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gfow from around the time when they have ab

and since their mouth size is very small,

Akihiko SHIROTA™

(Received December 19, 1G69)

Studies on the mouth size of larval fishes have not yet been fully made. The author
measured the mouth size of various larval fishes which had absorbed yolk and just begin to
take natural live food, and studied the relationship among mouth size, food size and growth
of fish. Total body length of the material fishes ranged from 10 to 20 anm.

The results obtained are as fcllows.

1. No definite relationship was founc between thc mouth size and the total body length
at the time of commencement of feeding.

2. The mouth size of various larval fishes at the tirue of commencement of feeding

: ranged from 200 ¢ to 1.000 # and was observed to have a close relationship to the size of
their. natural foods: That is, larval fishes having small mouth sizes, such as Hypomesus,
Plecoglossus, Ammodytes, Sillago, Konosirug and Oplegnathus take only phytoplankton, pro-

_ tozoa and the nauplii of small copepods, but larval fishes hning big mouth sizes, such as
Thunnus, Katsuwonus, Seriola, Girella, Mugil, Lateolabraz and Clupca were found to easnly
take large copepods at the time of commencement of feeding.

3. Although the body size at the time of commencement of feeding, in fishes of rapid
growth such as Thunnus, Katsuwonus, Seriola and Scomler, was much smaller (about 1/2)
than that of Clupea, their mouth size was .equal to or larger than that of Clupea.

4. It was made clear that the quicker the growth of fish, the greater is the mouth size
at the time of commencement of feeding.

In general, hatched larval fish Dbegin to feed and
orbed the yolk,

it is considered
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"that the food which larval fish and fry can eat is felated

to their mouth size in addition to the quality or size of
the food and their tastes. |

In the production of cultured fish by egg rearing,
research on the foods of the larval fish stage has mostly
pertained to naturael live foods, and much knowledge concern-
ing kinds, sizes and quality of foods, conditiohs of pro-
viding food and control of water quality has been obtained.

However, an investigation into the sizes of foods which can

be fed considering the mouth size of larval fish and fry

hes not been undertaken. Moreover, with regard to the
growth of fish in their natural habitat attention has been
given to the feeding mechénism, the main subjects having
been the gill raker and the amount of sea water it filters
for plankton or how nmuch energj fish need when taking food,
but there has not been much sfudy of the relation of growth
to the mouth size at various stages, including those of
larval fish or fry. .

The present author measured the mcuth size of

various fish species in the larval or fry stages and inves-

| tigated the differences among the species. He also inves-.

tigated the size of food that the larval fish could take

at the commencement of feeding and what kind of relafionship
there is between mouth size in the larval fish or fry

period and the future growth of the various fish species.
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As a fesﬁlt, it wés learnt that the mouth size varies
greatly according to the different fish species and it was
possible to determine the size limit of foods which each
larval fish can take a*t the coumencement of feeding.
Moreover, it was found that the larger the mouth size in the
larval or fry stage, the faster fhe fish species grows.

These results are reported below.

The author wishes to express his deep gratitude to
Dr. Nguyen-Hai, presently Aésociate Professor, Department
of Physics, Paculty of Science, Saigon University, former
Director of the Institute of Oceanography, Nhatreng, South
Vietnam; Dr. Tran-ngoc-Loi, present Director of the Insti-
tute of Oceanogréphy, Nhatrang and many other pecple in
the Institute who gaﬁe helpful assistance in collecting
data for this research., He is also Very grateful to
Dr. Shuzo Egusa, Associate Professor, Departuent of PFishery
Science, Faculty of Agriculture, Tokyo University, who

kindly reviewed this manuscript.

1

EXPERTMENTAL METHOD

Material

Some of the semples were obtained when the author

354



was invesfigating planktons near the ccast bf South Vietnam
including the South China Sea and the Gulf of Siam’™’; they
were fixed with 5% formalin solution and the measurements
were performed at the Institute of Oceanography, Nhatrang,

South Vietnam. The 1arvéi and fry fish were identified

6 8

according to~Schaefer4, WadeS,‘Uchida y Natsumbto7, Yabe

and Michizu®. Moreover, in order to compare with other fish
in general, the measurements for the larval fish of the
main fish species in which sufficient material was not

obtained or which inhabit northern seas were made on

diegrams from original texts.

Method of Measuring Mouth Size

Various methods of measuring the mouth size of
larval fish can be considered such as tuae 1ength-of the
front or the side or the distance between both sides (mouth
.width) or the area of the opened mouth, and it is difficult
to deteruine a definite basis for measuring since the mouth
éize varies morphologically according to the different
species or size of fish. The author used the side method
and measured the portion from the front tip of the proboscis
(A) to the end part where the upper and lower jaws meet (B)
.in the lateral view of the jaws uncder a microscope. Making
the angle of the opened mouth (C) to be 90 degrees in all

cases, the mouth size (D) was obtained as the upper jaw




- length (A ~ B) xqﬁgi. The parts measured and the mouth
size are shown in Figure 1. With regard to the degree of
mouth opening, the case of an opened mouth angle of 90°

was regarded as 100%, that of an opened mouth angle of 45°
as 50%, and a closed mouth was regarded as a 0% opened mouth.
The mean value of the mouth opening of larval fish and fry
(to be called mouth angle in feeding) was considered to be
an opened mouth percentage of 50 to 75% (the euthor's
estimation). It is thought that there were some cases in
which the opened mouth angle was more than or less than

90 degrees; however since relative problems and tendencies
wefe mainly studied in this report, the close investigation
of methods of measuring the mouth size of larval fish and
 fry, including the opened mouth angle, is hoped for in

future studies.

