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Fragment growth-rates of six cultivated coral species:

a reference framework for coral transplantation

Virginie VAN DONGEN-VOGELS and Jerome MALLEFET

Abstract: Coral fragmentation is a natural process of asexual reproduction in many coral spe-
cies. Fragment size is believed to be an important factor of fragment survival at least in some
species. The degradation of coral reefs and its poor recovery in some localities had brought dif-
ferent management plans in coral transplantation. In this study we examined in controlled con-
ditions the variation in fragment growth rates of six different scleractinian species belonging
to two different growth forms. We showed that fragment growth rates increased over our 6
month survey and that Pocillopora damicornis exhibited the highest growth rate followed in
decreasing order by S. pistillata, Montipora sp., S. caliendrum, Echinopora sp., and T.
rentformis which may reflects their life history strategy, but also a difference in their surface-
to-volume ratio as well as a difference in their skeletal density. Then, for each species, we deter-
mined whether growth rates might be affected by fragment size. We showed that there was a
positive significant relationship between growth rate and fragment size, depending, however,
on the interval time and the species considered. Difference in physiological resources allocation
through a colony lifetime and genetic limitations in colony size may be related to our results.
However, as in the wild many other parameters such as predation, can also play a role in frag-
ment survivorship, we suggested that fragment size is an important parameter to take into ac-
count to successfully recover local coral population.
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1. Introduction

Many studies have investigated coral frag-
mentation (Loya, 1976b : HigHsmITH, 1982 :
WALLACE, 1985 : SEEBAUER, 2001), a natural
process used by many coral species to increase
their local population density, and thus in-
crease their probability of survival after e.g.
physical disturbances (HigHSMITH, 1982). Pre-
vious studies have reported a correlation be-
tween fragment size and survivorship in corals
(Lova, 1976b : HIGHSMITH et al. 1980 : HUGHES
and JACKSON, 1985 : CHADWICK-FURMAN et al.,
2000 : ANTHONY et al., 2002 : SOONG and CHEN,
2003 : GOFFREDO et al., 2004 : ORTIZ PROSPER,
2005), whereas others have not (KINzIE and
SARMIENTO, 1986 : BruUNO, 1998 : LIRMAN,
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2000). Fragment size is one of the main charac-
teristic of life history in many clonal organ-
isms such as corals (KARLSON, 1988), which are
known to have an indeterminate growth and
hence unlimited colonial size (HUGHES and
JACKSON, 1985 : SEBENS, 1987). While fragment
survival may be species-dependent (HALL,
1997), it is still difficult to assess as many coral
species have yet to be investigated.

Over the past few decades, increased aware-
ness of the stresses occurring on coral reefs
(HuGHES and CONNELL, 1999 : McCLANAHAN et
al., 2002 : HUGHES et al., 2003 : FABRICIUS,
2005) has resulted in the development of coral
recovery management plans of damaged areas
using fragmentation as a tool for coral trans-
plantation (OREN and BENAYAHU, 1997 :
EDWARDS and CLARK, 1998 : SOONG and CHEN,
2003 : LINDHAL, 2003). The transplantation of
coral fragments in artificial reefs has helped to
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regenerate local coral communities (BOWDEN-
KERBY, 2003). Many studies have focused on in
situ fragment survival (e.g. YAP and GOMEZ,
1985 : SOONG and CHEN, 2003 : LINDHAL, 2003).
The study of fragment growth in controlled
conditions (stable physical parameters, no
predation) would, however, facilitate the as-
sessment of species-specific fragment growth
rate, and hence survival rates. A fragment with
higher growth rate would then sustain higher
survival rates in the wild as it can extend
faster. In particular, the comparison of growth
and survival rates in the field and in controlled
conditions allow for a direct assessment of spe-
cies-specific response to predation, macroalgae
over growth and flow field (YAP and MOLINA,
2003). Monitoring coral growth under con-
trolled conditions may then be considered as an
absolute prerequisite to provide baseline infor-
mation for future studies involving coral
growth in the field, including bleaching or re-
covery studies. A better knowledge in the po-
tential relationship between growth rate and
size might also provide further insights into
the understanding of population dynamics in
species of scleractinian corals.

In this context, the objectives of this work
were to investigate the growth rate of frag-
ments from six different cultivated species to
provide baseline information on the growth of
coral fragments after fragmentation under cul-
tivated conditions. More specifically, a specific
attention is given to (i) the inter-species varia-
tion of growth rate, (i) the variation in
growth rate between two growth forms
(foliaceous vs branches), and (iii) the inter-
fragments variability in growth rate for a
given species.

2. Material and methods
2.1. Coral species

Six different coral species were considered
here : three branched species (Stylophora
pistillata,  Seriatopora  caliendrum, and
Pocillopora damicornis) and three foliaceous
colonial species (Echinopora sp., Montipora sp.,
and Turbinaria reniformis). All species are
hermatypic corals harbouring the symbiotic al-
gae zooxanthellae, which greatly accelerate the
process of calcification, thus enabling their

host corals to rapidly establish fragments in
coral reefs (SOROKIN, 1995 : SPRUNG, 2000 :
VERON, 2000).

2.2. Fragmentation and coral cultures

Cuttings were performed with a pair of pliers
on a few mother heads colonies of each coral
species, providing a large number of frag-
ments. During the growing period, fragments
were placed on plastic plates in 800 1 aquaria
equipped with a circulating pump (Fheim 1060,
1200 1 h™ 1), allowing sufficient water flow to
support coral growth. Illumination was pro-
vided with two m et al halide lamps (HQI) lo-
cated one meter above each aquarium, allowing
100 tEcm *s'to 500 #E em * s, from the
surface of fragments growing near the glass of
the aquarium to the surface of those growing
in the centre of the aquarium respectively.
Fragments of the same species were clustered
to avoid any influence from other coral species
and were reorganised every month in the
aquaria to minimize the possible effects of wa-
ter flow and light irradiance. The aquaria
seawater temperature was maintained at 26.5—
27.5 °C during the whole study. Two aquaria
were used in this study. In addition to the stud-
ied species, the aquaria contained herbivorous
organisms (e.g. fish or invertebrates). The
presence of those organisms as well as a weekly
cleaning were necessary to prevent excessive
algal growth in the aquaria.

In order to measure the growth of frag-
ments, they were taken out of the aquariums
and put on a tray for five minutes before
weighing them to allow excess water drain
away (DELAHAYE, 2003). Fragments were then
weighed one by one. All fragments of the six
species were weighed within a day. The weight
of each fragment was measured at the begin-
ning of the study in November 2004 (just after
fragmentation) and after 8 weeks of recovery,
one weight measurement was performed each
month from January to May 2005 (n=6 species
%30 to 46 fragments).

2.3. Statistical analysis

A two way analyse of variance was used to
test the variation in growth rate with time and
between species (factors : species, time, and the
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Fig. 1 Time course of fragment growth rates (g week ') of the six different coral species. The error bars are

the standard error.

interaction species X time). Parametric test
(Levene's test, >0.05) of a one-way analysis of
variance was then used in order to compare the
increase in growth-rates between coral species
with a Scheffe's multiple comparison test, and
a t-test was done to compare those of the two
growth forms (branches vs. foliaceous). Linear
regressions were performed in order to test the
relationship between the initial weight of the
fragments of a given species and their growth
rate.

3. Results

All fragments from each of the species inves-
tigated showed a similar exponential growth
patterns over the 6-month survey. The related
growth rates significantly (p<0.0001) in-
creased linearly over time (Fig.1). The increas-
ing gradients in growth rates over time were
estimated as 0.0095 g week * (N=30) for
Turbinaria reniformis, 0.0127 g week * (N=43)
for Echinopora sp., 0.0197 g week * (N=46) for
Montipora sp., and 0.0164 g week * (N=30) for
Seriatopora caliendrum, 0.0210 g week * (N
=37) for Stylophora pistillata, 0.0322 g week *
(N=39) for Pocillopora damicornis. This re-
sults in significantly higher gradients in

branched species than in foliaceous ones (t-test,
p<0.0001). However, while P. damicornis in-
creased its growth significantly faster than S.
pistillata and S. caliendrum (Multiple com-
parison Sheffe's test, p<0.05), Montipora sp.
was found to growth significantly faster than
the two other foliaceous species (p<0.05).

The relationship between fragment weights
(g) and their related growth rates (g week ')
has been investigated for five time intervals
over the course of our survey. Our results indi-
cate first that for most species, bigger frag-
ments had significantly higher growth rates
for the different time intervals considered. In
other words, the length of time it took a frag-
ment to double its weight decrease steadily
with larger fragment size. Figure 2 shows for
each studied species, the mean growth rates of
the fragments as a function of their mean ini-
tial weight obtained at the beginning of each
interval times. However, the strength of the
correlation between initial weight and growth
rate varied between species, and showed for
most species a general increase of the signifi-
cant effect of fragment sizes on growth rates
through the different time intervals (Table 1).
Fragments of Echinopora sp. did not show any
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Fig. 2 Relationship between initial weight (g) and growth rate (g week ') for each species. The error bars are

the standard error.

size-dependent growth during the first 8 weeks
of this study, but well for the following
months. In contrast, the decrease of the signifi-
cant correlation from the ti.-tis interval time
obtained for P. damicornis results in that, 20
weeks after fragmentation, the smallest frag-
ment growth as fast as the largest one, and
coral growth did not slow down or stop as
fragments grew bigger (p>0.05). Although

fragments of S. caliendrum had the smallest
range of initial weight at the beginning of this
study, the significant correlation between frag-
ment sizes and growth rates was observed to be
stronger than that of the other species (higher
correlation coefficient).
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Table 1. Growth rate and correlation between initial weight and growth rate for different time intervals over our

6-month survey. Pearson correlation coefficient ;
and ns : non-significant relationship

* 1 5% significance levels,

*

1 1% significance levels,

Time interval

Species N

t()itﬁ tﬁitlz tlZitIG tlﬁitzﬂ tZ()itZB

glrlf;aiﬁ”jﬁg ((g/) o 2510109 2610122 2710153 31t 117 3810203

T. reniformis 30 ! ;” L 8/WES 0,013 to 0.263 0.00 to 0.775 0.05 to 0.625 0.013 to 0.675 0.20 to 1.06
Coj‘ffs‘)(r)co : 0.60"* 071°* 0.69" 0.83" 0.89"*

Eehinonora an. . oo ual weigh ((g/)wk) 17t086 23t011.0 32t0133 41to167 45 to 19.6

POra sp. 43 Peareen corr g 0.05t0 0.325 0.05t0 0.675 0.1t00.85 0.10 to 0.875 0.24 to 1.46
coett (1 0.25ns 0.40°° 055" ¢ 0.72"* 0.59°*

Ic?ri“;‘};ﬁ”ﬁi%h ((g/)wk) 161066  18t086 21toll3 25t0o164 3.2t021.0

Montipora sp. 46 Peo ate ig 0.025 to 0.363 0.025 to 0.875 0.075 to 1.275 0.175 to 1.15 03 to 232

Cojfgsog)cor‘“- 0.50" " 0.66" 0.77"* 0.83" 0.82°*

glrlf;aiﬁ”jﬁg ((g/) o 15t0d5 19070  22t01L0  27Tt0184  35t0 2.1

S. caliendrum 30 ! ;” i 8/WES 0,00 to 0.313 0.075 to 1.00 0.125 to 1.850 0.00 to 2.675 0.04 to 3.36
Coj‘ffs‘)(r)co : 0.80"* 0.82°* 0.84%* 0.92°* 0.92°*

mitial weigh ((g/)wk) 9710100 3610129 46t0156 55t02l5 7.0 to27.1

S. pistillata 37 Pearson corr g 0.088 to 0.50  0.1to 1.2  0.15to 1.65 0.20 to 1.55 0.38 to 1.86
coett (1 0.62° 0.61°" 0.84°" 0.71"* 0.68""

Ic?ri“;‘};ﬁ”ﬁi%h ((g/)wk) 141069  21t094 35t0121 5810208 85to245

P. damicornis 39 Peo ate ig 0.05t0 0.45 0.35to 1.25 0.35 to 2.175 0.625 to 1.725 0.86 to 2.98
arson corr. 0.34" 0.48"* 0.52"* 0.28ns 0.09ns

coeff. (1)

4. Discussion
4.1. Growth rate variation between species
and growth forms

An early exponential growth in colonial or-
ganisms such as corals reflects the ability of
each polyp (clone) to produce new polyps
(SEBENS, 1987). The subsequent linear in-
creases observed in growth rate over time (Fig.
1) may reflect the absence of predation or com-
petition for space as the species considered in
this study have grown under optimal condi-
tions.

