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Introduction

The following report provides a summary account of the workshop on Cage Aquaculture and the
Environment, held at the National Fisheries Resources Research Institute (NaFIRRI), Jinja, Uganda, 14-
15 March 2013. The work was instituted as part of the ASARECA project titled ‘Building Public Private
Sector Partnership to Enhance the Productivity and Competitiveness of Aquaculture in the ECA
Region’. The workshop also contributes to the targeting theme of the CGIAR Livestock and Fish

Research Program.

The rearing of fish in cages1 accounts for 10% of global farmed fish production. However, in some
sectors, such as salmon farming, it is particularly important, accounting for more than 90% of

production.

Cage aquaculture generally occurs in public waters - sheltered inshore coastal areas, lakes and
reservoirs and rivers - and relies heavily on the supply of the ecosystem services that the water body
provides, including:
e space in which the farm is located;
e water to support the fish, supply oxygen and disperse and assimilate potentially harmful
wastes and metabolites;

e food (plankton), which supplements that supplied by the farmer.
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Figure 1: Relationships between cage aquaculture and the environment

L« . rearing facilities in which all sides, including the bottom, are enclosed by wooden, mesh or net
screens; see Beveridge, M C M (2004). Cage Aquaculture. 3d Edition. Oxford, Blackwells.



There are many examples, particularly from Asia, that show that unless planned and implemented
well cage aquaculture can be a socially and environmentally highly disruptive technology, eroding
social and environmental capital and reducing biodiversity and the supply of ecosystem services
(Figure 1). This not only undermines the sustainability of cage operations but also impacts on both
livelihoods, especially of the poorest, who often have greatest dependency on aquatic natural

resources, and on other sectors of the economy such as fishing and tourism.

Cage aquaculture provides opportunities to farm fish in areas where land is scarce, offering
opportunities to landless poor to engage. Productivity of cage farming appears very high —up to 500
kg fish m” of cage y‘1 (5000t ha™y™). The figures, however, are misleading. First, cage farms are
three-dimensional, cage nets often extending 5-10 m in depth. Moreover, a water body cannot be
filled with cages; the proportion of water surface that can be sustainably occupied by cages in

freshwaters is in the order of 0.1 — 0.5%.

Cage aquaculture has thrived in the coastal waters of Northern Europe, North and South America and
in the inland waters of Asia, especially China, Philippines, Indonesia, Vietnam and more recently
Bangladesh. However, cage farming has also appeared in Africa, where in addition to providing a
source of much needed fish it is also causing concern around governance of common property
resources and the exacerbation of anthropogenic pressures on some of the most biodiverse
freshwater aquatic ecosystems in the world, which support the livelihoods of millions of poor people.
Cage aquaculture currently occurs in Lake Victoria, Lake Tanganyika and Lake Malawi. On the Zambian
side of Lake Kariba, there have been at least four applications for large scale cage aquaculture

operations in the past 18 months.

The two day workshop was designed to explore these issues among a group of 22 research scientists
and farmers from Kenya, Tanganyika and Uganda (Annex 2). The course was designed to raise
awareness of environmental issues, the consequences of ignoring these, the tools available to
incorporate cage aquaculture into more comprehensive lake management programs and how to
mitigate impacts. The workshop consisted of lectures and discussions, visits to two cage farms on

Lake Victoria and to the environmental laboratories at NaFIRRI research station (see Fig 2.).



Workshop structure

The workshop was hosted by NaFIRRI and Source of the Nile Fish Farm, both members of the

ASARECA project. In addition to field visits, the discussions centered on:

e cage aquaculture technology;
e the origin and quantification of cage aquaculture wastes;
e modeling of waste impacts and environmental capacity;
e the design and implementation of monitoring programs;
e mitigation of impacts.
Copies of water quality manuals’ were purchased in the UK and sent to Uganda and distributed

among delegates, with one copy also being deposited in the NaFIRRI library.

Figure 2. ASARECA Workshop participants visiting cage facilities at SON cage farm, lake Victoria

? Stirling, H. P. (ed.) (1985). Chemical and Biological Methods of Water Analysis for Aquaculturists.
Bridge of Allan, UK. Pisces Press.