Food Size Indication lethod

With regard to the indication Qf natural focd size,
the size of animal food is usually shown only by bédy
length, ana.that of vegetable food.by cell width x cell
length in most cases. In view of the feeding mechanisms
of fish including larvae, the author modified the method
so as to indicate the body widtﬁ and diameter of fdod,
since the body length indication does not neceSsarily

represent the size of food that the fish can take.
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Fig. 1. Method for measurement of the mouth sizes of larval fishes.
1. Sardinops melanosticta. 2. Katsuwonus pelamis.

3. Thunnus albacares.
4. Measurement of the mouth size of fish.

Body Length of One-Year-0ld Fish and the Growth.During
that Time | |

The body lengths of one-year-old fish and the growth
of fish under one yéar 0ld were-all quoted from reports by
other authors who studied each fish species, but in most
-0of the fish species the results obtained varied according
to the different fish habitat areas and different measuring
methods or different age assumptions of the original authors.
Moreover, the complete growth curves of large migratory

fish such as tuna and bonito were not obtained due to the

insufficient data on fish under one year old,




RESULTS

Relationship Between the Total Length of Larval Fisnh at the

‘Commencement of Feeding and the Egg Size, Total Lengzth of

the Newly Hatched Larva, or the Mouth Size |

- After fish eggs hatch, it normally takes several
days for the yolk to be absorbed, and the larval fish
commence oral feeding just before or after the complete
absorption of the yolk. Table 1 shows egg size, size of
larvé immediately after hatching, number.of days required
for yolk to be absorbed, and body and mouth size of larvae
ét the commencement of feeding.

Although the egg size is generally around 1 mn,

in Sillago sihame and Siganus fuscescens it is 0.5 to 0.7 mmj 357

in Mugil .cephalus or in Chrysophrys major, Mylio macrocephalus

-

and Oplegnathus fasciatus of Sparidae it is less than 1 mm;

in Cyprinus carpio end Carassius auratus it is 0.7 to 2.0 nm;

in Plecoglossus altivelis or Katsuwonus gelamis it is about

1 mm; in Seriola guingueradiata, Gadus macrocephalus,

Chelidonichthys kumu or in the bottom fish Eopsetta

grigorjewi, Tanakius kitaharai and Pleuronichthys cornutus

it is 1.1 to 1.3 mm; in Sardinops melanosticta, Engraulis

japonica, Clupea pallasi of Clupeidae arnd Prognichthys agoo

it is about 1.5 mm; in Cololabis saire it is 1.5 to 2.0 um;

in Ilisha elongata and Hemiremphus sajcri it is 2.0 to 2.5 mnm,




Tsble 1. The total length and the mouth size of larval fishes in the time of coh1mencement

Qf feeding.
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Species of ﬁsh'

Cyprinus carpio
Carassius auratus
Hypomesus olidus
Salmo gairdneri-irideus
Plecoglossus altivelis
Rhinogobius gimiiis
Mugil cephalus
Lateolabraz japonicus
Oncorhynchus kisutch
Ammodytee persenctus
Konosirus punctatus
Etrumeus micropus
Engraulis jeponica
Sardinops melanosticta
Spratelloides jeponicus
Clupea pallasi
Harengula zunasi
Ilisha elongata
Tylosurus melarotus
Cololabis saira
Hemiramphus sajori
Trachurus japonicus
Scomber jaronicus
Seriola aureovittata
Seriola quingueradiute
Seriola purpurascens
Sillago sihania ’
Girella punctata
Siganus fuscescens
Oplegnathus fasciatus
Mylio macrocepoalus
Chrysophrys major
Katsuwonus pelamis
Thunnus albacures
Thunnus thynnus
Fugu rublipes
Platycephalus irdicus
Chelidonichthys kumu
Gadus macrocephalus
Eopsitta grigorjewi

Time Body size of larval
o Size of from fish in the time of
Egg size hatched larva | hatch to commencement of
(mm) (mm) !a%'sforp:fn - iegdu}g '
. yo. Total length Mouthsize
~ (days) _ (mm) | ()
1.2~2.0 5.1~6.5 2~3 6.6 | 570
0.7~1.2 4.5 2 5.2 | 400
0.5~0.8 4.2 4 5.0~6.2 . 22
4.0~6.4 | 13.3~18.3 50 17.4~25.1 ' —
0.9~1.1 4.3 1 6.6 375
1.4~2.1 7.5 2 7.9~8.3 509
0.9~1.0 - - 5.2 636~ 882 -
1.22~1.45 3.0~4.6 3~5 - -
6.0~8.0 — 100 ~ 150 | - _
0.85~0.95 3.3~4.0 2 4.4~5.0 | 226
1.4~1.6 3.2~3.4 4 48~5.2 | 264
1.2~1.4 3.8 3 6.0~6.9 690
0.7~1.6 . 2.6 3 3.7 233~283
1.841.75 3.0~3.8 3 5.0 426
0.93~1.29 4.6~4.7 1 4.8~5.2 276
1.3~1.6 6.8~7.6 7 9.0~10.5 728
- - — 4.4 291
2.2~2.3 5.1 4~5 6.8 496
13.22~3.52 .16 2 | 12.8~14.0 1450
1.51~1.98 6.2~6.7 2 7.2~7.4 ' 546
2.1~2.3 7.1 2 9.2 550
— — — 3.6 298 ~481 °
0.9~1.3 3.0 3 3.7~4.0 . 622
- - - — 5.5 1004
1.25 3.45~3.5 4 5.1 994
- — — 5.5 984
-0.61~0.71 1.31 3~4 2.6~3.0 255~311
1.01~1.05 | 2.27~2.35 — 6.6 882
0.62~0.66 2.6 ; 3 3.0~3.3 287
0.86~0.95 | 2.1~2.3 | 4 3.0 259
0.74~0.94, | 1.70~2.18 2~3 2.3~2.7 -
0.9~1.0 2.0 3 3.1~3.5 —
0.80~1.17 | 2,44~3.04 4 3.7~4.0 930
1.0° 2.6 — - -
0.6-1.0 2.6 4 3.7 -
1.35~1.45 2.9 6 3.6 303
0.88~0.91 1.78 4 2.84 223
1.20~1:27 | 3.21~3.26 4 14,05~4.20 594
1.25~1.30 3.6 3~4 4.3 424
1.10~1.20 3.0~3.2 5~6 4.5~4.6 368
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and in Tylosurus melanotus it is more than 3 mm. Salmonidae

