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(in press) were used. Estimations from certain locations are listed in table 4. As a result, the 
distribution pattern of JPtot is depicted in figure 7b. 
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Figure 7: (a) Distribution pattern of the minimum of non-lithogenic particle fluxes to the sea floor (JPmin) in 
[g m-2 yr-1

] as estimated from diffusive oxygen uptake. Fluxes were validated above the hydrographical 
lysocline after Pfeifer et al. (2002). Hachured: Area of less calcite dissolution rates by organic carbon 
mineralization. (b) Distribution pattern of the total non-litho genic particle fluxes to the sea floor (JPlot) 

as estimated by the sum of Jpmin and calculated burial rates. Sedimentation rates (SR) and dry bulk 
density (DBD) grids were adapted from Mollenhauer et al. (in press). Calcite and opal grids were 
adopted from Seiter et al. (subm. a). Legend in figure 7b see figure 7a. 
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Table 4: Sediment composition at specific sites and calculated non-lithogenic particle fluxes to the sediment surface (JP min=minimum particle flux; JPtot= total 0 

particle flux). 

TOC Opal Opal residual" Calcit SR' DBD' (\' 

Event 
Jpntill-J02...grid ~ " Jpmin-J02-mod" 

, 
Jplot-102-grid JPtOI_J02_mod3" Reference Reference 

[\\1%] [wt%] [\\-1%L_ [Wl%] [cm kyr"'] [gE£m"] [g m·2 yr"] [g m" yr"'] Ig nl' yr"] Ig m" yr"] [g m·2 yr"'] TOC Opal 

GooB4906 1.51 4.40 2.51 4.90 3.6 0.35 1.14 45.0 94.2 46.1 95.4 [3] [l] 

GooB4909 1.32 2.70 1.35 12.3 4.3 0.41 2.66 36.1 55.1 38.8 57.8 [3] [l] 

GeoB4913 1.65 6.00 4.31 0.10 12.1 0.36 2.64 119 112 122 115 [8] [I] 

GooB4917 2.16 1.10 1.54 0.30 8.3 0.41 1.36 95.2 116 96.6 117 [8] [l] 

GooB 4901 0.80 4.70 4.46 4.50 4.1 0.38 1.52 54.5 23.5 56 25 [3] [I] 

GeoB 3702 3.10 l.90 1.01 52.4 10.0 0.23 13.00 89.4 162 102 175 [3] [5] 

GeoB 3703 6.10 2.00 1.80 45.8 14.5 0.22 17.13 107 225 124 243 [3] [5] 

GeoB 3704 4.00 2.80 2.08 51.0 9.9 0.19 10.78 107 80 118 91.l [3] [5] 

GooB 3705 4.53 1.20 0.85 58.9 7.9 0.20 10.21 107 185 117 195 [3] [5] 

GeoB3706 3.74 1.50 0.48 55.6 8.4 0.12 6.01 60.1 141 66.1 147 [3] [I] 

GooB3707 4.92 2.50 1.90 45.3 7.6 0.19 7.57 102 102 109 109 [3] [I] 

GeoB 3719 2.74 n.v n.v 62.0 9.9 0.25 16.1 91 48.8 107 65 [3] [5] 

GooB 3721 1.03 n.v n.v 70.3 5.4 0.33 12.8 67 38.7 79.3 51.5 [3] 

GooB 3713 1.20 n.v n.v 5.10 9.0 0.40 2.27 74.0 51 76.3 53.6 [3] 

GeoB 3715 3.10 n.v n.v 25.6 9.0 0.24 6.22 114 133 120 140 [3] 

GeoB 3724 0.60 6.50 4.29 27.0 1.7 0.24 1.26 2 1.6 47.5 22.9 48.9 [3] [5] 

GooB 6202 0.96 1.00 0.57 1.00 3.5 0.53' 0.47 20.4 18.5 20.9 18.9 [3] [I] 

GooB6214 2.48 2.10 2.34 n.v 35.0 0.53' 6.39 40.6 41.2 47.0 47.6 13] [I] 

GooB 6219 1.19 5.20 6.26 n.v 2.7 0.53' l.07 27.9 27.3 29.0 28.4 [3] [4] 

GeoB 6223 0.50 2.60 n.v 0.00 2.8 0.53 2 0.07 21.5 27.3 21.6 27.4 [3] [4] 

GooB6226 1.07 6.70 n.v n.v 3.0 0.53' 0.17 22.0 18.5 22.0 18.7 [3] [4] 

GooB 6229 1.49 4.70 4.00 0.70 2.7 0.53' 3.28 42.8 53.8 46.1 57.1 [3] [4] 

GeoB 6230 1.02 8.30 n.v n.v 3.0 0.53' 0.16 28.8 63.9 29.0 64. I [3] [4] 

GeoB 2704 0.77 2.70 n.v 11.7 3.0 0.53' 1.98 26.5 136 28.4 140 [3] [4] 

GooB 2705 1.33 11.90 A.V 1.80 2.9 0.53' 0.50 29.4 112 29.9 112 [3] [4] 

GooB 2706 0.50 7.20 n.v 0.30 3.6 0.53' 0.17 17.4 98.0 17.6 98.2 [3] [4] 

