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:1 The Workshop on "Fish Farm Effluents and their Control in EC Countries· was held in
. Hamburg. Germany, November 23 to 25, 1992. The Workshop was jointly organized by
.} the Department 01 Fishery Biology, Institute for Marine Seience, University of Kiel, the

.

Ahrensburg Station of tha Bundesforschungsanstalt für Fischerei and the Rijksinstituut
. vor Visserij Onderzoak, Ijmuiden, Tha Netherlands.

~ With tha common market approaching a new phase in 1993. the question arose
: whether thera is a need to harmonise the regulatory eHorts wilhiin EC countries and to

standardize the recommended control procedures. The Workshop addressed key
problem areas re/ated to these issues in modern fish farming.

l,

~. Aquaculture and Environmental RegUlations in EC Countries: A
Report on the outcome of a Workshop held in Hamburg 23.25

November 1992

. Problems associated with fish farm effluents are not a new concern to practioners,
scientists and administrators involved in the management and regulation of the aqua-

i. culture industry. A number of organisations· national and international _ have dealt
;·,with tha various environmental aspects of aquaculture. In freshwater, the Working Party
:~of E/FAC (European Inland Fisheries Advisory Commission of FAO) has addressed
~Jl1any pertinent aspects on discharge characteristics of land-based farming systems
,~lnd their environmental impact. In the marine environment, the Working Group on
~nvironmental Impact of Mariculture of ICES (International Council for the Exploration

J 0' the Sea) has delineated the dimension of the ecological problems associated with
;~ge farming in coastal waters and identified a course of action wh ich member
COuntries could use to minimize impacts. In 1991 GESAMP (Group of Experts on
~entific Advice on Marine Pollution) established a Working Group on environmental
'",eets of coastal aquacultura in devaloping countries. lt is therefore timely to address
t~, pertinent ecological issues on an European level.
~., - -.- -.
• T1lis documenl is based on lhe Aeport presenled 10 lhe Commission 01 lhe European Commun~jes. The
~ was prepared joinlly by Ihe an Ed~orial Comm~leewith lhe lollowing ada~ional membership: Volker
':!HVe (Ahrensburg, FRG), Andries Kamstra (IJmuiden, The Nelherlands), Edward A. Black (Vicloria, BC.•
Cailada). Peler Burbridge (Comrie, Seclland), !an Davies (Aberdeen, Sec/land), Jaqueline Doyle (Dubhn.
It~, Alchard Gowen (BeffasI, Northern Iraland), David Alderman (England, Aapporteur), Mike Poxton
(~rgh, ScOlland, Rapporteur), William S. Silvert (Dartmouth. N.S. Canada, Rapporteur).
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Dr. Warrer·Hansen expressed Ihe view of the aquaculture industry on environmental
issues, mainly as they relale to salmon farming in Northern and CentraJ Europe. He
stressed that it is vital for a suslainable development of the induslry Ihal environmental
issues are carefully assessed and crilicism not misfead Ihrough emOlional or
circumslanlial observations ralher Ihan by scientifically proven facls. The fish farming
industry itself acknowledges and suPPOrts that if il is to develop and expand, regu.
lalions and guidelines must be drawn up 10 secure asound development. It is also
importanl 10 find universally accepled ways of desCribing how Ihe poientlai impact
should be measured, formulated and evalualed. On such a scientific and universally
accepted basis each counlry andlor region can, with the support of the findings of the
Workshop, work towards a mutual consenl between Ihe country's authorities and ils
industry as regards Ihe acceplable limils for the discharge from fish farms in each
individual country. Equally as importani. if the induslry is to survive • is, that il must be
accepted and integraled on equal lerms with olher manUfacturing activities and
enterprises as a natural part of Socuety. This has naither been Ihe case in many
European Counlries. A number of conclusions are drawn with regard to environmentalmanagement.

Dr. Frenlzoes presenled the Position Paper of Ihe "Federalion of Greek Maricultures",
describing the development of marine farming over Ihe last live years and expressing
Ihe need to pay greal attention to environmental issues as aquaculture is a Part thereof
and any disturbances thereto will affect Ihe aquaculture activity itself. However, the
organisation fell that existing regulations are confusing and not weil structured and
would, therefore welcomes standards that will help to eSlablish and regulate the
position ot Ihe industry on anational and community level. Most of the enVlronmental
issues are addressed in a similar manner as outlined in the FES report.

There were extensive panel discussions involving al/ participants, from which drafting
panels prepared contnbulions to the final report of Ihe Workshop. These contnbutlons
and the recommendalions arising from them were presenled 10 a ful/ Pfenary Session
10 allow al! participanls 10 comment on tha conclusions and provide additional
information for consideration by the editorial commiltee. The publication of the fInalreport appeared at the end of April 1993.

