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oncern about the impact of fishing
on ecosystems and fisheries produc-

tion is increasing (/, 2). Strategies to
reduce these impacts while addressing the
growing need for food security (3) include
increasing selectivity (/, 2): capturing spe-
cies, sexes, and sizes in proportions that
differ from their occurrence in the ecosys-
tem. Increasing evidence suggests that more
selective fishing neither maximizes produc-
tion nor minimizes impacts (4-7). Balanced
harvesting would more effectively mitigate
adverse ecological effects of fishing while
supporting sustainable fisheries. This strat-
egy, which challenges present management
paradigms, distributes a moderate mortality
from fishing across the widest possible range
of species, stocks, and sizes in an ecosystem,
in proportion to their natural productivity
(&), so that the relative size and species com-
position is maintained.

which are not going to be used.” i.e., by-catch
(13). Fisheries worldwide have used species
and size limits (9, 14), gear technology (3,
15), and spatial and temporal fishing restric-
tions (/6) to reduce fishing impacts while
pursuing human benefits.

But selective removals will inevitably
alter the composition of a population or com-
munity and, consequently, ecosystem struc-
ture and biodiversity. Old individuals con-
tribute the most to reproduction (/7). Even
moderate fishing reduces the proportion of

S Balanced fishing across a range of species,
stocks, and sizes could mitigate adverse effects
and address food security better than increased

species and individuals in the North Sea
22) (fig. S1). By contrast, in several Afri-
can small-scale inland fisheries, the fish size
spectrum (23) has been maintained under
intense and diverse fishing activities that
cause high mortality with low selectivity (3,
24) (fig. S1).

Results from models suggest that moder-
ating fishing mortality across a wide range
of species and sizes maximizes overall catch
summed across species while better conserv-
ing biodiversity. Multispecies fishery models

Balanced harvesting ... distributes a moderate mortality from
fishing across the widest possible range of species, stocks, and

sizes 1n an ecosystem.

large and old fish in a population. Selectively

show that increased mesh sizes may reduce
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Potential problems ?

Genetic changes (earlier maturity,
smaller sizes, etc.)

Reproductive changes: larger
Individuals major contributions to
reproduction, higher quality, etc.

Ecological changes; different size
Spectrum.




..abundance is inversely correlated with size



Community size spectrum

The distribution of biomass by body size
follows regular patterns

Biomass

Size

Under conventional selective fishing slope and
Intercept will change
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“With fishing spread over :
@roups and sizes, yields are hlgher“
and impacts of fishing — such as
population extirpations (local
~extinctions) and biomass
depletion- are lower across a
broad range of fishing mortalities.”
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Mortalities of dolphins in 2012, population
abundance, and relative mortality

Relative AIBEE
Incidental Population Stock

. mortalit .
mortality abundance 4 Mortality
(%0) I
Limit

Species and stock

NE spotted dolphin 911,177
W/S spotted dolphin 911,830
Eastern spinner dolphin 790,613

Whitebelly spinner dolphin 711,883

Northern common dolphin 449,462

Central common dolphin 577,048

Southern common dolphin 1,525,207

Other dolphins

Total
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Recent Trend in Dolphin Mortality
2001-2012

Dolphin Mortality

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012




Sea Turtles —




Marine turtie bycestch mitigation in the Exstern Pacific Ocesn
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Fig. 1. Distribution of fishing effort (number of sets)
observed by the program between 2004 and 2010 in 10 x

1o grids

surface longline sets
(in numbers)
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between 12/0 (left) to 18/0 (right). The arrows indicate the

Isheries. A) J-hooks; B)Tuna-hooks and C) circle hooks. Cir
var
straight total width used for the analysis.
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Estimated coefficients for the Binomial GLMM with its standard error (SE), statistical
significance (p) and Odds ratio for categorical variables. The intercept for these )

variables are Jhook
for biook shape, and fish for Bait type

- —

Estima SE P Odds ratio

Intercept 1.31

Hook Shape: -1.80
Circle

Hook Shape: 0.91
Tuna-hook

Hook Size 2.45
Bait type: Squid 0.54
CCL* 0.47




Classification tree of olive ridley sea turtles hooking locations. Each node
shows the variable used for the splits and in the branches the split criteria.
In the leaves or terminal nodes of the tree a bar-plot is showed, with the
proportion of hooking locations in each leaf. The category in each terminal
node corresponds to the dominant hooking location

hooks J-style and Tuna hooks

Bait type

Fizh ; i Swallowed
| Hook size |
i

>=40 mm =40 mm
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TBS fishery EC
Specie or group of species

