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The daily growth rates (DGR, % increase in wet weight day~!) of Gracilaria chorda, G. gigas, G. “ver-
rucosa”, G. incurvata and G. textorii from Tosa Bay, southern Japan were measured. Intact, young un-
branched fronds arising from new discoid basal discs were collected from natural attached populations of
Gracilaria and grown for two months in net cages suspended in the bay. DGRs of these fronds varied during
the culture period but were generally 2-4% day~!, and grazers were a problem. Growth response to
seawater temperature (10-33°C) was investigated by growing segments of thalli of each species for two
weeks in a closed-circulating system (aquatron). G. chorda showed its maximum DGR at 15°C
(3.82+1.00% day~!), while G. gigas (4.74+1.02% day~"), G. incurvata (4.19+1.16% day~') and G. textorii
(2.91£0.70% day~!) showed their maximum DGR at 20°C. G. “verrucosa” showed its maximum DGR
(1.54%0.63% day~!) at 18°C, being lowest among the species investigated, and did not exhibit a clear
response to temperature. G. “verrucosa” showed growth at 30 (0.64+0.30% day~!) and 33°C (0.79+

0.33% day1).

Key Index Words:  agarophytes—Gracilaria—growth rate—seasonality—southern Japan—temperature.

Species of Gracilaria are major sources
of the phycocolloid, agar (Santelices and
Doty 1989, McLachlan and Bird 1986). They
are distributed world-wide, and 16 species
have been reported from Japan (Yamamoto
1978).

Six species of Gracilaria occur in Uranou-
chi Inlet of Tosa Bay in Shikoku, southern
Japan. Five of them, Gracilaria chorda Hol-
mes, G. gigas Harvey, G. “verrucosa”™, G. incur-
vata Okamura and G. textorii (Sur.) DeToni,
represented more than 90% of the total mac-
roalgal standing stock in Uranouchi Inlet
during the growing season in January 1987
to December 1988, reaching a maximum value
0f 1,296.5 g (dry wt) m ™2 in May 1987 (Orosco
and Ohno, in press).

* The taxonomic status of different populations refer-
red to as G. verrucosa is uncertain (Abbott et al. 1985).
We use this name based on the recommendation of
Yamamoto and Sasaki (1988) to continue using this
name for the Japanese taxon until the status of this
species is resolved by crossing experiments with other
Japanese populations.

We are presently doing ecophysiological
and biochemical studies on these Gracilaria
species. In this paper, we report on growth
rates of the five species when cultured in net
cages in the field and in a temperature-control-
led, closed-circulating system (aquatron).

Materials and Methods

Two growth-rate experiments using the
three terete species (G. chorda, G. gigas and G.
“verrucosa”) and the two flabellate species
(G. incurvata and G. textorit) were carried out.
All samples were collected from natural popu-
lations of Gracilaria in Uranouchi Inlet of
Tosa Bay. Attached thalli were collected,
transported to the laboratory in seawater-
filled buckets and kept in running seawater.

Outdoor cage culture. For each species,
five to eight healthy, intact, young unbran-
ched fronds arising from new discoid basal
discs were cleaned of sediments and epiphytes,
tagged and placed in two nylon net-covered
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cages (10X20X20cm). The cages were
hung from a raft in the harbor to a depth of
0.5m. Wet weight of individual thalli was
measured weekly. Thalli were cleaned of
epiphytes and debris during each measure-
ment. This experiment was carried out for
a period of 56 days (Jan. 31, 1987 et seq.).
Growth-rate data are expressed as the
mean=®S.D. of five to eight thalli. Seawater
temperature, salinity, and nutrients (phos-
phate-phosphorus, nitrate-, nitrite- and am-
monium-nitrogen) were measured during each
sampling period. Nitrogen is expressed as
dissolved inorganic nitrogen (DIN =nitrate +
nitrite +ammonium). Salinity was measured
using a conductivity meter, while nutrients
were determined by colorimetric methods
(Meteorological Agency 1970).

Indoor culture. This experiment was
done to study the effect of seawater tempera-
ture on the growth rate.

