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INTRODUCTION ' o _ e
- The ouggegtlon of a benef1c1a1 effect achleved by the presence of ;
-algae in tanks.in whlch flsh larvae were belng reared has been related \
to some property other than its usec as a food elther by the larvae or the
food organisms on which the larvae were feeding (Jones 1970) Because it
is known that algae will utilize ammonla as a source of nltrogen (Corner
-and. Davies 1971) and that ammonla accumulatlng as an excretory product ;
has an adverse effect on fish growth and survival (Alderson, unpubllshed
results), it was decided to investigate the effect of the presence of ‘
unicellular algae both in relation to the level of dlS olved ammmonla and

to the growth of‘frsh held in static condltloh .

- EXPERIMENTAL DETAILS
The fish used in the experiments were small Dover sole, Solea :

§glg§ (L.), of between 4 and 6 g. - Twenty-four fish were injected bencath
the ‘skih' on:the ventral surface with coloured latex (Riley 1966) to .
enable individuals to be identified, and following a recovery period:of

7 days all the fish were weighed.. Sixteen fish were then selected so
that with four fish 'in each of the four tanks used.all the tanks had ..,
approximately the same total weight of fish (Table 1). The fish were
.introduced into the experimental tanku 24 houru after welghlng._ o

4 ...The 60 x 30 x 30 cm tanku were of clear Perupex and each contalned
40 litres. of sea water whlch had been pterlllzed by flltratlon.~\The
four. tanks were, placed beneath two 1500 watt tung ten halogen tubes whlch
gave.an.illumination at the surface of between 4000 and 4400 1umens/h )
_(Table 1), .and the lights were eontrolled by a time oWltch to give ‘& -
cycle of 12 hours llght and 12 houru darkneoe. Alternate tanks 1n thn.
ToW. were.: elther left free of algae ,OT, were 1noculated w1th,the marlne

flagellate Dunaliella tertlolecta Butcher to glve an 1n1tia1 elgq;

adE

density. of approximately 150 ce11° per mlcrolltre° The taqko“were

R PRy ey
_maintained W1thout flow for the duratlon of the experlment but aera=
tion w1th compreswed air at the same rate 1n each tenk and at a level ‘
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sufficient.to.maintain. oxygen: at. 10083 saturation‘ihlthQ-tankS.WiihQQtliL
algaoe was provided by submerged air-diffuser stones _ o
The flsh were presented with on excess level: of food over the whole

experlmental perlod The food used was Lumbricillus 8pp., on enchytraeid

worm prev1ously found to glve good growth W1th small’ Juvenlle flatfish
(Kirk 1972; "Kitk and’ ‘Howell 1972), and in order to measure food consump~
tion a known weight of fresh Lumbricillus was added to the tanks each day

after the uneaten:food from thelprevious.days'-feeding had been removed
éhd”weighed The excess food was removed with a siphon, the worms belng
retained by a fine-mesh nylon filter and the sea water returned to the
tank As the Lumbrlelllus did not ‘feed on the algee in the algal tanks,
then any. dlfference 1n the growth of the fl h in the two treatments eould

1

not be related to a dlfference in food quallty

) Dally measurenentﬂ of total armonia nitrogen were made us 1ng'a
phenol—hypochlorlte method smllar to that of Solorzano (1969), 10 nl .
portlons being taken from o 25 ml sznple which had first been centrlfuged

to remove algal cells and partleulate matter. This enabled dissolved

‘ammonla to be mea ured down to a level of O 02 ng ammonla N/lltre. Tem=

perature and pH were u"ually neasured tw1ce dally, oxygen concentration
was nonitored at 'less frequent 1ntervals; using a Maekereth electrode
and neter, and routine neasurcments of algal cell density were also made.
A1l the.pmonitoring of water conditions was norrmelly done during the
daytlme, but neasurcments were also made at 2 to 4 hour intervals over:a
complete 24 hour period in order to-obtain information on the changes ‘-
obeurring during the hours of darkness. - - - T e

- Theﬁexperiment was terninated ‘after 13 days when it becane “apparent

that algae vere beglnnlng to develop in the orlglnally algae—free tanks.

