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Abstract

Fine-scale spatial patterns of the distribution of anchovy eggs in Ise Bay were investigated by
continuously towing submersible pumping gears at depths of 1 m and 3 m just above the halo- and/
or picno-cline. Towed distance and filtered volume of seawater were 300 m and 260-300 liters per
sample, respectively. Egg counts were in the range of 0-419 eggs/sample, and samples with 0-19
eggs accounted for ca. 55% of all samples. As the first step in analyzing the spatial patterns of
egg distribution, the background density, ‘patch’ and ‘high-density patch’ were defined. Sizes of
the ‘high-density patch’ were=0.3-6.3 km, with an average value of 1.82 km. Distances between
the ‘high-density patches’ were=0.3-12.3 km ; the most frequent distance between patches was 0.3
km and less. Using MORISHITA's (1959) index of dispersion, it was made clear that the eggs are
contagiously distributed and composed of small patches. However, the eggs are randomly
distributed within these small patches. Estimation of anchovy egg mortality was difficult because
daily egg production was not always constant and the death rate was different between daily

cohorts of eggs.

1. Introduction

Recently, many studies have been done on fine- (1
m-1km) and micro-scale (less than 1m) spatial
distributions of planktonic organisms (SEKIGUCHI,
1984). Biological oceanographers have focused on
a patch, because a patch is a general phenomenon in
the sea and there is no question of its ecological
importance (STEEL, 1976; MACKAS et al., 1985).
Consequently, patches, which may be generated by
the organisms themselves and also by interactions
of behavior of the organisms and dynamic physical
factors of the environment, are a normal feature in
the sea and are vital for understanding the dynamics
of plankton assemblages and also pelagic eco-
systems (DENMANN and POWELL, 1984 ; MACKAS et
al., 1985; HAURY, 1986). A patch is defined by
MAUCHLINE (1980, p. 613) as follows: a patch is an
aggregation within a defined environment.

On the other hand, the studies as stated above are
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still with meager for pelagic eggs and fish larvae
(MATSUSHITA et al., 1982; SAKAMOTO and Ta-
NAKA, 1986). However, it is believed that informa-
tion on distributions on such a sbatial scale are vital
for estimating abundance of eggs and larvae and for
clarifying the dynamics of fish populations (HUNTER
and THOMAS, 1974 ; NORCROSS and SHAW, 1984).
According to previous studies done on anchovy
eggs (Engraulis japonicus) in Ise Bay (SEKIGUCHI et
al., 1988), the following facts are known: (1) In
general, eggs are abundant in May and June, and
are aggregated above the halo- and/or picno-cline
at 5m depth, (2) eggs are not found in the inner-
most part of the bay where freshwater from the
Kiso Rivers excerts a major influence on the oceano-
graphic conditions, and (3) abundance of the eggs
in bay fluctuates remarkably from year to year.
Based on this background information, we
examined fine-scale spatial distributions of anchovy
eggs in the bay, focusing particularly on the size,
abundance and statistical characteristics of egg
patches. The production and mortality of the eggs
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in the bay are then discussed using the patch distri-
bution data. N

2. Materials and Methods

Ise Bay, covering a surface area of 1,600 km? with
a mean depth of 19.5 m, is located along the Pacific
coast of central Japan and is separated from the
Pacific by a passage 13 km wide and 73 m deep.
Freshwater from the Kiso Rivers (Ibi, Nagara, Kiso)
which flow into the innermost part of the the bay
exerts a major influence on the oceanographic con-
ditions (Saryo and UNoxki, 1977).

Investigations were made from the T/V Seisui-
Maru in the central and southern parts of the bay in
June 1990. Sampling of anchovy eggs (Engraulis

)l
. NAGOYA

137°00°E

japomicus), starting at 1:41 PM on June 8§ and
finishing at 6 : 01 PM on the following day, was done
continuously along several transect lines in the bay
(Fig. 1) by using submersible pumping gears. Dis-
tance of the transect was 28.5 km for A (Matsusa-
ka)-B (Morozaki), 27.0 km for C (Kamishima)-D
(Shiroko), 15.0 km for D (Shiroko)-E (Noma), and
27.0 km for E (quna)—A (Matsusaka).