Country Reports

Counlry reports were presenled from nine EC member states (Belgium, Denmark.
Federal Republic of Germany, France, Greece, Ita/y, Ireland, The Netherlands, Unlted
Kingdom (England). and United Kingdom (Scolland). Reports on the status of
regulalory systems for aquaculture waste control were not availab/e trom Portugal and
Spain. During Part 2 of Ihis session Counlry reports were presented trom nine non.EC
Countries (Austria, Finland. Hungary. Czechoslowakia, Norway, Poland, Sweden, USA
and Canada) The ful! lext of aach contribution is published in tha Workshop Report.

Poster Session

Abstracts of thirty two Posters were made available to oarticipants in the WorkShop
(fit/es and authors are lisled in Appendix 1). These posters covered a wide range of
topics in fish-farming, but particular emphasis could be discemed on the conlrol of the
impacts of tish farm effluenls through careful attenlion to the planning and design of fish
farm enterprises, and Ihrough Ihe lImitalion and treatmenl of effluenls produced. These
principles applied equally 10 fish farming in fresh and salt waler.

Computer·based approaches 10 questions of strategic and loeal p/anning (eg. 10, 19)
can be used 10 reduce cont:icts balween competing calfs on aquatic resources, and 10
limit tha impact of farm eff/uents on Olher users of these resources. On a smalfer scale,e
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Position Papers

f r nce representing (a) the view of. ers were presented at the Con e e .'. f the European Com-
':' tOrla~~~r~:e~~~1 organisations such. as th~ ·cog:,~~~~70~ of FAO. (including t~e
~~n~ieS", the ·European In/~~~~~7f;~~I:tf;~s~~ff1uent discharg.esdfrom

t
f~~~a~~~~~

nalysis of a draft survey on . d I I rganisations of the In us ry~IFAC countries), and (b) regional an. oca ~ with most of its members from no~he~n
"Federation Europeenne da ': salmo':l1c~~u;:'eekMaricu/tures. with interest~ malnly I~
European countries and the r~~e~t/~~hese Position Papers can be found In Annexthe Mediterenean area. The u e 0

of this document. . f th EC legislation,
r f the general pohcy 0 e ..Dr Piccioli provided an overall. out lne 0 . onmenl through a number of d~rect~ves

.;~;o....."odo. ,,'" pml.,:,n~ ",••~. of ".,. d'..,Ii"", (Couoe" d"':'i'''''~
through which governments c~1 a ora e. I as cts of regulating fish farm e uen
78/659, 79/923, are partly apPhcabl~ ~~a~et~~~nvi:ment is not a field of clom.~u~it~
and are described. He also stresse. . ma not necessarily include 89

l
s a ~":

exclusive competence and C°rt~mgu~~ ~~~~~inati~n of national actions, or .s~:ICylf~~
initatives but may be s~ppo InwhiCh otherwise would not be tackled appropnaprogrammes of common mterest

in time. t and

. I studies on environmental assessmenDr Barg stressed the importance of reglo~a d outlined the programmes in which FAO
m~nagement of aquaculture d~velopmen ~n mental management of aquacult~re as
is presently involved. The oPtll~n~ f~h:~~lr~~lude environmental managemehnt ISS~~:
viewed by EIFAC are also o~t Ine . ublic awareness issues to en ance
at farm level, socio'economlC aspects and p Iture and the environment, and aspects
understanding of interactions ~etween a~~acudevelopment.
01 improved legislation governlng aquacu ure

2

. tal loading and ecological.e~e~ts'ved overviews of the enVlron~en d b mployed to mlnlmlZe
The wc;~~,~~ie r:ft~~enls and the approaches w~;~~~~~: Th: ~ole played by effective
~f I~~~e output of waste and its impa~t o~ tht~~n process ~as slressed. Papers we~e
,:. :;'~:~~~C~i~to~·:u:~;",~:g~;;~~~~~:~ f~; I~••c~~:o~I~:3~:;~~U~~~~'~:'~~:
~~e~ountries. Position p.apers we+~·~~~~o technical posters were also presented.Federation of Greek Mancultures. I

Overview Contributlons

. . ( ) Pollution Loads Derived from Aqua-
The overviews included the ~~~~~~;ds~~~~~~~.(~ansAckefors and Ma~~~~;t~~:)~; ~~~
cult~re: Lan~:,a~~~;~1s:W~egative and POSlt~V~. ASf~g:so~~~a)Jenu.(Reid Hole);
EnVlfonmen (~d Optimization): Eutrophlca Ion E I 'cal Approach to

r.;o';;;:~i;;?;;~~ugu1P~~ (Tr.atm~~t) .(':::'~~ *,2~~:"€n~J~.n~(~~a'" GO(~~l~~~
Minimizing the Impact of AqUac~i~~ Special Reference to Lagoo~al Are;:ter, land-

