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Growth responses of Alexandrium minutum (Dinophyceae)
as a function of three different nitrogen sources and irradiance
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Abstract The growth response of the PSP-
producing dinoflagellate Alexandrium minutum,
cultured from a shellfish poisoning outbreak in 1993
in the Bay of Plenty, was studied in semi-continuous
cultures, using 54 combinations of irradiance and
different nitrogen (N) sources (nitrate (NO^"),
ammonium (NH4), urea) and concentrations.
Irradiance had more influence on growth of A.
minutum cultures enriched with NOj than on
cultures enriched with either NH4 or urea. At the
high irradiance level (100 u.mol m~2 s~'), the
greatest growth (0.5 doubling d~') was recorded in
cultures enriched with NO3, followed by cultures
enriched with NH4 and urea, respectively. For
cultures enriched with either NH4 or urea, nutrient
concentrations contributed to greater variations in
growth than irradiance. At high irradiance, growth
of A. minutum peaked in cultures enriched with
about 25 \xM of either NH4-N or urea-N. Growth
of A. minutum was substantially reduced when
grown at 50 uM of either form of "recycled" N,
and growth ceased at concentrations > 100 and >
200 uMof NH4-N and urea-N, respectively. Growth
of A. minutum appeared to saturate at relatively low
irradiance (I* < 40 |amol rrr2 s^1). These results
imply that/4, minutum is able to substain reasonably
good growth rates, even in poorly illuminated
depths within the water column.
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INTRODUCTION

Nitrogen (N) has long been recognised as the most
important nutrient that limits phytoplankton growth
in oceanic and coastal waters (Ryther & Dunstan
1971; Goldman & Glibert 1983). For years the
response of phytoplankton to different N sources
has been studied both in situ and in the laboratory
(e.g., Carpenter et al. 1972; Anita et al. 1975;
Terlizzi & Karlander 1980). Many of these studies,
however, only provide information on the types of
N sources (e.g., NOj, NH4, urea) which might be
used by phytoplankton, but do not provide
information on the interaction of the various N
sources with other environmental variables
affecting growth. It is now recognised that the
utilisation of different N sources is influenced by
irradiance, temperature, and salinity (e.g., Fergurson
et al. 1976; Terlizzi & Karlander 1980; Chang &
Page 1995).

Alexandrium minutum was chosen for this study
because it has caused blooms both in Australia and
New Zealand, and has also been linked to paralytic
shellfish poisons (PSP) detected in shellfish
(Hallegraeff et al. 1988; Oshima et al. 1989;
Hallegraeff 1991; Cannon 1990; Chang 1993,1994;
Mackenzie 1994; Chang et al. 1995, in press).
Recently in New Zealand, Alexandrium minutum
has received increased attention because the bloom
of this species has become an annual event, in both
the Bay of Plenty and Marlborough Sounds (Chang
unpubl. data; L. MacKenzie pers. comm.).

It has been suggested that nutrient-rich waters
(> 6 u.M of NOj-N), introduced by an upwelling in
mid- to late January 1993, contributed to an A.
minutum bloom in the western Bay of Plenty (Chang
& Bradford-Grieve 1994). In Port River, South
Australia, intense blooms of A. minutum were
associated with high ambient concentrations of
oxidised N nutrients (30.7 \iM) from sewage
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discharge (Cannon 1990). In both instances, the
build-up of A. minutum was found to occur over
the full depth of the water column.

In laboratory studies conducted by Cannon
(1993), growth of A. minutum was reported to
respond to high concentrations of combined
macronutrients (NOj + phosphate), moderate
temperature (15°C), and high irradiance (up to 100
umol nr 2 s"1), but this dinoflagellate did not appear
to respond to salinity changes. These results provide
useful information on the growth response of A.
minutum to different concentrations of combined
NO^ and phosphate nutrients, and to other
environmental variables. However, these results did
not provide information on the individual responses
of A. minutum to either NO3, NH4, or urea, nor on
the effects of individual N nutrients at different
irradiances. Vertical migration (Cannon 1993)
makes it possible for cells of A. minutum to take up
nutrients at different depths, over a wide range of
irradiance in the water column. The present study
aims to detail the response of this toxic
dinoflagellate to increasing irradiance in
combination with different N sources and
concentrations, to assess the relative importance of
these factors on the dynamics of natural populations.