Report structure

The report consists of the course PowerPoint presentations and a list of references. Annexes 1 and 2

provide the Agenda and list of attendees.

Powerpoint material

There are six Powerpoint presentations, beginning with an introductory set of slides designed to
stimulate discussion on the advantages and disadvantages of cages over other water based and land
based aquaculture systems, cage design, installation, management and problems. The five remaining
presentations summarize key environmental issues and their management, especially in the context

of the ASARECA research project and in development of cage aquaculture in African lakes.

PDFs of all PowerPoint material were also circulated to workshop attendees.
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Cage Aquaculture and the Environment I. Resource Use and Wastes
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Resource use

What resources does cage aquaculture
use?

+ land

Water

Construction materials

Environmental resources - space

cagesusually sited in public water bodies
~ lakesand reservoirs
~ rivers and canals

privatization of public resources

can be socially divisive

~ promotes/consolidates power elites

- on
services

~ erodes environmental goods and services for others (e.g. fishand
fishing (?); access totransport and fishing grounds)

Cage aquaculture—space

e.g. Laguna de Bay, Philippines, mid-1980s

Cage and pen aquaculture
development belt= 15,000 ha

Actual development = 36,000 ha

Cage aquaculture—water

Reservoir drawdown and cages

Cage aquaculture—seed

Most freshwater fish seed is hatchery produced

Cage aquaculture is heavily reliant on feed

FCRfrom cages is ~10% higher than in other aquaculture systems
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Origin of wastes

uneaten food, fecal and
urinary wastes

escaped fish

chemicals and medicines

focus in this presentation is
on uneaten food, fecal and
urinary wastes

food, (undigeszdfood, dissolved wastes
‘mucus
sloughed intestinal cells)

solid wastes
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above
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Wastes — escaped farmed fish

Ecology and genetics

* Whatare the chances that escaped farm fish will establish feral
populations?

= Towhat extentwill escaped farm fish compete with wild fish for prey,
space, and mates?

What is the likelihood that escaped farm fish will interbreed with and
alter the genetic characteristics of wild fish?

* Willescaped farm fish transmit pathogens to wild fish?
Socioeconomics

*  What are the consequencesto the fishing industry from the
establishment of escaped farm fish?
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Wastes — escaped farmed fish

Socioeconomics (contd.)

*  Willthe presence of escaped farm fish mask any decline in native wild
fish, causing relaxation of fishery

* Whatis the potential loss to the aquaculture industry from escapes?

* What are the ethical aspects of permitting the potential establishment
of feral farm species and any consequent decline in wild populations?

+ Whatare the most cost-effective means to minimize the occurrence of
escapes?

Technology
« Whatis the likelihood of escapes from the aquaculture technology
proposedorin use

Can farm fish be marked or tagged for identification in the wild?
souce: nayir ot o (2003)

Wastes — chemicals and medicines
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Direct measurement Mass balance approach - example Mass balance approach— other example
Cage farm, producing 20 tonnes fish per year e e e
* Feed
—iokalN ContentS 8% To produce 20t, need 36 t feed Solids
FeedN| = 2880 kg; FeedP
- total-Pcontent =1.7% im.";;'ﬁ - jdemante
* faecal
Fish FishN harvested = 600 kg; FishP
harvested= 20 kg Dissolved
~ Total-N content= 3% ‘Therefore, net nutrient additions to * urinary wastes
3 lake = (2880 —600 = 2280 kg N, plus
— Total-Pcontent=0.1% 72-20ke =52 ke P

ko

Mass balance approach— other factors

100 % 1530 % A.
FeedP CfishP
[
16:26 %
e Dissolved in
lake water
E
; Internalp
?
5159 %
SedimentP’

prp——————

+ Simple and quick .. but why might this be wrong?

