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",
In the~ years 1974 - 1977 experiments "Iith floating 'net eages
were earried out in Kiel Fjord. Fouling (upgro\rlh) land wave

i '
aetion'proved to be the major problems throughout the experiments.

, • 'I

A nO\'l spherical net cage has been developed and successfully
tested~in the thermal effluents of a conventional power plant.
Prelim~nary dat~ on ero~nh and possible stocking densities are
gained~ which encourage to further experiments and 'practical
applic~tion in the near future.

Introdu.ction

Thc aim of this pa~cr 1s to deseribe in brief thc development. .
of a pilot scale net eage farm for salmonids in Kiel Fjord.
West Germany has only a few locations whieh enable 'us to carry
out experimental aquaculture in marine environments. by means of
floating units, most of the eonvenient sites are found along the. '

Baltic;coast.

The project was supported by the Federal Minister of Research
und Te~hnology of the Federal Republic of Germany
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On th~oc diffornnt placeo not enGe culturco were taotod:: in
the Plennbureor Förde, in the Eekernförde undnr 0. quny eonotrue­
tien (KOOPS, 1972) [lnd in Kiel Fjord in thc thermal effJ.uents
cf n eonvcnt:t.enal p01ven" station. The tcehnieal impediments ",hieh
o.rone durinß thc firDt experi.monts in Kiel are describcd by
GRAVi'l,: 1974 •
Hea:vy upgrowth ontho net bneo forcod U3 to chun5e:them ovory
:iccond, o!."' th:t.1"d vlcel: from the beginning 01' March to thc end
of OCGober <1t thc pO\-lOr plant. Fron thc beginninE; of April

; I'

om'mrup the oame oituatiol1 oeeurred in those ea[;co .nnehored
in nnturally tempered wuter. Furthermore reoistanc~ against tt
wave action and high lnbour eosto \~ere problemo to :be solvcd.
This o~tuation otimulated uo to inveotigate unconventional
solutiono to overcome these difficultieo.

Material and l'1ethods

Thc ne~ typc of eage uoed in Kiel Fjord io ueoeribc~ by GRAVE,
1975. A turnable globe ohaped eonstruetion I:1ade of aluminum
tubes :filled ,,'ith poJ.yurethrl11 fOGJ:1 io mounted in a ;flexible
raft mjd covered '-/ith perlon noto (fiG.1). \'/hen turned around
the a."'{~o al\~ayo 36 % of the netting material io exposed to thc

,
air. Y~tmg uperowth dries off and is eanied away by' the wind. tt
Dried filamentouo alg:le o.re removed. by beating the nets 'with
a rod. lDurinrr the GCllOOn ,..,hen heavy fouling ooeurs (fig.2)
(in Ki~l Fjord from ~lareh to the end of Octobcr) the globeo
are rotated onee every two ,'!ecke.
By uoing these devic88 there wno no need to change nets for

the laßt two yenrs.
The opherieal constructi.ono proved to be very resiGtnnt against
Vlave action and choppy sen in thc 'Ilater outlet of the po'l:ler
plant \~here experimento took plaee. .
The elooed globe proteets young fleh againat birds.:
Harvestine is simple: n not io 3panned out in thc interior of the
ophere ~in a plnne parallel to the axia. \'lith a rotationthe fioh
are conccntrated. bet"leen the harvestinr; net and the' ,-rater ourface.
They c~n be t~:en out throußh an openinG in thc cover nett
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Tho G.i.~c of thc G~:pGri~cntal GJ.,obe:J j~o 4· m in dia.J!lctor. The

a:dD j.G slightly G1.1bmerßca in order to mako better :use of thc

W:l.t0r \'"011.1..\110 (18 r.J.3) \'!h1ch CD.n bo uacd for fleh' proonctJcm.
Threo enges of n I:1ore cmn.!71Crcio.l Gi~c (7 m in din.'11oter anel a

~

uoablc. wa-tcr '\'Ulur.1c of npproximn.t~l:t 120 In'-) :).ro under eonatruc-

t tor.. ;:\nrl Vlill bc u3cd for culturil1G expcl~1r:1Cl1tn from Oetobcr

1~n7 on. '['110 glo1103 of thone 'unit::; ca~ bc oubr.1orgcd totally 1n

ordc~ to protect thon ncninot 1~ift iee.

