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INTRODUCTION ..
. .

.',,~ : The ~:uggootion of a boneficia1 effoct achieved by the presence of ,
:. ..." :. .'. • : ,·'1'

· algae .. in tanks in which fish,larvae were being renrc·ä. 'haii"been related,
•. • .' . , ..., .,: I " ;. • . . ;'.. .; •.'. ~, : ":.. .:: ~.'. .:

to some property other than.its uso as a food either by the larvae or the

food organisms on which the larvae~erefee~ing (Jo~es 1970)~'B'eca~se':Lt
. ," . . . .: .'.' .; , ... " • ~ ',: I .... '

is known that algae will utilize ammonia as a source of nitrOgen ,(Corner

· and. Davies '1971) and that ~onia accumul~ting as an exc~et~~~"~J~~d";'~:~:':
ha~'ana~verse ef~ect on fish ~owth,and survival (Alderson, unp~bii~he~

, .' '. . ' . '

results),. it was decided to invostigate tho effect of the presence of
'. ., .' ",' .' - '.

unicellul~r algae both in relation to the level of dissolved ammmonia and
• I • • •

to the growth of ,fieh held in static conditione.

EXPERIMENTAL DETAILS

The fieh used in the experiments were small Dover sole, Solea , :

soleti (L.), of between 4 and 6'g.Twenty-four fieh were.injected beneath

the'skih·on:the ventral ourfllce llith co10ured latex (Riley 1966)to,

enable individualo to be identified, and lollowing a recovery period,of

7 days a.l1 the fishwere weighed. Sixteen fioh were then·selocted so

thatwith four .fish 'in 'each of the fourtankr: used.all the tanks ,had ..

approximately the same total weight of fish (Table 1). The fish were
: : I '. ~ .

. introduced into the experimental tanks 24 hours after weighing.
••• • .' ~..' , ,I. • , '. '.: f : ;.. ',. ;,' ~_: '. ", ...: • . •.: ~:' • ~

.,', '." The 60 x 30 x 30 cm. tanka. wore of clea!; Perapex and. each contained

.' .' .' . '.... ,;.' . . .'.1. l~'/i.. I.· ...· ,.',:...I:_t:.l·;.~·· .... , •.J ... ~ .• :,' .,'" .•.• -i ;'

40 litres ...of nea water which .had ,been sterilized by filtration. The
• . '.lw __ .. _. '. • ••• \. : ',.' '."'" '; •.:.'-'}; '~..... \ :: ..... .'~-..... ' ......... : •. :' • :' .• " ',:.::,"

four·tanks were..placed benoath t'\'{0 1.5pO..watt tungsten halogen. tubes which
.-, • • ••• '., ~•••l •. ; •.•• ~ ••••••f. \' .• '~ .~"'.; ~,'; ,'I.:r.!",l2

gave.. D.!l~ ~~~umination at ~~?.i.pu:rfa?~(~f be~oEm;1?8.~,and"A~?? ~~en,~I.~,...
(Table .1), .and the lights were contx:.olled ,by a .timoswitChto .give";{"

· - '.' . . ..•.. '~\" ••.:.. . ..' .1.C...•:.,' o'.i "~.. :.. '... ",I." .,' ••. ·.1:· : .... ;"";>. '.

cyc1e of 12 hours light and 12 hours darkness~ "Alternate tanks in tho
".'.i';. :.~_. ,,'.-', ::.::::,.... :;,: .. '::..)(::.~': ..: ··.: ..f,',

row.,l'1ere.either.left free .of algae or '\-TOre inoculated with the marine
•.: , " . .1 •• ~- _,_ :•••• ~ ~_~.:.; ,-•••,~.! :<~~ : ::~ ,~ .. ::~ ~', j .:' " ;) .."r-:.t,:i r:.!.. .