Mass balance approach— problems?
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Impacts on the environment
~ Water and plarkton
- Nekton
- Aquaticplants
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Cage Aquaculture and the Environment II: ™

impacts of wastes on the environment Origin of impacts
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Cage Aquaculture and the Environment IlI:
modeling and managing impacts
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Why model cage wastes?
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usefulto be able to predict
environmental impacts in
order that cage development
matches environmental
capacity

Modeltypes

Models for different aquatic environments

« freshwaterslakes and reservoirs

~ dissolvednutrients (e.g. P) and
trophic state

riversand canals

~ dissolvednutrients 2nd
sedimenteffects

coastal marine environments

~ sediments

~but other aspects too
~ dissolved nutrients (marine)?
~ diseaseandwildfish?
~ alienspecies and wildfish?

&

Principles

More meat, milk and fish by and for the poor

Economicvalue of lakes and
reservoirs determined by lake
trophic status

*  Lake trophic status determined
by nutrients, especially P (total-
Modelingimpacts of cage wastes B

on lakes and reservoirs

Need to know how much total-
Pwastes cage farms produce
and how this determines lake
total-P

~ What factors?

Factors affecting total-P concentration

* Quantity of wastes

 Lakearea

=W

* Lakedepth

Aiso

+ Butnotall wastes end up in
water column (consumed
byfish; locked in
sediments)

= Also, water flows in and
out of the lake

Prediction of lake total-P

Modelingimpact of cage wastes on
lake total-P

Twowidely used models to predict total-P

[8Plep
cage production (1) =
- _ LR 1R
(3) Dillonand Rigler (1572) Pl= aze
Zp —
where ] = s ¥ Hlsiscie
p= flushing rate (volumesy*)
predictedincrease in total P (ug 1)
flushing rate (times per year)
(b) OECD (1982) [Pl sedimentation coefficient = 1/(1+ 0.747p°%)
(1+T(w) ‘mean depth (m)
5 .
where [P], = i Emh T W Iake surfacearea (m?)

gPtonne cagedfish production™

mosifes pom Beveriage (1385 2004)

Example— cage tilapia farm in small lake

site

* Surface Area of Iake, A= 100 ha
- Meandepth z=10m

* Flushing Coefficient, p,=1y*
Step1

* Determine mean total-P
concentration [P] , prior to cage

Maximum acceptable (--) and ideal ()
fresh water total-P concentrations

Fisharas (coe waor)

wnnas T APZp
e T=Ria)
irgonon

=15mgm?

Step2
*  Determine maximum acceptable total-P concentration [P] ¢= 60 mg m™3

[4P] = [P],~[P];=60-15=45 mg I*

Rga = x + [(1 = x)R]; where R is calculated from Table 5.6, and x is assumed to
be 0.5

Thus, £y = 45 x 10  1/0.23 = 1957 mgm per year = 1.957gnr per year

Extensive Hipiaimit fanica cogerpen cuture
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Empirical models for determining
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But ...

Step4

+ since the lake hasa surface
area of 10° m, the total
acceptable loading = 1957 x
10°gy?

Do you believe it?

Thus, the tonnage of fishthat canbe produced, assuming a total-Ploading of 17.7
kgtt=1957x109/17,700g

=11ty?
Inother words, the model predicts that 111 tonnes can be produced per annum,

without serious adverse effects to water quality or provision of ecosystem
services
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Rankthe accuracy of modelingimpacts
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+ One problem is modeli i y
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Inwhich lake does the
model predict well?

Modelingsolid wastes dispersal

based on the principles that

Solid wastes dispersal model outputs

“@"" * collectedover

modeled waste dispersion under cages

What are the reasons?

How should the model be used, for what and by whom?

Other questions.

How to divide up the environmental capacity of a lake or reservoir
— Onelarge concession?
~ Several medium sized concessions?
— Manysmall concessions?

