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INTRODUCTION
An’ 1mportant factor in determining the feasibility of commercial

fish farmlng is the weight of fish which can be produced per unit of
tankage. For each size of fish, production will depend on a number of
factors, the most important-being tank size, water flow and stocklng
rate.\ The evaluation of each of these factors should enable predlc-:
tlons to be made concernlng economic output. ‘

In “this paper the effect of stocking juvenile sole in small tanks at
varlous ‘densitics under conditions of constant water exchange is examlned.;
At the outset of the experiment little was known of the influence of’ '

accumulations of fish waste products, so that a water exchange rate which=:

would prevent any impairment of growth could not be selected. Howevey,
concentrationsﬁof ammonia, and its oxidized derivatives, were monitored
and their possible effect is discussed in relation to more recent invésti-
gations. e
MeTHODS x. 35' h

The flsh were'held in 60 x 30/6m black polythene tanks 111um1nated
from above by 30w dayllght fluorescent tubes for 12 hours ‘in each’ day
The tanks were gently aerated and’ recelved a flow of ‘5-T litres per hour s
of fresh sea water. A1r temperature was controlled at 15:0 £ 1.0 %gy; <
but “becanse the temperature of the 1ncom1ng seawater was not adausted
tank tcmperatures fluctuated, and decreased from 15—16 c at the beglnnlng

to 12-13 °¢ at the end of the experiment. For this reason it was not
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possible to prevent the differential accumulation of metabolites by

irrigating edch: tank in prgport;on_to the weight of fish it contained.

The, "tanks“were a:cranged in two scries of 8 and onec _gf. 7and stocked wq.th
the follow1ng approx1mate numbers»of fl shs o T wswi;ni~>ﬁ

Series ¢ 2050 40 60" 80 100 200

Series B 150 200 100 80 60 40 20 20

Series A 20 20 a0’ 60180, 100 200" 150

The fish used had been reared from a single egg collection and had
been weaned on to a diet of live Lumbrlc:ﬂ lus, a food mhlch allows good
growth of plaice (Klrk and Howell 1972) A random ua.mple of 168 fish

were weighed and measured at the beglnnlng of the experiment. Sub-

sequent weighings were confined to .)erie:;"A and B at about 40 day inter-
vals but staggered so that series A was \relghed ai‘ter 17 days, scries -
B after 34 days, scries A after 50 day., cte, The experlment was termin-
ated after 134 days, when all fish were weighed ond measured. To faclll—,._?.
tate the measurcments.and to avoid'damage the fish were first narcotlzed '
with an80 -parts/106 solution of MS222 (Sandoz). Thoy were returned. to o
a cleancd tank filled with fresh sea water. - . ‘ |

The stock was fed en ad libitum diet of. Lu’nbrlc:.llum Follown.ng J }
the weighings of fish in.Series A and B after 50. and 34 days respectlvely, V_
the food added to each tonk, and any food removed, was weighed. s0 that ‘ »
food conversion.ratios could be.calculated. Temperaturcs were recorded ‘
daily, and a high standard of hygicne was maintained byj.,.i_‘._requently;.sn.phon-‘_'__‘_,
ing accumlated debris from the.tanks. . .- o
RESULTS e

a)-Mortality xd amE e e

:Mortalities throughout t gle’ experlment were low and, 1m,_.rela,ted to
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b) Growth
At the end of the experiment, a.f ter 134 days, the fish at the

lowest density had:achieved a mean wclght of around 8 g wh:.le those a,t
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the h;g_hest density.had, :geaql_m_d:a. ‘meaz}"vrelght of. le‘s:s‘ thanv‘_.A‘,' 8. 'IT}e
relationship..between mean weight and ;density wac .similar in..i“;he. three -
series bu'l: the data have not been. combined, because the fish in each. ‘, '
series had.grown at. sllghtly dlflerent rates (Flgure 1) 'J;he,‘dev‘elﬁop-b-. »
mont of this relationship-for. soris A.is shovn.in Figure 2. The .
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equgtions of the curves werc determined from linear regression analyses
of logarithmic values of cach parameter.

¢) Relative variability

The population of fish uséd to stock the-experiment was:very -
variable-in.weight, .as.indicated. by the coefficient of variation of
approximately 59N.ml?he greatest change occurred over the first 50 days,
when there was a geneial aééfea se in varlablllty whlch was density- .
dependent. PFish held at the lower densities became less vgglable than
those held at the higher densities. There was little further change..
during the remalnder of the experiment and the final relatlonshlp between
density und varlablllty is shown in Figure 3. There was a s1gn1f1cant
positive correlation -between logarithmic values of density and the coeffl-
cient of--variation .for.series A.and C (P < Q.01 _and P <O0. .05 respectlvely),
but that of serics B was not significant (P < 0.1).

d) Food conversion ratio

In both series of tanks in which food intake was measured, fish
held at high density converted their food into body tissue less effic-

iently than those at low density (Figure 4). Food conversion ratios,
calculated from wet weights of food and fish, ranged from 4.0:1 to
2.7:1.
DISCUSSION

"It is not possible to attribute the described differences in growth,
relative variability and food conversion efficiency to population
interaction alone, because the equal water exchange rates at all stock-
ing densities resulted in a differential accumulation of waste products.
This was most marked in series C, in which a ccmplete water change was
not made during the experiment (Table 1). Recent work (Alderson, un-
published) indicates that these levels of ammonia are unlikely to havehad
any deleterious effect. Although there is no evidence to guggest that
the high levels of nitrite and nitrate are harmful, the low pH values,
which indicate high carbon dioxide concentrations, are more likely to
have had an adverse effect on the fish.
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TABLE 1. immonia, nitrite. nitrate and pH values for series C.
towards the end of the experiment.

P

.Apensity
20 40 60 80 100 200

pH (127 days) - 797 7.8 7.7 7.6 7.4 7.3
Ammonia (128 -days) s '

(mg ommonia N/1) - 0.20 - 0.34 0.44 0.44  1.06 1.06
Nitrite (134 days) o L .

(mg atom/1). 1.3 1.5 8.6  16.9 25.0  40.4
wNit:ate‘(134.days) , ' ; '

(ng atom/1). 14.7 16.7 " 2%.0. 36,2  42.5 50.3
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Fig.3. Regressions of log coefficient of variation on log
density after 134 days for the three series of tanks
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Fig.4. Regressions of log. food conversion ratio on log. den-
sity for series A and B over the last 8L and 64
days of the experiment respectively.



