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Edge Waves as Linear Solutions

Shigehisa NAKAMURA

Abstract:
line and a semi-infinite ocean.

Edge waves are studied as linear solutions of simple models with a straight coast
At first, reviewal remarks are given for edge waves along

the coast line in a semi-infinite ocean of a constant depth. After that, a linear differential

equation for edge waves in a sloped bottom ocean is derived to solve in form of Bessel

function.

When a certain water depth is at the coast line and the water depth increases

with the distance from the coast line linearly, edge waves are characterized by confluent P

functions or their asymptotic expansions.
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Water Resistance of G.E.K. Cord during Towing

Magoshichi SATO

Abstract:

The measurement of sea current was performed by G.E.K. (Geomagnetic Electro-

Kinetograph) by towing a cord with an electrode on board. Water resistance of the cord
was one of the most important conditions observed while towing and winding up the cord.
In this report, the author has described the outline, the measured value of towing-resistance

and the technique of towing a cord.
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Fig.1. Towing G.E.K. cord (A) and the measure-
ment of resistance of G.E.K. cord in water (B).
P.1, P.2: Electrode, C: G.E.K. cord,

M: Tension meter, B: Ship’s bulwark.

C7



8 5

30
XB
25 L // | A
(]
— / e
g‘ 20 //;‘%/
— //)’( A///
g 15| X .
2 ’}/’/
= 5
w 'O // /
%) X5
L S A
o 5| Z/
O L I L | |
3 4 5 6 7 (msec)
1 f
6 8 10 12 (K1)

SHIPS SPEED

Fig. 2. Measured values of towing-resistance.

Table 1. Measured values of resistance of
G.E.K. cord in water

Ship’s speed  Resistance Resistance
— of cord of cord  Coeflicient

kt m/sec (A) kg (B) kg

12 6.168 24.5 22.1 0.00178
11 5.654 21.4 19.3 0.00185
10 5.140 18.4 16.6 0.00193
9 4.626 15.5 14.0 0.00201
8 4.112 12.7 11.4 0. 00202
7 3.598 10.0 9.0 0. 00202
6 3.089 7.5 6.4 0. 00202
Diameter of G.E.K. cord: 11 mm.

Length of G.E.K. cord in water: (A), 100 m;

(B), 90 m.

Sea conditions: Wind force, 3; wave class, 2.
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Table 2.

Relation between weight of cord in water (W) and placed at right angle to stream (Ry')

Ship’s speed Resistance of cord Weight of cord Ratio Angle of cord Depth of cord
kt Ry’ (kg) W (kg) W: Ry’ g m
12 2626 5.9 1: 445 0°—07".7 0.225
11 2207 5.0 1. 374 0°—09’.2 0.267
10 1824 5.9 1: 309 0°—11".1 0.324
9 1477 5.9 1: 250 0°—13".7 0.399
8 1167 5.9 1: 198 0°—17'.4 0.505
7 894 5.9 1: 151 0°—22".7 0.660
6 657 5.9 1: 111 0°—30".9 0.900
Diameter of G.E.K. cord: 11 mm
Length of G.E.K. cord in water: 100 m W oFEZEEL I,
J —_ “:"‘ el b NRIZAS3N F
ESISTANCE 7ok, GEK. = — FREACKENE e
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Fig. 4. Relation between ship’s speed NHTHH 5. 4B EHIC droop DIEREISAEER

and configuration of cords.
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Studies on the Formation of Demersal Fishing Ground

3. Recurrent Group Analysis of Demersal Fish
in the Eastern Bering Sea*

Kohei KIHARA**

Abstract: The recurrent groups of demersal fish in the eastern Bering Sea were analyzed
with data of the bottom trawl fishing investigations which had been made in summer from

1966 to 1971 and in 1974.

On the continental shelf, Limanda aspera, Theragra chalcogramma, Lepidopsetia bilineata,
Gadus macrocephalus and Cottidae showed significant affinities each other and were leading
species which constituted main recurrent groups every year.

On the contrary, Eleginus gracilis, Osmerus eperlanus mordax, Liparidae, Reinhardtius
hippoglossoides and shrimps showed little significant affinities with other species.

At the depths of 150m, 200m, 300 m and 400 m on the continental slope, Azheresthes
stomias, Cottidae, Theragra chalcogramma and Hippoglossoides elassodon showed significant
affinities each other and were leading species which constituted main recurrent groups at each

depth in summer of 1969.

1. Introduction

The composition and the amount of the com-
munity of the marine organisms are consider-
ed to be related closely to their abiotic and
biotic environment of habitat and to be affected
by these environmental factors.

Many studies have been made on the rela-
tionship between the marine environmental
factors and each species in the community.
The author also reported that there were rather
close mutual relationship between the distribu-
tion of demersal fishes and marine environ-
mental complex combined water temperature
and salinity in the eastern Bering Sea. (KIHARA
and UDA, 1969; KIHARA, 1971)

It is considered that the marine organism
inhabits jointly with only the same species or
with other species, and that these inhabiting
patterns of marine organisms changed in time
and in space with biological condition of the
species and the marine environment.

Then, the author tried to analyze the affinity
of the demersal fish on the continental shelf

* Received December 11, 1975
** Tokyo University of Fisheries, Konan, Minato-ku,
Tokyo, 108 Japan

and slope of the eastern Bering Sea and their
recurrent groups objectively in order to elucidate
the pattern of inhabitation and the composition
of the community.

The index of affinity and recurrent group
analysis were developed by COLE (1949) and
FAGER (1957). FAGER and McGOwWAN (1963)
described the zooplankton species groups in the
North Pacific. The recurrent group analysis
of species assemblages of demersal fish in the
Gulf of Guinea was studies by FAGER and
LONGHURST (1968). STAIGER (1970) studied
the distribution of the benthic fishes in the
Strait of Florida.

2. Material and methods

The data available for this study were col-
lected at the continental shelf of the eastern
Bering Sea with the bottom  otter trawlers
during the biological researches on ground fish
which had been organized by the Japanese Far
Seas Fisheries Research Laboratory in summer
from 1966 to 1971 and in 1974 (Figs. 1-8).
(TAKAHASHI, 1971; CHIKUNI, 1975; YaMA-
GUCHI, 1972; WAKABAYASHI, 1972; CHIKUNI,
1971; WAKABAYASHI, 1972; YAMAGUCHI, 1975)

The data of the continental slope were

1)
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Fig. 8. Net hauling positions of the trawl fishing

Fig. 1-7. Net hauling positions of the trawl
fishing survey on the continental shelf in
the eastern Bering Sea (1966-1971, 1974).
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obtained at the depths of 150 m, 200 m, 300 m
and 400 m from the northern waters of the
Unimak Island to off the Cape of Olyutorskii
during the biological researches on ground
fish in summer of 1969 by the Japanese Far
Seas Fisheries Research Laboratory. (WAKA-
BAYASHI, 1972)

The size of the trawl nets, towing hours of
the net and the stations of observations varied
each year.

