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envrronment of the polynya (Arctic Ocean Scrences Polar Sea) sampled the region contmuously durmg
ol G55, il —rimm— e oryaint st 5 paaico riicmlyeliagallg e aa el
of polynyas mnght be transferred to hrgher trophlc ents, hydrography, primary productivity, and new
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tions independent of productivity are also possible. describes the rates of new production as calculated
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benthos (Ambrose and Renaud, 1995), and that a
coastal polynya can act as a small net sink of carbon
er et al.. 1995). However, the

Materials and methods ____________

production. Water Polynya from May 25 to July 29 1993 from
Y H »nd_fr Tvy

mtensrvely in the past few years Hrrche et al. (1991) 14, 1993 from the USCGC Polar Sea (PS). A t-otal
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phytoplankton and zooplankton biomass than those and 38 on the Polar Sea EFxg. 1b). A time series was
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nddmonal input ef nutrients via physical processes. sor and Niskin bottles fitted with Teflon-coated clo-
Smlth et al (1995) and Smith (1995) nccupred 81 sure springs, we recorded temperature, salinity and

I
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They found a complex pattern of phytoplankton and 0.1% of surface irradiance).

solely to lrradiance, ice distribution, grazing or nutri- quantified using a Technicon Autoanalyzer-II system
ent concentrations, Nitrate concentrations were found prior to the production measurements by standard
to be low, so they also concluded that ultimate automated techniques Urea concentrations and stan-
VULLIVILY Wad ALY WIUAIG~URICU. LIWIC SViuclice dlyz<er, wiin e proceaure o€ing dasea on e urea-
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sampled the entrre penod of phytoplanktm. growth mmed using a Turner Model 112 or a Turner De-
(ie., late May through mid-Angust _wen the  signs Medel 10 flucremeter (Holm-Hansen st-al,
polynya $ concentrations of open water are maximal). 1965) on samples filtered through Whatman GF/F

In 1993 an international, multidisciplinary study glass-fiber filters. All samples were extracted in 10
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Rates of nitrate, ammonium and urea uptake were
quantnfied usmg stable-rsotope tracer techmques and
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lated using equation 3 of Dugdale and Wilkerson
(1986), and uptake was expressed as hourly rates by

1sotoptc addmons were such to create ﬁnal concen-
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Crulse, an amoum cyualr w 1U7 Ul UIC amvicin
nitrate—or—ammonium- concentration was added to
each sample (urea uptake was not assessed during
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cases small. Calculated f ratios (the ratie—between -
mtrate uptake and total (i. €., mtrate plus ammomum
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less than 0.5 pM, 0.05 pmol 17" were added to
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rections for v~take of dissolved organic nitrogen
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conducted in 500 ml screw-capped polycarbenate
bottles. The simulated in situ incubators were posi-
tioned on deck in unshaded locations, and running

3. Results
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spectral quahty changcs wrth depth one layer of

ance.

After 24 h incubation, the samples were filtered
through precombusted (450°C for 2 h) Whatman
GF/F fllters and nnsed wnth cold ﬁltered seawater.

centrations at a location which was repeatedly occu-
pied (ca. 80° 25’'N, 13° 40' W) were initially high but
decreased through time (Fig. 2); conversely, the
stratlficatnon at those statlons became stronger wrth

and Stored Tor return to the Taboratory for analysis.
The samples from the Polarstern were analyzed

layer at most stations were ca. 4 WM, which is
typical for the local East Greenland Shelf Water.