~ Amixture?

limits

* Monitor impacts of cage development
ontotal-P forat least 2 years

If mean total-P concentration after
cage development (i.e. [P] ) isless
than expected, then licensed
production tonnages maybe increased

It meantotal-P concentration after

cage development is more than

expected, then the licensed production
reduced

ot o, St
+ faecal pellets and ot e Gl
« Inwhich lake does the unea(len ffoﬁd -
model not predictwell? particles fall ata 2
B e ithmﬁgh 2 — ¢ i
. epth ztake a [osesosd 531 andstored in
i bethe time ¢ = 2/sto st a2 spreadsheet
reasons? reach the battom e 4
XX, I3 n
current C ™ 7 3%+ values printed out
= during time ¢, food pellet Frd andinterpolated
§ modeled current velocity v speeds, b using software
will displace the P (e.2. SURFER®;
[, Sbsari particle horizontally - e GIs)
by a distance L i
y/t =15 feed displacamentD, % b
from the cage courtesy. T. Tefer, University of Strking Kg O m2/ Yo
faeces displacement D,
—_— .
rom Sevariage (2004]
Modeling- conclusions Adaptive management Adaptive management
ez
* Inwhich type of lake does the model predict well? Other questions :T:.‘ et iontla sinasiediy Sosdates:
« Inwhich lake does the model not predict well? + Setconsenvative [P) . and production o e e T T s S

rpaion manomrert s i O oo
il v w1 1o e abocation o 154 9 competn s, s el gt
ity

rom: B0 {2009, Rome, £20.

CGIAR Research Program on Livestock and Fi:




Cage Aquaculture and the Environment IV. Environmental Monitoring
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*  Analysis
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This part of the workshop is
meant to complement ‘Chemical
and Biological Methods of Water
Analysis for Aquaculturists’
(stirling et al., 1985)*
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Sample design

density, cage size, feeds
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Who should monitor cage sites?

Samplingdesign

Stepl
* Beclearon the purpose
step2
* Designyour sampling program - what,
where, how?
- temptation to indude too manyvariables
- how do you choose controks?

~ Are there any license conditions that
influence sampiing design?

* Write down plan, involve all who are involved in planning

* Ensureyou

Implement

reagents, fridges, lab

Samplingdesign — example 1 Sampling design — example 1 (contd.)

Samplingdesign — example 2

Purpose A Purpose
¢ TBees s ety . + Toensure water,
2 quality is not
A S e Ca— it
Program & = = / S production trials
s+ whatwaterqualty ssues o you currents atsurface orintegratedsamples / —
anticipate? What?  TeCand DOdaily (early 3]
@ . morning; surfaca and st depth + Assesstwofeeds, A (control) and B
B - selfpollution (ifstratified) HE (new feed)
~ pollution fromagricutural i de i
golltion romagricuturl rn o Secchi depth fwesky) F E\ T —
« If pollution from other human ety o 55 s e T
crvities N1 pHl weekiy/mthly ~ wherewould you take water
e Samples; when and how:
~ howmany sample staions? v would you take water samples; in
e o i 56 50 rder to adequatey address hese
o 10 20 30 ~ when wouldyou take water samples? o 10 20 30 Cyanobacteria) 7 i o
LT Sy LT e =
= ~ how often would youtskewatar =

samplas?

Sampling design — example 2 (contd.) Sampling design — example 3 Samplingdesign — example 3 (contd.)

_\ Purpose control ¢
Envronmertsmpirginlaes - O —
Cage site (m’l‘ﬁ» h:::::l!immrv *  Toensure cagesiteis not adversely
trials should indicate whether, s3y, the Cage site affecting lake water quality, 8(?)in transects; samplestaken
current direction means thatouter especially outside consent terms atsurfaca or integrated samples'
S, ‘cages have consistently and much i " must have 3 controlsiteat 3
bettarwaterqusity; if o, thenmaybe & P Design similar depth
itk dese @ What  Sample consistently otthe some
. 1 * Needto measure cage and control it Bevuat ok
/ / g e e S / S et oS ar SebroB o an times; best ta do 1 h orsa ofter
an consistently ot the same time of day. o

@E han?
=" TeCand DO daily (early morning);

surface and 2t depth (f stratfed] - e oot

problem?

when? feeding
o T+Cand DO daily early
morningl surfacaand at depth
o (ifstratified)

Secehi depth (weeky)

Water quality total-?; totalN;
0 20 350 NH.-N; pH) weekly/monthly.