GeoB 2707 0.40 2.50 n.v 13.3 3.6 0.53' 2.90 14.4 89.2 17.3 92.1 [3] [4] 

GcoB 4417 0.64 n.v. n.v 0.60 2.6 0.53' 0.39 n.v n.v 20.9 19.0 [2] 

I: SR: Sedimentation rate queried from SR-grid after Mollenhauer et al. (in press). 
2: DBD (Dry bulk density) queried from DBD-grid after Mollenhauer et al. (in press). 
3: (\: estimated burial rate after equation (6). 
4: Jpmm.JO,.gridandJp,o,.JO,.grid: Based on o":ygen flux grid values after Seiter et al. (subm. b). 
5: Jpmi".J02.modandJp,o,.J02.,nod: Based on modclcd oxygcn f1uxcs this study. 
6: Background value in 4-5 cm sediment depth. 
References: Holstcin (2002)= l. WenzMfer (1999)=[2]. Mollenhauer et al. (in press)=[3]. Romero and Hensen (2002)=[4]. Schulz 
(2000)=[5]. Hensen el al. (1998)=[6]: Pfeifer cl al. (2002)=[7]: Wagner et al. (in press)=[8]. Riedinger el al. (subm.)=[9], 
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In general, differences between Jpmin and J Ptot are conspicuously low. Major deviations can be 
observed offshore Namibia, where high accumulation rates cause a rapid burial of patiicles. 
The calculated burial efficiency is ~ 10 % ±2 of Jpto(, of which the main part consists of calcite. 
Thus, 16 % on average and up to 35 % of calcite that settles on the sea floor is buried, but less 
than 1 % of opal and TOe. Increasing opal burial efficiency, but less calcite preservation can 
be observed offshore the Congo River mouth. Due to the position of the hydrographic 
lysocline the southemmost GeoB sites off Argentina (GeoB 27xx, GeoB 6223, GeoB 6226, 
and GeoB 6230) are subject to intense calcite dissolution and do not affect the fraction built 
up by burial considerably. 

In comparison with conventional accumulation rates (based on SR and DBD calculations), the 
calculated total non-lithogenic particle fluxes exceeded these rates by far, since the main 
portion of biogenic particles settled on the sea floor were immediately remineralized at the 
sediment-water interface. Direct methods as trap data collected particle fluxes are affected by 
large unceliainties, due to e.g. intense bottom currents and thus advective transport of 
suspended particles in the water column or at the sea floor. Calculations of non-lithogenic 
particle fluxes from diffusive oxygen fluxes (Jpmin) across the sediment-water interface reflect 
these additional effects and thus are a usefull and practical method for estimating biogenic 
fluxes to the sea floor. 

5. Conclusions 

By this completely new approach of developing a simple empirical cOlmection between the 
oxygen uptake and silica release rates in marine surface sediments, we generated a 
distribution pattem of the benthic silica flux rates and subsequently of the biogenic opal rain 
rate to the sea floor for the S-Atlantic Ocean. Despite the rough simplification, a generally 
good coincidence of the silica flux map with results from previous studies (Zabel et aI., 1998; 
Hensen et aI., 1998) could be observed. Thus, we could show that the estimation of benthic 
silica release rates by using the oxygen consumption rates provides a reliable budget of 
3.7 TmolSi yr-1 for the investigation area. Related to the total primary production of biogenic 
silica in the entire global ocean, we found a benthic reflux of ~ 13.5 %. Like to be expected, 
the pOliion of the deep basin areas (> 4000 m water depth) built up the main fraction of the 
total budget. 

The minimum flux of biogenic opal to the sea floor is assumed as balanced by the reflux, 
expressed by the diffusive benthic silica release rates. Under consideration of an additional 
fraction, which is actually buried in the sediments, we could calculate the total biogenic opal 
rain rate to the sea floor. This approach was enlarged to the calculation of the total non­
lithogenic particle flux as the sum of total opal, calcite and organic carbon fluxes to the sea 
floor for ocean areas above the hydro graphical calcite lysocline. However, the lysocline limits 
the validity of the regression between organic carbon mineralization rates and calcite 
dissolution exclusively. In comparison with common accumulation rates, the calculated fluxes 
exceeded these rates by a multiple, since, the main pOliion of biogenic particles actually 
settled on the sea floor, were immediately remineralized at the sediment-water interface. 
Accordingly, the calculated non-lithogenic particle flux is an improved method and good 
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estimation for biogenic pmiic1es that actually is exported to the sea floor for oceanographic 
areas above the hydrographicallysoc1ine. 
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Abstract 

Fluxes between the ocean waters and the sediments are key regulation processes for the marine biogeochemical 

cycles and, thus, their quantification is of crucial importance. At this transition it is ultimately detennined how 

much of a primary particulate signal is preserved or mineralized and hence recycled. Our review summarizes two 

major approaches how to use spatial information obtained from surface sediments: (1) In the first part we 

summarize the state-of-the-art regarding the use of biogenic barium as a proxy for primary productivity. We 

discuss the possibilities and limitations of this approach mainly based on the results of a recent study in the 