Ji;1.r5.nc the wintrn' r.lonths vhen urgrovth :1.0 lOD,":; u bizr;cr pnrt of

thc slabe cml bc ou1);:lorsed Ilnd thc unr :i..~ion'J.l1y Go.i~lGd volu~o

cnn bo' urJcd for 0:0',..-1113 fish. This ~n~y inprovc rcntabil1.ty

if thermal efflucnto can be "~lCo(l.•

Our c::perir.:cntal cnßos are nnchorod as sho\'{ll in fig. 3. Thc rafts
.. '

can bo moved alone thc moorj.J1Gr. i:l ordor to keep tho fiGh in. the

optimnl o.ttaino..blo tcnpora:tnro rm1S-s, eloGo to thc \lD.ter ou.tlst

in thc \\'linter <lnd far a"vray fro:::'1 j t tlnrJng; tho GUm~8r, '...,hon ten-
o '

p'Jrnturcs of thc thcr1:l:tl efflnsntc nay OXCOGcl 28 c.
Thc po\:rer plant ':Thore our experimentG take plnee io a conventional

one producing up to 350 m'l. Thc eoolinG "mter iG pumped from 6 m

depth :from the Kiel Fjord ond heatod up botwcen 7 and 10° c.
Thc saiinity varicG bct\'reen 12 und 20 0/00 •

Thio power plant haG thc disadvantaGc of :::n'litclünc; off during

sevo:ral niehtG Gvcry month for throe to fi.YC houra .,' Th~co

irrceular intcrrnptions of th8 Hrtr:-:l ,m.ter ::mpply ct\uac tcmpern.­

turc chanßcG up to 70 C \·,ithin thirty minntea in th,c not caeen.

Fie. 4' shows tho \·rater tcmreraturc in Kiel Fjord during \'rinter

1976/77 (A) and thc thermal cfflucnts (:8). Tho yortical lines

show the niGhto \.,..11on tho pm'ler plant produced no hcatcd effluents.

For t\'iQ dayo Ül Fobruary and th't't.:lc days in n:J.rch the plant

stopped compJ.otoly. These eurV03 are typieal and cnn stand for

others in thc prccoodinG ycaro o

Rcsults

Gro....Jth of rainbovl trout in thcrnal offluent compared \'lith

Grovlth ~in thc natural tcmpcrature range.
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On 26, Hovomber 1971 two eonventionnl net caGes of ,32 m3

(GRAVE, 197 tt) 'dere stoeked oxtenslvely \'1ith 1.000 Tainbmv

tron t , ,.Salmo [!'nirdneri, 0 f h 5 c average \veight. Onq 0 f the
eaeos \"18.S anchored in front of the Institu.t fUr Hoereskunde

in nnturally tempered \':ater in the Kiel Fjord and the other
one was moored in the vrarm water effluent at thc pm'rer station.

Th'~ i'j 011 wm:c fed 'vith u eommereial dry food (~dOS F49) eon-

The daily feeding rate i-:aS 2 ~6 of body weicht whieh' ment a
slight: cxcess ration for the ease in normal i-rater temperature
during:the winter months.

l

The pellets were distributed by menns of automatie dry feeders

in 4 r~tions per day. A subsample of approximately one hundred
fish .....,ere anaesthc~i.::4cd, measured, and \veighed monthly.
The growth is sho~TI in fig.5.

The fish kept at the pO\-ler sto.tion renehed a marketable fiize

of more than 250 g in March, while those in natural:: tempered
water were growing slower (155 g average weight) in the same

• I

period~ The eondition faetors weg)
(Je = 3 x 100) .,

1 (ern)

in both cuges were nearly the same (1.20 at the I.f.• M. and

1 .19 at the pm'rer plant).
Lossesin both eases vlere below 2 % until the experiment had

to be finfished.

Stoekirtg Density

In Deeember 1976 foul.' turnabie eages were stoeked i'li th rainbovl

trout of ~.O g and anehored in the thermal effluents':of the

•



eage I 4.000 trout

" 11 2.000 "
i

• ,.
" 111 1.000 "
" IV 500 11

obtained in the
. "
density in eage I

•

!,

- 5 -

;

powcrp:lant. The stoekine density in the eages (18 m3 of \'!ater
volurne:) \'ras

The water tempero.tures during the experiment are given in
f.i~.4. 25 t May thc ro.fto were movcd into tho aren outside of
tho w~m wnter effluent (fie. 3 Pos. B).
Tho i'i$h were fed \·rith dry food at (), relatively low rate ot 1.5 %
of body \'leight/day during the ",rinter months. 15" Hareh the feeding
rate was inerensed to 2 % of body weight/day.
The grbwth is shown in fig.6, nnd the inereasing amount cf fish

