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Trichodesmium spp. physiology and nutrient fluxes

in the North Pacific subtropical gyre
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ABSTRACT: The potential role of the diazotrophic cyanobacterium Trichodesmium spp. in nitrogen
and phosphorus dynamics of the euphotic zone of the North Pacific subtropical gyre was investigated
as one component of the Hawaii Ocean Time-series (HOT) program. Experiments were conducted with
natural samples collected at Stn ALOHA (22°45' N, 158° W) and with isolated cultures in laboratory. In
both sets of experiments, we documented aerobic nitrogenase activity in Trichodesmium by acetylene
(C,H,) reduction to ethylene (C,H,). Although average C,H, evolution per unit chlorophyll a (chl a) was
lower in naturally occurring single trichomes relative to colonies [3.9 vs 12.5 nmol C,H, (ug chl a)™* h7!,
respectively], the generally greater biomass of single trichomes in the North Pacific Ocean suggests
that trichomes may be important in the oceanic N cycle. Disrupted colonies display the lowest nitroge-
nase activities, but these activities increase with time in cultures. These observations and the relatively
high dark oxygen consumption rates observed for Trichodesmium [0.18 umol O, (ng chl aj~! h™!] sug-
gest that, in nature, this cyanobacterium may be able to protect nitrogenase from oxygen inactivation,
and that colony formation enhances, but is not prerequisite for, nitrogenase activity. Trichodesmium
spp. collected from different depth strata at Stn ALOHA were also used to study variations in the C:N:P
elemental composition of rising and sinking colonies. Although changes in elemental ratios were small,
the relative C:N increase in all sinking colonies and the N:P decrease in rising colonies, sampled at
approximately 100 m depth, is consistent with the model of Trichodesmium storage of carbohydrate in
shallow waters (<20 m} and uptake of P at depth. The active uptake of inorganic phosphorus measured
in sinking colonies incubated in the dark combined with a change toward positive buoyancy in colonies
during the incubation supports the hypothesis that vertical migrations of Trzchodesmium may represent
an upward transport of P into the euphotic zone and a potential decoupling of N and P nutrient cycles.
However, these results do not explain the large concentration of non-migratory single trichomes
observed in the upper water column of Stn ALOHA, unless colony versus free trichome morphology is
a transient condition that is under cellular control.
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INTRODUCTION

The high rates of photoautotrophic productivity in
the euphotic zone of the North Pacific subtropical gyre
appear to be inconsistent with the relatively low rates
of inorganic nutrient input from beneath the perma-
nent thermocline (King 1986, Lewis et al. 1986, Platt et
al. 1989). A significant increase in measured primary
productivity during years when the frequency of deep
mixing events decreases (Karl et al. 1995, Letelier et al.
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1996) further exacerbates this condition and demands
a closer examination of our basic paradigms of primary
production and controls of nutrient fluxes in this oligo-
trophic ecosystem.

In recent years attention has been focused on other
potential sources of inorganic nutrients including
atmospheric depositions (Donaghay et al. 1991, Duce
et al. 1991), stochastic storm-induced mixing (DiTullio
& Laws 1991), dinitrogen fixation (Capone & Carpenter
1982, Karl et al. 1992) and vertical migrations of plant
or animal communities (Villareal et al. 1993). In this
context, the cyanobacterium Trichodesmium spp. has
several characteristics relevant to the study of nutrient
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