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ABSTRACT Profiles of silicic acid, chlorophyll a,  biogenic silica, and lithogenic silica concentrations 
and the rate of sllica production were obtained from 7 depths in the upper 100 to 200 m at  8 stations in 
the western Sargasso Sea between May 7 and 18. 1989 Stations were  distnbuted from the southern 
edge of the Gulf Stream to about 400 km south of Bermuda An additional set of profiles was obtained 
at Stn S near Bermuda on March 28 1989 Sillcic acid concentrations in the euphotic zone xvere gener- 
ally between 0 6 and 0 9 pM Blogenic sillca concentrations ranged from 7 to 1400 nmol S1 1-' with con- 
centratlons c 5 0  nmol S1 1-' being typical of stations south of 35" N well away from the Gulf Stream and 
its eddies Specific production rates of biogenic silica (V,) averaged 0 16 d-l (range 0 01 to 0 67 d- ')  col- 
responding to an average doubling time f o ~  the diatoms of 4 2 d Values of V, wele  loxvest between 32 
and 34"N with higher values observed both to the north and south The doubling times of the diatom 
assemblages at stations south of 35" N (2  to 20 d ) ,  away from the Gulf Stredm and ~ t s  e d d ~ e s ,  were  in the 
same range as those reported for the picophytoplankton In the Sargasso Sea sugges t~ng  that diatoms 
can gioxv as  fast as  the more numerous plcophytoplankton in oligotrophic oceans Subsurface maxima 
in biogenic silica concentration, chlorophyll biomass and silica production rates were observed neai the 
top of the nitracl~ne at  7 of the 9 stations Integrated silica production rates between the surface and the 
0 1 % light depth were  generally betxveen 0 2 and 0 7 inmol Si m - d-l with an  aveiage of 47 % of that 
production occurring within the nitracline If diatoms taking up silicic acid xvithin the nitracline also 
ut~lize nitrate, they may account for between 0 56 and 0 84 m01 C m-' yr.' of nexv production lvhich is 
16 to 24 % of the estimated annual total new production for the region 
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INTRODUCTION 

Recent data indicate that the importance of diatoms 
to the biogeochemical cycling of elements in the ocean 
extends beyond the coastal waters to the open sea. 
During the JGOFS North Atlantic bloom study a 
diatom bloom developed that appeared to sink en  
masse out of the surface waters following significant 
depletion of nitrate and silicic acid in the euphotic zone 
(Sieracki et al. 1993). Data from a time-series study of 
silica cycling at the JGOFS Bermuda Atlantic Times 
Series (BATS) site indicate that diatoms account for 
13 to 26% of the annual primary production and up to 
30% of the annual new production in the oligotrophic 

'E-mail: brzezins@lifesci.ucsb edu 

waters of the western Sargasso Sea (Brzezinski & 

Nelson 1995, Nelson & Brzezinski 1996). Diatoms are 
also important in the export of biological materials at 
time-series station ALOHA in the subtropical north 
Pacific Ocean (Karl et al. 1996). 

The importance of diatoms in the open sea is masked 
by their low abundance in the phytoplankton and the 
lack of diatom opal in the underlying sediments. 
Nevertheless, the available data suggest that silica 
production in the surface waters of those systems is 
significant in global terms (Nelson et  al. 1995). For 
example, the annual rate of silica production at  the 
BATS site (240 mm01 m-* yr-'; Nelson & Brzezinski 
1996), is only 3 % of the annual silica production rate 
(8300 mm01 yr-l) estimated for the major coastal 
upwelling zones by Nelson et al.; (1995). However, 
extrapolation of the annual silica production rates off 
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Bermuda over the vast area of all mid-ocean gyres 
results in an integrated sil~ca production rate for those 
oligotrophic systems that equals the combined silica 
production occurring in all regions overlying the major 
zones of modern global sil~ceous sediment accumula- 
tion (Nelson & Brzezinski 1996). While such estimates 
are provocative, they are based on so few data with 
such limited spatial coverage that the conclusions are 
subject to large uncertainties. 