~:~~~1;iJ;"i~~~;~L~i;7~o;~'::%i1.~~"f:c~i;;':Z.Eg~:;::::;~:Z;
M
a

. Fish Farming (Richard Gowen); (I) .1 ). (k) Strategies for Aquaculture Sitearme . (Mathias von Lukowlcz ,
Trout '!ndpaCr

p Fta;'"::.~%as (Edward A. Black);Se/eCtlon moas
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Main Issues Arlsing From Panel l?iscussions And
Draftlng Group Sessions

Reduclng, Effluent Output ,

. ' th d of minimising the eeological change
Reducing wa.ste outP.ut IS an °fbVf.lohu~ ~: w~stes and it is e1ear that in recen\ years
associated wtth tM discharge 0 IS a

General Statement

. ' d' 'ded into Ireshwater and marine it became
Although the discusslon ~esslon~.were I~I were common to both. For this raason
elear that most of ~he Is~uesh Is~sse combined Much of the discussion related to
presentation of the d'SCUSSlons aso e,en resented below. An outline 01 one
planning, management and ~on~tonn~n~r:c~IOgical assessment a\ the national.
suggested me~hod of .~oWI p fnn~~g, gulatory monitoring has been summarised in
regional and slte speclhc eve w. re.
Figure 1 (presented al tM end of thls SectlOl1).

Regulations

d 1discussions that there are a wide range of
It is elear from the country reports a~ p~~~ farming and Ihe discharge of eHluenls
regUlations and standards contro In9 IS he wide ran e of environmental conditions
throughout the EC. This is due in p~ to tt tes In addit~On the diversi1y 01 regulations
found both within and amongst mam r s ,a . es in fish larming technology, the
and environmental standards refl~cts dl~er~~~astes discharged. HarmonisatJon 01
spacies farmed, and the nature a~ qU~~ I ~C would be a dlfficult task and in many
regulations and standards throug out e
instances is not considered dasirable.

;
;

e'
, and the country reports indicated considera?le

AllhOugh the planaryhPrese~~~~nd regulatory problems presented by li~h larml~g
differences batween t e eco 'ne areas, there are also many aspects whlCh. ara In
in freshwater and coastal man, f1exibility in discussing these issues, whlle also
common. In order 10 allow ma~JmU~ailabte to the Wor1<shop, it was decided to hold
taking advantage ~f the ~)(parttlse a er treshwater and coastal marine maUers and
separate Panel OISCUSSIOns 0 cov
cambioe the results ioto a unifying document.

.~ '. nd standards controlling fish farming and the
:(~ Thera is a wide ranga of regulations a C These results form a wide range 01
'~ discharge of effluents .throughouti tr~o;ditions found wilhin and among individual

environmental. acono~tc. ~nd ~oc a lations and standards also relleet an atlempt 10
I member states. The dl"e~slty 0 \rheg~'fferent torms of aquaculture and \he nature and
~ forrnutate controls appropnate to e I .

quantity of wastes dlScharged. , . ..
'd d sone obvious method 01 mlnlmlslOg

Reducing effluent outP~'t~asi1~0~~ ~~~ha~e of aquaculture wastes. Key elements
ecological change assocla w .' roved leed formulations and farm
in the reduction of waste O~IP~ts are. !~ ralios)' mechanical me\hods (filters);
management (including b~lter I ee d~~~~e~~e use of i~legratad culture systems with
improved disea~. pr~ventloln. n

t
a ~Iso represent a means of reducing waste

recycling and ut,hsatlon 0 was e may .
discharge.

~'

I

I,'...,.'~

Comments Arising from Paper Discussions

Ouring the course of the Wor1<shop a theme that was repeated by some scientists and
fish farmers was that it is in the interests of the industry to minimise waste outputs. Many
of the participants representing fish farmers and fish farming associations expressed
concern that, in many cases, freshwater and marine fish farming was often unfairly
eonstrained. For example, in the case of water resources, it was suggested that fish
farm.s do not have equal aecess to water resources and are often more intensely
monitored and controlled by regulatory authorities than other users. While it is recog­
nised that eonflicts have arisen, for example between fish farming development and ­
other industries such as tourism and traditional fishing, discussion of these issues were
beyond the seope 01 the workshop.

Although the Workshop locussed upon Fish Farm Effluents, questions of their control
lnd monitoring cannot be separated fram other operational and regulatory procedures
hat influence the quality of effluents and their effects on aquatic environments. At the
lperational level, farming practices, for example the different methods 01 fee ding fish
nd the quality of feed used, influence the quantity and quality of effluents. Similarly,
1e design and operation of eflluent management systems are clearly recognised as
1portant lactors influencing tha final impact of eHluents entering the environment.