The differences in the growth rate gradients
observed between the studied species might re-
flect the difference in their life history traits.
P. damicornis, S. pistillata, and Montipora sp.
are opportunist species (strategy r) with rapid
growth rates and a great capacity to colonise
new environment (Lova, 1976a, b : SOROKIN,
1995 : CONNELL et al. 1997 : SPRUNG, 2000 :
VERON, 2000). In contrast, S. caliendrum,
Echinopora sp., and T. reniformis use an inter-
mediate strategy and can therefore show char-
acteristics that are more related to a strategy

£ (SOROKIN, 1995). Moreover, our results indi-
cate that branched species have a higher ability
in regeneration than foliaceous species. This is
consistent with previous observations (LoYa,
1976b : HALL, 1997). This difference in growth
rate gradients might also be explained by (1)
the greater surface-to-volume ration of
branched species, and (ii) the difference in
skeleton density between species in the fact
that it may incur a large drain of resources
(HaLL, 1997), hence slowing down the growth
of dense skeleton fragments. For example,
while the branched coral Acroporas shows a
much dense skeleton at the base than at the tip
resulting in a fast addition of a fine porous
layer of tissue and skeleton at the growing end
of its branches, the massive coral A. palifera,
which has a slower rate of regeneration com-
pared to the branched species Acroporas, do not
show such axial gradient in skeletal density
and have a dense column from base to tip
(HALL, 1997). However, this is still debated in
the literature as BosscHER (1993) showed an
inverse relationship in the extension rate and
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the skeletal density of colonies of Montastrea
annularis, while ANTHONY et al. (2002) suggest
that skeletal density may have only a minor ef-
fect on energetic investment during the linear
extension of a colony. In this study, the thick-
ness of the skeleton was observed to vary as
follow: 7.  reniformis> Montipora  sp.>
Echinopora sp. for the foliaceous species, and S.
pistillata> P. damicornis>S. caliendrum for
the branches species.

4.2. Growth rate variation between fragment
size

We identified a size-dependence in growth
rates at different time intervals for most of the
species investigated, i.e. larger fragments show
higher growth rates. However, fragments of
Echinopora sp. and especially P. damicornis did
not show the same trends as the other species
studied here. The non significant relationship
between growth rates and initial weight of
fragments of Echinopora sp. found at the inter-
val t0-t8 may be due to the fact that all frag-
ments were too small to show any differences
in growth rates, or that they may need a
longer time interval for recovering from frag-
mentation. In contrast, we showed that 16
weeks after fragmentation, and therefore after
reaching a weight ranging from 5.8 to 20.8 g,
all fragments of P. damicornis growth well and
fast whatever their size. KINZIE and SARMIENTO
(1986) found similar results in P. damicornis
analysing the skeletal extension rate of
branches of colonies from 1.9 to 19 cm in diame-
ter. Moreover, RODGERS et al. (2003) found
that after fragmentation, the survival rates of
the fragments were size- and species-dependent.
In their study, they found that, 11 months af-
ter fragmentation induced by experimental
trampling in situ, only 5 % of the small frag-
ments of Montipora capitata survived com-
pared to 77 % of larger ones. However, the
difference in survival rates for fragments of
Pocillopora meandrinea was not highly related
to the size of the fragment since 70 to 78 % of
fragment survivorship was found for the small
size class (<5 em) to the larger one (> 5 cm),
respectively. The fact that fragments of S.
pistillata, S. caliendrum, Montipora sp.,
Echinopora sp. (after 8 weeks) and 7.

reniformis showed growth rates dependent on
their initial weight over time might reflect a
variability in their growth rate throughout
their lifetime, with growth accelerating with
fragment size (Lova, 1976b). Moreover, the
fact that this relationship between growth rate
and size was positive may also reflect a genetic
limitation on maximum size which may allow
to these species an adaptation to breakage
(HuGHES and JACKSON, 1985). Although this is
hard to tell yet here as this study cover only a
6 month period growth under cultivated condi-
tions, S. pistillata is a well known studied spe-
cies and was found to asexually reproduce by
fragmentation in the Gulf of Eilat (Red Sea)
(Lova, 1976b).

For some species, the weak correlations ob-
served between growth rates and fragment size
at some interval times suggests that factors
other than initial size might have influenced
the growth rates of the fragments. As this
study was performed under fully controlled
conditions, these factors might then include
differences in e.g. shape and/or genetic compo-
sition. Colony or fragment size, as well as the
shape of a colony, are critical parameters likely
to impact the physiology and ecology of a coral
species (SEBENS, 1987 : KiM and LASKER, 1998).
The energetic investment between tissue and
skeletal vary according to the colony size, with
for example, colonies with small radius
branches showing a greater allocation to tissue
formation than to skeletal formation, and in-
versely for colonies with thicker branches
(ANTHONY et al., 2002). The allocation of re-
source to skeleton extension may not be the
same in every parts of the colony at the same
time (MARTIN and LE TISSIER, 1988). A
modelling approach of a branching colony
showed that small-scale resource translocation
in a coral colony has potential effects on the
morphology of the colony and this may be
regulated by the so-called 'polyp competition
hypothesis' (MERKS et al., 2004). This phe-
nomenon might also be related to species-
specific architectural constraints and be
genetically regulated. Finally, as abiotic
mechanisms is important in the explanation of
the morphological patterns in corals (MERKS et
al., 2003, 2004), small colonies may be more
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affected by disturbances than larger colonies.
For instance, a massive coral species will be less
affected by strong wave action than a thin
branched coral species (RIEGL and RIEGL, 1996 :
RODGERS et al., 2003 : CROS and MCCLANAHAN,
2003).

4.3. Fragment size and coral transplantation

Colony size in corals has been often associ-
ated with survivorship, growth, and reproduc-
tion (e.g. HigusMmITH, 1982 : Lova, 1976b :
BABCOCK, 1991) and many scleractinian corals
with size-dependent growth/or survivorship/-
or mortality has been already investigated
(e.g. Acropora pulchra (SOONG and CHEN,
2003), S. pistillata (LoYA, 1976b : VAGO et al.,
1997),  Fungia  granulose =~ (CHADWICK-
FURMAN et al., 2000), Balanophyllia europaea
(GOFFREDO et al., 2004), Agaricia agaricite, A.
lamarcki, Leptoseris cucullata, Montastrea
annularis, Porites astreoides (HUGHES and
JACKSON, 1985)). In the wild, larger colonies
have showed a better capacity to resist invasion
and damage (Loya, 1976b), as well as to have
higher fecundity and lower mortality than
smaller colonies (BABCOCK, 1991), i.e. the prob-
ability for a small colony to be completely kill
is greater than that for a larger one (HUGHES
and JACKSON, 1985 : BABCOCK, 1991). SOONG
and CHEN (2003) showed that very small frag-
ment (e.g. 1 em) of Acropora were too small to
use for coral transplantation, but that frag-
ment of intermediate size (e.g. 4 cm) was big-
ger enough to generate high growth rates and
therefore had better potential of survivorship.
In EDWARDS & CLARK (1998), by comparing
many studies involving size-dependent survi-
vorship, they argue that it is hard and danger-
ous to make a general frame for -coral
transplantation. Moreover, it was showed that
growth rates of fragments highly vary from
site and species (CRUZ-PINON et al., 2003 :
D1zoN and YAP, 2006). Moreover, transplanted
colonies was found to show lower growth rate
than undisturbed colonies (YAP and GOMEZ,
1985) at least in the short term (0.5 to 1 year
after fragmentation) (EDWARDS & CLARK,
1998) and therefore it may suggest considering
a longer time of recover, such as in tanks or in
shallow water (mariculture), before

transplantation. It is clear from our results
that, in general, bigger colonies should be used
in coral transplantation. However, although
the success of transplanted fragments in the
wild are depending on many other factors (e.g.
type of substrate, wave action (RIEGL and
RIEGL, 1996), predation  (Cros and
MCcCLANAHAN, 2003)), we believe, as suggested
by LIRMAN (2000), that size may still affect the
long term survivorship of fragments.

5. Conclusions

Although growth rates was showed to vary
between the six studied species with general
lower growth rates obtained for foliaceous spe-
cies, the optimal conditions investigated in this
study results in that for all species growth
rates increased through time. Branched species
such as S. pistillata and P. damicornis, or those
belonging to the genera Acroporashowing high
growth rates and recruiting well, have there-
fore often been used in many transplantation
studies (see EDWARDS and CLARK, 1998). This
is, in our knowledge, not the case for foliaceous
species such as Montipora sp., Echinopora sp.,
and 7. reniformis. However, if we want to en-
hance coral biodiversity in areas where trans-
plantation is justify, all species have to be
considered. This may need previous knowledge
on the abiotic and biotic parameters of the
transplantation area, as well as the life history
traits (SEEBAUER, 2001) of potential species
justified to be transplanted. Only one recent
study on transplantation did involve different
species of various growth form (DizoN and
Y AP, 2006). However, in the case where donor
colonies may be hard to be supply culturing
fragments in optimal conditions may be an op-
tion to supply transplants (EDWARDS and
CLARK, 1998) of size big enough to minimize
the risk of mortality after transplantation.
Many (ornamental) coral species have seen to
grow well in some Aquarium (pers. observa-
tions). Those Aquarium Centres have often yet
well established materials for growing frag-
ments, so a solution may be to find a certain
agreement (or trade-off) between a short term
lucrative coral trade and a long term sustain-
able coral management.
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Seasonal changes in growth and photosynthesis-light
curves of Sargassum horneri (Fucales, Phaeophyta) in
Oura Bay on the Pacific coast of central Honshu, Japan

Atsuko MIKAMTI', Teruhisa KOMATSU', Masakazu AOKI®, and
Yasutsugu YOKOHAMA®

Abstract: We investigated seasonal changes in the growth, photosynthesis-light curves, and
chlorophyll a content of Sargassum horneri (Turner) C. Agardh in Oura Bay on the Pacific
coast of central Honshu, Japan, and also characterized the physical environment, including
PAR and water temperature. During monthly scuba dives, we tracked the growth of main
stems and observed the growth stage of eight to ten individual S. horneri that had been marked
when their main stems were>10 cm until they disappeared from the substratum after matur-
ity. In addition, we measured the rates of net photosynthesis and dark respiration in upper and
lower leaves of four individual S. horneri collected monthly with a differential gas volumeter at
the monthly mean water temperature, also measuring the weight and chlorophyll a content of
the leaves. The seasonal changes in the photosynthetic activity of upper leaves based on wet
weight and chlorophyll a had different peaks : the former was positively correlated with the
length and growth rate of the main stems, and the latter was negatively correlated with plant
age. Moreover, the pattern of seasonal changes in photosynthetic activity based on weight was
synchronized with changes in the nutrient content of the seawater.

Keywords: Sargassum horneri (Turner) C. Agardh, photosynthesis-light curve, growth,

seasonal change.

Sargassum horneri (Turner) C. Agardh, an
annual species, is distributed on rocky coasts
throughout the Japanese archipelago, except
the eastern part of Hokkaido and Okinawa, the
Korean Peninsula, and China, and is one of the
most common species in Japan (UMEZAKI, 1984
a ; YOSHIDA, 1998). It grows on rocks at water
depths of 1 to 5 m (rarely 10 m). Its length can
reach several meters, extending to the sea sur-
face in the luxury growth season. Typically, S.
horneri forms a mixed species forest with other
Sargassum species, and Sargassum forests oc-
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cupy about 30% of the surface area (85,682 ha)
of all seagrass and seaweed beds in Japan (En-
vironment Agency of Japan, 1994). These for-
ests play important roles as both primary
producers and habitat in coastal ecosystems
due to their great biomass. Around matura-
tion, when the main stem of S. hornert attains
its maximum length, the plant detaches from
the substratum, and the next generation
emerges and grows (UMEZAKI, 1984b). There-
fore, the biomass of S. hornert varies seasonally
according to the annual life cycle. Recently, S.
hornert has become commercially exploited as a
food resource because it contains biologically
active agents, and elucidating its ecology is of
major importance.

The seasonal change in the photosynthetic
activity of Sargassum species may be related to
their growth, physiology, and physical condi-
tion (PRINCE, 1980 ; DAWES, 1987 ; HONDA and
OKUDA, 1989 ; 1990 ; Gao, 1990b), although
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this has not been evaluated in detail. For exam-
ple, GAo (1990a) found seasonal changes in the
photosynthetic rate of S. hormeri measured
monthly at 20° C and 600 t E m~* s™' for one
year, excluding September, and concluded that
temperature, growth stage, and nutrient condi-
tions in the sea accounted for the seasonal pho-
tosynthetic variability. PRINCE (1980) reported
that a significant decline in the photosynthetic
rate of Sargassum pteropleuron Grunow was
synchronous with leaf senescence and decreased
water temperatures in winter. HONDA and
Okupa (1989, 1990) demonstrated that the
maximum photosynthesis rates of vernal and
autumnal S.  horneri and  Sargassum
micracanthum (Kiitzing) Endlicher differed
depending on their stage of maturity.