_ using a mass spectrometer ( roD; _Smemﬂcl_and_Ehxmnlankmn_hmmassmmnamme_adend
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bustlon. All pamculate mtrogen concentrations were
determined on either a Europa mass spectrometer or
a Carlo-Erba Model EA-1108 elemental analyzer.
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served by the Polarstern and Polar Sea were 9.9
(PSt 223) and 7.4 pg 1= (PS 57), respectively,

a_l_hﬂughjhe maximum within moct ctatione wac lece
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of particulate nitrogen and the rates of inorganic
nitrogen uptake, the difference between pre- and

Maximum suiface productivity during the Polarstern
survey was 7.08 mg C m~* h™! (Legendre et al.,
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Fig. 2. The vertical distribution of o, (a measure of density) and nitrate at selected stations. (left) PSt 30 (80°44'N, 13°20' W), (middle) PSt
139 (80° 27'N, 10°56' W). (right) PS 86 (80°23'N, 13°26'W). The data were collected from stations occupied at intervals of approximately 5
weeks.
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ied substantiallv through time. as determined by '
uptake measurements, and also varied spatially wnthm
the polynya. Mean rates of integrated, euphotic-zone
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ing the last 2 week pernod when it declined slightly <160 160180 sz::v 200220  >220 ~
IR ual
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increased markedly during the middle of the summer Fig. 3. Average nitrate and ammonium uptake rates during five,
{Fig. 3). F ratios from both cruises averaged 0.65 20 day periods durmg the study Also included are mtegraled
. - - .« . BHGB PLIIVUS. 21w Usao avps J— - —————
nitrate. For the first 11 stations of Polarstern cruise Mean f ratios for the five periods were: 0.82, 0.87, 0.58, 0.57 and

(through Station 100, June 20), f ratios averaged 0.77.
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Table |
Mean, standard deviation, minimum and maximum values of integrated nitrate, ammonium and urea uptake rates in the Northeast Water

vy region in 1993

i gad

mmoim -~ mmolm -~ mmoim -~
~ Polarstern Mean 0.097 0.044 0.038
Polarstern o 0.108 0.090 0.055
Polarstem Maximu:m 0.439 0.181 0.178
Polarstern Minimum 0.006 0.0013 0.0007
Polarstern n 22 23 22
{neCon . Ad n L7 . AL MDD
e, .
Polar Sea Maximum 0.622 0.269 ND
Polar Sea Minimum 0.0049 0.0045 ND
Polar Sea n 38 38 ND
trate uptake was greatest at locations with the lowest measured uptake rates (Table 3). At the low nitrate
ice concentrations. Urea uptake was highly variable stations. both specific and absol

general was nearly equal to that o rates were signincantiy (p . reauced, an

al
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::gpeamd to xmmaso—m—md—summea—bu{-lﬂ%at@—mﬁea &l-y-‘ef'"ccd (Teklc2), -.-.Lnflhh., average—fratio
A > LI wereaq !

0.5 wM at many locations. The mean uptake rate of the complex flow patterns and the magnitude of

_ nitrate-depleted stations was cuapared to that for exchanges within the region (Budéus and Schneider.
samples with nitrate concentrations greater than 0.5 1995; Johnson and Niebauer, 1995 Schnender and
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Table 2
Surfpce and ipteorard witer calumn niy ke v o sini motine af:

3-6/10 7-10/10

AR A R TR VRV .V 2 V TS V VN de WFOTS R LS

Surface nitrate uptake (;;.mol 1-! h™") - 0 0056 + 0 012 (84) 0.0026 + 0.0025 (20) 0.0045 + 0.0053 (30)
Integrated nitrate uptake (mmol m~2 h~') 0.162 + 0.138 (40) 0.131 £ 0.070 (10) 0.072 £ 0.057 (11)

p1-1 0 1> T O e e  — , Y, Y e e ——————
JE

Integrated f ratio 0.67 + 0.22 (40) 0.63 +0.13 (10) 0.79 £ 0.56 (11)

ﬂi&ﬁs vglues represent.the_nonled values frnm the 1000 and SO0CZ 5 qlwmar o fovaria v ";l_!'iil'

variable. All integrations are from the surface to the 0.1% isolume.




