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1.0 Executive summary

In 2003, WWF started a joint venture project with the Inter-American Tropical Tuna Commission (IATTC) and other
partners to save marine turtles from long-line fisheries bycatch in the Eastern Pacific Ocean. Since then, the
program has grown to become a region-wide bycatch network and the largest regional artisanal fisheries
conservation program in Latin America.

Key initial partners of this program include IATTC, NOAA, Ocean Conservancy, the Western Pacific Regional
Fishery Management Council (WPRFMC), the Overseas Fisheries Cooperation Foundation of Japan (OFCF-
Japan), and WWF.

The program works under three ruling principles:
1. Nobody wants to harm or kill turtles.
2. Nobody wants to put fishermen out of business.
3. Participation of fishermen and vessels in the program is voluntary.

The method of work is wunigue as it is testing adnditens
operating in several fisheries, in vessels of different sizes and navigational autonomy, at a regional scale.

Objective

The objective is to reduce the threat to marine turtle populations in the Eastern Pacific Ocean due to bycatch
interactions in long-line fishing operations. To achieve this objective, the program is working cooperatively with
fishermen, boat owners, governments and other key stakeholders to identify and test means to reduce marine turtle
bycatch and reach a massive transformation of the long-line fleets towards the adoption of best fishing practices for
sustainable fisheries.

This participatory approach to marine turtle bycatch mitigation has several benefits:

1. It allows direct trials of circle hooks by fishermen.

2. Data collected by observers are entered into the database and as more fishermen join the program and
accept an onboard observer, a better understanding about the fishery and the nature of the interaction with
marine turtles is gained.

3. As the number of fishermen participating in the program increases, eventual regulations coming from the
fishing authority have a better chance of being supported by fishermen.

4. The project provides a practical and current opportunity for fishermen to be part of a major effort to save
marine turtles to become key drivers of <change.
new culture of multi-sector collaboration and continuous improvement.

5. Innovative ideas coming from the direct experience of fishermen can greatly contribute to enhancing the
performance of bycatch mitigation tools, and in directing the adaption of solutions to particular fishery
circumstances.

Results

BCPUE values for the TBS fishery (tuna-billfishes-sharks) from the data set analyzed show overall, significantly
larger turtle by-catch rates in J hooks than circle hooks (Wilcoxon Signed-ranks test for matched pairs, T = 37, p <
0.02, n = 19). The CPUE values of the TBS fishery indicate overall larger fish catch rates in circle hooks than in J
hooks, but this difference was not significant (Wilcoxon Signed-ranks test for matched pairs, T' =88, p > 0.1, n =
23).

In the mahi-mahi fishery, BCPUE also followed the same pattern as in the TBS fishery, with significantly lower
numbers of turtles caught with circle hooks than J hooks (Wilcoxon Signed-ranks test for matched pairs, T = 101, p
< 0.02, n = 27). Again, the largest values of by-catch rates come from J hooks. The CPUE values of the mahi-mabhi
fishery indicate overall, significantly larger fish catch rates in J hooks than in circle hooks (Wilcoxon Signed-ranks
test for matched pairs, T = 101, p < 0.02, n=28).
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There are four possible types of general results from fishing experiments:
a. cases where circle hooks have fewer turtles hooked and lower fish catch rates than J hooks;
b. cases where circle hooks have fewer turtles hooked and higher fish catch rates than J hooks;
c. cases where circle hooks result in more turtles hooked and lower fish catch rates than J hooks; and
d. cases where circle hooks result in more turtles hooked and higher fish catch rates than J hooks.

The mahi-mahi fishery BCPUE and CPUE estimates fall scattered into the four categories of general results or
outcome areas, with more of the points (year-port combinations) in the region of fewer turtles hooked, with a
particular concentration in the lower fish catch category. Most of the data for the TBS fishery fall within the preferred
outcome region of fewer turtles hooked and avoid overfishing (smaller fish catch differences with J hooks).

Further examination of possible factors influencing both bycatch and fish catch rates is needed to refine a
prescription of bycatch mitigation tools. This is particularly important for the mahi-mahi artisanal fishery, since mahi-
mabhi is an important target species and source of income for many fishermen in the Eastern Pacific Ocean.

Discussion

After four years of work, the program demonstrates a very positive outcome trend from the circle hooks
experiments. For the two long-line artisanal fisheries predominant in the Eastern Pacific, TBS and mahi-mabhi, circle
hooks reduce bycatch of marine turtles, in accord with the first essential condition of any bycatch solution. Circle
hooks also may result in more benign hookings as preliminary suggested by the data of hooking location.

An interesting and very positive finding is that 95% of all turtles caught in long-line experiments, either hooked or
entangled, were reported to have been recovered alive by observers. This finding is most encouraging since it is a
strong endorsement of the value of proper turtle handling and releasing techniques by fishermen. The data also
show that where entanglements constitute a recurrent problem, the use of monofilament to construct the gear could
dramatically reduce entanglements.

The second most important condition that circle hooks need to meet as a bycatch solution is to catch fish at a
similar rate to the J hooks they are going to replace. Preliminary findings of the experiments indicate that circle
hooks do perform as well as J hooks in the TBS fishery.