flagell.ate,Dunaliella tertiolecta .:ßutcher tO.give .an initial ~lg~l
. -• •"J.'". .' ~." ,.'.,1,1",' .•.. ;~':,. : . '.".1 ': ;~~: t.t"'l~l·· :,.'\-I.!"

density.of n.pproxiI::lo.telY.150;c~llsper micro1itre. The tonks were
• • '.,'~' " ~ 'lo. ••••• ;, .••• ~ .~.!~. " .:!: ",OIJ .t ..•.:, ; ;J, :: : ".l:, ;" ,~~ t ;.~~;>

maintained without .flow for the duration of the experimcnt,.but aera-
•••• : '....' • :: ",l. ,.' .' ••.• :.... • '. t.~:~·'i • . :"_"~'. t ';:~.~~j~

tion with,compresaed n.ir at the same rate in each tunk and at a level
," -' ~_. . ~ -; ':.. ~ ,';.' ..... .. ;
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sufficient~.t6.~mn.into.in. oxygen·:o.t. 1Oa;~ ,n6.turD;tion'~ii:L,.t.~iL1;o.nks ,-rtttllq~~:_',,: ..

o.lgo.e,.w~s provided by sub!!lerged Dir-diffuser stones.; ,", -c•• ' :;;', ",":-" ,