The analysis were made on the eighteen
species which inhabited on the continental
shelf. They are Limanda aspera, Atheresthes
stomias, Lepidopsetta bilineata, Hippoglossus
stenolepis, Hippoglossoides elassodon, Pleuro-
nects quadrituberculatus, Reinhardtius hippo-
glossoides, Theragra
chalcogramma, Eleginus gracilis, Clupea palla-
sii, Osmerus eperlanus mordax, Cottidae, Agoni-
dae, Lycodidae, Liparidae, Rajidae and shrimps
(include Pandalus borealis). Twenty-one species,
namely, Sebastodes alutus, Sebastolobus alas-
canus, Anoplopoma fimbria and the
species mentioned above at the continental slope
were also analyzed.

The index of affinity was calculated by the
method described by FAGER and MCGOWAN
(1963). The index of affinity is expressed as
follows:

Gadus macrocephalus,

same

[ /(N 4N)'2] —1/2(N )2

In the index, J is the number of joint oc-
currences. In this study J is the numbers of
stations where joint occurrences were observed
independently on the amount and the size of
species.

N, and Np are total numbers of stations
where the species A and B were observed
independently on the amount and the size of
species. N4 and Np are assigned to the letters
so that N4 Nz.

In this study, pairs of species for which this
expression was equal to or greater than 0.5
were considered to show an affinity. The
index of affinity was counted fractions of 5 and
over as a unit and disregard the rest at hun-
dredth’s place.

The method which was used to determine
the recurrent groups of these species has been

described by FAGER (1957).

The procedure of grouping is first to put the
species in descending order in terms of the
number of species with which they have affinity.
Then groups will represent the largest, most
frequent, separate units within which all the
species formed a nearly constant part of each
other’s biological environment. (FAGER, 1957)

The interrelations among these recurrent
groups are showed by fractions which are the
ratio of the number of observed species pair
connections between groups to the maximum
number of possible connections. (FAGER and
LLONGHURST, 1968)

The recurrent group analysis of species on
the continental slope were performed with the
same methods as mentioned above. The depths
were classified to 150m, 200m, 300m and
400 m.

3. Results and discussions

The affinity and the recurrent group of
demersal fishes on the continental shelf were
as follows (Table 1, Figs. 1-19):

All of the eighteen species had significant
affinities with some species. Especially follow-
ing pairs had significant affinity each other
every year: Limanda aspera and Lepidopsetta
bilineata, Hippoglossoides elassodon and Li-
manda aspera, Pleuronectes quadrituberculatus
and Limanda aspera, Gadus macrocephalus
and Limanda aspera, Theragra chalcogramma
and Limanda aspera, Limanda aspera and
Cottidae, Agonidae and Limanda aspera,
Lepidopsetta bilineata and Pleuronectes quadri-
tuberculatus, Hippoglossus stenolepis and Lepi-
dopsetta bilineata, Gadus macrocephalus and
Lepidopsetta bilineata, Theragra chalcogramma
and Lepidopsetta bilineata, Cottidae and Lepi-
dopsetta bilineata, Agonidae and Lepidopsetta
bilineata, Hippoglossoides elassodon and Gadus
macrocephalus, Theragra chalcogramma and
Hippoglossoides elassodon, Cottidae and Hippo-
glossoides elassodon, Lycodidae and Hippoglos-
soides elassodon, Pleuronectes quadritubercula-
tus and Theragra chalcogramma, Pleuronectes
quadrituberculatus and Cottidae, Agonidae and
Pleuronectes quadrituberculatus, Hippoglossus
stenolepis and Gadus macrocephalus, Theragra
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14
chalcogramma and Hippoglossus stenolepis,
Hippoglossus stenolepis and Cottidae, Gadus
macrocephalus and Theragra chalcogramma,
Cottidae and Gadus macrocephalus, Theragra
chalcogramma and Cottidae, Lycodidae and
Theragra chalcogramma, Cottidae and Agoni-
dae.

The number of species with which each
species had significant affinity every year were
as follows (Table 1): Theragra chalcogramma
and Cottidae were eight, Limanda aspera and
Lepidopsetta bilineata were seven, Gadus
macrocephalus was six, Hippoglossoides elasso-

Table 1.
years from 1966 to 1971 and 1974.

La mer, Tome 14, N° 1 (1976)

don and Pleuronectes quadrituberculatus were
five and Agonidae was four.

Though Lepidopsetta bilineata, Hippoglos-
soides elassodon, Pleuronectes quadritubercula-
tus and Agonidae had significant affinities with
many species, there were great differences
among the number of which these species had
significant affinity between all species concerned
through seven years. It seems possible that
these species are inclined to coexist with
specific species. Limanda aspera, Gadus ma-
crocephalus, Theragra chalcogramma and
Cottidae which have some significant affinities

The number of species with which each species had significant affinities during seven
Each letter shows following species:

A. Limanda aspera G. Reinhardtius hippoglossoides M. Cottidae
B. Atheresthes stomias H. Gadus macrocephalus N. Agodidae
C. Lepidopsetta bilineata 1. Theragra chalcogramma O. Lycodidae
D. Hippoglossoides elassodon J . Eleginus gracilis P. Liparidae
E. Pleuronectes quadrituberculaius K. Clupea pallasii Q. Rajidae
F. Hippoglossus stenolepis L. Osmerus eperlanus mordazx R. Shrimps
Species A B C D E F G H I J K L M N O P Q R
A 1 7 7 7 6 2 7 7 2 6 4 7 7 4 0 1 2
B 1 AN 1 4 1 1 1 3 3 0 0 0 2 1 4 0 2 0
C 7 1 AN 5 7 7 2 7 7 2 6 3 7 7 3 1 1 2
D 7 4 6 AN 6 5 3 7 7 0 1 1 7 5 7 1 3 2
E 7 1 7 N 2 6 7 2 6 3 7 7 1 0 1 1
F 6 1 7 5 6 AN 2 7 7 2 5 3 7 5 3 1 2 1
G 2 1 2 3 2 2 AN 3 3 0 1 0 2 1 6 2 1 1
H 7 3 7 6 7 3 N 7 2 5 4 7 6 5 2 4 2
I 7 3 7 7 7 7 3 7N\ 2 6 4 7 6 7 2 4 2
J 2 0 2 0 2 2 0 2 2 AN 2 2 2 2 0 0 0 0
K 6 0 6 1 6 5 1 5 6 2 AN 3 6 6 2 1 0 0
L 4 0 3 1 3 3 0 4 4 2 3 N\ 4 3 0 0 0 1
M 7 2 7 7 7 7 2 7 7 2 6 4 N7 5 2 2 2
N 7 1 7 5 7 5 1 6 6 2 6 3 7 N 1 1 1 0
o 4 4 3 7 1 3 6 5 7 0 2 0 5 1 N 1 2 2
P 0 0 1 1 0 1 2 2 2 0 1 0 2 1 1 N\ 0 1
Q 1 2 1 3 1 2 1 4 4 0 0 0 2 1 2 0 N\ 1
R 2 0 2 2 1 1 1 2 2 0 0 1 2 0 2 1 1\
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Studies on the Formation of Demersal Fishing Ground 15

with all species are considered to be inclined
to coexist with many species.

