctlons 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 reductlon educatlon program in order-

,to recesve a commercral ﬁshmg license.

8.1.2 Tuna Hauling. The following recommendatxons are for all vessels ﬁshrng above 23 north andz -
for vessels fishing below 23° north when seabirds are present.

*

If seablrds are present, or haulmg occurs dunng dayllght hours tow a: seabtrd-scanng ime with. -

streamers and a terminal buoy. The length of the streamer line should be suﬁic1ent to keep the

_aenal portion of the line aloft beyond trailing branchlines.

Retain baits and offal for use as strategic oﬁ'al dlscards or discard on the opposrte side of the

~ vessel from baited hooks.

GANDA!reCoMends that WESPAC consider these ‘additi'onal‘.measures: -

' :Mrmmlze deck lighting durmg the hau! especnally inthearea where balted hooks may trazi behmd
the boat. P o

Stop vessel when seabirds are hooked or entangled during hauls, or ericountered still alive from
the set, and back up to the seabird rather than hauling the seabird to the boat by the- branchlme

Have bolt cutters and pliers available on deck to facnhtate safe removal. of hooks from mjured

seabtrds
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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 or other spec1es deploymg less
than 18 branchlines between suspender floats, attachmg weights to branchlines more than 1 m from

the hook, using “J”- shaped open gap hooks using squxd for bart and usmg 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° north and for vessels ﬁs‘hing_below 23-°’3n0rth'Wh'en 'seabirds are p'rescnt

- Donot begm setting until at least one hour after sunset and complete settmg at least one hour
before sunrise.

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

+  Deploya seabird-scaring line (tori line or towed buoy system) at least 150 m long, with effective
streamers throughout the towlme and a termmal buoy : :

. Employ aenal streamers that are a mlmm'um of I m long and that remain aloft at least 50 m
behind the vessel.

. Use and adjust pole or attachment point for the- seablrd-scanng Tine to ensure that the aerial .
portion covers the area where seabirds can take baited hooks throughiout the set, regardless of

wind direction and sea conditlon

. Ensure that baited hooks enter the water under the protectlon of the aerial portion of the seabird-
. scaring line.

- e Use strategxc ofl‘al dlscardmg to decoy seablrds away from the vessel and barted hooks.
GANDA recommends that WESPAC consider these addmonal measures |

»  Completely thaw baits.

»  Continue using smkers/wexights of at least 60 grams (prefera.bly. 80 grams)'on branchlmes

. Place chemical light sticks, attached to branchhnes between the mamlme snap and the branchlme
welght : '

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

+  Determine the maximum- allowable number of seablrd takes for the fishery and enact area"
- Testrictions 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.

. Consxder momtonng mght settmg electromcaliy via VMS (Note thxs wsll require modification
" to VMS technology } : . ,

. Reqmre the completxon ofa mandatory seabird bycatch reductlon educatlon program in order
- to receive a commercial fishing license.

8.2.2 Swordﬁsh Hauling. The followmg recommendatxons are for all vessels ﬁshmg 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 offal/discard baits on
the opposite side of the vessel from where baited hooks leave the water and in:such a2 manner as
- to best distract seabxrds away from the vessel and: ﬁshlng operations SR

GANDA recommends that WESPAC consider these additionai measures: | «

. S.top" vessel when seabir.ds.are'hooked or entangled during hauls or encountered stillrali.ve from
the set, and back up to the seabird rather than haulmg the seabird to the boat by the branchline.

* Have bolt cutters and pliers avmlabie on deck to fac:htate safe removal of hooks from m_lured
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 longline 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. Veessels may leave Hawaii and land fish in other states. Vessels
may leave other states and land fish in Hawan. Comphance monitoring of mandatory seabird mortality
mitigation measures will be problematic, costly, and require ongoing commxtment 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 of seabird
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 ¢ricial. Providing instriictions 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 if seabird mortalities are being reduced: A close working relationship between

fishery managers, fishing industry personnel, and enforcement agencies will provide the open

communication and flexibility needed to ensure that what works is retained and what does net is.
changed or eliminated. - B ' . ' o :

- 8.3.1 Fishing Industry Initiatives IR _ o __
Rewardsfor Compliance or Innovation. Avoiding seabird bycatchis 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. bycatch to near

zero levels should be rewarded in some way. For example, the New Zealand government on'behalf =

of New Zealand fishing companies requested CCAMLR to grant an exemption from the night setting
requirement in high latitudes due to lack of darkness durinig night-time Houirs. CCAMLR considered
the request in 1998, and agreed to grant the exemption only south of 65°south, for the two New-
Zealand flagged and permitted vessels, so long as a line sink rate of 0.3 m/sec were met. The two
vessels used time depth recorders to prove that they could 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). - Lo e o :

