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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 (NO3),
ammonium (NHZ), urea) and concentrations.
Irradiance had more influence on growth of 4.
minutum cultures enriched W1th NOj7 than on
cultures enriched with either NHZ or urea At the
high irradiance level (100 pmol m2 s7'), the
greatest growth (0.5 doubling d™') was recorded in
cultures enriched w1th NOj3, followed by cultures
enriched with NH; and urea, respectlvely For
cultures enriched with either NH or urea, nutrient
concentrations contributed to greater variations in
growth than irradiance. At high irradiance, growth
of 4. minutum peaked in cultures enriched with
about 25 uM of either NH;-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 uM of NH3-N and urea-N, respectively. Growth
of A. minutum appeared to saturate at relatively low
irradiance (I <40 pmol m 2 571), 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 ir 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 mformatmn on the types of
N sources (e.g., NO3, NHj, 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 uM of NO3-N), introduced by an upwelling in
mid- to late January 1993, contributed to an 4.
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 pM) from sewage






