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Environmental interactions of Aquaculture

･ Near field effects
Physical changes
Chemical changes
Biological changes

･ Far field effects
Chemical changes
Biological changes

･ Fish culture

･ Shell fish culture

･ Marine algae culture

･ Polyculture (IMTA)

2



Outline

1. Overview of Aquaculture in Japan
2. Impact of Aquaculture
(1) Finfish
(2) Shellfish
(3) Marine algae, Integrated Aquaculture
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Capture and aquaculture production in the world
1960-2008 (FAO)
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Fisheries production volume and value in Japan 5



6



Ratio of aquaculture products in the total production volumeRatio of aquaculture products in the total production volume

64%

95% 100%100%

41%
85%

Fishery Aquaculture

Japanese amberjack 
(Seriola quinqueradiata)

Red seabream
(Pagrus major )

Scallop
(Patinopecten yessoensis)

Oyster
(Crassostrea gigas) 

Wakame seaweed
(Undaria pinnatifida) 

Nori, Laver
(Porphyra spp.) 
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(1) Finfish

Environmental interaction

Fish farming generates large amounts of waste in the 
form of particulate organic matter, dissolved organic 
matter and nutrients. In Japan, the negative effects have 
become conspicuous since 1970s. A large amount of 
organic matter is discharged into surrounding area 
resulting in chemical and biological changes of benthic 
environments in and around the culture facilities.
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(Yokoyama, 2010)

Flux of fish feed (finfish aquaculture)

Organic matter fluxes of fish feed 9



A case study of aquaculture in the Seto Inland Sea, 
Japan (Pawar et al., 2001)

Acid volatile sulfide (AVS) is an common indicator 
for assessing benthic environment 

Impact of finfish aquaculture on benthic quality

Organic matter Reduction and oxidation potential Sulfide content
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(a) Waste feed (%) (b) Fecal matter (%)

(c) Aquaculture derived OM (％）

(Yokoyama et al., 2006)

Impact of finfish aquaculture on benthic quality
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(2) Shellfish culture (Suspended culture)

Environmental interaction

Oyster (Crassostrea gigas) and Scallop (Patinopecten
yessoensis) are the major species of shellfish culture 
which occupy 99% of annual production volume of 
shellfish culture in 2009. Pearl oyster (Pinctada fucata
martensii) is also an important culture species which is 
12 % worth of shellfish culture production values in 2009.

Shellfish culture (no-feeding culture) has much less 
impact than fish culture.  
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Yokoyama (2002)

Environmental impacts of oyster culture and fish culture 

Fish
Pearl

Control

Fish
Pearl

Control

Benthic environments of oyster culture area compared with those of fish culture and control areas
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Scallops
Fouling organisms

(Kurata et al., 1996)

Impact of fouling organisms in scallop aquaculture in Funka Bay
Wet weight of fouling organisms and 
cultured scallop per ear hanging line
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(Ueno et al., 2000)

Organic discharge from pearl oyster culture in Ago Bay

A

B

Cleaning 15



（３）Marine Algae

Environmental interaction

As marine algae absorb nutrients from sea water and reduce 
eutrophication, marine algae culture has positive effects on 
surrounding environments. 

・Integrated Multi Trophic Aquaculture

In Japan the effectiveness of integrated aquaculture has 
been confirmed from experimental fish farms using Ulva, 
Laminaria and Undaria as biofilter.
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Carmona et al. (2006) indicated that Porphyra appears to be an 
excellent choice for bioremediation of moderately eutrophic effluents, 
with the added benefit that tissue may be harvested for sale. 

In Japan the effectiveness of integrated aquaculture has been 
confirmed from experimental fish farms using Ulva, Laminaria and 
Undaria as biofilter. However, this system has not been adopted on 
a commercial-basis, due to the lack of financial reward for the 
farmer’s additional work to implement such measures. 

Requirements for available seaweed species in IMTA 
(1) high efficiency of nutrient removal
(2) high activity during the warm season
(3) high economic value
(4) easy cultivation 
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WG-24 country report on environmental interactions (2011)
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