Results of experiments with circle hooks in the mahi-mahi fishery show a wider range of results in fish catch rates.
Here, there are more cases of where circle hooks exhibit lower commercial catch rates than J hooks. The program
will continue its research in the mahi-mabhi fishery to ascertain the correct fishing condition that will allow commercial
catch rates to be maintained whilst simultaneously reducing turtle bycatch

Clearly, there are other challenges to make the transformation of the fleet to circle hooks a reality. These are,
among others: a) making circle hooks and other bycatch tools available in local markets at reasonable and
competitive prices; b) promoting the institutional adoption of the observer program by local actors to provide
sustainability to the program in the medium and long term; ¢) continue and strengthen the awareness and education
of fishermen; d) facilitate the technological adaptation and transformation of the fleet with proper regulatory
measures; and e) find and develop potential markets for fish coming from fisheries with circle hooks and turtle-
friendly practices.

Therefore, the work of this program will expand from its original fishing experiments focus (which will be continued)
to other areas, such as those mentioned above. The intention will remain the same though, that being to ensure that
solutions to bycatch can be effectively implemented to save marine turtles and at the same time laying the
foundations to move the artisanal long-line fishery in the Eastern Pacific Ocean toward sustainability.



2.0 History and evolution of the program

In 2003 WWEF started a joint venture project with the Inter-American Tropical Tuna Commission (IATTC) and other
partners to save marine turtles from long-line fisheries bycatch in the Eastern Pacific Ocean (EPO; Figure 1). At the
time, Eng. Guillermo Moran, advisor to the fish exporter association of Ecuador (ASOEXPEBLA) and the Sub-
Secretary for Fisheries of Ecuador, Ms. Lucia Fernandez De Genna, asked the IATTC to help the Ecuadorian
artisanal fishers reduce their bycatch of marine turtles. Dr. Martin Hall, Principal Investigator of the Bycatch Program
of IATTC responded to the request from Ecuador. Dr. Hall, Captain Charlie Bergmann and Dr. Yonat Swimmer
from NOAA, headed to Ecuador armed with a presentation about circle hooks as tools to reduce marine turtle
bycatch from long-line fishing, based on results of experimental fishing conducted by NOAA (Dr. John Watson, Dr.
Chris Boggs and others), and a toolbox consisting of circle hooks samples, de-hookers and other relevant
equipment. They traveled along the coast of Ecuador talking to fishermen on the importance of saving turtles and
improving their fishing practices. Fishermen were also informed about how fisheries contribute to the danger of
extinction faced by marine turtles, and how fishermen can contribute to the solution.

The initial project idea relied on the substitution of J hooks with large circle hooks and the training of fishermen in
best fishing practices, including proper on-board handling and resuscitation techniques for turtles caught by hooks,
or entangled in branch-lines. As with any technological transformation in fisheries, local data on the performance of
circle hooks against J hooks had to be collected in order to reassure fishermen, leading to an effective gear
exchange program. The fishers were asked to test circle hooks in their own fishing vessels by performing
experimental fishing trips and accepting an on-board observer that would collect catch and bycatch information.

This approach to fishing technology transformation proved successful and WWF and IATTC started building a
database to compile scientific information to study bycatch interactions between marine turtles and long-line
fisheries. Analysis would test the usefulness of circle hooks and other fishing gear modifications to save marine
turtles. As the program expanded to other countries in the Eastern Pacific, we began to learn and understand the
magnitude of the problem within the context of complex artisanal fisheries.

Current status

After four years of work, the program has grown to become a region-wide bycatch network and is estimated to be
the largest regional artisanal fisheries conservation program in Latin America. Key initial partners of this program
include IATTC, NOAA, Ocean Conservancy, the Western Pacific Regional Fishery Management Council
(WPRFMC), the Overseas Fisheries Cooperation Foundation of Japan (OFCF-Japan), and WWF. These
organizations have provided important resources, while OFCF-Japan and NOAA have also provided technical
expertise and equipment. The team works under three ruling principles:

1. Nobody wants to harm or Kill turtles.
2. Nobody wants to put fishermen out of business.
3. Participation of fishermen and vessels in the program is voluntary.

Each of these organizations have made important contributions to the program and helped fishermen to improve
their technologies and reduce marine turtle bycatch. IATTC is providing key scientific and technical guidance, based
on their significant experience in solving the tuna-dolphin bycatch problem in the tuna purse-seine fishery, as well
as inspiration in making sure the program maintains the best technical level possible.

NOAA has provided circle hooks for the initial trials, funding and technical and scientific support and advice. The
Western Pacific Regional Fisheries Management Council (WPRFMC) and OFCF-Japan have been crucial in
building the model program in Ecuador in collaboration with IATTC and local partners, and also in providing funding
and expertise. OFCF-Japan has also expanded its contribution to the program to include Panama, working in co-
ordination with IATTC offices in this country and WWF.

The contribution of WWF is to provide a structure to what is today one of the largest participatory fisheries
conservation programs in the region. WWF has engaged with its regional network capacity to provide technical,
administrative, funding and logistic support in order to integrate and coordinate the program across the region.



The program is a leading example of transforming fisheries through collaboration, in line with global WWF priorities.
WWEF offices in Latin America, including WWF-Colombia, WWF-Peru, WWF-Central America and WWF-Mexico,
embraced the program and helped to build working relationships with the key actors of the fishery.

