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Abstract: Outdoor floating rearing ponds were used for mass rearing of eggs and em-
bryos of Acroporid corals that were transported from slicks on the sea surface, after si-
multaneous spawning at Akajima, Okinawa, on May 23, June 13, 2003, and June 1,
2004. The mortality rate of embryos (i.e. until about 70 hrs post-fertilization) was high
and varied by slicks, ponds and over time in a single pond. However, the mortality rate
lowered among swimming planula larvae. A pond mean of 43% of the stock on Day 3
or 134 inds/l survived until Day 6 when they achieved viability for settlement. The em-
bryos were concentrated on the surface of ponds, but the planulae were distributed
more or less evenly throughout the water column. By reducing the density of embryos
on the surface and providing shade to avoid direct sunlight, it will be possible to pro-
duce in the ponds more planulae able to settle on the substrate.
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INTRODUCTION

Increasingly, coral reefs are facing threats from
a number of natural and human causes. A re-
cent report estimates that 20% of the historical
extent of coral reefs in the world have been de-
stroyed during the past 40 years. It also pre-
dicts that 24% of the world’s reefs are under
imminent risk of biological collapse through
human pressures, and a further 26% are under a
longer-term threat of collapse (Wilkinson 2004).
To conserve the coral reefs, comprehensive coral
reef protection and management legislation is
needed to promote research and restoration.
However, the today’s situation is extremely wor-
rying. One researcher asserts that this unique

ecosystem may not be able to show immediate
prospects of recovery unless extensive restora-
tion and remediation projects are carried out
(Rinkevich 2005).

Transplantation of coral fragments has been
accomplished in Japan and other countries at
various places as one of the coral reef restoration
technique (Okubo and Omori 2001, Rinkevich
2005). Fragment transplants from donor sites to
new sites, however, result in high mortality. Also,
fragments from a limited number of donor colo-
nies may cause genetic bias in a new coral
population at the spot where they are trans-
planted. Moreover, in many cases the trans-
plantation act itself inflicts additional stress on
donor coral populations. The fragment trans-
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plants in Japan have been characterized by lack
of standard procedures and high labor costs for
large-scale transplantation. There are no prac-
tices, other than avoidance of physical impacts
that can yet be recommended for effective res-
toration of large areas using fragment trans-
plant techniques.

In light of the current state of transplant
knowledge, we have attempted to develop resto-
ration techniques that use sexual reproduction
of Acroporid corals, and we have devised methods
for obtaining biological material and inducting
larval settlement (Hatta et al. 2004, Omori 2005).

In Okinawa, following simultaneous spawning
of corals in May and June, large numbers of eggs
and embryos aggregate and drift in slicks on the
sea surface (Hayashibara et al. 1993). They can
be skimmed from the surface and reared using a
water tank in the laboratory or an outdoor rear-
ing pond until the planula larvae gain viability
to settle. They may then be seeded onto artifi-
cial substrates or on natural reef rocks.

The present study seeks an enhanced tech-
nique for mass rearing of coral embryos and
planulae. Temporal variations of their mortality
and vertical distribution in the rearing ponds
were studied. We have previously reported par-
tial results (Omori et al. 2004), but we summa-
rize herewith the previous data and some new
results of additional experiments for a more
conclusive report.

METHODS

The outdoor floating rearing ponds (hereafter
referred as the ponds) in Aka Port on Akajima
Island, Okinawa Prefecture, are made of nylon-
reinforced vinyl fabric, 2.0x2.0X1.0 m - WXLXxD.
(See another pond for study to vertical distribu-
tion). Each contains 3.2 tons of seawater (Fig.1).
The ponds were supported by floating frame-
works anchoraged in well protected water about
30 m from a public boat ramp. Fresh seawater
was provided throughout the perforated shower-
ing hose along lip of the pond, by a submerged
pumps, yielding approximately 1-ton/h of water.
The showering is devised to prevent adhesion
of coral embryos and planulae on the vinyl fab-
ric when they are floating on the surface.

