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Abstract: Enhanced UV-B{280 - 320 nm) radiation resulting from ozone depletion is one of global environmental problems. Not only
marine organisms but also marine ecosystems can be affected by enhanced UV-B radiation. The effects of UV-B radiation on interaction of
macro-algae and micro-algae were investigated using Ulva pertusa Kjellman and Alexandrium tamarense as the maletials in this study.
The results demonsirated that UV-8 radiation could inhibit the growth of Uiva perfusa and Alexandrium famarense when they were both
mono-cultured, and the growth inhibition of algae was more significant with increasing doses of UV-B radiation. Alexandrium tamarense
could inhibit the growth of Ulva pertusa in mixed culture, and the growth inhibition was more significant when increasing the initial cell
density, However, Ulva periusa could inhibit the growth of Alexandrium tamarense in early phase and stimulate the growth in latter phase
when they were grown in mixed culture. Lower initial cell density(10° celi/ml) of Alexandriurm tamarense could inhibit the growth of Uiva
pertusa under UV-B radiation treatment, however, with the initial cell density increasing{ 10’ and 10° cell/ml}, the growth of Ulva pertusa
was stimulated under lower dose of UV-B radiation and inhibited under higher dose of UV-B radiation by Alexandrium tamarense .
Compared with that in mixed culture, Ulva pertusa showed more positive inhibition to the growth of Alexandrium tamarense under UV-B

radiation treatment.
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Introduction

UV-B radiation levels have increased due to ozone
depletion through anthropogenic emissions of chlarofluoro-
carbons ( CFCs} and other gases which adversely affect the
ozone layer. Caldwell estimated that a 1% decrease in the
stratospheric ozone concentration would result in an increase
of approximately 2% in biologically effective UV-B radiation
al temperate latitudes( Caldwell, 1977). UV-B radiation has
been shown to reach ecologically significant depths in many
freshwater and marine ecosystems{ Hader, 1998; Caldweli,
1998; Premkumar, 2001). Submerged aquatic plants are
subject to the influences of UV-B radiation due to the
penetration of harmful UV-B wavelengths to depths of 10 m
(Larkum, 1993), with maximum UV-B penetration reaching
to depths of 70 m in the clear Antarctic Ocean { Smith,
1992} . The effects of UV-B radiation on marine plants are
expected to be the greatest in shallow intertidal environments
because the plants are often at or above the water during low
tide. The reaction of these plants te UV-B radiation could
range from inhibition of photosynthetic activity as seen in
marine algae to the increased metabolic cost of producing UV-
B blocking compounds within plant tissue { Raven, 1991).
Not only marine organisms but also marine ecosystems can be
affected by enhanced UV-B radiation. Clearly, enhanced
exposure of marine ecosystems to UV-B radiation may have
world-wide significance .

Red tide is a ubiquitous and natural phenomenon caused
by excessive growth of phytoplankton. It has caused serious
social problems and heavy damage 1o fisheries throughout the
world ( Hallegraeff, 1993). From March to April 1998, a
massive “red tide” occurred in coastal waters of south China.
The “red tide” rapidly killed various species of caged fish
and affected coral fishes, killing a few of them, and caused
greal economic loss and ecological damage ( Yang, 2004 ).
The inshore eutrophication and red tide have become an

important marine environmenial problem which has been paid
close attention by international social and need to be solved
urgently because of its many characteristics, such as
globality, repetitiousness, complexity, endangered severity
and so on, However, the process of ocourring to subsidizing,
physical, chemical and ecological interaction is complex and
still litle understood, especially in the process of sporangium
bourgeon, upper floatage, biologic competition, feeding and
s0 on. Therefore, the red tide process and causes went short
of evaluation data(Li, 1999) .

The effects of UV-B radiation on the growth, physiology
and biochemisiry of algae have been extensively studied
{ Helbing, 1996; Krizek, 1998; Brian, 1999 ). UV-B
radiation enhance could reduce the biomass of red tide algae
(Lesser, 1996). However, few sindies have focused on the
effects on the interspecific growth interaction of algae. The
effects of UV-B radiation on interaction of macro-algae and
micro-algae were studied using Ulva periusa Kjellman and
Alexandrium tamarense as the materials in this paper. It
could provide the fundamental for us to clerify the effects of
UV-B radiation on marine ecosystems and the biological
mechanisms of red tide occurrence.