,." 'The fish':were presented with an excess level: of~ fO'od over the:.whole

~~~~~nto.l pe~iod. " The"foo~"used Wo.s Lumbricilluo spp., an enchytro.eid
.... ,;. ".. ' I...',. ..... ' . , " _. . ,'. , .

worm'prev~ously found: to' g~ve good growth with s!!lo.ll'juvenile flatfish

(Kirk 1972; ':Kf'rk ~d:'II~weli":1972), ~d"in ~rd~r' to oeo.sure food consump­

tion 0. lmown l'leight of fresh Lumbricillus wo.s o.dded to the to.nks eo.ch do.y
.' ..... "

o.fter the uneo.ten'food froo the previous.do.ys' ,feeding bad been rcooved
'. ,. f .. • ~ ........ ~

'''' .. ' .. and' weighed. Tbe exoess food wo.s removed with 0. siphon, the woms being
.. '(.-, :.' 'l'\~";

retained by 0. fine-oesh nylon filter and the neo. wo.ter returned t6 'thaI'.

tank. .~~ the Lumbric~llus did not' feed :on the o.lgo.e in <thecl.go.l tanks,

"th~~o.ny difference in :the growth of the fish in th~ wo treat~ents coul.d
.'.~ ~ .". . , . . . ..
not be relo.ted to ndifference in food quality.. .. , , .' .~ .. : . ,

Daily oeo.surenents of toto.l Q.QIDonia nitrogen were !!lo.de using 0.
... '. ',' ..... :: , ' . ~. ',. \

phenol-hypoohlorite method sinilo.r to tho.t of Solorzano (1969)', 10 01

porti~~s b~ing to.ken fr~~ c 25'01 scmple which h~d'first be~~ ce~trifuged
..,' ';:. l , I )",' .' •

to remove o.lgo.l cells and po.rticulo.te no.tter. This eno.bled dissolved

ElIIlJ:l~ni~tob~'~e~~s~eddown to ~ l~vel of 0.02 mi aohorli~ N/litre. 'Tem.::.
, pero.t~~ ~d pR ~ere USUo.lly' meo.sured twi~e daily; .. o~g~n' concentro.tion

wo.s oonitored o.t'less frequent i~tervo.ls" U~in€ 0. lfu.ckereth 'el'ectrode

•

and oeter, and routine neo.surements of algnl cell density were also !!lade.

All the .. oonitoring of wo.ter conditions "ms nornally done during the

'daytine, but nensurenents were also oo.de o.t 2 to 4 hour intervals 0\T~~:~~

cooplete 24 hour period in ordor to'obtain information on the chringes,i'

o'ccurring during the hours of do.rlmüss.· _. ~ ':, .,.~' '

Tho ;'experi.."'1ent wns terninnted 'o.fter 13 do.ys when' i t beco.ne -nppo.rent

thattugn-e '\'lt)re'begin..'1ing to develbp ih"tho origino.lly algo.o~free,:tanks. •.' 1

RESULTS
~ . :,ll.i~:. '~'~" '.' 't :'~'. . .. .' . '. ".. -

" , Figura 1 shows the levelo of o.lgo.l cell density, pR and teopero.ture
:":~Il.·:,.i~..".: ....: ,,:' .;::::~4,.... '~'~ :';:. '..:.. . ' ...~ t ~,: .' ' . :. I, ,.' ," ......
recorded over thq, experinental period., The tenpero.tures plotted"ure the

~.1·'l'.\.· .~(,.:::i·",···~.~··J..~.. t ..'.\........:,' .,'.:., ...... :. ": , ,.~ '. _ ~. ::., .... ""1, ,., !''''.'~'' . ?.;\

, oeans for" all the to.nks, for 0.1 though vo.riation between replicn-tes . ..
.:·~.c,; .. li.·; r.::~>,.~.f-:.' "..-. "'j • • ~ :~:·~·L;:··.~·'fö: "~:.".:', ',.:- ", :',':': ,'. < • .'" • .1.... , ..-: <', ...... ··.. JI'.1

occo.siono.lly reo.ched 1.0 C the vo.rio.tion of nenn tenpero.ture between -
~·.\.r~;·-l~.'.,: "'_'. ;,' ,:. "1;' , : ....::' '-~·"·'-'Ö~·'. '!l': ' ',".';'.:' ::,:': '.: .... ,:>.'.'.:::'~_'~, . _ '".:... , ... -.

treatoonto did not exceed 0.2 C. More deto.iled tenpero.ture records for
..... ~": .":;, z.'~ ". :.... ,., .....~.:. : '," .~}';,.t .,.i..:.. ,,, .. ':, ' ':, fl.: . :l'~"':::~;;" :-:":','

0. ahort period of thc, experinent are given in FigUre 2, where indivfdüo.l
