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PREFACE

It has long been known that tunas frequently associate with floating objects, such as trees
washed out to sea during periods of heavy rainfall, and fishermen have taken advantage of this
behavior to facilitate the capture of fish. In some coastal areas, such as the Philippines, artisanal
fishermen construct anchored fish-aggregating devices (FADs) to attract fish. More recently,
large numbers of free-floating FADs have been constructed for deployment by large purse sein-
ers on the high seas. The FADs often can be interrogated by the seiner and located at great dis-
tances using radio telemetry and/or GPS (Global Positioning System) technologies. In some
cases a fleet of fishing vessels has a tender vessel which deploys and maintains the FADs, and
notifies the fishing vessels when fish are seen around them.

Unfortunately, floating objects tend to attract smaller tunas, and also other species of
animals. With a few exceptions, e.g. sea turtles and sharks and rays, most of these quickly die
when they are caught. Some of the tunas which are caught are so small that they are unmarket-
able, so they are discarded at sea. Even those which are marketable may bring prices that are
less than those of medium and large tunas. Bigeye tuna were infrequently caught by surface-
fishing vessels until man-made FADs came into use. Bigeye are the principal target of the
longline fishery, and the prices paid for longline-caught bigeye are many times those of surface-
caught bigeye. Accordingly, longline fishermen are concerned that the use of FADs will de-
crease their catches of bigeye. Some of the other species, e.g. mahi-mahi, wahoo, rainbow run-
ners, sharks, and billfishes, which cannot be sold at the facilities where purse-seine caught tunas
are normally unloaded, are important constituents of the catches of artisanal and recreational
fisheries. Also, some of the other species, e.g. sea turtles, are endangered or threatened. Be-
cause of these problems, legal restrictions have been put on the use of FADs and/or making sets
on fish associated with floating objects in the Atlantic and Pacific Oceans.

This workshop was convened by the Inter-American Tropical Tuna Commission and
sponsored by Bumble Bee Seafoods, Inc., for the purpose of bringing together scientists and
fishermen who have studied the association of tunas with floating objects. Special efforts were
made to get participants from all the areas in which tunas associated with floating objects are the
targets of fisheries. Thus the “regional review papers” include contributions for the eastern At-
lantic, the southern Caribbean Sea, the Indian Ocean, and the eastern and western Pacific
Oceans. Many of these reviews and other contributed papers are published in this proceedings
volume. Other papers discussed in the workshop were published elsewhere; these papers are
cited in the list of background documents in the Report of the Workshop.

The participants were asked to address the following basic questions:

e What makes a “good” floating object? What attracts tunas to flotsam and under what cir-
cumstances?

e What is the role of floating objects in tuna ecology?

e What is the role of floating objects as community aggregators? Are they aggregators for
nomadic ecosystems?



e What are the similarities and differences among the tuna-floating object associations in
 the different oceans?

e What is the role of floating objects (especially natural ones) in the overall pelagic eco-
system? What are the dynamics of floating objects?

The participants also discussed questions about the following topics:

Schooling behavior

Why do tunas associate with floating objects? What research is needed to develop
attractors for large yellowfin tuna?

Is there fidelity to single objects?

What makes an object attractive?

Are all floating objects, including living ones, equivalent?
Why are tunas attracted to floating objects?

Do floating objects affect the survival, recruitment, movements, or migrations of tu-
nas?

Logs and circulation

What are the major sources of floating objects?

Are there seasonal or long-term trends in their production? What are the processes
that affect their production?

Are they meaningful from the ecosystem point of view (cycles)?
What is their fate in the ocean? Are there areas of accumulation?

How long do they stay afloat? Are they associated with rich water masses?

Log communities

Are there communities associated with the objects that are different from the unasso-
ciated pelagic community?

What is the role of the objects for the different species associated with them?

Are all the objects equivalent from the point of view of their associated community?
Are the species assemblages associated with logs similar in different oceans?

Is there a succession while drifting offshore?

Are the objects aggregators for nomadic ecosystems?

All of the contributions for these proceedings were reviewed by a committee consisting
of Michael D. Scott (chairman), William H. Bayliff, Cleridy E. Lennert-Cody, and Kurt M.
Schaefer, all of the Inter-American Tropical Tuna Commission. The contributions were not



peer-reviewed in the traditional sense, however, because there was no requirement that the
authors and reviewers be in agreement on their content.