MATERIALS AND METHODS

A non-axenic, clonal culture of Alexandrium
minutum (AMBOP006), established during the
early 1993 shellfish posioning outbreaks in Bay of
Plenty, was maintained in f/4 culture medium
(less sodium silicate) (Guillard & Ryther 1962)
at 18°C, with cool-white fluorescent light
(50 umol irr2 s~'), under a 14:10hlight:darkcycle.

A series of growth experiments were conducted
at six different concentrations of each of the NO3-N,
NH4-N, and urea-N enriched sea water media: 6,
12.5, 25, 50, 100, and 200 uM, with autoclaved,
filtered sea water used as a control (unenriched
NO3-N, NH4, and urea-N concentrations were 1.76,
0.75, and 0.80 \x.M respectively), and three light
intensities: 100, 50 and 25 jjmol nr 2 s~', in a fac-
torial design, yielding 54 combinations of irradiance
and N concentrations. The growth experiments were
based on the semi-continuous culture method of
Henriksen et al. (1993); 10% of each culture was
taken out every day for cell counts and replaced by
an equivalent amount of new medium.

All cultures were preconditioned by transferring
at least three times to new media with the

corresponding nitrogen nutrients and concentrations
(except cultures enriched with very high NH4 and
urea concentrations, since most of the cells were
dead in the first or second transfer), at the
appropriate irradiance, to allow the cells to adapt.
Cells preconditioned at each combination of
nutrient and irradiance were then transferred in
triplicate into screw-top glass tubes (Kimax),
measuring 150 x 25 mm, from cultures in the
exponential phase of growth. These tubes were
exposed at a constant temperature of 20°C at three
light intensities: 100, 50, and 25 umol irr2 s~',
achieved by using neutral density screens.

Growth at each combination of light and
nitrogen nutrients was determined from the rate of
change in the in vivo chlorophyll fluoresence of the
cultures, measured daily at the same time each day
by inserting the culture tube into a Turner Designs
Model 10-AU digital fluorometer, equiped with an
infrared-sensitive photomultiplier, as described in
Brand et al. (1983). Cell numbers were determined
by direct cell count in a small volume of subsample
(2 ml), preserved in Lugol's iodine solution, using
a Nikon Diaphot inverted light microscope (Chang
& Page 1995). Microscopic enumeration correlated
well with in vivo chlorophyll fluorescence values
in the six sets of irradiance/nutrient combination
tested (r = 0.99, n = 7).

Growth rates for the exponential phase were
calculated as doubling per day (K), by least-square
regression of the natural logarithm of in vivo
chlorophyll fluorescence (Guillard 1973), for each
N source at all three irradiances. In all instances,
three replicates were available for analysis. Growth
data analysis was by two-factor analysis of variance
in a completely random factorial design, and was
run using the ANOVA routine (Systat Version 6.0).

RESULTS

A general increase in growth response was observed
in cultures with increasing NO3 concentrations and
irradiance levels (Fig. 1 A). Growth of A. minutum
in NOj enriched cultures increased substantially (up
to 80% of the maximum) at concentration > 6 [iM
at elevated irradiance. At concentrations < 6 uA/of
NO^-N, as in the control experiments, growth at all
three irradiances was less than half the level of those
at higher concentrations. At the high irradiance (100
l̂ mol irr2 s~'), a maximum growth rate of 0.50
doubling d~' was attained at the highest concen-
tration of NO^-N (200 \xM) enriched cultures, with