South Atlantic. The general outcome of this study was that the spatial pattern of primary productivity can well be 

traced back by calculating (sub-)recent accumulation rates of biogenic barium and applying available and newly 

formulated empirical equations. Most of those equations, however, fail to give the really observed magnitude of 

today's productivity values. The main reasons for this are mostly the uncertainty of the Corg/Babio depth relation, 

which differs between distinct ocean regions, dynamic sedimentary processes at ocean margins combined with 

badly constrained values of terrigenous barium input, and the effect of barite dissolution due to subsequent 

anoxic diagenesis. To improve the quality of prognoses for past productivity multi proxy approaches are 

recommended to bypass the uncertainty in predictions from a single proxy. (2) The more extensive second part is 

based on the large amount of studies that aimed at the quantification of benthic fluxes of nutrients and oxygen, 

which are good measures for the amount of reactive particulate material being mineralized at the seafloor and 

thus returned into the marine cycle. Those results enabled us to give profound calculations of the benthic oxygen 

consumption and the release of nitrate, phosphate, and silicate at the seafloor of the South Atlantic and give 

upscaled estimates for the global area of the sea floor. Additionally, we discuss more detailed studies focusing on 

control parameters for benthic fluxes like primary production and lateral advection along the ocean margins off 
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Southwest Africa and Argentina. A very conspicuous result was obtained by calculating mass balances for 

biogenic opal in those regions indicating a dramatic underestimation of accumulation fluxes of opal by 

"conservative" methods, which is believed to be of global significance. The last section mainly focuses on the 

effect of benthic mineralization on the dissolution of calcium carbonate even above the chemicallysocline. This 

process is in discussion since more than two decades. A number of studies have been performed, mainly using in 

situ devices, to determine CaC03 dissolution. We summarize and discuss the results obtained from the South 

Atlantic and use a recently developed empirical algorithm to show the worldwide distribution of supralysoclinal 

CaC03 dissolution fluxes in marine surface sediments and give an estimate of their total amount. Finally, a table 

for benthic fluxes of major constituents is provided on ocean wide and global scales. 



118 ZlIsammenjasslIng 

3. Zusammenfassung 

Im Rahmen dieser Arbeit wurden drei aufeinander aufbauende Themenkomplexe bearbeitet. 
Zunachst wurde ein Ansatz zur Regionalisierung und Quantifizierung des Gehaltes 
organischen Kohlenstoffs (TOC) im Oberflachensediment entwickelt. Die Diskretisierung des 
Weltozeans in 33 benthische TOC-Provinzen stlltzt sich auf international verfUgbare Daten 
zur TOC-Konzentration, Partike1fallen der unteren Wassersaule, Sedimentparameter, 
Porenwasseranalysen und Informationen zu sogenannten Randparametern Wle 
Stromungssystemen und lateralen patiikularen Eintragspfaden. Es wurden 5553 TOC-Daten 
kompiliert und eine Diskretisierung unter Einbeziehung der genannten Parameter 
vorgenommen. Nach der so erfolgten Vor-Charakterisierung in benthische "Roh"-Provinzen 
konnten die benthischen TOC-Provinzen durch die sich anschliel3ende regional spezifische 
geostatistische Daten-Analyse (Semi-Variogramm Analyse) nach der Kriging-Methode 
definiert werden. Die Erfassung globaler Verteilungsmuster des TOC-Gehaltes im 
Oberflachensediment in einer 1 ° x l°-Auflosung erfolgte durch die Anwendung der Kriging­
Methode auf der Grundlage der regional-spezifischen Semi-Variogramm Analysen. So 
konnten im Rahmen dieser globalen Betrachtung die einflussnehmenden Randparameter 
berucksichtigt und ortsabhangige Strukturen herausgearbeitet werden. Die TOC­
Verteilungskatie bietet daher ein sehr hohes Mal3 an Genauigkeit und bildet fUr 
weiterfuhrende Untersuchungen zu regional abhangigen Mineralisationsprozessen und 
Partikelflussen zum Sediment eine entscheidende Grundlage. 

Erschwerend fUr die Darstellung moglicher kleinraumiger Strukturen, die regionale und 
globale Velieilungsmuster pragen, erweist sich die oft nur geringe Anzahl zur VerfUgung 
stehender Daten geochemischer Parameter. Da das geochemische Milieu in den obersten 
Sedimentabschnitten entscheidend durch die Mineralisation organischer Substanz mit 
Sauerstoff gepragt und hierdurch eine Vielzahl frlihdiagenetischer Prozesse gesteueli wird, 
konnte der in hoher Datendichte verfUgbare Parameter TOC im Oberflachensediment als 
Kontrollparameter fUr weiterfUhrende Untersuchungen zu Stofffluss-Verteilungsmustern 
verwendet werden. 