The committee would like to note the passing of two of the contributors to the Workshop.
Kevin Bailey, who co-authored the review of the western Pacific fishery, was tragically taken
from us several weeks after the Workshop. Kevin was a young scientist of great commitment
and passion. He had keen insights into the biology and ecology of tropical tunas from long peri-
ods spent at sea on research and commercial fishing vessels. At the South Pacific Commission,
he made a major contribution to the successful implementation of the SPC's 1989-1992 Regional
Tuna Tagging Project. That this project is widely recognized as one of the best tuna tagging
projects ever undertaken is testimony to Kevin's skill and determination. A promising career,
and life, sadly cut short.

Ken Norris, a professor and naturalist at the University of California at Santa Cruz, had a
long and exceptional career most known for his pioneering studies of cetaceans, his influence in
crafting the U.S. Marine Mammal Protection Act, and his study of the dolphins associated with
tuna in the eastern Pacific Ocean. His insight and broad field experience sparked discussions on
the schooling of tunas and their attraction to floating objects. He was well-known for his design
of research vessels combining marginal seaworthiness and maximal discomfort for viewing the
underwater lives of dolphins. He proposed the deployment of a large rafi-like FAD-and-
manned-research platform (dubbed the “Ken Tiki” by other participants) for studying the be-
havior and movements of tuna around floating objects. The scientific community will miss both
of these talented biologists as friends and colleagues.



REPORT OF THE WORKSHOP ON THE ECOLOGY AND
FISHERIES FOR TUNAS ASSOCIATED WITH FLOATING OBJECTS

Michael D. Scott

Inter-American Tropical Tuna Commission, ¢/o Scripps Institution of Oceanography, La Jolla,
CA 92037.

Regional Fisheries

The tuna fisheries for tuna associated with floating objects (referred to as logs in this report)
were reviewed by Martin Hall (eastern Pacific), Erwan Josse (central Pacific), Ziro Suzuki and
John Hampton (western Pacific), Alain Fonteneau (eastern Atlantic), Daniel Gaertner (western
Atlantic-Caribbean), and Jean-P. Hallier (Indian Ocean).

In the eastern Pacific, the unique feature is the significant association between dolphins
and tuna. With respect to the log-associated fishery, there is evidence that the association of the
tunas with floating objects is mainly a nocturnal one. It also seems that foraging occurs mostly
during the daylight period. The length distribution of the yellowfin caught shows large
differences between the different set types. Smaller fish are caught in logs and in free-swimming
schools. Larger fish are caught in association with dolphins and the largest fish, on average, are
caught by the longline fishery. An analysis of the floating objects indicate that most are wooden
objects (mainly trees), although the type of tree had little influence in the catch obtained. A
number of hypotheses were presented to explain some of the features of the fishery in the eastern
Pacific.

In the central Pacific, fishing on anchored fish aggregating devices (FADs) is an important
component of the fishery. Fishing activities take place during daytime, and involve mostly deep-
water fish. Differences in average size of fish caught in different set types were also noted; fish
caught on FADs are larger than fish caught on logs. The largest-size fish are caught in free-
swimming schools. Species composition is also related to the type of fishery; the deep-water
fishery catches are composed mainly of yellowfin tuna while the surface fishery is based on
skipjack.

In the western Pacific, the fishery has shown an expansion in recent years with the
addition of a Taiwanese and a Korean fleet. The predominant way of fishing is based on free-
swimming schools, while FADs make up to 6 percent of total catches of purse seiners. There is
virtually no fishing in association with dolphins, but there are sets on tuna associated with both
live and dead whales. Differences in catch composition and size of the fish caught can be
noticed between set types. Free-swimming schools and schools associated with whales are likely
to be pure schools, while schools caught on FADs and logs are more frequently mixed schools.
Sizes of yellowfin tend to be greater in free-swimming schools than in log-associated schools.
The frequency of the different set types changes with time of the day; log-fishing occurs mostly
at dusk and dawn, and school-fishing occurs throughout the day. Whale-associated fishing peaks
early in the morning and then continues at a constant level throughout the day. An analysis of
the density of floating objects suggests a seasonality in the abundance of objects with the greatest



densities taking place in the third and fourth quarters. Influence of the climate in the abundance
of floating objects is suggested by the fact that in 1987, a year with a moderate El Nifio, there
was a decrease in the number of log-associated sets and in the density of logs.

In the eastern Atlantic, log-fishing has become important in recent years, mainly after the
expansion of the fishery to the area south of the equator and the introduction of artificial logs.
Natural logs originating in the Zaire River tend to be retained in the Gulf of Guinea, where the
fishing peaks during the third and fourth quarters, indicating a correspondence between the
fishing and rainy seasons. Logs that are not retained move west until they reach the area of
influence of the Amazon river. Catches on floating objects are greater than on free-swimming
schools, with a higher proportion of successful sets. The length distribution of the yellowfin
shows mixed sizes of fish in logs with fewer yellowfin of larger sizes. In general, fish caught on
FADs are larger in size. There is a small proportion of fish associated with whales and
apparently little association with dolphins (logbook data indicates < 1% of sets).

