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This training session will introduce students to the concepts 
and practices of Environmental Management in aquaculture, 
using fish cage culture as an example.

30 minutes :  General introduction and talk on what 
environmental management is and why it is important.

1 - 1.5 Hours: Some basic techniques on how data is 
collected and presentation of information. 

1 Hour : A discussion on environmental requirements in 
China, where WE will use the information provided above 
to decide what is important.
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� Wastes
� Nutrients – soluble and particulate
� Chemotherapeutants
� Antifoulants

� Diseases and their transmission
� Infectious
� Parasites

� Escapees
� Genetic and resource competition



Soluble nutrient wastes (N & P)

� Poor water quality
stress on cultured 
resource

� Hypernutrification
oxygen depletion in 
enclosed/sheltered 
conditions
implications for food 
web changes ??

� High mixing or 
dilution – difficult to 
calculate or assess



Particulate nutrient wastes

� Uneaten food & faeces
� Increase in sediment 

nutrients:
� changes in sediment 

composition

� increased microbial 
production

- oxygen depletion/anoxia
- sulphur reduction

� change in benthic biodiversity
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Particulate nutrient wastes

Change in nature of sediments



Chemotherapeutants

� Antibacterials
� Antiparasiticides

� Bath treatments
� Infeed treatments

� Antifoulants
� Copper based



Environmental management

Site selection Likely environmental 
effects

Monitoring

Baseline surveys
-Water
-Sediments
-Fisheries

On-going surveys
- Water
- Sediments
- Fishery related

Predictive tools
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• Environmental Impact Assessment (EIA) - “a 
process for identifying the likely consequences for the 
environment and for man’s welfare of implementing particular 
activities, in our case a fish farm, and presenting this information 
to those responsible for approving the proposals, at a time when
it can affect their decision”

• Environmental Impact Statement (EIS) - a report or 
statement in which an EIA is presented to the decision maker. 

• Environmental Impact - the change in an environmental 
parameter, over a specified period and within a defined area, 
resulting from a particular activity compared with the situation
which would have occurred had the activity not taken place.

EIA - definitions



Identification of the projects requiring an EIA

• EIA may not be necessary in all projects

• PreEIA assessment (screening)

• Many countries have lists of type of development that must have 
an EIA

• Main concerns are: project activity, size and consequences of 
likely impacts

• Location is also an important factor, e.g. even small projects 
would require an EIA in environmentally sensitive areas

• Due to complexity of factors taken into account there is no 
standard methods for screening



Identification of impacts to be assessed (scoping)

• Many impacts small and superficial

• Small number of significant impacts. Defining what these are is 
“scoping”

• There are many points of view as to the importance of an impact 
so scoping consult interested groups, e.g. planners, local 
populations, scientists, environment agencies, local resource 
users.



Methods

• No fixed methods

• Selected by the investigation, to fulfill certain aims, usually in 
conjunction with the decision maker or legislative authority

• Some methods are theoretical and desk based using simple 
data

• Other methods use modeling techniques, or expert assessment, 
based on baseline data

• Expert knowledge of a system is important to interpret results as 
to impacts



Three main 
components of an 
EIA system

EIA - The Process

Prepare final EIS

Define
proposal

Uncertain

Initial environmental
evaluation

No EIA
required

EIA requiredReject

Approve
Define issues

Identify impacts

Predict impacts

Assess impacts

Identify
monitoring and

mitigation

Prepare draft EIS

Review

Reject

Approve

Implementation

Monitor

Audit

Scoping

Monitoring

Auditing

1

2

3



European Guidelines

Description of physical characteristics of the project, including 
land based facilities, roads and transport

Description of the production processes

Estimate of type and quantity of expected residues, including 
nutrient waste and chemicals used

Description of those aspects of the environment likely to be 
significantly affected (baseline study)

Likely effects on other beneficial users of the sea area, including 
scenic

Description of likely effects on the environment by waste 
and chemicals used (hydrodynamic study)

Description of measures to avoid, reduce or remedy adverse 
effects



Survey and data analysis

Residual current

Solid waste

Soluble waste



Soluble wastes (marine waters)

• Poor water quality - stress on cultured resource

• Eutrophication - change in plankton composition; 
plankton blooms

• Determinands: DO, 
ammonia, nitrate, 
nitrite, phosphate, 
chlorophyll ‘a’, 
BOD, suspended 
solids, pH

• High mixing and 
dilution, long term 
effects are very 
difficult to evaluate

Survey and data analysis - surveys 



• Impacts from particulate 
waste that settle to seabed

• Increase in sediment 
nutrients, which leads to:

– changes in sediment 
composition

– increased microbial 
production

• oxygen depletion and anoxia
• sulphur reduction

– change in biodiversity of 
the benthos

Particulate wastes (sediments)