have the largest egg size, the ezg size of Salmo gairdneri-

irideus being 4 to 6.5 mm and that of Oncorhynchus kisutch

6 to 8 mm,
Although normally it takes several days after
hatching for the egg yolk to be absorbed, it takes only omne

day in Plecoglossus altivelis and Spratelloides japonicus,

7 days in Clupea pallasi, and Salmonidae take the longest,

Salmo gairdneri-irideus taking 50 days, Oncorhynchus xisutch

taking 100 to 150 days.

Larvae begin feeding around the time when they
finish absorbing the yolk. When the reiationship between
the fish-egg size and the body size (total length is shown)
at the commencement of feeding was investigated, it was
learnt that the larger the egg size (x 1um), the longer the
body length (y mm) was at the commencement of feeding as
shown in Figure 2, the relation being displayed approximately
as the straight line y = 4.0x. lioreover, as shown in
Figure 3 the relationship between the total length of the
newly hatched larva and the totsl length of tne fish at the
}commencement of feéding became a linear relation, and if
the totel length at the time of hatching is x and the fish
body iength (total length) at the time when they have

absorbed the yolk and commencec¢ feeding is y,

y = 1.357Tx
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N
o

(s
-3

Total Temgth of fish in the time of commencement of Teeding { mm)
n ' o}

Total length of fish in the time of commencement of feeding ( mm )

L —de

. . .
o S 10 5 20

Total length of newly hatched _1u‘vn ( mm )

A

2 « 6 8
Fgg »size (mm )

Fig. 2. The relationship between the egg size = Fig. 3. The relationship between the total length

and the total length of fish in the time of of newly hatched larva and the total length
commencement of feeding. Figures indicate of fish in the time of commencement of
the species of the fishes given in Table 1. " “feeding. Figures indicate the species of the

fishes given in Table 1.

is established between the two. Incidentally, the units 358

are mm,
Therefore, it is pbssible to estimate the fish total
length at the commencement of feeding if the total length

of the newly-hatched larva is known. At the time of
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commencing feeding Salmonidae had the longest total length,

being about 25 to 3% mm, followed by Tylosurus melanctus,

Clupea pallasi, Ctenopharyngodon idellus, Hypophtnalmicathys

molitrix, Cololabis saira and Hemiramphus sajori, and at

the times of hatching or of commencing feeding the larvae

of Katsuwonus pelamis, Scomber japonicus and Seriola

gquingueradiata and of the tunas Thunnus thynnus and Thunnus

albacares (the sizes in tuna were assumed from the egg
sizes and the sizes of newly-hatched larvae) which are all
considered to grow quickly were less than half those of

Clupea pallasi in length. DMoreover, it was found that

Oplegnathus fasciatus, Mylio macrocepozlus and Chrysoparys

major in Sparidae and also Gadus macrocephalus were fairly

small at the times of hatching and commencing feeding.

Figure 4 shows the relationship between the mouth
size and the total fish length at the time of commencing
feeding., It weas learnt that in Salmonicdae and Tylosurus
melanotus the mduth size &nd body length at the time of

commencing feeding are both large, but that in Xatsuwocnus

pelamis, Seriola aureovittata, Seriola purgurascens,

‘Scomber japonicus, Seriola guingueradiata, Lateolabrax

jeponicus and Mugil cephalus, although the body length at

~ the time of commencing feeding is small, the mouth size

was very large. The mouth size of Clupea pallasi is small

for its long body length at the comuencerzent of feeding,
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‘ Fig. 4. The relationship between the total [ength of fish in the time
of commencement of feeding and the mouth size. Figures
indicate the species of the fishes given in Table 1.

that is, the fish body is long &and slender. RMoreover, the

same tendencies were observed in Cololabis saira, Hemiramphus

sajori and Rhinogobius similis. Furthermore, if the ratio

of mouth size to total length at the time of commencing

feeding is examined, it is as shown in Figure 5, and it ié

possible to compare the ratio among different fish species.
Aé a percehtage of total length, the mouth size in

Katsuwonus pelamis is 25% which is very large, being about

1/4 of the total length (The percentage in tuna is presumed

F to be about the same). The percentages in Cyprinus carpio
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Percentage of movthsize as
Species of Fish Compared. with he total length