Refining our understanding of the silica cycle of the 
oligotrophic mid-ocean gyres will require additional 
data on the magnitude and timing of oceanic diatom 
blooms. Blooms of large diatoms appear to be responsi- 
ble for the mid-summer peak in total particle export at 
Station ALOHA in the subtropical Pacific near Hawaii 
(Karl et al. 1996). In the Sargasso Sea off Bermuda a 
diatom bloom occurs each winter or spring that supports 
ca 30 to 50 % of the annual export of biogenic silica from 
the upper 150 m (Brzezinski & Nelson 1995, Nelson & 

Brzezinski 1996). The importance of diatom blooms 
to biogeochemical processes may be greater in other 
regions of the Sargasso Sea than they are near Bermuda. 
Diatom abundances during spring blooms to the north- 
west of Bermuda near the Gulf Stream can be several 
orders of magnitude greater than at  the BATS site (Hul- 
burt 1990), but the contribution of diatoms to elemental 
cycles across the gyre has not been examined. 

Here we report the first measurements of silica pro- 
duction rates across a reasonably large area (ca 0.5 x 

106 km2) of the western Sargasso Sea during the spring 
of 1989. Our goals were to determine the levels of 
silica production across the gyre during the spring 
bloom per~od  and to assess the possible contribution 
of diatoms to new production. 

MATERIALS AND METHODS 

Profiles of shcic a c ~ d  (Si(OH),), biogenic silica (BSiO,) 
and lithogenic silica (LSiO,) concentrations and silica 
production rates were obtained from 7 depths in the 
upper 100 to 200 m at 8 stations in the western Sar- 
gasso Sea between May 7 and 18, 1989, aboard the RV 
'Oceanus' with an additional set of profiles obtained 
earlier from Stn S near Bermuda on March 28, 1989, 
aboard the RV 'Weatherbird 1'. Water samples were 
collected using acid-washed 10 1 Go-Flo bottles. Sam- 
pling depths were chosen based on profiles of photo- 
synthetically active radiation (PAR) determined using 
a LICOR@ spherical quantum sensor Samples were 
collected from depths corresponding to 200, 60, 25, 
10, 2.5, 1 and 0.1% of the value of PAR measured 
just below the sea surface (I,,). The concentrations of 
chlorophyll a (chl a) and nltrate were measured at 
sea according to Strickland & Parsons (1972). 

Samples for the analysis of silicic acid concentra- 
tion, [Si(OH),], were drained directly from the Go-Flo 
bottles into polypropylene containers and analyzed at 
sea using the method of Brzezinski & Nelson (1995). 
That method has a detection limit of 50 nmol 1-' 
Si(OH)4 when used with a 10 cm cuvette. Additional 1 1 
samples were collected for the analysis of biogenic and 
lithogenic silica concentrations, [BSiO,] and [LSi02] re- 
spectively. Each of those samples was filtered through 
a 0.6 pm polycarbonate filter, the filters folded in quar- 
ters and placed in separate polystyrene petri dishes. 
The filters were then dried at 65OC and stored at room 
temperature. The particulate matter on each filter was 
later analyzed for both [BSiO,] and [LSi02] using the 
NaOH/HF digestion sequence outlined by Brzezinski 
& Nelson (1995). The biogenic and lithogenic silica 
concentration analyses each had a detection limit of 
0.5 nmol S1 I-'. 

Silica production rates were determined using the 
30Si tracer method of Nelson & Goenng (1977). A 2.8 1 
polycarbonate bottle was filled from each Go-Flo bottle 
and a 0.25 pM tracer addition was made to each 
sample. Each sampIe bottle was then covered with a 
neutral density screen to simulate the in situ light 
intensity at the depth where the enclosed water was 
collected and placed in a deckboard incubator. Water 
temperature in the incubator was maintained by 
flowing surface seawater After a 6 to 9 h incubation 
the particulate silica in each sample was collected on a 
0.6 pm polycarbonate filter and stored as described 
above for the particulate silica samples. The isotopic 
composition of the silica on each filter was determined 
by conversion to BaSiFs (Nelson & Goering 1977) fol- 
lowed by mass spectrometry using a Measurement and 
Analysis Systems 6-60 mass spectrometer. Three micro- 
moles of 2gSi (95.65 atom% '"1) was added to each 
sample as carrier. The range in the atom% 30Si for 
triplicate analyses of the same sample was 0.002. 