This initiative is now a robust, multi-sector program that seeks bycatch mitigation and sustainable fisheries with
fishermen organizations, individual fishing companies and captains, fishing authorities, academic and training
institutions, fish buyers, fish exporters, and local NGOs. Now, the program works in eight countries: Peru, Ecuador,
Colombia, Panama, Costa Rica, Guatemala, El Salvador and Mexico (Table 1).

The project is developing activities in eight countries. Nicaragua is expected to join the program in 2008. In every
country, the program has established a voluntary observer program to test circle hooks in experimental fishing lines
during routine commercial fishing trips. Captains take an observer onboard and all fishing trip data are collected,
along with experimental results. Data are subject to quality control, and entered into a database, which is managed
by IATTC, who also provide scientific and technical guidance. In addition to this, the IATTC supports national teams

and technical meetings are periodically conducted to im
errors and plan further experiments.
The approach of this program is unique as it is testing

conditions operating in several fisheries, in vessels of different sizes and navigational autonomy, at a regional scale.
However, this poses enormous logistical challenges to the rigorous application of the experimental design, the
maintenance of comparable experiments at good quality standards, and forces the program to adapt to the different
fishery contexts across the region.

Table 1 Participating organizations in the program.

Country Fishermen Fishing Academic/NGOs International
QOrganization authority/Government support
Mexico Oaxaca fishermen -INP (Instituto Nacional -WWF/Mexico -IATTC
Coops. de Pesc) -Defenders of Wildlife -NOAA
-CONAPESCA (Comision CMT (Centro i Mexicano
Nacional de Acuicultura'y de la Tortuga)
Pesca) -Universidad Autbnoma
-PROFEPA (Procuraduria i | de Sinaloa
Federal de Proteccion del
Ambiente)
Guatemala APASJO (Asociacion de UNIPESCA (Unidad de -WWF/Central America -IATTC
Pescadores del Puerto Pesca y Acuicultura) -PROBIOMA -OSPESCA
de San José) (Profesionales en (Organizacion del
ASOCHAMP (Asociacion Biodiversidad y Medio Sector Pesquero 'y
de Pescadores de Ambiente) Acuicola del Istmo
Champerico) Centroamericano)
FENAPESCA -NOAA
(Federacion Nacional de
Pescadores)
Boat owners and
captains
El Salvador Fishermen Coops. CENDEPESCA (Centro WWEF/Central America IATTC
Charles Pinto Nacional de Desarrollo OSPESCA
Tiburon Pinto Export Pesquero) (Organizacion del
Inc. CCCN-Pesca (Consejo Sector Pesquero y
Consultivo Cientifico Acuicola del Istmo
Nacional de Pescay Centroamericano)
Acuicultura) NOAA
Nicaragua Individual fishermen ADPESCA (Administracion -WWEF/Central America -IATTC
Federacion de Nacional de Pescay -Flora & Fauna -OSPESCA
Pescadores Artesanales Acuicultura) (Organizacion del
de Nicaragua Sector Pesquero y
Acuicola del Istmo
Centroamericano)




Costa Rica -CNIP (Camara INCOPESCA (Instituto -WWF/Centroamerica -IATTC
Nacional de La industria Costarricense de Pescay -CBCR (Colegio de -OSPESCA
Palangrera) Acuicultura) Bit6logos de Costa Rica) (Organizacion del
-Céamara de Pescadores Sector Pesquero 'y
Artesanales de Acuicola del Istmo
Puntarenas Centroamericano)
-CANEP (Camara -NOAA
Nacional de
Exportadores de
Productos Pesqueros)
-Federacion Nacional de
Organizaciones
Pesqueras
-Several Fishing
companies
Panama -IMPSA (Industrias del ARAP (Autoridad de -WWF/Central America -IATTC
Mar Pacifico S.A.) Recursos Acuaticos de -OFCF-Japan
-Capt. Guillermo Bernal Panamad) (Overseas
(Adangelis B FV) Fisheries
Cooperation
Foundation of
Japan)
-NOAA
Colombia -Tumaco artisanal -INCODER (instituto -WWF/Colombia -IATTC
fishermen Colombiano de Desarrollo -NOAA
-Charambird artisanal Rural)
fishermen -Parque Nacional Natural
-Papayal artisanal Gorgona
fishermen
Ecuador -ASOEXPEBLA SRP (Sub -Secretaria de -WWF/LAC -IATTC
(Asociacion de Recursos Pesqueros del -ESPOL (Escuela -OFCF-Japan
Exportadores de Pesca Ecuador) Politécnica del Litoral) (Overseas
Blanca) -Jatun Sacha Fisheries
-Céamara de Pesqueria Cooperation
del Ecuador Foundation of
-PROBECUADOR Japan)
-FENACOPEC -WPRFMC
(Federacion Nacional de (Western Pacific
Cooperativas Pesqueras Regional Fisheries
del Ecuador) Management
Council)
-NOAA
-Ocean
Conservancy
Peru -FIUPAP (Frente -WWF/Pert -IATTC
Integrado Unido de - CEP-Paita (Centro de -NOAA

Pescadores Artesanales
del Pera)

-Federacion Nacional de
Pescadores

-IMARPE (Instituto del
Mar del Peru)
-PRODUCE (Ministerio de
la Produccién)

Entrenamiento
Pesque ro de Paita)




3.0 Conservation relevance

The mortality of marine turtles when they are by-caught in long-line fishing is, among others, one of the major
factors affecting their population survival. In the Eastern Pacific Ocean (EPO), Leatherback turtles (Dermochelys
coriacea) and Loggerhead turtles (Caretta caretta) are the species of most concern because of their critical
population condition (Sarti et al. 1996, 2000, 2002; Limpus and Limpus 2003; Kamezaki et al. 2003; Spotila et al.
2000). The Eastern Pacific Leatherback turtles are critically endangered, and could disappear entirely within a
decade, if the main threats are not abated effectively and soon. Bycatch of marine turtles must be reduced in order
to minimize fishing related mortality and to increase the chances of survival of these marine reptiles.