~" .. '~ ~, .. :':,,'-'.:-: ",,-~,::, .. >:' t . ~J1:',,:: ':~:1:J .. ':',.' ..: " .

to.nk teoperatures o.re plotted•
..\~ :::1..,"": ~,. ,•. ': T .....~' ".J'. ....:.. ,,:'".. :,:'''\' ,:1.> ' .• :' ._'," .." , , .' ,.}.f,·.... '...:·~ .;') ... ..,..~.... , .. : .....

In tanks 1 and 2, pR, after showing an initial deoline follöwing"
"', .\.- .... -~., .. ."... '. ':"" ·~·'.. :.Ai .. :-:".:.,.' ~~.,;:.,:,"':- :',::;.··)li~",,·~~._r:·:. ,,1.:. :L ...~:~·;'~

the addition of the fish,. levelled off"·at"äröUhd·8~-0-·as-a'balance was
,.';~" '~",.. " '.' .. ," ',,':.:': ' ...•. , .1'.1..... ";.::," .,.'.. ': ..', ., i·· ' .. :'J',

achieved between the produotion of carbon dioxide by the fish and 'its .'
- ~.. '. ':.' '! '. '" ,·;:l:·:.i... '~"\ .....:,: .:,,' : ".,,' " I • ','

lOGS through the water surface byacration. The incrco.se in'pR in these

t~s 'towards'''the 'end ~f'\he' e~erbn~nt~;'days 12~14', ;po.r'ti~t8.arl~ ..
2·
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evident in tank 1, was caused by the development of algal. populations due. : . . . .. ' . " .... ,'.\ -. .

to cont~ination f~o~'theother tanks~' T~~' 3 and 4 'w~re' inoculated "
1.1 <,I ~ -~-1 :~ ~ .~••••••••• - ': .. ', , • .' ,',.; ';.' :.~ • .'~: ~ '; • :.~:l'·. ::.,;. .... '.

with algae 3 days bcforc the experiment bego.n, in order to allow tho
• .... '. ':. •. ;.".. .' ." .. :;. '".:' .' '.. ~' •• ,. .)0••<:-.::.: ' ...... :'. '. .' .;' :. .I '. •

algae to acclimatize to the lower temperatures of the experiment. The
.:' ~ ';' • ;-" I"· : '\ _. '. :: • ," ;, :. . ; • . • • • .' ' •• :. ;., • . , '. • I .~ ...... : '. • , '

master culture from which. the.algae were taken had been mo.intained nt
o .. ';.. ", .. ' '. ," ,,'. ' '.' '.'" ...'........ , ".;:: "" '.:'~' '; '. ,

21 C. The result of this is evident in Figure 1 from the higher pU levels
recorded': in the's'e tank~. befo~e ~h~ additi~n cf th~; :ri'sh.~c,., Th~ '~~t{~i~: '~f

the algae in t~s 3 o.n~ 4 resulted,in largo d~ilY fluc~~ti~~sin~H ns
, ( •.,',.. Ir•. ,' " ,.. I , ' . , • .' i "

carbon:dioxide wa~ first ~~moved'during thc ill~nated period ~d'th~n

releas~d'."duri~g th~ hou~~ of d~~~S~. Towacls th~ '~n'ci o{th~ "e~~r~ent,
.' ,;" .' i. ;,' ;'"

when the algal population was increasing as 0. result of the addition of
" .. . , . . .. ' . .. : " .. ::/ ...

a nutrient solution, the consequent increasc in carbon dioxide consumption

ca~;~d a c~nsid~~~~l~ net rise in ;R 'to le~eis not ~~rm~ly' ~nc~~f~~d in
the open s~~. 'Th~ 'changes in pR ~d temperaturein both trea~~~t~ ~~er'a
..... ;. . . '. . , '. . . .• ',.t '.' .' ':.

comp!e~e 24 hour period are ,~hown oore c~carly in Figure ?
The original intentionhcd been to try to restri~t 'the aigo.1· cel1' . ,

. . .. t: .... ,.-, !. • '. .'. . . • r~ . .'. _.. ' ',;. ": .' .... :.
density to a maximum of around300 cells per microlitre, and on the

.1 ••'. ' .• ' :." ~" i .. .'. ..! . . . ~ ': : . '. ~. :..: ....

fourth day of the experiment the cell density was reduced by passing
• .I " '. >.' .:. . . .'. '. ,". .: :.', ': -,:.'. '. ',.' .. ~ ..

20 litres of water from each tank through 0. filter press. Rowever, this
·.~·r: . '~~"'.l. ,"' .~. ," •. ', . .;: . . -. . •

action caused a change in the level of dissolved ammonia in tanks 1 and 2