Table 3

tes of nitrate uptake as afunction of pitrate availability ip surface aer Bolvnya .
Meapasnecific rata gl cate wiake (h™ ') Qo0ied o007
Standard deviation 0.0019 0.0098
Number of observations 34 33
Mean absolute rate of nitrate uptake (umol 17! h™1) 0.0019 ® 0.0063
F q‘-’lﬂdﬂﬂ é%%%i%%i%% —nmm—nma,—_
Number of observations 34 33
Mean f ratio 039 ¢ 0.71
Standard deviation 0.24 0.25

Number of observations 34 33
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— The_first simnlv ngoled all nitrate data from all ~1), Using tbe same data. the njtrate uptake rate
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regressed against time (Fig. 4). The resultant regres- by biological uptake (ca. 4 pM; PSt St. 17, 80°00'N,
sion [NO, = —0.0463DAT + 10.47 where DAT is 17°16' W), selecting the date of the earliest observed

the Julian date; n = 140, > = 0 58] gave a net ni- zero-nitrate value (Julian date 188), and computing
P = . . .o L _ .. O 2 ok 1 £ 12 acndloam tlaco fzaren snctonto
. 4
i SO Or () . P L WU B [TC ] T rIv O =t XV WS QUSCTIT 1O j
5
o e Maxium Uptake ]
ol @ oo = _Linear Regrassion
S — EE

ace Nitrate (

Nitrate (11M)

Julian Day

ed the upper 40

28'N13° A0'W Onlv thosg_statipns

water (see text for details). solid line connects five-point running means.
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correspond with the maxnmal euphotlc zone value This natural vanabthty would reduce the strength of
= M the g iiiamsim. s ‘ gl—a¥] ho=tronds we- observed .
ﬂ B . — = — ﬂlﬁ‘—r}g_‘]ﬁ-_“ﬁﬂl
4) , totrophlc and heterotrophtc components) were also
removal was to analyze surface nitrate concentra- 1995; Booth and Smith, 1997-this volume), and thus
ttons at one locatnon occupied repeatedly during the this amount of variability in the rate process data

W; mn_naubualk tho uanar A0
Pt =
sanniiie : nat 4 D.S.U.) al one 10catld 5U , TCSPC vely, T (0 DSC
AZIAT 190 AN XXI\ covn nnmannna A MDA &\ MTha autalnnt funen tha Dalaw Cave divaivnes tha canasn canwckna N 1£7
AL WAL ANI R AAA 15 J WAW LWA SR AW NS VJ AZEAWWE avblvuu wra \& .a BGABEANILS AW WAEANS AXE BT VY WEAW VWi J LLALRAEWE VW REAVIIW AW weaR
—), 2> as=genggrsnicyal: fon thoontim mw_!latin_m_é ug. ﬂaﬂt\.—’l"‘:z-unnﬂwm_-
set (Fig. 4). Simple regressnon [NO, = uptake rate for the seasonal study (0.141 mmol m 2

—NOSNAT + 1156 n =47 r? Z(\(0] QAU ') Jias 0QL greatly difforent from that obseryeddn, .
——{ppine > Model Tl jparaggioe: Lawe and _Asshie __tyluy gyt 1997 althangh the c23-gR 00 5 eemmmm—m—

1981) a surface nitrate uptake of 0.063 mmol 17! increasing new and regenerated production was ap-
-NaWt nine avel: so demanstrated . _narent (Fig 3 tak ever. heep.Inea-

e same trend. The data ten to e variable because sured in the polynya before, but the rates we ob-
the location was near the boundary of the nutrient-rich served are snmllar to those found by Harrison et al.

feou gl tw&i&u&ﬂaum bowicp———/1NPG) ip Dalfi- QemT"- }“ - Ty  —

i
-y 7Y L “_—;MLHH\} Tl ) SO LAt Sem— ) B —!

— Y W] H Ar"— e —————— -
(" "1 . 'TE"__“ T T S T s T s

- .