Several studies in different areas have re-
ported seasonal changes in the growth of S.
horneri in terms of its biomass and length
(UMEZAKI, 1984b ; TaNiGucHI and YAMADA,
1988 ; YoKOYAMA et al. 1999), but few studies
have examined the seasonal changes in both
photosynthetic activity and growth, except a
study conducted in Wakasa Bay on the coast of
the Sea of Japan (Gao, 1990b). Investigating
the seasonal change in photosynthetic activity,
which is the basis of growth, helps to under-
stand the relationship between growth and the
external environment or internal condition of
the plants. In addition, investigations of the
same species in a variety of areas that have dif-
ferent physical environments would help to un-
derstand these relationships more clearly.

Here we describe the ecological influences on
photosynthesis in S. horneri under monthly
mean water temperature conditions in situ. We
measured the photosynthesis-light curves
based on both weight and chlorophyll @ (chl.a)
content of leaves monthly. Growth was as-
sessed from measures of main stem length
made while scuba diving to observe the growth
stage. We investigated the relationships among
seasonal changes in the photosynthetic activ-
ity, growth, physiological condition, and
abiotic environment of the species. Moreover,
based on comparisons with the results from an-
other area (Gao, 1990), we examined the fac-
tors causing the seasonal changes in
photosynthetic activity and growth.

Sagami Bay

Shidagaura Cove

Oura Bay

Fig.1 Map showing the study site in Shidagaura
Cove, Oura Bay, located near the tip of the Izu
Peninsula on the Pacific coast of central Honshu,
Japan, and the Shimoda Marine Research Center
(SMRCQ), University of Tsukuba. In the lower
panel, A and B indicate the measurement loca-
tions for water temperature and PAR, respec-
tively.

2. Materials and Methods
2.1. Study site

Sargassum horneri was collected from
Shidagaura Cove in Oura Bay, located near the
tip of the Izu Peninsula on the Pacific coast of
central Honshu, Japan (Fig. 1). A Sargassum
forest exists in the subtidal zone consisting of
rocks and rock plates at depths of 1 to 5 m with
horizontal dimensions of about 100X100 m ; S.
hornert was a dominant species at the study
site.

2.2. Measurement of in situ PAR and water
temperature
The photosynthetically active radiation
(PAR) in Shidagaura Cove was measured at
10-min intervals from December 2001 to Decem-
ber 2002 with light intensity sensors (MDS
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Mark 5/L ; Alec Electronics, Japan) fixed on
the sea floor at depths of 1, 2, and 3 m. Surface
water temperatures in Oura Bay (Fig. 1) were
measured daily by personnel from the Shimoda
Marine Research Center of the University of
Tsukuba at 10 : 00 h. The monthly mean sur-
face water temperature was then determined
and used for the experiment.

2.3. Measurement of growth

Sargassum horneri has one main stem that
grows from the holdfast and lateral branches
that grow from the main stem (Fig. 2). The
length of the main stem serves as an index of
individual plant growth. Therefore, ten indi-
viduals of S. horneri at depths of 2 to 3 m in
Shidagaura Cove were selected randomly and
marked with tags fixed to the base of the main
stem in December 2001. Scuba divers measured
the main stem lengths of the marked individu-
als each month from December 2001 to Decem-
ber 2002, from the time the main stem length
exceeded 10 cm until the individual detached
from the substratum after maturity. When a
marked individual detached, the divers marked
a new individual and continued their measure-
ments. The main stem typically grows the
longest, although when it is cut off due to wave
action or other factors, a lateral branch can
grow longer than the main stem. In cases
where the lateral branch was longer than the
main stem, the lateral branch length was meas-
ured. Sprouting and maturity were also exam-
ined in situ during the underwater
measurements of the main stems. In addition,
approximately four individuals were collected
for measuring photosynthesis and respiration.

2.4. Measurement of net photosynthesis and
dark respiration

Between December 2001 and December 2002,
the net photosynthetic and dark respiratory
rates of S. horneri were measured from October
to April when the main stem length exceeded 10
cm. During the experiment, the water tempera-
ture was set at the monthly mean from Oura
Bay in the previous year. Leaves were meas-
ured because they are the primary organ for
net primary production of the plant (Gao and
UMEZAKI, 1989a ; Gao, 1991). Since the photo-

Fig. 2 Diagram of an individual Sargassum horneri.
h, holdfast ; s, main stem ; b, lateral branch ;
1, leaf ; a, air - vesicle ; r, receptacle.

synthetic rate of leaves depends on their posi-
tion, namely the upper or lower portion of the
plant (Gao and UMEzaKI, 1988, 1989a ; Gao,
1991 ; MURASE et al. 2000), eight cuttings of
leaves (about 5 cm ? per cutting) were selected
randomly from each portion of the plant for
the four individuals collected monthly from
Shidagaura Cove. The net photosynthetic and
dark respiratory rates for a total of 16 cuttings
were measured using the following method.
We used a differential gas volumeter (DGV ;
Productmeter ; Nikko-Kagaku, Japan), which
measured the increase or decrease in the rate of
oxygen () produced or consumed by the cut-
tings placed in a small flask (YOKOHAMA and
ICHIMURA, 1969 ; YOKOHAMA et al., 1986). The
DGV has often been used to measure the net
photosynthetic and respiratory rates of
macroalgae (Yokonama, 1973 ; Gao and
UMEZAKI, 1988 ; SAKANISHI et al., 1989 ; GAO
and NAKAHARA, 1990 ; GAO, 1991 ; SERISAWA et
al., 2001b). Cuttings were identified by cubicle
(mesh case) and kept in an aquarium (5000 m1)
with filtered running seawater for about 24 h
in the laboratory before measuring the net
photosynthetic and dark respiratory rates to
avoid effects associated with the trauma of



112 La mer 44, 2006

cutting (SAKANISHI et al., 1988). The net pho-
tosynthetic and dark respiratory rates of
Sargassum species exhibited apparent day-
night rhythms independent of daytime expo-
sures to various intensities of solar radiation
(Gao and UMEZAKI, 1989b ; GAo, 1990a). Based
on this pattern, a series of experiments was
started at 13 : 00 h, and the flasks were shaken
by motor for 1 h at a constant light intensity of
400 v E m * s ' just before the experiment. A
30ml conical reaction flask with a cutting and
10 ml of filtered seawater, and a compensation
flask with ' 0 ml of filtered seawater only were
attached to the DVG. The flasks were put in a
water bath (30 X 70 X 30 cm) at a thermostat-
regulated temperature matching the monthly
mean water temperature measured the previ-
ous year. The flasks were irradiated by a lamp
(KP-10S 100V-300W ; Philips, Japan) and the
light reflected from mirrors placed under the
water bath. Seven light intensities (800, 400,
200, 100, 50, 25, 0 E m * s ') were applied us-
ing neutral density glass filters (TND-50, 25,
12.5 ; Toshiba, Japan). The PAR of the various
light intensities was measured with a quantum
photon meter (LI-189 ; LI-COR, USA). Oxy-
gen evolution or consumption in the reaction
flask was monitored every 3 min for about 20
min per light intensity with continual shaking
(amplitude about 2.5 cm, frequency about 130
lap m ' intervals) in the water bath.

The net photosynthetic and dark respiratory
rates under the seven light intensities were fit-
ted to the following approximation of photo-
synthesis-light curves proposed by Eilers and
Peeters (1988) :

P =1/(al + bl + ¢) —Ry, e))
P.=1/ (b + ac), @
s =1/, 3)

where P, I, and R, are the photosynthetic rate,
light intensity, and dark respiratory rate, res
pectively ; a, b, and c are constants ; P, is the
maximum net photosynthetic rate ; and s is
the initial slope.

After the experiment, the wet weights of the
cuttings were measured with an electronic bal-
ance (EB-330S ; Shimadzu, Japan). To quan-
tify photosynthetic pigments, the cutting was

placed in 10 ml of N,N-dimethyl-formamide
(DMF) solution at —25° C for at least 1 day.
The absorbances of the extract at 663.8 nm and
750 nm were measured with a spectrophotome-
ter (UV-3000 ; Shimadzu), and the chl.a levels
were calculated using the formula proposed by
PORRA et al. (1989).

3. Results
3.1. Water temperature and daily PAR
Figure 3 (a) shows the monthly mean of wa-
ter temperature and mean daily PAR averaged
per month measured at a depth of 1 m in the
survey area from December 2001 to December
2002. The monthly mean water temperature in-
creased from February to August and de-
creased from September to February. A
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Fig. 3 a, Monthly means of water temperature and
daily PAR at a depth of 1 m at the study site.
Open and solid circles represent the water tem-
perature and daily PAR, respectively. b, Sea-
sonal growth patterns of S. horneri. The mean
length of the longest main stem (open circle) and
maturation period (solid arrow), early stage of
growth (open arrow), and period of plant de-
tachment of (dotted arrow) are shown by sea-
son. ¢, Chlorophyll a contents of the upper (open
circle) and lower (solid circle) leaves of S.
horneri for months when photosynthesis was
measured.
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Table 1 Mean growth rate (cm month ' ) of main
stems of S. horneri marked and measured by a

diver.
Period Mean growth 1rale D
(cm month™)
Dec 2001 - Jan 2002 64.8 17.9
Jan 2002 - Feb 2002 142.7 753
Feb 2002 - Mar 2002 1513 25.3
Mar 2002 - Apr 2002 18.8 8.0
Apr 2002 - May 2002 - -
Oct 2002 - Nov 2002 12.7 5.5
Nov 2002 - Dec 2002 23.4 15.5

minimum temperature of 13° C was attained in
February and a maximum of 26° C was
reached in August and September. The mean
daily PAR depended on day length ; it was
high from May to August and low from No-
vember to February. The minimum and maxi-
mum values of the mean daily PAR were 7.8 E
m *day 'in January and 26.1 E m *day 'in
May, respectively.

3.2. Seasonal change in growth

Figure 3 (b) and Table 1 show the monthly
mean length and monthly mean growth rate
(cm month ') of main stems standardized us-
ing a month of 30 days. The monthly mean
length of the main stems reached a maximum
of 358 e¢m in March, and then decreased in
April. Field observation revealed that S.
horneri matured from mid-March to April
(Fig. 3 (b)). Entire plants of S. horneri de-
tached from the substrata, without residual
parts, from April to May (Fig. 3 (b)). Sprouts
of new plants were observed on rocks from the
beginning of October until the end of Novem-
ber. The monthly mean growth rate of the
main stems ranged from 64.8 to 151.3 cm
month ' from December to March. Growth was
highest (151.3 cm month ') from February to
March and lowest (12.7 cm month ") from Oc-
tober to November.

3.3. Chlorophyll a content by wet weight
The chl.a content in the upper leaves ranged
from 0.69 to 1.32 mg chl.a g wet wt. ' (Fig. 3

(¢)), and increased with main stem growth
(Fig. 3 (b)). However, the values for the lower
leaves remained constant between 1.09 and 1.34
mg chl.a g wet wt.”! throughout the experi-
ment. The chl.a content of the lower leaves was
greater than that of the upper leaves from Oc-
tober to December (¢-test, P <0.05). The chl.a
content of the upper leaves approached that of
the lower leaves as the plants grew and ma-
tured.

3.4. Seasonal change in the photosynthesis-
light curves
3.4.1. Maximum net photosynthetic rate

Figure 4 shows the photosynthesis-light
curves based on wet weight. The maximum net
photosynthetic rate of upper leaves based on
wet weight reached a maximum of 3.9 £1 O, mg
wet wt. ' h ! in March and a minimum of 2.3
u1l O, mg wet wt. ' h' in December (Fig. 5
(a)). The maximum net photosynthetic rate of
upper leaves based on the chl.a content reached
a maximum of 3.6 #1 O, g chl. a™" h™" in Octo-
ber and a minimum of 2.0 #1 O, g chl. a ' h™!
in February (Fig. 5 (b)). The net photosyn-
thetic rate of the upper leaves exceeded that of
the lower leaves, except in March and April (¢-
test, P<0.05 ; cf. Gao, 1990b). The differences
in the maximum net photosynthetic rates be-
tween the upper and lower leaves were substan-
tial during the young stage of growth (Octo-
ber-December), but decreased as the plants
grew. At maturation, from March to April, the
maximum net photosynthetic rates were simi-
lar between the upper and lower leaves.

The maximum net photosynthetic rates of
the upper leaves based on wet weight at the ma-
ture stage were greater than in the young
stage. By contrast, the rates based on the chl.a
content at the young stage exceeded those at
the mature stage. The chl.a content of leaves
increased as the individuals grew, although the
photosynthetic activity of the chl.a in leaves de-
creased as the individuals became older.