The low concentrations of biogenic silica presen.t in 
our samples (often <50 nmol Si I- ' )  compared to the 
much larger mass of 29Si carrier (3 pmol) added when 
preparing samples for isotopic analysis resulted in very 
low enrichments of "Si of the sample/carrier mixtures. 
A sample was considered significantly enriched in "Si 
when the atom% 30Si of the raw mass spectrum, was 
20.004 atom% (i.e. twice the observed range for trip- 
licate analyses of the same sample) greater than that 
produced by an unenriched sample of equal mass. For 
example, the 2.8 1 samples used in our experiments 
typically contained about 100 nmol of particulate silica 
(sum of BSiOl and. LSi02). A mixture of 100 nmol of 
isotopically natural Si (atom% 30Si = 3.119 on our 
instrument) and 3 pm01 of carrier (0.230 atom% 30Si on 
our instrument) would have a measured a.tom% "S1 
of 0.323. The same mixture would be considered to 
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be enriched in 30Si relative to natural Si for values 
20.327 atom% 30Si. All of our analyses met this crite- 
rion. The atom% 30Si in the raw mass spectrum from 
each sample exceeded that for an unenriched sample 
of equal sample mass by an average of 0.027 atom%, 
"Si, or 0.027/0.004 = 6.75 times the analytical uncer- 
tainty of the measurement. Thus, the reported rates are 
subject to an average analytical error of '/6,75 = 15%. 

The production rate of biogenic silica (p, in nmol Si 
1-' d-') and the specific rate of silica production (V, in 
d-l) were calculated from the mass spectrum from each 
sample according to the equations of Nelson & Goering 
(1977). The resulting values of Vare normalized to the 
sum of biogenic and lithogenic phases and thus under- 
estimate the specific rate of biogenic silica production, 
V,, by diatoms. Vb was calculated from Vusing: 

The presence of non living biogenic silica (empty frus- 
tules, shell fragments, etc.) will cause Vb to be an 
underestimate of the specific rate of uptake by living 
diatoms because it is normalized to total biogenic sil- 
ica, which includes some unknown fraction of detrital 
material. In contrast, the increase in ambient [Si(OH),] 
caused by our tracer addition may have increased Vb 
above that occurring in situ. Kinetic studies of the 
concentration dependence of silicic acid uptake over 
2 yr at the JGOFS BATS site showed a proportional 
increase in V, with increasing [Si(OH),] over the 0.5 to 
2.5 PM range (Brzezinski & Nelson 1996). Assuming 
that the diatom assemblages we sampled had similar 

kinetics to those at the BATS site our 0.25 pM Si(OH), 
tracer addition to water with ambient [Si(OH),] of 
0.6 to 1.2 pM would have increased V, by ca 20 to 
30%. The extent to which the opposing. effects of the 
presence of detrital biogenic silica and the increase in 
[Si(OH),] caused by the addition of tracer cancel each 
other cannot be evaluated. 

RESULTS 

The 9 stations were distributed within an approxi- 
mate 0.5 X 10' km2 area of the western Sargasso Sea 
and included locations ranging from the southern edge 
of the Gulf Stream to ca 400 km south of Bermuda 
(Fig. 1). Examination of the station locations relative to 
sea surface temperature indicates that all stations 
north of 35"N were likely influenced by the Gulf 
Stream (Fig. 1). Stns 2,  3 and 13 were at the southern 
edge of the Gulf Stream (Fig. 1). The proximity of those 
stations to the Gulf Stream suggests that the data 
obtained at them are not representative of the Sar- 
gasso Sea proper. We thus consider only those stations 
located south of 35"N to be indicative of conditions 
within the gyre. 

Profiles of each property showed many consistent 
features among stations. Profiles from a representative 
station are presented in Fig. 2. The location of this 
station (31°46'N, 64O07'W) is very near the JGOFS 
BATS site (31°50'N, 64" 10'W) and is well away from 
the Gulf Stream. The surface mixed layer was about 
20 m deep with a gradual seasonal thermocline (Fig. 2). 