Thunnus albacares
Thunnus obesus
Xiphias gladius
Coryphaena hippurus
Istiophorus platypterus
Makaira indica
Makaira nigricans

Tetrapturus audax

Acanthocybium solandri
Prionace glauca
Alopias pelagicus
Carcharhinus falciformis
Carcharhinidae @
Sphyrnidae 2
All fishes
Chelonia mydas
Lepidochelys olivacea

All sea turtles

Catch number

Tuna hook Clrcl(é/tl)ook
162 298
101 154
210 223
529 529

55 62
58 65
261 273
117 116
18 47
287 396
592 648
117 171
22 19
34 50
2667 3204
24 16
155 63
180 83

a grouped into families by low numbers or unidentified

species.

Tuna hook

1.21
0.75
1.57
3.94
0.41
0.43
1.95
0.87
0.13
2.14
441
0.87
0.16
0.25
20.09
0.18
1.16
1.34

Circle hook 16/0

2.23
1.15
1.67
3.97
0.46
0.49
2.05
0.87
0.35
2.97
4.86
1.28
0.14
0.37
24.37
0.12
0.47
0.62

<0.001
0.177
0.814
0.917
0.628
0.299
0.464
0.536
0.003
<0.001
0.223
0.019
0.218
0.241
0.001
0.021
<0.001
<0.001



“Decision making” matrix on
the adoption of circle hooks

Sea Turtle
Bycatch
higher

ST Bycatch
same

ST bycatch  gasy to sell, Easy choice  Hard sell
CHE but 2?27




ST Bycatch
higher

ST Bycatch
same

ST Bycatch 2222727 Easy Easy

lower choice choice




Canl lalrgel mesh 'sections in the selne
hielp reduce bycatehes 2

Preliminary look at catches and bycatches in sets on
floating objects made by fleet A (large mesh net), and

the rest of the fleet vessels. 2005 - 2012

Area: 10°N - 5°S 135°W - 150°W.
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Capture per set (Nr. indiv.)

'—l

0.5

Capture of small sharks (SHK), small mahi-mahi (DORA), small wahoo
(WAH), and small rainbow runner per FOB set

B Fleet A M Other vessels

‘_l__

SHK < 50 cm DORA < 30 cm WAH < 30 cm RRU < 30 cm




Capture per set (Num indiv.)
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Capture of small medium-large fishes (MIf) & triggerfishes per FOB set

B Fleet A W Other vessels

MIf < 30 cm (x100)

Triggerfishes
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Capture per set (MT)
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Capture of small tunas (<2.5 kg.) per FOB set

| .
YFT < 2.5 Kg

SKJ < 2.5 Kg

B Fleet A B Other vessels

BET < 2.5 Kg




Capture per set (MT)
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Capture of yellowfin tuna (YFT) per FOB
set

B Fleet A B Other vessels

YFT < 2.5 Kg YFT 2.5-15 Kg YFT > 15 Kg YFT total
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Capture of skipjack tuna (SKJ) per FOB set

W Fleet A W Other vessels

5Kl < 2.5 Kg SKJ 2.5 - 15 Kg SKI > 15 Kg SKJ total




Capture per set (MT)
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10

Capture of bigeye tuna (BET) per FOB set

H Fleet A B Other vessels

BET < 2.5Kg BET 2.5 - 15 Kg BET > 15 Kg BET total




Capture per set (Num. indiv.)
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Capture of sharks by size intervals per
FOB set

B Fleet A M Other vessels

SHK <90 cm SHK90-150 cm  SHK>150cm SHK total




Capture per set (Num. indiv.)
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Capture of mahi-mahi by size intervals per FOB
set