,
biomass in fig.7.
There ~as no oignifieant diffcrenee in growth
different eageß until middle of May, when the
exeeeded 31.8 kg/m3 of water volume.

i·

Date I 11 111 IV
,

2. 12.: 1976 8.8 4.4- 2.2 1.1
11 • 1 • 1977 14.3 7.2 3.0 1.5 ..
8. 2.:1977 16.2 9.0 3.6 1.9

21 • 3.',1977 17.5 11.6 4.9 2.6• ;

25. 4.:1977 28.6 17.5 6.8 3.4

150 5.' 1977 31.8 20.7 9.1 4.7,

Tab.1
i • densities in I - IV in kg/m3
~ Stoelang eage
;of vrater volume

"

In eage I a few fish (less than 2 %) showed fin lesions, but no
losoes ~ were eaused by fin rot. Nevertheless future .experiments
with high stoeking densities should have more than one feedine
plaee in order to avo1d fin lesions during food upt~ce.

Growth in all four eages was remarkab~y slower tha~'in the
preeeeding experiments. This is eertainly partly due to the
feeding rate. Also the fact that trout used in this' experiment

,- ... ,......-.. ,. -,', ,- ,.',.:.,.... ,' .. , .. Co' .••••••••• ._.~.
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C8.r:1C from a diffore~t stock thO'...'1 our u::mnl one may;'attribute
to tho 'olm': r;rovrl;h. Furthermore a food \'laS uoed, \'/hieh had not
boen tasted in sea water before.
The,eo~dition faetors did not diffor from those obtained in
pr0.viouo experiments.

Da1: (" r II III IV
1 "1 • -1 • 1 .12 1 .13 1 .10 1 .17
8. 2. - 1 .11 1 .17 1 .16 1 .21

21. :3. 1 1 .15 1 .17 1.~3 1.22
25. -1- 1 1.29 1.28 1.26 1.31 •. -.
15. 5. ~ 1.26 1 .21 1.33 1.22

,
Tab.2 .: Condition faetoro during the density experimcmt

BeGinn~ng of June an unkno",~ disease or pollutant e~used 40 %
losses~in all four eages. Thc fioh died without any:reeognizable
sympt0T:ts. After one \'leok losses stopped.

,

Eeonomoeal aspeets

The la~dings of salmonids by German eateh fisheries'deereased
from 241 tons in 1969 to 64 tons in 1976. During the same period
thc im~orts of trout inereasod from 3.000 to 11.000'tons (Jahres..
berieh~e über die deutsche Fischwirtschaft 1970, 1976). The~e

figurc~ underline the oeonomieaJ. potential for aquaeultural
enterprises in Western Gerrnany, if a -reliable and eeonomieally
reasonable system for salmonid produetion ean be fo{md. ~ost

of the ;fish eulture techniques uood in eoastal aroas as doseribed
by MILNE, 1972 and IVB~SEN, 1976, are usually very labour inten­
sive. In countries with high labour eosts a \'lay of produetion
has tobe found, ",h1eh is eharaeterized by minimum labour
requiremcntG.
Tillcingthe eosts per 1 m:3 cf vlater volume as basiG for eomparison
one finds that thc spherieal not eages re~lire almoot 4 times
more investment than the eonventional ones (90.- DM eompared
\~ith 25.- DM in 1977) but labour eost~ are rod~eed to less than
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one third according to our experiences. Further positive'
charac'teristics of the sphcrioo.l cages are their higher mechanical
rcsi8~ance, better water exchange beeause of less glogging and
the pO,ssibility to submerge the eagen in ease of drift iee.
Preliminary eeonomieal assesmentG indicate, that one and a
hnlf mo.n pO\'!er/year wlll be ablo to produee 60 tons' of fioh n.t
a markctable priee.

Ro'I.'orEmc (~n
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Position of the net eages at the power plant
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Temperatures during the 1976/77 experiment
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Vertical lines indicate the nights when the power plant produced no thermal effluents.
End of May cages were moved into unheated "water.
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Growth of rainbow trout in Kiel Fjord

Vertical Iines show the standard

deviation of mean

b Growth eurve in heated water

a Growth eurve in unheated water
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Weight goin of roinbow trout in- the18m3 net coges
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