
The Tuna The Tuna –– Dolphin Problem: Dolphin Problem: 
Impacts and TradeImpacts and Trade --offsoffs



The Eastern Tropical PacificThe Eastern Tropical Pacific

(Average chlorophyll � - September 1997 to August 2000, SeaWiFS - NASA)

ETP



Water TemperatureWater Temperature

Sea Surface Temperature 
(December)

• Symmetrical cold water                
(north / south) to the east

• Warmer water to the west

Sub-Surface Temperature 
(December)

• Shallow thermocline (~ 50 m) 
in the east

• Deepening progressively  to 
the west (~150 m) 



Ocean Currents & ProductivityOcean Currents & Productivity

(Average chlorophyll � - September 1997 to August 2000, SeaWiFS - NASA)



The Target Fish SpeciesThe Target Fish Species

YellowfinYellowfin tuna                 tuna                 
((ThunnusThunnus albacaresalbacares))

Skipjack tuna Skipjack tuna 
((KatsuwonusKatsuwonus pelamispelamis))

What Factors Affect Tuna Distributions ? 
• Food:  prey concentrations

• Temperature:  vertical and horizontal

• Oxygen:  aerobic / high metabolism

• Water clarity:  visual predators



Association Between Tunas and DolphinsAssociation Between Tunas and Dolphins

•• Small tuna swim around on their own, sometimes in Small tuna swim around on their own, sometimes in 
association with association with ““logslogs””

•• Larger tuna follow dolphins Larger tuna follow dolphins –– feed on similar preyfeed on similar prey

•• FoodFood--relatedrelated

-- Dolphins better                                                Dolphins better                                                
at finding food ?at finding food ?

-- Competition ?Competition ?

-- Facilitation ?Facilitation ?



The Dolphin SpeciesThe Dolphin Species

Spinner dolphin (Spinner dolphin (StenellaStenella longirostrislongirostris)) Spotted dolphin (Spotted dolphin (StenellaStenella attenuataattenuata))

Common dolphin (Common dolphin (DelphinusDelphinus delphisdelphis))



The Fishing GroundsThe Fishing Grounds

4 water masses (habitats) Multinational

Tropical, equatorial, N / S subtropical

Defined by SST, thermocline depth,                      
oxygen concentrations

Many national E.E.Z.s

High Seas

International Agreements



The Purse Seine FisheryThe Purse Seine Fishery

High temperature
Low salinity
High pO2

Low temperature
High salinity
Low pO2

Sharp thermocline (50-100 m)



Fishery Exploits Tuna Fishery Exploits Tuna –– Dolphin AssociationDolphin Association



High Tech FisheryHigh Tech Fishery



How dolphins are involved in the fisheryHow dolphins are involved in the fishery

The problemThe problem
•• Dolphins can be killed during purseDolphins can be killed during purse--seining operationsseining operations

•• About 2 / 3 of About 2 / 3 of yellowfinyellowfin tuna are caught in association with dolphinstuna are caught in association with dolphins

•• Keep fishing but reduce dolphin mortality to acceptable levelsKeep fishing but reduce dolphin mortality to acceptable levels



ProblemsProblems

“Disaster Sets”

• Net Collapse

• Gear Malfunction

• Night-time sets 



History History -- II

•• In the early years (1960s), very high mortality of dolphinsIn the early years (1960s), very high mortality of dolphins
–– Between 200,000 and 500,000 animals per yearBetween 200,000 and 500,000 animals per year

–– Mostly eastern spinner and offshore spotted dolphinsMostly eastern spinner and offshore spotted dolphins

•• 1972 Marine Mammal Protection Act introduced in the USA1972 Marine Mammal Protection Act introduced in the USA
–– Rules about not setting on protected speciesRules about not setting on protected species

–– Observers on a sample of fishing tripsObservers on a sample of fishing trips

–– BackdownBackdown procedure mandatoryprocedure mandatory

–– Dolphin mortality declined to around 10,000 to 20,000 per yearDolphin mortality declined to around 10,000 to 20,000 per year



History History -- II

(WSFSC, NOAA)



History History -- IIII

Early 1980s Early 1980s -- Expansion of nonExpansion of non--US fleet                             US fleet                             
Increase in overall fishing effortIncrease in overall fishing effort