H Fleet A B Other vessels

—

DORA <30 cm DORA 30-60 cm DORA > 60 cm DORA total




Capture per set (Num. indiv.)
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Capture of wahoo (WAH) per FOB set

B Fleet A B Other vessels

T
WAH < 30 ¢cm WAH 30-60 cm WAH > 60 cm WAH total




Capture per set (Num. indiv.)
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Capture of rainbow runner per FOB set
M FleetA W Other vessels
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RRU < 30 cm RRU 30-60 cm RRU > 60 cm RRU total
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Capture of “other medium and large fishes®,
triggerfishes and bait fishes per FOB set
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W Fleet A W Other vessels

o

MIf< 30 ¢m (¥100) MIf 30-60 crm (X100) MIf > 60 cm (x100) Mif total (x100)

Triggerfishes




FIGURE 2
Purse seine net design (tvpical EPO net)

CORE LINE AND NYLON EOPE

FIRST BODY OF THE NET BEFORE SACK SACK

Min observed: 72 fathom (132 m)*
Max observed: 180 fathom (329 my)* )
b -
|
l |
] |
| | |
|
CHAIN
| |
Ve Y Y Y Y YWY
RING

*For vejssels that made 50% or more FO
sets during 2004-2008 - EPO



Pumps for selectivity |







Manta rays




SpeCIeS sD:(Il(JZ\\I“rT:turity Maximum DW

Males Females Males Females

Manta birostris (a) 36m 4m  49m 41m

Mobula japanica (a) 2m <1lm. 24m 28m

M. japanica (b) 21m =21m 24m 23m
Mobula tarapacana (a) 25m 3.0m 3.7m

Mobula thurstoni (a) 1om 18m L.7m

/' M. thurstoni (b) 18m 18m

- M. munkiana (b) 09m 1ilm

%43 Manta alfredi (c) >3m. = 4m

M. alfredi (d) 34m 2./m 30m 3.6m



One pup every 1 — 3 years

Gestation 12 months

Sexual maturity 3 — 6 years

Size at sexual maturity 2m —4 m disc

width
Longevity > 14 yrs — 27 yrs
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ears 1993 1994 1995 1996 1997 1998 1999 2000 2001

Giant manta
Spinetail manta
Chilean devil ray

Smoothtail manta
Munk's devil ray
Unid Manta/devil rays
Total

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Giant manta

Spinetail manta
Chilean devil ray

Smoothtail manta
Munk's devil ray
Unid Manta/devil rays
Total
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Better technigues






Number of sets by year with presence of whale sharks

Number of
sets

35
40
23

61

25
38
22
G10)




Number of whale sharks grouped by quarter and by size




Number of sets with whale sharks by month (2003 — 2012)

—Dolphin sets —School sets —FOB sets
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Month
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Sets with presence of whale sharks grouped by sea surface temperature (°C)
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Whale sharks set presence
¢ 4th quarter
bathymetry

Value
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ALL SPECIES AND FLEETS COVERED
BY THE ANTIGUA CONVENTION

1. report to the IATTC implementation of all the relevant IPOA, National
Plans of Action for reducing incidental catches of the different groups.

2. try to minimize the incidental capture and mortality of all species and
individuals that are not to be retained. Train crews to recognize the priority
species, and the correct handling techniques

3. try to maximize the utilization of all species and individuals of fishes and
invertebrates retained in the net that cannot be released with a high chance
of survival

4. avoid operations in areas where large concentrations of non-target
species are present, especially those most vulnerable to fisheries induced
mortality



. report to the IATTC all catches and bycatches of the spe

evant to the Commission according to the Antigua Convention.

e collection of biological data critical to assess the status of those

populations such as length, sex, weight, age, reproductive status,

etc. should also be implemented, and the results reported to the
Commission.

7. adequate training for identifying species (Observers, port samplers,
etc.).