Solutions to marine turtle bycatch problems must be beneficial to both marine turtles and fishermen. Industrial and
artisanal fleets targeting tuna, billfishes, sharks, mahi-mahi (Coryphaena hippurus), and other large pelagic fishes,
sustain important economies along the Pacific coast of Latin America, where thousands of families depend on
fishing resources for their food security, income, and livelihood. Surface long-line fishing for large pelagic species,
and bottom long-line fishing (targeting snappers, groupers, catfish and other coastal finfish), are very popular fishing
gears and are most commonly used with baited J-shaped hooks.

Bycatch interactions

There are two basic types of bycatch interactions of marine turtles with long-lines: a) hookings and b)
entanglements.

a. Hookings

Baited long-line hooks attract swimming turtles close to the fishing gear. When the turtle bites at the bait, the hook
can become lodged in the beak, tongue, or throat. Hookings in the beak or tongue cause injuries that normally are
not fatal. However, if the hooking is in the throat it can cause serious or even fatal injuries when hooked turtles are
pulled during line recovering operations, or when cutting the line fishermen leave part of the line in the hook. The
line can actually cause more serious injuries than the hook and eventually kill the turtle (Maryluz Parga, Personal
Communication 2007). Other hookings occur in the fins or tail, but even if the injury is not serious the turtle may
drown if it cannot reach the surface to breathe.

b. Entanglements
Turtles can also be caught when swimming near the long-line gear. If for example, the turtle is attracted (for any
reason) to a float, it can become entangled with the flo
is subsequently lost or it sinks, the turtle will also sink and can drown if not retrieved and released in time.

Post-hooking/entanglement mortality

Another important factor affecting turtles incidentally caught in long-lines is the retrieval of the gear and
manipulation of turtles by fishermen. Improper handling of hooked or entangled turtles can further injure them, or
reduce their survival chances when released. Therefore, any technical solution to marine turtle bycatch must be
matched with proper education, awareness and training of captains, crew and boat owners, so the fishing operation
can be adapted to implement fishing gear modifications and adopt adequate fishing practices, especially with regard
to gear retrieval, and turtle handling and release techniques.



4.0 The challenge:long-line fleets fishing in
the Eastern Pacific Ocean

As of the beginning of 2008, there are 4521 tuna vessels
Vessel Register (Figure 1). There are 255 purse-seiners (Figure 2), 2,564 long-liners (Figure 3), 856 trollers, 147

poll & line vessels, 36 gill-netters, 373 multipurpose vessels, 12 hand-liners, 6 harpooners, 192 recreational
vessels, 2 of non-specified gear, and 83 vessels of unknown gear (Figure 4).

Despite long-liners representing around 56% of all fishing vessels in the Vessel Register of the tuna commission,

the majority of the tuna and tuna-like catches are taken by the purse-seine fleet (around 86% in 2005). In the tuna

fishery, marine turtle bycatch is mainly caused by long-l i ne vessels. Current cdnetmaver s
fishery shows very little marine turtle bycatch.

Data from IATTC show that 1,290 long-line vessels authorized to fish in the EPO are longer than 24 m, but no
precise estimates exist for the number of smaller long-liners. This is due in part to the resolution on lllegal,
Unreported and Unregulated (IUV) fishing (Resolution C-05-07) which applies to any fishing vessel greater than 24
m. Nonetheless, some countries have reported to IATTC vessels under 24 m in length. Distant Water Long-line
fleets from Japan, Korea, Chinese Taipei, and China constitute 74% of the large long-line vessels.

In Latin America, an artisanal long-line fleet is also fishing on tuna and tuna-like species with in-board engine
vessels and outboard skiffs. Industrial and artisanal fleets are probably interacting with marine turtles in different
ways, as the characteristics of the long-line gear and related equipment vary across the different fisheries and
technological capabilities of the fleet. No precise accounts of the number of artisanal long-line vessels are available.
Conservative estimations of the artisanal long-line fleet range anywhere between 10,000 to 16,000 small vessels in
the region. The number of hooks deployed by the artisanal fleet, therefore, may well be in a similar order of
magnitude to those of the industrial fleet. The relative contribution of the artisanal fleet to the overall bycatch of
marine turtles in the EPO is therefore likely to be significant.