One- to two-gram cuttings of apical por-
tions were prepared from the collected sam-
ples and were kept in flowing seawater for
24 h before start of the experiment. Fifteen
cuttings for each species, except for G. textori,
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were inserted between the braids of rope hang-
ing from a glass rod. These ropes were
weighed down by another glass rod. G. tex-
torii, because of its brittle and wide, flat thal-
lus, was tied to the ropes by a thread passing
through the thallus near its cut end. Samples
were cultured in a temperature-controlled
closed-circulating system, aquatron (Fig. 1,
Ohno 1977). Medium used was plankton
net-filtered seawater (450/) from the bay.
Light was provided by white fluorescent tubes
at a 12:12h light : dark cycle at a photon
fluence rate of 65 pE m~2sec™!. The system
was run for 24 h at the set temperature before
the start of the experiment. Temperatures
tested were 10, 12, 15, 18, 20, 22, 25, and
28°C. Growth rates of G. “verrucosa” were
measured also at 30 and 33°C. Wet weight
of each sample was taken after the 14-day
incubation period. Data represent the
mean+S.D. for 15 samples. This experi-
ment was carried out from April 19 to July
8, 1987.

Daily growth rate (DGR, % day~!) was
calculated using the formula of Rosenberg
and Ramus (1981): DGR =100 (In n/n,)t !,
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Closed-circulating system (aquatron) used in the temperature-growth study. C, plexiglass cover;

D, drain; G, glass rod; L, light panel; I, water inlet; R, rope; S, sand filter (recirculation tank).
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where n, is weight at the beginning of each
period, n, is weight after t days, and t is the
number of days.

Results and Discussion

Ambient seawater temperature, salinity
and phosphate-phosphorus varied little du-
ring the experimental period. DIN had
slightly higher values in March owing to in-
crease in the three nitrogen species measured
(Fig. 2).

In the outdoor cage-culture experiment, G.
textorii showed the highest long-term DGR
over the 56-day culture period, 4.47£0.51%
day~!, followed by DGR of G. “verrucosa”,
3.86+0.85% day~!. G. chorda and G. incur-
vata had similar DGRs, 2.97%1.36 and
2.96+0.67% day~!, respectively, while G.
gigas had the lowest DGR, 2.07+0.32%
day~! (Figs. 3 & 4).

However, daily growth rates varied from
week to week during the 56-day culture
period. G. textorii exhibited the highest short-
term DGR of 7.90£1.26% day~! at the
beginning, which, however, continually de-
creased to a lowest DGR of 2.87+0.80% day !
at the end of the culture period. G. incurvata
had a DGR of 5.32+0.89% day~! during
the first week but the rate decreased to about
602 of the initial rate (3.20+1.84% day~!)
in February, and in March the rate was only
26-37% of the initial DGR. G. “verrucosa”
had a high DGR during the first week of
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Fig. 2. Temperature (°C), salinity, DIN and

phosphate (¢g-at [~!) of ambient seawater during
the outdoor cage culture experiment.
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culture, but the rate decreased and remained
at about 50% of the initial DGR until the
beginning of March; then the rate decreased
further. The DGR of this species ranged from
0.76+0.91 to 6.86+4.76% day~!. G. gigas
had the lowest DGR, 1.76+0.86 to 2.56*
0.52% day~!, among the five species. Over
the two-month period, however, the rate was
never less than 80% of the initial DGR. G.
chorda had growth rates, equal to or slightly
higher than the initial DGR (3.37+1.98%
day~!) in February, but in March DGR was
only 62-87% of the initial rate. DGR ranged
from 2.04%0.77 to 3.70+2.01% day~.
One problem encountered during the field
growth study was grazing of the samples by
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Fig. 3. Daily growth rates (DGR, % day~!)

of the flabellate species (G. textorii and G. incurvata)
grown in net cages suspended in the bay. Plotted
values represent the mean=*S.D. at weekly intervals
(t=7). Daily growth rate over the whole culture
period (t=56) is given in the upper right-hand
corner of each graph.
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Fig. 4. Daily growth rates (DGR, % day™!)
of the terete species (G. chorda, G. gigas and G. “ver-
rucosa”) grown in net cages suspended in the bay.
Details are the same as in Fig. 3.

copepods. Van Dover and Kirby-Smith
(1979 in Rosenberg and Ramus 1981) noted
that the amphipod Caprella penantis occurred
among the branches of Gracilaria but it did not
consume the host seaweed. During our field
growth experiments, some copepods built
their “homes” on the thalli by cementing silt
around the main axis with a fibrous material
and lived in the space between the thallus and
the silt. Removal of these homes by forceps
revealed white grazing marks on the thallus
where the medulla had been exposed. Most
susceptible to this attack was G. “verrucosa”.
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Fig. 5. Daily growth rates (DGR, % day~1)
of Gracilaria species in response to seawater
temperature when grown in an aquatron for
14 days. Plotted values represent the mean+S.D.