‘Secchi depth (weekly)
‘Water quality (total-P; totahN; NH, +

Hy pH)mkly/mmlMy

- Plankton (perhaps during blooms;

looking for Cyanobacreria)

Environmental monitoring parameters Unionizedammoniaand pH

More meat, milk and fish by and for the poor

DO Essential tosupport good growthand health
TeC growth;+/ tress and PH =9,
disease 10,
PH Pt
‘exponentially 1
sampling NHa=N 2 NH+
TotalN  Indicative of pollution and of potential problems with blooms and
free ammonia (together with DO, T °C and pH data) 0.
TotalP  Indicativeof poliution and
NH.-N by T°C and .01
pH L 0 20 30
Secchi disc i isi led detrt ‘“'"'"d Temperature (C)
the turbidity is algal urce: e eon e CA RS Imes et Simainnem

Solubility of oxygen in water and Sampling— field measurements Sampling— water sampling

temperature
* You cantake surface samples
using clean (acid rinsed) plastic
bottles
Temp: -Oxygen
~ filljust below the surface
- —
Temperature (°C)| Oxygen Solubility (mg/L) — 1ill 5-10% full shake, pour out
0 14. ) overcap
~ < §
150 > ~ repeat
= S8 T, ~ fill tooverflowing, avoiding air
20 52 = - -
= ~ placein cool, dark box and
25 8.6 * DO and Secchi depth are determined in field return tolab 35 s0on a5
100 0 s possible
Buy the best DO meteryou can afford and learn how to service it

anode and membrane ~ process and use asap
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Sampling— water samplers

* You may also wish to take samples at depth

— Why?

* Depending on the tests you wishto carry
out you may wishto take several ltres of
water from eachsite

Sampling— homemade integrated depth
sampler

Vinen ful, decant
cargullyinto cean
plesti sorve

—————————— T

|
icmlct

S 1=
oeton
’mm.um
CGIAR

More meat, milk and fish by and for the poor

Analysis

Water analysis

Samples may be analyzed in the
field using field test kits

Hach water quality test kit

If analysis is to be done in a
laboratory then water samples
should be returned to as soon as
possible

Hach spectrophotometer

Sampling— water samplers

Water samples should be
returned tothe lab for
processingas soon as
possible

samples may also be
processedin the field

Sampling— water samplers

- + Samples should be
o dand Bty
| quickly
— sometests are carried out on
filtered, some on unfiltered,
e

* checkoutStiring et a. (1385)
for datails

~ sampleshould be kept cool and.
inthe dark and analyzed on the
cay

~ ~ ifthatcan't be done, samples
canbe frozen

Final remarks

It may be more cost-effective to
have an independent laboratory
(incl. government laboratory)
carry out the work

You can use the manual as a
‘recipe book’, but training and
experience are important

livestockfish.cgiar.org

et mes.

Cage Aquaculture and the Environment V. Mitigation of Impacts

More meat, milk and fish by and for the poor

Cage Aquaculture and the Environment V:
mitigation

Malcolm Beveridge

hop, Jinja, Uganda 14-15 March 2013

overview

Site selection

Reducingfood related
wastes

Reducing diseases issues

Reducing escapes

More meat, milk and fish by and for the poor

Siting

+ Whichsite is likely to have least impact on the lake environment?

* Whichsite is likely to have greatest impact on the lake environment?

Livestock and Fish

1%"

More meat, milk and fish by and for the poor

Feeds, feeding and waste
recovery and dispersal

Feeds

There’s much work to be done to
improve the nutrition quality of
farm feeds, such as

FARMER’S ‘
. CHOICE

— Phytin-bound P, which is
unavailable tofishand is passed

outin faeces

~ Stability of pellets in inwater

11



Feeding Feedingstrategies Feedingstrategies

* Hugeimprovements canbe
generatedthrough studying and
applying better feeding methods

e.g contrast two 1000t farms. oA

* g ~ low pollution feeds (P-content 0.8%)
— low pollution feeds (P-
content0.8%) — carefulfeeding; FCR1.1:1
~ (1000x0.08x 1.1) - (1000 x 0.048) = 40 t P wastes per annum
farmb