3.4.2. Dark respiratory rate

The monthly dark respiratory rates (R.) of
the upper and lower leaves of S. horneri based
on wet weight are given in Fig. 5 (¢). The dark
respiratory rate of the upper and lower leaves
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synthetic rates of S. hornert based on the wet
weight (a) and chlorophyll a content (b). Sea-
sonal changes in dark respiratory rates of S.
horneri on a wet weight basis (¢). Open and
solid circles represent the upper and lower leaves,
respectively.
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Fig. 6 Seasonal changes in the initial slopes on a wet
weight (a) and chlorophyll a basis (b). Open
and solid circles represent the upper and lower
leaves, respectively.

ranged from 0.05-0.08 and 0.04-0.07 #1 O, mg
wet wt.”' h™', respectively, and the maximum
dark respiratory rate of upper leaves based on
wet weight reached a maximum in January
and November and a minimum in April (Fig. 5
(). In addition, there was no significant dif-
ference in respiratory rates between the upper
and lower leaves (t-test, P>0.05), except in De-
cember, and the difference decreased during the
maturation stage (February-April ; cf. Gao,
1990b).
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3.4.3. Initial slope

The initial slopes of the photosynthesis-light
curves based on wet weight and the chl.a con-
tent of upper leaves of showed seasonal varia-
tion similar to that of the maximum net
photosynthetic rate, P,.. Depending on the P,.
in this study, the initial slopes from October to
December were higher than those from Janu-
ary to April (Fig. 6 (a, b)). There was little dif-
ference in the initial slopes between the upper
and lower leaves, except for values based on the
chl.a content from October to December.

SMITH et al. (1983) reported that the initial
slopes of young and mature disks of
Macrocystis integrifolia were similar on an
area basis, whereas the initial slopes of young
disks on a pigment basis were generally higher
than those of mature disks. This was also true
in our study, suggesting that the chl.a of
young leaves adapts to low light intensities.

4. Discussion

The growth rate and maturation of S.
horneri in the Shidagaura Cove study differed
from those in other areas. UMEZAKI (1984b) ex-
amined the growth in S. horneri off sheltered
shores in Obama Bay, a branch bay of Wakasa
Bay, in the Sea of Japan, and reported a maxi-
mum mean main stem length of 161.0 ¢cm in
May and a daily rate of increase in length
ranging from 0.054 to 1.96 cm day ' (1.6 to 58.8
cm month ' ) from September to May. The
mean length and growth rate of S. horneri
main stems in Shidagaura Cove were more
than twice those in Wakasa Bay. The matura-
tion period took place from late March to April
in Shidagaura Cove, while it occurred from
April to May (UMEZAKI, 1984b) or May to
June (Gao, 1990b ; Gao and Hua, 1997) in
Wakasa Bay. The winter water temperature in
Wakasa Bay (10° C in February ; UMEZAKI,
1984b ; Gao, 1990b) was lower than that in
Shidagaura Cove (13° C in February ; Shimod
a Marine Research  Center SMRO).
Sargassum horneri in Shidagaura Cove, which
faces the Pacific Ocean, grew faster, attained
larger sizes, and matured earlier than those in
Wakasa Bay since water temperature had a
positive effect on the growth rate and matura-
tion of plants (DE WREEDE, 1976 ; PRINCE and

O’NEAL, 1979 ; OcAawa, 1982, 1983). The dura-
tion of monthly total sunlight in Maizuru (66.1
-96.8 h from December to February) near
Obama Bay in winter was less than that in
Irouzaki (161.5-189.3 h from December to Feb-
ruary) near Shidagaura Cove (Japan Meteoro-
logical Agency, 2002). Presumably, the daily
total PAR also had a positive effect on growth
through photosynthetic activity (LUNING,
1993 ; UcHIDA, 1993). Therefore, in Shidagaura
Cove, the warmer water temperature in winter
and the greater solar radiation promoted rela-
tively rapid growth and early maturation of S.
hornerti.

Younger leaves of Laminaria and Fucus spe-
cies contain less pigment than those of older
leaves (KUPPERS and KREMER, 1978 ; HENLEY
and DUNTON, 1995). The chl.a content of the
lower leaves of Sargassum species was higher
than that of upper leaves (GA0O and UMEZAKI,
1988 ; Gao, 1990b, 1991). This study also
showed that the chl.a content of the lower
(older) leaves of S. horneri was greater than in
the upper (younger) leaves. However, the chl.a
content was similar between these leaf types
from January to April, which occurred because
the condition of the upper leaves approached
that of the lower leaves as they aged. The main
stem of S. horneri grows not only at the apical
part, but also throughout as growth pro-
gresses (UMEZAKI, 1984b) ; therefore, the aver-
age properties of the upper and lower leaves
converge. Accordingly, the differences in the
photosynthetic rate, respiratory rate, and ini-
tial slope between upper and lower leaves di-
minished as the plants grew. The chl.a content
decreased in April, which is the maturation pe-
riod (cf. WHEELER, 1980 ; Gao, 1990b). Degra-
dation of chl.a was responsible for this
phenomenon because the plants began to se-
nesce after maturation.

The maximum photosynthetic rates based on
wet weight were positively correlated with the
increases in main stem length. Gao (1990b)
studied the photosynthetic ability of S. horneri
leaves in Wakasa Bay and reported that their
net photosynthetic rates based on dry weight
exhibited two peaks annually : one in Novem-
ber and another in March. UMEZAKI (1984b)
stated that these peaks in photosynthetic
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activity roughly corresponded to peaks in the
growth rate. In general, annual seaweeds util-
ize energy produced during a single growing
season. It may not be possible for such
seaweeds to grow rapidly without high photo-
synthetic rates.

The estimated photosynthetic rates of upper
leaves of S. horneri at the monthly mean water
temperature and 600 £ E m *s ' in Wakasa Bay
(Gao, 1990b) varied from *~20 ml O, g dry
wt. 'h ' (average 10 ml O, g dry wt. 'h ') and
reached a peak in November, while the maxi-
mum photosynthetic rates of upper leaves in
this study varied from 13-22 ml O, g dry wt.™'
h ' (average 16 ml O. g dry wt. ' h™' ) and
reached a peak in March. The mean photosyn-
thetic rates in our study area wa s~ '.6 times
greater than in Wakasa Bay, reflecting the
larger plant size and high growth speed in our
study area. The difference in the peak times of
the seasonal changes in the photosynthetic
rates at the two localities was probably influ-
enced by changes in nutrient conditions. Sea-
sonal changes in nutrient conditions influence
photosynthetic variability and growth in some
macroalgae (CHAPMAN and CRAIGIE, 1977 ;
CHAPMAN et al., 1978 ; Gao, 1990b ; SERISAWA
et al., 2001a). According to Gao (1990b), the
highest photosynthetic rate of S. horneri in
Wakasa Bay occurred during months with
high nitrate and phosphate concentrations,
ranging from 0.6 to 7.0 M and from 0.15 to
0.4 4 M, respectively. At our study site (Oura
Bay), NO:-N and PO,-P were high from Febru-
ary to April (8.0 and 0.6 © M, respectively) and
low from May to November (2.0 and 0.3 M,
respectively ; SERISAWA et al., 2001a). There-
fore, high nutrient levels in spring may elevate
the photosynthetic rate in March. When light
and temperature are not limiting factors, nu-
trient conditions, especially nitrate, constitute
a limiting factor for the photosynthetic rate of
seagrass and seaweed (KIRK, 1994). Thus, re-
garding the seasonal changes in the photosyn-
thetic rate based on wet weight observed in this
study, the limiting factor may not be light and
temperature, but nutrient conditions.

High growth rates and productivity of
several Sargassum species during periods of
low water temperature have been noted

(CARPENTER and Cox, 1974 ; DE WREEDE,
1976). This was also true for S. horneri in
Shidagaura Cove. It has been reported that
the optimum temperature for photosynthetic
activity of several macroalgae acclimated to the
environmental temperature during a year
(YOKOHAMA, 1973 ; LEE and BRINKHUIS, 1988 ;
GAO, 1990b). Although the photosynthesis-
temperature curves obtained in short-term ex-
periments (<1 day) indicated a strong
influence of temperature (YorkoHama, 1973 ;
GAO, 1990b), the results of our study suggest
that photosynthetic activity is not strongly in-
fluenced by environmental temperature over
the long term (>1 month).

The maximum net photosynthetic rates of
the upper leaves based on the chl.a content in
this study (2.0 and 3.6 1 O, g chl.a "h™')
were comparable to those of Sargassum patens
(2511 Osuug chl.a ' h™' ) measured by Gao
and UMEZAKI (1988) and S. horneri (1.8-3.5¢1
O,z gchl.a "h™') by Gao and UMEZAKI (1988)
and Gao (1991). The rates for Sargassum spe-
cies were much higher than those of Ecklonia
cava Kjellman (Laminariales, Phaeophyta)
(1.0-1.9u1 Osug chl.a ' h', SERISAWA et al.,
2001b). The maximum net photosynthetic rates
based on the chl.a content should be synchro-
nous with the age of the plant.

Temperature, nutrients, and light intensity
are factors that affect the growth rate of
plants. The seasonal change in the net photo-
synthetic rates based on wet weight was syn-
chronous with the length and growth rate of
the plant, whereas the change based on chl.a
content was synchronous with its age. This
suggests that photosynthetic rates determined
from wet weight measurements reflect external
controls. Contrasting estimates of the photo-
synthetic rate from chl.a measurements may
reflect the internal condition (age) of plants.
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Larval and juvenile fish assemblages in surface and subsurface layers
of central Sagami Bay, Japan

Masaharu IINO', Masato MOTEKI'*, Riou NAGAIWA!, Tadashi MIYAZAKT,
Yoshihiro KUrITA® and Hiroshi KOHNO'

Abstract : Larval and juvenile fish were sampled with a ring net from surface (0-1.5 m) and sub-
surface (2-5 m) layers of central Sagami Bay, Japan, from November 2002 to October 2003. In
all, 15,458 fishes from 100 species and 54 families were collected. The surface layer yielded 2,167
fishes from 58 species, and the subsurface layer produced 13,291 fishes from 67 species. The most
abundant species in both layers was Engraulis japonicus, which comprised 57.0% and 85.6% of
individuals from the surface and subsurface layers, respectively. A cluster analysis based on fish
assemblage similarities revealed that the sampling months were seasonally divided into winter
(November to January), spring (March and April), and summer/autumn (June to October).
The subsurface in summer/autumn yielded the greatest species diversity (51 species), with
neritic-demersal, pelagic, and mesopelagic species being dominant. Of the 15 dominant species
occurring in both layers, the distribution of eight appeared to change between surface and sub-
surface layers as they grew. Based on this and previous studies at other Sagami Bay locations,
larval and juvenile fish assemblages appear to vary within the bay, with the surface and subsur-
face layers of central Sagami Bay dominated by mesopelagic species.