Some animals were also found on G. gigas and
the fewest number was found on G. chorda.
When these animals were found on G. fextorii
and G. incurvata, they formed patches of silt on
the upper surface of the thallus. These struc-
tures were well-attached to the thallus and
could not be removed by washing with sea-
water; they had to be forcefully removed by
forceps. Heavy infestation resulted in frag-
mentation of the thallus, although in some
instances the broken branches were cemented
together by the silt structures.

In the aquatron experiment, growth rates
increased with increase in temperature from
10 to 20°C and decreased when temperature
exceeded 20°C (Fig. 5). G. chorda had its
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highest DGR at 15°C (3.82+1.00% day™!),
while G. gigas (4.74+1.02% day™"), G. incur-
vata (4.19%+1.16% day~!) and G. fextorii
(2.91£0.70% day~!) had their maximum
DGR at 20°C. G. gigas was the most respon-
sive to temperature, while G. “verrucosa” did
not show a clear response to temperature
although the maximum DGR occurred at
18°C (1.54%+0.63% day~!). The maximum
DGR was lowest in G. “verrucosa” among the
species investigated. The growth of G. “ver-
rucosa” was also measured at 30 and 33°C as
its thalli were found throughout the year in
the intertidal zone where the temperature
attains 30°C or more. DGR of this species
was 0.64+0.30% day~! at 30°C and 0.79%
0.33% day~! at 33°C.

Our previous study on the seasonal abun-
dance of natural populations of the same
Gracilaria species in Uranouchi Inlet (Orosco
and Ohno, in press) showed changes in bio-
mass corresponding to changes in seawater
temperature. Sporelings and new growth
from perennating holdfasts or stumps are ob-
served in late autumn to early spring when
seawater temperature is 13-15°C. Thereisa
large biomass from March to June-July,
when temperature increases to about 25°C;
however, biomass peaks in April-May (15-
18°C). Senescence occurs after the reproduc-
tive season when water temperatures are
above 23°C. Plants pass the summer as hold-
fasts, stumps, or spores attached to substrata
covered by sand; G. “verrucosa” in the upper in-
tertidal area, however, continues to grow
even when water temperature is 28-30°C or
slightly higher (Orosco and Ohno, in press).
The present results from the aquatron experi-
ment on G. “verrucosa” showed that growth is
possible at 30 and 33°C. In the natural
habitat, temperatures as high as these values
may be reached as the sites are located in inter-
tidal areas which are often exposed during
low tides.

Thus, the growth response of the five
Gracilaria species to temperature in the in-
door culture experiment coincides well with
the natural seasonal growth cycle of Gracilaria
species in Uranouchi Inlet of Tosa Bay. Ex-

cept for G. “verrucosa”, growth rates increase
as temperature increases towards the opti-
mum at 15-20°C above which growth rates
decrease and senescence occurs.

Growth rates of Gracilaria species in this
study are slightly lower than the general

values of 5-10% day~! compiled by
McLachlan and Bird (1986). Short-term

DGRs in the outdoor cage culture were lower
than the maximum growth rates obtained in
the aquatron for G. chorda, G. incurvata and G.
gigas, although growth rates in the outdoor
cage culture were expected to increase in the
later months as the optimum temperature for
growth had just started at the termination of
the experiment.

G. textorii is the least tolerant to high temper-
ature. In the aquatron, there was a drastic
decrease in growth rate at temperatures
higher than 20°C. It has the shortest growth
period in Uranouchi Inlet; it is usually found
only until June when seawater temperature
reaches 22°C (Orosco and Ohno, in press).

Temperature for optimum growth of G.

“verrucosa” in these experiments is generally
lower than that of G. verrucosa from the Philip-
pines (optimum: 25-30°C) grown in the labo-
ratory between 15 and 30°C (Hurtado-Ponce
and Umezaki 1987). Growth rates of G. ver-
rucosa in the intertidal (5.0-16.4% day~!)
and in an abandoned fishpond (1.5-8.4%
day~!) at temperatures of 28-32°C in the
Visayas, Philippines (Largo et al. 1989) were
relatively higher than the growth rates we ob-
tained at temperatures above 20°C. Further
comparison of growth rates of G. verrucosa is
difficult because of the uncertain status of the
species from other localities (Abbott e al.
1985).

Based on the experimental assessment of
the geographic distribution of Gracilaria spe-
cies in relation to temperature (McLachlan
and Bird 1984), the species from Tosa Bay,
southern Japan still seem to belong to the tem-
perate-water species which showed maxi-
mum growth rates at 15 or 20°C, although
none of the species reported in this paper was
included.
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