Fig. 1. Station locations (0)  within 
the northwestern Sargasso Sea. 
Position of Gulf Stream (GS) and 
cold-core eddies (CE) taken from 
NOAA/National Weather Service 
analyses between May 9 and 18, 

1989 
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That temperature profile was typical of the stratifica- 
tion observed at all other sites where the depth of the 
mixed layer ranged from 15 to 20 m. Nitrate was unde- 
tectable (i.e. $0.05 FM) in the upper 60 to 80 m at all 
sites, while the concentrations of Si(OH), were gener- 
ally between 0.6 and 0.9 pM over that same depth zone 
(Fig. 2). Stn 13 in the Gulf Stream was exceptional in 
that [Si(OH),] was 1.2 pM throughout the surface 
layer The coincidence of the gradients of [NO:1-] and 
[Si(OH),] within the nutricline that is evident in Fig. 2 
occurred at all stations. BSiO, concentrations ranged 
from 7 to 1400 nmol Si 1-' in the euphotic zone. The 
greatest concentrations were observed at stations north 
of 35" N with lower concentrations, generally <50 nmol 
Si 1-l, found south of that latitude. Subsurface maxima 
in both [BSiO?] and chlorophyll were present near 
the top of the nitracline (Fig. 2) at all stations except 
Stns S and 3. 

Siliceous biomass levels in the gyre were generally 
much lower than ambient silicic acid concentrations. 
The ratio of integrated silicic acid concentrations, 
~ [ s ~ ( o H ) , ] ,  to integrated concentrations of BSiO,, 
~ [ B s ~ o ~ ] ,  averaged 38 (range: 6 to 76) for stations south 
of 35"N and 7.8 (range: 0.5 to 19) for the 3 stations 
north of 35"N (Table 1). Stn 2 near the Gulf Stream 
(Fig. l )  was the only station where ~ [ s ~ ( o H ) , ] : ~ [ B s ~ o ~ ]  
was less than 1 (Table 1 ) .  Values of J [ B s ~ o ~ ]  were 
greatest north of 35"N, while ~ [ B S ~ O ~ ]  south of that 
latitude were all 17.3 and often < 3  mm01 m-2 without 
a discernable latitudinal trend (Table 1. Fig 1). Inte- 
grated lithogenic silica concentrations, I [ L S ~ O ~ ] ,  were 
generally < 3  mm01 m-' at all stations (Table 1).  

Specific production rates of biogenic silica were 
quite high despite the low levels of siliceous biomass. 
Values of Vb ranged from 0.014 to 0.67 d-l, averaging 
0.164 d-l, corresponding to a mean doubling time for 
the diatom assemblages of 4.2 d (range: 1.0 to 50 d). 
Generally Vh decreased with depth (Fig 2), but silica 
production continued well into the nitracline at all 
stations. The average value of Vb (k SD) within the 
nitracline (0.056 t 0.041 d-l) was about a third of that 
for the overlying water (0.185 * 0.137 d-l). Significant 
values of V,, were observed at the deepest depth 
sampled (0.1 % Io; Fig. 2) at all stations indicating that 
we never sampled the full depth range of surface silica 
production. Thus, ~ntegrated silica production rates are 
minimum estimates for the upper water column. 

The average V,, between the surface and the 0.10/0 
I. varied 9-fold among stations Lowest values were 
generally found between 32 and 34" N with higher val- 
ues observed both to the north and south (Table 1). The 
highest rates were observed at the 2 southernniost 
stations (10 and 11; Table 1) well away from the in- 
fluence of the Gulf Stream and cold-core eddies. 
Siliceous biomass was low at those sites (Table l ) ,  but 
the doubling times of the resident diatom assemblages 
were rapid (ca 2 d in each case). 