20 (%)

J

Aatsuwonus pc/am‘:
Trackyres japonicvs
Seriola Quingueradiata
Beriola aursovittate
Seriola purpvrascons
Seomber japomicvs
Loteolabrax Japoni
Mugil cephalss
“b'('nit‘f‘}a Aumv
&iralla porctale
Tylesorus malanmotus
Juqo Sihama
Etromeus micropus
" Gadvs macrocephalus
Biganus - fuscescens
Oplegnarhus  fasciotvs
Sardlaops melonesticta
Cyprinus carpio

wgu  rvblipes
Zopsetta grigerjewi
Plevronichthys cormvtus
Carasgivs avratue :
5 vs indicus
lupea  pellasi
Gloladis seira
lisha -CIM}A?L
Engraulis japonmica
MHarengula 2umasi
Rhinegobius similis .
Hemiramphus sejori
Placoglossas altivelis
Sﬂl&h)‘d« Japonicus
Kowesirvs punctatus
Ammodytes personatus
Hypemasus obevs

gl EAER N Mm 3

10 20 (%)

©

Fig. 5. The relationship between the mouth size
and the total length of larval fishes in the
time of commencement of feeding.

and Cerassius- auratus which are very well known to us are
8.6% and 7.7% respectively, their mouth sizeé being 1/12
to 1/13 of their total lengths, that is the mean value for
"the goldfish sbecies is slightly smaller. HNoreover, the

ratio in Plecoglossus altivelis is 1/17, and that of

Hypomesus olidus is the smallest, being about 1/25.
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Chenge in Mouth Size with Growth in the Lerval Stage

When larval fish begin to feed and grow, the head
length and mouth size also become larger with the growth.
" Figure 6 showé the changeé in mouth size with growth in the
larval stage.
Fish species in which fhe total length of the larval

stage was less than 20 mm are listed below in order of mouth

size, large to small:_ Thunnus &lbacares, Katsuwonus pelanis,

Seriola quinquéradiata, Gadus macrocephalus, Lateolabrax

japonicus, Scomber jeponicus, Mylio macrocepoalus, Seriocla

purpursscens, Engraulis japonica. In csses in which the

larval body length exceeded 20 mm, such as Engraulis japoniéa,

Sardinops melanosticta, Clupea pallasi, Gadus macrocephalus,

Konosirus punctatus, Harengula zunasi and Seriola purpurascens,

a tendency was observed for the moﬁth size to increase
remarkafly compared with the body length. The mouth sizes
of the fish species in which the body length was mﬁre than
20 mn extended from 1.5 to 4.0 mi in most cases. Wnen their
mouth size was more then 2 mm, it is presumed that they

could eat most of the species of'Copepodal’3

which are the
 main animal foods present in the natural hebitat.

When the mouth sizes of various species oI larval
fish were compared at total lengths of 10 wmm, 15 um and

20 mm, Thunnus albacares gave the highest value in each

case as shown in Table 2.




( mm )

size

Mouth

Total ' length ( mm )

Fig. 6. Relationship between the total length of larval fishes and the mouth sizes. Figures.
indicate the species of the fishes given in Tatle 1.

Since there are very few reports con the growth of 359

Thunnus &albacares in the larval and fry stége, the growth

was examined by connecting the two actual total length

points, 8 mm (Yabea)_and 53.1 ma (Marchal)*(Figure 6).

*Since generally speaking the growth is shown as a sigmoid
curve, it is considered that a slightly cateunary curve would
be drawn in actuality. However, the authcr used the actusal
2 points as they were and calculated the mouth size of
' Thunnus albacares on the straight iine by proportion.




Total length of fish

Table 2. The mouth size of larval fish at different body sizes.

16

* 10 mm 15 mm E 20 mm
" No Species of fish Mdu(t:)Size Mo(‘::]}r‘ns)iz‘-‘ %Ff’egi;;ls Mo(trxél;ls)ize ?)Ff)etciisfims MO(L:,?;%IZE
1 Thunnus albacares — . 3.3 1 4.0 1 - 4.7
2 Katsuwonus pelamis 930 3.0 2 3.3 2 3.9
3 Seriola quinqueradiata 994 2.1 3 2.8 8 34
"4 Scomber japonicus 622 1.8 7 2.6 3 3.3
*5  Seriola purpurascens 984. 1.7 4 2.6 6 - 3.2
.6 Lateolabrax japonicus - 1.6 6 2.5 4 3.0
7 Trachurus japonicus 390 1.5 8 2.1 11 26
- 8 Gadus macrocephalus 424 1.5 11 2.0 5 2.6
9 Chrysophrys major -~ 1.3 5 1.9 12 2.5
10 Girella punctata 882 1.3 9 1.9 14 2.1
11'  Mylio macrocephalus — 1.1 10 1.6 10 1.9
12 Engraulis japonica 250 1.1 12 1.5 16 1.8
13 Fugu rublipes 303 0.9 14 1.4 13 1.8
14  Harengula zunast 291 0.8 16 1.3 17 1.5
15 Sardinops melanosticta 426 0.8 15 1.3 15 1.5
16  Konosirus punctata 264 0.7 ; 13 1.2 1.9 1.3
17 Clupea pallasi 728 0.7 17 1.0
18  Cololabis saira 546 0.6 18 0.9
19 Plscoglossus altivelis 375 05 | 19 0.8 |

* Larval fish in the time of commencement of feeding.