1 Materials and methods

1.1 Plant materials and treatment

Ulva pertuse Kjellman was collected from Taiping Angle
of Qingdao, China. The material was washed with natural
seawater immediately after sampling, and pierced to circle
slices of 1.3 cm diameter by bore machine, then prepared to
culiure for 7 d in indoor temperature with illumination of
3000 1x.

Alexandrium offered by
Microalgae Research Center in Ocean University of China.

Triangle bottles (300 ml ) were used as culture
containers. They were washed with 1 mol/L HCl and 90%
ethanol, and then used {/2 medium ( Guillard, 1975)

tamarense  was Marine
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preparing equilibrium.
1.2 Culture conditions

The initial cell densities of Alexandrium tamarense were
0 ( mono-culture ), 100 ( mixed culture A ), 1000 ( mixed
culture B) and 10000 ( mixed cell/ml,
respectively. Ulva pertusa (0.05 g) was inoculated in 150 ml
/2 culture medium, and aged sea water of the Qingdao
Current( salinity of 31) was used as the culture medium. The
culture was maintained at 20°C under 3000 Ix cool-white
fluorescent illumination on a 12 h light 12 h dark cycle.
1.3 System of UV-B radiation

UV-B radiation was provided by twe UV-B wbes( Philips
TL 40 W/12 11V) covered by a film of cellulose acetate(0.12
mm) to remove all radiation below 28Q nm. In order to
minimize the change of the filter properties of the film, the
cellulose acetate was preburnt for 48 h at a distance of 1 m

culture )

from two U'V-B lamps. The speciral irradiance was measured
with UV  spectroradiometer { Beijing Normal University,
Beijing) . Only a thin layer of the algal suspension was used
to ensure adequate UV-B penetration. Cellulose acetate filters
were changed weekly to avoid aging effects on the UV-B
spectral transmission through the filters.
1.4 UV-B radiation treatment

The intensity of radiation was controlled in 1.25 pW/
cm’. The dose of radiation was controlled by adjusting
radiation time. The trial designed the dose of O { control
experiment with the normal fluorescent lamp tube
irradiation) , 0.72(U-1), 1.44(U-2), 2.16(L-3) and 2.88
(U-4) Jim® radiation treatment .
1.5 Ulva pertusa weighs and Alexandrium tamarense
numbers

Ulva pertusa was weighed after absorbed the superficial
water on it using filter papers. Alexandrium tamarense was
fixed by Lugol iodine solution and then counted using optical
MICLOSCOpy .
1.6 Statistics

All results were represented as means + SO from at leasl
five independent series of experiments (3 measurements
each). For all data collected SPSS 11.0 J for Windows
{SPSS, Chicago, I, USA): Two-factor analysis was used.
p < 0.05 was considered as significant, p < 0.01 was
considered as extraordinary significant.

2  Results

2.1 The growth interaction of Ulva pertusa and
Alexandrium tamarense
2.1.1 Effects of Alexandrium tamarense on the growth
of Ulva pertusa

Alexandrium tamarense could inhibit the growth of Ulva
pertusa. in mixed culture (Fig. 1) . The inhibition of Ulva
periusa was extraordinary significant ( p < 0.01) between
mono-culture and mixed culture A, B and C on the day 12.
The growth inhibition was more obvious with increased initial
cell density of Alexandrium tamarense .
2.1.2 Effects of Ulva pertusa on the growth of
Alexandrium tamarense

The effects of growth  of
Alexandrium tamarense were shown in Fig.2, Fig.3 and Fig.
4. Ulve pertusa could inhibit the growih of Alexandrium
tamarense in early phase(0—9 d} and stimulate the growth in

Uiva pertusa on  the
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Fig.1 'The growth curves for Ufoa pertusa with different initial Alexandrium

tamarense density

later phase{9—12 d). On the day 6, the growth inhibition
to Alexandrium tamarense was significant(p < 0.05) in the
initial cell density B and C. while it was not significant(p >
0.05) in the initial cell density A. The growth of stimulation
was significant(p < 0.05) in the initial cell density B, and
extraordinary significant(p < .01} in the initial cell density
A and C on the day 12.
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Fig-3  The growth curves for Alexandrium tamarense in density B with
Ulva pertusa