In the western Atlantic-Caribbean region, a large proportion of sets involve tuna
associated with whale sharks. This category is the secondmost- frequent set type after free-
swimming schools, followed by whale-associated fishing and log-fishing. There is a seasonality
in the frequency of whale sharks sets. Length distribution of the fish is stable throughout the
year for both yellowfin and skipjack, and there are no appreciable differences in the size
distribution between different set types. The catch-per-set is largest in sets associated with logs.

In the Indian Ocean, where there was also an increase in the catches in recent years, the
predominant mode of fishing is on free-swimming schools. A significant proportion of the sets
are made on logs and, since 1991, there has been an increase in the usage of FADs. In contrast
with what was reported for other oceans, catch per set is similar between sets on logs and on
free- swimming schools, but the proportion of successful sets is greater on logs. There is a clear
seasonal pattern in the fishery that peaks in the inter- monsoon periods. There is a large peak in
September-October, followed by a smaller peak in March. As in other oceans, log sets are more
frequent at dawn while school sets occur throughout the day. Species composition in the catches
differs between the set types with skipjack being dominant in log sets, and yellowfin more
frequent in free-swimming schools. Large differences are evident in the length distribution of
yellowfin; fish of large and intermediate sizes are fewer in log sets. Catches of fish associated
with seamounts seem to be different from other modes of fishing.

In general, logfishing occurs in productive waters that are adjacent to areas with
productive tropical forests and abundant rainfall. The most successful logfishing season is also
correlated with the rainy season. Many aspects of the association of tuna and logs are broadly
similar across all oceans. In the eastern Pacific, however, yellowfin tuna often associate with
dolphins, an association that is apparently not common in other oceans.

One common observation is that the behavior of tuna associated with fixed FADs differs
than those associated with drifting logs. In most fisheries, it has been observed that the
association with logs is nocturnal, with the tuna rising in the water column in the pre-dawn
hours. A diurnal association, however, was reported from French Polynesia, where large



yellowfin are found in association with FADs anchored in deep water. It was generally reported
that larger logs produce larger tuna catches.

During the general discussions, the following questions were posed for future study:
1) What is the residency time of tuna associated with logs or dolphins?
2) Why do the tuna associated with FADS behave differently from those associated with logs?

3) Is food limiting for yellowfin tuna and is this reflected in the cost- benefit ratio for swimming
with dolphins?

4) Why do anchored FADs produce catches that are productive at some times, and then are
unproductive for long periods of time?

By comparing the tuna associations among the different oceans, we could further our
understanding of the association with the following approaches:

5) Develop a standardized form to collect data on floating objects, the species associated and the
environmental characteristics at the time of the set. A form currently used by the IATTC could
be adapted to other fisheries. It is very important that objects without tuna associated are also
included in the samples for some analyses.

6) Develop a shorter version of this form for cooperating fishermen (J. Pereira offered to prepare
this).

7) Compare the communities and oceanographic conditions of the different oceans in more detail
in order to explain why the tuna-dolphin association is prevalent in the eastern Pacific and not in
other oceans.

8) The differences between areas in the proportions of different types of objects should be
studied. A good example is the extremely high frequency of sets on whale sharks in the
Caribbean-Western Atlantic area that is not found in the other areas studied. These differences
may simply reflect regional differences in the relative abundances of different types of objects,
or differences in oceanographic or ecological characteristics.

Log Communities

Pelagic communities and associations were discussed by Nikolai Parin and Pablo Arenas
(log-associated fauna), David Au (seabirds and tunas), and Lisa Ballance (seabirds and sea
turtles). Primary production in the eastern tropical Pacific Ocean was discussed by Paul Fiedler.
The trophic linkage between tuna and other log-associated fauna was thought to be weak; it was
not thought likely that enough prey are associated with logs for tuna to maintain themselves.
The association of tuna with logs is not thought to be permanent, and fishermen believe that the
environment is more influential in determining the size of the tuna catch on a log than the log
itself. One study suggested was to compare the fauna associated with logs, FADs, and
seamounts (Arenas).



The question whether the fauna associated with logs represent biological communities or
facultative aggregations was discussed during presentations by John Hunter and Ken Norris. It
was suggested that this question may not be important for designing a FAD. If, however, fauna
associated with logs do reflect community structure, then we can examine how a collection of
species "colonize" a log and fit into different niches over time. The ease of assembly and
disassembly is interesting because it could reflect the coevolution of species. It was suggested
that the prey species within these communities do not avoid predators, but that predator and prey
are coadapted to keep each other in sight and to maintain appropriate inter-specific distances.