4

more direetly Iinked to farm management, modelling of environmeeparameters (e.g.
22) can be a valuable tool in decision making.

Probably the greatest source 01 improvements in eflluent quality in reeent years has
been the continuing development of feed lormulations. The belter understanding 01 the
balance between energy and protein reguirements (e.g. 32) has led to the widespread
use of high energy feeds, and significant reductions in P and N content of feed. The
potential for increased usa of vegetable protein (17,18) instead 01 fjsh maal has
implications for feed eosts, availability and sustainability of levels of aquacurture greatly
in excess 01 current production. '

Most 01 the recent expansion of fish farming in Europe in recent years has been based
on intensive systems in both Iresh and salt water. Several posters indicated the poten­
tial of extensive integrated systems, utilising naturally available primary production, or
wastes from other agricultural activities to produce fish wi1holJl addition 01 nutrient
elements to the water rasource. li1tle use has been made elsewhere of the expertise in
these systems available in eastern Europe (4,5,6), or of the potential for improvement
and dissemination of the Italian valli-culture systems (27). These systems can be net
removers of nutrients from the inflowing water, and may be placed against more
complicated systems, involving, for examplo, recycling (2,21,26). There appeared to be
unexplored opportunities for the eombination of intensive fish or animaI farming with
extensive lish farming systems, which might result in considerable improvements in the
efficiency of energy and materials use, and net reductions in effluent discharge to the '
environment.

Particular interest was expressed in experiments which are carried out in Russia (3) to
explore the true environmental requirements of fish in intensive cultura, and the extent
to which the provision of such eonditions induced improvements in fish performance
and water quality, etc. It had been shown that fish were able to regulate not only their
leed intake to appropriate levels using demand feeders, but could also distinguish and
seleet between feeds of different qualities. The fish could be trained to release salt
solutions when treatment for external parasites was necessary, and regutata pond
eonditions through stimulation of time inputs, The potential for such novel concepts in
fish farming remains to be c1arilied, but has paratleis in some branches of develop­
ments in intensive animal husbandry.

,..