Figure 1
Composition of the tuna fishing fleet operating in the EPO by country of flag
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Source: IATTC Regional Vessel Register (2008). 4521 tuna vessels from all gears are pooled in the figure: purse seiners, long-liners, trollers,
pole & line, gillnet, multi-purpose, hand-line, harpoon, recreational and other gears.
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Purse seine fleet in the EPO

Figure 2
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Tuna long-line fleet in the EPO

Figure 3
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Figure 4
Tuna fleets other than longliners and purse-seiners by gear in the EPO
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5.0 General approacho solve the bycatch of
marine turtles

According to Martin Hall (pers. com. 2008), in order to reduce the bycatch of non-target species, it is necessary to
reduce at least one of its components. Bycatch can be expressed as a function of the fishing effort and the bycatch
per unit effort of a particular gear:

Bycatch = effort x BCPUE

In long-line fishing, effort is the total number of hooks fishing in a given time period, while BCPUE is the bycatch per
unit effort, usually measured as a rate such as the number of non-target individuals caught per thousand hooks.

Means to reduce effort may include regulatory limits or bans, market incentives and gear changes, while means to
reduce BCPUE may include some of these factors, but also technological and operational changes, changes in
fishing practices through awareness, education and training, and regulatory limits to total bycatch.

However, bycatch does not necessarily translate into mortality, though. For example, an incidentally caught
specimen (such as marine turtles) is often still alive when the gear is retrieved and when correctly handled, can be
released without causing further injuries that could compromise its survival. For this reason, bycatch mortality
reduction strategies can address two fronts: avoiding the interaction between the gear and the non-target species
altogether, and reducing the harm inflicted by the gear to the specimen when an interaction does occur. Both
avenues are pursued under this program.
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6.0 Program dojective and proposedsolution

The objective of this program is to reduce the threat to marine turtle populations in the Eastern Pacific Ocean due to
bycatch interactions in long-line fishing operations. To achieve this objective, the program is working cooperatively
with fishermen, boat owners, governments and other key stakeholders to identify and test means to reduce marine
turtle bycatch, and reach a massive transformation of the long-line fleets towards the adoption of best fishing
practices for sustainable fisheries.

The expected result of this transformation is an overall reduction of long-line fishing related marine turtle mortalities
in the Eastern Pacific Ocean caused by long-line fishing. Key elements of this are the use of proper fishing gear and
the education of captains and crew in best fishing practices so they can reduce interactions and know how to
handle and release hooked or entangled turtles and return them to the sea.

This program provides fishermen with the opportunity to test circle hooks during their own fishing trips by
incorporating an experimental hook design into their long-lines. Thanks to the on-board observer program critical
information regarding fishing trip and results of the hook experiments are collected.

This participatory approach to marine turtle bycatch mitigation has several benefits:

1. It allows direct trials of circle hooks by fishermen. In this way, after returning to port and meeting their peers
following an experimental fishing trip, collaborating captains and crew can inform other captains and
fishermen about the new technology. This is what we call fishermen-to-fishermen convincing, an important
cultural aspect of the process of technology appropriation.

2. Data collected by observers are checked for errors, edited and entered into the database. Consequently, as
more fishermen join the program and accept an onboard observer, this participatory project is building a
critical mass of information about the performance of the fishery and the nature of the interaction with
marine turtles. This will allow managers, fishermen and their organizations to make educated decisions
about the regulatory measures that may be needed to improve the fishery and further reduce bycatch
interactions.

3. As the number of fishermen participating in the program increases, and thus more fishermen gain
experience in being part of marine conservation, eventual regulations coming from the fishing authority
have a better chance of being supported by fishermen. This is critical for artisanal fisheries in developing
countries where capacity and resources for surveillance and enforcement of regulations are poor.

4. The project provides a practical and current opportunity for fishermen to be part of a major effort to save
marine turtles to become key drivers of change. This is a novel experience for them, as true custodians of
marine resources, and distinguishes them from the traditional, negative way they are usually portrayed. We
believe t h a't this HAownershipo wildl | ead -dgedaor dollalratidnaandh o f
continuous improvement. This is essential for along-t er m program and for fisher
sustainable fisheries.

5. Innovative ideas coming from the direct experience of fishermen can greatly contribute to enhancing the
performance of bycatch mitigation tools, and in directing the adaption of solutions to particular fishery
circumstances.
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7.0 The experiments and observer program

Experiments with circle hooks have been conducted in surface long-line fisheries and bottom long-line fisheries
under this program since 2003. Surface long-line fisheries target large pelagic fish including several species of tuna,
billfishes, sharks, and mahi-mahi (Table 2). Bottom long-line fisheries target snappers, groupers, catfish, and other
coastal and bottom dwelling species.

These fisheries are distinct and can be grouped as:
a. Tuna-Billfish-Shark (TBS): use larger hooks, deeper long-line sets, from inshore to offshore and usually
more oceanic.
b. Mahi-mahi: smaller hooks, shallower long-line sets with more hooks and more coastal.
c. Bottom: smaller lines, smaller hooks, and very coastal.

In Latin America, TBS fishing is usually more oceanic than the mahi-mahi fishery, although there are important
exceptions, such as Panama. Here, long-line fishing occurs closer to the coast than in other countries. Mexico
provides another exampl e, where in some areas such
close to the coast during certain times of the year. The program has conducted experiments with on-board
observers in each of these three fisheries. Results from the bottom long-line fishery are not included in this report
since it will be part of a separate analysis in the future.

Table 2 shows the current level of activity of the observer program from 2003 to 2007. After the start of the Ecuador
observer program, other countries joined the initiative with different levels of sampling effort, according to funding
availability and as working relationships with partners progressed.

