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Physiological and ecological studies on Enteromorpha prolifera

(Miiller) J. Agardh and its applications for cultivation

Akinori DAN

Summary The green alga Enteromorpha prolifera (Miller) ). Agardh is an important edible seaweed which grows in calm
estuaries around western Japan. However, wild stocks of this species have recently decreased due to water pollution.
Cultivated materials are now responsibie for almost all of the processed Enteromorpha. Tokushima Prefecture forms the
highest production area in Japan with an annual production of 60-70 tons (dry weight), However, there are sote problems
regarding the Enteromorpha cultivation in the Yoshino River estuary in Tokushima Prefecture and the biggest problem is
the unstable natural seeding which depends on the swarmers discharged from wild plants. Therefore, the annual production
of Enteromorpha in the Yoshino River has sometimes fluctuated due to the variability in natural seeding. This research has
ajmed af the establishment of the technology to stabilize Enteromorpha production.

The distribution and growing period of Enferomorpha prolifera in two rivers (Yoshino River and Hiwasa River) which
have different river scales (large river 193 km and small river 20 km in length, respectively) in Shikoku Island were
investigated from April, 2000 to May, 2002. The biomass of Enferomorpha prolifera increased from winter to spring and
decreased or disappeared in summer. Baged on the survey results, the growing period was separated into two periods
(winter and spring) depending on the survey station and year. These results indicated that the separation of growing
period and the length of growing period were influenced by the salinity environment in the river, As the salinity in the river
increases in years with a low amount of rainfall, the growing period continues from winter o spring and occasionally tends
to extend until the summer. The growing period in the Yoshino River (Tokushima Prefecture) which has a large river scale
tends to continue from winter to spring because of the stable galinity environment. The growing period in the Hiwasa
River (Tokushima Prefecture) which has a small ri{rer scale, however, clearly separated into two periods. It was reported
that the growing period in the Shimante River (Kochi Prefecture) is separated clearly (Ohno and Miyanoue1980, Ohno
and Takahashil98&8). It is suggested that this phenomenon is because the Shimanto River has a large fluctuation of salinity
in spite of having a large river scale.

Thalli of E. prolifera were collected from four rivers (Yoshino River, Hiwasa River, Niyodo River and Shimanto River)
on Shikoku Island and some experiments were conducted for the determination of their life history, viz. determination of
the number of flagella of swarmers released from thallus, initiating cultures, crossing tests, phototaxis experiments and
microspectrophotometric analysis of DNA in the nuclei of the swarmer, and vegetative cells. As a result, it was found that
populations of E. prolifera i the four rivers had three different types of life history. One type was the typical sexual life
history of Enteromorpha, which is isomorphic, with biflagellate gametes or quadriflagellete zoospores from the Hiwasa
River and Shimanto River. The second type was an asexual life history involving biflagellate zoospores from the Yoshino
River, Hiwasa River and Niyodo River. The third type was an asexual life history reproducing by quadriflagellcte
zoospores from the Yoshino River and Niyodo River.

To induce the reproductive cells in disks excised from the fronds of E. prolifera and to establish a method of artificial
seeding, the optimum conditions such as the size of tissue disks, temperature, salinity and photon fluence rate were
investigated under the folloiwng experimental conditions: 0.9, 2.1, 3.0, 3.6, 4.5, 9.0mm in diameter {size of tissue disks);
3,10, 15, 20, 25, 30 °C (temperature); 0, 1.6, 3.3, 5.0, 6.6, 13.2,19.9,26.3,32.1, 39.4, 453, 52.0, 55.4, 66.3 psu (salinity);
0,4, 8, 16, 24, 40, 80, 160, 320 umol s'm*{photon fluence rate}. Smaller tissue disks were found to induce a higher degree
of reproductive cell formation. Tissue disks of 0.9 mm in diameter gave the best performance on maturation of reproductive
cells. The optimum eulture conditions for maturation were at a temperature of 20 to 25°C and a photon fluence rate higher

than 16 umol s*m?. It was considered that a low photon fluence rate of 16 pmol s'm™ did not cause a problem for
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maturation because the subsequent artificial seeding was carried out in the outdoors. The optimum salinity for maturation
of reproductive cells was between 5.0 and 52.0 psu, and between 13.2 and 45.3 psu for swarmer release. The optimum
conditions for swarmer release had a narrower salinity range than that for maturation. The phase of swarmer relcase
followed that of reproductive maturation under suitable conditions. However, in extreme salinity conditions, the phase of

reproductive maturation was not completed by the discharge of swarmers.

To obtain seedling production using the tissue cultured fragments, the optimum conditions of tissue disk size, temperature,
salinity and photen fluence rate for the thizoid formation of the tissue disks excised from fronds of E. prolifera were
investigated. A high degree of rhizoid development was observed at the size of disk of more than 0.9 mm in diameter.
Rhizeid production in very small disk sizes was not observed because reproductive maturation and swarmer releass
advanced rapidly and ail of the vegetative cells become reproductive. The degree of rhizoid formation was high at
temperatures equal to or less than 15°C and a salinity range of 1.6 to 52.0 psu, photon fluence rate of § to 160 pmol s
'm.