Silica production rates (p) averaged 6.3 nmol Si I-' d-' 
(range: 1.2 to 3 1 . O  nmol Si I-' d-') Subsurface maxima in 
p were observed at the base of the euphot~c zone 
coincident with the chl a maximum and the nitracline 
(Fig. 2) at all stations except Stns 3 and 13 located within 
the Gulf Stream or near its eddles (silica production rates 
were not measured at Stn 2 which was also near or in the 
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Table 1 Depth of the 0.1 % light, integrated chlorophyll, silicic acid, biogenic silica and lithogenic sllica concentrations, and sil- 
ica pi-oduct~on rates in the Sargasso Sea during May 1989. Parameters integrated to the 0 l % light depth. Dashes denote lack 

of data 

Latitude Station 0.1 V/u  I,, j[chl a] ~ [ s ~ ( o H ) , ]  ~ [ B s ~ o ~ ]  ~ [ L S ~ O ~ ]  Mean V, JP of JP occurring 
(m) (mg m-') (mmol m-2) (mn~ol m-') (mmol m-2) (d-') (mmol m-2 d-') within nltracline 

36"51'N 13 119 20.3 126.3 6.6 2.0 0.144 0.67 4 8 
36" 39' N d 2 - 23.8 52.1 109.1 2.7 - - - 
36" 33' N 3 95 19 6 78.8 20.5 2.9 0.081 1.48 28 

n 34"40'N 12 - - 82.8 - - 0.070 - - 
34" 27' N 4 119 24.8 76.0 12 5 2.0 0.058 0.51 67 
32" 32' N a 5 - 15.7 102.0 2 1 3.2 - - 
32" 10' N S 80 - 55.9 7 3 2.0 0.031 0.24 40 
31°46'N 6 110 13.7 88.9 2.8 2.1 0.158 0.40 56 
3Oo35'N 10 110 7.6 90.0 1.5 1.9 0.341 0.46 C 

27"50'N 11 180 27.1 159.8 2.1 2.7 0.341 0.73 44 
Means 116 20.0 92.2 18.3 2.4 0.165 0.64 47 

aLight data unavailable. Integration depths are 105, 115 and 125 m for Stns 2, 5 and 12, respectively 
,V, measured at 2 m only on March 28, 1989, corresponding p = 1.2 nmol Si I-' d-'. Data from this station are not included 
in the reported averages 

'All samples for silica production taken above the depth of the nitracline at this site, 135 m 

Gulf Stream). Values of p in those subsurface maxima at 
the base of the euphotic zone ranged from 5 to 8 nmol Si 
1-' d-l. At Stns 3 and 13 in the Gulf Stream p was maximal 
at the surface and decreased with depth. 

lntegrated production rates, Ip, between the surface 
and the 0.1 "/o light depth were generally between 0.2 
and 0.7 mm01 m-2 d-' (Table 1). The spatial variation in 
I p  paralleled that of V, with lowest values occurring be- 
tween 32 and 34"N with rates increasing to the north 
and south. An exceptionally high value of 1.48 mm01 Si 
m-2 d-' was observed at Stn 3 near the Gulf Stream 
primarily due to the relatively high biogenic silica con- 
centrations present at this site (Table 1). An average of 
47 % (range: 28 to 67 %) of the silica production occur- 
ring between the surface and the 0.1 % light depth was 
taking place within the nitracline (Table 1). That is a 
minimum estimate of the fraction of silica production 
occurring within the nitracline since silica production 
continued past the deepest depth sampled (see above). 

DISCUSSION 

The present data set constitutes the first study of 
silica cycling using isotopic tracers across a reasonably 
broad geographic region of a mid-ocean gyre. The 
only other examination of silica cycling in the Sargasso 
Sea or any other mid-ocean gyre is a time-series study 
at a single location conducted as part of the JGOFS 
BATS program (Brzezinski & Nelson 1995, Nelson & 
Brzezinski 1996). The results from our spatial survey 
indicate that several features of the silica cycle ob- 
served at the BATS site are common throughout much 
of the western Sargasso Sea. The concentrations of 
silicic acid we measured within the surface layer at 

stations well away from the influence of the Gulf 
Stream (0.6 to 0.9 pM) were in the same narrow range 
observed at the BATS site under stratified conditions 
(Michaels et al. 1994, Brzezinski and Nelson 1995). 
Both data sets show that Si(OH)4 is not depleted to 
nanomolar levels, as is nitrate, and its concentration 
often exceeds that of BSi02 by over an order of mag- 
nitude. The coincidence of the top of the gradients in 
[NO3-] and [Si(OH)4] that we observed across the gyre 
during May confirms observations from the BATS site 
that these 2 nutrients are depleted to similar depths 
early in the year (Brzezinski & Nelson 1995). 