~ standard feed (1.3%)

~ carefulfeeding; FCR1.1:1
. famb

~ standard feed (1.3%)

— s R — carelessfeeding; FCR 1.5:1

- (1000x0.13x 1.5) - (1000 0.048) = 147 t P wastes per annum

Calculate the P-wastes from
each form

Cage waste recovery systems Waste dispersal systems

More meat, milk and fish by and for the poor
Nota goodidea ... !

escapes

t work; other, simpler designs can, such that
are designedto remove mortalities

Theft and vandalism

Losses can be substantial

* Tidy away spilled feed and feed * Fishersand their
bags

dependents

+ Workwith staff to carry outa fe:nmpadsr:fw
HACCP-type analysis to identify * Use anti-predator nets farm on their
where losses occur and how livelihoods

much *  Have staff around the farm as

oftenas you can

Introduce cost-effective
measuresto reduce losses

\

%

* Keepadog

« Theymay resentno-fishing zones

« Farms may have to work hard to reduce tensions and losses

Disease

More meat, milk and fish by and for the poor

More meat, milk and fish by and for the poor

« Disease largely caused by
introductionsof fish from
outside the farm

« Poor conditions on the farm
~ desdish, open feedbagsand
spilled feed that attracts birds and .
rmin Water quality problems

~ poor hygiene (nets; etc)

disease

} « Otherstressors
— heat; low DO; birds; bad handling

* Tidy away spilled feedand
feed bags

* Use anti-predator nets

Stock management and aeration

- Reduce feeding
*  Aeration?

CGIAR Res:

Program on Livestock and Fish

livestockfish.cgiar.org
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Annex 1. ASARECA Cage Workshop Agenda

Aims: To develop a shared understanding among project partners of cage fish farming and

environment interactions and the economic and social consequences.

Outcome: improved environmental management of cage fish farms

Time | Activity Who
DAY 1: 14 March
09.00 Welcome and introductions
e Introductions
e  Workshop overview
0915 Cage aquaculture — an introduction
e What are cages
e  Why cages - alternatives?
e  Global importance
e Cage design, construction and installation
e Siting
e  Production - stocking, feeding, management, harvesting
e Problems (predation, storms, water hyacinth, vandalism)
e Social aspects
10.00 Coffee
10.30 SoN farm visit* Allen
e Travel to farm and
e Meeting with staff co

e Introduction to SON
e  Visit to cages and discussion

14.00 Lunch

14.30 Cage aquaculture and the environment | : resource consumption and wastes
e  Environmental issues and their origins
e Resource consumption
e Wastes
Definition
Uneaten food, faecal and urinary wastes
Medicines
Parasites and other disease agents
Escaped fish
e Quantifying wastes
o Mass balance equations
e  Fate of wastes
o Solids
o Dissolved faction

o O O O O

15.30 Tea
e  Visit to NaFIRRI cages, Jinja
1600 Cage aquaculture and the environment Il: impacts

e  Water and plankton
e Sediments and benthic community
e  Fish communities and fisheries

17.00 Workshop close
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DAY 2: 15 March

09.00 Cage aquaculture - general discussion
09.45 Cage aquaculture and the environment Illl: modeling and managing impacts
e Environmental capacity
e Models and modeling
e Lake scenarios (small, simple; large; large, dendritic)
e Use of model outputs — adaptive management
e Use of solids waste dispersal models
10.30 Coffee
11.00 Cage aquaculture and the environment IV: environmental monitoring
e  Who and why?
e Sampling design
e Sampling
e  Analysis
12.00 Visit to environmental laboratories, NaFIRRI, Jinja
13.00 Lunch
14.00 Cage aquaculture and the environment V: mitigating impacts
e Reducing wastes
o Feeds, feeding and FCRs
o Reducing escapes
o Reducing disease issues
o Waste dispersion and collection
e  Mitigation through siting and site management
e Aeration
Final discussion
15.00 Tea
15.30 Workshop close
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Annex 2: Workshop Attendees

SNo

Name

Title

Address

Country

Telephone & Email Address

Signature
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