So wurde der Frage nachgegangen, ob sich der Fluss partikularen organischen Materials 
(Jpoc) zum Sediment uber die Konzentration organischen Kohlenstoffs nTI 

Oberflachensediment und die dort stattfindende Sauerstoffzehrung (DOU) abschatzen lasst. 
Um dies zu beantwOlien, wurde der enge konelative Zusammenhang zwischen TOC-Gehalt 
im Oberflachensediment und Sauerstoffzehrung genutzt. Ausgehend von den entwickelten 
Provinzen wurden fUr Wassertiefen unterhalb 1000 m in 10 charakteristischen Regionen gute 
Konelationen zwischen dem TOC-Gehalt im Oberflachensediment und den diffusiven 
Sauerstoffflussen liber die Sediment-Wasser Grenzschicht nachgewiesen. Ein signifikanter 
ratenlimitierender Einfluss des Sauerstoffgehaltes im Bodenwasser auf die diffusiven 
Sauerstofffllisse, war lediglich fUr den Bereich des NW-amerikanischen Kontinentalhanges 
(NE-Pazifik) zu berucksichtigen. Durch die Anwendung und Ubertragung del' insgesamt 11 
empirischen Gleichungen auf Gebiete mit unzureichender Datendichte, in bezug auf die 
direkte Abschatzung benthischer Stofffllisse, konnte libel' die Berechnung del' benthischen 
Sauerstoffzehrung (DOU) aus TOC-Verteilungsmustern, global ein minimaler partikularer 
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Fluss organischen Materials (JPOCa) von 0.5 GtC yr-1 zum Sediment abgeschatzt werden. 
Darliberhinaus ergab sich eine globale Einbettungsrate von 0.002 bis 0.12 GtC yr-1 in 
Abhangigkeit der zugrundeliegenden Parameter (SR, TOC). Die provinz-spezifische 
Anwendung empirischer Gleichungen flir die Abschatzung globaler Verteilungsmuster 
ermoglichte so die Berlicksichtigung regionaler Prozesse, die das organische Material auf 
seinem Weg aus der euphotischen Zone bis an die Sediment-Wasser Grenzschicht 
beeinflussen. Es konnte vor all em gezeigt werden, dass regional gesteuerte Prozesse, wie z.B. 
lateraler Sedimenttransport, Verrugbarkeit des organischen Materials oder Unterschiede im 
Transportverhalten der organischen Partikel durch die Wassersaule, entscheidend zu einer 
"Entkopplung" zwischen den Verteilungsmustern der Primarproduktion der euphotischen 
Zone und benthischen Verteilungsmustern des partikularen organischen Materials beitragen. 
Die im Rahmen dieser Arbeit entstandenen Verteilungskarten berlicksichtigen diese Prozesse. 

Die Ergebnisse der abgeschatzten globalen Fliisse partikularen organischen Materials zum 
Sediment (JpOCa) sind als vergleichbar mit bisherigen Studien anzusehen. Die regional en 
Abweichungen zwischen den Primarproduktionsmustern bzw. Jpoc-Velieilungsmustern, die 
auf der Annahme eines rein vertikalen Flusses durch die Wassersaule basieren, und den hier 
ermi ttelten V erteil ungsmustern verdeutlichen die N otwendigkeit neben ozeanographischen 
Parametern auch SteuergroJ3en zu berlicksichtigen, die benthische Mineralisations- und 
Losungsprozesse beeinflussen (z.B. Lateraltransport, Qualitat des organischen Materials). 

Der Ansatz zur Jpoca-Abschatzung anhand des diffusiven Sauerstoffflusses iiber die 
Sediment-Wasser Grenzschicht wurde fiir den Bereich des S-Atlantik anhand von 
Untersuchungen zur Kopplung zwischen mikrobieller Aktivitat und benthischen diffusiven 
Siliziumfliissen weiter entwickelt, urn eine einfache empirische Beziehung zwischen 
SiliziumrUckfluss und diffusivem Sauerstofffluss iiber die Sediment-Wasser Grenze 
herzuleiten. Zusatzlich zur aeroben Mineralisation des organischen Materials wurden der so 
bestimmte Riickfluss von Silizium sowie KalzitlOsungsraten als regional aquivalent zu den 
jeweiligen minimalen Partikelfliissen (Opal, Kalzit) zum Sediment angenommen und 
beschreiben in der Summe den minimalen biogenen Partikelfluss zum Sediment. 

Unter Einbeziehung der jeweiligen Einbettungsraten konnte gezeigt werden, dass flir groBe 

Bereiche entlang der Kontinentalrander die hier abgeschatzten minimalen Partikelfliisse 
herkommlich ermittelte Akkumulationsraten (Abschatzung iiber die Sedimentationsrate) 
iibersteigen. Die Abbweichungen lassen sich dadurch erklaren, dass der Hauptanteil des 
akkumulierten biogenen Materials im Oberflachensediment remineralisiert wird und bei 
Betrachtungen herkommlich bestimmten Akkumulationsraten nicht berlicksichtigt wird. 
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o Lage der Stationer 

Toe [wt"Io) 

< -0.25 
0.25 -0.5 
0.5 - 0.75 
0.75 -1 
1 - 1.25 
1.25 - 1.5 
1.5-2 
2-2.5 
25-3 
3 - 3.5 
3.5 - 4 
4-4.5 
4_5 - 5 
5 - 5.5 
5.5 - 6 
6-6.5 
6.5 -7 
>7 

Jpol' [g lli'Jalu:'l 
~'0.25 
0.25 -0.5 
0.5 - 0.75 
0.75 -1 
1 -1.25 
1.25 - 1.5 
1.5 -1.75 
US -2 
2 - 2.25 
225-2.5 
2.5 - 2.75 
2.75 - 3 
3 -3.5 
3.5-4 
4-4.5 
4.5 -5 
5-6 
6-8 
8 -12 
12-20 
>20 