-

Therefore, the calculated mouth size is 2.97 run, and the

mouth size as a percentage of the total length is extrenely

high, being 37.1% and 17.6% at the two points, and it is

learnt that the ratio of mouth size to the total length is

smaller in fry than in larval fish.

The fish are listed below in order of decreasing

mouth size at a total length of 10 mu.

Thunnus albacares, Katsuwonus pelamis, Seriola

gquingueradiata, Scomber japonicus, Seriola purpurascens,

-

A SR S

Lateolabrax japonicus, Trachurus japonicus, Gadus
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macrocephalus (mouth sizes 1.5 to 3.3 mm).

Chrysophryslmajor, Girelle punctata, lylio macrocepoalus,

-Engraulis japonica (mouth sizes 1.1 to 1.3 um),

Fugu rublipes, Harengula zunasi, Sardinops melarosticta,

Konosirus punctatus, Clupes pallasi, Cololabis sairsa,

Plecoglossus altivelis (mouth sizes 0.5 to 0.9 mm).
When the total length was 15 mm, the order was as follows: .

Thunnus albeacares, Katsuwonus pelanis, Seriola

quingueradiata, Trachurus japonicus, Scomber japonicus,

Lateolabrax japonicus, Gadus macrocephalus, Mylio

macrocepoalus (mouth sizes 2.0 to 4.0 =m).

Seriola purpurasceus, Chrysophrys major, Girella punctata,

Engraulis japonica, Harengula zunasi, Konosirus punctatus,

Saerdinops melanosticta, Fuzu rublipes (mouth sizes 1.0 to

1.9 mm).

Clupea pallasi, Cololabis saira, Plecoglossus altivelis

(mouth sizes 0.8 to 1.0 mm).
For the case when the total length was 20 mm, the order was
as below.

ghunnus albacares, Katsuwonus pelanis, Gadus macrocephalus,

Seriola guingueradiata, Lateolabrax japonicus, Scomber

japonicus'(mouth sizes 3.0 to 4.7 mm).

Mylio macrocepoalus, Seriola purpurascens, Engraulis

japonica, Harengula zunasi (mouth sizes 2.1 to 2.6 mm).
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Girella punctata, Konosirus punctatus, Fugu rublipes

(mouth sizes 1.8 tc 1.9 mu).

Clupea pallasi, Sardinops melanosticta, Plecoglossus

altivelis (mouth sizes 1.3 to 1.5 mm).
It was found from the above that whereas the mouth sizes
all increase as the fish grow, the order of about six
species in the top rank with the larger nmouth siées does
not change and their gréwth wvas guite fast., The most con-

spicuous item here is the mouth size of Gadus nmacrocephalus.

When the total length was 10 mm its order was 8th, at 15 rm
total length it was 7th, but at 20 mm total length its
rank became»Brd, and it is thought that from around this-

time the mouth size of Gadus macrocepnalus increases rapidly.

Moreover, among Seriola quingueradiszta, Seriolsa

purpurascens, Katsuwonus pelanis, Girella punctata and

Clupea pallasi, which have large mouth sizes (their body

lengths vary according to the species) at the time of

commencing feeding, the nmouth sizes of Girella punctata in

Scombridae and of Clupea pallasi become siiall compared with

the other species when their tctal length is 10 wmm, and it

is notable that they are also small when the body length

is in the 20 mm range.

360

L ke e !
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Mouth Sizes of lLarval Fish and the Size of KNatural Foods

They can Take

Newly hatched larval fish first absorb the yolk and
then commence feeding., Then, about what sized natural foods
can they eat?

The author hés been discussing the mouth size of
each fish species when the opened mouth percentage was 100%,
but more accurate measurenent is necessary for feeding.
First of all there is a question here as to'whether 5r not
fish can feed with a lOO%Iopened mouth. In facf it is
thought that generally it is a very rare condition that

they feed with a 100% opened mcouth(for instance that larval

~ fish with a 1.0 mm ncuth size feed on food 1.0 nm in

diameter); so the author investigated the relation between
the mouth size and the food by regarding the average mouth
opening percentage inlfeeding to be 50 to 75%, judging by
the mouth angle during feeding.

 Figure 7 shows the mouth sizes of larval fish at
the time of commencing féeding and the size of their foods.
The'thick-bléck 1ires in the diagram sﬁow the actual size
range of the natural live foods and they were divided into

two groups, viz. fresh-water live.foods, and marine-water

live foods., DMoreover, the species and sizes of the main

natural live foods are shown in Table 3.

The fresh-water fish Hypomesus olidus can eat 115
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to 170m size foods at the time of-commencing feeding
(needless to say they can take any food whose size is less
than that). Actually they cannot eat fresh-water fleas

Daphnia or Moina because they are too large and it is

plicatilis

impossible for them to eat even their nauplii. However,

half fresh-water and half marine-water Rotifera, Brachionus 361

11-13 an just be eaten. Therefore, if Rotifera

are ihsufficient naturally, Hypomesus olidus will have to
3,15

depend mainly on Protozoa or phytoplankton. In the case

of artificial culture, they may be bred by providing newly

1€ 17-19

hatched Chirononmus dorsalis larveae or Anguillula silusize

since these are 2 definitely feedable size. The size of

food which Plecoglossus altivelis and Carassius auratus

can take is between 190 and 260 p , and between 200 and 300 u
respectively. Therefore, it i1s either impossible or |

extremely difficult for them to take the nzuplii of some

water-fleas such as Dapnnisa rosea, D, pulex, Iosuina

coregonitypica, B, longirostris, ioina wmacrocopa or M

affinis2o. However, they are able to feed on the nauplii

of Moina dubia, Ceriodaphnia negops, C. regaudi, etc..