On board the vessel running along the transects,
seawater was taken from both depths of 1 m and 3
m by using two submersible pumping gears which
were towed with a ship speed of 3.6 km/hr, and then
were continuously filtered with a mesh-opening of

0.33 mm renewed at 5 min intervals. The tempera-

Flg 1. Ise Bay and transect lines where submersible pumping gears were towed.
Numericals with dotted lines indicate depth of the bottom.
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ture and salinity were simultaneously monitored
using a CTD system. Since anchovy eggs are usu-
ally aggregated above the halo- and/or picno-cline
at 5 m depth in the bay in May and June (SEKIGUCHI
et al., 1988), the pumping gears were kept above 5 m
depth. The gears were set separately at both
depths of 1m and 3m in order to monitor the
differences in horizontal distributional patterns of
the eggs between these depths.

We took a total of 650 samples; towed distance
and filtered volume of seawater were 300 m and 260-
300 liters per sample. All samples were immediate-
ly fixed on board with 59% neutralized seawater
formalin.

In the laboratory, all anchovy eggs were sorted,
and the developmental stages of the eggs were
identified according to MORSER and AHLSTOROM
(1985), who described in detail the eggs of the north-
ern California anchovy (Engraulis mordax). Unfor-
tunately, detailed descriptions of the developmental
stages of Engraulis japonicus eggs have not yet been
published. Anchovy eggs, collected in the present
study, were classified into 11 developmental stages.

3. Results and Discussion

Distributional patterns of the abundance of
anchovy eggs at 1m depth were very similar to
those at 3 m depth, as indicated in Fig.2. Accord-
ingly, we mainly analyzed the data set collected
from 1m depth. As the first step in analyzing the
spatial patterns of egg distribution, densities of the
eggs inside and outside the patches were deter-
mined. " A ‘high-density patch’ was defined as a
concentration exceeding the avefage egg density in
the data set. A sample was thus considered to have
been taken from a ‘high-density patch’ if it has an
egg density exceeding the average. The back-
ground density (the density of eggs not in the
‘patch’) was defined as the average egg density in
the data set excluding the samples taken from the
‘high-density patches’. Next, a ‘patch’ was defined
as a concentration of eggs exceeding the ‘back-
ground density’. The average and the background
densities of the eggs obtained from 1 m depth were
34.86 and 10.86, respectively. Thus, a.sample with

EGG NO./SAMPLE (DEPTH 1M )
Ic 1

IIIII_IIIIIlII]IIIIII

100 200 300 400

EGG NO./SAMPLE ( DEPTH 3M )

Fig. 2. Relationship between densities of anchovy
eggs collected at depths of 1m and 3m in
Ise Bay.

an egg density exceeding 34.86 was considered to
have been taken from a ‘high-density patch’, while
that with an egg density exceeding 10.86 was consid-
ered to have been taken from a ‘patch’. The back-
ground density and the ‘high-density patch’ defined
here would correspond to the background density
and patch referred into WIEBE (1970), respectively.
3-1. Distributional patterns of anchovy eggs in
relation to oceanographic conditions in
Ise Bay

‘High-density patches’ of anchovy eggs were
mostly located in the central part of the bay (Fig. 3),
while eggs were rarely found in the innermost part
of the bay, where the influence of freshwater dis-
charged from the Kiso Rivers was noticeable, or in
the southern part where coastal (saline) water was
detected. ‘Patches’ and ‘high-density patches’ of
eggs were found within a defined range of tempera-
ture and salinity as illustrated in Fig.4. This
would not be caused by dispersion and/or transport
of the eggs due to tidal curents etc., but rather by
behaviors of spawning anchovies as referred in
Smitd and HEWITT (1985), because the early stage
eggs at several hours after fertilization showed
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Fig. 3. Distribution of the abundance of anchovy eggs in Ise Bay. :Dark transect lines indicate that
the sampling was performed at night, while the white lines indicate that the sampling was
during the day. The dotted line indicates no sampling. Bar scale shows the distance a sample

covers.