Survey and data analysis - surveys 
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• Changes in sediment composition
– Particle Size Analysis and observational data

• Changes in sediment chemistry
– organic carbon
– nitrogen
– redox potential
– sulphide content

• Variation in benthic biota
– presence of Beggiatoa
– indicator species (macro/meiobenthic)

– community structure (macro/meiobenthic)

Survey and data analysis - surveys 



Survey and data analysis - surveys 

• Baseline survey
– provides initial data to show pristine condition for 

subsequent comparison
– will the site support aquaculture

• Monitoring survey
– provides data on present impacts (in relation to 

controls and baseline data)
– used for management decisions



Survey and data analysis - sampling 

Measurements:

• hydrography and bathymetry
• observational information 
• redox potential
• particle size analysis
• sediment carbon and nitrogen
• identification and counting of macrobenthos



Considerations:
• frequency of sampling ? 
• replication ?
• positions of sample stations ?
• sampling method ?
• analysis method ?

A

D

B

C

0 15 30 50 75 100

Possible sample station layout 
at fish cages (water,sediments)

flow

Survey and data analysis - surveys 



Survey and data analysis - hydrography

Speed:

>15 cm/s good flow, high 
dispersion

10 - 15 cm/s good dispersion

5 - 10 cm/s some dispersion

< 5 cm/s little dispersion

Direction:

In relation to map to see where 
waste will go. Even if dispersion 
good waste may be distributed to 
sensitive areas.

Is there a residual current flow?

Valeport 105 current meter
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Survey and data analysis - bathymetry 

• Use echosounders at 
the site

• Information from charts 
for surrounding location, 
e.g.
– slope
– proximity of coastline



Diver operated samplers, photography or video
Samples taken at 
known distances 
from discharge 
source

Photos usually on 
marked stations or 
cores

Pictorial comparison; 
subjective and 
objective (image 
analysis) techniques

Good record of 
change Clean Moderate Heavy

Survey and data analysis - sampling 



Survey and data analysis - sampling

Remote benthic sampling



Acoustic methods
• echo-sounders

• side-scan sonar

After MacDougall & Black, 1999)

Survey and data analysis 



Survey and data analysis - observation info.

Station Depth
(m)

Sediment colour Sediment
consistency

Sediment
textur e

Smell of
H 2S

Control Grey Fine sand, some
shell

Soft No

50 m N Light brown/grey Fine sand to 5
cm then clay

Soft No

25 m N Brown/grey Fine sand to 5
cm then clay

Soft No

Mid Black Fine sand/mud Soft Yes,
some

Beggiotoa
0 m S Dark brown/grey

surface, black below
3 cm

Fine sand Soft No

25 m S Dark brown/grey Fine sand to 4
cm then clay

Soft No

50 m S Light brown/grey Fine sand Soft No

e.g.



Survey and data analysis - redox potential

• Estimate of oxygen demand of the sediment (the balance 
between the rate at which oxygen diffuses through the pore 
water and rate at which oxygen used by microbes)

• In organically enriched sediments increasing oxygen 
demand reduces the redox potential.

Depth
(cm)

Control 50 m N 25 m N Mid 0 m S 25 m S 50 m S

+1 +443 +451 +449 +198 +429 +454 +447
0 +418 +368 +444 +052 +376 +433 +436
-1 +342 +172 +182 -037 +137 +194 +250
-2 +168 +125 +105 -051 +82 +115 +111
-3 +123 +106 +091 -086 +058 +040 +059
-4 +095 +095 +090 -087 +054 +004 +048
-5 +143 +093 -009 +035



Survey and data analysis - organic carbon

General levels:

< 5% unpolluted

6 - 15% some organic 
pollution

>15% gross organic 
pollution

(some say 10%)

C/N ratio can reflect the 
relative amount of farm waste 
above the back ground.

Perkin-Elmer CHNS/O analyser



Survey and data analysis - benthic fauna

Analysing benthic 
fauna is a highly 
specialised task

With no substitute 
for expertise



Survey and data analysis - benthic fauna

Indicator species -

High effect -Capitella
-Malacoceros
-Nematodes
-Oligochaetes

Some effect -Scalibregma
-Prionospio
-Thyasira

Background -see controls

Community change -

Univariate analysis; 
diversity and eveness (shows 
degree of domination)

diversity index, domination

Multivariate analysis;
summarizes whole communities 
and will show similarities and 
differences between them based 
on species data.