On the other hand, species pairs which had
not any significant affinity through seven years
were as follows: Pair of Limanda asperas and
Liparidae, pairs of Atheresthes stomias and
Eleginus gracilis, Clupea pallasii, Osmerus
eperlanus mordax, Liparidae and shrimps, pair
of Reinhardtius hippoglossoides elassodon and
Eleginus gracilis, pair of Pleuronectes quadri-
tuberculatus and Liparidae, pairs of Eleginus
gracilis and Lycodidae, Liparidae, Rajidae and
shrimps, pairs of Clupea pallasii and Rajidae
and shrimps, pairs of Osmerus eperlanus mor-
dax and Lycodidae, Liparidae, Rajidae and
shrimps, pair of Agonidae and shrimps, and
pair of Liparidae and Rajidae (Table 1). Some
species of these pairs had not any significant
affinity with many species through seven years:
e.g. Eleginus gracilis had not any significant
affinity with seven species through whole years
concerned. The number of species with which
species concerned had not any significant affinity
were as follows: Liparidae was six, Atheresthes
stomias was five, Rajidae and shrimps were
four, Clupea pallasii was three, and Rein-
hardtius hippoglossoides and Lycodidae were
two. Even the joint occurrence had not been
observed in some of these pairs. Those pairs
and the number of years when the joint oc-
currence had not been observed were as
follows: pair of Eleginus gracilis and Rein-
hardtius hippoglossoides was three, pair of
Liparidae and Eleginus gracilis was also three,
pair of Atheresthes stomias and Eleginus gracilis
was two, pair of Osmerus eperlanus mordax
and Reinhardtius hippoglossoides was two and
pair of Liparidae and Osmerus eperlanus mor-
dax was also two.

Consequently, it is supposed that Eleginus
Liparidae, Atheresthes stomias and
Rajidae are the species which hard to coexist
with other species.

The patterns of recurrent groups on the
continental shelf were as follows (Figs. 8-14):
the main groups had been constituted by
Limanda aspera, Theragra chalcogramma,
Lepidopsetta bilineata, Gadus macrocephalus,
Cottidae and other species every year. There-

gracilis,

fore these five species can be considered to be
leading species of the main recurrent groups.

Pleuronectes quadrituberculatus except for
1974 and Agonidae except for 1966 were also
species constituted the main recurrent groups.
Eleginus gracilis which had little significant
affinity was also a member of the main recur-
rent groups in 1969 and 1970.

There were some other recurrent groups
which were constituted with a small number
of species every year. They were a group of
Lycodidae, Lepidopsetta bilineata, Rajidae and
group of Clupea pallasii and Agonidae in 1966,
a group of Hippoglossus stenolepis, Clupea
pallasii and a group of Lycodidae and Rein-
hardtius hippoglossoides in 1967, a group of
Hippoglossoides elassodon and Lycodidae in
1968, 1969 and 1970, a group of shrimps,
Lycodidae and Reinhardtius hippoglossoides in
1971, a group of Clupea pallasii, Pleuronectes
quadrituberculatus, a group of Rajidae, Ather-
esthes stomias and a group of shrimps, Hippo-
glossus stenolepis and Liparidae in 1974.

Liparidae from 1966 to 1970, shrimps from
1966 to 1968, Eleginus gracilis and Osmerus
eperlanus mordax from 1967 to 1968 did not
have any significant affinity with all species.
It is considered that these species inhabited
independently in these years.

Meanwhile, the patterns of recurrent groups
and their interrelations of the species on the
continental slope in 1969 were as follows:
Atheresthes stomias, Cottidae, Theragra chalco-
gramma, Reinhardtius hippoglossoides, Hippo-
Sebastodes alutus, Gadus
macrocephalus and Rajidae formed a group on
the slope from 150m depth through 400 m
depth and Hippoglossus stenolepis, Anoplopoma
fimbria and Liparidae were associate species of
this group (Fig. 16).

Atheresthes Cottidae, Theragra
chalcogramma and Hippoglossoides elassodon
had significant affinities each other, and they were
members of the main groups at the depths of
150 m, 200 m, 300 m and 400 m (Figs. 17-20).

Lycodidae which had significant affinities with
other species and constituted the groups on
the continental shelf not only had no affinities
with other species on the continental slope,

glossus stenolepis,

stomias,

(15)
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Group II

P -— Lycodidae (8) ‘
| 13/2¢ Atheresthes stomias (6) J‘
Gadus macrocephalus (12) | | Rajidae (6) I
Theragra chalcogramma (12) }
Hippoglossoides elassodon (11)

\
. i
1 Limanda aspera (10) ! 6/8 Reinhardtius hippoglossoides (7)
|
|

1/3

Pleuronectes quadrituberculatus (10)
‘ Cottidae (10) -

Lepidopsetta bilineata (9) | 11/16 Clupea pallasii (8)
— = —— =" Agonidae 5

Group III

Fig. 9. The composition of demersal species groups and their interrelations on the continental
shelf of the eastern Bering Sea (1966).

Line connecting the groups indicate intergroup affinities; where fractions are the ratios
of the number of observed species-pair connections between groups to maximum number
of possible connections. Parenthesized figures are the number of species which have signifi-
cant affinity with the species concerned.

Liparidae and shrimps had not any significant affinity and Osmerus eperlanus mordax
and Eleginus gracilis was not caught.

Limanda aspera (12)

Gadus macrocephalus (12) | Group TII
Group II Theragra chalcogramma (12)
Hippoglossus stenolepis (8)  14/18 | Hippoglossoides elassodon (11) 6/18 hippoglossoides (1)

Clupea pallasii (8) : Pleuronectes quadrituberculatus (11) ‘ Lycodidae (7)

|
‘ .
Cottidae (12) ’ Reinhardtius
|
|

Lepidopsetta bilineata (10)
Agonidae (10)
| Atheresthes stomias (9)

} 7/9
l Rajidae (7) ‘

Fig. 10. The composition of demersal species groups and their interrelations on the continental
shelf of the eastern Bering Sea (1967). Line connecting the groups indicate intergroup
affinities.