Although our study was conducted during spring we  
did not encounter a well developed diatom bloom at 
any of our stations. Diatom blooms occur in the Sar- 
gasso Sea annually following winter convective mix- 
ing, but their timing is highly variable. Blooms docu- 
mented at the BATS site over 6 yr occurred as early as 
January or as late as April with ~ [ B S ~ O ~ ]  between 
7.3 and 56.6 mm01 m-2 (Brzezinski & Nelson 1995). We 
observed ~ [ B s ~ o ~ ]  of that magnitude at Stns 3 , 4  and 12 
near the Gulf Stream and at Stn S (Table 1) near 
Bermuda. However, values of Vb at each of these 
stations were relatively low indicating that if blooms 
were present they were in decline. With the exception 
of Stn S, all stations south of 35" N had biomass levels 
much lower than typically associated with the winter/ 
spring diatom bloom at the BATS site (Table 1). That 
low biomass appeared to be actively growing at 
Stns 10 and 11 where the average Vb suggested dou- 
bling times of 2 d for the diatoms, but little siliceous 
biomass had accumulated in the surface waters. 

The values of Vb that we observed in an oligotrophic 
gyre were similar to rates reported from more eutrophic 
systems suggesting that diatoms in the Sargasso Sea 
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can have growth rates similar to their counterparts in 
more fertile waters. The average values of V,, we ob- 
served ranged from ca 0.03 to 0.34 d l  with an overall 
mean of 0.17 (Table 1). Values from coastal upwelling 
zones can exceed 1.4 d-', but values of Vb of about 
0.3 d l  are more typical (Nelson & Goerlng 1978). 
Values of Vb from the Bering Sea and Southern Ocean 
are generally ~ 0 . 1  d-* (e.g. Banahan & Goering 1986, 
Nelson & Smith 1986). Even after the possible 20 to 
30% increase in Vb caused by our tracer addition is 
taken into account (see 'Methods'), our estimated dou- 
bling times suggest the growth rates of diatoms in 
oligotrophic mid-ocean gyres can approach those in 
upwelling zones and may exceed those in polar waters. 

Estimated doubling times for diatoms south of 35ON 
corresponded to division rates of between 0.05 and 0.5 
divisions d ' .  Those rates are similar to division rates 
for the entire phytoplankton assemblage of 0.019 to 
0.61 divisions d-I estimated for the BATS site (ca 32' N) 
by Michaels et al. (1994) using "C productivity data. 
Since the biomass and productivity of oceanic waters 
is typically dominated by picophytoplankton (e.g. Mal- 
one 1980, Murphy & Haugen 1985, Chisholm et al. 
1988) the doubling time derived from the " C  data 
probably most strongly reflects that of those small 
cells, while the doubling times calculated from our ^Si 
tracer experiments represent the growth of diatoms 
which are typically larger than picophytoplankton. 
The similarity between the doubling times estimated 
from '*C and ^Si tracers suggests that diatoms in the 
open sea can have growth rates similar to those of the 
more abundant picophytoplankton. 

In contrast to the relatively high values of Vb observed 
in the gyre, values of jp with mean 0.6 rnmol Si m 2  d'* 
were at about 2 orders of magnitude lower than 
observed in coastal upwelling systems (ca 50 mmol Si 
m'2 d"; Nelson & Goering 1977, 1978, Nelson et al. 
1981), in the Bering Sea and in the Southern Ocean 
(ca 20 mmol Si m 2  d '  in both; e.g. Nelson & Gordon 
1982, Banahan & Goering 1986, Nelson & Smith 1986, 
Leynaert et al. 1993). The low values of fp in the Sar- 
gasso Sea result mainly from the low siliceous biomass 
(<50 nM) in the gyre. Maintenance ot such low levels 
of silica production and siliceous biomass despite rela- 
tive rapid diatom growth suggests significant grazing 
and/or silica dissolution in the upper water column. 
Data on diatom mortality due to grazing are not avail- 
able, but the fraction of silica production that dissolves 
in the upper 150 m of the Sargasso Sea has been esti- 
mated to be between 50 and 80% (Brzezinski & Nelson 
1995, Nelson & Brzezinski 1996). 