2.2 Effects of UV-B radiation on the growth of Ulva
pertusa

The effects of UV-B radiation on the growth of Ulve
pertusa are shown in Fig.5. UV-B radiation could inhibit the
growth of Ulva pertusa, and the growth inhibition was more
significant with increased doses of UV-B radiation. On the
day 6, the growth inhibition to Ulva pertusa was significant
(p <0.05) except the U-1 group. The growth inhibition to
Ulva pertusa was more notable, including the U-1 group, and
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Fig. 4 The growth curves Alexandrium tamarense in density C with
Ulva pertusa

significant(p < 0.05) on the day 9.
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Fig.5 Effects of UV-B radiation treatment on growth of {ilw pertusa

2.3 Effects of UV-B radiation on the growth of
Alexandrium tamarense

The effects of UV-B radiation on the growth of
Alexandrium tamarense are shown in Fig.6, Fig.7 and Fig.
8. The UV-B inhibit the growth of
Alexandrium tamarense and the growth inhibition was more
significant with increased doses of UV-B radiation.

radiation could
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Fig. 6  Effects of UV-B radiation lreatment on growth of Alevandrium
tamarense in density A

With regard to the initial cell density A, the growth
inhibition of Alexandrium tamarense was significant (p <
0.05) except the U-1 group on the day 9 and it was
extraordinary significant( p < 0.01) on the day 12. As for the
initial cell density B, each of the four groups in the growth of
Alexandrium inhihited

tamarense  was extraordinary
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Fig. 7 Effects of UV-B radiation treatment on growth of Alexandrium
tamarense in density B
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Fig. 8  Effects of UV-B radigtion trestment on growth of Alexandrium
tamarense in density C

significantly(p < 0.01) by UV-B radiation from the day 9 to
12. As for the initial cell dengity C, the growth of
Alexandrium tamarense was inhibited more obviously than the
initial cell density A and B by UV-B radiation. Each of the
four groups in the growth of Alexandrium tamarense was
inhibited extraordinary significantly ( p < 0.01) by UV-B
radiation from the day 6 to 12.

2.4 Effects of UV-B radiation on the growth interaction
of Ulva pertusa and Alexandrium tamarense

2.4.1 Effects of Alexandrium tamarense on the growth
of Ulva pertusa under UV-B radiation treatment
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Fig.9 Effects of UV-B rudiation on growth of {dva pertusa
with Alexandrium tamarense in density A

The effects of Alexandrium tamarense on the growth of

Ulva pertusa under UV-B radiation treatment are shown in
Fig.9, Fig.10 and Fig.11.
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Fig. 11

Alexandrium tamarense in density C

Effcets of UV-B radiation on growth of Ulsa pertuse with

The growth inhibition of Alexandrium tamarense with
the initial cell density A on Ulva pertusa was significant( p <
0.05) under UV-B radiation on the day 3. Tt was
extraordinary significant ( p < 0.01) under UV-B radiation
from the day 6 to 12 except that the U-1 group was from the
day 9 1o 12.

The growth effect of Alexandrium tamarense with the
initial cell density B on Ulva pertusa was different under
different doses of UV-B radiation. The growth of Ulva pertusa
was inhibited by Alexandrium tamarense before the day 9
under UV-B radiation, while it was stimulated from the day 9
to 12 in the U-1 group. This inhibition was extraordinary
significant( p < 0.01) under UV-B radiation on the day 3,
and the growth stimulation of Ulva pertusa by Alexandrium
tamarense was extraordinary significant{ p < 0.01} under UV-
B radiation on the day 12 in the U-1 group. The growth of
Ulva pertusa was inhibited extraordinary significantly ( p <
0.01)} by Alexandrium tamarense under UV-B radiation
before the day 9, significantly(p < 0.05) from the day 9 to
12 in the groups of U-2, U-3 and U-4.

The growth effect of Alexandrium tamarense with the
initial cell density C on Ulve pertusa was also different under
different doses of UV-B radiation. The growth of Ulva periusa
was inhibited insignificantly ( p > 0.05) by Alexandrium
tamarense under UV-B radiation before the day 9, while it
was stimulated extraordinary significantly(p < 0.01} from the
day 9 to 12 in the groups of U-1 and U-2. The growth of
Ulva pertusa was inhibited significantly ( p < 0.03) by
Alexandrium tamarense under UV-B radiation before the day
9, insignificantly(p >0.05) on the day 12 in the groups of
U-3 and U-4.