Several studies were suggested to explore the structure of log communities:

1) Using a floating observation vessel (the Ken Tiki) to study the inter- and intra-specific
relationships of log-associated fauna and the behavior of tuna around the log (Norris). As a
separate or integrated project, the tuna could be sonic-tracked to determine its spatial relationship
and residency with the log.

2) Setting on logs at different times of the day will help clarify the diel variations of their
associated species. Following individual logs with hydroacoustic systems will help establish the
patterns of arrival and departure.

3) Examine existing data on the weights and lengths of tuna caught on logs to estimate body
condition.

4) Conduct experimental fishing to make repeated sets on the same log to examine the turnover
rates of species and size classes. Spatially stratified samples should be obtained (vertical and
horizontal strata) around individual objects to establish the patterns of distribution in depth and
radiating away from the objects. This would require a fine-mesh net to catch the smaller fish
associated with the log.

5) Use hydroacoustic and ROV observations to study log communities (could also be
incorporated with 1).

6) Seed the far-offshore areas of the eastern Pacific with drifting FADs to determine whether
large yellowfin will associated with them.

7) Experiment with FAD design to determine whether different shapes and lower depths will
attract large yellowfin (currently being done). In particular, it is necessary to understand which
senses are involved in the detection of the floating objects by the tunas (visual, olfactory,
auditory). Chemical attractants, lights, bubbles, and sound-producing devices should be tested.

8) Attach cameras to drifting satellite-monitored buoys to record the "colonization" of the buoy
by fish species.

9) Using many of the above techniques, study the relationship between bigeye tuna and logs.



Sources of Logs

" The movement of logs to the sea was discussed by James Sedell (North Pacific forests),
Ariel Lugo (tropical forests), Samuel Snedaker (mangroves), John Walsh and Jeff Richey
(organic carbon transport), Ruth Turner (fate of wood at sea), and Churchill Grimes (larval tuna
and river plumes). It was noted that the amount of logs transported to the ocean by a particular
river will not be proportional to the size of the river. Rivers that traverse extensive uplands will
likely carry few logs. Also, few tropical trees would float for a extended period of time due to
their chemical composition. Therefore, it seems likely that large logs would mostly originate
from forests at lower altitudes. These logs would be carried to the sea by mountain rivers, with
large flows and running through steep slopes. It was estimated that 0.05% of fallen tropical rain
forest trees are exported to the ocean. About half of the floating objects reported at sea were
human-caused.

Seasonal trends were considered common in the production of logs, with the peak usually
related to the occurrence of the rainy season. Areas of log- fishing are also areas where
hurricanes are frequent (Lugo). In the western Pacific, the seasonal pattern is less obvious,
although this might be related to differences in the timing of the rainy season. It is unlikely that
the production of man-made logs will exhibit any seasonal pattern.

It was questioned whether the tuna-log association could be an evolutionary adaptation if
one assumes that floating objects have become plentiful only recently due to man's activities
(e.g., deforestation and dumping of debris into the oceans). It was noted, however, that natural
logs were plentiful prior to logging activities in the Pacific, and that, in the long term, there
seems to have been a decline in the production of logs. Progressive and continued deforestation
might be the principal cause, but also the increase in water control and the building of dams
might have reduced the transport of logs to the sea. It was not possible to ascertain how logging
contributes to the production of logs. Some common practices, like leaving the slash resulting
from the logging operation, might actually increase the production of logs in the short term. It
was noted that catastrophic events, like severe storms or prolonged droughts, would likely create
pulses in the production of logs that would be useful to trace the dispersion of the logs.

The contribution of logs to the oceanic productivity does not seem important in
comparison with the amount of dissolved organic carbon transported by the rivers. On a smaller
scale, the contribution might be more significant. It is possible that logs contribute to the
development of detrital communities. The existence of retention areas might increase the
concentration of logs. For example, sunken logs tend to gather in trenches in the deep-sea where
they might serve as the basis for benthic communities.

The group recognized that identifying the sources of natural logs would be an important
research project that could be easily carried out. The following methods were suggested:

1) Count how many logs leave a river mouth in a given time period. This would give an
estimate of the recruitment of logs to the ocean, but it also would be necessary to know what
proportion actually makes it offshore.



2) Assessments of the numbers, types, and characteristics of natural logs entering the ocean
from a given river would give some ideas on the relative abundances of logs in different seasons
and years.

3) Start a collection of samples of wood from natural floating objects. This will help establish
the source of the objects, the types of trees that last longer, and their drift patterns. Institutions
specializing in forestry in the different regions should be approached to help in the identification
of the wood. A small wedge of wood is sufficient for the identification.