Mid 1980s Mid 1980s –– Dolphin mortality increased to 100,000Dolphin mortality increased to 100,000

1988 1988 -- Reauthorisation of US MMPAReauthorisation of US MMPA

–– Observers on all trips, embargo on nonObservers on all trips, embargo on non--compliant importscompliant imports

1990 1990 -- ““Dolphin safeDolphin safe”” policy implemented by canneriespolicy implemented by canneries

–– Majority of US fleet moved westMajority of US fleet moved west

1991 1991 -- Mexico challenged USA under GATT Mexico challenged USA under GATT –– and wonand won

1992 1992 -- International Dolphin Conservation Program startsInternational Dolphin Conservation Program starts



History History -- IIII

(WSFSC, NOAA)



History History -- IIIIII

(WSFSC, NOAA)



International Dolphin Conservation ProgramInternational Dolphin Conservation Program

•• Objectives: Objectives: 
-- To reduce dolphin mortality to To reduce dolphin mortality to 
levels approaching zerolevels approaching zero

-- To find other ways of catching To find other ways of catching 
large large yellowfinyellowfin tunatuna

-- To take an To take an ““ecosystem approachecosystem approach””, , 
including reducing all including reducing all bycatchbycatch0
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• Outcome:                
Bycatch reduced with 
no long-term decline            
in fishing effort

(WSFSC, NOAA)



First Option for the Future First Option for the Future ……

Continue current practice:  set on dolphinsContinue current practice:  set on dolphins
–– Mortality of dolphins is low (relatively)Mortality of dolphins is low (relatively)

–– Populations of dolphins stable or increasingPopulations of dolphins stable or increasing

–– No conservation concerns, except No conservation concerns, except ……

Stated Objective 2: Stated Objective 2: ““Reduce mortality to zeroReduce mortality to zero””
–– Which means stopping all dolphin setsWhich means stopping all dolphin sets

SO …



Dolphin Stocks Not Recovering Dolphin Stocks Not Recovering -- DataData

Spinner dolphin (Spinner dolphin (StenellaStenella longirostrislongirostris))

Spotted dolphin (Spotted dolphin (StenellaStenella attenuataattenuata))

(Wade et al., 2007)

19%

29%



2006 Cruise 2006 Cruise –– Population Estimate Population Estimate 

Spotted dolphins: 

- One stock increasing

- One stock decreasing

Spinner dolphins:          
- Both stocks increasing

The study area and 
survey effort (NOAA)

(Gerodette et al. 2008)



Oceanographic VariabilityOceanographic Variability

Conditions vary from year to year – especially in tropical Pacific



Dolphin Stocks Not Recovering Dolphin Stocks Not Recovering -- HypothesesHypotheses

Possible subPossible sub--lethal effects on dolphins:lethal effects on dolphins:

•• Mom Mom –– calf pairs separatedcalf pairs separated

•• Stress from encircling Stress from encircling 



Mean temperature of the world Mean temperature of the world 
ocean from the surface ocean from the surface 
through 3000through 3000 --meter depth for meter depth for 
the period 1948the period 1948 to 1998.to 1998.

Substantial increases in heat Substantial increases in heat 
content occurred in  300content occurred in  300 --1000 1000 
meter layers of each ocean. meter layers of each ocean. 

The Atlantic and Pacific The Atlantic and Pacific 
Oceans have undergone a net Oceans have undergone a net 
warming since the 1950s and warming since the 1950s and 
the Indian Ocean has warmed the Indian Ocean has warmed 
since the midsince the mid --1960s. 1960s. 

The warming is not monotonic.The warming is not monotonic.

Changing Ocean ClimateChanging Ocean Climate

(Levitus et al. 2000)



Dolphin Stocks                              Dolphin Stocks                              
Responding                         Responding                         

(2008)(2008)

Eastern Tropical Pacific Ocean Dolphin Populations Eastern Tropical Pacific Ocean Dolphin Populations 
Improving Improving -- ScienceDailyScienceDaily (June 6, 2008) (June 6, 2008) 

The numbers of Northeastern offshore spotted and eastern The numbers of Northeastern offshore spotted and eastern 
spinner dolphins in the eastern tropical Pacific Ocean spinner dolphins in the eastern tropical Pacific Ocean 
are increasing after being severely depleted because are increasing after being severely depleted because 

of accidental death in the tuna purseof accidental death in the tuna purse--seine fishery seine fishery 
between 1960 and 1990, according to biologists from between 1960 and 1990, according to biologists from 

NOAA's Fisheries Service.NOAA's Fisheries Service.



