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Abstract

The RNA, DNA and protein content of winter flounder (Pseudopleuronectes
americanus) eggs and fed and starved larvae ~lere followed thraugh metamorphosis.
The RHA-or~A ratio was found useful for diagnosiS of the starving condition.

Intl~oduction

Normal developmcnt of most embryonic and prolarval teleosts depends on
material stored in the yolk for a source of both energy and biosynthetic
precursers. After hatching there is a transition period when larvae shift fram
depcndence on yolk to an exogenous food supply. The availability of sufficient
prey of the proper quality and the ability of larvae to capture and assimilate
it are critical to survival during the larval stage. Since differential
mortality during the larval stage could be important in determining the year
class size of marine fish, a method for determining thc nutritional condition of
fish larvae in plankton samplcs could aid in determining larval survival and
prediction of subsequent year-class size. In thc past, weight-length rclation
ships (ßlaxter, 1971), morphometric (Ehrlich, Blaxter and Pemberton, 1976), chem
ical (Ehrlich, 1974a, 1974b) and histological (O·Connell, 1976) methods have
been used with varying degrees of success. All four approaches have limitations
and diag~osis of the starving condition in sea caught larvae is difficult.

BulO\'/ (l970) used RNA-DNA ratios as indicators of recent growth rates in
adul t golden shi ners (Notemi gonus crysol eucas). He reported that RNA-DrIA rati os
were very sensitive to changes in feeding levels. The RNA content of a wide
variety of organisms has been related to growth rate (Sutcliffe, 1970).
Sutcliffe (1965) was able to predict quite accurately the growth rates of
laboratory populations of brine shrimp (Artemia salina) and mud snail larvae
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Nassarius obsoletus) using a growth-RNA relation determined on whole amphipods
Orc estia platesis). Dagg and Littlepage' (1972), however, concluded that the

general positive relationship between growth rate and RNA content lacked suf
ficient specificity for determination of growth rate. A positive relationship .
is expected since growth in marine teleosts is primarily accomplished bY.pro
tein synthesis and certain species of RNA are directly involved in protein
synthesis serving as bcith a template and organizer. The DNA content of an
organism has been used as an indication of cell number since the DNA content
of somatic cells is generally constant for a given species. Some eggs and
early larvae, however, have been shown to contain large amounts of cytoplasmic
DNA, greatly exceeding the amount of nuclear DNA (Neyfakh and Abramova, 1974).
This study was undertaken to determine the relationships between changes in
DNA, RNA and protein content and events in the development of winter flounder
(Pseudopleuronectes americanus) and to determine if measurements of these
classes of biochemieals could be used to determine the nutritional condition
of winter flounder larvae.
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Results

DNA content per e9g increased rapid1y between fcrtilization and hatching
(Figure 1). Upon hatching 10 days after ferti1ization, 1arvae contained
slightly more RNA and DNA than unhatched eggs and retained 78% of the protein.
During the period from hatching to the end of the yo1k-sac stage (day 5), DNA
content remained essential1y constant \'Ihile a slight increase in RtlA and a
decrease in protein \'las observed. Between the end of the yo1k-sac stage and
initiation of feeding (day 7) DNA content increased sharp1y \'Ihile RNA and
protein decreased. Of the protein present in the egg just prior to hatching,
45% \'Jas lost by the time of feeding initiation. After feeding initiation DNA,
RNA and protein 'content increased steadily (Figure 1, Tables 1 and 2).

The RNA and protein content of winter flounder 1arvae transferred to
filtered sea water prior to feeding initiation continued to decrease unti1 a
100% mortality \'las observed bet'vJeen day 11 and 14 (Figure' 1). Starved larvae
did show an increase inDNA content on day 7 simi1ar to that observed in fed
larvae. The RNA-DNA ratio of both starved and fed larvae decreased from the
end of thc yolk-sac stage through day 9. Ho\'/ever, the RflA-DNA ratio was sig
nificantly higher in fed larvac than starved larvae on day 9.