Integrated silica production rates exhibited a high 
degree of spatial variability. The spatial variability in 
p we observed encompasses the entire range of values 
observed over a period of 3 yr at the BATS site (Nelson 

& Brzezinski 1996). Integrated silica production rates 
from our quasi-synoptic study range from 0.2 to 1.5 
mmol Si m" d 1  with a mean value of 0.6, while those 
from the BATS site range from 0.1 to 0.9 mmol Si m'2 
d-' with an average rate of 0.4 (Nelson & Brzezinski 
1996). The time course data from the BATS site show 
no seasonal trend in jp with large fluctuations on times 
scales of 3 to 5 d (Nelson & Brzezinski 1996). Thus, sil- 
ica production in the Sargasso Sea during non-bloom 
periods is characterized by both high spatial and high 
temporal variability. A strong seasonal maximum in sil- 
ica production may occur during the winter/spring 
diatom bloom, but no measurements of the rate of sil- 
ica production during blooms are available. The order 
of magnitude increase in IBSiOz] during those events 
(Brzezinski & Nelson 1995) does suggest significantly 
higher rates of silica production during blooms than 
observed at  other times of the year, 

Our observation that about half of the silica produc- 
tion in the upper water column occurs within the nitra- 
cline supports the hypothesis that diatoms growing 
near the base of the euphotic zone may be responsible 
for a significant amount of new production in stratified 
oligotrophic gyres (Goldman 1988, 1993). Light inten- 
sities within the nitracline (80 to 120 m) can reach 5 to 
30 pE m 2  s" for several hours each day (Knap et al. 
1992, 1993) which is sufficient to support the growth of 
a number of diatom species with NO3' as the sole N 
source (Goldman 1993 and references therein). More- 
over, direct measurements of nitrate uptake within the 
nitracline show significant nitrate use in this depth 
zone during both day and night (F. Lipschultz pers. 
comm.). It is thus possible that the silica production we 
observed in the nitracline is at  least partially attribut- 
able to diatoms taking up nitrate. 

Silica production within the nitracline occurred at all 
stations, spanning nearly 10 degrees of latitude, indi- 
cating that the phenomena is common across the west- 
ern Sargasso Sea. A re-analysis of the time course of 
silica production rates of Nelson & Brzezinski (1996) 
obtained at the JGOFS BATS site shows that silica pro- 
duction within the nitracline also persists throughout 
the year. Their measurements show that silica produc- 
tion occurred to at least 160 m on 12 cruises spanning 
several seasons over 3 yr with the diatoms below about 
80 to 100 m typically being within the nitracline. On 
average about 33 % of the integrated silica production 
in the upper 160 m occurred within the nitracline. 
Combining those observations with the results of our 
spatial survey suggest that new production by diatoms 
deep within the euphotic zone is both a widespread 
and persistent feature in the western Sargasso Sea, 

Diatoms growing within the nitracline may be 
responsible for a significant amount of new production. 
We used the data of Nelson & Brzezinski (1996) to 
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calculate average integrated silica production rates 
within the nitracline at the BATS site over 3 yr. That 
value oi 0.2 mm01 Si m-2 d-' closely matches the aver- 
age integrated silica production rate we observed 
within the nitracline during our spatial survey (47 % of 
0.64 = 0.3 mm01 Si m-2 d-l, Table 1). Those rates corre- 
spond to an annual production of 73 to 110 mm01 Si m-2 
yr-' or 0.56 to 0.84 m01 C m-2 yr-' assuming a Si:C mole 
ratio of 0.13 in diatoms (Brzezinski 1985). That level 
of new production is 16 to 24 % of the estimated annual 
total new production for the region calculated by 
Jenkins (3.5 m01 C m-2 yr-l; 1988). Brzezinski & Nelson 
(1995) estimated that diatoms account for up to 30 % of 
the annual new production in the Sargasso Sea based 
on the vertical flux of BSi02 out of the upper 150 m at 
the BATS site. Our estimate of 16 to 24 % is more con- 
servative since it assumes that only diatoms within the 
nitracline contribute to new production. 
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