4) Start a collection of samples of wood-boring organisms to help answer questions in 3 above.
Portions of wood-borer-bearing wood can be preserved by freezing and be sent to Dr. Ruth
Turner.

5) The study of the hydrology of the major river systems of an area could provide better
understanding of fishing patterns. «

6) The study of river-ocean interfaces is of critical importance to understand the productive
cycles in the coastal zone and their effect on the tuna populations. It is necessary to promote
studies like the ones being performed in the Amazon basin.

Circulation Patterns

The effect of surface currents on the drift patterns of logs was discussed by Laurence
Sombardier (satellite tracking of drifting buoys), Alejandro Parés-Sierra, Marco Garcia, and
Jean-Paul Rebert (computer simulation of drift patterns). Models of log circulation should
include a balance between the influence of the wind stress and the influence of the currents, but it
is not clear how logs actually behave with respect these two components. Do logs actually track
the water mass in which they originate? In general, it is not possible to say that logs would be
indicators of areas of rich primary productivity. Productive areas for tunas, however, would be
areas with larger prey that should be downstream of areas of primary production. Convergence
zones, which are not thought to be areas of primary productivity, would likely concentrate logs
and tuna prey. It was noted that many major fishing areas are areas of current interfaces
(convergence and divergence zones). Therefore, it would be interesting to study these areas in
more detail, something that is possible with the current remote-sensing technology. The
following studies were also discussed:

1) Tagging floating objects with visual markers or with satellite tags to understand their drift
patterns, their "recruitment,” and their "mortality."

2) Studies based on satellite-monitored buoys and computer models will allow us to observe
drift patterns. Of special interest is the influence of the wind on non-submerged portions of the
objects. Another study could determine the changes in drift patterns caused by El Nifio.

3) Attachment of archival tags equipped with release mechanisms to logs, allowing the recovery
of the tag and the recording of the location and time of the sinking of the log.



4) Drifting buoys that have lost their drogues may behave like logs and examination of existing
data on the satellite-monitored movements of these buoys would be useful. A further experiment
would be to release a log and a drifter at the same time and track them together.

5) Analyze existing data, or start collecting the information when not available, to obtain
estimates of density of logs.

6) The fate of wood in the marine environment is little known. If some of the retention systems
described concentrate and retain wood in the oceans, it is possible that wood may accumulate in
some bottom areas.

7) Studies on the time elapsed for different types of wood to become waterlogged and sink will
help us to understand the observed spatial distributions.

Schooling Behavior and Food Habits

Various aspects of schooling, feeding, and movements of tunas were discussed by John
Hunter, Ken Norris, Kim Holland, Noel Barut, Martin Hall, Michael Scott, Julia Parrish, Robert
Olson, and Troy Buckley. John Hunter proposed a systematic approach for designing FADs that
will attract large yellowfin. Such a design should incorporate only a few treatments (because of
the great variability in catches), a study of the psychophysics of vision, utilization of engineering
and seamanship skills in FAD design, and cost effectiveness. Some consideration should also be
given to improved longline design. For designing a FAD, a knowledge of the "how" of
schooling may be more important than the "why" of schooling.

Tracking experiments suggest that schooling may not be the dominant mode for
yellowfin around Hawaii. Kim Holland reported that they do not appear to school at night or
while travelling. Tuna associate more tightly with the anchored FAD during the day, and then
disperse within a 5-mile radius of the FAD at night. Capt. John Freitas reported that acoustic
observations of yellowfin and skipjack tunas indicate that they begin to disperse at dusk and
reform their schools in the pre-dawn hours.

The following studies of schooling in tunas were suggested:

1) Tracking studies similar to the ones conducted in Hawaii could give information in other
oceans about daily variations in school size.

2) The question of whether these schools are aggregations vs. congregations could be
determined from the distribution of size frequencies: aggregations would have a platykurtotic
distribution, congregations would have leptokurtotic distributions.

. Many of the questions emphasized the importance of knowing the feeding habits of the
tuna in detail. The following food habit studies were suggested:

1) Comparison of the food habits of tunas caught in log, school, and dolphin sets.



2) Comparison of the food habits of all the log-associated fauna should be studied to examine
the trophic structure.

3) Comparison of the food habits of tuna caught in different oceans. In particular, the eastern
Atlantic should be compared with the eastern Pacific to determine whether this may explain the
difference in the prevalence of the tuna-dolphin association.

4) Determination of feeding times will be important in interpreting why tuna associate with
dolphins, logs, and FADs.

