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total feed weight). Two parameters of the innate immune
humoral response were evaluated: the anti-trypsin activity
of sera and the alternative pathway of serum complement
activity (ACHS50). Fish fed with control diet and algal
supplemented diets did not show significant differences in
their anti-trypsin activity. However, a significant decrease
in ACHS0 was observed in fish fed with the diet
supplemented with the lowest algal content (5%). Feeding
with diets corresponding to 25% of both algae did not
induce significant differences in ACHS0 compared to
control fed fish.
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MOLECULAR PHYLOGENY OF THE
ORDER TRENTEPOHLIALES
(ULVOPHYCEAE, CHLOROPHYTA)

E Rindi', D W Lam? and J] M Lé6pez-Bautista?
(fabio.rindi@nuigalway.ic)

!Martin Ryan Institute, National University of Ireland, Galway,
Ireland

2Department of Biological Sciences, The University of Alabama,
425 Scientific Collections Bldg., Tuscaloosa, AL 35487-0345,
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The order Trentepohliales is one of the most widespread
groups of subaerial green algae. It is most diverse and
abundant in tropical regions and includes organisms living
on natural rocks, concrete walls, woodwork, soil, tree bark,
and leaves and stems of vascular plants. As currently
circumscribed, the order is composed of five genera, whose
morphological separation is generally straightforward:
Cephaleuros Kunze 1827, Phycopeltis Millardet 1870,
Printzina Thompson & Wujek 1992, Stomatochroon Palm
1934 and Trentepohlia Martius 1817. The species-level
taxonomy of this group has been traditionally very
problematic, due to the great morphological plasticity of
these algae and the confusion in species circumscription
accumulated in the past centuries. We investigated the
taxonomic and phylogenetic relationships of the Trente-
pohliales using DNA sequence data of the rbcL and 18S
rRNA genes. The results revealed that the morphological
circumscription of genera in the Trentepohliales does not
reflect phylogenetic patterns; three main clades were
recovered in all analyses, but none corresponded to any
trentepohlialean genus as circumscribed morphologically,
with the only partial exception of Cephaleuros. The analyses
clarified several major taxonomic problems (in particular
the separation between Trentepohlia aurea and Trentepohlia
flava) and showed that some entities like Printzina
lagenifera and Trentepohlia arborum, as defined on mor-
phological grounds, represent complexes of cryptic species
rather than individual species. Overall, the morphological
characters commonly used for species identification in the
Trentepohliales appear to be phylogenetically irrelevant.
The evolution of these algae has been characterized by
considerable morphological convergence, with members of
separate lineages that have assumed a very similar
morphology.
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HALYMENIA FLORESII: WHAT A
LIFE CYCLE!

D Robledo', J L Godinez-Ortega® and Y Freile-Pelegrin’
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The range of forms, life histories and reproductive
intricacies is greater in the Rhodophyta than in any other
algal division. The red algal genus Halymenia (Halyme-
nianceae, Rhodophyta) currently includes some 65 species.
This genus contains lambda-like carrageenan appearing as
a potential useful species. Moreover, Halymenia species are
consumed in Asia, like H. discoidea and H. durvillaei, while
H. venusta is used as animal feed. Halymenia floresii the
generitype has been reported worldwide from tropical seas.
In the Yucatan peninsula coast of Mexico, Halymenia
floresii dominates rocky substrata between 3 and 40 m
where it grows up to 50 cm high. Collection of specimens
on Punta Holchit, a population of this species in the
Yucatan coast, revealed the presence of both vegetative and
reproductive plants. Isomorphic gametophytes and tetra-
sporophytes are reported in the literature; however, the
appearance of an Acrochaetium like plant derived from
carpospores of this species has been also reported in early
seventies. This fact raise the question of whether a
heteromorphy life history could be expected on this species,
or as previous authors stated it is a matter of definition
whether to call the life history of Halymenia floresii
isomorphic or hetromorphic. From laboratory culture
experiments of tropical specimens we have also obtained
the so called Acrochaetium plants derived from carpo-
spores, but also tetrasporophytes. Our observations suggest
that Halymenia floresii is capable of continuously produc-
ing, as a by product of its life history, Acrochaetium-like
algae, that eventually by producing monospores could give
rise to a new Halymenia plant.
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In Thailand, Ulva intestialis is co-cultured with shrimp. A
laboratory culture was conducted to determine the optimal
conditions required for biomass of the algal growth and
reproduction period. The germling clusters of 0.8 + 0.3 mm
in length was achieved with mother plants from shrimp
pond. In different salinity experiments of 0-40 ppt with
10 ppt interval (25°C, 50 pmol m~2 s™! and 12:12 hrs), the
maximum blade area of 174.3 * 37.6 mm was found at
20 ppt. The blade area 160.9 + 43.0 mm? was obtained at
30 ppt. The thalli cultured at 40 ppt were the first to release
zoospores from the tips (3"¢ week). Among different light
intensity levels of 40, 80 and 120 pmol m 25! (20 ppt,
25°C, 12:12 hrs), they showed the maximum blade area of
137.4 + 37.4 mm? at 80 pumol m~2s™! in 3™ week and
released zoospore in 4™ week. At 120 pmol m~2 s~ they
released zoospore in 3" week. Under different temperature
of 20, 25 and 30°C (20 ppt and 60 pmol m~2 s !, 12:12 hrs)
at 25°C the thalli showed the maximum blade area of 197.7
* 46.5 mm’ in 4™ week and released zoospores cell in 5
week. The thallus width was affected by salinity levels, the
higher salinity level, the broader the thalli. Only zoospran-
gia were obtained from the cultured Ulva intestialis. All
factors of salinity, temperature, and light intensity affected
the growth and zoosporangial formation.
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DISTRIBUTION AND ERADICATION
OF MICROCYSTIS AERUGINOSA
KUTZING AND MICROCYSTINS IN
PRAWN AND FISH FARMS