Eleginus gracilis, Osmerus eperlanus mordax, Liparidae and shrimps had not any sig-
nificant affinity.
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Group I

Theragra chalcogramma (10)
Gadus macrocephalus (9)
imanda aspera (8)

|
Group II ‘

Hippoglossoides elassodon (6) 6/16 | Pleuronectes quadrituberculatus (8) 2/8 ‘—
Lycodidae (2) — | Cottidae (8) %G _ Rajidae @
j

i Lepidopsetta bilineata (7)
| Hippoglossus stenolepis (7)

| Agonidae (7)

Fig. 11. The composition of demersal species groups and their interrelations on the conti-
nental shelf of the eastern Bering Sea (1968). Line connecting the groups indicate inter-
group affinities.

Atheresthes stomias, shrimps, Reinhardtius quadrituberculatus, Liparidae, Eleginus
gracilis, Clupea pallasii and Osmerus eperlanus mordax had not any significant affinity.

Group 1

Limanda aspera (12) [

\ Theragra chalcogramma (12) | Reinhardtius hippoglossoides (1),\
Pleuronectes quadrituberculatus (12) o
Lepidopsetta bilineata (11) Group II 1/2
‘ Gadus macrocephalus (11) ‘ - -
Shrimps (3) ‘ﬁ Osmerus eperlanus mordazx (11) \_8/_22“ Hippoglossoides elassodon (8) |

Cottidae (11) | “ Lycodidae (4)
Agonidae (11) } } 1/2
Hippoglossus stenolepis (10) ‘

Eleginus gracilis (10) \ } Atheresthes stomias (1) ‘
Clupea pallasii (10) N

Fig. 12. The composition of demersal species groups and their interrelations on the continental

shelf of the eastern Bering Sea (1969). Line connecting the groups indicate intergroup
affinities. Liparidae and Rajidae had not any significant affinity.

Group 1

% Limanda aspera (12)

‘ Theragra chalcogramm (12)
| Lepidopsetta bilineata (12)
Group II . Cottidae (12)

. . ' Gadus macrocephalus (12) | | R .
1 des elassodon (9 | 1 | Reinhard,
Hzppog ossoides elassodon (9) _13/22 Pleuronectes quadrituberculatus (11) | 1/2 | gmhar tzu.s.‘
Lycodidae (7) I hippoglosoides (1)

Hippoglossus stenolepis (11)

; Agonidae (11) ‘
Eleginus gracilis (10)
Clupea pallasii (10)

Osmerus eperlanus mordax (10)

|

Fig. 13. The composition of demersal species groups-and their interrelations on the conti-
nental shelf of the eastern Bering Sea (1970). Line connecting the groups indicate inter-
group affinities.

Atheresthes stomias, Liparidae and Rajidae had not any significant affinity and shrimps
was not caught.
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Group 1

1' Hippoglossoides elassodon (15) 411 (T

Gadus macrocephalus (14) —=—] Llparldafi(@\]
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. Agonidae (10)
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Fig. 14. The composition of demersal species groups and their interrelations on the conti-
nental shelf of the eastern Bering Sea (1971). Line connecting the groups indicate intergroup
affinities.

Rajidae had not any significant affinity and Eleginus gracilis was not caught.

} . - o |

‘ Osmerus eperlanus mordax (4) |

Group I 14/9

. Cottidae (16)

Theragra chalcogrmma (16)

Lepidopsetta bilineata (14)
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Fig. 15. The composition of demersal species groups and their interrelations on the conti-
nental shelf of the eastern Bering Sea (1974). " Line gonnecting the groups indicate inter-
group affinities.

Eleginus gracilis was not caught.
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Fig. 16. The composition of demersal species groups and their interrelations from 150 m
through 400 m depth of the continental slope of the eastern Bering Sea (1969). Line con-
necting the groups indicate intergroup affinities.

Lycodidae had not any significant affinity and Limanda aspera, Pleuronectes quadritu-
berculatus, Eleginus gracilis, Clupza pallasii and Osmerus eperlanus mordax were not caught.

Group I —
| 717/67~ Shrimps (1) ;

Hippoglossus stenolepis 5) | _5/6 | Atheresthes stomias (10) | Group I
- i Hippoglossoides elassodon (9) |
| o S 5/12_ Agonidae (5) ‘
[ , - | 5/6 | Gadus macrocephalus (9) | 222 gonidae
| Rajidae (©) I pha Sebastes alutus (&)

Theragra chalcogramma (9) ‘
} Anoplopoma fimbria (2) | 1/6 | Cottidae (9)
Lepidopsetta bilineata (6)

{ 1/2

| 5,/67} Reinhardtius

| | : hippoglossoides (6) E

Fig. 17. The composition of demersal species groups and their interrelations on 150 m depth
of the continental slope of the eastern Bering Sea (1969). Line connecting the groups
indicate intergroup affinities.

Limanda aspera, Pleuronectes quadrituberculatus, Eleginus gracilis, Clupea pallasii and
Osmerus eperlanus mordax were not caught and Lycodidae, Liparidae and Sebastolobus
alascanus had not any significant affinity.

Group I

Atheresthes stomias (12)
i, Liparidae (4) ;f _4/9 | Gadus macrocephalus (11 —Eﬂ\ Sebastes alutus (5) ‘
—_— Theragra chalcogramma (11) i -
Cottidae (11)

Hippoglossoides elassodon (10)
Reinhardtius hippoglossoides (9)
Lepidopsetta bilineata (8)
Hippoglossus stenolepis (8)
Rajidae (8)

509 [ Agonidae

]

Anoplopoma fimbria (2) _2/9

Fig. 18. The composition of demersal species groups and their interrelations on 200 m depth
of the continental slope of the eastern Bering Sea (1969). Line connecting the groups
indicate intergroup afficities.

Limanda aspera, Pleuronectes quadrituberculatus, Eleginus gracilis, Clupea pallasii,
Sebastolobus alascanus and Lycodidae were not caught and shrimps had not any significant
affinity.
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Group I

Theragra chalcogramma (12)
Atheresthes stomias (12)
Hippoglossoides elassodon (11)
Anoplopoma fimbria (11)
Gadus macrocephalus (11)
Sebastes alutus (11)

Cottidae (11)

| Rajidae (11)

' Reinhardtius hippoglossoides (11)
Hippoglossus stenolepis (10)

! Liparidae (10)

2L _9/11 |

| Shrimps @ |

Agonidae (9)7

Fig. 19. The composition of demersal species groups and their interrelations on 300 m depth
of the continental slope of the eastern Bering Sea (1969). Line connecting the groups
indicate intergroup affinities.