Experiments were carried out during the pe-
riods from May 23 to 29, and June 13 to 17, 2003,
and from June 1 to 9, 2004, when slicks appeared
on the sea surface at Aka Port or neighboring
waters after simultaneous spawning at night

Fig. 1. Floating rearing pond

(around 22:00hr). On May 23, 2003, the slicks
were found 9h after spawning [Exp. A (May
2003) in Fig. 2I, whereas they were found im-
mediately after spawning on June 13, 2003
[Exp. B (June 2003), C (June 2003) and on June
1, 2004 [Exp. D (June 2004)]. The slicks were
skimmed and introduced within hours to the
ponds without measuring the initial densities.

Temporal variation of densities (number of
individuals/l) of eggs, embryos and planulae was
determined at 7 ponds. At a single pond only, the
pond water was sampled at 9 evenly spaced po-
sitions by inserting an acrylic tube-sampler from
the surface to bottom [Exp. A (May 2003) and
B (June 2003)]. The tube, 1.3 m long and 3 cm
in diameter, collected about 650 ml of the water-
column at one manipulation (Yokokawa 2004).
At the other 6 ponds, 5 to 10 replicate samples
(50 ml each) were collected from the surface
immediately after the pond water was stirred
well to remove bias and stratification of the distri-
bution [Exp. C (June 2003) and D (June 2004)].
The number of eggs, embryos, and planulae in
each sample was counted using a dissecting mi-
croscope.

Vertical distribution of embryos and planulae
in daytime was measured for 7 days at a single
pond that had the same dimension as other
ponds, but was 2.0 m deep. The slicks were
brought to the pond soon after the spawning on
May 31, 2004. Samples of water from 7 discrete
layers between the surface and 1.8 m deep were
sampled from four positions on the surface using
the bottle sampler of 130 ml each (Yokokawa
2004).

The water temperature and salinity of the
ponds were measured daily with a portable TS
meter (model ACT20-D, Alec Electronics Inc.)
during the rearing experiments. The surface
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water temperature in the outdoor ponds in 2003
and 2004 varied between 24.5 and 29.0°C, sa-
linity varied from 31.19 to 34.04 psu. The water
in the ponds was well mixed. Variation of the
temperature between the surface and bottom
was less than 0.5°C. Variation of the surface
temperature between inside and outside of the
pond was always less than 0.3°C.

RESULTS

Eggs and embryos collected were exclusively
scleractinian corals from the genera Acropora and
Montipora. Larvae of Acrepora could be distin-
guished from Montipora by the absence of
zooxanthellae in the body, and Acropora always
comprised more than 90% of embryos in the slicks
in 2003 and 2004.

The temporal variation of the mean density
of embryos and planulae during the four rearing
experiments is shown in Fig.2. Results of Exp.
A (May 2003) and B (June 2003) shown are at
the same pond but from different slicks of dif-
ferent months. The average density of embryos
in Exp. B (June 2003) lowered suddenly from
1198 inds/l to 78 inds/l during the first 16 h post-
fertilization. High mortality among those em-
bryos was seen to relate to their high density
in certain places at the surface. The difference
of densities among 9 samples at 16 h post-
fertilization was ~8.8 times (S.D. 43.6 inds/)).

The starting times of the experiments and
initial densities of the populations were not
standardized. However, the results apparently

1400

indicated that mortality at the embryo stage was
significantly higher than that at the planula
stage (Fig. 2). In Exp. D (June 2004), the mean
density of embryos over the first 48 h varied
significantly among 6 ponds. In 4 out of 6 ponds
the original density at 16 h post-fertilization had
increased at 40 h. The mortality rate in the em-
bryos between 14 h and 67 h post-fertilization
was 29.6%/day, whereas, that between the 67 h
and 135 h post-fertilization was 20.3%/day. That
is to say, the mean number of planulae at a pond,
about 15% of the original stock or 429x10° inds
(134 inds/D), survived on Day 6 (135h post-
fertilization).

In this calculation a considerable number of
unfertilized eggs and small, abnormal embryos
with separated blastomeres usually was included
in the count until Day 3. Normal eggs of Acropora
are larger than 510 pm (Wallace 1985, Ohya and
Iwao, 1998), whereas the small embryos we ob-
served at the present study were always less
than 300 pm.