8. observer programs in fisheries covered by the Antigua Convention

L 4



9. Sharks of the species Carcharhinus falciformis, and C. longimanus, all
species of the Genus Sphyrna, and manta rays of the Genera Manta
and Mobula, captured in fisheries not targeting them, should be
released alive, and as soon as they are encountered in the course of
fishing operations in order to maximize their chances of survival.

Finning is not allowed, and when a shark is retained, the fins should
remain attached,

10. Shark and Manta Ray Workshop to identify procedures for the safe
handling and release of sharks and rays to maximize their chances of
survival, while also accounting for the safety of the crew.

11. Crews should receive training for the safe handling and release of
live sharks, and manta rays.



12. “Shark and manta ray Research Fund” to support mitigation
research,

13. experiments to estimate the survival of sharks and manta
rays released from all gear with significant captures

14. statistically designed sampling programs to collect
standardized catch and effort data, as well as to conduct
biological sampling of sharks and manta rays captured In
fisheries covered by the Antigua Convention or landed in their
ports.



15. All sets on floating objects of any kind in the area north of 8
degrees North should be suspended until the Scientific Advisory
Committee determines that the silky shark population is showing
solid evidence to be recovering from the recent declines. [In this
area 5% of the tuna catches result in 30% of the silky shark
bycatches.

16. The webbing used under FADs should be prohibited and
subsequently replaced by non-entangling materials and structures no
later than January 1st, 2014.

17. Sets on whale sharks, should be avoided, and when an accidental
capture happens, a mechanism to release whale sharks alive should
be identified as the best practice.



18. If large aggregations of sharks or manta rays are detected
before a set is made, they should be cut out of the set, or the
set should not be made.

19. During the setting, the floating object should be towed out

of the net by a speed boat, trying to attract the sharks out of
the net.

20. Experiments to identify and develop means of attracting the
sharks out of the area to be encircled, or out of the net, at

any stage previous to sacking up should be carried out as
soon as possible.



21. Wire leaders should not be used as terminal gear In
longline fisheries targeting tunas or billfishes beginning
on January 1st, 2014.

22.research to identify means of reducing non-target
catches of sharks in longline fisheries

23. monitoring programs, Including through
Implementation of Resolution C-11-08, in order to study
Incidental catches of sharks and to identify possible
mitigation strategies



Q .
4. A speedboat with a crew person should be placed in the area

where the net ascends to the power block to release turtles
entangled in the net.

' 25. Sea turtles encountered entangled in the webbing hanging

B 4

under FADs shall be released by the crew of the seiner,
regardless of the origin of the FAD.

26. Sea turtles that were inadvertently brought to the deck
should be released as soon as possible, following the best
practices available. If they were comatose, they should be
allowed to recover before release.




AII longliners longer than 20 m shall carry the following equipment
on board to facilitate the release of sea turtles:

a) A dipnet to lift the turtles to the deck of the boat.
b) Two types of dehookers (V-shaped and pig-tailed)
c) A line cutter

d) A mouth-opener

28. Adopt circle hooks when they have no adverse effects on the
catches, or experiment with other types of hooks and baits when the
~adverse effects prevented their adoption.

29. Train the longline crews in the Best Practices to release sea turtles



30.economic incentives for mitigation

31.For lines manufactured with floating materials
(e.g. polypropylene), replace section connecting
the float to the mainline with nylon monofilament
or other non-buoyant materials, and add the
necessary weight to sink the line in the vicinity of
the floats to prevent entanglements.

32.Avoid setting In the proximity of sea turtle
nesting beaches during the nesting season. The
map attached shows the main nesting beaches
and seasons



33 Iongline vessels of more than 20 metérs gth
overall that use hydraulic, mechanical, or electrical
systems north of 23°N and south of 30°S, plus the
area bounded by the coastline at 2°N, west to 2°N-
95°W, south to 15°S-95°W, east to 15°S-85°W, and
south to 30°S (Fig. 1) to use at least two of the

mitigation measures listed below (Table 1

Table 1. Mitigation measures



Mitigation Description Specification
No setting between Nautical dusk and nautical dawn are defined as set out in the
nautical dawn and before Nautical Almanac tables for relevant latitude, local time and date.
nautical dusk.
Minimum deck lighting should not breach minimum standards for

o safety and navigation.
Deck lighting to be kept

to a minimum.
Bird-scaring lines shall be For vessels greater than or equal to 35 m:

deployed during the o Deploy at least 1 bird-scaring line. Where practical, vessels
entire longline setting to are encouraged to use a second tori pole and bird scaring line
deter birds from at times of high bird abundance or activity; both tori lines
approaching the branch should be deployed simultaneously, one on each side of the
line. line being set.