All experimental fishing trips (observed trips) were conducted
aboard on commercial fishing vessels under normal fishing
conditions, with the only differences being the experimental
design in the gear utilized and the presence of the on-board
observer. In four years, the program has conducted
experiments in 1,420 fishing trips with 305 artisanal fishing
vessels, and generated a total sample of 2,396,413 observed
hooks (Figure 5).

Figure 5 Position of observed experimental long-line sets in
the Eastern Pacific Ocean

6,305 long-line sets have been observed in 1,420 TBS and
mahi-mabhi fishing trips. Positions of sets in the map are from
the artisanal fishing vessels of Guatemala, El Salvador,
Costa Rica, Panama, Ecuador and Peru from 2003 to 2007.
Samples from Mexico and Colombia are not shown in the
map (see explanation on page 15)
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Experiments with circle hooks were also conducted in Colombia and Mexico. However, these were conducted under
different conditions and, therefore, for the purposes of standardization, were not entered intot he pr ogr améd s
database of the program. In Colombia, a single experimental fishing line was used by different small artisanal
vessels, while in Mexico; experiments were conducted by a research vessel in collaboration with the government.
Starting in 2008, Mexico, Colombia and Nicaragua will begin conducting experiments following the standardized
method and experimental model design used in the other countries and data will then be added accordingly to the
regional database. This will allow a comprehensive comparison of the results of experiments across the countries

from Mexico to Peru.

Table 2

Experimental fishing, testing circle hooks against J hooks, with on-board observers in the Eastern Pacific Ocean, from
2003 to 2007

Country Main ports Number of | Number of Number of Number of
observed observed observed observed
trips sets vessels hooks

Costa Rica Puntarenas, 110 1,060 33 579,614

Cuajiniquil
Quepos
Ecuador Manta 435 2,089 169 330,569
Esmeraldas
Santa Marianita
San Mateo
El Salvador Santa Tecla 10 19 5 7,980
Guatemala San Jose 691 1,576 52 488,656
Las Lisas
Champerico
Panama Balboa 75 822 8 728,479
Vacamonte
Coquira
Mensabe
Peru llo 31 210 7 45,757
Paita 28 218 18 60,626
Pucusana 40 302 13 154,805
Totals 1,420 6,305 305 2,396,413

The basic tests performed under this program are: J vs. C/18, J vs. C/16, J vs. C/15, J vs. C/14, J vs. C/13, and J
vs. C/12 (Figure 6). Other types of tests performed in experimental fishing, such as C/16 vs. C/15, and tests of
hooks with a stiff wire appendix conducted by IATTC and OFCF-Japan, are not part of this report.

Experiments comparing circular hooks of different sizes have limited sample sizes and are conducted to study if
there is an additional gain to increase the size of the hook where circular hooks are already in use. These results
will be subject of future analysis. Results of the experiments of hooks with wires can be consulted in Hall et al.
(2006), but basically these experiments were conducted in search of alternative hook designs for the mahi-mabhi
fishery. Some fishermen have the perception that circular hooks C/16 or even C/15 are too large for mahi-mabhi, and
that a smaller circular hook with an appendage may look appealing to them.

15



Figure 6

J-shaped hooks commonly used in TBS and mahi-mabhi fisheries and circle hooks tested in experimental fishing trips
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8.0 Preliminary results of the program

8.1 Hooking rates

The first two mitigation properties to look at with respect to circle hooks as compared to J hooks are the difference
in turtle hooking rates and the performance in fish catch rates. Ideally, a bycatch solution should reduce turtle
hookings and have similar fish catch rates as that normally experienced with the J hooks. Meeting this condition will
facilitate the technology transfer and adoption by fishermen and eventually its inclusion as part of regulatory fishing
measures.

Hooking rates from experimental fishing are presented for a subset of the information contained in the project
database. Data for this analysis come from Central America, Ecuador and Peru. The selection criteria for the data

used in analysis were based on data quality requirements for every observed long-line set, including conditions

such as edited data only, no missing data, a minimum and maximum proportion of J hooks to circle hooks in the set

(0.5 O (#J | #C) O 2.0). From the 2,396, 41 3sfronbbsamdciaed h o c
hooks were done over a sample of 959,856 hooks (40%; Table 3).

Data were grouped in two basic fisheries: TBS and mahi-mahi, and pooled by type of hook comparison (i.e. hook
sizes being compared) by port and year. Turtle bycatch rates as well as fish catch rates are indicated as the number
of animals per thousand hooks. This figure is also referred to as Bycatch per Unit Effort or (BCPUE). Figures of
BCPUE in this report are the total number of turtles caught in the experimental fishing trips (and represent mainly
hard-shelled turtles since there are only 6 leatherback turtles reported as by-caught in these experiments). For this
preliminary analysis, circle hooks were grouped by size without reqard to other hook characteristics, such as
material (stainless steel, non-stainless steel), offset degree or bait type".

Two-tailed Wilcoxon Signed-Rank tests for matched pairs were used to analyze the overall trend of the difference in
hooking rates of J hooks and circle hooks (positive, negative or null). This non-parametric, two-tailed test considers
both the direction of the difference between hooks and the magnitude of the observed difference. It was applied as
a preliminary and conservative method of analysis for this type of data until development of a more adequate
statistical test can be completed and reviewed. This is an on-going process promoted and facilitated by Martin Hall
from IATTC.