IN THAILAND
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! Department of Biology, Faculty of Science, Chiang Mai University,
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A frequent consequence of eutrophication in fresh waters is
the mass development of cyanobacteria or blue-green algae.
The occurrence of these blooms can create a significant
water quality problem, as certain species of these algae are
capable of producing toxins. The toxins could be accumu-
lated in aquatic organisms through food chain and could be
a threat to human food safety. The aims of this research
were to find out the incidence of toxic blue-green algae and
their toxins in shrimp and fish farms in Chiang Rai and
Chiang Mai provinces, Thailand. The data obtained could
be used in the controlling and eradication of toxic algae and
its toxin by the biological mean without harming the
aquatic animals and the consumers. Study of water quality
and phytoplankton diversity in 4 shrimp ponds and 4 fish
ponds in Chiang Rai Province and 2 fish ponds in Chiang
Mai Province were investigated during April 2006 to
February 2007. Toxic algae, Microcystis aeruginosa Kiitz-
ing were found in 4 shrimp ponds and 2 fish ponds.
Analysis of microcystins by ELISA technique in shrimp and
fish samples, microcystins 0.003-0.3 ng.kg™" were found in
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shrimp samples. For fish samples, they were found
microcystins 0-0.03 ug.kg™' in samples. The study of
controlling and eradication of toxic algae and its toxin by
using Effective Microorganisms (EM) are still in the process
of analysis. The data will be useful for the awareness,
prevention and management of agricultural ponds includ-
ing public health concern with consumption of aquatic
organisms in Thailand.

323

SPECIES STRUCTURE AND
BIOGEOGRAPHY OF THE MARINE
DIATOM PSEUDO-

NITZSCHIA PUNGENS

K Sabbe, G Casteleyn and W Vyverman
(Koen.Sabbe@ugent.be)

Laboratory of Protistology and Aquatic Ecology, Ghent University,
Krijgslaan 281- S8, 9000 Ghent, Belgium

We investigated regional and global variation in molecular
markers, sexual compatibility and morphological charac-
teristics in populations of the marine pennate diatom
Pseudo-nitzschia pungens. Three distinct genetic clades
could be distinguished on the basis of sequence variation
of IDNA ITS and rbcL, corresponding to the morpholog-
ical entities var. pungens, var. cingulata and var. aveirensis.
Inter-clade hybridization was shown in laboratory experi-
ments and in the field for vars pungens and cingulata. A
population genetic survey using 6 microsatellite markers of
the most widespread clade pungens demonstrated signifi-
cant geographical differentiation between the populations
at a global scale with geographical isolation being
significantly correlated with population genetic differenti-
ation, while at a regional scale significant gene flow appears
to occur resulting in uniform, unstructured populations.
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PHENOLOGY OF ECKLONIOPSIS
RADICOSA (LAMINARIACEAE) AT
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CLIMATE CHANGES

N Saino', G N Nishihara?, K Murasaki' and R Terada'

(k6094424@kadai.jp)

!Faculty of Fisheries, Kagoshima University, Shimoarata,
Kagoshima City, 890-0056, Japan