Lepidopsetta bilineata, Sebastolobus alascanus and Lycodidae had not any significant
affinity and Pleurondctes quadrituberculatus, Eleginus gracilis, Clupea pallasii and Osmerus
eperlanus mordax were not caught.

Group I

Atheresthes stomias (11)
Reinhardtius hippoglossoides (11)
Anoplopoma fimbria (11)
Theragra chalcogramma (11)
(T 6/10 @ Sebastes alutus (11) 6/10
SMN—K—— Hippoglossoides elassodon (10) -0
Cottidae (10)
Hippoglossus stenolepis (9)
Liparidae (9)

Rajidae (9)

Sebastolobus macrochir (6) 1

Fig. 20. The composition of demersal species groups and their interrelations on 400 m depth
of the continental slope of the eastern Bering Sea (1969). Line connecting the groups
indicate intergroup affinities. '

Gadus macrocephalus, Agonidae and Lycodidae had not any significant affinity and
Limanda aspera, Lepidopsetta bilineata, Pleuronectes quadrituberculatus, Eleginus gracilis,
Clupea pallasii and Osmerus eperlanus mordax were not caught.
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but also was not found at 200 m depth.

Gadus macrocephalus was a member of the
main groups at the depths from 150m to 300
m, but had not any significant affinity with
other species at 400 m depth. Sebastodes alutus
which constituted a group with Agonidae at
150 m depth was a associate species of the main
group at 200m depth and was a member of
main group at the depth of 300m and 400 m.
Reinhardtius  hippoglossoides, Rajidae and
Hippoglossus stenolepis were members of the
main groups at the depths of 200m, 300m and
400 m.

Lepidopsetta bilineata which was a member
of the main groups at the depths of 150 m and
200m had not any significant affinity with other
species at 300m depth and was not found at
400 m depth.

On the contrary, Liparidae which had not
any significant affinity at 150m depth was a
associate species of main group at 200m depth
and was a member of main group at the depths
of 300m and 400 m.

Anoplopoma fimbria was a associate species
of the main groups at the depths of 150 m and
200m, but was a member of the groups at the
depths of 300m and 400 m. Sebastolobus alas-
canus had not any significant affinity with other
species at shallow regions, but had a fairly
close interrelation with the main group at 400 m
depth.

Limanda aspera, Pleuronectes quadrituber-
culatus, Eleginus gracilis, Clupea pallasii and
Osmerus eperlanus mordax were not found on
the continental slope.

It was found out that Theragra chalcogramma
and Cottidae were always members of main
recurrent groups on the continental shelf and
slope and coexisted with many species, and that
the number of recurrent groups decreased as
the depth increased on the slope.

In this paper, the affinity and the recurrent
groups of benthic species had been analyzed
without any consideration of their size, age and
amount. It seems to be necessary, however,
to investigate with these factors in order to
elucidate the community in more detail.

Though the pattern of the recurrent group
are considered to vary according to the value

of significance level, 0.5 was chosen in this
study. The reasons are following: because if
the level is less than 0.5, the characteristics
of patterns of recurrent groups turn into indis-
tinct due to decreasing of the group and analyz-
ing of their relations between marine environ-
ment get difficult. And another reason is, as
FAGER and McGOWAN (1963) described, that
species should be found together in somewhat
more than “half’”’ their recorded occurrences if
they are to be grouped together. According
to the investigation at the Strait of Florida by
STAIGER (1970), the 0.3 level was most closely
approximating the subjectively derived picture
of the relationships among benthic fishes. (STAI-
GER, 1970)

The choice of significance level and relation-
ships between the recurrent groups and marine
environment are the subjects for my future
studies.
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Combined Effect of Temperature and Salinity of the Hatching

Rate, Hatching Time and Total Body Length of the
Newly Hatched Larvae of the Japanese
Red Sea Bream Pagrus Major*

Joannes S. APOSTOLOPOULOS**

Abstract: Eggs of the Japanese red sea bream Pagrus major were incubated under 48
different salinity-temperature combinations within the range of 11.03-34.80 %» for salinity and
8°-33°C for temperature. At all salinities within this range hatching was observed but at
temperatures lower than 15°C and higher than 31°C no hatching occurred at any level of
salinity. A hatching rate higher than 70 9% was observed at salinities higher than 27.03 %
and at temperatures between 19° and 29°C. The hatching time ranged from 18.5 hrs (31°C,
34.80 %o salinity) to 72 hrs (15°C, 11.03 %» salinity), decreasing with increases in either salinity
or temperature. Optimum conditions for the larval survival appeared to be associated with
salinities higher than 27.03 % and temperatures between 19° and 25°C, while total larval

length at hatching was observed to be greater at high salinities and low temperatures.

1. Introduction

Pagrus major, being a commercially impor-
tant species, has been under intense study for
the past few years in Japan. It spawns during
the three months period from April to June
and its eggs are considered to be pelagic, tend-
ing to float or near the surface.

There have been some studies made of the
embryonic development of the species, especial-
ly the effect of temperature on the rate of devel-
opment of the eggs. However, there has not
been much work done on the effect on embry.
onic develcpment of variations in both salinity
and temperature. Hence, the present study was
designed to determine the combined effects of
salinity and temperature on the hatching rate,
hatching time, as well as, the total body length
and the activity of the newly hatched larvae.

Similar work has been carried out for some
other species, such as Clupea harengus (BLAX-
TER, 1956), Cyprinodon macularius (KINNE and

* Received December 25, 1975

** Ecological Laboratory, Tokyo University of
Fisheries, Konan, Minato-ku, Tokyo, 108 Japan
Present address: Institute of Oceanographic and
Fishing Research, Agios Kosmas Ellinikon,
Athens, Greece

KINNE, 1962; KINNE, 1964), Clupea harengus:
Giadus callarias, Pleuronectes platessa (HOL®
LIDAY, 1965) and for a few others. However,
only limited experimental information on this
subject is available.

2. Materials and method

The present work was carried out from May
8th until June 6th, 1975 at the Ecological Lab-
oratory of the Tokyo University of Fisheries.
The newly spawned eggs of Pagrus major, used
for the experiment, were collected from the
water surface of a pond, 2,800 m? in area, with
about 100 parent-fishes 9-11 years old in it, at
the Fisheries Institute of Kanagawa Prefecture,
and were transported to the laboratory of the
University. The water temperature of the pond
at the time of spawning was between 18.0° and
21.1°C and that of the transportation container
at the time of arrival at the laboratory was
between 19.0° and 22.0°C.

The diameter of 50 eggs was measured and
was found to be 0.871+0.016 mm, while the
fertilization ratio of an egg-sample (1,003 eggs)
was as high as 100 %. The embryos were at
the 32-64 cell-stage.