Keywords : Larval and juvenile fish assemblages, Sagami Bay, vertical distribution, seasonal
occurrence
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Bay, Japan, where surface and subsurface fish
were sampled.
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Fig. 2. Monthly changes in water temperature and
salinity at surface ( 0 -m depth ; open circles and
squares) and subsurface (5 -m depth ; solid cir-
cles and squares) layers in central Sagami Bay,
Japan, from November 2002 to October 2003.
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Table 1. Larval and juvenile fishes collected from central Sagami Bay, Japan, from November 2002 to October
2
Number of individuals : Adult :
Family/Order Species Month %,IFZIe rang;a habitat Species
Surface Subsurface Total -, Mm type*
Anguilliformes Anguilliformes sp . 3 3 Aug 4.1-4.6 —
Engraulidae Engraulis japonicus 1235 9942 11177 Dec-Oct 2.71-21.7 P En
Gonorynchidae Gonorynchus abbreviatus 6 76 Oct 7.1-20.9 N Ga
Gonostomatidae Cyclothone alba 2 2 Oct 6.1-7.4 M
Cyclothone pseudopallida 1 1 Jun 21.1 M
Cyclothone sp.1 31 33 64 Dec,Jun-Oct  3.1-13.0 M
Cyclothone sp.2 1 1 Dec 5.3 M Cy
Stomiidae Stomias affinis 1 1 Aug 3.9 M
Astronesthidae Astronesthes sp. 1 1 Nov 7.8 M
Synodontidae Saurida sp. 31 31 Aug 2.1-5.9 N Sa
Myctophidae Diaphus sp. 3 3 Aug 5.2-9.8 M
Hygophum proximum 6 6 Aug 4.2-5.8 M
Lampadena luminosa 57 57 Oct 2.8-4.9 M
Lampadena sp.1 7 7 Jun 9.1 M
Lampadena sp.2 1 1 Oct 3.2-4.9 M
Nannobrachium sp.1 1 1 Dec 2.7-3.6 M
Nannobrachium sp.2 7 7 Dec 3.8-4.3 M Na
Nannobrachium sp.3 6 6 Aug 7 M
Triphoturus microchir 1 1 Oct 6.3 M
Myctophidae sp. 1 1 Oct 5 M
Trachipteridae Desmodema sp. 1 1 Oct 6.3 P
Ophidiidae Sirembo imberbis 1 1 Oct 6 N
Gigantactinidae Gigantactinidae sp. 2 1 3 Jun, Oct 3.0-3.3 M
Holocentridae Myripristis sp. 2 2 4 Oct 3.2-4.4 N
Macroramphosidae Macroramphosus scolopax 25 6 31  Nov-Mar 4.2-7.7 C Ma
Syngnathidae Syngnathus schlegeli 1 1 Mar 92 N
Mugilidae Mugil cephalus cephalus 2 2 Nov 5.6-6.0 N
Exocoetidae Parexocoetus brachypterus brachypterus 1 1 Jun 6.1 P
Cololabis saira 9 1 10 Dec-Jan 5.4-9.1 P Co
Scomberesocidae  Helicolenus hilgendorfi 1 1 Dec 3.2 N
Scorpaenidae Sebastiscus marmoratus 94 178 272 Dec-Jan 2.2-8.2 N Sm
Sebastes hubbsi 1 1 2 Dec 4.4-6.6 N
Sebastes inermis 12 20 32  Jan-Mar 4.2-6.9 N Si
Sebastes vulpes 5 5 Mar 3.1-3.5 N
Scorpaenidae sp.1 1 1 Dec 1.8 —
Scorpaenidae sp.2 1 1 Jun 4.8 —
Scorpaenidae sp.3 1 1 Aug 3.3 —
Scorpaenidae sp.4 1 1 Oct 8.6 —
Scorpaeniformes sp. 1 1 Aug 3.7 —
Scorpaeniformes  Hypodytes rubripinnis 4 105 109  Apr-Aug 1.7-4.2 N
Tetrarogidae Lepidotrigla sp. 14 14 Aug 1.5-3.2 N
Triglidae Platycephalus sp. 45 45 Jun-Aug 1.7-5.6 N
Platycephalidae Lethotremus awae 3 3 Oct 7.7-12.1 N
Cyclopteridae Liparis tanakai 1 1 Jan 13 C
Liparidae Lateolabrax spp. 3 12 15 Dec-Mar 2.2-6.1 N Lat
Moronidae Sacura margaritacea 1 1 Dec 4.6 N
Serranidae Apogon spp. 54 313 367  Aug-Oct 2.1-10.5 N Ap
Apogonidae Scombrops boops 1 1 Jan 5.4 N
Scombropidae Coryphaena hippurus 1 1 Oct 13.4 P
Coryphaenidae Decapterus sp.1 1 1 Jan 11 P
Carangidae Decapterus sp.2 1 1 Jun 8.2 P
Seriola lalandi 1 1 Nov 3.9 P
Seriola quinqueradiata 5 24 29 Apr-Aug 2.3-50.3 P
Seriola rivoliana 1 1 Oct 7.5 P
Trachurus japonicus 13 418 431 Jun-Oct 2.8-6.1 P Tr
Carangidae sp.1 1 1 Aug 3.7 P
Carangidae sp.2 1 1 Oct 8.2 P
Carangidae sp.3 1 1 Oct 5.5 P
Emmelichthys struhsakeri 1 1 Aug 3.7 P
Emmelichthyidae  Parapristipoma trilineatum 1 1 Jun 3 N
Haemulidae Stllago japonica 1 1 2 Oct 7.1-10.0 N
Sillaginidae Upeneus japonicus 19 19 Aug-Oct 6.5-14.3 N
Mullidae Chaetodontoplus septentrionalis 1 1 Oct 8.5 N
Pomacanthidae Goniistius zonatus 29 10 39 Nov-Jan 2.1-7.5 N Gz
Cheilodactylidae Abudefduf vaigiensis 4 4 Oct 9.1-14.9 N
Pomacentridae Chromis notata notata 4 117 121 Aug-Oct 2.6-11.8 N Ch
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Pomacentridae sp.1 9 9 Oct 5.1-9.4 N
Pomacentridae sp.2 2 2 Oct 3.9-4.6 N

Teraponidae Rhyncopelates oxyrhynchus 5 5 Oct 8.8-12.0 N

Scorpididae Labracoglossa argentiventris 114 69 183 Nov-Dec,Oct  2.1-7.9 N Lab

Kyphosidae Kyphosus cinerascens 2 2 Jun, Oct 13.3-19.6 N

Girellidae Girella punctata 4 1 5 Jan, Jun 3.4-24.5 N Gi

Labridae Halichoeres tenuispinnis 2 2 Aug 4.9-6.9 N

Pseudolabrus sp. 21 12 33 Nov-Jan, Oct 4.0-11.3 N Ps
Labridae sp. 6 6 Aug 3.8-6.4 N
Ammodytidae Ammodytes personatus 10 10 Jan 6.2-9.8 N Am
Blenniidae Omobranchus loxozonus 6 12 18 Jun-Oct 3.8-13.7 N
Petroscirtes breviceps 2 2 Oct 5.3-10.8 N
Petroscirtes springeri 2 2 Oct 14.9-20.0 N

Gobiesocidae Lepadichthys frenatus 1 1 Oct 9.8 N

Callionymidae Callionymidae spp. 3 68 71 Jun-Oct 1.5-6.7 N

Gobiidae Ptereleotris sp. 2 2 Oct 19.1-20.0 N

Gobiidae sp.1 1 1 Jan 11.7 N
Gobiidae sp.2 1 1 Oct 6.5 N

Siganidae Siganus fuscescens 1 1 Aug 4.6 N

Sphyraenidae Sphyraena pinguis 11 39 50 Jun 1.7-6.7 N

Gempylidae Gempylus serpens 1 1 Oct 6.8 M

Nealotus tripes 4 4 Jun-Aug 4.1-7.0 M

Scombridae Auxis sp. 4 4 Aug 5.3-7.4 P

Euthynnus affinis 1 1 Oct 8.7 P
Sarda orientalis 2 4 6 Jun 3.3-4.7 P
Scomber spp. 5 28 33 Apr-Jun 2.5-5.3 P

Bothidae Bothidae sp. 2 2 Oct 10.0-15.1 N

Soleidae Soleidae sp. 1 1 Aug 3.4 N

Cynoglossidae Cynoglossus joynert 1 1 Oct 8 N

Cynoglossidae sp. 5 5 Aug 1.5-4.7 N

Monacanthidae Rudarius ercodes 3 19 22 Jun-Oct 1.8-12.0 N

Stephanolepis cirrhifer 1 1 Jun 16.2 N
Tetraodontidae Takifugu sp.1 3 3 Jun 2.0-2.2 N
Takifugu sp.2 1 1 Oct 9.8 N

Unidentified 263 1674 1937

Total 2167 13291 15458

* C, continental slope ; M, mesopelagic; N, neritic-demersal ; P, pelagic ; —, unknown.

Table 2. Number of species of larval and juvenile 7%
fishes from surface and subsurface layers in cen- 2
tral Sagami Bay, Japan, by each adult habitat 1% H
type L

Number of species £

s 1.5

Adult habitat type Surface  Subsurface gE " " 0=
o

Neritic-demersal 37 33 :m 0° - -0

Continetal slope 2 1 g

Pelagic 12 12 2 10° |-

Mesopelagic 6 15 .é

10% -
-
. — e > E
v, *F=FhE Cyclothone sp. 1, TV 7 5 A&, 2ok

ARXXT A, $% ) \XFJ& Pseudolabrus sp., 7 3
A 3F Rudarius ercodes T » 1o, WIZHEETE—
FIR&E WL, A/ T4 ETH A< X Sphyra-
ena pinguis THh - 72, ¥ FI7 TIZO>LTIEEEE,
Aa¥, =7 IVBIEHNE Scomber spp. IZDWTIX
HREEFSHBEE L TR, KEICHES HBEO%
fbiF@B oniznotc, FRODAY I, A0, ¥ AN
BEYA X7 5 A THBITZIZREEHIIL, M3
DRI S ZAL DM IZRD S5 N2 - 72,

Nov Dec Jan Feb Mar Apr Mlay J:m J:J| Alug Sclep Oict
2002 2003 Year / Month

Fig. 3. Monthly changes in numbers of species and
individuals of larval and juvenile fishes collected
from surface (open circles and squares) and sub-
surface (solid circles and squares) layers in cen-
tral Sagami Bay, Japan, from November 2002 to
October 2003.
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Fig. 4. Dendrogram of sampling months, based on
the Bray-Curtis similarity coefficient, for larval
and juvenile fish assemblages in central Sagami
Bay. Data from surface and subsurface layers
were combined for the analysis.
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Fig. 5. Fish species numbers by adult habitat type in
each season (Winter, November to January ;
Spring, March and April ; Summer/Autumn,
June to October). C, continental slope ; M,
mesopelagic ; N, neritic-demersal ; P, pelagic.
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Fig. 6. Seasonal species assemblages (Winter,
November to January ; Spring, March and April ;
Summer/Autumn, June to October) in central
Sagami Bay, Japan. Surface and subsurface layer
data are combined. Species comprising >0.5% of
the total number of individuals are shown. Per-
centages are based on the logi(n + 1) — trans-
formed number of individuals per 1,000m’. See
Table 1 for species codes.
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Fig. 7. Distribution ratio of larval and juvenile fish species per 1,000 m® of surface and subsurface layers in cen-
tral Sagami Bay, Japan. Species with >10 individuals sampled are shown.
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Fishery biology of Loligo edulis in Moroiso Bay,
Kanagawa Prefecture, Japan

Natinee SUKRAMONGKOL, Kotaro TSUCHIYA, Tadashi TOKAI, and Susumu SEGAWA

Abstract: The swordtip squid, Loligo edulis Hoyle, 1885 was collected from set-net fishery in
Moroiso Bay, Miura Peninsular, Kanagawa Prefecture, Japan, during April 2002 and Septem-
ber 2003. A total of 2,127 individuals (1,146 males and 981 females) from the mantle length be-
tween 33 and 213 mm were examined. The maturation, reproductive cycles and spawning period
were determined for both sexes. Age and growth were analyzed from statolith increments and
hatching date was estimated by the back calculation. Statoliths of 350 males (35-187 mm man-
tle length) and 232 females (39-213 mm mantle length) were examined.The estimated age
ranged from 79 to 298 days for male and 83 to 277 days for female. The hatching dates were es-
timated to be from May 2002 to April 2003. The spawning season occurred throughout the year
and the main spawning period took place between June and August. Exponential growth model
was used to describe the relationship of mantle length and the estimated age of hatching month

group.

Keywords: Loligo edulis, fishery biology, age, hatching dates, maturation

1. Introduction

Loligo edulis (HovLE, 1885) is a neritic
loliginid squid distributed over the Indo-West
Pacific region from central Japan to South
China Sea, and northern Australia (ROPER et
al., 1984; CARPENTER and NIEM, 1998). In the
southern parts of Japan Sea, the landing of L.
edulis, caught mainly by jigging, set-net and
bottom trawls, fluctuated throughout the year
(NATSUKARI and TASHIRO, 1991).

Studies on fishery biology of L. edulis were
conducted under two major research projects in
the western Japanese waters (SEIKAI Reg. Fish.
Res. Lab. et al., 1978; YamacucHI Pref. Open
Sea Fish. Exp. St. et al., 1983 and 1986). The
life cycle of L. edulis was estimated to be one
year based on the validated statolith incre-
ments and the spawning season extended
throughout the year from the information of
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the degree of maturity and the size of this spe-
cies (TASHIRO, 1977; NATSUKARI et al., 1988).
Wide variation in growth rates and existence of
seasonal forms were reported on L. edulis in
the western coast of Japanese waters (OGAWA
et al., 1983; YAMADA et al., 1986; NATSUKARI et
al., 1988).

In Tokyo Bay and Sagami Bay, monthly
change of the catches of the commercially im-
portant squids was reported based on the data
of the landings for six years from 1984 to 1990
(KUBOSHIMA, 1992). Landing of L. edulis from
set-net fisheries in the east coast of Sagami
Bay is throughout the year and the monthly
catches had a peak between January and Feb-
ruary (KUBOSHIMA, 1992). Although L. edulis
1s an important species for the fisheries in
Miura Peninsula, Kanagawa Prefecture, there
have been little information about the aspects
of fisheries biology in this area, such as
growth, maturation and reproduction. In the
present paper, study of the fishery biology on
maturity, age and growth of L. edulis were car-
ried out based on the monthly specimens
through a year collected from the set-net
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fishery in Moroiso Bay located at the tip of
Miura Peninsula.

2. Materials and methods

Specimens of L. edulis used in the present
study were collected once a month from April
2002 to September 2003 from set-net in Moroiso
Bay. After removal of statoliths for age deter-
mination, specimens were initially fixed with
10% formalin and preserved in 40% isopropyl
alcohol (ROPER and SWEENEY, 1983). Specimens
were dissected to determine sex and maturity
stages. Dorsal mantle length (ML in mm),
nidamental gland length (NGL in mm), and
testis length (TL in mm) were measured with
a digital caliper to the nearest 0.1 mm. The to-
tal body weight (BW in g) was measured to the
nearest 0.1 g with a digital balance. A total
number of 2,127 individuals of L. edulis with
mantle length ranged from 33 to 187 mm
(n=1,146) and 36 to 213 mm (n=981) for male
and female, respectively, were examined.

