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Food Requirement of the Flounder Larvae and Possible
Distribution Pattern of the Prey Organisms in the
Waters Adjacent to Hirado Island, Kyushu

Yasuhiro MORIOKA*, Junko NAKASHIMA* and Katsunori KIMOTO*

A comparison between the food requirement and the turn over rate of stomach
full of the larval flounder, Paralichhtys olivaceus (TEMMININCK et SCHLEGEL), known as
“Hirame” in Japanese, showed that the larvae with vacant stomachs are actually fam-
ished in a natural environment. It was deduced from the capability of searching food
and feeding success of the larva, that the mean density of prey organisms is too low to
fulfill the food demand during 50 days after hatching. Neverthless some of the larvae
manage to get enough food. This would mean that the distribution of prey organisms
is not uniform. A possible pattern of the spatial micro-distribution of prey organisms
was suggested; the volume of the aggregation of the tiny organisms or swarm was esti-
mated to be 3-952 liters.

Quantitative relationship between fish larvae and prey organisms has long been
considered to influence the survival and growth of larval fish.»? Food conditions
for survival and normal growth were discussed from different view points; physi-
ological approaches,>® feeding experiments,*™® and theoretical considerations.” From
these it was suggested that the larvae require a higher density of food organisms
than that found at sea.?'® HuUNTER® however, stated that the patchy distribution
of prey organisms may settle the problem on early larva feeding, and TaNaga!®
stressed the importance of surveying the spatial micro-distribution of larval forms
and prey organisms.

The authors observed the high scarcity of contents in the stomachs of pelagic
larvae of flounder (Paralichthys olivaceus (TEMMINCK et SCHLEGEI), “Hirame” in
Japanese) taken from the northernmost area of the East China Sea to the west of
Nagasaki Prefecture during spring. Food conditions required by the {fish larvae
community in the area and season under observation are discussed based on the
results obtained and previous physio-ecological works.
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*Seikai Regional Fisheries Research Laboratory, Kokubu-machi, Nagasaki 850, Japan (FHM&E% - BT -
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Stomach Content Analyses

Fish larva net oblique tows and plankton nets vertical hauls were carried out
in Nagasaki waters in early May from 1982 to 1985. The result of stomach content
analyses showed that many larvae of the Hirame flounder had very low contents and
it admitted annual variation (Table 1). The advanced stages of copepodite in micro-
calanoids such as Ctenocalanus, Paracalanus, Clausocalanus and Acartia, copepod nau-
plii, cladoceren Penilia, ova of crustaceans, and sometimes appendicularian Otkopleura
were observed in some stomachs. In four years of survey individuals with full stom-
ach were hardly observed. The percentage of larvae with vacant stomachs higher
during the earlier developmental stages, and exceeded 50% in individuals smaller
than 4mm in total length (Fig. 1). The qualification vacant stomach was taken as
an entirely empty stomach without any trace of content. The fact above is of inter-
est in finding the food strategy of larvae.

Table 1. Rate of vacant stomachs in Hirame flounder larvae caught by oblique tows
with the larva net (130 cm in mouth dia., 0.5mm mesh aperture) upper 50m
layer of Nagasaki waters, May 1982-1985,

Day Twilight Night Total
Date
N % N % N % N %
May 6—7, 1982 47 81.5 18 94.4 16 100 81 90.1
May 6—7, 1983 243 56.8 49 98.0 0 292 63.7
May 7—9, 1984 486 35.6 17 31.7 63 35.3 566 35.2
May 12—13, 1985 736 29.8 0 0 736 20.8

N : Number of Hirame larvae examined
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Fig. 1. Frequency distribution of body length (upper) and relative frequency of three grades
of amount of stomach contents (lower) in Hirame flounder larvae in Nagasaki waters,
May 1984 and 1985,
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Food Intake and Stomach Evacuation

Value of stomach full in Hirame larvae ranging from 3 to 40% of body weight
was obtained by YasuNaca in 6-50 days old individuals reared under sufficient
food of rotifer Brachionus plicatilis and nauplius of brine shrimp Artemia salina.
These values seem to be scattered in comparison with the ones in the larval forms

Table 2. Stomach full percentages of body weight in the larval stage of various fish
from the previous works.