The eggs were incubated under 48 different
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Table 1. Hatching rate of Pagrus major eggs at
various combinations of salinity and temperature
Salinity
(%o) 34.80  27.03  19.02  11.03
Water
temp%ra- \
te (O \ N Hy N Hr N Hr N Hr
m  sd.\ (%) (%) (%) (%)
8.07 1.10 0 0 0 0 0 0 0 0
12.79 0.53 0 0 0 0 0 0 0 0
15.01 0.24 1 2 0 0 34 68 9 18
16.96 0.21 19 38 42 84 45 90 46 92
19.05 0.40 45 90 47 94 46 92 3 6
21.15 0.25 50 100 49 98 2 4 2 4
23.18 0.25 50 100 50 100 6 12 1 2
25.16 0.31 50 100 49 98 0 0 0 0
27.15 0.23 45 90 49 98 0 0 0 0
29.15 0.13 44 88 36 72 0 O 0 0
31.06 0.11 21 42 0 O 0 0 0 0
33.07 0.20 0 0 0 0 0 0 0 0

m: mean, s.d.: standard deviation, N: number of
larvae, Hr: hatching rate.

combinations of salinity and temperature as
shown in Table 1. The salinity ranged from
11.03 %, to 34. 80 %, with intervals of 8 %, (11.03,
19.02, 27.03 and 34.80 %;). The sea water used
was obtained from the ageing water-tank of
the University which had a salinity of 34. 80 %;.
Lower salinities were obtained by dilution with
fresh tap water filtered through active charcoal.
The water temperature ranged from 8° to 33°C
with intervals of 2°C. In total, 12 different
temperatures were tested (for mean tempera-
tures and standard deviation see Table 1). Con-
stant temperature was provided by constant
temperature water baths, using heaters and
thermostats, or by means of constant-temperature
room,

Fifty fertilized eggs were put into 500m/
beakers with 400 m/ water. A set of four beak-
ers with the four different salinities was placed
in each test temperature, between 2 and 4hrs
after spawning. Before putting the eggs in
temperatures higher than 25°C and lower than
17°C they were acclimatized for about 30 min
to 1 hr in every test temperature higher or lower
than 25°C and 17°C. During incubation no
aeration was used. ‘

During the experiment the combined effects
of salinity and temperature on the hatching rate,

100

)

100 -

HATCHING RATE

ik = P . _~

s 7] % 5] 35
WATER TEMPERATURE (¢ °C)

1
5 10
Fig. 1, Relationship between hatching rate and
water temperature at different salinities.
A: —O—, at 34.80 %o salinity;
—X—, at 27.03 %o salinity.
B: —O—, at 19.02 %o salinity;
—X—, at 11.03 %, salinity.

hatching time, as well as on the body length
and the activity of the newly hatched larvae
were investigated. The body length of the larvae
was measured within 2 hrs after hatching.

3. Results

1. Hatching rate

The experimental results for the number of
hatched larvae and hatching time are given in
Table 1.

The effect of salinity on the temperature-
hatching rate relationship (Fig. 1) demonstrates
that the temperature range, in which hatching
was observed, became wider as the salinity in-
creased. It ranged from 15° to 23°, 15° to 23°,
17° to 29° and 15° to 31°C under 11.03, 19.02,
27.03 and 34.80 %, salinity, respectively. The
temperatures at which hatching rate higher than
70 9 was observed, were 17°C under 11.03 %,
salinity and in the ranges of temperature from

24)
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3L

°C)
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WATER  TEMPERATURE
S
T

10 20 36
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Fig. 2. Relationship between salinity and temper-
ature and hatching percentage. Isopleths are
shown at 80% (d), 60% (c), 30% (b) and
0% (a) total hatch.

17° to 19°, 17° to 29°C under 19.02, 27.03 and
34.80 %, salinity, respectively. The response
surface for percentage total hatch is illustrated
in Fig. 2 were the isopleths are shown at 80%;
(d), 60 % (c) and 30% (b), while the isopleth
(a) is the lethal one.

As it can be seen, the upper lethal temper-
ature varied with the salinity and was highest
at the salinity of 34.80 %, while the lower lethal
temperature was constant.

Taking into consideration the above results,
it can be concluded that water temperatures
from 19° to 29°C combined with salinities higher
than 27.03 %, are the most effective for the
incubation of the eggs of Pagrus major since
they produce the highest hatching rate.

2. Activity of the larvae

The newly hatched larvae were carefully ob-
served at every temperature and salinity and
the way of swimming (normal or abnormal), the
swimming layer in the beaker (top, middle or
bottom and the reaction to external stimulus
(approaching with a needle) were examined.

The observations, given in Table 2, show
that at every temperature and at low salinities
(11.03 %, 19.02 %) the larvae which did hatch
were very inactive and died within (maximum)
3hrs. It should be noted that under these con-
ditions the mortality of the eggs at the time of

hatching was also very high. At high salinities
(27.03 %;, 34.80 %) abnormalities were observ-
ed at temperatures higher than 27°C and lower
than 17°C, while at 31° and 15°C the larvae
died almost immediately after hatching.

From the above observations, water temper-
atures from 19° to 25°C, combined with high
salinities (27.03 %, 34.80 %;), seem to be the
most suitable for the normal development of
the larvae.

3. Hatching time

According to the results shown in Table 3,
the hatching time depends strongly on the
temperature and salinity. The effect of salinity
on the temperature-hatching time relationship
indicates that the higher the salinity the shorter
the hatching time, while at constant salinity
with increases in temperatures the hatching
time decreases. The hatching time ranged from
68.5 hrs to 18.5 hrs with a salinity of 34.80 %
at temperatures between 15° and 31°C, from
58.0 to 18.7 hrs with 27.03 %; at temperatures
between 17° and 29°C, from 68.5 to 29.0 hrs
with 19.02 %, at temperatures between 15° and

nlo.
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Fig. 3. Relationship between hatching time (log 7"

and water temperature (0) at different salinities.
. at 34.80 %o salinity; log7'=2.3056-0.0358 ¢
. at 27.03 %o salinity; log7"=2.3553-0.03816
: at 19.02 % salinity; log T'=2.5550~0.04740
: at 11.03 %o salinity; log T'=2.5820~0.04726

gow >

¢25)



26

La mer, Tome 14, N° 1 (1976)

Table 2. Physical conditions and activity of the newly hatched larvae of Pagrus major
at different salinities and water temperatures