Envlronmental Assessment

It is SUggested thai greater use should b
~~~eswsm..~nl d(EA) which should be an ~n~a9~=' 0pfalhrte EfC directiv~ on environmenlal

0.... an assessment p d 0 any national ma
evaluation of site specific eco~~fca~r~';:~~~:~df~~~~:~~ed EA is a valuable 1~~F~~~~

(I) be undertaken within Ihe framework .

P~~nagrt~menl I plans, thereby ensurin~ ~~~~07~' coastal area or water resource
po lona to both the scale f th e scope of any assessm t'

sensitivity of the recipient water b~y; e proposed development and the per~~vel~

(1/) be undertaken before the necessary lic si
(11/) b~ fo~mulated in such a wa tha ence ~ermits for fish farming are granted;

~o:~~g '~p~ssible. If monitorlg is :e~~i~:~'U~~~~~f,~he d~e~d for and level of moni.
I . w IC • can. be used to establish a ' u. a 1l10nally provide referenee

c udlng the 'dentlfication of suitable Iocati~ a~propnat~ monitoring programme in­
s or sampllng and reference stations.

~ ....
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there has been a significant reduction in feed wastage. Key elements in reducing
waste output were considered to be:

(I) improved husbandry, for example the separation of year c\asses in salmon
farming to reduce the risk of disease and the need to use of antimicrobial agents;

(11) Optimisation of feeding strategies to reduce wastage;

(11I) Improvements in feed formulations (see for example, Hole and • this volume).
(IV) Development of efficient mechanical methods (filters) to remove wastes (see for

example Cripps, this volume).

In addition, the use of integrated culture systems (see for example. Grimaldi and
Ravagnan, this volume) with recycling and ulilisation of wastes in other production
systems mayaiso serve as a mechanism for reducing waste discharge, although the
transfer of disease and/or chemicals between different components of the integrated
system would need to be carefully evaluated.

Pro-acttve, Integrated Plannlng and Management

One of the crilicisms of the expansion of fish farming is that in a number of countries
development appears to have taken piace in the absence of any planning strategy. A
common point made by many fish farmers. fish farming organisations and thair
representatives is that disproportionate levels of control and monitoring of effluents are
placed upon fish farming compared to other users of the aquatic resource (see
comments by Myrseth, this volume). As a result, conflicts have arisen between the
proponents of fish farm development and other users of inland and coastal marine
waters. This potential for conflicts has, in some countries, been compounded by the
lack of a balanced assessment of the fuH environmental (seeial, economic, ecological)
eflects (beneficial and negative) of fish farm development. One reason for this is that
policies which have been designed for ecological protection and regulation of waste
discharge or release in other circumstances are bein constantly adapted to controt
aquaculture. As a result, the formation of planning guidelines and environmental
quality standards or targets have followed rather than led the industry. It is clear
therefore that further adoption of policies and laws designed to address environmental
issues related to other activities is not appropriate to the sustainable development of
fish farming and the integration of fish farming with other users of the aquatic resource.

A pro-active aquatic management framework is required for both fresh and marine
waters. Such a framework should aHow for the equitable use of coastal resources to the
benefit of all potential users. This should, for example. include cost of water abstraction
which should be proportional to usage. Improved international guidelines (EC wide) on
coastal and frashwater management should be developed and used as a framework for
the development of national and regional management plans by policy makers,
planners. and land and water use managers. Such a framework would playa valuable
role in protecting the environment and should include:

(I) the recognition of aquaculture as a legitimate use of the aquatic resource. Policies
need to be formulated to give recognition to the positive role that fish farming can
play in diversifying and expanding the economic base of local communities,
together with regional and national economies.

(11) comprehensive national water resources management policies that address all
aetivities that may have adetrimental effect on water f10w and quality and should :

b

~

"I.

(11I)

(IV)

7
a) give fulf consideration to all forms of .

a~d the coastal area, Including any m~~~r.r u~e wlthln individual catchments
o freshwater enlering the eoastal environ~callions to the quant,ly and qualily

en.
b) include standards of waste dischar e h'

f~ lhe aquatic resouree. Specific iss~etw~hhare applied equally 10 all users
e .need 10 Conlrol and monitor water ab llc ~eed to be addressed include:

~utnent release such as forest an s ractlon. from; non'poinl sourees of
Invo!ve the. use of fertilizers. p~ticiJe~t:~~ eh~;;.sl.~e forms of land Use which
reanng of hvestOCk. ICI es; wastes f,om intensive

c) involve aquacullurists and aquaculture de I
~ft~~ess to ensure appropriate criteria are ~:edi~~~t edxp~rts i~ the pl"inning

. e eSlgnatlon of potential

Ihe development of national. inte rated e

:~:~;::~~~'fh~oNi~~~S;~~o~~;~~o~~~ i;·~t:~~~~~~g:~~~I~P~~g~e~~~~e~h~~~
thlS voJ~me). These preeedures could form I~~agla~ CR

f
IS approaches (see B1aek

supportlng guidelines. aSIS 0 an EC wide framework and

procedures for assessing the ca a . .
~:~r~~~ a~ c~astal marine) t/as~~~~~t~11~~~~~ ~~u~t~ ecosystems (Iacustrine,

. IS ype of assessment should be und rt k quacult~re and all other
e a en on a regional scale.
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• Biochemical and chemical oxygen demand
• Total nitrogen and phosphorus
