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Ryland (1966) described a plaicc-rcaring cxperiment in which the

‘length, wet weight and development stagos of plaice larvac, fed to oxcess

on Artemia nauplii were, after preservation, related to age between hatch-
ing and mé%émorphosis, in arbitrary conditions of tempcraturc and other
physicochemical variables. Mo divided the curmlative growth curve for
wot woeight into two phascs (a) an initial AS—day‘pcriod during which
growth procecded to o meximum at a gradually increasing rate, and (b)
roctilincaf growth at this maximum for the subsequenf éO days or so to
motamorphosis. Growth in length followed a similar, though not identical
pattern. This work has now boen ropcated at Port Erin, using fresh
material, making no assurptions (unlike Ryland) concerning the wet

weight of nowly-hatchod larvac based on lcnagth measurcments.

TECHNIQUE

A batch of approximatcly 2 000 pond-spavned plaice cggs liberated
on 30 March 1969 was transforrcd into a black polythenc tank (120 cm x
60 cm x 30 cm) fille@ to a dpoth of 25 cm with sca water containing a
standard dose of the antibiotics benzyl-poncillin and streptomycin sul-
phatoe. The tanlk remained static until hatching; therecafter it was
acrated gently and irrigated with an oqual volume of fresh sca water
twice por weck, Artemia nauplii were first added as foed five days
after hatching, and maintained in excoss until the exporiment ended. The
tank was illuminated for 12 hours per day by a fluorcscent source giving
an intensity. of 400 mc at the water surface; . the temperature was con-
trolled at 5-6°C during the 21 days of incubation, rising after hatching
at a rate of 0.1°C per day for the following 73 days to the completion

of metamorphosis,
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Two samples.of. 50 eggs (early. and.late).were.weighed wet,. and then
dry at constant weight after treatment in a vacuum oven at SOOC. One day
after hatching and at subsequent nine or ten-day intervals, representa-
tive samples of 50 larvae, lightly narcotized with 11.5.222, were staged,

neasured and weighed .wet. and vacuum-dry..- -

THE CULULATIVE GROWIH CURVE .

Results are summarized in Table_1§ Figure 1 shows that a slight, but
perceptible weight loss occurred during eggy incubation, followed by a marked
loss at hatching representing the weight of egg shell and perivitelline
fluid. The larval wet weight continued to deccline for the next 1i-day
(yolk-sac) pericd reaching a minimum approximately one third of the origi-
nal egg veight. During the following 35 days of pelagic life the growth
curve progressed. geometrically to a maximum rate of increase (%% of
1.217 ma/day (wet), the.attainment of this maxirum coinciding with the
onsct of population metamorphosis.  For the rcmaining 27 days of the
experiment to the completion of metamorphosis growih proceeded in an
uninterrupted rectilinear fashion at maximum rate. Thesce changes in the
direction and velocity of growth in weight arc emphasized when weight
values are plotted on a logarithmic scale (Figure 2).

The growth curve for larval length has two features in common with
that for weight, i.c. a phasc of slowly accelerating growth to a maxirum
for approximately 45 days after hatching in the conditions of this experi-

ment followed by a rectilincar increase in length at constant velocity

(%%-: 0.169 mm per day) throughout the periocd of metamorphosis. Of par-
ticular interest is the evidencc for positive growth in length during the

11-day yolk sac stage in conditions of diminishing weight.

VET WEIGHT/DRY WEIGHT RELATIONSHIP

Estimates of larval dry weight, if based on wet weight measurements
must take into account a progressive changé in the ratio of dry weight to
total wet weight during the course of development (Figure 3). The réla-
tive water content (a buoyancy factor in the cgg) diminisheé in a
curvilinear fashion from approximately 90 per cent total weight one ddy
after hatching to 81 per cent at the completion of metamorphosis. This
transformation can be related to major morphological changecs such as the
graducl disappecrance of the voluminous, plasma-filled subdermal spaces,
so prominent a fecature in the newly-hatched larva (Shelbourne 1956), and

to ccological drift from a pelagic to demcrsal habit.
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WEIGHT/LENGTH RELATTIONSHIP
The commonly-used cquation for relating wet weight to length for
fish iss-
n
KL™
T e
VW o= D
where the cxponent has a value of 3, and k, known variously as the
"condition factor" (qulcy 1912) or “ponderal index" (D'Arcy Thompscn

1959) fluctuates about unity according to age and scason. D is a divisor

~.dependent on the units uscd for measuring weight and 1éngth. The above

equation implies the regression of X and Y valucs to pass through the

- origin, but it will be seen from Figurc 4 that this is not the case with

larval plaice, where the values produce a form of association generally
cxpressed bys

. Y=a+bX
where ¥ = L3,'a is the f—intcrceptf b is the regressicn coefficient
(= pomderal index) and X = W (wet or dry). Regressicn A (continuous line)
in FPigure L reoprosents the best fit to 397 paired valucsi longth being
measured in mm and weight in mg. By computation:
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it s L” = 48,.08 + 93.4116 W, (Y on X)
wet weight § g )" 8500 4 .01048~L3 (X on Y)