Sex ratio (F/M) was analyzed monthly and
significant differences between the calculation
ratio and the expected ratio 1:1 (female: male)
were tested using the Chi-Square test.

Since the sexual maturity stages were deter-
mined based on the definition of stages I to VI
of LIPINSKI and UNDERHILL (1995), in the pre-
sent study stages I and II were defined as im-
mature stage, stage III as maturing stage,
stages IV and V as mature stage, and stage VI
as spent.

Testis length index for males and
Nidamental gland length index for females
were expresses as follows;

Testis length index (TLI) = (Testis length/-
Mantle length) <100,

Nidamental gland length index (NGLD =
(Nidamental gland length/Mantle length) X
100.

Monthly mean value of maturity index (TLI
and NGLI) was used for an index to determine
the size of maturity and seasonal change of the
size in maturity.

The relationship between the mantle length
(ML in mm) and total body weight (BW in g)
was expressed as BW=aML’ where a and b are
constants, which was fitted by the least-
squares linear regression of log transformed

variables. The effect of sex on exponent b of the
ML-BW relationships was investigated using a
test for homogeneity of slopes (ANCOVA).

For age determination specimens were ran-
domly selected from the samples collected be-
tween October 2002 and September 2003 and if
the specimens of any sampling months were
less than 30 individuals, all the specimens were
used. Statoliths from a total of 350 males (ML
raged from 35 to 187 mm) and 232 females (ML
ranges from 39 to 213 mm) were readable and
used for the age estimation.

Paired statoliths were dissected from fresh
specimens following the method of DAWE and
NATSUKARI (1991). The right statolith was
used for counting increments and the left one
was kept in reserve. Statoliths were mounted
on microscopic slides in Eukitt™ mounting rea-
gent (Sigma-Aldrich Inc.) and allowed to dry
for 1 week. Ground and polished statoliths
were made with abrasive waterproof paper and
3M rubbing film. Statolith increments were ob-
served under an optical microscope (xX400) and
images were taken for increment analyses.
Counting the increments was made from the
natal ring (NATSUKLARI et al., 1988) to the
edge of the rostrum (Fig.1). To estimate the
degree of counting error (t-test) the incre-
ments on the same statolith were counted twice
for 20 statoliths and no significant difference
(p>0.05) was detected between the first and the
second count for the same statolith.

Since the daily deposition of statolith incre-
ments has been validated in a number of
loliginid species (JACKSON, 1990; RODHOUSE and
HATFIELD, 1990; JACKSON, 1994; LIPINSKI et al.
1998) including L. edulis (NATSUKARI et al.,
1988), age in the present study was estimated
relying on the assumption that the increments
of L. edulis formed daily. Date of hatching was
estimated by the back-calculation departing
from the date of the capture. Spawning time
was estimated to be one month before hatching
based on the embryonic studies of NATSUKARI
and TAsHIRO (1991).

Since the asymptotic growth models has been
demonstrated not relevant to describe cephalo-
pod growth (ALFORD and JACKSON, 1993;
JACKSON et al., 2000) and the recent extensive
studies of myopsid squid growth of the family
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Fig. 1. Polished anterior-side up statolith of an immature male Loligo edulis observed under light microscopy.
ML 75.1 mm, BW 19.8 g, TSL 1.35 mm, 134 increments counted. (N = nucleus, R = rostrum, LD = lateral

dome).

Loliginidae using statolith ageing techniques
have been revealed a short lifespan less than
and/or about 1 year (Loligo chinensis,
JACKSON and CHoAT, 1992; L. vulgaris,
NATSUKARI and KOMINE, 1992; L. peale,
Bropziak and Macy, 1996). The non-
asymptotic growth models, included linear, ex-
ponential and power curves have been applied
in many studies (L. vulgaris, RocHA and
GUERRA, 1999; L. gahi, HATFIELD, 2000; L. plet,
JACKSON and FORSYTHE, 2002; L. forbesi,
CHALLIER et al., 2006). In the present study the
exponential curve was chooses to described the
growth of L. edulis because the exponential
functions can describe growth over the life cy-
cle including the embryonic phase of loliginid
squids (FORSYTHE and HANLON, 1989; HANLON
et al., 1989) not because of the fitting growth
models give a better correlation coefficients
(CHALLIER et al., 2006).

Squid hatched in the same month was
grouped together to analyze the hatching sea-
son and growth. To calculate the growth curves
the value of 2.0 mm in ML was assigned for the
size of hatchlings of L. edulis (NATSUKARI and

TASHIRO, 1991). The exponential equation, ML
=2.0e" was applied to the relationship between
the estimated age (¢t in days) and mantle
length (ML in mm); where a is constant.

The statistic analysis for their residual sum
of squares and the corresponding mean error
using the dummy-variable approach (QUINN
and KroucH, 2002) on the relationships be-
tween estimated age and mantle length in each
hatching month group by sex. All statistical
analyses were conducted with a 0.05 significant
level.

3. Results
3.1 Size composition

The minimum ML was 33 mm for male and
36 mm for female both captured in April 2002
and the maximum was 187 and 213 mm ML for
male captured in March and female in June
2003, respectively (Fig.2). Small squid less
than 45 mm ML occurred in April-May and
September-November. Larger individuals over
130 mm ML were collected during May-June,
August 2002 and January, and March to Sep-
tember 2003 (Fig.2). There was a tendency that
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Fig. 2. Monthly length frequency distribution of Loligo edulis collected from April 2002 to September 2003.

the main mode of the length distribution in-
creased from April (45-55 mm ML) to August
2002 (95-105 mm ML), slightly increased (45—
75 mm ML) during a period from September
2002 to January 2003, and main mode shifted to

relatively larger size (larger than 100 mm ML)
from May to August, 2003 (Fig.2).

The equations relating the body weight to
mantle length of males and females were ex-
pressed as BW=0.00037ML*® (r*=0.99, n=615,
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Table 1 Summary of size range in mantle length and maturity indices of testis length index (TLI) and
nidamental gland length index (NGLI) of each stage from I to V for males and females Loligo edulis
Male Female
“Matur- Nidamental gland
ity Mantle length Testis length index Mantle length m &
stages 1 n length index
min max mean S.D. min max mean S.D. min max mean S.D. min max mean S.D.
I 63 35 77 559 9.2 9.2 226 153 3.0 1 48 - - 2.8 - -
II 163 33 120 70.8 155 7.0 34.6 16.8 4.0 273 36 134 741 175 5.7 13.0 95 1.0
I 79 63 141 104.3 16.1 15.0 46.1 29.3 85 27 85 177 1245 21.7 88 16.2 114 18
v 34 98 181 1356 16.6 31.6 46.2 40.6 3.2 8 95 183 139.5 30.4 10.3 29.2 20.7 6.9
A\ 12 131 187 155.7 15.2 37.6 44.2 40.7 1.8 6 123 213 177.8 33.3 19.8 348 283 5.0

*stage I and 1 are defined as immature, stage Il as maturing and stage IV and V as matured stages, respec-

tively.

33-187 mm in ML) and BW= 0.00036 ML*** (+*
=0.98, n=526, 36-213 mm in ML), respectively.
There was no significant difference in the expo-
nent b between males and females (F=0.41, d.f.

1,1137, p>0.05).

3.2 Sex ratio

Monthly sex ratio (F/M) varied from 0.5 in
August (2002) to 1.5 in July (2002) with a
mean £ SD of 0.9 £ 0.3. Although males were
more numerous than females over the entire
sampling period, seasonal variation of sex ratio
was not significantly different from 1.0 (p
>0.05) except in August 2002 and February
2003 (p<0.05), with significantly outnumbered
male at the ratio of 0.5 and 0.7.

3.3 Maturation stages and size

Immature squid (stage I and II) were pre-
dominant in both sexes (Table 1). The maxi-
mum size of immature male and female was 120
and 134 mm ML, respectively, both captured in
January. The minimum size of maturing
(stage II) male was 63 mm ML captured in Oc-
tober and that of female was 8 mm ML cap-
tured in June. Length distribution in each
maturity stage overlapped each other espe-
cially among maturing (stage ) and matured
(stage IV) stages (Table 1). The mean size of
mature squid (Stage IV and V) ranged from
135.6 to 155.7 and 139.5 to 177.8 for males and
females, respectively. The minimum size of ma-
ture males (stage IV) was 98 mm ML captured
in June and females of 95 mm ML captured in
November. Males larger than 141 mm ML and
females larger than 177 mm ML were all

matured (Table 1).

Testis length index increased with increase in
ML and majority of the males larger than
about 120 mm ML were matured with the index
of 3544 % (Fig.3). In females nidamental
gland length index of stages I, II and III was
relatively constant around 10 % regardless the
ML of less than about 180 mm ML and that of
the matured females larger than about 110 mm
ML was increased more than 20% (Fig.3).

Seasonal change in maturation

The seasonal changes of the proportion of
the number of each maturity stage indicated
that maturing and mature squid increased
from May to August in both sexes they often
held a highest proportion in August, they
abruptly decrease after September 2002
(Fig.4). Although a large proportion of ma-
tured males appeared also in March 2003, num-
ber of maturing and mature female was very
small from September to March (Fig.4).

Seasonal changes in testis length index of
males and nidamental gland length index of fe-
males showed a main peak in August 2002 in
both sexes with a secondary peak only for
males in March 2003 (Fig.5). These results in-
dicated that the main maturation period for L.
edulis in Miura Peninsula was estimated to be
June to August with a secondary maturation
peak in March only for males. However, small
number of maturing and mature individuals
was appeared all through the study period
(Fig.5).
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Fig. 5. Monthly mean variation of the maturity in-
dex for males and females Loligo edulis from
April 2002 to May 2003. Vertical bars represent
one standard deviation.

3.4 Age and hatching date

Age of L. edulis estimated from the number
of increments of statoliths ranged from 79 days
(42 mm ML) to 298 days (144 mm ML) for
male and 83 days (39 mm ML) to 277 days (128
mm ML) for female. Most of the estimated
ages of squid collected in October to December
2002 were relatively young within a range from
80 to 170 days (Fig.6). Although most of the
squid collected from January to May was older
than previous month, there was no clear ten-
dency of the monthly change in age structure
(Fig.6). The number of specimens from June
to September was small, but the range of the
estimated age was wide and older in range
from 125 to 298 days. The mean age =SD in

each month ranged from 126.1£16.4 (October
2002) to 255.0%26.1 (August 2003) for male
and from 130.4%29.6 (October 2002) to 220.0
+52.4 (August 2003) for female.

Based on the back calculation for the hatch-
ing dates of specimens from October 2002 to
September 2003, the squid were hatched from
May 2002 to May 2003 for males and May 2002
to April 2003 for females (Fig.7). For males,
mode of the hatching month shifted monthly
from May-July hatching (in October sampling
month) to December-May hatching (in Febru-
ary sampling month) (Fig.7). That of females
also showed the similar tendency with males
(Fig.7). The result that the monthly age struc-
ture of collected specimens indicated no typical
seasonal changes (Fig.6), also confirmed the
continuous recruitment of young squid of the
similar ages older than 3 months after hatch-
ing in the area (Fig.7).

Although the size at estimated age of the
squid varied wide, there was a tendency that
mantle length increased with increase in age
and the relationships between ML and esti-
mated age (¢ in days) in each hatching month
from May 2002 to February 2003 were ex-
pressed by exponential curves with growth co-
efficient ranging from 0.020 to 0.026 (Fig.8).
The value a of the squid hatched in June 2002
was 0.026 and it decreased to the minimum
value of 0.020 in October to November and Feb-
ruary 2003 (Fig.9). There was no significant
different in the relationship between ML and
estimated age between males and female of
each hatching month from May 2002 to Febru-
ary 2003 (F=35.4, d.f. 11,538, p=0.967).

3.5 Spawning and recruitment period

Main spawning season of the population in
Moroiso area was estimated from dJune to
August based on the results of maturation
stages and reproductive organ length indices
(Fig.4 and 5). Spawned eggs in the area will
hatch after one month from July to September.
L. edulis hatching at main spawning season in
the area will recruit and captured by set-net in
Moroiso Bay during a period from November
to February from 3 to 6 months after hatching
(Fig.Dn).

Although the

proportion of matured
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individuals was very small, the secondary
spawning season was estimated to be from
January to April (Fig.4 and 5) and would be
hatched between February and May, which
would be recruited to the fishery ground and
landed from June to October (Fig.8) even
though the amount was very small.