ZInstitute for East China Sea Research, Nagasaki University,
Taira-machi, Nagasaki City, 851-2213, Japan

Eckloniopsis radicosa (Laminariaceae) is a species of
Japanese kelp that is distributed in the lower latitudes of
Japan. Kagoshima Prefecture is known as the southern
most distributional limit and there is concern that
continued increases in water temperature caused by climate
change may drive the loss of this species from this region.
This study focuses on determining the population charac-
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Responses in Growth and Reproduction of Ulva intestialis Linnaeus (Ulvales, Chlorophyta) to
different environmental conditions

R. Ruangchuay1 (rrapee@bunga.pn.psu.ac.th), S. Dahamat, A. Chirapat2 and M. Notoya3

Abstract

Green laver or Sarai Sai Kai, Ulva intestinalis Linnaeus (Ulvales, Chlorophyta), was
utilized to co-culture with shrimp as source of supplementary feed and water treatment. Growth
and reproduction of the alga in laboratory and in the earthen pond were aimed to get
information for the further cultivation. The germling clusters of 0.8 + 0.3 mm in length was
achieved with mother plants from shrimp pond. In different salinity experiments of 0 - 40 ppt
with 10 ppt interval (25°C, 50 umol m'2 s'1 and 12:12 hrs), the maximum blade area of 174.3
37.6 mm was found at 20 ppt. The blade area 160.9 + 43.0 mm2 was obtained at 30 ppt. The
thalli cultured at 40 ppt were the first to release zoospores from the tips (3rd week). Among
different light intensity levels of 40, 80 and 120 pmol m” s (20 ppt, 25 °C, 12:12 hrs), they
showed the maximum blade area of 137.4 + 37.4 mm’ at 80 ymol m- s in 3" week and
released zoospore in 4" week. At 120 pmol m'2 s-1 they released zoospore in ¥ week. The
thallus width was affected by salinity levels, the higher salinity level, the broader the thalli.
Only zoosporangia were obtained from the cultured Ulva intestialis. All factors of salinity,
temperature, and light intensity affected the growth and zoosporangial formation. For pond
cultivation, the germlings of 6.75 + 0.17 mm were obtained from in hatchery by isolation
reproductive cells to culture in fiber tanks for 2 weeks. Then, germlings attached on synthetic
lines of 0.5 mm in diameter were transferred to cultivation in 2 earthen ponds of 2.5 x 10.0 m2
for 2 months. The result indicated that germling clusters showed the highest growth at 6th
weeks of cultivation with the length of 21.20 + 0.25 cm. Relative growth rate showed 5.45%
day'1. Reproductive cells as zoosporangia were found on the tip of thalli at 6th weeks of the
cultivation. Swollen thalli were found in 6th weeks with some reproductive cells on the surface.
After 8 weeks of cultivations, biomass showed 202.00 + 31.11g wet wt m'2 or 26.65 g dry wt
m”. The cultivation of germling cluster of 1.15 £ 0.031 in 200 L fiber tank showed 15.06 + 0.64
cm in length after 4 weeks of cultivation and growth rate showed 9.18+ 2.96% day'1. The
biomass after 4 weeks was 202.00 + 25.40 g fw m" or 25.35 g dw m . Shape and growth
rate of Green laver or Sarai Sai Kai, Ulva intestinalis, were different between the earthen pond

cultivation and tank cultivation. For cultivation in earthen pond in 6 weeks, the algae became
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swollen and released reproductive cells. It should be the time of zooplankton gathering that

suitable to start shrimp cultivation.

Key words: Green laver, Sarai Sai Kai, Ulva intestinalis
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Introduction

Green laver or Aonori (in Japanese) was common names of Ulva intestinalis. The green
algae was tube form of 1-2 mm generally. It was up to 2 cm sometime in length, one layer thick,
cell irregularly arrange. Surface blade of the alga was smooth when young and became
winkle when getting age, yellow green to dark green in color. Branching occurred near holdfast
which was small and narrow of 1 mm. This alga was world wide distribution. It commonly
occurred in several habitats. It was edible alga and its cultivation was successful in Japan. In
Thailand, the algae were used to co-cultured with giant tiger prawn (Penaeus monodon) in
earthen pond for balancing of food chain. Organic prawns were product from that system.
However the cultivation system was (Thailand Environmental Institute, 2007) faced to fluctuation
of U. intestinalis production due to the variety environmental of the shrimp pond. For the
sustainable system, it was necessary to understand the optimal conditions to cultivate the alga.
Its growth and reproduction should be observed in laboratory for basic information. Its production

and growth in pond and tank should be conduct.