2.4.2  Effects of Ulva pertusa on the growth of
Alexandrium tamarense under UV-B radiation treatment

The effects of growth of
Alexandrium tamarense under UV-B radiation treatment are
shown in Fig. 12, Fig.13 and Fig.14. With regard to the
initial cell density A, the growth inhibition of Alexandrium

Ulva pertusa on the

tamarense was extraordinary significant(p <0.01) except the
U-1 group by Ulva pertusa under UV-B radiation from the
day 9 to 12. As for the initial cell density B, each of the four
groups in the growth of Alexandrium tamarense was inhibited
extraordinary significant( p < 0.01) by Ulva pertusa under
UV-B radiation from the day 9 to 12. As for the initial cell
density C,
Alexandrium tamarense was inhibited extraordinary significant
(p<0.01) by Ulve pertusa under UV-B radiation from the
day 6 to 12.
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Fig. 14  Effects of UY-B radiation treatment on growth of Alexandrium
tamarense in density C with Ulve pertusa
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3 Discussion

3.1  Growth interaction of Ulva pertusa and Alexan-
drium tamarense

The r- and K-selection played a key role in stimulating
empirical and theoretical work on life-history evolution. The
theory as presented by MacArthur ( MacArthur, 1967 ) and
extended by Pianka { Pianka, 1970 ) was
compelling to draw biologists to the study of life histories.

sufficiently

Alexandrium tamarense belongs to r-selection, while Ulva
pertuse belongs to K-selection in this experiment .

The growth of Ulra pertusa was inhibited by
Alexandrium tamarense in the experiment all the while and
the growth inhibition was more significant with the increasing
initial cell density of Alexandrium tamarense. This growth
wnhibition could bhe due to the following: (1) The niche
between Ulva pertuse and Alexandrium tamarense was over-
lapped, and they consumed nutrition and space together, so
that the growth of Ulve pertusa was necessarily inhibited by
Alexandrinm (2) With propagating of
Alexandrium  tamarense, the density would
gradually. The efficiency of photosynthesis in Ulva pertusa
will decrease for the effects of shading light by Alexandrium
tamarense . ‘Therefore, the growth of Ulve pertusea must be
inhibited by Alexandrium tamarense. (3 ) Alexandrium
tamarense inhibited the growth of Ulve pertusa for allelopathic
effect in different algae(Keating, 1978; VanDonk, 2002;
Nan, 2004).

Ulva pertusa could inhibit the growth of Alexandrium

tamarense .
increase

tamarense in the early phase and stimulate the growth in the
latter phase. The effects of macro-algae on the growth of
micro-algae have been extensively studied. Marshall and Orr
applied fertilizer in a nertic gulf of England as early as
1949. They found that the red tide would take place for
micro-algae only under the condition that macro-algae lack
(Marshall, 1949). Fong reporied that the emergence of
macro-algae and micro-algae presented the negative relativity,
the observation to the gulf in Tijuana of the South California
in 1989, both of the abundance with the variety of the space
and season ( Fong, 1993a; 1993b; 1994). Nan and Dong
studied the effects of initial algal density and phosphorus
concentration on the competition between macro-algae and
micro-algae. They found that macro-algae could express
inhibition on the growth of micro-algae in large mass( Nan,
2003; 2004). The growth of micro-algae was inhibited by
macro-algae in latter phase according to the Sfriso’ s result
(Sfriso, 1989), Sfriso studied the salt lake of Weames and
found that red tide would appear enly after macro-algae
putrefied, harvest or in the extreme rich nourishment area
(Sfriso, 1989). The reasons can be inferred as follows: (1)
the allelopathic effect took place in different algae. The
growth of micro-algae was stimulated by macro-algae and
propagating quickly because they must adapt to environments.
(2) Ulva pertusa was placed in the passive position gradually
in the competition on the latter period of experiment. Ulva
pertusa puirefied for the depravation living conditions. Some
nourishment materials, which produced by the Ulva periusa
putrefied, promoted the growth of micro-algae.

3.2 Effects of UV-B radiation on the growth of Ulva
pertusa and Alexandrium tamarense and their responses

The effects of UV-B radiation on the growth of Ulwa
pertusa and Alexandrium tamarense showed inhibition in the
experiment all the while. The effects of UV-B radiation on
the growth of plants were also reported. A great deal of
research expressed that PSII was not only the most sensitive
part on thylakoid membrane in photosynthesis, but also the
main part involved in photosynthesis. The growth of plants
must be influenced if their photosynthesis is affected by UV-B
radiation. Moreover, UV-B radiation could also induce DNA
to produce the reactive oxygen species which could injury
plants and subsequently affect the growth of plants.