SUMMARY OF TUNA ASSOCIATIONS IN DIFFERENT FISHERIES

After the reviews of the different fisheries on floating objects in the oceans of the world,
some similarities and some differences became apparent. An examination of the documents
presented and of the presentations made suggests the following conclusions.

Log-fishing Areas
Areas of intensive fishing for tunas associated with logs occur:

o In areas where the Inter-Tropical Convergence Zone intersects the coastline.

e Offshore of areas of abundant coastal vegetation that provide the basic natural floating
objects (forests, jungles, mangrove swamps).

* Inareas with well-defined rainy season and high water surplus.

® Near the mouths of major river systems, or in areas with numerous rivers. Most logs entering
the ocean originate in the coastal plains or are transported by mountain rivers running
through steep slopes.

e Often near areas where seasonal hurricanes and intense storms can cause large numbers of
trees to fall.

Tuna Behavior and Log Communities

Tunas generally aggregate under floating objects during the night, and they leave the log
in the early moming.

Tunas display different behavior when associated with anchored objects than they do
when associated with drifting objects.

Skipjack, yellowfin, bigeye, black skipjack, and Auxis are the main tuna species
associated with floating objects.

The "communities" or aggregations associated with floating objects are similar in all
oceans: the more common components include dorado, several tunas (yellowfin, bigeye,



skipjack, black skipjack and bullets), several sharks (e.g. silky, and blacktip sharks), triggerfish,
marlins, sea turtles, and seabirds (e.g., frigate birds and boobies).

The biomass of prey species encountered under logs seems to be insufficient to sustain
the biomass of tuna and other predators associated with logs.

Associated epifauna attached to logs are generally barnacles (acorn and gooseneck
barnacles). Logs entering the ocean do not appear to play a major role in the transfer of carbon
and other elements between the continent and the ocean.

Factors Related to Tuna Catch
Sets on floating objects are successful more than 90% of the time; sets on free-swimming
schools are successful only 50%-70% of the time.

Tunas caught under floating objects usually comprise the smallest sizes taken in purse
seines.

Most of the characteristics of floating objects (shape, size, color, materials, etc.) were not
significant in the statistical tests performed for the ETP data. However, this could be the result
of small sample sizes.

The most significant factors in determining whether a floating object has tunas and the
level of the catch were the location (area and distance to the coast), the season, and the time of
the day.

The environmental variables studied were not significant.

Of the log characteristics, only the percent of the object submerged was significant in
several cases. The objects made of discarded fishing gear appear to be more attractive for
skipjack than the other types.

Fish-Aggregating Devices (FADs)
Emphasis should be placed on the selection of areas and seasons for deployment of FADs
rather than on the design of the objects.

In the eastern Pacific, the area south of 8°S and east of 90°W shows the most promise for
attracting large yellowfin tuna.

The objects should be designed to have a considerable proportion submerged.
Discarded fishing gear could be added as an attractant. One possible reason for the

attraction of the discarded gear is that it has retained the smell of the fish caught in the webbing.
Chemical attractants in other forms should be explored.



AGENDA OF THE WORKSHOP ON THE ECOLOGY AND
FISHERIES FOR TUNAS ASSOCIATED WITH FLOATING OBJECTS

TUESDAY, FEBRUARY 11, 1992

0830 Opening: James Joseph

Announcements

Regional Fisheries on Floating Objects

Facilitator: James Joseph

Martin Hall
Martin Hall
E. Josse

John Hampton
Ziro Suzuki

Alain Fonteneau
Daniel Gaertner
Jean-Pierre Hallier

Log Communities
Facilitator: David Au
Nikolai Parin

David Au

Pablo Arenas

Lisa Ballance

Primary Production
Paul Fiedler

0900-0930 Introduction
0930-1000 Eastern Pacific
1000-1030 Central Pacific

1030-1100 Coffee break

1100-1130 Western Pacific
1130-1200 Western Pacific

1200-1330 Lunch Break

1330-1400 Eastern Atlantic
1400-1430 Western Atlantic/Caribbean
1430-1500 Indian

1500-1530 Discussion

1530-1600 Coffee break

1600-1630 The pelagic communities associated with floating objects

1630-1700 Tuna avifauna and tuna other species associations

1700-1730 The association of epipelagic fauna with floating objects in
the eastern Pacific

1730-1800 Associations between seabirds and a special type of floating
object, the sea turtle

1800-1830 Biological productivity in the eastern tropical Pacific.
1830-1900 Discussion
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WEDNESDAY FEBRUARY 12,1992

Sources and Fate of Logs, Continent-Ocean Interactions
Facilitator: Martin Hall

Ariel Lugo 0800-0830 Litter production and coarse woody debris turnover in
tropical forests