Survey and data analysis - diversity indices
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Survey and data analysis - diversity indices
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Survey and data analysis - indices

Infaunal trophic index
Indicator of the overall trophic level of fauna living within sediments. This 
is on the premise that increasing sediment nutrients and associated 
change in conditions leads to domination by organisms of a lower
trophic level (Word, 1990; Codling & Ashley, 1992)

ITI  = 100 – 33.33[(0n1+1n2+2n3+3n4)/(n1+n2+n3+n4)]

Level 1: Detritus and water column feeders (filter feeders)
Level 2: Interface (surface) detritus feeders
Level 3: Deposit feeders
Level 4: Specialised environment/sub surface deposit feeders



Survey and data analysis - MVA

Ordination

Classification

A
xi

s 
2

Axis 1

Control S

50m S

25m S10m S

0m S

0m N

10m N

25m N
50m N

Control N

0.0
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2.2

3.0
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0.0 0.7 1.5 2.2   3.0  3.7

1 2

Euclidean
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Survey and data analysis - conclusion

“ Sampling programme has to fulfil the aims 
of the study”

Aims (in this case):
• Look at the effects of the present production
• Estimate assimilative capacity of increase in production (based 

on models and experience)
• How well will the additional waste disperse?
• How well will the present environment assimilate the increase 

nutrients?



Mass balance model - marine cage culture
Hong Kong

food
N, P, C
100%

harvest
N  5-48%
P  15%
C  12-20%

wastes
N  52-95%
P  85%
C  80-88%

3 500 - 4 000 t

3% total 
wastes

Modelling



Modelling

W2

L2

Dispersal – dissolved wastes

� Flushing rates
� SERAD

� Local dispersion 
and dilution
� SEPA
� IoA/Novartis

L1

W1

L0

W0
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Dispersal models – particulate wastes
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GIS dispersal model (IoA)

(After Kernick & Perez, 2000)
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Presentation of results

Executive Summary 
 
1. Introduction           
1.1 Overview            
1.2 The proposed development         
 
2. Physical characteristics and existing environmental  
    conditions at the proposed sites       
2.1 Site location          
2.2 Site characteristics          
2.3 Hydrography           
2.4 Sediment Quality         

2.4.1  Physico-chemical properties       
2.4.2  Benthic macrofauna       

2.5 Conclusions         



3. Production processes and associated social factors   
3.1 The farming cycle        
3.2 Operating facilities        
 3.2.1  Equipment        
 3.2.2  Moorings        
 3.2.3  Boats and service craft      
 3.2.4  Land based facilities       
3.3 Routine operations        
 3.3.1 Feed and feeding       
 3.3.2 Husbandry management      
 3.3.3 Predator control       
 3.3.4 Grading        
 3.3.5  Harvesting        
3.4 Organic nutrients and chemical inputs     
 3.4.1 Particulate wastes       
 3.4.2   Dissolved wastes       
 3.4.3   Waste loading       
 3.4.4  Chemicals and therapeutants     
3.5 Other outputs         
3.6 Social and other implications       

Presentation of results



4. Potential effects on water and sediment quality    
4.1 Solid wastes         
 4.1.1 Sediment loading       
4.2 Dissolved nutrients        
4.3 Chemicals         
 4.3.1  EXCIS        
 4.3.2  SALARTECT        
4.4 Antibiotics         
4.5 Other chemicals         
 4.5.1  Antifoulants        
 4.5.2  Vitamins and minerals      
 4.5.3  Pigments        
 4.5.4  Other materials   

Presentation of results



5. Interactions with wild stocks and other wild life,    
    and impacts on other activities     
5.1 Introduction         
5.2 Interactions with wild fish stocks      
 5.2.1  Ecological and behavioural impacts    
 5.2.2 Potential disease impacts      
 5.2.3  Sea lice        
 5.2.4  Potential genetic impacts      
 5.2.5 Management and assessment of local stocks   
5.3 Interactions with other species      
 5.3.1  Flora         
 5.3.2  Seabirds        
 5.3.3  Marine mammals        
5.4 Other activities        4 
 5.4.1  Commercial fisheries      
 5.4.2  Recreational activities      
 5.4.3 Visual impacts on natural heritage and scenic views  
5.5 Assessment of social impacts and benefits 

Presentation of results



6. Risk assessment and measures taken to avoid,  
    reduce or remedy impacts      
6.1 Introduction and risk assessment     
6.2 Main Site Alternatives       
6.3 Evaluation summary       
 
7. Conclusions        
7.1 Introduction        
7.2 Social aspects        
7.3 Specific recommendations      
7.4 Recommendations concerning sea lice    
7.5 Site choice        

7.5.1  Sediment       
7.5.2  Water        
7.5.3  Other Factors      

7.6 Limitations and Difficulties in compilation of EIS 

Presentation of results



Environmental management

Site selection Likely environmental 
effects

Monitoring

Baseline surveys
-Water
-Sediments
-Fisheries

On-going surveys
- Water
- Sediments
- Fishery related

Predictive tools