Kartenanhang 

4. Kartenanhang 

Longitude (OE) 

Longitude (OE) 

A I: Verteilungskarte der TOC­
Konzentrationen im 
Oberflachensediment fUr den SW­
Afrikanischen Kontinentalrand in 
0.1 ° x 0.1 ° Auflosung. Die Karten 
entstanden im Rahmen des 1. 
Manuskriptes (Abschnitt 2.1) 
durch Anwendung der dort 
beschriebenen Kriging-Methode. 
Aufgrund der hohen Datenlage 
entlang des Kontinentalhanges 
(mehrere Stationen innerhalb 1°) 
werden regionale Strukturen dort 
besser sichtbar. 

All: Darstellung des Flusses 
organischen Kohlenstoffs (JPOCa) 
zum Sediment (0.1 ° x 0.1°). Die 
J pOCu Karten 11, IV, VI 
entstanden auf der Grundlage der 
jeweiligen TOC­
Verteilungskarten im Rahmen des 
2. Manuskriptes (Abschnitt 2.2) 
und des dort beschriebenen 
Verfahrens zur Abschatzung der 
C-Fltisse zum Sediment. 
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o Lage der Stationen 

TOe [wt"Io) _< -0.25 
_ 0.25-0.5 
_ 0.5-0.75 
III 0.75-1 
_1-1.25 
_ 1.25-1.5 
_ 1.5-2 
_2-2.5 
l~~~~ 2.5 - 3 
lili~~ 3 -3.5 

3.5 - 4 
.. 4 -4.5 

.4.5-5 
_5-5.5 
1115.5-6 
111 6 - 6.5 
_6.5-7 
_>7 

Jr(lC [gni'Jah,:'J 

.'::0.25 
• 0.25-0.5 
.0.5-0.75 
.0.75-1 
.1-1.25 
1IIIIIIII1.25 -1.5 
1IIIIIIII 1.5 -1.75 
Im 1.75-2 
1IIIIIIII 2 - 2.25 
1m2.25-2.5 
1IIIIIIII 2.5-2.75 
1IIIIIIII2.75-3 
1m3 -3.5 
.. ~ 3.5-4 

...... ; 4 -4.5 
···"':'·j4S - 5 
.5'-6 
1IIIIIIII 6 - 8 
1IIIIIIII 8 - 12 
1IIIIIIII 12 - 20 
.>20 

Longitude (OE) 

A Ill: TOC-Verteilung im 
o berflachensediment des 
nordlichen N-Atlantik 
(Gronland-N orwegische­
Island See) (0.1° x 0.1°, 
vgl. Manuskript 1, Abschnitt 
2.1). 
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A IV: JPoca-Abschatzung im 
nordlichen N-Atlantik 
(0.1 ° x 0.1 0, vgl. Manuskript 2, 
Abschnitt 2.2) . 
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A V: TOC-Verteilung im Oberflachensediment der Arabischen See (0.1 ° x 0.1 0). 
Es wurden hauptsachlich die Strukturen der ostlichen Arabischen See 
herausgearbeitet (Verfahren: vgl. Manuskript 1, Abschnitt 2.1). 

Longitude (OE) 

A VI: JPOCa-Verteilung 
basierend auf der TOC-Verteilung in 0.1 ° x 0.1 o-Auflosung 
(Abschnitt 2.1 und Abschnitt 2.2). 

Longitude (OE) 

o Lage der Stationen 

TOC [wt"Io) _< -0.25 
_ 0.25-0.5 
.0.5-0.75 
.0.75-1 
111 1 -1.25 
1111.25 -1.5 
1111.5 - 2 
111 2 - 2.5 
¥tl~~~% 2. 5 ~ 3 

~~:~ ~.5~·~ 
: 4 -4.5 
1114.5-5 
1115 -5.5 
.5.5-6 
.6-6.5 
.6.5-7 
_>7 

J i'()e [g lli'Jah,:'] 
_~'0.25 
_0.25 -0.5 
_0.5-0.75 
_0.75-1 
_1-1.25 
IR1.25 -1.5 
IR1.5 -1.75 
IR1.75 -2 
IR2-2.25 
IR2.25-2.5 
IR2.5-2.75 
IR2.75-3 
IR3-3.5 
~·13.5-4 

14 -4.5 
··~··~i 4.5 - 5 

-t~ 
.8-12 
_12-20 
_>20 
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B I: TOC-Gehalt im Oberflachensediment « 5 cm Sedimenttiefe). 
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BIn: Minimaler partikuHirer Fluss organischen Kohlenstoffs zum Sediment (JPOCa). 
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ApQendix I > >-' 
N 

distanee/ max. "0 0\ 

d' I seareh- "0 
Zone model hmax 

lag 
Iw Co 

Ir a ratio a 
~h seale slope 

data no. of ('!l 

n 
width [0] dirroJ 

Radii 
points/ Seetors == aniso aniso. (SR) ~ 

unit seetor 
..... 
i>< 

Polar Seas ""'" ,-... 
BARENTKARA 282 exponential 500000 [m] 20000 25 0.04 n.sp. 313500 0.12 2 range 4 4 '" om n.sp. ..... 