Table 3

Sample sizes (number of hooks) for bycatch and catch rate analysis in the TBS and mahi-mahi fishery. TBS = tuna,
billfish, sharks

Comparison TBS % Mahi - mahi % Total sample size
J-C/18 20,315 4 0 0 20,315
J-C/16 510,141 93 144,887 35 655,028
J-C/15 13,163 2 87,833 21 100,996
J-C/14 7,265 1 114,952 28 122,217
J-C/13 0 33,748 8 33,748
J-C/12 0 27,552 7 27,552

Subtotals 550,884 408,972 Grand total 959,856

! Baits utilized included squid, sardine, and several species of fish. While bait type is not controlled for in the experiments, fishermen were asked
to try to distribute the different type of baits as evenly as they could among hook types, and avoid placing their preferred bait only on one type of

hook.
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8.2 TBS fishery: turtle bycatch rates

BCPUE values for the TBS fishery from the data set analyzed show overall, significantly larger turtle bycatch rates
in J hooks than circle hooks (Figure 7, Wilcoxon Signed-ranks test for matched pairs, T = 37, p < 0.02, n = 19).
Among 24 cases’ of paired experiments, distributed among 7 ports, circle hooks had lower turtle bycatch rates in 13
cases (54%), J hooks had lower bycatch rates in 6 cases (25%), while in 5 cases there were no turtles caught with
either J or circle hooks (Figure 7). Note that the majority of the tests correspond to trials of J hooks against C/16

hooks (93%, Table 3). The same also trend holds for hook sizes C/14, C/15 and C/18, but each size was not tested
separately for statistical differences between circle and J hooks.

Figure 7
Marine turtle bycatch rates (per thousand hooks) from a sample of TBS long-line sets in the Eastern Pacific Ocean
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8.3 TBS fishery: fish catch rates

The CPUE values of the TBS fishery indicate overall larger fish catch rates in circle hooks than in J hooks, but this
difference was not significant (Wilcoxon Signed-Rank test for matched pairs, T = 88, p > 0.1, n = 23). The largest
differences between circle and J hooks were recorded among small circle hooks (C/15 and C/14), but sample sizes
in these hook size categories were small (Figure 8, Table 3). Among the 24 comparisons, 14 (58%) cases show

larger catch rates in circle hooks, while J hooks caught more fish in 9 cases (37%). Only one case showed zero fish
for both types of hooks.

2 BCPUE and CPUE were estimated from 24 cases for the TBS fishery and 28 cases from the Mahi-mahi fishery. Each case group a number of

sets by port/year selected from the program database and that comply with certain elements of data quality conditions, such as proportionality of
J and C hooks in the experiment, no selection of bait, etc.
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Figure 8
Fish catch rates (per thousand hooks) from a sample of TBS long-line sets in the Eastern Pacific Ocean
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8.4 Mahi-mahi fishery: turtle bycatch rates

In the mahi-mahi fishery, BCPUE also followed the same pattern as in the TBS fishery, with significantly lower
numbers of turtles caught with circle hooks than J hooks (Wilcoxon Signed-Rank test for matched pairs, T =101, p
< 0.02, n = 27). Again, the largest values of bycatch rates come from J hooks. From the 28 cases selected for this
fishery, circle hooks resulted in lower numbers of marine turtles caught in 18 cases (64%), while J hooks resulted in
lower bycatch rates in 9 cases (32%). Only one case had zero turtles caught for either J hooks or circle hooks
(Figure 9).

Differences in bycatch rates between J hooks and circle hooks were more pronounced in the C/14 comparisons

than in the C/16 comparisons (Fig. 9). These were the two hook sizes with the largest sample sizes in the mahi-
mabhi fishery (Table 3).
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Figure 9
Marine turtle bycatch rates (per thousand hooks) from a sample of mahi-mahi long-line sets in the Eastern Pacific
Ocean
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8.5 Mahi-mahi fishery: fish catch rates

The CPUE values of the mahi-mabhi fishery indicate overall, significantly larger fish catch rates in J hooks than in
circle hooks (Wilcoxon Signed-Rank test for matched pairs, T = 101, p < 0.02, n=28). In this sample of the mahi-
mabhi fishery experimental sets, there are 20 cases (71%) out of 28 in which J hooks have larger mahi-mahi catch
rates than circle hooks, and 8 cases (29%) in which circle hooks caught more fish than J hooks (Figure 10). Tests
with C/16, C/15 and C14 make up 84% of the hook sample (Table 3).

Differences in fish catch rates between J hooks and circle hooks were more pronounced in the C/14 comparisons
than in the C/16 comparisons (Fig. 10). These are the two hook sizes with the largest sample sizes in the mahi-
mabhi fishery (Table 3). However, for this report, such a deviation was not statistically tested but will be subject of
examination in the future.
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Figure 10
Fish catch rates (per thousand hooks) from a sample of mahi-mahi long-line sets in the Eastern Pacific Ocean
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8.6 Relationship between turtle bycatch and fish catch rates

There are four possible types of general results from fishing experiments:
a. cases where circle hooks have fewer turtles hooked and lower fish catch rates than J hooks
b. cases where circle hooks have fewer turtles hooked and higher fish catch rates than J hooks
c. cases where circle hooks result in more turtles hooked and lower fish catch rates than J hooks
d. cases where circle hooks result in more turtles hooked and higher fish catch rates than J hooks

These four general outcomes of the experiments are represented as colored areas in Figure 12, where results of
the TBS and mahi-mahi fishery were plotted for differences in turtle hooking rates (Y axes) and fish catch rates (X
axes).