The pigment in Ulva pertusa leaf appeared asymmetric
phenomenen and thicken through UV-B radiation. In plants,
a certain amount of UV-absorbing compounds ( usually
phenolic compounds) could be synthesized when plants were
exposed to increased levels of UV-B radiation. This was
naturally important in reducing the penetration of UV-B
radiation to underlying tissues{ Li, 1993; Reuber, 1996).
Other adjustments in plant leaves after exposure to increased
UV-B radiation may also contribute to a heightened UV
defense. At the structural level, increased leaf thickness was
often induced by UV-B radiation and reduces UV-B
penetration to internal leaf tissues. An increased UV-B
radiation resulted in enhanced synthesis of UV-screening
pigment due to the expression of particular genes. It appeared
that the effects of UV-B radiation on photosynthesis, growth,
and development of plants were caused by altered gene
action. However, the mechanisms of how the organism
perceives UV-B radiation and how signals are transmitted are
not yet well understood( Jenkins, 1997).

The cubage of micro-algae is so small that the exterior
phenomenon is not obvious. However, micro-algae could get
logether after UV-B radiation. This is also a kind of
protection behavior on micro-algae.

3.3 Effects of UV-B radiation on the growth interaction
of Ulva pertusa and Alexandrium tamarense

The results both  Alexandrium
tamarense and UV-B radiation showed inhibition on the
growth of Ulve pertusa . However, the growth of Ulva pertusa
was not inhibited completely by Alexandrium tamarense under
UV-B radiation. Lower initial eell density of Alexandrium
tamarense could inhibit the growth of Ulva pertusa under the
UV-B radiation treatment, however, with increasing initial

demonstrated  that

cell density, the growth of Ulva pertusa was stimulated under
lower dose of UV-B radiation and inhibited under higher dose
of UY-B radiation by Alexandrium tamarense. The possible
explanation for this phenomenon is that UV-B radiation
inhibited the growth of both Ulva pertusa and Alexandrium
tamarense, Alexandrium tamarense strongly inhibited the
growth of Ulva pertusa, so that low density of Alexandrium
tamarense decreased the growth inhibition of Ulva pertusa .
The inhibition of UV-B radiation on the growth of Ula
pertusa is smaller than that of Alexandrium tamarense .
Consequently, the growth of Ulve pertusa was stimulated
under lower dose of UV-B radiation in mixed culture. With
increasing initial density of Alexandrium temarense, the
range of UV-B radiation dose, which could stimulate the
growth of Ulva pertusa would enhance.

Compared with that in mixed culture, our results showed
that the inhibition of Ulva pertusa was more positive to the
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growth of Alexandrium tamarense under UV-B radiation
treatment. Both (Jva pertusa and UV-B radiation could
inhibit the growth of Alexandrium tamarense in the early
phase. Therefore, the growth of Alexandrium tamarense was
inhibited by Ulva pertusa more obviously under UV-B
radiation treatment,

References :

Brian L. B, WNathalie B R, 1999. Uliraviolet radiation and distribution of the
solitary ascidian Corella inflate( Huntsman) [ J]. Biol Buil, 196: 94—104.

Caldwell M M, 1977. The effects of solar UV-B radiation { 280—320 nm} on
higher plants: implications of stratospheric ozone reduction[ M]. In: Research
in phatebiology{ Castellani A., ed.). New York: Plenum Press. 597—607.

Caldwell M M, Bjorn L O, Bormman | F et al. 1998. Effects of increased solar
ultraviolet radiation on terresirial ecosystems[J}. Journal of Photochemistry
and Photobiology B: Bielogy, 46: 40—52.

Feng P, Zedler J B, Donohoe R M, 1993, Nitrogen versus phosphorous limitation
of algal biomass in shallow coastal lageons{ J]. Timinolegy and Oceanography,
38: 906—923.

Fong P, Zedler J B, 1993. Temperature and light effects on the seasonal
succession of algal ecommunities in shallow coastal ]aguona[,]] . Journal of
Experimental Marine Biclogy and Ecology, 171: 159—172.

Fong P, Foin T C, Zedler ] B, 1994 . A simulation model of lagoon algal based on
nitrogen eotpetition and internal storage{J]]. Ecological Monographs, 64:
225—247.

Guillard R R L, 1975. Culture of phytoplankion for feeding marine invertebrates
{M]. In: Cultures of marine invertebrate animals { Smith, W. L. and
Chanley, M.H. ed.). New York: Plenum Press. 29—60.

Hader D P, Kumar H D, Smith R C et al., 1998. Effects on aquatic ecosystems
[J]. Journal of Phatochemistry and Photobiology B: Biology. 46; 53—68.