('!l 

33 0.008 =-KARA2 90 spherical 330000 [m] 110000 5 om n.sp. n.sp. 110000 0.02 range 4 4 ('!l 

> 
LAPTEV SEA 161 spherieal 500000 [mJ 20000 25 0.025 146 35 n.sp. 150000 0.08 n.sp. n.sp. n.sp. 0-

'" 
GROE 2 n 

145 spherical 1200000 [m] 40000 30 0.009 85 65 n.sp. 750000 0.05 range 4 4 =-
== ANT 266 nugget 1110000 [m] 0.085 222000 n. sp. n.sp. ..... ..... ..... 

South Atlantic areas ~ 
I-" 

SOATL 258 exponential IS n 0.50 30 0.010 om n.sp. n.sp. 8.55 0.055 1.5 range 4 4 '-' 
Ul 

SOATL + Coast 911 spherical 15 n 0.50 30 0.050 om 8.00 0.15 1.5 range 6 4 C/J . 
n.sp. n.sp. c 0 S 

NAMBCO 139 spherical 5 [0] 0.2 25 0.005 135 50 3 135 3.66 0.125 range 2 4 S ~ 
l'> 

...,.. 
SWACO (incl. NAMBCO. ::l. ('e 

285 spherical 15 [0] 0.50 30 0.02 119 45 n.sp. 5.00 0.10 range 4 4 N = inel. intersect. ETROPAT) (!) 
p.. ~ 

ARGCO (incl. RIOPLATA) 73 spherical 15 [0] 0.75 20 0.02 45 60 n.sp. 10.00 0.23 range 4 4 -< = P' =-RIOPLATA 50 spherical 3 [oJ 0.20 15 0.001 153 60 2.00 0.15 2 4 
::l. ~ n.sp. range 0 

(Jq = 4 4 
.., 

CJC/ BRAZCO 144 nugget 10 n 0.09 10 l'> 
S 

GUBRACO 190 spherical 10 [0] 0.40 25 0.06 118 60 n.sp. 3.00 0.06 range 2 4 '0 .., 
SRI:2; 

0 
'0 
(!) 

GUI 79 10 [0] 0.085 
SR2:1O 

4 2 :4-
nugget angle: (D' 

m 

90° l'> ;:; 

ETROPAT 170 linear 10 [0] 0.40 25 0.01 16 45 n.sp. n.sp. n.sp. 0.02 asGUI 4 2 
p.. 
m 
(!) 
;:::I: 
::r 

(Jq 
m 
C 
m 

b (!) 
p.. 

~ 

8' ~ .., ::s 
~. 

~ ::s 
;:;.. 

(!) ~ 
~ ~ 0 

[ 
o· 
;:; 
'0 .., 
0 
0 
(!) 
p.. 
C .., 
(!) 

'" 



Appendix I continued 

distance! 
Zone n model hrnax lag width Iw 

unit 

;\"ortlz At/unlic areas 

NOATL+ Coast 1762 exponential 30 [oJ 1.20 25 

NEAl'vlCO 105 spherical 15 [O) 0.50 30 

NOATL 385 exponential 30 raj 1.0 30 

WAFCO 64 nugget 15 1°1 

CANAR 85 spherical 4 1°] 0.16 25 

fURl 114 Gauss 4 f01 0.13 30 

FUR2 238 exponential 2 fOI 0.04 50 

Pacific areas 

NWAMCO 68 exponential 5 n 0.33 15 

Cl [fCO and PERCO without 
125 spherical 12 ["I 0.60 20 

anisotropy- a 

CHlCO with anisolropy- h 113 spherical 12 1°] 0.4 30 

NW-iNEPAC' 243 exponential 40 10J 1.60 25 

TROPAC (cast) 
183 cxponential 25 1°1 1.00 25 

TROPAC2 (\ycsO' 

SE-!S\VP;\C 79 11. sp. raJ 

d' I ratio 
C 

Ir (J. (t 
i'\h Q fO] dir fOJ ,lniso al1l~O 

0.065 om I1.Sp. n.sp. 7.13 

0.18 om n.sp. ~ 55 10.3 .' 
0.015 om n.sp. 1I.8p. 14.25 

0.196 

0 74 30 2 74 2.2 

0.043 om n.sp. n.sp. 3.98 

0.01 om n.sp. n.sp. 1.14 

0.005 113 45 2 113 2.14 

0.01 om n.Sp. n.sp. 10.00 

0.006 75 30 " 75 6 

0.03 om n.sp. n.sp. 17.10 

0.()2 om n.sp. 0 0 1 1.4 .) 

Kriging linear with adjaccnt provinces 

search-
scale slope Radii 

(SR) 

0.10 range 

o.n range 

0'()6 range 

10 

0'()4 range 

SRI:6: 

0.35 
SR2:3: 
angle: 
1100 

0.20 2 range 

0.12 2 range 

0.12 range 

SR1:6: 

0.08 
SR2:2: 
angle: 

75° 

0.08 range 

0.098 range 

15 

max. 
data no. of 

points/ Sectors 

6 4 

3 4 

6 4 

all 
data n.sp. 
ine!. 