o Aerial extent of bird-scaring lines must be greater than or
equal to 100 m.

o Long streamers of sufficient length to reach the sea surface in
calm conditions must be used.

o Long streamers must be at intervals of no more than 5m.

For vessels less than 35 m:
o Deploy at least 1 bird-scaring line.
o Aerial extent must be greater than or equal to 75 m.
o Long and/or short (but greater than 1 m in length) streamers
must be used and placed at intervals as follows:
-  Short: intervals of no more than 2 m.
- Long: intervals of no more than 5 m for the first 55 m of bird
scaring line.
Additional design and deployment guidelines for bird-scaring lines
are provided in Annex 1 of this Resolution.
Line weights to be o Greater than a total of 45 g attached within 1 m of the hook
deployed on the snood or;
prior to setting. e Greater than a total of 60 g attached within 3.5 m of the hook



36.inform the IATTC annually of the mitigation measures that their flag
vessels plan to employ in the implementation of this resolution.

37.seabirds captured alive during longline fishing operations are released
alive and in the best condition possible

38.implementation of this resolution no later than ............ for their longline
vessels equal to or greater than 24 meters in length overall, and no
later than ............. for their longline vessels of 20 m - 24 m in length
overall.

W

Vessels propelled by outboard motors are not subject to this resolution
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Guidelines from OPAGAC and ANABAC to release whale
sharks from purse seines:

“Whale Sharks

Concerning whale sharks we are aware about the great difficulty of
their release, concluding that the maneuver currently applied is the
most appropriate and the only practical thing to do once a whale
shark is caught. The specific protocol is as follows:

The crews should take all possible measures to avoid, by all means,
mortality of whale sharks. If a whale shark is found encircled in the
set, the net should be carefully pulled up to confine it in a small
area of the bag. At this time, depending on the circumstances of
the sea as well as the animal's behavior and always preserving the
safety of the crew, the following measures might be taken:



A) When the whale shark floats on the surface

A.1l. — The crew must carefully pull the net to approach the whale shark to
the nearest corkline. The net should always be pulled from the animal's tail
side and below the ventral side, trying to make the fish slide towards the
corkline.

A.2. - If it is a small-sized shark (less than 2m long) it can be directly
scooped out and released using the dip net.

A.3. - Free the corkline to facilitate the exit of the whale shark, sinking the
corkline.

A.4. - Wait for the whale shark to swim out of the net by its own means.

A.5. - Collection of the catch will only take place once the shark is freed
from the net.



B) When the whale shark does not appear on the surface.

The loading of the catch can be carried on until the shark appears on
the surface. At that time the loading shall be suspended and procedure
explained in Section A) above should be followed.

C) When the whale shark pushes the net with his head before
lowering the corkline.

There are occasions on which the shark pushes the net attempting to
escape, before the corkline can be brought down and it becomes
difficult to push it back in order to lower the corkline. In this case the
corkline should be lowered from the ship using poles or rods so the
animal can free its head over the corkline.



D) In case the shark is trapped in the bag with the
head towards the stern of the boat ‘

The operation to try to free the animal over the corkline
becomes more difficult, therefore a more effective
maneuver, once the shark is in the bag, will be to locate
the net’s joint nearest to the head of the animal,
proceeding to cut a couple of fathoms of the seam of
the joint providing a window for the shark to get out
lowering the drapes a bit until sinking that window.

Regardless of the circumstances and the actions
undertaken, after the animal’s release the crew will
check whether it behaves normally and record the
operation in the logbook. In case any unusual behavior
IS perceived, it will also be noted in the logbook.”
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