Hallegreeff G M, 1993, A review of harmful algal blooms and their apparent
global increase[J]. Phycologia, 32: 79—99.

Helbing E W, Chalker B E, Dunlap W C et af., 1996. Photoacclimation of
antarctic marine diatoms te solar ultraviolet radiation [ J]. Journal of
Experimental Biology and Ecology, 204: 85—101.

Jenking G I, Fuglevand G, Christie ] M, 1997. UV-B perception and signal
transduction, plants and UV-B, respenses lo environmental change{ Lumsden ,
P. ¢d.})[M]. Cambridge: Cambridge University Press. 135—156.

Keating K [, 1978. Blue-green algal inhibition of diatom growth: transition from
mesotrophic to entrophic community structure| J] . Science, 199 971—973.

Krizek D T, Britz $ J, Mirecki R M, 1998, Inhibitory effects of ambient levels of
solar UV-A and UV-B radiation on growth of cv. new leaf fire lettuce[J].
Physiologia Plantarum, 103; 1—7.

Larkum A W D, Wood W F, 1993. The effect of UV-B radiation on

photosynthesis and respiration of phytoplankton, henthic macroalgae and
seagrasses[]] . Photosynthesis Res, 36: 17—23.

Lesser M P, 1996. Acclimation of phytoplankton to UV-B radiation: oxidative
stress and photeinhibition of photosynthesis are not prevented by L'V-absorbing
compounds in the dinoflagellate Prorocentrum micans [1]. Marine Ecology
Progress Series, 120 65—75.

LiJ, Ou-Lee T M, Raba R et al., 1993. Arabidopsiz flavonoid mutants are
hypersensitive to UV-B irradiation J]. Plant Cell, 5: 171—179.

TiY Q, 1999, The protection and improvement of ecosystem environment in sea
water farming ( Men 1. Y ed.) [ M]. Jinan: Shandong Svience and
Technological Press. 74—126

MacArthur R H, Wilson E O, 1967. The theory of island biogengruphy[M}.
Princeton, New Jersey, USA: Princeton University Press.

Marshall S M, O A P, 1949, Further experiments on the fertilization of a sea
loch(Loch Craiglin)[J]. J Mar Hiol Assoc UK, 27: 360—379.

Nan C R, Deng S L, Jin Q, 2003.
subcordiformis and {lva pertissa under various phosphorus concentrations and
pulses[ J]. Journal of Qcean University of Qingdao, 33: 29—35.

Nan C R, Dong 5 1., 2004. A preliminary study of the suppression of

Competition between  platymonas

phytoplankton by lva pertusa: The effeets of algal density and phosphorus
concentration[ J] . Journal of Ocean University of China, 34: 48—54.

Pianka E R, 1970. On r- and K-selection[J]. Americun Naturalist, 104; 592—
597.

Premkumar A, Kulandaivelu G, 2001, Influence of increased solar UV-B
radiation on magnesium deficient cowpea seedlings: Changes in growth and
foliar constituents[J]. Plant Science, 16%: 1—8.

Raven J A, 1991. Responses of aguatic photosynthetic organisms to increased
solar UV-B[]]. J Photochem Photobiol B: Biel, 9: 239—244.,

Reuber S, Bormnman ] F, Weissenbock G, 1996. A {lavonoid mutant of barley
( Hordeum welgare L.) exhibits increased sensitivity to UV radiation in the
primary leaf [J]. Plant Cell Envirvnment, 19; 593—601 .

Sfriso A, Pavoni B, Marcomini A, 1989. Macroalgae and phytoplankton standing
crops in the central Venice lagoon: primary production and nutrient balance
[1]. Sci Total Environ, 80: 139—159.

Smith B C, Prezelin B B, Baker K S et of ., 1992. Ozone depletion: Uliraviolet
radiation and phytoplankton biology in Amarciic waters [ J]. Science, 255:
0952—9059.

VanDonk E, Van de Bund W J, 2002. lmpact of submerged macrophytes
including charophytes on phyto- and zoo-plankton communities: allelopathy
versus other mechanisms[J] . Aquat Bot, 72 261—274.

Yang Z B, Hadgkiss 1], 2004. Hong Kong’ s worsl “red lide” —causative factors
reflected in a phyteplankion study at Port Shelter statien in 1998[ 1] . Harmful
Algue:, 3: 149—161.

( Received for review November 11, 2004. Accepted January 27, 2005)