• Ammonia.

....
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which may be undertaken by the farmer as part of farm management~s distinction
does not imply Ihat monitoring for these two purposes are exclusive and there may be
considerably benefit in co-operation between the farmer and the regulatory authorily.
Nevertheless, because of the implications of regulalory monitoring (a requirement to
reduce the level of farm production if monitoring indicaled that ecological standards or
targets have been exceeded) any monitoring undertaken jointly by the farmer and
regulatory aulhority must be under the control of the lalter.

The following general principles associated with monitoring for regulatory purposes
were identilied:

(I) In general, the condilions of a licence to farm fish should include any requirement lor
monitoring. Implicit in this would be a requirement to modify the level of production
should the results of monitoring indicate that ecological standards or targels have
been exceeded.

(11) A flexible approach should be taken to monitoring for two reasons:

(a) to maximise use of resources, the level of monitoring should be related to the
level of farm produetion and the sensitivity of the ecosystem receiving the waste
(determined by the regional assessment of ecosystem capacity and the site
specific environmental assessment).

(b) Because loeal physical features (such as balhymelry and waler flow) will in­
fluence Ihe effecls of fish farm wasle on the aquatic ecosystem, monitoring should
be reslrieted to key variables (see below), identified as being the most important
indicators of the anticipated changes. Key variables should be identitied during
the environmental assessment.

(111) It is only appropriate to coHeet quantitative data for regulatory monitoring and such
programmes should be designed to provide data which are amenable to statistical
analysis so that a level of confidence may be given to any changes detected. The
data should therefore be collected in accordance with the best quality assurance
practices. This may involve the use of impartial third party auditors with appropriate
accreditation under a recognised scheme..

(IV) Analysis of the data should be regarded as an integral part 01 the monitoring pro­
cedure and, when the data collected indicate that ecological standards or targets
have been exceeded, farm management or level of production should be modified
10 reduce waste output. The data colleeted from monitoring programmes should also
be used to: assess the reliability of the initial ecological assessments at both the
site-specific and if appropriate the regional level; evaluate and if necessary modify
the monitoring programme itself. Details of monitoring protocols and the results
obtained from monitoring should be made available to the fish farmer and the
general public to ensure confidence in the planning process, ecological assessment
and moniloring.

V) Any ~ssess.me.nt of monitoring data must be made in relation to pre-defined
ecologlcal cntena or target values (see below). The spatial and temporal scale of
!T10n!t,:)(i~g must be sufficient to allow conlident detection fo the degree of change
ImphClt In the standards or targets, and therfore discriminate between ecological
change and natural variation in time and space.

"I) Where appropriate monitoring p~otocol~ exist (e.g. in advice trom EIFAC and ICES)
lhese should be adopted for use In relallon to the effects of fish farm waste.

t'
[.

.. -Variaoies and Ecologlcal Standards or Targets

For land-based fish farms the amount of leed (volume and quallty) and etlluent can be
monitored directly. Effluenl standards should be set on the difference belween con­
centrations of variables in tho inflow and outflow, taking into consideralion Ihe quahly
objeetives for the receiving water. In this respect the work of EIFAC (151h Session 01 the
Working Party of Fish Farm Etfluents, June 1987, Appendix 11) may be of value.

For monitoring both the influent and effluent a number of variables have been broadly
recognised as being the most appropriate and include:

- Total water flow
- Suspended solids
• pH .
- Dissolved oxygen.

In relation to cage fish farming the situation is more complex. Since there is no weil
defined eftluent, the concept of effluent standards does not apply. It is therefore more
practical to make direct measurements of the effects of fish farm waste on key com­
ponents of the aquatic ecosystem. In some countries for example, features of the
benthic ecosystem (redox potential, changes in the population structure 01 the benthic
macrofauna). levels of dissolved nutrients and chlorophyll relaled phytoplankton
biomass have been monitored for regulatory purposes. These are however, no widely
recognised standard variables for monitoring. Furthermore. in view of the locahsed
nature of ecological change and the influence 01 local physical features (bathymelry
and water movement) on the scale and nature of the ecollogically most relevant im­
pacts, key variables to monitor may differ at different fish farms. It is doubttul therefore,
whether EC widi) standard requirements for monitoring could be established.

There is a need for international agreement on wh ich variables provide the besl
indicators of ecological change associated wilh fish farm waste and this should be
coupled with international standardisation of methods (from sampie collection
storage/preservation to analysis). For this purpose the work of international agencies
may be of valu8. In paölicular. the EIFAC Working Party on Fish Farm Effluents (see
reports EIFACIXV/88Inf.19 and EIFACIXVJII92/1nf.4) tor freshwater and ICES and
GESAMP for marine waters are considered most relevant.

There are a number of EC direetives which relale to the quality of fresh and coaslal
marine waters (see Piccioli, this volume). Nevertheless, it is clear that Ihere is a need