The RNA content of a second group of larvae transferred to filtered sea
\'Iater 28 days after hatching decreased within 2 days, while both DNA and pro
tein content increased (Table 1). After 4 days a decrease in all three com
poncnts was obscrved. A 50% mortality consisting almQst entirely of the smaller
individuals in the group occurred 7 days after transfer to filtered sea water,
accounting for the high DNA, RrlA and protein values observed on the final day
of sampling (day 36). The RrlA-D:M ratio of larvae transferred to filtered seil
water decreased continually until a lOO~; mortality \'Jas observed. Ho signifi
cant change in the RNA-DNA ratio of fed larvae \'JaS observed during the same
period (Figure 2). The DNA, RflA and protein content of different size groups
of larvae through metamorphosis is shown in T~ble 2•

Discussion

The DNA, RNA and protein content of winter flounder eggs reported in this
study are total values for the yolk plus the embryo. Any increase in the
amount of a particular component must therefore result from synthesis rather
than transfer from the yolk to the embryo. The continua1 net accumulation of
DNA from fertilization to hatching is probably correlated with an increase in
cell number (Regnault and Luquet, 1974) although the content of DNA per cell
may decrease (Neyfkakh and Abramova, 1974). The sma1l increase in protein con
tent during the same period suggests that protein is not an important energy
source during early development in v/inter flounder. The 46% decrease in pro
tein content between the maximum 3 days prior to hatching and thc minimum at
initiation of feeding on day 7 suggests that protein is probably an important
energy source during this period a1though this inc1udes a 22% decrease in
protein upon hatching, the majority of\'lhich may be lost with the chorion. Two
periods of decrease in RNA content were observed. One occurred just prior to
hatching; the other just prior to feeding initiation. No significant net
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decrcusc in the DNA contcnt of eggs or fcd larvae was observcd between any
sampling periods.

The decrease in protein and RNA contcnt (Figure 1) as well as the decrcase
in thc RNA-DNA ratio (Figurc 2) prior to fccding initiation rcscmblcs thc pattern
observed for starved larvac. Even in thc presence of excess food the RNA-DNA
ratio fell from 4.9 at the end of the yolk-sac stage to 3.0 at initiation of
feeding on day 7. The critical importance of food availability at the initiation
of feeding capability was demonstrated t\~O days later when fed larvae contain
almost 100% more RNA and 55% more protein than larvae held in filtered sea
water.

The RNA-DNA ratio was the most reliable and sensitive index of nutritional
state evaluated in this study which included relationships between RNA, DNA,
protein , standard 1ength and dry wei ght. Rf~A content was the most 1abil e e
decreas i ng \o,ithi n hlO days after remova1 of food. DNA content was generally
conserved except in the final stages of starvation prior to death. The protein-
DNA ratio, which is an index of the amount of protein per cell, generally decreased
as starvation progressed and the protein-RNA ratio generally increased. The
RNA-DNA ratio was particularly useful as an indicator of condition since unlike
other indices it fell·within well defined limits throughout the period studied.
Winter flounder larvae established a mean RNA-DNA ratio of between 4.0 and 4.8
shortly after initiation of feeding (Figure 2). This range is similar to the
RNA-DNA ratio values reported by Bulow (1970) for golden shiners ili. crysoleucas).
The RNA-DNA ratio was notaffected by either the age or size of the larvae until
~etamorphosis when the RNA-DNA ratio increased·to between 5.3 and 5.7 and remained
at this level until the experiment VJas terminated on day 58 (Table 2). This is
particularly important since the age of sea caught larvae is difficult if not
impossible to establish and a large size range is observed in larvae of the same
age. This point was demonstrated on day 36 when a large mortality of smaller
larvae resulted in an increase in the mean DNA, RNA and protein content of
starvcd larvae. The RNA-DNA ratio, however, was unaffected by the change in
size distribution and continued to decrease. Results from larvae transferred to
filtered sea water 18 hours prior to sampling and allowed to empty their stomachs 4It
(Table 2) indicate that the RNA-DNA ratio is not significantly affected by
stomach contents at the time of sampling.