It is considered that since the larval fish of natural

Plecoglossus altivelis inhabit marine water, they take_this

sized sort of focd, and in the case of artificial culture

Brachionus plicatilis or Chironomus dorsalis larvae will

be the most suitable food for them. In Cyprinus carpio

Y 573 S
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Fig. 7. Relationship between the mouth sizes of larval fishes and the size of live foods.

The mouth opening rate is 50~75%.

and although their range

food of 285 to 425w size is edible,

of foods is slightly larger than that of Carassius auratus

364

nauplii are their main foods, so that when they are bred in
the laboratory, the food given must be selected from the

nauplii of water fleas.




Table 3. Species and the size of natural live foods for larval fishes.

Fresh-water live foods

Species Size

Chlorella ellipsoidea . 5~3ux7.5~9.5pu
C. vulgaris 5~10 p
Scenedesmus bijuga 4~Tux7~18p
S. dimorphus 3~6ux16~22
S. armatus 4~8uxT7~14p
S. obliquus 3~9ux10~21 p

. S. quadricauda 3.5~6ux11~15pu"

Microcystis incerta
© M. aeruginasa
Euglena ozyuris
E. terricola -
E. rostrifera
" E. minima
E. retronata
Daphnia rosea
D. pulex
Ceriodaphnia megops
C. regaud:
Bosmina coregonitypica
B. longirostris
Moina dubia
M. macrocopa
M. afinis
Glaucoma scintillans
Tetrahymena faurei
T. pyriformis
“Colpidium striatum
Anguillula silusias
Limnodrilus gotoit
Chironomus dorsalis

3~4 p (colony 100x 300:z)
0.5~4 p (colony 5x200 y)
19~38 ux 140~ 450 p
" 8~17 ux68~93
18 ~48 px90~140 p
10~15p4x25~40u
9~15pux18~34 p
0.4~1.2mmx0.8~2.0mm
0.5~1.4mmx1.1~2.3mm
0.2~1.0mmx0.8~1.5mm .
0.25~0.3mmx0.4~0.5mm
. 0.4mmx0.45mm
0.35~0.46 mm x0.46~0.6 mm
0.11 mm x 0.38 mm
0.37~1.1mmx0.6~1.8mm
0.45~0.5mmx0.7~1.0 mm
40~50 2 x 6Q p
' 40 14 x 60 u
40 ux 55 p
45~65 ux90~120 p
8 #x0.17mm~0.25x2.3mm
0.7~1.0mmx7~10cm
0.13%0.7mm~1.28mmx1.3cm

Marine-water live foods

Species

Size

Thalassiosira condensata
Skelstonema costatum
Chaetoceros compressus
C. lorenzianus

C.sp.

C. simplex
Trichodesmium thieboutii
T. erytheraeum
Brachionus plicatilis
Eueyclops sp.

Artemia salina

17~30 4 x50~100 4 (max. 5 cells)
18~ 35 2 x 10000 p
10~24 i »
10~40 ux »
10~40 pux »

5~20 #x25~100 p (max. 4~5 cells)

3~4ux5~10p
5~ 16 p x 500 ~ 600
5~20 p#x100 p
T2x96 e~ 165x 236 p
0.2~2.5mmx0.7~0.9mm

0.19x0.46 mm~1.6 mmx 10~12 mm

.

22
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In the fish culturing case, it can be well understood
that the above-mentioned matters beﬁome the largest cause
by which a phenomenon of'iggi (accelerated growth) pointed
out by Nakamura2l occurs. In this way,‘it is considered
that in so far as the mouth size of larval fish and the size
of their food are closely related, whetner or not some
natural animal food can be ecaten exertis a'great influence
on the growth and fight of each species for food, even at
the individual level.

On the other hand, the case of marine fry or larval
fish is exactly the same as the fresh-water case. Now, let
us investigate the feeding conditions ofularval fish at

the time of commencing feeding by chocsing Artenia salina1’22"24

as their food. It carn be seen that swelifish, Fieuronichtiays

cornutus and Sillago sihana can eat newliy natched Artemia

salina larvae only with difficulty (In some cases it is
rather difficult because of the large swimming legs of

Artemia salina). It is considered impossible for Opegnathus

fasciatus, Konosirus punctatus, Hypomesus olidus, Ammodytes

personatus, Lubricogobius. exiguus or Fugu pardalis to feed

on Artemia salina. ©Cn the other hand, it will be possible

for Katsuwonus.pelanis, Seriola quinguerzdizta, Girella
H ?

punctata, Lateolabrax japonicus, Hugil cephalus, Clupea

pallasi, Etruseus micropus, Scomber japonicus, Chelidonich-

thys kumu, Cololabis saira or Hemirauphus sajori to feed
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on Arfemia salina larvae soon after they have absorbed the

yolk.- Therefore, in their natural habitat these fish
species can probably feed on most nauplii, zooplankton or
phytoplankton in marine water without any difficulty.