James Sedell 0830-0900 Sources of natural floating objects

Samuel Snedaker 0900-0930 Mangroves and coastal vegetation dynamics

John Walsh 0930-1000 Use of dissolved organic carbon as a satellite-sensed tracer
of river plumes

Jeffrey Richey 1000-1030 Organic matter sources and riverine transport to the

tropical oceans
1030-1100 Coffee break

Ruth Turner 1100-1130 Fate of wood at sea

Churchill Grimes 1130-1200 Tropical river plumes and the ecology of scombrid larvae

1200-1300 Lunch break

Circulation of logs
Facilitator: Jean-Paul Rebert

Laurence Sombardier 1300-1330 Surface circulation patterns in the log fishing areas as

inferred from drifting buoys
Alejandro Parés-Sierra  1330-1400 A simulation approach to study the drift of floating objects
Marco Garcia 1400-1430 Drift simulation results: eastern Pacific
Jean-Paul Rebert 1430-1500 Recent developments in tropical Atlantic French

oceanography in relation to floating objects

1500-1530 Discussion
1530-1600 Coffee break

Schooling and other fish behavior
Facilitator: Bob Francis

John Hunter 1600-1630 Fisheries on floating objects and schooling behavior

Kenneth Norris 1630-1700 Sensory Integrated System (SIS) of schools

Kim Holland 1700-1730 Fish behavior and floating objects: radiotracking
experiments

Noel Barut 1730-1800 Ecology and behavior of tunas around payaos.
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THURSDAY FEBRUARY 13, 1992

Schooling and other fish behavior

Facilitator: John Hunter
Martin Hall

Michael Scott

Julia Parrish

Robert Olson

0800-0830 Behavior inferred from repeated sets on the same object
0830-0900 Diel changes in group size: tunas and dolphins
0900-0930 Schooling behavior and floating objects: congregation or

aggregation?
0930-1000 Food and feeding behavior of fish associated with
aggregation devices and floating objects
1000-1030 Discussion
1030-1100 Coffee break
1100-1200 Working group discussions
1200-1330 Lunch

1330-1500 Plenary discussions
1500-1530 Summing up

1530-1600 Coffee break

1600-1700 Summing up (continued)
1700-1830 Brainstorming session on yellowfin migrations
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PARTICIPANTS OF WORKSHOP ON THE ECOLOGY AND
FISHERIES FOR TUNAS ASSOCIATED WITH FLOATING OBJECTS

Ariz Telleria, Javier

Centro Oceanografico de Canarias
Apartado de Correos 1373

Santa Cruz de Tenerife

Islas Canarias

Espaiia

(34)22 549400, 549401, 549439
(34)22 549554 FAX

Bradshaw, Gay

USDA Forest Service

PNW Research Station

3200 Southwest Jefferson Way
Corvalis, OR 97331, U.S.A.
(503) 750-7306

(503) 750-7329 FAX

Delgado de Molina Acevedo, Alicia
Centro Oceanogréfico de Canarias LE.O.
Apartado de Correos 1373

Santa Cruz de Tenerife

Islas Canarias Espafia

(34) 22 549400

(34) 22 549554 FAX

Fonteneau, Alain

Centre de Recherches Oceanographiques
de Dakar Thiaroye

B.P. 2241

Dakar, Senegal

(99) 585552

(221) 324307 FAX

Freitas, John

3616 Garrison Street

San Diego, CA 92106, U.S.A.
(619) 222-5054
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Barut, Noel
860 Arcadia Building

Quezon Avenue

Quezon City
Philippines

(632) 988517 FAX

Buckley, Troy

Fisheries Research Institute,

School of Fishertes, WH-10,

University of Washington,

Seattle, WA 98195, U.S.A.

E-mail:

Troy Buckley@racesmpt.afsc.noaa.gov

Francis, Bob

Fisheries Research Institute, WH-10
College of Ocean and Fisheries Science
University of Washington

Seattle, Washington, U.S.A.

(206) 543-4276

Gaertner, Daniel
ORSTOM

Apartado 373

6101 Cumana

Edo. Sucre, Venezuela
(58-93) 653612/16 ext. 129
(58-2) 7822343 FAX
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Grimes, Churchill

National Marine Fisheries Service
Southeast Fisheries Science Center
3500 Delwood Beach Road
Panama City, Florida 32408, U.S.A.
(904) 234-6541

Hallier, Jean Pierre

Antenne Orstom

BP 570 Victoria

Seychelles

Email: Hallier@ORSTOM.ORSTOM.FR
24742

Hilborn, Ray

University of Washington

Department of Oceanography

College of Ocean and Fisheries Sciences
Seattle, WA 98195, U.S.A.