2. dry weight ) 0
"~ {(not inclu- VW
.. ded_in Figure 4)

Won

53471+ L73.2201 w3 (i on‘xg
~1.0349 + .00205 L (XonY

These estimating cquations are offeréd as bcttcr altornétives to
U = k" Tor calculating the weight of plaice from length, or vice-versa,
during the larval stage of development between yolk resorption and meta-
morphosis. The anomalous 1ength/woight rolationship during the 11-day
yolk-sac phasc has been.omitted in the interests of accuracy. The appro-
priate correlation cocfficients, standard.crrors and'confidence intervals
for regressions are gi&en in Table 2. o .‘ |

Though the ponderal index is usually regorded as having a mean value
specific to cach spcocies, it rcally rcflects the bodily proportions of an
animal. A change in form, for instenco during metamorphosis, might be
cxpected to produce a corrcsponding chenge in k (= b). In Figurc L the
discontinuous lines represent the regression of L3 on vet woight during

(B) the pelagic phase from day 11 to 45, and (C) from day 46 to complete



metamorphosis. The corrcsponding values for b (see Table 2) arc 141.042
and 87.769; found to be significantly differcnt to onc another, at the
0.1 per cent level, by comparing the ratio of the diffcrence between. the
two slopcs to its standerd error, against a t-variable with n, +n, - L
b, - by
SB‘ iy

corrclation cocfficients of regressions B and C, though highly significant,

degreas of frecdom t = It will be noticed, however, that the

have valucs somewhat lower than for rcgression A (211 date). This might
be ekplainod by the réiativoiy narked effeet on larval weight variance of
a sfandard balance crror, at weights ncar the lower rosolution limit of

the instrument. Using o moro.sensitivo micro-balance, it should be poésiblo
to cstablish, beyond doubt, the existence of o varying ponderal index
during the larvel development of the plaice, and with the aid of two or
merc principal cstimating cquations, improve further on thoe accuracy of

weight proediction from length measurements, and vice-versa.
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Table 1 Hean lengths and weights of doveloping plaice larvae

Development  Days from llean S.D. lean wet 5.D. lecan dry S.D.
stage* hatching  length * weight (ng) woight (mg) £
: (rm)
Bggs: early =19 - - 347 0.12 0.30 0.06
Bggs: late - L - - 3.1 0.21 0.27 0.06
Larvae: .
Stagoe 1 + 1 T.24 0.26 1.71 0.22 0.19 0.03
1. +10 T.59 0.26 1.07 0.18 0.13 0.04
1-2  +19 8.18  0.41  1.47 0.37 0.22 0.06
2-3 428 8.57 0.4,9 2.22 0.63 0.37 0.1
3. +37 9.40 0.67 3.66 1,11 0.62 0.20
3-L  +46 10.68 1.17 6.85 2.85 1.25 0.56
k. +5k 12.5h  1.55 15.4 T.T4 2.83 154
L-5  +6L 14.36  1.73 26.69 12.56 5.09 2.35
o>+ +73 15.22 2,56 37.57 20.49 T.37 Leo13

*According to Ryland (1966)



Trble 2 Rogression analyscs for the length (rm)/weight (mg) relationship in plaice larvac (scc Figure L)

Rogressicn Dovelopment  Numbor of Doys after listimoting cquations Correlation  Standard error  95% confidence i
Stogo paired values  hatching ’Yc = a + bX) coefficicnt  of rogrocsion limits of regression
| () *5,) £
A 05t 397 1173 (wet) I7 = 4BL.OB + 93.4116 V. (T on X) 0,989 2144 120,30
(wet) V. = —4.82 + 0.01048 L7 (X on Y) 2,27 b5
(dry)'ij = 53L.70 + 473.2201 W, (Y oﬁiX) 0.986 248.00 486,08 : _
(ary) W = —1.03 + 0.00205 I° (X on Y) 0,52 1,02 o
B 2-3 220 11-45 (wot) T = 315.91 4 141.0420 i (Y on X3 0.958. 5779 . 113.27
- (wet) W -1.86 + 0.00650 1”7 (X cn 1) 0.39 0.76
(dryg 17 = 362.57 + 738.5031 M (7 on xg 0. 947 ;) 126,38
(dry) T = =040+ 0.00121 L7 (XenY 0.08 0.16
c L—-5¢ 177 L6-T3 (wet) L3 = 689.12 + 87.7693 W, (Y en X) 0.984 275.43 539.8L
3
(wot) W = =6.82 + 0.,01102 17 (X cn Y) 3.09 6.06
(dryg L3 = T77.2L + 4,39.2216 Us (Y eonX) o0.94,8 316.79 620.91
(dry) ¥ = -1.50 + 0.00218 I” (X cn ) 0.71 1.39

%Stn003 of Ryland (1966)
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Figure 1. Cumulative gtowth curves for an egg and larval
population of captive plaice
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Figure 3. Changes in the water content of hatchery plaice during
larval development.
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Figure 4. Length/weight relationship during (arval development of plaice.
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