. Salinity

S (%0)
Water ™\ 34.80 27.03 19.02 11.03
tempera- \
ture*(°C) \
15.01£0.21 It died almost imme- e Lying on the bottom. Lying on the bottom.
diately after hatching. Spasmodic movement. Spasmodic movement.
No reaction. They died No reaction. They died
within 3 hrs. within 1 hr.
16.96£0.21 About 50 % swimming Almost all swimming Lying on the bottom. Lying on the bottom.
in the middle abnor- in the middle abnor- Spasmodic movement. Spasmodic movement.
mally. Weak reaction mally. Very weak re- No reaction. They died No reaction. They died
in stimulus. action in stimulus. within 3 hrs. within 1 hr.
19.05+0.40 All swimming normal- Swimming normally on Lying on the bottom. Lying on the bottom.
Iy on the surface. Very the surface. Very ac- Spasmodic movement. Spasmodic movement.
active. Immediate and tive. Strong reaction No reaction. They died No reaction. They died
strong reaction in stimu- in stimulus. within 1 hr. within 1/2 hr.
lus.
21.1540.25 The same physical con- The same physical con- They died within 1/2 They died almost imme-

23.18£0.25

25.16+£0.31

27.1740.23

29.154+0.13

21.06=%0.11

ditions as in previous
temperature.

The same physical con-
ditions as at 19°C.

The same conditions as
at 19°C.

The most swimming
normally on the surface.
Few in the middle ab-
normally. Weak reac-
tion in stimulus.

The most of them swim-
ming abnormally inthe
middle. Very weak
reaction in stimulus.

They died almost imme-
diately after hatching.

ditions as in previous
temperature.

The same physical con-
ditions as at 19°C.

The same conditions as
at 19°C.

The most swimming
normally on the surface.
Few in the middle ab-
normally. Weak reac-
tion in stimulus.

The most of them lying
on the bottom. No
reaction in stimulus.

hr.

They died within 1/2
hr.

diately after hatching.

They died almost imme-
diately after hatching.

* They mean water temperatures and standard deviations are those of the incubation period.

Table 3.

of temperature and salinity

Hatching time of the eggs of Pagrus major under various combinations

~——__ Salinity (%)

Water T 34.80 27.03 19.02 11.03

temperature*(°C) ™\

m sd. N T log T T log T T log T T log T

15.01  0.24 68.5  1.8357 - — 68.5  1.8357 72.0  1.8573
16.96  0.21 56.0  1.7482 58.0  1.7634 60.5  1.7818 62.5  1.7959
19.05  0.40 38.0  1.5798 41.0  1.6128 41.5  1.6181 49.5  1.6946
21.15  0.25 31.0  1.4914 33.0  1.5185 36.0  1.5563 37.5  1.6740
23.18  0.25 25.5  1.4065 27.0  1.4314 29.0  1.4624 30.5  1.4843
25.16  0.31 24.5  1.3892 24.5  1.3892 — — — —
27.15  0.23 21.5  1.3324 21.5  1.3324 — — — —
29.15  0.13 18.5  1.2672 18.7  1.2730 — — — -
3106 0.11 18.5  1.2672 — — — — — —

* At temperatures lower than 15°C and higher than 31°C no hatching occurred.
T: hatching time in hrs.

m: mean,

s.d.: standard deviation,
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23°C, and from 72.0 to 30.5 hrs with 11.03%;
at temperatures between 15° and 23°C.

The relationship between water temperature
(0) and hatching time (7, in hrs) can be ex-
pressed by the formula Te*?=c i.e. log T=log
c—a(loge)d (HIGURASHI and TAUTI, 1925),
where a and b are constants which depend on
salinity.

The values of the parameters log ¢ and a(log
e), at every salinity, are given in Table 4 and
the relationships are demonstrated diagrammat-
ically in Fig. 3.

Now, if Qi is the ratio of the wvelocities of
an interval of 10°, calculated from the formula
log Q10=10a(log ¢) (HIGURASHI and TAUTI,
1925), the relationship between Qio (values in
Table 4) and salinity (S) is expressed by the
formula Q10=3.4239—0.0334 S. The regression,
presented in Fig. 4, shows that the ratio of
the velocities of an interval of 10° decreases as
the salinity increases.

Table 4. Values of the parameters log ¢, alloge)
and the ratio of the velocities of an interval
of 10° (Qi0) at different salinities

Sah%l;ty logc a (loge) Qo
34.80 2. 3056 0.0358 2.2779
27.03 2.3553 0.0381 2.4047
19.02 2. 5550 0.0474 2.9789
11.03 2.5820 0.0472 2.9668

Table 5.

27

3.0 Lo °
GS 2|5 - ®
20 Lo
10 20 30
SALINITY (% )
Fig. 4. Relationship between the ratio of

velocities of an interval of 10° (Q0) and
salinity (S). Q10=3.4239-0.0334 S.

4. Size of larvae

The total body length of the larvae was meas-
ured within two hours after hatching and the
results are shown in Table 5.

The effect of salinity on the temperature-body
length relation, presented in Fig. 5, shows that
at low salinities the body length is smaller and
increases as the salinity increases. At all sa-
linities body length was shortest at the highest
temperatures and increased as the temperature
decreased. It ranged from 1.611 to 2.157 mm
with a salinity of 34.80%; at temperatures
between 31° and 15°C, from 1.600 to 2.130 mm
with 27.03 %; at temperatures between 29° and
17°C, from 1.732 to 1.910 mm with 19.02 % at
temperatures between 23° and 15°C and from

Total body length of newly hatched larvae of Pagrus major

at different salinities and water temperatures

——_Salinity (%)

34.80 27.03 19.02 11.03
Water ™
temperature*(°C\ B.L.(mm) B.L.(mm) B.L.(mm) B.L.(mm)
~ m sd. N m sd N m s.d. 1 m sd. N m s.d. N
15.01 0.24 2.040 — 1 — - = 1.890 0.092 25 1.633 0.061 9
16.96 0.21 2.094 0.101 19 2.130 0.161 27 1.910 0.176 25 1.679 0.150 26
19.05 0.40 2.157 0.112 36 2.004 0.081 34 1.837 0.129 34 1.620 0.014 3
21.15 0.25 2.0563 0.116 27 1.936 0.155 23 1.790 0.030 2 1.665 0.085 2
23.18 0.25 1.943 0.048 17 1.762 0.106 14 1.732 0.244 4 1.500 — 1
25.16 0.31 1.896 0.035 13 1.706 0.127 13 — - - - - -
27.15 0.23 1.768 0.030 11 1.600 0.105 13 — - — — - -
29.15 0.13 1.728 0.090 33 1.616 0.081 25 — - — — - =
31.06 0.11 1.611 0.090 17 — _ — — - - — -— -