(ALE1L) 2 1. 1" v
-

\J \ S1D AT
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4. Discussion Daly, l995) new producuon rates equal 0.361 g C
@—
Based on extensive summer observations in 1992, that of the Redfneld ratio (6 6) and other extreme

a hanet \WWatg 1oy avun hard hoaan ahavantasimarl o 2 g2 o L o o
However, the samplmg penod at that time did not introduces uncertainty into the quantitative assess-
include the period during which nutrient concentya- ent_of pew production. hnt we nse the ohserved
DNIS_are cievated a_ni algal biomass 1S low (i.e.. ratio _fnrther es‘nm%t_ﬁs nring the cummer of
§ e average new production (based on cﬁanges
drd Tt CoTsiuer inictannuai variaoiiity, SHTE wo il nirate concentrauions and an assumed onset of |
other data were available for comparison. The results productivity of May 1) was 0.245 g C m~* d~!
I o S O OTITO T CT U T TTTC TITT T TIC ~U UG T (T S T Sy n TIOTr
in July-August, 1993, were similar to those mea- were not markedly different, despite the differences
——0 2 ek R oo e ponTaons Ui semprE Gne Tocaious o '
1992. The 1993 seasonal data clearly demonstrate calculation. One possible cause of this similarity is
the degree of spatial and temporal variability that is that, on average, the polynya’s phytoplankton assem-
encountered in the polynya. The data were collected blage was growing at close to its temperature-media-
from an incredibly complex physical region, with ted maximal growth rate (Eppley, 1972) and, be-
extremely wide ranges of ice conceatrations, ambient cause nutrient levels were the same at the onset of

nutrients, irradiance levels, and vertical stratification. the growing season, the average rate of new produc-
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a function of ice cover. Other physical factors might phonc zone concentrations of ca. 4 wM, indicating
stimulate new production rates by providing inputs that their ongm was from Polar Water We used 4
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new production is assumed for nitrate remova calculated new proucuon Furt ermore they can
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time-series station gave a similar result (0.161 g C derived rates, however, can be overestimates, be-
m~2 d™'). Wallace et al. (1995b) estimated new cause of grazer exclusion and placement in an opti-

_pmmJQ%hwemem;&mmx_rmmmannumwmm Ii

— = i, G g e W = PnahalogeD Pt gl i
_mggm&p (414 mmal C m~2 d~ ', or 497 mg C  of the 71_stations) caused a significant drop in the
-1 ard dqgt,-mnn of 1.1 mmol C rates s_mthm the 24 thcubathung_r lted in

z ct'ngd
eppladatbe foan .l i £ ey v £ 2 !‘ﬂ o]

m”‘ d™". Although our estimates converge on the take time courses at Iow nitrate Sstations
X pnsd af e Wirllans af £l ckdmesats thguenva nate.  anbataatiotq thie, hyinothasis (Srith_nnauk
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value used for the initial nitrate concentration. In ing blooms in the Greenland, Bering and Barents

most areas of the ocean, this value can be easily seas has been measured to be 3.3, 2.4 and 2.8 g C

— e 2ehi T st Mgt me2d”! resrectively (Samhratto gt 9] _1986° Smith
Furthermore, mixing throughout the entire water col- pared to our maximum new production of 1.6 g C

umn is likely in certain locations (Wallace et al., m~2 d~'. It also emphasizes that the environmental

IO 0y e tacncomiifocn @itrota_qonogntrations  mnsaie present in the nalvova aver lone timg periods
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Previous investigations have suggested that phyto-
plankton growth in the polynya is limited by nitro-
gen concentrations (e.g., Lara et al., 1994; Smith,
1995). Our results found that the mean summer

® i, P VI S | *

nitrate limitation in this highly stratified environ-
ment. Use of these data (and other, such as "“C
uptake) in the context of system-wide carbon flux
estimates may further refine our knowledge of the

not sngmficantly. glven the vanablhty encountered),
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The patterns and magnitude of new production may '
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with nitrate concentrations greater than

far camnlac
107 Sapics

0.5 1M, the uptake rate at nitrate-depleted stations is
only one-third that of non-limiting nitrate levels and

ronal

i ciﬂmf‘mppﬂ:. Ax ah]
suggests that nitrate does indeed limit productivity at
selected locations within the polynya, and that the
coarse seasonal (and spatial) description we have
provided does not adequately resolve this limitation.
Furthermore, the dnffuswe input of nitrate was calcu-
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creased to a small nercentage of untake. For exam-

" structure and Illl’lCthﬂ ot other contlnental “shelt Sys-
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