RESULTS L
) Flgure 1 uhows the level" of algal cell den lty, pH and temperature

DOl el

reeorded over the experlnental perlod. The tenperatureu plotted are the
RV e . N

neang_for all the tanks, for although varlatlon ‘between replleates

oecaszonally reached 1 O c the varlatlon of mean temperature between ok

treatmentu dld not exceed 0 2 C More detalled tenperature recordo for

ke

a uhort perlod of the experlment ere glven 1n Flgure 2 where 1nd1v1dua1
tank tenperaturen are plotted _“' . res s e
 In tank» j and 2, pH after ohow1ng an 1n1t1a1 decllne follow1ng
the addltlon of the flsh 1evelled off“et~around 8 0 a""a balence was ‘
achleved between the productlon of oarbon dlox1de by the flsh and 1ts -
loss through the water uurface by aeratlon. The 1ncreeee in pH 1n these

tanks towards the end of the experlment dayo 12—14, partloularly
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ev1dent in tank 1, was, caused by the development of algal populatlons due
to contamlnatlon from the other tanks.. Tanks 3 end 4. were inoculated )

i w1th algae 3 days before the experlment began, 1n order to allow thc

algee to accllmatlze to the lower temperatures of the experlment The -
master culture from whlch the algae were taken had been malntalned at |
21 C . The result of thlo is ev1dent 1n Flgure 1 from the hlgher pH levelﬂ
recorded in theﬂe tanks before the addltlon of the fluh. The act1v1ty of
the algae in tanks 3 and 4 regulted in large dally £1uctuat10ns in pH qs
carbon dlox1de was flrst removed durlng the 111um1nated perlod and then A
released during the houro of darkness Towards the end of the experlment
vhen the algal pOpuletlon was 1ncreaulng as a result of the addltlon of

o nutrlent solutlon, the consequent 1ncrease 1n carbon d10x1de consumptlon
caused a con31derab1e net rise in pH to levels not normally encountered 1n
the open sea. The changeo 1n pH and temperature 1n both treutments over a
complete 24 hour perlod are ohown nore clearly in Flgure 2, '

_ The orlglnal 1ntent10n hud been to try to res trlct the algal cell i
denslty to a max1mum of around 300 cells per mlcrolltre, and on the R
fourth day of the oxperlment the cell den 1ty was reduced by pa381ng
20 lltre° of water from each tank through a fllter press. However, this
actlon caused a change in the level of dlSSOlVed ammonia in tenks 1 and 2
(Flgure 3) and 80 the procedure was not repeated '

The poor development of the algae over duyu 6 to 9 was thought to
be likely to precede a collapse in the populations due to exhaustlon of
some egsential nutrient; 20 ml” of ‘the” stock enrichment solutlon and "7
2 ml of the vitamin stock solution quoted by Walne (1966) for the culture
of Isochrysis galbana Parke and other algae were therefore added to all
of the experimental tanks, and: thlu wag followed by a resumptlon in algal

growth.,

Oxygen measurenments showed that 100% of saturation was maintained in
tanks 1 and 2 throughout the experlment wh11e 1n tanka 3 snd 4 measure—
ments token when the algal populations were at thelr densest showed that
125% of saturation was reached at the end of the light period, this -
falling to 95-97% of .saturation.after .12, .hours of darkness. ...