similar distributional patterns to those at the other
developmental stages, as referred later in detail.
Fine-scale spatial distributions of the eggs on the
transects are shown in Figs. 5-8. Abundance of the
eggs fluctuated remarkably on such a fine-scale and
also on a coarse scale {more than 1 km), and ‘high-
density patches’ of eggs were clearly distinguishable
on each transect: samples with a concentration
exceeding 100 eggs/sample were often obtained, and

there was one sample exceeding 400 eggs/sample
(equivalent to 1,435 eggs/m?®). The egg density
became lower at the both ends of the transects close
to shore, where the water was less saline.

Relative abundance of each developmental stage
of the eggs was quite similar between the samples
taken from 1 m and 3 m depths : the 2nd stage eggs
accounted for ca. 509, while the 11th stage eggs

accounted for ca. 40% (Fig.9). Within ihigh~den-
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Fig.4. T-S diagram in relation to anchovy egg patches in.Ise Bay. Solid and open circles indicate
‘high-density patch’ and ‘patch’ of anchovy eggs, respectively, open triangles indicate stations
with the background density of eggs, and lines indicate specific gravity of seawater.

sity patches’, these two developmental stages were
predominant as shown in Figs.5-8. ‘These two
stages belong to different daily cohorts, because the
2nd and 11th stages occur at ca. 3-4 hours and ca.
27-38 hours after fertilization,: respectively, based
on Lo (1985)'s calculation at water temperature of
19-21°C at the surface of the bay. This indicates
that spawning anchovies shed their eggs within the
‘high-density’ produced by the previous day’s
spawning. This problem will be discussed later in
relation to estimation of anchovy spawning time
and egg mortality in the bay.

3-2. Statistics of number of eggs per sample,
and size and egg abundance of patches in
Ise Bay
Egg counts were in the range of 0-419 eggs/sam-
ple, and samples with 0-19 eggs accounted for ca.
559 of all samples (Fig. 10).
ber of eggs, the fewer the number of samples. The
average number of eggs per sample was 34.86, and
the dispersion index (variance/average) was 74.8,
indicating that the eggs are contagiously distribut-
ed.
Statistical characteristics of the ‘patches’ and
‘high-density patches’ in the bay are summarized in

The larger the num-
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SALINITY Oqg (-------
TEMPERATURE 9C {—

EGG NO./ SAMPLE
s

STATION NO.

Fig.5. Abundance of anchovy eggs on the A-B
transect. Dark bar indicates that the sam-
pling was performed at night, while the
white bar indicates that the sampling was
performed during the day. Upper and lower
lines in the lower figure indicate densities
of ‘patches’ and ‘high-density patches’,
respectively. Outer and- inner lines of
anchovy egg abundance indicate densities
of whole stage and the 11th developmental
stage eggs, respectively. Numbers
between A and B indicate sample numbers.

Table1. Sizes of ‘patches’ of the eggs were in the
range of £0.3-15.0 km, while those of ‘high-density
patches’ were in the range of =0.3-6.3 km. Most
frequent sizes of ‘patches’ and ‘high-density patches’
were both 300 m and less, accdunting for 419 and
389, respectively, of those patches. The average

size of ‘patches’ was 11.20 km, and the dispersion

index was 18.5, while the average size of ‘high-

density patches’ was 1.82 km, and the dispersion
index 25.3. This indicates that sizes of ‘patches’
and ‘high-density patches’ are contagiously dis-
tributed. This was also the case for the sizes of
‘patches’ and ‘high-density patches’ of 2nd and 11th
stage eggs:

