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change in preformed nutrients [resulting in a 
cumulative decrease in deep-water phos-
phate of about 0.02 micromoles per kilo-
gram (pmoVkg) over 20 years and a cumu-
lative increase in deep-water nitrate of 0.14 
pmolikg over the same period (2)] could al-
so explain the reported N:P trends. Such a 
change in preformed nutrients, caused for 
example by a slight shift in the deep-water 
source regions rather than in biology, would 
be undetectable with the presently available 
data because of large seasonal variability 
and inadequate sampling. 

For North Pacific deep waters, Pahlow 
and Riebesell report a small increase in 
AOU and suggest enhanced export pro-
duction as a cause. However, increasing 
AOU could also be caused by decreasing 
water ventilation rates-a change predict-
ed as a response to global warming (3) and 
perhaps manifested in recent chlorofluoro-
carbon budgets (4). Testing this alternative 
ventilation mechanism Poses a formidable 
(and so far open) challenge. 

There are manv observations that 
demonstrate that the marine biota is vari-
able, especially on local scales (5 ) .Howev-
er, the conclusions by Pahlow and Riebe-
sell that the marine biota has changed over 
large spatial and temporal scales are un-
substantiated because alternative hypothe-
ses cannot be firmly excluded. 
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tude, should it exist, could be easily detect-
ed in the data available for the time period 
covered in our analysis. 

Gruber et al. say that increased aeolian 
nitrogen (N) deposition "would decrease 
the ratio of apparent oxygen utilization 
(AOU) to nitrate" in the North Atlantic. 
This would be true only if primary produc-
tion in the North Atlantic was not limited 
by nitrogen. Although a transition from ni-
trogen to phosphorus limitation has been 
suggested for some areas, nitrogen is con-
sidered to be the dominant limiting nutri-
ent in the North Atlantic (I) .A recent 
study by Wu et al. (2) reports phosphate 
depletion in parts of the western North At-
lantic. The authors conclude, however, that 
the concentration of available nitrogen is 
decreased to limiting levels in these re-
gions because of the formation of refracto-
ry dissolved organic nitrogen. Although in-
creasing aeolian nitrogen deposition may 
have in fact reduced the A0U:N ratio lo-
cally in phosphorus-limited regions, the 
effect would not be detected by our large-
scale analysis. 

For the North Pacific, Gruber et al.  
suggest that decreasing deep-water ventila-
tion rates as a result of global warming 
may explain the observed increase in AOU. 
North Pacific deep waters originate almost 
entirely from the South Pacific (3). If de-
creasing deep-water ventilation had caused 
the trends indicated for the North Pacific. 
similar trends should also have occurred in 
the South Pacific. Because this is not ob-
served changes in deep-water ventilation 
are not likely to be the main cause for the 
changes in AOU and oxidative ratios ob-
served in the North Pacific. 
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Response 
Gruber, Keller, and Key suggest alternative 
explanations for the trends in deep-ocean 
Redfield ratios obtained in our analysis. 
They suggest that a small decrease in pre-
formed nutrients could explain the trends 
observed in the North Atlantic and would 
be undetectable with presently available da-
ta. As we outlined in our report, however, 
the decrease in preformed phosphate con-
centrations necessary to generate the ob-
served increase in the N:P ratio would have 
to be at least 12% or about 0.2 micromolar 
over 20 years. A change in preformed 
phosphate concentrations of this magni-
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News Focus: "Louis iana 's  v a n i s h i n g  w e t -
Lands: going, going,..." b y  j. Bourne (15 Sept., 
p.1860). The w o r d  "Levy" and  i t s  derivat ives 
were used i n  t h e  ar t ic le  instead o f  "levee." 

2 0  OCTOBER 2 0 0 0  V O L  2 9 0  SCIENCE www.sciencemag.org 