Scientific Charters. Industry and fishery managers should work together to increase scientific study
of bycatch mitigation measures through charters of commercial pelagic longline vessels for scientific
purposes. Data collected will better reflect actual fishing realities. Additional research should be
conducted on current hook sink rates based on the presence or absericé of mainline shooters and
branchline construction (.., placement of weights, buoyant chemical lightsticks, and hook typés),
effects of blue-dyed baits on target species CPUE, and the effects of night setting on CPUE for tuna
vessels. Underwater setting devices currently being tested in pelagic longline fisheries in the Southemn
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. S : ' o ‘ ' )

Final Report of the Hawaii Longline Seabird ’ ' Garcia and Associats _—
Mortality Mitigation Project September 1999
: . Page 83 .



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 of bycatch reduction
measures. Fnshermen are more hkely to adopt ideas that have been accepted and implemented by’ therr ,

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 of bycatch 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. Vessel owners, operators, and permit holders in the Hawaii longline fishery fall .
into three main ethnic groups: Vletnamese Koreans, and Caucasians, There.is little communication
between these groups, hindering the flow of information 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 w1ll have a forum where they can agree to do something by
consensus : ST : .

Supphers, Buyers, and. Processors Shore-srde service providers such as marine supphers 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 fishery management: meetmgs newspapers, and public opinion that fishermen at sea do not. These. - - |

businesses have the most.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. The Hawaii long]ine ﬁshery should be enco_uraged 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 ina “BI'RD SAFE” manner. ‘Competition is fierce from other U.S.
fisheries and abroad. Negative public opinion recently resulted.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 pubhc optmon and:”
increase the value of'its product by marketlng it as “BIRD SAFE.” - o B

8.3.2 Educational and Research Inltlatwes ' . ~ :

Bycatch Reduction Certificates. Annually renewable seabird bycatch reductlon cert:ﬁcates should-
be required for longline permit holders, captains, and crewmen. ‘There should be quarterly workshops-
where educational videos on protected species bycatch issues -are shown, hands-on 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 mnovatwe new bycatch reductlon_
techmques

International Workmg 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 representatlves.
should be among those sponsored to attend. Experienced fishermen from fisheries that have already
successfully adopted seabird bycatch mitigation measures should be encouraged to provxde training
or informational seminars for fishermen and fishery managers in Hawaii concerning design,
construction, and usage of successful mmgatton gear and techmques.

'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 are also collected. NMFS policy is

that observers are not to perform comphance 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

bycatch reduction techniques:in order to provide a valuable source of experience and informationto
fishermen. Observer field experiences should be used by fishery managers to evaluatethe eﬁ'ectlveness _
of seabird bycatch reduction regulations. The NMFS Hawaii Longline Observer Programiis 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 pelagic longline vessels (see Section3.1.2, Tables 1 and 2). New analyses
of this data based on fishing gear parameters will prowde valuable information on albatross lengline.
interactions and mortalities. Effects of mainline setting methods (shooter, no-shooter), terminal 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 analysrs already completed, can. be used by fishery managers andr '
fishermen to focus 1mpiementatlon of seabird bycatch reductnon eﬂ‘orts appropnately '

Cross-cultural Educatmn 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
‘mitigation-regulations. 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 transmiited 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 Meonitoring Options :

Electronic Monitoring. Electronic and/or video momtonng are the only compliance morutonng
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 of usig video
monitoring to verify compliance with the mandatory requirement to-use bird scaring lines on tuna
boatsis 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 determme if the malnlme reel is turmng

(SAIC 1999).

Utilizing electronic monitoring methods to ensure compliance with mandatory night setting should

be considered. VMS would have to.be 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 potentlal to ensure that all vessels are monitored equally-and effectively. Fishermen and

vessel owners.in the Hawaii longline fishery have stated that they would comply with regulatlons that
are. enforced effectively and conmstently among.all vessels :

A_er_ia_l._Mon_itoring.j Due to the wide -ge_ographic_ 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;-_s'ea;_Monitoring._ Periodic deployment of USCG vessels to areas of high seabird abunidance and -
fishing effort should be considered. This would aliow USCG personnel to conduct surveillance and
vessel boardings'to ascertain if seabird bycatch reduction regulations are being followed. On]y USCG
vessels have the range and capacity to enforce. ﬁshery regulat:ons at sea. . :

Docksnde Inspectmns The most feas:ble momtonng will likely be dockside mspectlons 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 determme if they are present on vessels. o : o

Rewards N"MFS Enforcement Branch should con51der mlttatmg 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 glves fishermen complymg thh- 2
regulations the opportunity to report violators. : _ :
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