. !' ~ 'JA;. •'. •.:.. ., ~ . : ' I .

(Figura' 3).and so the procedure was not repeuted.
':., ; T~~"poor ci~v~lopm~nt of th~ '~ga~ over d;s 6 to 9 was thought t~

be likely to precede a collapse in the populations due to exhaustion of

some essential nutrient;" -20 riil' 6f"thEl"'st66k enrichment solution ond ~ .....

2 ml of the vitamin stock ooluÜo~'quoted by. '''alne (1966) fo;"'th~ culture

of Isochrysis galbana Pa:ke, ~~,9t~~r o.1gae were therefore added to 0.11

of the experimento.1 tanks, and· this was followcd by a resucption in algal

growth.

Oxygcn measurements showed that 10CY'ft of saturation was maintained in

tanks 1 and 2 throughout the experiment, while in tanks 3 o.nd 4 'measure-
, .. . . ~ ' ,-

ments taken when the algal populations were at their densest showed that

125% of saturation was reached at the end of tho light period; ,this·

falling ,.to, 95-97% of, saturation ..after ·12 ,houro. of darkness ... ,...

,:Figure 3 .. ohows that OVer most. of the experimental period .~he rate'"

of accum~ati9n.of.am::nonia ,nitrogen in tanks.·,1 o.nd 2 was fairly constant.

The, deor.e~~e ·during ;day, 4, resulted; from, the filtr~tion of 20 .litres" o~,::, J
" .. ~ ....

wo.ter fr9;:1 ;;.~?'.?~, ',!~ .:.::?ferred ,:to earl.i,er,' ,andthe: decre:ase. i~ ratE;l. of ,'. :: ,

accumulatioIl,~evident,l~partic~arly :in :tank-:,1, towa~sthe, .end ofthe :~. ':

experiment, wao :due·. to,. the :devolopment of"algae. Smnples taken for .' "'. '.e
'. .' ~ ,: .' :. i· .': ,., ,

ammonia,~~gsio ,f.ron tanks 3 and 4,at the' SD.I!le times as !those takeln: ': ....

3



I. ,I ~ J ~'. . :. ··~O i .

from tanks 1 nrid 2 gn.ve readings '\-1hich did not' differ significnntly from
;. . . ,,'" \ .".... :' .... "" . '; ',' " f " " , . ',' ,', :i

a. re~entbl~,' ~howirig thn.t·i~· those tnnlw there' was completeutilizn.:";

tion of·n.il~the ~c~i~ nitrogen prod~ced'by the fish over'the cxPericiehtn.l
• '. ..: ._." • • ••• ', '." • .' I' • • • __ :. • • ~.... • • .. ,

period. Men.sureoento of anmonia nitrogen were n.lso Dade at'the tines at
'J' :',. ",'" ...... .~.: • .~ •• ' '.',:'\ ,~'!~".' ..•• ','

which .the plI and teopern.ture reoults ohO\'ffi in Figure 2 were recorded.'··
;.:. .1..; ", '". - . r.:-., ',. . '~-.' .,.:" ., . . .: :' .. '.~ :,' .'.. '. . ;.! '.' "': . .

This was in order to investigate the poosibility of nnn.ecuoulation öf
:: .' '. ..';. ~ • . ::' :, . :' ;': .; .], .•.. ;. . j' . • ,'~. ,'. " ' .•'"" .:' .- ~ .... , ".

aomonia in the tanks eontaining n.lgnc during thc dn.rk period. The
::., ,'t. :' ',~\'. :~ '."';5.":. ' ", ~. ,._ ,", :~.. ' ;.. , ",M ~ .... "'" ;.,'. '! "

resul ts onee agn.in fn.iled to reveal tho pros'oriee of a.mooriia in -these .
'l', ,'; ',' .;"'"." " •... ~ .. ~. .., .: , ." • • .. ,'1,' ,,~ .~. " • tl'i ~I

tanks at any tine during tho 24 hour poriod, while in trinks'1 o.nd 2"
~~ni~ ~ho';;ed a st~n.a.Y aee~~iaÜon. ,.< ....., '.' "

. . ..'r~bie '11,ShO~~ tho' w~i'~hts of thG fi'sh n.t tne beginniD.g m;.a.' end. of" ."

the' ~~~rio~~t ,'togethor with 'tho woight incroase's expressed' as' pereent-

.' ~~~.~. cf the initinl "Tei>~hts~' Aeooparison bet"re~n the r~piieat'~ I:lOD.n~<'·

for' eaeh'tr~a:tnont showed 'that t~e difforeneos WerG not siß'l'lifiennt,' th~~