The cases selected for this analysis (each one representing a year/port combination) resulted in different patterns
for the mahi-mahi and TBS long-line fishing. The mahi-mabhi fishing cases are more scattered across the four types
of general results or outcome areas. Here, more of the points or year/port combinations are in the region of fewer
turtles hooked, with a particular concentration in the lower fish catch area of the graph.

The TBS points tend to group around the center of the graph with few data points outside the center. Most of the

data for the TBS fishing fall within the preferred outcome region of fewer turtles hooked and avoid over-fishing
(smaller fish catch differences with J hooks).
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Figure 11
Four outcome areas of experiment results for the mahi-mahi and TBS long-line fishing data
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Each point in the graph represents a year/port combination. The light blue area represents the preferred outcome
region where circle hooks catch less turtles and avoid over-fishing (smaller differences in fish catch rates compared
to J hooks). Catch rates are the number of individuals per thousand hooks. Differences in catch rates are provided
as the overall difference of all circle hook sizes compared to all J hook sizes for both turtle catch and fish catch
rates. Source: Martin Hall (Personal communication 2008)

Plots of the combined difference in sea turtle hooking rates and the difference in target fish hooking rates provide a
graphical image of the overall trend in fishing experiment results. With the information that we currently have, circle
hooks are performing properly as a bycatch mitigation method in the TBS artisanal fishery for both critical conditions
that such tools should fulfill: reduction of turtle bycatch with maintenance of commercial fish catch rates. Results of
the mahi-mabhi fishery have the same general outcome pattern in the reduction of turtle bycatch, but tend to have
smaller fish catch rates than J hooks. Further examination of possible factors influencing both bycatch and fish
catch rates is needed to refine a prescription of bycatch mitigation tools. This is particularly important for the mahi-
mabhi artisanal fishery, since mahi-mabhi is an important target species and source of income for many fishermen in
the Eastern Pacific Ocean.

Some of the possible factors are:

1. Catch rates and size selectivity of the hooks in relation to the anatomical characteristics of the hook, such
as: hook size, width, off-set degree, shank size, point to shank angle, hook material, and presence of a ring,
among others.

2. Possible geographical and temporal segregated distribution of size classes.

3. Type of bait and/or baiting techniques.

4. Potential effects of the long-line gear construction and materials used: polypropylene versus monofilament,
branch line construction and methods to connect branch lines to the mainline (snaps, knots).
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8.7 Proportion of swallowed hooks and hooking locations

A second and very important property of the hooks is the proportion swallowed by the non-target species.
Swallowed hooks can cause fatal injuries to turtles in the throat or deeper in the esophagus. Other hooking
locations produce different levels of injuries depending on the part of the body affected: axilla, mouth commissure,
flippers, upper jaw, lower jaw, tongue, neck, head, shell, tail and epiglottis.

Graphical examination of TBS and mahi-mahi fishery for parts of the data with sufficient information suggests that J
hooks are more frequently swallowed than circle hooks. This trend can be observed when J hooks are compared
circular hooks of different sizes for the hooking location (Figures 12 to 19).

Figure 12
Hooking location of J vs. C/12 hooks in the mahi-mahi fishery. Percentages are the number of turtles hooked in a
particular location of their body to the total number of hooked turtles; n = 42 turtles.
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In the mahi-mabhi fishery when circle hooks C/12, C/13, C/14 and C/15 are compared to J hooks, hookings with
circle hooks tend to be more frequent in the commissure of the mouth and the jaw, whereas J hooks have a strong
tendency to be swallowed by the turtles. C/12 hookings in the flippers are also important (Figures 12 to 15).

When J hooks are compared to C/16 hooks, hookings with J hooks tend to be more spread between the different
parts of the body, with a larger proportion of swallowed, upper jaw and tongue locations. C/16 hooks follow a similar
pattern but usually with a smaller percentage of dangerous hookings such as swallowed hooks (Figure 16).

The pattern of hooking locations in the TBS fishery is similar to that of the mahi-mahi fishery for both J and circle
hooks, and the proportion of swallowed hooks is still higher for J hooks than for circle hooks (Figures 17 to 19).
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Figure 13
Hooking location of J vs. C/13 hooks in the mahi-mahi fishery. Percentages are the number of turtles hooked in a
particular location of their body to the total number of hooked turtles; n = 36 turtles
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Figure 14
Hooking location of J vs. C/14 hooks in the mahi-mahi fishery. Percentages are the number of turtles hooked in a
particular location of their body to the total number of hooked turtles; n = 95 turtles
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Figure 15
Hooking location of J vs. C/15 hooks in the mahi-mabhi fishery. Percentages are the number of turtles hooked in a
particular location of their body to the total number of hooked turtles. n = 82 turtles

Figure 16
Hooking location of J vs. C/16 hooks in the mahi-mahi fishery. Percentages are the number of turtles hooked in a
particular location of their body to the total number of hooked turtles; n = 306 turtles
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