Materials and Method

1) Mother plants of U. intestinalis were collected from abandoned shrimp pond. Some
water quality parameters while sample collect were measured.

2) The algal samples were brushed out of epiphyte and contamination. It was then
washed several times with seawater of the same salinity level while sample collect.

3) The algal thalli were cut into 2 cm each. The pieces then were taken to observe under
microscope for contamination checking. The clean pieces were selected to conduct for
reproductive stimulation.

4) The pieces were incubated in dark condition at 25 °C laboratory for 12 hrs. The pieces
were transfer to culture in 500 ml flask with enriched seawater of MGM medium and 25 ppt
salinity under 50 pmol m~s" and 12:12 hr light: dark period until reproductive cell liberate. The
pieces was

5) For study on the optimal salinity, reproductive clusters were then separated to culture
in different salinity levels at 0, 10, 20, 30, and 40 ppt with density of 10 clusters per ml. The
seawater levels were enriched with Modified Gillard's Medium (MGM) and cultures were done in
500 ml flask at 25°C under 50 pmol m'2 s_1 and 12:12 hrs light : dark period. Thirty maximal
length thalli were measured every week and reproductionof the thalli were observed under
microscope. The seawater was renewed every week after growth and reproduction checking.

6) For study on the optimal temperature, the germling clusters were transferred to culture

at different temperatures of 20, 25, and 30°C. The seawater levels obtained from 5 of 20 ppt were
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used and enriched with MGM medium in 500 ml flasks. The cultures incubated under 50 umol m-2
s-1 and 12:12 hrs light : dark period. Sampling for growth and reproductive study were acted as
same as the study of the optimal temperature.

7) For study on optimal light intensity, reproductive clusters were transferred to culture in
different light intensity levels of 40, 80, and 120 pmol E.m-2s-1. Seawater levels of 20 ppt were
used and enriched with MGM medium in 500 ml flask. The cultures were incubated at 25°C under
12:12 hrs light : dark period. Sampling for growth and reproductive study were done as same as
above.

8) For earthen pond cultivation, synthetic lines of germlings were stretch in the earthen
ponds of 2.5 x 10 m2 with were dept 50-70 cm of seawater. Thirty thalli were random kept out to
measure the length every two weeks. The product was harvest after 8 weeks. The specific growth
rate (% day-1) was calculated using the formula of Lobban and Harrison (1994):

Specific growth rate (% day-1) = [In Wt- In Wo]-t-1 (days)
where Wt = final weight (g); Wo = initial weight; and t = time interval (days)

9) For tank cultivation, germlings clusters cal. 1 cm length were transfer to cultivation in
200 L plastic tanks. The density was 10 cluster / L. Thallus length was measured every week.
The product was harvest after 4 weeks. The specific growth rate (% day-1) was calculated using

the formula of Lobban and Harrison (1994).

Results
Germling cluster obtaining

After the stimulation of the thalli fragments by kept them in dry and dark for 12 hrs, cells
mostly formed zoosporangia except the piece matured before stimulation. Zoosporangia showed
round in shape and showed 20-40 pym in size. Protoplast in each cell divided into small cells and
formed zoospores. The zoospores were then released from cell wall to swim in the flask. The
zoospore almost release within 8-15 days after stimulation. Then spores were attached together
and became to clusters. The germling clusters were cultured for a few days until developed in one

row filament of 6-12 cells. They were used for the experiments.
Effect of salinity on growth and reproduction of U. intestinalis

Germling clusters of 0.78 + 0.61 mm in length grew well in 10, 20 30, and 40 ppt while
they died in 0 ppt. The germlings in 30 ppt showed maximal length of 174.3 + 36.37 mm at 4th
weeks. The second maximal growth of the germlings showed at 20 ppt with of 160.93 + 43.98
mm in length in 4th weeks. After 4 weeks of culture, thallus cultured at 10, 20, 30 and 40 ppt
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showed width in the range of 0.25-0.35, 0.30-0.52, 0.40-0.80 and 0.70-1.10 mm respectively .
The tip of thalli cultured 30 and 40 ppt produced reproductive cells. The earliest reproductive
release was found in the filaments cultured at 40 ppt in 3rd weeks. The second earliest release of
reproductive cells was found in filament cultured at 30 ppt in 4th weeks. However, reproductive

release could not found in filaments cultured at 10 and 20 ppt.