Before measurements of RNA-DNA ratios are useful in the field, the effect
of changing environmental conditions such as temperature and salinity as well as
low prey concentrations and intermittent feeding should be evaluated. Although
adult golden shiners 1[. crysoleucas), larval winter flounder and larval cod
(Gadus morhua) (Buckley unpublished data) show a similar decline in RHA-DrIA
ratio when food is withheld, the response of other species should be determined.
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Tab1e 1. RNA, DNA and protein content of starved and fed winter f10under 1arvae 28 to 36 days after hatching.

Starvation Standard Length RNA DNA Protein RNA/DNA
Age Timea mm \lg/larva \lg/l arva \lg/larva

Days Days Fed Starved Fed Starved Fed Starved Fed Starved Fed Starved

28 0 5.69±.2 3.85±.67 0.91±.21 36±7 4.27±.42

30 2 5.83±.275.69±.12 4.74±.73 3.32±.51 O.99±.131.04±.11 37±3 44±5 4.81±.563.16±.26

32 4 5.99±.155.58±.20 4.75±.142.59±.61 1.21±.160.93±.13 79±4 36±7 3.99±.50 2.78±.29

eb 5.49±.15 3.95±.22 O.99±.O5 43±4 3.98±.06

36 8 6.29±.136.31±.19 8.97±.66 3.70±.50 2.17±.41 1.73±.18 94±4 60±8 4.19±.432.14±.16

eb 6.20±.42 8.15±2.67 1. 92±.46 86±24 4.20±.34

aNumber of days starved fish were in fi1tered seawater.

bFish removed from fed population and transferred to filtered seawater 18 hours prior to samp1ing to c1ear
stornach contents.



Table 2. RNA, DNA and protein content of various size groups of winter flounder
larvae 42 to 58 days after hatching.

Standard Length
Age Standard

Days after Range Mean Deviation RNA DNA Protein
Hatching rrun rrun rrun lJ9/l arva lJg/larva lJg/l arva RNA/DNA

42 4.98-6.07 5.60 .39 3.55± .23 44± 1

6.27-6.89 6.50 .20 9.19± .75 1.99±.06 99±10 4.61±.09 •
7.00-8.77 7.77 .57 21.83±1.983.91±.70 200±15 5.62±.52

~

43 5.26-6.35 5.76 .30 3.35± .61 •82±. 13 44± 5 4.10±.07

6.36-7.26 6.82 .26 7.75± .981.85±.25 91± 5 4.18±.03

7.29-8.54 8.19 .33 27.42± .28 4.84±.00 274± 5 5.67±.06

50 4.10-6.54 6.01 .55 5.32± .401.27±.08 49± 4 4.19± .03

6.31-7.69 7.00 .34 11.08± .29 2.52±.02 115± 1 4.40±.08

7.50-8.67a 8.01 .35 32.82±2.836.19±.69 370±37 5.31±.14

58 5.79-6.91 6.31 .27 5.70± .03 1.35±.07 64± 1 4.23±.20

6.67-8.35 7.27 .47 14.33±1.033.18±.08 153± 1 4.50±.21

7.40-8.49b 7.95 .31 37.08±1.027.05±.10 434± 3 5.26±.07

aSix of the 10 fish in this samp1e had metamorphosed.

bAll fish in this samp1e had metamorphosed.
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Figure 1. Time course of development of DNA (.), RNA ('), and protein (A) content per ontogenie unit (CU)
of winter flounder.

a - 50% hatch.

b - starved larvae transferred to filtered sea water.

c - most larvae showed.no visible yolk.

d - food visible in gut of fed larvae.
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Figure 2. RNA-DNA ratios of starved and fed winter flouoder larvae. Open circles indicate values for larvae
transferred to filtered·sea water on days 3 and 28 respectively. Brackets'indicate ±2 standard errors of the mean.
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