1,25 or T. epytheraeuml which belong

Trichodesmium thiebautii
to the marine phytoplankton Cyanophyta are tropical planktons
and are found abundantly especially along the‘coastllinel,

but sometimes it is impossible for these to be consumed
because the cell chain is long and occasionally their colonies

exceed 3,000 . Chaetoceros or Skeletonema are also as

above and in the case of intensive culture it is considered
necessary to stir well in order to cut down the length of

the cell chains.’
However, as the larval fish grow, the size range 365

of foods that they can take changes. The nmouth sizes of
larval fish of total length 10 mm and ‘15 mm and the sizes
of foods they can take are shown in Figure 8.

If the mouth sizes of fish adopted for culturing
including the.species discussed in this report are clarified,
it is possible to predict what size of foods they can eat,
and even in the case of artificial food it will be possible
by rationél judgenent to produce the appropriate sizé of

food particle26.

*In the case of crustaceans, prawns and crabs in particular,
the size of food is not very important since in contrast
to fish, they chew food.



Growth of Fish and the liouth Size in the Ilarval or Fry Stage

As is seen from the above, it is considered that
when fish species have larger mouth sizes in their larval
stage soon after hatching, their growth will be fast compared
with those species with smaller mouth sizes since the former
can take larger sizes of food. The mouth size of anyvfish
species becomes larger when the fish grow out of the fry
and larval stage, so that from tnen on they can feed on
larger zooplankton without any difficulty. However, the
food they take from the fry stage onwards in fact changes
from zooplankton to larval and fry fish and to young fish,
according to fheir trophic level. In tuis way fish continue
to grow within the predator-prey interaction, but the
relationship between the mouth size and feeding during
this stage had not been clarified to date.

Accordingly, an investigation of the relation
between the mouth sizes in the larval and fry.stages}of
fish and their body lengths as they grew up to one year
0ld was attempted. |

Figure 9 shows the growth up to one year of the

main fish species a&s reported by researchers in or outside

Japan in the past. As is seen in the diagra:, the values
vary greatly accordaing to different reseasrchers., The reasons
for this may be due to the different enviroruments of the

fish habitat areas or due to discrepancies in age
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determination by each researcher. MNoreover, no satisfactory

growth curve could be obtained for Xatsuwonus pslamis and

27,28

Thunnus albacares since the data

on fry or young fish
were fragmentary. Recently the btreeding of Seriocla

guingueradiata has been conducted actively in many areas and

its growth curve is available, but there is the possibiiity
that this species showed the highest growth value because

of the amount of food provided to satiety in breeding ponds,

Thranus l)-uuﬁ Sella, 1930

Y Schasler, 1940
o

{Nnn moth 61

60 Davidoff, 1%

Yabuts, 1968
Nose, 1957

Shacfer, 1960
Mareda, 1965
Brock, 154

Kogareushy, 86

Yohota, 1981
Kimvrs, 1937
Suae, 1191

{en)

iteai, 1955
k.99

Asngth
(7]
©
T

Aikaws, 1953
Akawa, 938

Cxaji, 1958

Pody

O, 1938
Onaji, 1978

0}

Miiem olds, B4
Miertilomeds M35

TatovkisAzam, 152
Hatta. 1952
Walsnabe, 1958 -

Hatanske 1955
Blachbum 1543

}

Authors

o2 L i
Age { Yeur }

Fig. 9. The growth of fishes given by various authors.
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If the body lengths of one-year old fish are compared

from this Figure, the longest fish is Thunnus albacares, -

followed by Katsuwonus pelamis, Seriola quingueradizta

and Scomber japonicus. Although the body lengths of

'Oncorhynchus kisutch and Oncorhynchusggorbuscha are almost

equivalent to those of Katsuwonus pelamis and Seriocla

guinqueradiata, their growth curves are different from those

of other species. This is related to the fact that it takes

four to five months after egg-hatching for Salmonidae to 366
absorb their yolk; Mofeover,_it is considered that since

the body length cf their larvae at the time of commencing

feeding is long, reaching 3 to 4 cm, and their mouth size

is also iarge, they could eat large-sized Copepoca or middle-

sized benthic animals such as Artemia salina larvae or
29, 30

many other aquatic insects immediately,,resulting in

rapid growth after the coummencement of feeding. The above-
nentioned species are those whose body lengths reach vetween

22 cm and 63 cn at the age of one year, but there are some

fish whose average body lengths do not exceed 20 cm, such

as Trachurus japonicus, Chrysophrys major, Sardinops

melanosticta, Cololabis saira, Clupea pallasi and Mylio

macrocepoalus,'the body lengths becoming smaller in that

order.
The ratios of the mouth sizes of each fish species

to that of Thunnus albacares (when the mouth size.of

vet ned gy
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Table 4. The comparison of the mouth size of each larval fish with
that of Thunnus albacares in different sizes.

Total length of fish | 10mm | 15mm i 20 mm
Species of fish T Percentage (%) )
Thunnus albacnres 100.0 100.0 100.0
Katsuwonus pelamis A 90.9 82.5 ' 72.3
Seriola quingueradiata 63.3 70.0- - 70.2
Scomber japonicus . 545 65.0 63.8
Seriola purpurascens 51.5 47.5 55.3
Lateolabrax japonicus 48.4- 62.5 . - 68.1
Trachurus japonicus . 45.4 65.0 —

" Gadus macrocephalus ) 45.4 . 52.5 72.3
Chryshphrys major 39.4 47.5 -
Girella punctata 39.4 40.0 40.4
Mylio macrocephalus 333 42.0 50.0
Engraulis japonica ! 33.3 37.5 53.2
Fugu ru_blipea 27.3 30.0 38.3
Harengula zunasi 24.2 35.0 4.7
Sardinops melanosticta - ! 24.2 325 31.9
Konosirus punctatus 21.2 32.5 38.3
Clupea pallasi S 21.2 25.0 © 319
Cololabis saira ! 18.2 22.5 —
Plecoglossus altivelis 15.1 20.0 27.7