Effect of temperature on growth and reproduction of U. intestinalis

In different temperatures, the germlings cultured at 25°C showed highest growth of 197.76
+ 47.3 mm in length in 4" week. The second highly growth found in germling culture at 20 °C with
of 130.53 + 68.46 mm in length at 4th week. Thallus characteristics showed similarity in width at
all temperatures and the widths showed non significantly effect between temperature. Early
reproductive releasing was found at 25°C in 5th week and the second early release was found at

30°C in 7th week. The last release was at 20°C at 8th week.

Effect of light intensity on growth and reproduction of U. intestinalis

Germlings cultured in different light intensity found that maximum length of 132.4 + 65.07
mm showed in germlings cultured under 80 pmol m'2 3'1 . The second maximum length of 130.3
+ 45.96 mm was found in thalli under 120 pmol m‘2 s-1. Characteristics of the thalli showed
similarity in width at all temperatures and the widths showed non significantly effect between
temperatures. The earliest reproductive release was obtained from thalli cultured under 80 pmol
m” s'at 4th weeks and the second earliest release was obtain from thalli cultured at 120 pmol

m> s 'in 6th weeks.

Discussions

The green laver, U. intestinalis, which collected from the shrimp pond to stimulate
reproductive release by keeping in dark and dry was found that reproductive release within 8-15
days. The behavior of spore release was similar to Ulva prolifera that the releasing spores
attached each others and formed to clusters (Hiraoka and Oka, 2008). However, U. prolifera
could produced two type reproduction both sexual and a sexual reproduction while U. intestinalis
in present study found only produced asexual reproduction of zoospores (Lin et al. 2008).

It was agreed with Prud’homme van Reine and Trono (2001) on U. intestinalis could grow
in wide range of salinity level. In present study, the statistics test showed non significantly effect
on thallus length cultured at salinity of 10, 20, 30 and 40 ppt. It was died in 0 ppt. The result was

similar to Martins et.al (1999) has been report in U. intestinalis of Portuguese that available grow
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in low salinity of 3 psu (1psu equal 1 ppt) and died at 1 psu. However, the mention of optimal
salinity range of the Portuguese green laver was 15 -20 psu. The result showed lower than
optimal salinity range of Thai green laver in the present study that obtained in the range of 20-30
ppt.

The optimal temperature of U. intestinalis in present study was 25 °C. The statistics test
on thallus length showed significantly effects (p<0.05) between thallus cultured at 20, 25, and 30
°C. It was seemed that growth of U. intestinalis restrict to narrow temperature. Pellizzari and
Oliveira (2007) also reported in Gayralia spp (Class Ulvophyceae, Order Ulvales) from the south
of Brazil that showed good growth in the temperature range of 20-21.5 °C within 30 days of
culture. It was similar to Thai green laver, U. intestinalis that grow in narrow temperature.

The optimal light intensity of U. intestinalis in present study was 80 umol m'2 s'1. However,
the statistic test found no significantly effect that between thallus length at 40, 80, and 120 pmol
m”s". It was similar to the green algae Gayralia spp. from south of Brazil could survive in light
intensity range of 50-100 umol m- s and grow well in optimal light intensity level at 100
umol m”s” in 30 days of culture.

As same as other seaweeds, relative growth rate in plastic tank of 9.18% per day in present study
showed higher than relative growth in the earthen pond of 5.45% per day. However, relative
growth rate in present study showed higher than Ulva clathrata (Roth) Greville 1830 cultivate in
plastic tank of 3.72 + 0.45 % per day. It may due to different species or different culture

conditions.
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Figure legends

Figure 1 Natural thalli of Ulva intestinalis collected from abandoned shrimp pond. A. Fresh form B.
Herbarium form

Figure 2 A. Zoosprangia of Ulva intestinalis after stimulate by drying and keeping in dark for 24
hrs B. Germling cluster at 4 days of Ulva intestinalis incubated at 25°C 20 ppt, 60 umol m-2 s'1 and
12:12 hrs light: dark

Figure 3 Filament of Ulva intestinalis in different salinity levels at 25°C, 60 umol m~ s and 12:12
hrs light: dark A. 10 ppt B. 15 ppt C. 20 ppt D. 30 ppt

Figure 4 Thallus length of Ulva intestinalis in different salinity levels at 25°C, 60 umol m>s" and
12:12 hrs light: dark

Figure 5 Thallus length of Ulva intestinalis in different temperatures at 20 ppt, 60 pmol m-2 s-1 and
12:12 hrs light: dark