Distance between ‘patches! was in-the range of =
0.3-21.9 km. The most frequent distance between
‘patches’ was 300 m-and less. . Theaverage distance
was 7.39 km, and the dispersion index was 115,
indicating that the distance is contagiously dis-
tributed. Distance between ‘high-density patches’
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Fig.6. Abundance of anchovy eggs on the C-D
transect. Outer and inner lines of anchovy
egg abundance indicate densities of whole
stage and the 2nd developmental stage
-eggs, respectively. Other symbols are
same as in Fig. 5.

was in the range of =0.3-12.3km, and the most
frequent distance was less than 300 m. The aver-
age distance was 11.30 km, and the dispersion index
was 29.5, indicating that the distance is contagiously
distributed.  This was also true of the' distances
between ‘patches’ and between ‘high-density
patches’ of 2nd and 11th stage eggs.

Using MORISHITA’S index of dispersion [
(MORISHITA, 1959), we were able to determine
whether-the eggs disperse in a random distribution
(Is=1), or in an even distribution (Is<1), or.in a
contagious distribution (I:>1). . Then, based on the
type of response curves of I; according to variations
in sample size, we were able to. determine dis-

tributional patterns of eggs and their patches.
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Fig.7. Abundance of anchovy eggs on the D-E
transect. Symbols are same as in Fig. 6.

Response curves of I; for anchovy eggs according to
variations in sample size are shown in Fig. 11: very
similar results were obtained for eggs between the
2nd-and 11th stages. These curves indicate that the
eggs are contagiously distributed and composed of
small patches, within which the eggs are randomly
distributed.

In the present study, the detectable minimum size
of egg patches was 300 m. Thus, the size of the
patches would be overestimated if that of the real
patches :in the bay were smaller than 300m.
According to MATSUSHITA et al. (1982), who inves-
tigated the fine-scale  spatial -distributions of
anchovy eggs in Sagami -Bay by continuously tow-
ing nets renewed at 1 min intervals with a ship speed
-of 3.6 km/hr, patches with a size of less than 300 m
were also -observed, although ‘they were not. as
numerous as patches of larger sizes.
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Fig. 8. Abundance of anchovy eggs on the E-A
transect. Symbols are same as in Fig. 6.

The present study differed from previous work
done using towed nets (MATSUSHITA ef al., 1982;
SMITH and HEWITT, 1985 ; SEKIGUCHI et al., 1988) in
that we employed submersible pumping gears to
enable exact monitoring of the filtered volume of
seawater and to gain many samples, so we were
able to observe remarkable fluctuations of the egg
density on a fine-scale and also on a coarse scale.
Statistical characteristics of the egg. density, and
abundance of the egg patches are illustrated in AFigs.
5-8. Accordingly, the present study suggests that
estimation of the size and abundance of anchovy
eggs would result in larger error if the patchy
distribution of the eggs is not taken into account.

3-3. Spawning time and mortality of anchovy

eggs'in Ise Bay .

AZETA (1981) examined average age (hours) from
fertilization to hatching of the eggs of the Japanese
anchovy (Engraulis japonicus) depending on water
temperature, but unfortunately he did not average
the age of each developmental stage of the eggs,
whereas Lo (1985) did average the age-of each
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Fig. 9. Relative abundance of each developmental stage of anchovy eggs collected in Ise Bay.

developmental stage of the eggs of the northern
California anchovy (Engraulis mordax). Therefore,
we estimated average age of each developmental
stage of the eggs at 19-21°C at the surface of the bay
(Fig. 4) according to Lo (1985).