for the establishment of standards or targets which are based on sound scientific
criteria and are ecologically relt3vant (see Gowen, this volume). Such standards have
an application which extends beyond fish farming and Ihis topic is theretore of con­
siderable importance. The developmenl of appropnate standards or targets is currently
under consideration by a number of national and international groups. This will be a
difficult task but is c1early an important one (~ee comments by Eleftheriou and Silvert
this volume) which should be continued.

Chemlcal Usage In Fish Farmlng

Chemieals and chemica\ residues derived from the use of therapeutants, anti-microbial
agents and treatment against externat parasites are considered to be one of the most
important components of fish farm waste. Concerns relate 10 the ecotoxicology, bio·
accumulations and potential for some of these chemicals to induce disease resistance
in bacteria. In some countries, there is a strict system for the assessment and licensing
of veterinary medicines in which hazards to the user, consumer and ecosystem are
considered.
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Figure 1: A Suggested Method of Integrating Marine and Freshwater Management with
Environmental Assessment and Regulatorv Monitorina

International Level (Ee responslbility)

Guidelines on freshwater and coastal management
To include:

1) recognition of aquaculture as a legitimate use of aquatic resources,
2) an evaluation of tha ecological consequances of all potential users.
3) proeedures for assessing the acological capacity of aquatic ecosystems,
4) the application of standard criteria for the discharge of waste to all users

of the aquatic resource.

National Level (Governmental responslb/llty)

Pro-activa aquatic resouree management
To include:

1) an evaluation of the capacity of the receiving water (e.g.watershed,
caastal areal to assimilate waste from all developemnts

Requires:
1) development of models to predict eeologieal change

2) establishing of ecological standards or targets

Regional Level (Regulatory Authorlty responslblllty)

Sile Specific Environmental Assessments

It is suggested that this is the responsibility of the developer but scope
and content of EA must be decided by lhe regulatory aulhority and should:

(1) be related to tha size of the proposad development
(2) be related to tha ecological sensitivity of the area

Loesl Level (Regulatory Author/ty resonslblllty)

Mon/torlng

There may be co-operation with the fish farmer but for regulatory purposes
the relevant authority determine the seope of the monitoring but should
relate monitoring to:

(i) size of the fish farm
(ii) sensitivity of the coastal area based on CZMS and EA

Evaluation
Evaluation of data together with data from the monitoring of
other developments should be used to:

(i) determine whether eeological targets or standards have
been exceeded and if necessary

(11) regulate waste output from all developments
(~ii) evaluate the need to modify the monitoring programme
(IV) evaluate assessment of ecological capaeity of the water body
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Monitoring undertaken by regulatory authorities should include an evaluation of
ehemical usage and the likely mode of impact on the aquatic ecosystem. In many cases
however, the potential for the economie measurement of variables critical to the
assessment of the impact of such chemicals is limited. There is, therefore, a nead to
address this question.

A number of recommendations were formulated by Ihe workshop which can' be
lentalively summarized as folIows:

1. The EC should develop a framework within which member stales would be called
upon to prepare coastal zone management plans.

2. The EC should encourage member stales to formulate comprehensive waler
resources management policies that address all activities that may have a
detrimental eHect on coastal water f10w and quality.

3. The EC should review methods for the ecological assessment of wastes
discharged to the coastal zone with a view to recommending erileria for such
assessments.

4. The EC should recommend analytical methods for critical variables in eeologieal
assessments and monitoring, and prepare appropriate certified reference
materials through the Community Bureau of Reference (BCR). Inlercomparison
exercises should be organised involving key Iaboratories.

5. That member slates be encouraged 10 prepare coastal zone management plans
initially concentraling on areas where conficts between polential users may oecur.

6. In order that the discharge of eHluents from aquaculture operations is properly
controlled. weil defined regional plans should be prepared at national level to
ensure the equitable use of the aquatic resouree.

7. Membar states should be encouraged to make greater use of the EC Direetive on
Environmental Impact Assessment (85/337/EEC) in deriving ecological
assessments of fish farming development proposals. This may require member
states to revise their interpretation of the Directive sueh thaI a greater proportion of
proposals are subjected to EA.

8. Assessment of the capacity of individual sites should be undertaken by individual
states. The EC should seek to harmonise procedures for assessing the ecological
impact of aquacultue wastes among EC nations.

9. Melhods should be developed for monitoring the impacl of the use of
therapeutants in mariculture on the ecosystem. The Workshop supported moves
within the EC towards harmonisation of the licensing veterinary medicines.

10. It is recommended that the EC arrange for the organisation of a symposium at
which the capabilities and potentials of Ihe range of models for predieling the
effects of fish farm eHluent on the environment, and the ability of the environment
to accommodate these effects. which are presently available or under