Figure 6 Thallus length of Ulva intestinalis in different light intensity at 20 ppt, 25°C and 12:12
hrs light: dark
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myhiaue KanwImnmimalysieadizes Laboratory Growth of Germling Clusters of Ulva
(Enteromorpha) intestinalis in Different Medium Concentrations 14A3n3suausNan1e
ATIMT TERINURINGRBEITUAITUNS (PSU) Jaanfh uaz Universiti Malaysia
Terengganu (UMT), Malaysia 324 3ufl 15-17 ningnaw 2553 m Annenaaiuazinalulad
IPINLIALRIVIUATUNT Uaandt

Green alga Ulva (Enteromorpha) intestinalis was utilized

1o co-culture with shrimp as supplementary feed and water
treatment. Growth of the alga in different medium
concentrations was aimed to get information for the algal
cultivation. The growth of the germling cluster was performed
in | y by isolating reprodi cells to culture in flask
for 7 days. Then, germling clusters were transferred to be
cultured in different concentrations of Provasoli's Enriched
Seawater Medium (PES) of 1, 2 and 3 times of regular
concentration at 60 um m-2 s-1 under 12 : 12 hrs light : dark at
20 ppt salinity and 2511 ° C of incubator. The result indicated
that germling cluster showed the highest growth at the 3 times
of medium concentration with the length of 14.59 -+ 1.54 mm,
relative growth rate of 14.23 per day at 5th weeks. The second
growth showed at 2 times concentration of 12.18 11,52 mm in
length, 13.72 % of relative growth rate at 5th weeks. Whereas,
at the 1 time concentration showed the shortest of 9.72+2.37
mm in length and 13.07 % of relative growth rate, The statistic
analysis showed significance (p<0.05) among three
From this exp t, it was luded that

even nutrient concentration at 3 times could increase the

‘] J';i':;"“ uf J// | (Enteromorpha) inte
trations

Green laver or Aonori (in Japanese) was common name of
edible green alga, Ulva intestinalis. This alga was tube form
of 1-2 mm generally or up to 2 cm sometime in length, one
layer thick, cell irregularly arrange. Surface blade of the alga
was smooth when young and became winkle when getting
age, yellow green to dark green in color. Branchi

1mupbcn mother plants of U. intestinalis were conducted
by renewed of 20 ppt and
mnumwmmnmmeo pmol E m-2s-1 and
12:12 hrs light : dark period. Reproduction of the thalli was
observed under microscope until spores liberated.

oeeundnuhomutvndehwuund!wmmdi
mm. It commonly occurred world wide in several habitats.
The cultivation was successful in Japan. In Thailand, it was
used fo co-cultured with giant tiger prawn (Pmm
) or with shrimp (Litop
in elmnn pond for balancing of food chain. Organic
prawns were produced from that system. However the
cultivation system was faced to problems by production of
U. intestinalis fluctuated from variable of environmental in

growth of germling cluster of green laver (Ulva i
Linnaeus).

2) Spore susp was poured in 250 ml flask with aeration
for a few day to form germling clusters. Then the germling
clusters were transferred to culture in different Provasoli’s
Enriched Seawater medium (PES) of 1, 2 and 3 times of
normal concentrations in 500 ml flask with initial density of
50 clusters/ ml . Three replications were done. The flasks was
incubated at 20 ppt salinity under 50 pmol E m-2s-1 light
intensity and 12:12 hrs light : dark period.

3) Thirty clusters were randomized to measure the length every
weeks. Relative growth rate was calculated by the following:

1) Toobserve behavior of reproductive release.
2) To obtain medium concentration to culture Ulva
intestinalis.

shrimp pond. For the sustainable system, it was necessary B = 100 In (Nt/NO)-t-1
to obtain basic information conditions for the cultivation, when = % growth
The one important factor should be nutrient concentrations. N0 = initial length
Its growth under various concentrations of medium was Nt = finallength
under y condition. t = fimeof culture
—+— 1 time nutrlent concentration
- - 2 time nutrient concentration

Fig. 3 Germling clusters in flask (a) Germling of 2
weeks (scale bar = 20 um

—4— 3 time nutrient concentration

Tine of culure qweoks)

Fig. 5 Thallus length of germling clusters in different nutrient
concentrations

~—+—1 time nutrient concentration

Growth Rate (% day -1}

04 12 23 34 45
Time of cuture (weeke]

Fig. 6 Relative growth rate of germling clusters in different
medium concentrations