Species Body size Food Temp?e)ature StomaC}; full Reference
Paralichthys olivaceus [).3—1 .2ng* Rotifer 14—21 3—21 YASUNAGA'Y
Paralichthys olivaceus 2—49mg* Artemia 14—21 13—40 YASUNAGA'Y
Pagrus major 3-—Bpm** Rotifer 4— 5 FusHmMI?
Pagrus major 5—Tmm** Copepods 6— 7 FusniMI!®
Pagrus major 7-—T0mg* Tigriopus 21—22 11—14 KITAjiMA™®
Pagrus major 0.83—14mg* Rotifer 17—20 7—11 KITAJIMA et al*¥

* In wet weight
** In total body length

of red sea bream (Table 2). Here we adopt the value of 10-20% for the flounder
larva.

During the pelagic life of 80 days, under some physiological assumptions at the
standard metabolism!® and carbon/dry weight ratio of zooplankton is 0.4'®, the daily
food requirement of the larva is 20-45% of the body weight, when active metabo-
lism is 2-3 times the standard one”'"!® and assimilation efficiency of food is 0.8.1®
Therefore, to fulfill the daily food requirement, it is needed for the larva to have
a turn over rate in the stomach of 1-4.5 (20-45%/10-20%) times a day.

The Hirame larvae smaller than 4mm in body length took 2 hours and half at
14-21°C™ to digest the rotifers. The red sea bream larvae of 4,2-5.2mm took one
hour or more at 17.7-19.2°C (Masumura unpublished, cited from Fusmimi!?). On
the hand, YasuNaca'” reported that Hirame larvae required 3-5 hours to digest
the Artemia nauplii at the age of 20-26 days at 14-25°C. To digest the Artemia nau-
plii herring larvae took 7-8 hours at 9°C.»® It seems that rotifers and the like,
however, are not available for Hirame larva in the natural envrionment. As for
copepod nauplius, noting their similarity to Arfemia, the Hirame larva’s digesting
time at the present enviroment of temperature 17-18°C can be reasonably assumed
to be 3-5 hours. Feeding time in the flat fish larvae is restricted in the day hours
(winter flounder,” Hirame2® Table 1). The turn over rate of the stomach full is
computed to be, therefore, 2.4-4.0 a day when they perform continuous feeding on
copepod nauplii for 12 hours a day. These values well coincide with those of the
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daily turn over frequencies of the Hirame stomach to satisfy its food requirement.
This means that Hirame larva without stomach contents should be hungry.

Production of Prey Organisms

Table 3 shows the plankton biomass obtained by vertical hauls from the bottom
to the surface with 3 mesh sized plankton nets. Among these 100 um mesh collec-
tions are the organisms that most likely represent the Hirame stomachs. The 100

Table 3. Plankton biomass obtained by vertical hauls from the bottom to the surface
with 45cm diameter plankton nets of 3 mesh sizes in Nagasaki waters, May

19821985,
335¢m 200um 1004m
Date
N Mean SD N  Mean SD N  Mean SD
May 6—7, 1982 18 141.8 55.7
May 6—7, 1983 14 69.3 36.8 14 266.0 138.7
May 7—8, 1984 13 122.7 33.7 19 131.9 68.5 19 223.6 98.7

May 12—13, 1985 19 105.1 42.7 19 156.1 56.5 19 173.5 61.6

N : Number of plankton samples
SD ; Standard deviation

pm biomass in wet weight ranged from 150 to 250 mg per 17 in round number with
a variation according to year. This level may somewhat be overestimated because
a certain amount of diatoms and detrital material are included in the plankton col-
lections. Assuming that these are negligible and water content of zooplankton is
0.8,2Y zooplankton biomass is calculated to be 30-50 mg in dry weight per Im?2
Assuming again that the ratio of production to biomass, P/B ratio, of 100 um plank-
ters is 0.1 a day®® (slightly underestimated as a value of that in Peracalanus and
Acartia of about 500 ug in dry weight at the ambient temperature of 17-18°C), daily
zooplankton production is to be 3-bmg in dry weight per 1m?

The harvest of this level is capable to carry 3-12 individuals of Hirame larva in
a water mass of 1m3, because the mean amount of food requirement of the larva
during its pelagic stages is 0.4-0.9mg dry weight per day including active metabo-
lism.!’® The distribution density of fish larvae including Hirame in the season and
place concerned ranged from 0.1 to 0.5 and 0.3 in average per Im? Assuming that
fish larvae other than Hirame require the same amount of food, it is noteworthy
that zooplankton production in the present waters far exceeds the food demand of

fish larvae.
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Availability of Food Organisms

The volume of water needed to supply the daily demand of prey animals by the
larva, §.4-0.9mg in dry weight, is calculated as 8-30 liters ((0.4-0.9mg) % 1,000 =
(30-50mg)), if it does not miss to search and bite the ambient prey organisms.
Taking into account its capability of searching the prey and feeding success present-
ed by BraxTer and Staines?® (figs. 6-b, 8), the Hirame larva may be able to sweep
the volume sufficiently in its later stages but incompletely in its earlier stages.

