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Grey dots: wild pink salmon
Black dots: wild pink salmon exposed to salmon farms.
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Annual production (metric tons)

Production of farmed salmon and shrimp
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Table 1 Global weight and value for nine of the most widely consumed
aquaculture species'®’

Species 1997 weight Annual weight growth 1997 value in
(kilotonnes) (1987-97) % US$ (millions)
Common carp 2,237 7.6 2,709
Grass carp 2,662 15.9 2,444
Silver carp 3,146 7.8 2,917
Nile tilapia 742 18.0 885
Channel catfish 238 3.4 372
Atlantic salmon 639 22.4 2,113
Milkfish 393 1.7 697
Giant tiger prawn 490 10.6 3,501
Pacific cupped oyster* 2,968 9.5 3,164

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

*Weight includes shell.

Naylor et al. 2000: Nature 405:1017-1024
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Table 2 Wild fish inputs used in feed for the ton types of fish and shell fish most commonly farmed in 1997
Farmed fish Total production Peccentage Production with  Percentage fishmesl  Percertage Ssh  Average feed Wid fish used for  Ratio of wild e

atONNes) produced with compound feeds in feed ol in feed conversion ratlo  Sehned Jdictarmes)  %ad farmed fisht
compound feeds (Acnnes)
[y weight)

Marina firdish 754 50 377 50 15 2.2 1.944 5186
el 233 S0 "7 50 10 2 546 469
Maring Sheimp 942 [ 725 30 2 2 2040 28
Samon 737 100 ar a5 25 1.5 2332 318
Trout 473 100 473 kL 2 1.8 1,184 245
Tiapia 2] 35 31 1% 1 2 &06 1.41
Midish ke = 7] 20 78 10 3 2 74 0.94
Catfish 428 &2 % 10 3 1.8 296 084
Caph

Fed 6,985 a5 2,445 8 1 2 1,834 075

Fiter-foading 5189 0 0 - - - - -
Maoluscs 7.321 0 0 - - - - -
T 24,400 5654 10,685 1.90

* Tawoan fom refts 1, 16, 23 and A Tacon, Dersonal communication,
+ Ratio s wikd fish uad for Sehymedl 10 frmed sl produced using compound feeds. Ve sssurns & 501 Conversion ratio of Ssh [Nt weigins ] 10 febmesl and 1t one-sixtsenth of fefyrey 15 cbtained fom

processing !
$ Marine firfish (other than saimon, wiich s lsted separinely Decauss it 5 dadromous and because of its market sigriicance] includes flounder, halitut, sole, codl, halas, haddock, redfish, seabass, congers,

una, bonto and bitish,
§ Fed carp refers 10 carp species that are sometimes fed compound feeds. Fiterdeeding carp are siver carp, bighead carp and catla.

Naylor et al. 2000: Nature 405:1017-1024



From 1988-1997, fishing wild salmon increased by 27%.

Naylor et al. 2000: Nature 405:1017-1024



About 80% of carp and 65% of
farmed tilapia are not fed with
manufactured products

Naylor et al. 2000: Nature 405:1017-1024



€ Quaternary Cons.
€ Tertiary Cons.
&Secondary Cons

In nature, only about 10% of the energy from one trophic level makes it
to the next trophic level—the rest is lost as waste. (For example, it
should take 10 Ibs of prey to make 1 Ib of predator.)

Fish and other cold-blooded animals have a natural advantage because
they are more efficient converters of energy (10-40% efficiency for
marine animals instead of 5-10% efficiency for birds and mammals)

http://www.cod.edu/PEOPLE/FACULTY/FANCHER/TrophicPyramids.htm



Aquatic
production
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Aquaculture

Chicken
Pigs
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Terrestrial
agriculture

1997 data.
Numbers are in units of

megatons (million metric
tonnes) of fish.

Naylor et al. 2000: Nature 405:1017-1024



To farm milkfish and shrimp, hundreds of thousands of hectares
of mangroves and coastal wetlands have been destroyed.

In Thailand, destroying enough mangrove to produce 1kg of
shrimp destroys the habitat that would have produced 400 g of
wild-caught fish and shrimp.

10% of Thailand’s mangroves have been converted to shrimp
farms since 1980.

Naylor et al. 2000: Nature 405:1017-1024



Some farmed fish are grown up from wild-caught fry (baby
fish).

Giant tiger shrimp farms in India and Bangladesh, for example,
fish for fry to farm, discarding up to 160 fish and shrimp fry for
every one fry they keep.

Naylor et al. 2000: Nature 405:1017-1024
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Arctic terns Puffins eat sandeels
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Farmed Atlantic salmon escape from fisheries in British Columbia and Washington
state. The number of captured escapees (1987-1995) is represented with fish of
different sizes in the figure.

133° 128* 123*
T T 9 T
s single reported fish.