4 2 

8 

4 4 

2 4 

3 2 

4 2 

6 4 

4 4 

n.sp. n.sp. 

U 
~ 
(j) 
::l 
~ 
::l 
::l" 
~ 
::l 

(JCj 

>-' 

N 
-...} 



Appendix I continued 

Zone n model 

Ifldi c areas 

INn) 223 spherical 

EARAB 206 spherical 

WARAB 121 exponential 

SEAFCO 94 nugget 

G!o/Jal ari!a 

East of zero meridian 4 [334 n.sp 

West of zero meridian 4 2670 n.sp 

j: direction with zero on the x- axis 

2: (;ROE: > 550 In \Vd 

3: processed with Longitude corr. =Longitude-360c 

4: distortiol1l1ot corrected (within 65°$ and 65°N) 
5: including SOMALlCo, TANZACO, EICO 

11 

hmi/X 

wd: water depth, n.sp. not specified, SR: search 
radii, om: omnidirectional 

1w 

Co 

dirrl 

(1 dw /,,1 
r(Jti()al!I,~I) 

0: <1J/1.1'O 

20 

3 

10 

70 

70 

distance! 
lag width [w 

unit 

[oJ 1.00 

raJ 0.10 

ID] 0.50 

20 

30 

20 

dir l ex 
Co fOI dir [Cl 

0.04 om n.sp. 

0.009 om Il.sp. 

0.02 om n.sp. 

n 1.4 50 0.06 om n.sp. 

ratio u 
Llh 

aniso aniso 

n.sp. lO.OO 

2 125 

n.sp. 4.56 

n.sp. n.sp. 

scarch-
max. 
data no. or 

scale slope Radii 
points! Sectors 

(SR) 
sector 

0.(l4 2 range 6.00 4 

SRI:I 

0.18 
SR2:3 

4 2 
angle: 
215 0 

(),09 2 range LOO 4.00 

SRl:8; 
SR2:4; 

4 2 
angle: 

75° 

incl. all 
lOO 4 

data 
n.sp. 

incl. all 
I" 1 1.4 50 0.13 0111 n.sp. n.Sp. n.sp. n.sp. 

data 
100 4 

number ofdala points 

maxil1lul1llag distance 

lagwidth 

number of lags (number of 
computed variogram points) 

nugget el1ect 

direction of the variogram view 

size (lUhe angular window 

unisotropyellipse 

direction of ellipse orientation 

Llh 

scale 

slope 

search radW and angle 

110. o.lsectors 

max. data pOillls/secror 

mode! 

dislal1ce!lag lridth unit 

range 

vertical scale orthe variogram (sill+nugget etTect) 

in the case ofa linear variogram=scale 

search ellipse: radius horizontal and vertical extend in 
d,lla units l{)r data search/rotation of the search ellipse 

defines the number of sectors for data search 

specifies the number of data used from each sector 

theoretical i1ttcd semi-variogram model 

unit 

N 
00 

\:J 
I::) 

~ 
~ 
:::; 

~ 
~ 
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Appendix II-IV (siehe Abschnitt 2.2) 

II: SUlmnarized budgeting and reference data: Primary production (PP) after Behrenfeld and Falkowski (1997-
a,b), PP after Antoine et al. (1996), particulate organic carbon flux to the sea floor (hoe) recalculated after Antia 
et al. (2001) based on PP after Antoine et al. (1996), Jpoc recalculated after Jahnke (1996) and calculated JPOCa of 
this study. 
III: Calculated mean values of each province: PP after Behrenfeld and Falkowski (1997-a,b) and after Antoine et 
al. (1996), particulate organic carbon flux to the sea floor (Jpoe) recalculated after Antia et al. (2001) based on 
PP after Antoine et al. (1996), hoc recalculated after Jahnke (1996), calculated JPOCa of this study and 
calculated mean oxygen bottom water concentration, queried from the 10 x 10 grid. 
IV: Collection of mooring sites, hoc and duration of trap sampling, JPOCa estimated (this study), Jpoc recalculated 
after Antia et al. (2001) at the trap sites and data sources (Eds.) 



Appendix Il 
ProvinL:; Province calculated 

description (> 1000111 wd) 