4. Discussion

In Kyushu and southwestern coast of the Ja-
pan Sea, L. edulis was an important fisheries
resource and catches was fluctuate from May
to December with two peaks during June-July
and  October-November  (FURuUTA,  1978;
OKAJIMA et al., 1983). In contrast with the Ja-
pan Sea coast, annual catches on the coast of
Sagami Bay and Tokyo Bay were reported rela-
tively small with two peaks in January and
March, respectively. And a lower peak existed
during November-December which was the
same period to the east coast of Sagami Bay
and Tokyo Bay (KUBOSHIMA, 1992). In the pre-
sent study, adult and young L. edulis occurred
throughout the year which was similar to the
description of KuUBOSHIMA (1992) in the east
coast of Sagami Bay.

There was no significant difference in the re-
lationship between mantle length and body
weight among sexes of L. edulis in Moroiso.
The relative growth coefficients from the
power equation (exponent b) of the relation-
ship between ML-BW have been reported varies
with seasons and locations from the east China
Sea to Hyogo Prefecture region over a range of
1.8-2.2 and 1.7-2.4 for males and females, re-
spectively (YAMADA et al., 1983). The exponent
of 2.53 for male and 2.54 for female of this
study in Pacific coast took a little higher value
compare with those at the western Japan Sea.

The minimum size of fully matured speci-
mens in the present study was 98 mm and 95
mm ML for male and female, respectively,
which were larger than that of 70-80 mm ML
in male and smaller than that of 110-120 mm in
female reported in Nagasaki Prefecture
(TASHIRO, 1977; SEIKAI Reg. Fish. Res. Lab. et
al., 1978). CHOTIYAPUTTA (1994) reported that
“L. edulis sub sp.” matured at a size of 30 mm
ML in the Gulf of Thailand. The degree of ma-
turity and size of squids has a great variation

according to season and locality (JACKSON,
1993) especially for tropical loliginid squids
such as L. chinensis and L. duvauceli in Thai
waters (CHOTIYAPUTTA, 1994).

In Moroiso Bay, matured individuals oc-
curred throughout the year and the main
maturation period was estimated to be June to
August with a secondary maturation peak in
March only for males based on the maturity in-
dex and back calculated hatching date. On the
coast of Kyushu the spawning season of the
species extends throughout the year (SEIKAI
Reg. Fish. Res. Lab. et al, 1978) but in the
north or east it tends to become shorter
(NATSUKARI and TASHIRO, 1991). In the north-
ern area of Yamaguchi and Hyogo Prefectures,
the spawning period of the species was shorter
with three main spawning periods in spring,
summer and autumn (YAMADA et al, 1983).
Because Moroiso is located nearly the northern
limit for this species in the Pacific coast
(NATSUKARI and TASHIRO, 1991), the main
spawning season in the present study was lim-
ited in shorter period from June to August and
the number of matured squid in other season
was very small especially in females.

The estimated hatching dates for L. edulis in
the present study revealed the seasonal change
of the hatching and growth in each hatching
month for the monthly collected specimens.
The squid caught from April to June hatched
mainly from September to February. The sea-
sonal change of the growth coefficient a in pre-
sent study suggested the difference in growth
rates of L. edulis in different hatching months
or seasons in Moroiso Bay. The environmental
conditions such as temperature and food avail-
ability were suggested to be the main factors
affecting the growth of the seasonal groups of
squid (CoeLHO and O'DOR, 1993). Based on the
analysis of seasonal samples of tropical
loliginid squid, JACKSON and CHOAT (1992) also
pointed out that there was considerable sea-
sonal variation in growth. To analyze the
growth of L. edulis the further study will be
needed in relation with environmental factors
and maturity condition of the squids.

The life span of L. edulis was reported to be
1 year (TASHIRO, 1977; SEIKAI Reg. Fish. Res.
Lab. et al., 1978) and that was supported by
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age analysis of statolith increments
(NATSUKARI et al, 1988). In contrast, the
maximum age estimated in the present study
was less than 9 months for females and 10
months for males which younger than previous
study (NATSUKARI et al., 1988). The present
study is the only report of the age analysis of
L. edulis in the Pacific coast and there will be a
possibility that L. edulis in the Pacific coast
have a better growth and mature and spawn in
shorter period compare with those in the Japan
Sea (NATSUKARI et al., 1988).
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Do the ayu (Plecoglossus altivelis altivelis) born in the river with
an inlet or large estuary in its mouth perform a homing ?

Ebrahim ALJAMALL, Izumi KINOSHITA, Minoru SASHIDA,
Takashi HasHimMoro and Jun-ichi NUNOBE

Abstract: The distribution of ayu larvae and juveniles from the Kagami River were investi-
gated around Urado Inlet, into which the river flows, from October 2004 to June 2005. The
downstream swept larvae were distributed over the inside of inlet, and were never found out-
side the inlet. Vertically, they tended to be dispersed from the surface to the bottom, and to be
concentrated at the surface when more developed. The larvae (yolk-sac to flexion stages) of 4-
10 days old (chiefly 4-6 days old) occurred. In shallow waters around Urado Inlet, the larvae
and juveniles continued to occur from November to May, in particular were assembled in the
Kagami estuary located in the bottom part of inlet in January and February. Their main
stages were postflexion around 20 mm BL. These facts suggest that the ayu larvae born in the
Kagami River immigrate to shallow waters of the inner part of inlet, where they are nursed
until upstream migration, after pelagic life in the inlet without migration into the open sea.
Consequently, it is presumable that they perform a homing.

Keywords: Ayu, larvae and juveniles, Kagami River, Urado Inlet

Introduction

The ayu Plecoglossus altivelis altivelis is
amphidromous osmerid fish with an annual life
cycle, and spawns in the lower reaches of rivers
in autumn. Usually hatched larvae immedi-
ately sweep downstream to the sea, where they
spend the winter months until ascending rivers
as juveniles in spring.

In the 1980s, it was found that abundant ayu
larvae were aggregated along surf zones of
sandy beaches facing Tosa Bay (SENTA and
KINOSHITA, 1986). This discovery played an im-
portant roll to advance study on the early life
history of ayu in subsequent works. Further-
more, it was shown that amounts of ayu larvae
and juveniles remain and grow within the
Shimanto (Kochi Prefecture) and Kumano
(Wakayama Prefecture) estuaries until spring,
and their growth rates estimated were higher
in the estuary than outside surf zones

Usa Institute of Marine Biology, Kochi University,
194 Inoshiri, Usa, Tosa, 781-1164 Kochi, Japan

(TSUKAMOTO et al., 1989; TAKAHASHI et al.,
1990). However, it is incompletely corroborated
whether the remainders had never experienced
pelagic life in the sea, and little is known about
its significance in the entire population
(TAKAHASHI et al., 1998, 1999, 2000, 2002, 2003).

Recently, we found ayu larvae remaining in
the Kagami River, flowing across central Kochi
City (the capital of Kochi Prefecture). In this
paper, to clarify mechanism of remaining in
the river, larval distribution and migration
were detailed in the Kagami estuary and Urado
Inlet, being interposed between the river and
Tosa Bay.

Materials and methods

Surveys for collection of the ayu larvae and
juveniles, being categorized into two (pelagic
and immigration periods), were made monthly
from October 2004 to June 2005. For the pelagic
larvae, horizontally discrete depth at surface,
middle and near the bottom layers and oblique
from near the bottom to surface tows with a
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larva net (1.3 m mouth diameter, 0.5 mm mesh
aperture) were carried out at Stns. L1-L3 (in-
side the Urado Inlet) and L4 (outside the in-
let), respectively (Fig. 1). Of which, at only
Stn. L3, a spcialized beam trawl (0.25 X 1.5 m-
mouth, 1 mm mesh aperture) was used. This
net was modified after KUIPERS's (1975) and
designed to keep 5 em apart the lower beam of
the mouth from bottom to collect pelagic larvae
distributed near the bottom. Towing depths
and filtered water volumes (m*) were checked
and calculated using a diver’s watch (Log
Memory 1473, Casio) and flow meter (2030R,
General Oceanics), respectively. No data was
near the bottom of Stns. L.L1 and L2 in Novem-
ber due to unsuccessful tow.

For the immigrated larvae and juveniles, a
seine net (1 X 4 m, 1 mm mesh aperture)
(KINOSHITA et al, 1988) was used at Stns. S1-
S10 arranged along shallow waters around
Urado Inlet (Fig. 1). Two persons kept the net
stretched, and waded backward in the waters,
from ankle- to neck-depth along the shore-line
for a distance of ca. 50 m (2 min.).

All samples were preserved in 10% sea-water
formalin, and sorted ayu specimens were trans-
ferred to 80% ethanol and subsequently were
measured their sizes by developmental stages
(KENDALL et al., 1984). Unlabeled lengths are
body lengths (notochord length in yolk-sac,
preflexion and flexion larvae, and standard
length in postflexion larva and juvenile).

A maximum 30 and 50 specimens from collec-
tions in the inlet and shallow waters, respec-
tively, for each station of each sampling date
were selected randomly for age determination
from otolith (sagitta) (TSUKAMOTO and KAJI-
HARA, 1987).

Water temperatures and salinities were
measured at the surface and bottom of each
shallow water station (Stns. S1-S10) and at 0.5
m-intervals from the surface to bottom of each
inlet station (Stns. L1-L4) with HSCTS (Model
30, YSI Inc.) and STD (AST500-P, Alec Elec-
tronics), respectively.

Results
1. Distribution of pelagic larvae in the inlet
1) Physical condition
According to vertical profiles of temperature

R

Kagami

‘ R

0 1 km

Tosa Bay

Fig. 1. Chart of Urado Inlet showing stations where
the ayu larvae and juveniles were collected form
October 2004 to June 2005. For the pelagic larvae,
sampling were made at Stns. L1-L3 and L4 (dou-
ble and open circles), and for the immigrated lar-
vae and juveniles, sampling were made Stns. S1-
S10 (triangles). Shaded areas indicated eelgrass
beds.

and salinity, temperature decreased monthly
from November to February, and stratification
and mixed layers in salinity were formed in-
and outsides of the inlet, respectively (Fig. 2).
In January and February, outside water mass
being higher salinity tended to influx through
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the bottom layer.

2) Distribution of the larvae

A total of 1,476 ayu yolk-sac (3.4-7.3 mm),
preflexion (4.3-8.6 mm), flexion (6.2-13.4 mm)
and postflexion (12.0-20.4 mm) larvae were col-
lected from November to February, with a peak
in November (Fig. 3). Horizontally, most
abundance was found at Stn. L1, but none of
larvae was appeared at Stn. .4 in any months.
Vertically, the larvae tended to be dispersed
throughout the layers from the surface to
around 5 m-depth in all months, and in Novem-
ber and December, they were somewhat more
densely distributed around 5 m-depth.

3)Compositions of size and developmental
stages

Most of samples were composed of chiefly the
yolk-sac and preflexion larvae with modes at
5.1-5.5 to 6.6-7.0 mm (Fig. 4). The composi-
tions little changed among months, but some-
what varied both horizontally and vertically.
In November and December, larger and more
developed larvae were distinctively distributed

Nov. Dec.

Temperature ( )

L

at Stn. L1 than Stn. L3. Furthermore, the flex-
ion larvae over 8 mm tended to be more abun-
dant at the surface except of Stn. L2 in
November.

4) Monthly changes in age and hatching period

Ages and hatching dates of the larvae ranged
from 3 to 30 days and from 29 October 2004 to
22 January 2005, respectively (Fig. 5). Modal
age was b days in any months, and some larvae
older than one week also occurred in the inlet.
Hatching dates were distributed from late Oc-
tober to late January, and their duration of
each month sample was largely isolated, i.e.
larvae collected. November, December, January
and February were born in late October to
early November, late November to early De-
cember, middle January and late January, re-
spectively.

2. Distribution of immigrated larvae and juve-
niles along shallow waters
1) Temperature and salinity

Monthly changes in average water tempera-
ture and salinity of four sites are shown in Fig.

Jan, Feh.

Salinity (psu)

Depth (m)

1 i :

[P 12 L3

L
Lt

Station

Fig. 2. Monthly changes of vertical isotherms and isohalines on the section of Stns. L1-L4
in Urado Inlet from November 2004 to February 2005.
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Nov. Dec.

Jan. Feb.

Depth (m)

L1 L2 L3 L4

Station
0 10 100 700 /1000 m®
[

5 50 S00

Fig. 3. Monthly changes of vertical distributions of the ayu larvae in Urado Inlet from No-
vember 2004 to February 2005. The diameter of each circle is drawn in proportion to the
cube root of density (n/1000 m®) of larvae collected, of which the largest and smallest
were 681.1 and 1.0 at the middle layer of Stn. L1 in November and the surface layer of
Stn. 2 in February, respectively. Crosses represent no ayu larvae.