In order to examine spawning time of anchovy in
the bay, number of each developmental stage of the
eggs in a sample was ordered according to the
sampling time without regard to sampling location.
Then, based on the average age of each develop-
mental stage of the eggs, anchovy spawning habits
in the bay was clarified as shown in Fig. 12. Peaks
of spawning were observed at 5:00 to 6:00 AM,
8:00 to9:00 AM and 11:00 PM to 0:00AM.
Average age from the fertilization to hatching of
eggs of the Japanese anchovy at 19-22°C is ca. 33-44
hrs according to AZeETA (1981), while the time is
longer by ca. 2-3 hrs for the northern California

anchovy, according to Lo (1985). Even after taking
this difference into account, anchovy eggs in the bay
would have been shed at night as well as at dawn to
morning, as clearly indicated in Fig. 12. Based on
previous studies, the Japanese anchovy spawns
mainly during the first half of the night (Asami,
1961; AzETA, 1981; Lo, 1985; SEKIGUCHI et al.,
1988). This has also been confirmed under labora-
tory conditions (KAWAGUCHI et al., 1990).

In previous studies which postulated that there
would not be daily variation in egg production and
that eggs would die at a constant rate according to
age {(hour) after fertilization, egg mortality was
calculated using egg densities by age after fertiliza-
tion (SMITH and HEWITT, 1985), since in most cases
densities of the earlier stage eggs were greater than
those of later stage eggs. Sometimes, such a

method is not applicable because densities of later
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Fig. 10. Frequency distribution of number of anchovy eggs per sample in Ise Bay.

stage eggs are greater than those of earlier stage
eggs, which has been regarded as being caused by
bias in sampling (SMITH and HewrtT, 1985;
SHIBATOMI and OzAawa, 1990).

However, in the present study, the earlier and
later developmental stages (2nd and 11th stages) of
anchovy eggs were most abundant, while the inter-
mediate stages were very scarce (Fig. 9). Judging
from the densities and relative abundance of each
developmental stage of the eggs at 1 m depth being
very similar to those at 3 m depth (Figs.2 and 9),
this relative scarcity of the intermediate stages is a
fact in the bay, and was not caused by bias in

sampling. Furthermore, according to TANAKA

(1990) specific gravity of the intermediate stage eggs
is not very different from that of the other stages.

The 2nd and 11th stage eggs are ca. 3-4 hrs and
ca. 27-38 hrs after fertilization, so these would
belong to different daily cohorts. Dominance of the
later (11th) stage eggs (Fig.9) indicates that daily
variation in egg production by spawning anchovy in
the bay OCCUrS, or that egg mortality varies for each
daily cohort of eggs, as shown in Fig. 13. Accord-
ingly, estimation of anchovy egg mortality was
difficult, because it appears unjustified to assume
constant daily egg production and no difference in
death rate between daily cohorts of anchovy eggs in
the bay, as illustrated in Fig. 13.
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Table 1. Features of the ‘patches’ and ‘high-density patches’ of anchovy
eggs in Ise Bay

Sizes of the patches

‘patch’ ‘high-density patch’
Most frequent size =£0.3km =0.3 km
Range £0.3-15.0 km £0.3-6.3 km
Average 11.2 km 1.82 km
Dispersion index 18.5 25.3

Distance between the patches .

‘patch’ ‘high-density patch’
Most frequent distance =03 km =0.3km
Range =0.3-21.9 km = 0.3-12.3 km
Average 7.39 km 11.30 km
Dispersion index 115 29.5

* Dispersion index indicates variance/average.
** See the text for explanation of the definitions of ‘patch’ and ’high-
density patch’.
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Fig. 11. Response curves of MoRIsHITA’s index of dispersion (I;) according to increasing sample size.
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EGG NO.
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Fig. 12. Spawning time of Japanese anchovies in Ise Bay. Spawning time was estimated based on the
number of eggs of each developmental stage at different sampling times. See the text for
further explanations.
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Fig. 13. Relationship between number of anchovy eggs and hours (age) passing after fertilization in Ise
Bay. See the text for further explanations.
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