development may be compared and contrasted, with a view to shaflng
experience, and more eHectively directing research elfort.



The Workshop was supported by various sponsoring organisation, including the EC­
Commission, EIFAC (European Inland Fisheries Advisory Commi~sion), the Federal
Ministry of Nutrition, Agriculture and Forestry of the ~ederal Repubhc of Gennany, !he
Ministrie van Landbouw, Natuurbeheer en VisseriJ, The Netherlands, the.Dan!sh
Aquaculture Sociely, the Dutch Aquaculture Society, the German Flsh.enes
Assoeialion, the European Aquaculture Soeiety, and last but not least the City of
Hamburg.

The overviews presented in the Plenary Sessions and the Poster P~per~ for whi7h
written manuscripts have been received will be p~blishe.d.after peer revle,:, In a sl?eclal
issue of the Journal of Applied Ichthyology. It IS antlclpated that the lssue Will be
published in late Oetober 1993.

Priority research needs ware also identified. These include:

1. The development and validation of models for:

a) predicting the scale of impacts associated wit~ ~quaculture wast~,

b) predicting the capacity of water bodies to assimilate anthropogenlc
inputs.

2. The development of cost-effective instrumen!ation and t~chniqg~s for the
assessment and monitoring of the effects of chemlcals used in flsh farmmg and the
impacts of fish fsann waste on the ecosystem.

3. The continuation of work to develop improved technique~ for di~ease prevention
and controlleading to reduced requirements for therapeutlc chemlcals.
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1,2, 14,21,29
3,4,5.6,8.12,13,17,18.19.28
10,15,22,24,27,30
7,11,16.20,23,25,27

Poster presentations

AI/ocstlon of posters to toplc groups

Poster t1t1es

FRESHWATER PLANNING ete
FRESHWATER EFFLUENT CONTROL ETe
SALT WATER PLANNING etc
SALT WATER EFFLUENT CONTROL etc

1. Thomas Balling: Seasonal and Iocation dependenl propagation ollish parasnes in lake Constance
and their elfects on tish con<Jnion

8. Bemhard Rennert: Water ponution effects by a Iand-based trout fArm

9. Maria leonor Fidalgo: Elfects of a rainbow lroul fArm in Canicada Reservoir during Spring and
Summer months 1992

10. Guy Houvenaghel: OIfshore salmon tarming operation: Hydrological tracking 01 the effluenls

11. Peter Smith: Fate and Impact 01 oxytetracycline used in fish farms: methodological conslCleralions

12. liam A. Kefly and A. W. Karpinski: Monitoring ot BOD outputs Irom Jand-based flsh larms

13. liam A. Kefly and l. Heerfordt: Waste loads and Trealment System efficiencies 01 Danish and
Scottish Salmonid fanns

2. Alexandre Kiselev: "Die geschlossenen Systeme in der Aquakultur" Closed syslems In
aquacu/lure

3. Sergey B. Mustaev: A new approach to mnigating environmentat effects lrom aquacullure systems

4. J.Olah, F. Pekar, P. Szab6: Nitrogen cycling and relention in lish-cum-livestock ponds

S. J. OLah, P. Szab6. A.A. Esteky, S.A. Nezami: Nitrogen processing and retention in a Hungarian
carpfann

6. Tamara You. Zemlyannsina: Advantage of intensive lish pond fertilizalion in relation to phyto­
plankton requirernenl

7. Kennelh Black, /van Ezzi. and Marius Kiemer: Inlluence 01 self-pollution from fish larms on fish
health
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It is recommended that comparative studies on enviro~mental. il!l"slatlon gover·
ning aquaculture such as the ongoing EIFAC survey belng carnet out by the FAO
Legal Office, should be further supported and encouraged for the purpose of
coastal aquaculture including shellfish farming.

12.

14. FlOna Gavine: Conlro/, regulations end monrtoring 01 treshwater cage farms in the UK • Comparison
with Ihe Irish Situation

1S. Wollgang Welsch: A new concept tor semi-inlensive cage-co-cunure of salmonids and blue
musseIs

16. Peter Krosl, Thomas Chrzan. HartmlA Schomann. Harald Rosenlhal: Elfects 01 a floallng Ilsh farm in
Kiel Fjord

17. M. Rodehutscord, S. Mandel and E. Pfeifer: Reduced prolein conlenl and use 01 wheat gluten in
digests for rainbow trout: Elfects on Ioading waler wnh N and P

18. M. Rodehutscord, H.F. Schulte and E. Pfeffer: Digcstable Energy in Feedstuffs used lor Rainbow
Trout

19. R.H. FCY'/: Nnrogen and phosphorus Iractions trom a rainbow trout farm and the infillence of
phytoplankton.
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20. Magnus Enell: Nulrienl loads on the Ballie Sea Irom Swedish and Finnish rish farming in
comparison 10 lotal inputs

21. Roy Arbiv and Jaap lIan Rijn: Nitrate remollal by f1uidized bed leehnology in intensive lish cu~ure

systems

22. Andrew Soghen: Monitoring Oyster- Fanning Systems in New Srunswick, Canada

23. S. W. Munday and P. Dillanach: Quantitative slalislical analysis ollhe literalure eoncerning the
interaclion olthe enllironment and aquacu~ure • idenldication of gaps and Ia'eks •

24. Vvlker Ide and Andreas Stief: Sewage slOOge trealmenl by Nereis diversicolor

25. Peler Krost, Dror Angel, Daniel Zuber and Amir Neori: Microbial mals mediate Ihe benlhic lurnoller
01 organic malter in polluted sediments in lhe Gulf 01 Aqaba

26. Hermann Sich: Outlow of bacleria and particulale maller Irom a semi-elosed, intensive, eoncrele
lish eu~ure unit.

27. Gino Rallagnan: 'Hydrocu~ivalor' a technique to slabilze highly eutrophie waters in Ihll Venelian
region

28, Mark Nijhof: Theorelical effecls 01 leed composilion, leeding rale and leed spilling on wasle
discharge in lish culture

29. William Silvert: Decision Support Syslesms ror Aquacullure Licensing

30. William Silvert: Simulation Models or Finlish Farms

31. Anders Alanärä, Asbjorn Bergheim, Simon J. Cripps, Robert Eliassen and Rolv Kristiansen: An
integrated approach to aquacu~ure waslewaler management

32. K.-H. Meyer-Burgdorff : Nutritional strategies 10 reduce phosphorus excretion 01 larmed lish:
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