For investigation of the fluctuation of the wild biomass and for inducing the ve getative cells to form reproductive cells,
It is necessary to clarify the reproductive maturation mechanism of E. prolifera. The fronds of E. prolifera were homogenized
and then dissolved in autoclaved seawater. The solution was filtered using membrane filters. The filtered solution was
diluted to several concentrations with autoclaved seawater. Small tissue fragments excised from E. prolifera were incubated
in above solutions for 3 days. Thereafter, the area of maturation in the tissue fragments was measured. It was found that
the higher concentration of filtered solution made the area of maturation in the tissue fragment smaller. These results _
indicated the presence of a maturation inhibitor in the frond of E. prolifera. Furthermore, where the highest concentration
of sporulation inhibitor fs contained in the part of Enteromorpha frond, when the sporulation inhibitor is produced in the
process of growth was investigated by biological assay using the small tissue fragments of E. prolifera. These results
indicate that the main sporulation inhibitor is contained in the whole lumen of the tubular frond. It is considered when the
frond is physically injured or cut into smal? fragments, maturation occurs becanse the sporulation inhibitor which is
accumulated in the whole Jumen of the tubular frond lezks out. The production of the sporulation inhibitor increased
during the growth perieds, but decreased when sporulation oceurred. Tudging from the above, it is considered that
sporulation is caused when the concentration of the sporulation inhibitor in the lumen of frond decreases due to sotme
reasons such as physical stimulation of wave motion, desiccation, and rapid changes of water temperature, salinity,
irradignce around the frond.

The effect of the solution extracted from Enteromorpha prolifera on their early morphological development was
investigated. Some developmental stages of E. prolifera, reproductive cell, germling, voung plant,'were incubated in the
medium containing the extracted solution which was filtered from homogenized vegetative fronds of the same species. The
filtered solution suppressed the growth of germlings and promoted the increase of the number of cells having rhizoids and
new branches. These results can be applied to the technique to induce rhizoids etfectively by incubating fragments in the
extracted solution and obtain the production of seedfings of Enteromorpha. Moreover, if the fronds on the culture net after
harvesiing can be incubated in the extracted solution and induce mimerous branches, it is possible to use it as a seedling
culture net again. '

Details of the studies which were necessary to allow the development of artificial seeding of E. prolifera were
mvestigated as follows. In the optimum storage conditions, the fronds for artificial seeding of E. prolifera could be stored
for 4 months in moist conditions at 5°C without illumination. The relationship between the frond weight for artificial
seeding and the amount of discharged swarmers was investigated. More than 100 g of fronds per 100 / of medium inhibited
the sporulation and the discharge of swarmers. Higher temperature and lower saiinity made the swimming time of
discharged swarmers shorter. The swimming time of discharged swarmers became constant at 5-6 hours at an irradiance of
equal to er more than 5 pmol s7mr? of photon fluence rate. Adhesion of swarmers to the substraturn was not observad
within two hours from the start of the discharge swarmers, but the amount of adhesion increzsed beyond three hours. It
was found that the artificial seeding needs at least equal to or more than 3 hours.

A field cultivation experiment of £, prolifera using twa seeding technigues (artificial seeding, natural seeding) was

carried out in the Yoshino Enteromorpha cultivation ground. When low salinities of 3.3-4.3 psu reduce the quantity of
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swarmers liberated from the wild planis in the spore-collection ground, natural seeding was not able to be carried out.
However, E. prolifera on the artificial seeding culture nets grew successfully and could be harvested. It was confirmed that
the artificial seeding method is effective when the quantity of swarmers liberated from the wild plants was decreased due
to some reason.

The survival conditions of young Fnieromorpha were investigated to establish a low temperature storage method for
its culture nets. In the optimum storage conditions, seeded culture nets can be stored for 6 months under the conditions of
5-10°C without illumination (dark treatment). In this case, a storage medium is not necessary when kept in moist
conditions and smaller sized fronds were hound to show better survival and growth after storage. To confirm these
Iaboratory results, a field experiment was carried out using the low temperature storage culture nets in the Enteromorpha
cultivation ground of Yoshino River. The culture nets with young Enteromorpha (reproductive cells after seeding and thalli
0f 1.7,3.4, 15.5, 64.0 mm lengths) were put into vinyl bags, sealed up and kept for 41-49 days in a refiigerator at 5°C. As
a result of the cultivation examination, reproductive cells and young thalli of 1.7, 3.4 mm length on the culture net grew
successfully, but the larger sized thalli showed no growth. Based on the above results, we are able to show the optimum
storage method of culture nets for . prolifera.

To confirm the necessity of a desiccating operation during culture in the natural spore-collection ground, the relationship
between the number of fronds of E, profifera on a culture net and the standing crop was investigated. It was found that the
increase of number of fronds did not influence the standing crop because the standing crop reached a maximum and
remained constant when the frond aumbers per 1 cm were equal to or more than 150. Based on above results, it was
concluded desiceating operation which reduce the number of excessive fronds is not needed.

The suitable culture depth of water for the Enteromorpha cultivation was investigated in the Yoshino River. Successful
growth of E. profifera was observed at depths of 30-90 cm. These results indicated that the growth of E. prolifera declines
due to the influence of muddiness at depths greater than 20 cm.

Artificial seeding technique of £. prolifera was created in Tokushima Prefecture Fisheries Research Institute in 1994,
and this technigue started to be used by the Enferomorpha cultivators in the Yoshino River in the same year. In 1999 afier
5 yeats, a questionnaire was carried out to the Enteromorpha cultivators in Toloushima Prefecture in order to evaluate this
technique and make use of further research. As a resuit, the rates of production by artificial seeding to the total amount of
production were 17-61%. There was almest no difference in the amount of crop per culture net of artificial seeding
compared with that of natural seeding. Furthermore, 55% of the respondents answered that they were going to carry out
artificial seeding from now on. This result shows that the artificial seeding method has became established for many

cultivators.
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