For this pourpose the authors try to discuss in detail the relationship between
the larva food requirement and the distribution of prey organisms. Table 4 gives

Table 4. Food strategy of Hirame flounder larvae and possible distribution pattern
of their prey organisms in Nagasaki waters (weight is on dry basis).

Days after hatching

- Remarks
10 20 30 50

(A) Body weight (ug) 84.5 171 345 1410  MoRiOKA™
(B) Food requirement (ug/day) 17—38 34—77 69—155 282—635 See text
(C) Search volume 3 10 17 28 Plaice (BLAXTER & STAINES®® )

(//day (12 hrs))
(D) Feeding success rate 0.4 0.5 0.6 0.8 Plaice (BLAXTER & STAINES??)
(E) Neccessary search 9—19 1739 35—78 141318 B/2ug/!

vol (//day}
(F) Minimum prey 14—32 7—15 7—15 13—28 B/C/D

concentration {(ug/!)
(G) Percentages of prey 6—14 13—29 13—29 7—15  2ug/l/F <100

stock to the required

(H) Vol (/) of parcel when 208—476 444—052 444—952 238—513 2u8//x3.33r4/F
preys make a single
aggregation ~

ontogenetic variation of the food requirement, feeding ability and feeding condi-
tions in a Hirame larva. Larvae of body length shorter than 5.5mm?” or 5 9mm?®
depend mainly on copepod nauplii before depending on appendicularians and cope-
podites?0:2¥ for their food. The body dry weight of the Hirame of 5.5mm in body
length is 1.4mg!? assuming dry/wet weight ratio is 0.2,2" and corresponds to a 50
day old specimen.!® Copepod nauplii are distributed at a mean density of 10 indi-
viduals per liter in the area surveyed (NakasuimMa unpublished). Though the body
weight of a single individual of nauplius ranges over two figures, a value of 2.0 ug
in dry weight is adopted for Acartia nauplii of 200 xm in body length.?® Therefore,
the nauplius biomass is 2 ug dry weight/l.
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When the Hirame larvae depend entirely on the copepod nauplii during the pelag-
ic life of 50 days after hatching, the needed volume of water to fulfill the require-
ment is given in Line E of Table 4. We have no information on the feeding ability
of the Hirama, so we apply the approximate values deduced from the figures obtain-
ed by BLaxTeER and STAINEsS?® for the North Sea plaice. The volume is too large
compared with the capable search volume (Line C), and the food search capability
is only 9-33% of the volume necessary to fulfill the food demand (Line E). These
percentages must be lowered with regard to the feeding success ranging from 40
to 80% (Line D). The minimum prey concentration to sustain the demand of the
larva is given in Line F, and the standing stock of nauplii, 2 ug dry weight/l, is
by far lower than that (6-29%. Line G). However, they are able to satisfy their
requirement in stages older than 50 days due to feeding on larger organisms which
have a biomass of 30-50 ug/l retained by 100 pm meshed plankton net. These explain
the high vacancy of stomach during early stages. In spite of the availability of
surplus preys in a certain unit volume of water, e. g., 1m?% many larvae are not able
to catch enough to fulfill the requirement, i. e., assuming that the preys are distrib-
uted at random.

Some larvae satisfy their appetite, but many larvae are famished. Let’s consider
the prey environment for the animals which succeeded in the predation. As men-
tioned above the density of larvae was (0.3/m. Assuming that they are distributed
at random because we have no information on the small scaled spatial distribution
of 1 meter scale, a single individual of larva spatially occupies a mean 3.33nf of
water.

Plankton copepods sometimes show an aggregated community, called swarm, in
shallow shore waters,?:?” and this is suggested to be significant in the food supply
for fish larvae.?>?® When prey animals make a single swarm in 3.33 m?® of water
the volume of parcels with the minimum amount of food is illustrated in Line H of
Table 4, and the volume of the swarm ranges from 3 to 952 liters (Lines C and H).
If these have a spherical aggregation, their radius is distributed at the range of
9-61lcm.

As a conclusion the authors would state the importance to elucidate on the small
scale spatial distribution pattern of the prey organisms as well as that of the pred-

ators.
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