* relative size indicates catch size.
n indicates actual caich per area.
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McKinnell et al. 1997: Aquaculture Research 28:145-157



—

Catch per 100 hooks Catch per 100 hooks

Catch per 100 hooks

Abundance of predatory fish has declined
since “industrialized” fishing began
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Fishing leads to trophic cascades

 Fishing of sharks = increased grouper - decreased
parrotfish - increased algae - decreased coral (Dulvy
et al., Ecology Letters 7:5, 410-416; J. Bascompte, C. J.
Melian, E. Sala, Proc. Natl. Acad. Sci. U.S.A. 102, 5443
(2005). )



Trophic cascade

Sharks hunted for sharkfin soup.
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Skates and rays eat bivalves—their populations are decreasing too.

Myers et al. 2007: Science 315:1846-1850



From 50-90% of protein fed to shrimp and salmon ends
up as nitrogen pollution in the water

Only 1-2% of N and P pollution in Mexican waters comes
from fish farming

Could potentially cause algal blooms and disrupt marine
ecosystems....this is still controversial

Still unknown how well the tides disperse nutrient
overloading

Low oxygen resulting from nutrient pollution (dead zone)
in immediate vicinity of cages (Holmer and Kristensen,
1992. Marine Ecology Progress Series 80: 191-201).



* Heavy use of antiparasitics in farmed fish
may foster drug-resistant parasites

* Antiparasitics used in Maine salmon
aquaculture are toxic to shrimp and
lobster, so net effect on fishery production
may actually be negative (Haya et al.,
2001, Journal of Marine Science 58:
492-496)



* Herbivorous fish and shellfish (tilapia, clams, mussels,
oysters, catfish, carp) can actually improve water clarity
by filtering eating algae

« Tilapia, carp, and mussels suppress algae and other
green plankton,,,...it has been proposed that farming
these animals could be a way to clean up polluted lakes
and streams (Turker et al., 2003; Aquaculture 215:1-4,
93-101)



 If integrated with agricultural systems (growing seaweed,
rice or other aquatic plants) nutrient-rich effluent from
fish farms could be used as a fertilizer



« QOverfishing of oysters in Chesapeake Bay led to a
decline in ability of the bay to process toxic pollutants
(residence time of pollutants increased 100 fold)

* Maryland is currently trying to increase mollusk (oysters,
clams, etc) numbers in order to clean up the bay



Introduction of foreign abalones and oysters has brought with

them parasitic worms, snails and seaweeds (Naylor et al.,
Science 294(5547): 1555-1556)



« Salmon often escape from aquaculture and interbreed
with wild salmon

* Domestic salmon are faster-growing and more
aggressive feeders, but also less well equipped to deal
with predation and have lower survival in the wild.

 Farmed salmon genes could ‘'swamp’ the wild gene pool
with lower quality genes and leave them less genetically
fit (Gross, 1998: Canadian Journal of Fisheries and
Aquatic Science, Supp. 1: 131-144)



« Cultivated fish and mollusks, in areas where they are not
native, could potentially become invasive

— Black carp has escaped into the wild in ALL countries
where it is cultivated

— Northern Snakehead, cultivated in China and Korea,
IS now invasive in India, Africa, and N. America

— Tilapia have become invasive in Australia and N.
America

— The attributes that make for a good farmed fish
(tolerance of varied water quality, fast reproductive
rate, etc.) also increase risk of invasiveness

« Black carp an invasive in Missisippi Basin in 2003: pose
a potential competitive thread to other filter feeding fish
like paddlefish, buffalo, shad



* Fish are critical food source for people worldwide

* 16% of global human protein production: higher in
coastal areas and in developing countries



Estimating fish stocks can be difficult

The biology of fish population growth and
interactions with other fish species are not well
understood

How to define sustainable harvesting rate?
Should it be defined as a number of catches? A
certain number of trips? A percentage of the
stock removed?

Interactions of fishing and weather can lead to
unpredictable effects on populations



* Fish are mobile and move between
different national waters so regulation is
difficult
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Needed for sustainable fishery:

Ability to monitor populations
and adjust harvesting rate

Moderate harvesting rate

Marine reserves that allow
population to reproduce

Technologies that involve as
little impact to environemnt and
other species as possible

Even when sustainable, there

will still be tradeoffs.....e.qg.
fishery in Falklands has

reduced penguin populations,
sustainable fisheries in Alaska

have reduced seals
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Examples of sustainable fish farming

Tilapia (tropical fish): largely
herbivorous

Eats algae and weeds but can be
fed on grain

Reproduce fast, can tolerate a
range of salinities and water
quality

Can improve water quality by
filtering out algae and
cyanobacteria (remove 60-60% of
algae, Turker et al.

Effluent often used to fertilize rice
or other crops




Clams, oysters, mussels

Filter feeders: can help clean the
water in an area

Mostly herbivorous (feed off algae in
water)

Raising the young is energy-intensive
but adults do not need feeding

Can increase diversity in immediate
area

Non-mobile organisms so harvesting
is contained

“Few environmental impacts”
according to FAO

Maryland considering increasing
mollusk production in part to improve

water quality

In general, most sustainably raised
organisms are herbivorous (tilapia,
carp, catfish, mollusks)