allowing the results froo en.eh replicate pair to be pooled foraeoI:l~"

pari~;~ between' the tre'atoent nonns. This coopn.rison, using n~ j tftest

for s~~ll sn.oples, gave c. vn.lue for 'tl of 2.50, '\vhieh'incllcates thai: 'f.,
:~ , \~:', .' ,.' " ~' .. ', ...:;, . , ,i:~~,,:;" ,;,,~i" '., !': .. -ii'·:;~' ';!

th~ difference in growth wn.s significant at the 0.05 level. .
. " . ,'" . :-' " ~;"::" :'" .... ::. " .' .... ':~,:..L:'. "j,:: t ••,~ '~:·f ;:\:..

The wet weight to wot weight· food convorsion ratios "rero ealeulated

f~IJ the grmrth nnci' food ~o'~s~ptio~ dn.ta.Thes~· are· give~ 'b~i'b~, 'b.rla.;'
here too a differenee be~een'th~ two tren.toents ls c.pparent though'this

•

•

was not found to be~ignifiennt.
, '< !.'" r·

" './

Tank.
.) "

1
2

Food
.conversion
ratio

2.38
2.66

.. '.: " .
Mecn food
convcrsion
ratio

Troc.bent .

Tanks without
n.lgn.o

'; ; :.: • '~:'! . /. .
. ,- .._- ._~ ..-- .

~ , • • ' :" • ~ I • •3 '2.21
4. ,\~" 'c~~'::; 2 •. 31.

CONCLUSIONS:

2.26 Tbnko 'with
. n.lgn.e .

•• !­..

'1.1 1

.. .,

:::"'1" '.' • I .': ,

. . : ~

The resul ts:' of thc c:x:;lerioentsclearly show thc effcetiveness 'df ;

via.ble algae in removing dissolvcd nMDonia fron stati6~~ariks irt,whieh

·iisll"·a.re Da.intained~ Imrrovonents in wator conditibns "aB an aid' to '. :
larvaF survival have also been attributed to the presence. of' algae 'by

Sheibourne (1964) ~ thoughho IDaintained tho :algae' Enteremo~ha·sp~",
attached 'to ··l3toncs, 'in a oC::,Jo.rn.te tank througnwhich the water f'roI:l hio.

rearing tanks "TllO' eirculatod. ~- In tho oxperitlentd;reported'by: Jonos·,:(.,:::'~,

(1910) it is'possible, therefore; thn.t the nbility- of theChlorella·to

4
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renove netabolites nay also have made some contribution to the improve­

ment in larval surviVD.l.
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Table 1 Light intensity neasurements for th~ experinental tanks, and growth data for the
snall juvenile sole in the two treatnents

Weight of fish (~)

f ')

Tank

1

2

Light
intensity
at water
surface 2
(lumens/m )

4300

4000

Original

4.16
5.10
5.03
5.30
--19.59

5.84
4.15
4.29
4.63

18.91

Final

5.59
8.04
7.99
7.91

8.09
6.14
6.10
6.89

.' ': i
Increase

1.43 ..
?94 '
2.96
2.6~

2.25
1.99
1.81
2.26

'{eight Mean Tr~atment'
increase % ~ ~.

as %of increase ! ~..;.

original ;

weight i,,

r-·

34
,

58 '
59
49

i':
,", I" Tanks without

39
47~25 algae .

48
42 i49

'.

; Tanks witht _:. "

1',: :algae
L

4.45
5.41
5.10
4.50

19.46

44003

4 4100 4.70 7.75 3.05 65
4.67 7.59 2.92 63
5.91 9.23 3.32 56
4.38 6.80 2.42 55

19.66

------------------------------------------------------ ------------------------------~~---: ' ~: ' ..
7.25 2.80 '63
8.022.61 48
7.83 2.73 54
6.74 2.24 50

•
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Fig 1 Records of algol cell' density, pHond meon temperature taken over the experimental periods~...
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Fig.2 Detailed records of pH and temperature token over a 36 hour period
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! Fig 3 Accumulation of dissolved ammonia In tanks without algae.
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