6. Average temperature was lowest in Febru- to May, respectively. Salinity was kept to be
ary in most of sites, and kept higher in highest in Tanesaki beach, and to be higher in
Tanesaki beach (Stn. S10) and Kinugashima Tanesaki beach and Kinugashima than in

(Stn. S9) in November to February and March estuarine sites (Stns. S1-S8). Consequently,
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Fig. 4. Monthly, horizontal and vertical comparisons of frequencies of size and devel-

opmental stages of the ayu larvae collected with a larva net in Urado Inlet from No-
vember 2004 to February 2005.
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Fig. 5. Monthly changes of age and hatching-date distributions of the ayu larvae collected with
a larva net in Urado Inlet from November 2004 to February 2005.

monthly relationship between two physical pa-
rameters showed a reciprocal pattern.

2) Distribution of larvae and juveniles

A total of 1,117 larvae and juveniles (6.5-46.0
mm) were collected in the shallow waters
around the inlet from November to May with a
peak in January. Horizontal distributions were
monthly showed in Fig. 7. Between December
and February, larvae and juveniles aggregated
in the Kagami estuary (chiefly Stn. S4), but al-
most disappeared from March forward. Con-
versely, few larvae and juveniles appeared
along the coast of Kinugashima (Stn. S9) lo-
cated in the central inlet, and sporadic occur-
rences were found along Tanesaki beach (Stn.

S10) near the mouth of the inlet.

3) Monthly changes of size and developmental

stages

Size and developmental stage compositions of
specimens collected from the shallow waters
along the inlet were spatially and monthly
showed in Fig. 8. Specimens were composed of
chiefly the postflexion stage and all juvenile
stage in November to Mach and April to May,
respectively. In the Kagami estuary (Stns. S1-
S6), modal sizes were 12.1-13.0 mm in Decem-
ber, 11.1-12.0 and 14.1-15.0 mm in January,
and 12.1-13.0 and 16.1-17.0 mm in February,
and increased monthly. In the Kokubu estuary
(Stns. S7-S8) and Kinugashima (Stn. S9),



Possibility of homing of ayu born in Kagami River 151

251

Temperature (°C)
[e]
v
/
\D

//

Salinity (psu)

()ét. N(‘)v. chc. JalnA F(I:b, Mlan A;Inx M;ly .h;nc
Month

Fig. 6. Monthly changes of mean temperatures and
salinities in shallow waters around Urado Inlet
from October 2004 to June 2005. Circles, corsses,
triangles and squares indicate the Kagami (S1-
S6) Kokubu (S7-S8) estuaries, Kinugashima Is-
land (S9) and Tanesaki beach (S10), respectively.

modes were 13.1-14.0 or 14.1-15.0 mm, and lit-
tle changed monthly. In Tanesaki beach (Stn.
10), chiefly postflexion larvae with a mode at
10.1-11.0 mm appeared in December, thereafter
interposing January to March when few col-
lected, and juveniles larger than 30 mm sud-
denly occurred in April.

4) Comparison of age and hatching date be-

tween the estuary and beach

Ages and hatching dates of the larvae and ju-
veniles ranged from 6 to 135 days and from 23
October 2004 to 26 January 2005, respectively
(Fig. 9). To examine the duration of residency
of the immigrated larva, their age and hatch-
ing date distributions were compared for each
month between the Kagami estuary (Stns. S1-
S6) and Tanesaki beach (Stn. S10), where
specimens were more abundant (Fig. 9). In the
Kagami estuary, modal age was at 16-20 days
in December, subsequently exhibited two peaks
at 11-15 and 31-35 days in January, and their
range widened toward older with pleural modes
in February. Hatching dates were distributed
from early November to late January, and

distribution overlaps were seen over occurrence
period, in particular being distinctive between
January and February. In Tanesaki beach, ap-
parently different age groups with modes at 11
—20 or 81-85 days were present in December and
April, respectively; furthermore, hatching
dates were distributed for November in the for-
mer and for January in the latter, and never
had overlapped between two groups.

Discussion

The ayu pelagic larvae never went outside of
the inlet, and were denser in the inner part of
the inlet (Fig. 3). On the other hand, CPUE of
immigrated larvae and juveniles were consid-
erably greater in the Kagami estuary than in
other sites (Fig. 7). Considering overlapped du-
ration of hatching, the swept larvae had led pe-
lagic life for less than one-month in the inlet,
and their residence term had been more than
two-month until the juvenile stage in the
Kagami estuary (Figs. 5, 9). Compared size
frequencies between Stn. L1 and Stns. S4-S6,
larger and older specimens in the former sta-
tion overlapped distinctively with smaller and
younger ones in the latter stations (Figs. 4, 5,
8, 9). From these facts, it is conceivable that
most of ayu born in the Kagami River immi-
grate and use the shallow waters of the estuary
as their nursery ground, immediately after the
pelagic life in the inlet, without going out Tosa
Bay. Furthermore, their disappearing from the
Kagami estuary suggests migrating upstream
the river in March. Consequently, it is presum-
able that the unique migration makes ayu lar-
vae home actively. Abundances of ayu larvae
and juveniles along neighboring beaches out-
side of the Shimanto River mouth compares
poorly with those of others (the Shimonokae,
Niyodo and Monobe Rivers) flowing into Tosa
Bay (SENTA and KINOSHITA, 1986; HAMADA and
KINOSHITA, 1988; AzuMA et al., 1989, 2003a, b;
KINOSHITA, 1993; FuJiTa, 2005). This seems to
be attributed to the remaining of ayu larvae in
the Shimatno estuary (TAKAHASHI et al., 1990)
like the Kagami River of the present study.
Hence, it is possible that ayu born in the river
with an inlet or large estuary in its mouth stay
in the inlet or estuary and can perform the
homing, they indeed supporting the stock of
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0 10 100/ haul
L i 11

Fig. 7. Monthly changes of horizontal distributions of the ayu larvae
and juveniles around Urado Inlet from November 2004 to May
2005. The diameter of each circle is drawn in proportion to the
cube root of CPUE [(n/haul (2 min.)] of larvae and juveniles col-

— lected, of which the largest and smallest were 90.2 at Stn. S4 in
February and 0.2 at Stn. S9 in April, respectively. Otherwise same
as in Fig. 4.
each river. especially at the surface of the inlet (Fig. 4).
In the present study, a number of larger pe- This phenomenon was seldom found in coastal

lagic larvae could be frequently collected waters of Tosa Bay and the other waters
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Fig. 8. Monthly and horizontal comparisons of frequencies of size and developmental stages of
the ayu larvae and juveniles collected with a seine net in the shallow waters around Urado
Inlet from November 2004 to May 2005.
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Fig. 9. Comparison of monthly age and hatching-date distributions of the ayu larvae and juve-
niles collected with a seine net between the Kagami estuary (innermost inlet) and Tanesaki

beach (near the mouth of inlet).

(SENTA, 1967; TSUKAMOTO, 1988; YAGI et al.,
2006), but was similar to that in Toyama Bay,
the Japan Sea (Taco, 2002). This differentia-
tion could be attributable to consequence of the
water column. Inside of Urado Inlet, stratifica-
tion column in salinity persisted constantly
during the present study (Fig. 2). In Toyama
Bay, vertical profile of salinity was shown
merely at two stations of one survey, and dis-
tinctive haloclines were formed at layer shal-
lower than ca. 1 m-depth (Taco, 2002).
Conversely, off the mouth of the TAKAHASHI
River, the Inland Sea of Seto, mixed column
was developed (SENTA, 1967). In Tosa Bay,
when waters were stratified and mixed verti-
cally, larger larvae were marginally and hardly
collected, respectively (YAGI et al., 2006). These
information possibly reveal that larger larvae
also continue to be distributed at the surface in
themselves when stratified water column, but

was dispersed vertically and there was little
chance for them being collected when mixed
water column due to their extremely lower den-
sity by a severe mortality. In the Shimanto es-
tuary, distribution near the bottom of larger
larvae over 10 mm is likely a special example
that larvae after consuming yolk-sac to near
the bottom of themselves, because their relative
specific gravity had to become higher under a
brackish environment (KITAJIMA et al. 1998).
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The antagonistic bacterium that represses the growth
of eel phathogens, Edwardsiella tarda

Kohsuke NogucHI*!, Kazuo IWATA "%, Masachika MAEDA ™'

Abstract: Edwardsiella tarda shows the serious pathogenicity to many fishes. In particular eel
aquaculture industry suffers a big damage with this pathogen. To repress its growth several
drugs are using, but there are little effective to prevent this disease, because antibiotics resis-
tance microbes are appeared. And vaccine under development is not yet in practical use. There-
fore in this study antagonistic bacterium that represses pathogenic microbes in the process of
microbial interactions was used for prevention of eel diseases. As a result, E. tarda infection to
eel was restrained using bacteria EKZ-2 which was isolated in the coastal environment of
Miyazaki City. Also, in eel aquaculture in situ, a difference was observed with the number of
death in case of the bacterial dosge, which the survival number of the eel was much higher us-
ing EKZ-2 than that without EKZ-2. This results suggest that eel could be protected from the

E. tarda infection by addition of antagonistic bacteria in situ.

Keywords: aquaculture, Edwardsiella tarda, antagonism, bacteria, eel
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AT, E. tarda ©SEFEEIHICEN & R EF 4
LISTIMEAHEL, ZoEEREEKEY FF
(Anguilla japonica) ~N#EOHET S22 &LI12LD,
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L.

KA 7 1 A (Ecklonia kurome) O i+
S5 HE U7 I IREKZ-2 ¥RiZ 7 5 LkatkT,
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ble 1. %7, WAL TITB T 2Bk O H5H
% 70Bell2216E5 i (ZoBELL, 1943) T 3 H [ 2%
GREE22C) LT -2 & 2 5, (RKGSMEIE (2.5g )/
L NaCl) < & 345l L 72 (Fig. D).
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U, B O BEREAS, 93 it R BB e IR X & b
U, BT A3hEME - THE L (HiH,
2005). Z OFEH, EKZ-2 WRIFILE. tarda i
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Table 1. Edwardsiella-static actibity of the strain EKZ-2 and its tentative identification

Bacterial Edwardsiella-static Cytochrome Tentative
strain activity Gram-stain ~ Motility ~ oxidase test O-F test identification
EKZ-2 -+ — + + — Genus Pseudomonas

1x100°

1% 109

Number of bacterium EKZ-2 (CFU/ml)

1% 108

1%107
0 25 5 10 15 30
Concentration of NaCl (g/L)

Fig. 1. Growth of the EKZ-2 strain in different NaCl
concentrations for 3days at 20°C through the
method of plate count.

ERFELTHS I EMHIL 2 (Fig. 2).

E. tarda/&4ei M g2 836 M E (EKZ-2) #
HRBX MR EGXAEREL TT-7. X ED
vFFISRT2EME L, HFHMEERSX TR
EKZ-2 #RE:8 5 % 50ml kg @ #4& TRA ik

E. tarda

e
m—

Tested bacterium

BEL, 7FFH30g/R)ITKRED3% MY D i
mE LTHRE L, EREX TR OR
Al ERE LUz, KX EHITY F F422ARI30
CTHEMBT L., 0%, WHEE. tarda %
10, 10°, 10° CFU/mlD#EIc /MW U sk,
F FHEPERNIZ0.5mID R THS L, v FEILH
EFEX LXK & THEE L (Table 2). 20
MR, E. tarda OEEA10' CFU/mNUZF#% L 72
Bt EKZ2 % 5XTReRMEFL, Mgk
BHXTIR15HB T RMEESE L 72 (Fig. 3). Z
DRI, EIUHME&RSICXY, T KUY YT I
BRI EN S 2 EERE LTS, 51T,
MREEEGXIZBOLTE, HAVEDOTFEOK A
HRonihorkl Ens, ERKZ2 DY+ FA
OEZBIIIL D, HE0EDEOED EHE L
7.

T, w|hEMhIC B 1 B EKZ-2 Bk 592 %
Toto, EBICHM L#EthTid Ny 2Rt
BIEEIT->TH O, KiRiZFI0°C, 1150 m®)
Mz 2 HROYFF4MBELTNHS, 3H

E. tarda

Fig.2. Determination of E. tarda-static activity by the tested bacterium. Two smears of the tested bacterium and
E. tarda are inoculated concomitantly in the same agar plate, in which E. tarda is placed between the two
smears (right). Also E. tarda is inoculated alone on the agar plate as a reference (left).
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Table 2. Survival number of eel after injection of the different concentration of E.tarda

With the Strain EKZ-2 Without the Strain EKZ-2
Concentration of . tarda (CFU/ml) Survival number of eel

106 0 0

105 6

10# 15
15 .
14 }
13 L

—m— With the Strain EKZ-2
—@— Without the Strain EKZ-2

Survival number of eels

S N W AR TN RS
T

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time (days)

Fig. 3. Cumulative mortality of eel with and without oral administration of the E. tarda-antagonistic bacterium.

4000

3000

—J—  With bacterium

—©—  Without bacterium

2000
—B—  without bacterium
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Fig. 4. Cumulative mortality of eel in pond trial after administration of E. tarda-antagonistic bacterium.
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