Thunnus albacares is made to be 100) at total body lengths

of 10, 15, 20 am were calculated from TaLle 2 as shown in
Table 4. lMMoreover, in the fish species shown in Figure G

Y

when the body length of one-year-old Thunnus aliacares(60 cn)

estimated by Hennemuth ' and Davidoff-° is made to be 100,

.the ratio of the body lengths of eacih: one year old fish

species to that of Thunnus albacares were calculated and

then compared with the results of Table 4 as shown in

Figure 10,




30

(%)
- 100 ¢ . g
2= | | 1
o
: : g Nose
(] e .
~»1y 8o}
.- ; . Schaefer
£1Z 5
&~ z 60'
%3 |
) ‘E Airava
S| Ohgji
Ala 4o} 4
g ohe
§ 2 [ —
| & s
¥l
& | 4 20¢
Wi
g4
ol o.
- ~ .
L] > o i I i L i
E E 0 20 . 40 - - 60 80 © 100 (%)

Mouth size of each species of fish in a stage
of 10 - 20 mm body length

Mouth size of Thunnus albacares in 10 - 20 mm

" Fig. 10. The relationship between the mouth size of larval fish 1~
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1. Thunnus albacares 7. Fugu rublipes

2. Katsuwonus pelamis 8. Mylio macrocephalus

3. Seriola quinqueradiata 9. Sardinops melanosticta -
4. Scomber japonicus 10. Clupea pallasi

5. Trachurus japonicus = 11. Cololabis saira

6. Chrysophrys major

Sinée the estimated body lengths of. Thunnus albacares

142]

.which was the basis showed variations according to the

different researchers, some differences occurred in the

diagram. In Katsuwonus pelamis, Seriola guingueradiata,

Scomber japonicus, Sardinops melanosticta, Clupea pallasi

and Cololabis saira, the estimated value of body length
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varied according to secn resesrcher, &nc w.en Thunnus

sizes in the larvel an
total lergth (10 to 20 rm) as seen in Table 4, sc that these
fish were shown as square'meaSures. Purtheruore, the dotted
lines in the diagfam are estimations by the eauthor, |
It was learnt from this Figure that the mouth size: 367

and vody length of Katsuwonus pelawmis are both large and

next to tunas, then tne sizes become sneller in the order

Seriole quingueradiata, Scomper japonicus, Curysopnrys nsjor,

Tugu rublipes, Sardirops melancsticta, Clunea pasllasi and

Y

Cololabis saira, and conseqguertly 1t wa2s learnt that the
fish species wnlch grow faster have Zarger moutn sizes &t

the larval fish and fry stages.

SUMMARY AND CONCLUSION

The mouth sizes in the larval or fry stages of
various fish species were wmeasured, and tre relation between
the mouth size and tihe totel length, and tae relztion

5

2 R I PR s I
tigated. The results cbtzined are as follows:

e R
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1. The total leng tn of -larval fisnh at

feeding has correlations with
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the tin

(l)

of coumencing

tle egg size znd thne total

length at the time of hatching, but there is no correlation

between the mouth size anéd the total le

2. The total length of Katsuwonus pelan

Yrars

BEEN Th ®

is, Scomber japonicus,

Seriola guingueradiata, etc. at the tin

Clupea pa11a51, but their mouth

‘foods that they take.

largef than that «f Clupea pallasi.

3. The ratio of mouth size to the
fish at the time of commencing feeding

Thunnus albacares, Katsuwonus pelanis,

e of hatcl:ing and

‘commencing feeding is small, being about half of that of

size 1is egual to or slightly

total length in larval

is highest in

Seriola guingueradiata,

Trachurus japonicus, Scomber japonicus

japonicus, being 15 to 25%, average in

Carassius auratus, Clupea pealillasi and Colclabis saira, being
’ ’ &

7.5 to 8.5%, and smallest in Hypouesus

and lateclabrax

‘.JA‘[E.[ inus C’:tT'plO y

olidus, Kcnosirus

punctatus and Anmodytes

persoratus, bei
4. The mouth size of
feeding veries greetly according to dif

ranging between 200 tc¢ 1,000 , and i

have & close relations ﬂlp to the size

ng 3 te 5%,

larval fish at the time of commencing

vent fish species,

was oopgserved to

of the natural 1l1ive

That is, Hypomesus olidus,

Pleco“losous aith? is, Auauocdytes perscniétus, Sillago sihzana,

Konosirus punctatus and Oplesnathus fasc

itatus which have

small mouths at the tine of couuue encing

feeding can only
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take phytoplankton, Frotozoa or .the nauplii of snell Copepoda,

but Thunnus albaceares, Katsuwonus pelamis, Seriola guingue-

radiata,Girella punctata, Mugil cepnalus, Lateolabrax

japonicus and Clupea pallasi wnose mouth sizes are large

can take larger-sized zooplankton (Copepoda) from the

beginning.

5. The faster-growing the species (for example, Thunnus

albacares, Katsuwonus wvelanis, Seriola guinguerediata,

Scomber japonicus, Lateolabrax;japonicus, etc.), the larger

the mouth size in tine learval fish and fry stages.
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