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Iron determinations Here too the specific growth rates of the 
phytoplankton were found to be high. A 
model invoking not only a balance between 
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OcEANOGRAPHt-:KS havt: long been puzzled by 
area~ of the ocean where there are high levd~ 
of nutrients (nitrate and phosphate), and yet 
the phytoplankton biomass is surprisingly 
low. Poor light, low temperature, zooplank
ton grazing and trace-metal limitation (or 
toxicity) have been blamed for the low pro
ductivity, but none convincingly. J. Martin 
and colleagues (Moss Landing 
Lab.) have evidence1- 4 indicating 
that photosynthesis is limited by 6 

shortage of iron in these areas, and 
suggest that fertilizing the oceans 
with iron may stimub1te the growth of 
giant algal blooms, thereby removing 
carbon dioxide from the atmosphere 
and sequestering carbon in the deep 
ocean. Such an approach has been 
hailed as a possible technological solu
tion to the greenhouse effect. But model 
calculations presented both in Nature 5-

7 

and at a meeting* last month, cast doubt 
on the effectiveness of such a strategy for 
reducing atmospheric levels of carbon 
dioxide (J. Sarmiento, Princeton Univ.; 
T-H. Peng, Oak Ridge National Lab.). 
Indeed, if the fertilization proposal were to 
be carried out, certain areas of the ocean 
might become severely depleted in oxygen, 
models indicate, which could have poten
tially catastrophic effects. 

Iron is important for algal growth, but only 
trace amounts are needed, which might 
imply that the phytoplankton's iron require
ments could easily be met. But in the oxyge
nated sea water, soluble Fe(u) is oxidized to 
insoluble Fe(m). Supply ofironisnot a prob
lem in coastal area.~, mainly because of resus
pension of iron-rich sediments on the con
tinental shelf. In offshore regions, iron is 
chiefly supplied by windhorne dust contain
ing iron (a.~ well as other trace metals) origin
ating from arid areas in Asia. A significant 
fraction of the iron in atmospheric dust is be
lieved to be soluble Fe(u) and therefore 
readily available for uptake by phytoplank
ton. High fluxes of iron-rich dust are found 
off the coast of Asia, China, West Africa, 
Australia and the Caribbean, but over the 
Southern Ocean, the central equatorial Pa
cific and the northern Pacific, fluxes arc low. 
Intriguingly, these are the upwelling regions 
ofthe ocean where the conditions of high nu
trients and low productivity are observed (R. 
Ducc, Univ. Rhode Island)- This bolsters 
Martin's argument. 

Measurements of the carbon dioxide con
centration in ancient air trapped in polar ice 
show that C02 levels were lower during 
glacial periods; moreover, the supply of 
iron-rich atmospheric dust was then about 50 
times higher than it is now. MartinR suggests 
that the increased availability of iron during 

*Arr.erican Society ot Limnology and Oceanogr"pt1y special 
symposium, San Marcos, Californ1a, 22- 24 February 1991. 
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glacial periods significantly enhanced phyto
plankton growth, thereby contributing to the 
removal of atmospheric C02• But produc
tivity seems not to have been enhanced in the 
nutrient-rich Southern Ocean (W. H. 
Berger, Scripps Inst. of Oceanogmphy). 
Nonetheless, the Antart:tic seems to have 
been productive only for the past two million 

growth and grazing, hut also the preferential 
uptake of ammonium (regenerated produc
tion), as opposed to nitrate uptake (new pro
duction), can explain the observations with
out direct recou~e to iron limitation (B. 
Frost, Univ. Washington). 

In contrast, in experiments in which iron 
was added to bottled samples of ocean water, 
nitrate was taken up more efficiently than in 
control samples and the growth of large 
diatoms, in particular, seemed to be stimu
lated. The species composition of the treated 
samples was very different from that of the 
controls (A. Burna, Netherlands lnst. for 
Sea Research; Martin; N. Price, 
Massachusetts Inst. Technology)- Such re
sults lead to the hypothesis that 
in some areas of the ocean, low levels 
of dissolved iron might inhibit the 
growth of large nitrate-utilizing phyto-
plankton and instead promote a 
rapidly cycling ammonium-fuelled 
microbial loop (F. Morel, Massachu
setts Inst. Technology). 

The interpretation of these bottle 
experiments, however, is controver
sial: iron may indeed be limiting; or 
the addition of iron could have a 
negative effect on graze~ and the 
con~uent relaxation in grazing 
pressure could yield the observed 
increase in chlorophyll; or iron 

.r . . · . · could be limiting only for the larger 
False-colour sat~.ll1te 1m age show1ng algal blooms arouna mt;, bloom-forming phytoplankton (as 
Galapagos - a natural 1ron-fert1l1zat1on expenment suggested above)· or it ·ould be 
accord1ng to Mart1n, as plumes to the southwest (orange- . . . ' c 
green) may be stimulated by iron-enriched currents. (White. that 1ron add1t~on reduces the lag 
clouds; blue, unproductive ocean.) Courtesy Gene Feldman. between nutnent uptake and 
years or so, and there have been significant population growth. In addition, the samp
arnounts of dust in the atmosphere for only ling procedure for bottle experiments leads 
the past 6 million years. So possibly there is a to the exclusion of large graze~ and hence 
role for iron in stimulating productivity, the community structure is different from 
although not quite as envisaged by Martin. that in the open ocean in both the control 

As an alternative to iron limitation, J. J. and treated samples. A more profitable ap
Cullcn (Bigelow Lab. for Ocean Sciences) proach (P. Falkowski, Brookhaven National 
considered whether upwelling may cause Lab.) is to examine the cells of various 
poor productivity: phytoplankton might be oceanic phytoplankton species and look for 
unable to adapt sufficiently quickly to their appropriate markers of iron limitation. 
changing light environment in rapidly up- Although iron fertilization does not seem 
welling regions such as the central Pacific_ to be even a partial cure for the greenhouse 
But field studies show they can: the growth effect, the debate over the role of iron in 
rate and chemical composition of the phyto- regulating productivity demands consider
plankton, estimated from changes in chloro- able further work, with perhaps small-scale 
phyll during incubation of samples, were iron fertilization experiments in the ocean, as 
found to be high (just < 1 division per day)- well as studies to examine the chemistry of 
The availability of trace metals did not limit iron in sea water and the physiology of the 
the growth of the dominant phytoplankton relevant phytoplankton species. 0 
species, and Cullen concluded that grazing 
by microwoplankton regulated the standing 
crop. That the availability of iron might con
trol the growth of certain larger species, and 
hence the food web structure, could not, 
however, be ruled out. 

Results of a study in the sub-Arctic Pacific 
show a marked lack of variation in the stand
ing stock of phytoplankton, despite large 
changes in the solar radiation received, the 
depth of the mixed layer and temperature . 
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