* At temperatures lower
m: mean, s.d.: standard deviation,

than 15°C and higher than 31°C no hatching occurred.
B.L.: boby length, N: number of sample.
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Fig. 5. Relationship between total body length (L)

and water temperature (#) at different salinities.
—, O: at 34.80 %o salinity; L=2.6355-0.0309 ¢
: at 27.03 %o salinity; L=2.8719-0.0454 6
~~~~~~ , A: at 19.02 % salinity; L=2.2404-0.02146
-+, @: at 11.03 % salinity; L=1.8813-0.0137 4

Table 6. Values of the constants @ and b of the
regression L=a—b0 (L, total body length; 8,
water temperature) at different salinities

Salinity

(%) a b

34. 80 2.6355 0.0309
27.03 2.8719 0.0454
19.02 2.2404 0.0214
11.03 1.8813 0.0137

1.500 to 1.679 mm with 11.03 %; at temperatures
between 23° and 15°C. It was noted that the
maximum larval length at each level of salinity
(except at 34.80 %) was observed at 17°C
temperature.

The results of Table 5 suggest that a first
order linear regression would provide an ade-
quate fit to the data and the relationship can
be expressed by the general formula L=ag—50
where L is the total body length,  the water
temperature and @ and b constants which de-
pend on the salinity. (Values in Table 6).

4. Discussion

Salinity and temperature are factors which
may have a major influence on development
of teleost eggs (KINNE, 1964). Tolerance and
responses of the developing eggs and newly
hatched larvae towards these, factors depend

on the species itself and are often different at
these early stages than at later ones.

In the present study on the embryonic de-
velopment of the Pagrus major, hatching was
observed at all levels of salinity but the relation-
ship between salinity, temperature and rate of
development suggests that low salinities (19.02
and 11.03 %;) arrest development at tempera-
tures higher than 23°C. In the case of hatched
larvae, either normal or abnormal, tolerance to
salinity change is greater at low than at high
temperatures. In terms of total hatch, Pagrus
major eggs are tolerant of a wide range of
salinities and temperatures. A total hatch of
over 70 9 was observed at all four salinities
(34.80, 27.03, 19.02 and 11.03 %) and at temper-
atures ranging from 17° to 29°C, but the toler-
ance to temperature change is greater at high
than at low salinities. According to these re-
sults, combinations of temperatures between
19° and 29°C and high salinities (27.03 and
34.80 %») are considered to be the most effective
for the incubation of the eggs of Pagrus major,

As for the larvae, those hatched at high
salinities (27.03 and 34.80 %) and at temper-
atures between 19° and 25°C seemed to be
normal and in perfect condition. Those hatched
at low salinities (19.02 and 11.03 %) died very
soon, within 1/2 hr at 23°C and 3 hrs at 15°C,
which is in accordance with Gordon’s consider-
ation (1964) that ‘“‘tolerance of the larvae to
salinity change is greater at low than at high
temperatures’’.

At low salinities, an inerease in the mortality
of the eggs of Pagrus major at the time of
hatching was also observed. Many larvae were
found dead, partly emmerged from the chorions.
The same phenomenon has been reported by
McMYNN and HoAR (1953) with the eggs of
Clupea harengus and Clupea pallassii. This
according to HOLLIDAY (1965) “may be due to
the poorly developed tail musculature in larvae
reared at low salinities, or, because the density
of these salinities made it more difficult for the
larvae to wrigge free of the chorion”.

In the case of the incubation period, salinity
in some cases causes acceleration and in others
retardation. In Pagrus major an increase in
salinity produces an acceleration of development
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with the hatching time being shorter at high
salinities. The difference in the hatching time
is more obvious at temperatures lower than
23°C while at temperatures higher than 23°C
there is very little one (at these temperatures
hatching was observed only at salinities of
34.80 and 27.03%). In similar studies in
Clupea harengus (HOLLIDAY and BLAXTER,
1960) reported the same effect, while an increase
in salinity produces progressive retardation of
development in Cyprinodon macularius (KINNE,
1964).

The effect of temperature on the incubation
period is similar to that of salinity but much
stronger. For example, the eggs of Pagrus
major have a hatching time of 68.5hrs at 15°C
and 18.5 hrs at 31°C with a salinity of 34.80%.
A similar effect also occurs at lower salinities.
The same acceleration of hatching with increases
in temperatures has been also reported in the
cases of Sardinops caerulea (LASKER, 1964),
Cyprinodon macularius (KINNE and KINNE,
1962) and in others.

Referring to the size of the larvae of Pagrus
major, they tend to have a smaller body length
as temperatures increase and salinity levels de-
crease. These results, as in the case of temper-
ature, are in accordance with reports concern-
ing other species such as Clupea harengus
(BLAXTER, 1956) and Salmo trutta (WoOD, 1932;
MERRIMAN, 1935). But in the case of salinity,
they are in contradiction to the opinion general-
ly held today that larvae hatched from eggs
incubated at low levels of salinity are longer
and heavier than those hatched at high levels
of salinity (HOLLIDAY and BLAXTER, 1960;
SWEET and KINNE, 1964; HOLLIDAY, 1965).

5. Summary

Eggs of the Japanese red sea bream Pagrus
major were incubated in the laboratory at
twelve different temperatures, from 8° to 33°C,
and at four different salinities, from 11.03 to
34.80 %5, and the combined effects of temperature
and salinity on the hatching rate, hatching time
and body length of the larvae were investigated.
The results are summarized as follows.

1. Temperatures from 19° to 29°C combined
with high salinities (27.03 and 34.80 %,) seem

to be the most suitable for the incubation of
the eggs giving a hatching rate higher than
70 9;,.

2. The temperatures suitable for the normal
development of the larvae were found to range
from 19° to 25°C combined with 27.03 and
34.80 %», salinity levels. At salinities lower than
27.03 %o all the larvae died very soon at every
temperature.

3. The hatching time was found to decrease
with increases in either salinity or temperature
and the relationship between temperaure and
hatching time can be expressed by the formula
Te*'=c ie. log T=logc—a(loge)d. In the
relation between salinity and the ratio of ve-
locities of an interval of 10° (Qio) there exists
a linear regression which is expressed by the
equation Q10=3.4239—0.0334 S.

4. The total body length of the larvae at
hatching was greater at high salinities and low
temperatures. In the relation between temper-
ature (6) and total body length (L) a first linear
regression (L=a—0b 0) provides an adequate fit
to the data.
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Hydrographic Survey and Marine Geological Survey

SANYO Hydrographic Survey Co., LTD.
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Direct-Reading Current &
Direction Meter

Model Products

kM-2: Direct Reading Knot-Meter for Trawl-
- Boats to Control Adequate Speed
£1-5 : Electric Meter of Water Temperature

Catalogues are to be sent ECT-5: Hlectric Conduction and Temperature
immediately upon receipt of Meter for Chlorine
your order products

"TOHO DENTAN CO. .LTD.
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