(206) 543-0744

(206) 543-0275

Josse, Erwan
Email: josse@ORSTOM.ORSTOM.FR
(689) 439-887
(689) 429-555

Lugo, Ariel

Institute of Tropical Forestry
Call Box 25000

Rio Piedras, Puerto Rico
00928-2500

(809) 766-6569/764-0302
(809) 250-6924 FAX

Medina, Harold

3128 Via Caliente del Sol
Jamul, CA 91935, U.S.A.
(619) 669-1063
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Hall, John

Coastal and Offshore Pacific Corp.
P.O. Box 31554

2255 Ygnacio Valley Road
Walnut Creek, CA 94590, U.S.A.
(510) 937-1556

(510) 937-9251 FAX

Hampton, John

South Pacific Commission
Boite Postale D-5
Noumea Cedex

New Caledonia
687-262-000

687-263-819 FAX

Holland, Kim

Hawaii Institute of Marine Biology
P.O. Box 1346

Coconut Island

Kaneohe, HI 96744-1346, U.S.A.
(808) 236-7410/53-4110

(808) 247-6634,7443 FAX

Lewis, Tony

South Pacific Commission
Boite Postale D-5
Noumea Cedex

New Caledonia
687-262-000

687-263818 FAX

Mclntosh, Greg

Mcintosh Marine, Inc.

621 Idlewyld Dr.

Ft. Lauderdale, Fl, 33301, U.S.A.
(305) 463-4681

(305) 764-1511 FAX

Norris Kenneth

1987 Smith Grade

Santa Cruz, CA 95060, U.S.A.
(408) 427-1305
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Parin, Nikolay

P.P. Shirshov Institute of Oceanology
Academy of Sciences of the USSR

Moscow 117218, Russia
(095) 420-2200 FAX

Rebert, Jean-Paul
ORSTOM Brest

B.P. 70-29280 Plouzane
France

(33-98) 224-501

(33-98) 224-514

Sedell, James

Forestry Sciences Laboratory
3200 Southwest Jefferson Way
Corvalis, OR 97331, U.S.A.
(503) 750-7315

(503) 750-7329 FAX

Solomons, Robert

Porpoise Rescue Foundation
P.O. Box 910271

San Diego, CA 92191, U.S.A.
(619) 543-0384

(619) 298-8781

Turner, Ruth

Museum of Comparative Zoology

Harvard University
Cambridge, MA 02138, U.S.A.
(617) 495-2468

(617) 495-5667 FAX
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Parrish, Julia

Institute for Environmental Studies
Engineering Annex FM12
University of Washington

Seattle, WA 98195, U.S.A.

(206) 543-1812

(206) 543-2025

Richey, Jeffrey

School of Oceanography, WB-10
University of Washington
Seattle, WA 98195, US.A.

(206) 543-7339

(206) 685-3351 FAX

Snedaker, Samuel C.

Division of Biology and Living Resources
Rosenstiel School of Marine/ Atmospheric
University of Miami

4600 Rickenbacker Causeway

Miami ' Florida 33149, U.S.A.

(305) 361-4624/665-9854

Suzuki, Ziro

National Research Institute of Far Seas
7-1, Orido 5 Chome

Shimizu-shi, Shizuoka

424 Japan

(81-543) 34-0715

(81-543) 35-9642

Walsh, John

Department of Marine Science
University of South Florida

140 7th Ave. South

St. Petersburg FL, 33701, U.S.A.
(813) 893-9186

(617) 495-5667 FAX
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BACKGROUND DOCUMENTS FOR THE WORKSHOP ON THE ECOLOGY AND

-A-

FISHERIES FOR TUNAS ASSOCIATED WITH FLOATING OBJECTS

M. Hall, P. Arenas, and F. Miller
The Association of Tunas with Floating Objects and Dolphins in the Eastern
Pacific Ocean. I - ENVIRONMENT AND FISHING AREAS.

M. Hall, C. Lennert, and P. Arenas

The Association of Tunas with Floating objects and Dolphins in the Eastern
Pacific Ocean. 11 - THE PURSE-SEINE FISHERY IN THE EASTERN PACIFIC
OCEAN.

M. Hall, M. Garcia, C. Lennert, and P. Arenas

The Association of Tunas with Floating Objects and Dolphins in the Eastern

Pacific Ocean. III - CHARACTERISTICS OF FLOATING OBJECTS AND THEIR
ATTRACTIVENESS FOR TUNAS.

M. Hall, and M. Garcia
The Association of Tunas with Floating Objects and Dolphins in the Eastern
Pacific Ocean. 1V - STUDY OF REPEATED SETS ON THE SAME OBJECT.

M. Hall, M. Garcia, A. Parés-Sierra, and P. Arenas