Slower Population Slower Population 
Growth (2008)Growth (2008)

Dolphin Population Stunted By Fishing Activities, 
Study Finds - ScienceDaily (Dec. 2, 2008) 

Despite "dolphin safe" practices, fishing activities have 
continued to restrict the population growth of the 

northeastern pantropical spotted dolphin
(Stenella attenuata attenuata)

Results: The proportion of adult animals in the photo graphs with
a calf, and the length at which calves disassociate d from 

their mothers (a measure of the length at which the c alves 
stop nursing), declined with increasing fishing effo rt.



Second Option for the Future Second Option for the Future ……

Change current practice: set on logs / schoolsChange current practice: set on logs / schools
–– Mortality of dolphins is low (relatively)Mortality of dolphins is low (relatively)
–– Populations of dolphins stable or increasingPopulations of dolphins stable or increasing
–– No conservation concerns, except No conservation concerns, except ……

Stated Objective 3: Stated Objective 3: ““Take an ecosystem Take an ecosystem 
approach, including reducing all approach, including reducing all bycatchbycatch””

–– Which means dealing with other species:Which means dealing with other species:
target / nontarget / non--target fishtarget fish
turtlesturtles
seabirdsseabirds

SO …



Consequences Consequences 
of stopping of stopping 

dolphin sets: on dolphin sets: on 
tuna productiontuna production

% 
Mature

Discards (small tuna):

(A) Log sets:        30.2 %

(B) School sets:     4.2 %

(C) Dolphin sets:    0.5 %

(A)

(B)

(C)



Consequences of stopping dolphin sets:Consequences of stopping dolphin sets:
on on bycatchbycatch of nonof non --target speciestarget species

Per 10,000 setsPer 10,000 sets School setsSchool sets Log setsLog sets Dolphin setsDolphin sets

(n = 1060)(n = 1060) (n = 324)(n = 324) (n = 764)(n = 764)

DolphinsDolphins 88 3131 4,5004,500

Small tunasSmall tunas 5,320,0005,320,000 128,700,000128,700,000 833,000833,000

MahiMahi mahimahi 1,8111,811 402,577402,577 628628

SharksSharks 17,63217,632 133,920133,920 5,1045,104

WahooWahoo 208208 52,46952,469 1313

Rainbow runnersRainbow runners 255255 42,06842,068 00

Other small fishOther small fish 1,7081,708 10,12310,123 523523

BillfishBillfish 2,3492,349 9,1059,105 759759

YellowtailYellowtail 4747 5,8955,895 3939

Sea turtlesSea turtles 471471 617617 143143

Other large fishOther large fish 1,1511,151 8,6118,611 00

Trigger fishTrigger fish 283283 34,93834,938 00

(Hall 1998)



““ Ecological AssessmentEcological Assessment ””
““ LogLog ”” fishingfishing ““ DolphinDolphin ”” fishing fishing 

TUNA CATCH:TUNA CATCH:

Average size of tunaAverage size of tuna 2.1 kg2.1 kg -- 22.7 22.7 -- 56.8 kg56.8 kg ++
Reproductive Reproductive 
conditioncondition

ImmatureImmature -- MatureMature ++

Discards of tunasDiscards of tunas 30%30% -- 0.5%0.5% ++
BYCATCH (per set)BYCATCH (per set)

DolphinsDolphins <0.1<0.1 ++ 0.50.5 --
Sea turtlesSea turtles 0.10.1 -- <0.1<0.1 ++
SharksSharks 13.413.4 -- 0.50.5 ++
MahiMahi mahimahi 40.340.3 -- <0.1<0.1 ++
WahooWahoo 5.25.2 -- <0.1<0.1 ++
BillfishesBillfishes 0.90.9 -- <0.1<0.1 ++

(Hall 1998)



DiscussionDiscussion

(Norris & Hall 2002)

How many billfish,  
how many sea turtles, 
how many sharks is 
one dolphin worth?
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