Until 62 h post-fertilization, embryos were
concentrated near the surface (>90%) (Fig.3).
After developing into swimming larvae (about
70 h post-fertilization), they began to disperse,
and were distributed more or less evenly
throughout the water column. On Day 4, when
some larvae were viable for settlement, 15% of
them were found near the bottom. A tendency
for all larvae to move toward bottom was not evi-
dent, however, at any time during the rearing
period.
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Fig. 2. Mean density of coral embryos and planulae over time in 7 ponds from May 23 to 29 [Exp. A
(May 2003)], June 13 to 17 [Exp. B (June 2003), Exp. C (June 2003)], and June 1 to 9, 2004 [Exp. D

(June 2004)]. Error bars show +8S.D.



80 M. Omori, S. Shibata, M. Yokokawa, T. Aota, A. Watanuki, and K. Iwao

0 25 50 75100 (%)

30

60

90 1

Depth (cm)

120 1

150 1

180

42h 62h 86h

111h 135h 159h 183h

Time after spawning

Fig. 3. Vertical distribution of coral embryos and planulae in the pond during daytime.

DISCUSSION

The rearing in the ponds resulted in fairly high
mortality of embryos in 3 days post-fertilization.
The mortality was lower on Day 4 and after-
ward when they became planulae. The average
density of planulae on Day 6 (134 inds/l) in the
ponds [Exp. E (June 2004)] was very close to that
obtained by Heyward et al. (2002) who reared
embryos and planulae from the slick, using a
self-contained floating pond of 1.5 tons water
capacity in the sea. They produced a pond mean
of 5% of the original stock found on Day 2 or
133 inds/l surviving to Day 6.

Generally, the unfertilized eggs dissolve within
18-36h after spawning (Iwao, unpublished data).
Pollutants leached from dead eggs and embryos
on the surface layer could be highly harmful to
physiologically sensitive embryos. Given that the
initial densities of eggs and embryos on the
surface water in Exp. B (June 2003) and Exp. D
(June 2004) were 958%10° inds/m* and 726x10°
inds/m® respectively, it is considered that their
excess concentration and exposure to ultraviolet
radiation at the surface might cause high mor-
tality. Differences in mortality of embryos and
planula larvae with and without ambient UV
radiation, particularly UV-B (280-320 nm), were
not investigated for the present eggs and em-
bryos. But, harmful effect of UV-B on survivor-
ship of eggs and planulae has been pointed out
for 3 species of broadcast-spawning reef corals
(Wellington and Fitt 2003). They also found that
survivorship of larvae originating from shallower
parent colonies was higher compared to those

from deeper parent colonies due to higher UV-
tolerance.

The planulae began to swim using cilia, and
dispersed to the whole range of pond depth on
Day 4 (86 h post-fertilization in Fig. 3), indicat-
ing viability of movement to settle. Their vertical
distribution is, however, likely to be dependant
largely on their specific gravity, that is almost
equivalent to the surrounding water.

Our outdoor experiments indicated that it was
possible to produce planulae able to metamor-
phose with a pond mean of 429x10° inds or
134 inds/l. If the initial densities of eggs and
embryos in the pond were lowered and exposure
to UV-B radiation was reduced with shade, it
might be possible to increase survivorship and
produce many more planulae able to settle on
substrates. In this connection, using a large water
tank under shade, Shimomura (2004) has suc-
cessfully produced 250x10° inds (238 inds/l) of
planulae by rearing lower densities (100x10°
inds/m®) of eggs and embryos of Acropora spp. that
had been transported from the slick.

Rearing of coral eggs and embryos in trans-
ported slicks using floating ponds is simple and
yields good genetic variability of the larvae. With
manipulation of the slick, it will be possible to
rear some tens of millions of coral larvae. However,
appearance of the slicks near stationery rearing
ponds is not always guaranteed. Thus, it is risky
to count only on slicks to provide a continuous
supply of eggs and embryos for rearing. We must
consider alternative methods of collecting eggs
and embryos.
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