.Figure 3 .showsg that over most. of the experimental period.the rate -
of accumulation.of . ammonia nitrogen in tanks-1-and 2 was fairly constant.
The- deoremse during.day 4 resulted from the {iltration of 20 litres of ..
water from~eeoh tank referred to earlier, r-and the.decrease in rate of .
accumulation,evident, :particularly .in tank.1, towards the end of ‘the -
experiment. was :due- to. the ;developnent of- algae. Samples taken for .. -,.

ammonlawensly is fronm tanks 3 and 4 .at the- same tlmeo as those taken i - ;
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ammonla uhowed a steady accumulutlon.

from tanks 1 and 2 gave readlngﬂ whlch dld not dlffer 31gn1flcantly from
a reagent blank, uhow1ng that 1n those tanks ‘there’ was complete utlllza-:
tlon of all the amnonla nltrogen produced by the fl h over the experlmental

perlod.J Measurements of ammonla nltrogen were also nade at the tlmes at

~th_ch the pH and temperuture results shown in Flgure 2 were recorded

mThls was 1n order to 1nvest1gate the POS 31b111ty of an accumuletlon of

ammonla 1n the tankg contalnlng algue durlng the dark perlod 'The"'
results once agaln falled to reveal the presence of ammonla 1n these _
tanks at any tlme durlng the 24 hour perlod while in tunks 1 and 2 "U: N

Table 1 showu the welghtu of thv fluh at the beglnnlng and end of

"the experlment together w1th the welght 1ncreases expres ed as percent-

V‘ages of the 1n1t1a1 welghtu. A comparison between the repllcate neans”

for each treatnent showed that the dlfferences were not slgnlflcant thuo
ellow1ng the res ults from each repllcate palr to be pooled for a com— ‘
parl on between the treatment meenp. Thl“ comoarlson, uslng At test

for snall sanpleo, gave vulue for lt' of 2.50, whlch 1ndlcates that

i ,x v

the dlfference 1n growth was 31gnlflcant at the O 05 level
.‘ The wet welght to wet welght food converslon ratlo were calculated

from the growth and food consumptlon data. These are glven below, and

here too a dlfference between the two treatments is epparent though thls

was not found to be 1gn1f1cent SN

Tank ' ’f&dd . t:;ﬁeenifood » Treatmentt
-7 Bonversion’ [ conversion v T .
ratio . ratio Cioere e
1 2.38 - 5 52 ' Tanks without
2 2.66 ° algae
4- RN .'.“‘:l2“31‘ N o N : alga'e A - o ’
ode s a )
CONCLUSIONS

The results of the experiments ¢learly show the effectiveness of @

viable algae in removing dissolved ammonia from static'tanks in-which

fish"até maintained. Improvements in water conditions as an aid to: ~

larval survival have also been attributed to the présencé. of algae by -

Shelbourné (1964); though he maintained the algae Enteremorpha sp.’,
attached to stones, in a separate tank through which the water from his.

rearing tanks was circulated. ' In the experinénts:reported by Jones:w: i
(1970)-it is'possible, therefore, that the ability of the Chlorella to -
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renove netabolites may also have made some contribution to the improve-

ment in larval survival.
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Table 1 Light intensity measurements for the experimental tanks, and growth data for the
snall juvenile sole in the two treatments oo

Tank Light Weight of fish (g) ~ . Weight = Meah : Tréétment'
intensity iy 7 " increase % S :
at water ——————  as % of ~ increase . i.
surface - ;- . original ) o
(1umens/m“) Original Final Increase  weight P
1 4300 416 5.5 1.43 34
5,10 8.04 2.94 i 58
5.03 7.99 2.96 . 59
5.30 7.91 2-6? 49
1223 : E, E : 127?55'- _ Taﬁks without
2 4000 5.84 8.09 2.25 - 39 D K algae
4.15 6.14 1.99 48
4.29 6.10 1.81 42
4.63 6.89 2.26 49
18.91 .
3 4400 4.45 7.25 2.80 63
5.41 8.02 2,61 - A8
5.10 7.83 :2.73 54
4.50  6.74 .2.24 50
19.46 o 56.75 Tanks with
4.67 7.59 2.92 63 . Lo
5.91 9.23 3,32 56 - C o
4.38 6.80 2.42 55
19.66 g ‘
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86 Fig. 2 Detailed records of pH and temperature taken over a 36 hour period
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Fig 3 Accuniulation of dissolved ammonia in tanks without algae.
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