CiROF' CTrcenland Sea 1963860 3.94E-OI 

LAPTEV SEA Laptcv Sea 185066 no data 

KAR/\2 Kara Sea 15357 no data 

BARI:NTKARA 
Barent Sea and Kura 

98439 no data 
Sea 

NWAMCO 
con!. marg. olfNW-

1088530 U5E-()] 
America 

NEPAC N [,-Pacific Ocean 25750300 3.17E+OO 

NEAMCO 
con!. marg, ofl N 1:-

551546 1.05E-OI 
America 

SWACO" 
con!. marg, off S W-

1929801 6,78F-Ol 
Africa 

IND Indian Ocean 55354800 5,79F+OO 

NWPAC NW-Paeilic Oc~an 20552300 2.45F+OO 

GUl Guinea Basin 200633 5,17E-02 

UllCO conI. marg, olH'hile 356027 l,nE-OI 

conI, marg, off 
G1.mRACO Guyana, Venezuela. 1084600 1.191:-01 

Surina1ll 

WAFCO 
cont marg, ofTW-

965796 4,8IE-Ol 
Africa 

SOATL 
southern Atlantic 

37269900 4.501'+00 
Ocean 

ARGCO 
coni. marg. oir 

556267 6.46L-02 
Argentina 

BRAZCO conI, marg, ofT Brazil 1044870 9,89E-02 

NOATL 
northern Atlantic 

27971100 4571'+00 
Ocean 

Jpoc 

2.21:-01 2.7F-03 llO data no data 

no data no data no data no data 

no data no data 110 data no data 

no data no data no data no data 

1.82E-OI 5.28L-03 4.UE-03 5.29E-03 

2.231:+00 23 I E-02 2.10E-02 269E-02 

7.081':-02 1.681::-03 I.2IE-03 1.55F-03 

4.05F-OI 1.32F-02 5.491'-03 7,05E-03 

5.39E+OO 7.38[-02 6.86E-02 8.811'-02 

1 98E+OO 2.26E-02 205F-02 2.63E-02 

3,97[-02 1.07[-03 9,03[:-04 1 16[-03 

6.691'-02 1,911'-03 3.171'-04 4,071'-04 

1.31E-01 2.8IF-03 2,21 E-03 2,841'-03 

2.341'-01 9.46[-()3 2,61F-03 334E-03 

3.77E+OO 4.85E-02 3,881'-02 498E-02 

4,21E-02 6.85E-04 5.15E-04 6.621-:-04 

121£'-01 226E-03 USE-03 I 77E-03 

;>, 95F+00 409F-02 338E-()2 434F-02 

JP(lCu 

(this stud,,) 

3.66E-03 0.93 

2.611:-04 no data 

no data no data 

no data no data 

4.IOE-()3 UN 

HOE-02 1.20 

1. lOF-03 I,OS 

1.001:-02 1.48 

7.85E-02 1.36 

370E-02 1.51 

7.50[-04 1.45 

1.571:-03 1.29 

1,80F-03 U2 

2.30E-03 0,.18 

5 55E-02 1.23 

g,99E-04 139 

190E-03 1.92 

395[-02 0.86 

2.18 

HO data 

no data 

IlO data 

2.25 

1.70 

1.55 

2.47 

1.46 

I 87 

1,89 

2.35 

1.38 

0.98 

1.47 

2.13 

1.57 

I 34 

,....... 
UJ 
0 

to 
~ 
'" 2 
:::l 

is 
~ 



Appendix II continued b 
!::) 

Province Province calculated area' PP' pp3 
Jpex• Jpoe 5 Jpoe 

(> 
JpOCo. JpeX,,!PP' J"oculP!" (t 

description (> 1000 III wd) (this study) :::: 
§ 

[CitC y(', [CitC yf' 1 IGtC y(' I [Citeyr", [CitC y(', [CitCyr"1 
:::;-

Ikm"] 1%1 [%>1 !::l 

CANAR Canary Islands area 422511 7.611:-02 5.11[-02 1.121'-03 7.561'-04 9.70[-04 1.0 11:-03 U3 1.98 ~ 

I'URl 
southern European 

209682 5.111'-02 2.731'-02 
conL marg. 

6.291'-04 3.211'-04 4.111'-04 4.75E-04 0.93 174 

EARAH eastern Arabian Sea 344618 6.071'-02 6.951:-02 2.641:-03 1.54F-O] 1.971:-03 4.471-03 7.36 6.43 

EUR2 
northern European 31\5925 1.18E-O I 5.11 E-(U 

cont. luarg. 
1.27E-03 6.58E-04 8.441:-04 6.261'-04 0.53 1.22 

WARA13 western Arabian Sea 1889100 5.48E-Ol 4.8IE-OI U61'-02 5.52E-03 7.08E-03 2.23E-02 4.07 4.64 

RIOPLATA Rio de la Plata 409923 7.20E-02 4.831'-02 9.881'-04 9.72E-04 1251'-03 1.071'-03 1.49 2.22 

PERCO cont. marg. 011' Peru 355240 1.36E-0 1 8.25E-02 2.66E-03 1.22E-03 1.56E-03 3.23E-03 2.37 3.91 

TROPAC 
castcrn tropicnl 

30110000 3.191'+00 3.84E+00 5.95E-02 5.01 E-02 6.43E-02 7.IOE-02 2.22 1.85 
Pacific 

TROPAC2 
western tropical 

11809400 7.631'-01 1.25E+00 1.94E-02 1.041'-02 1341'-02 1.87E-02 2.45 1.50 
Pacific 

SEPAC SE-Pacific Ocean 53018800 5.31 E+OO 4.151:+00 4.58E-02 3.20F-02 4.IOF.-02 5.90F-02 1.11 1.42 

SWP;\C SW-Pacific Ocean 8297580 9.261'-01 7.90E-01 1.33E-02 7.991'-03 1.03E-02 140E-02 1.51 1.77 

SEAFCO 
conI. marg. oITSE-

1969750 2.451'-0 [ 2.281":-01 
Africa 

4.46F-03 3.95E-03 5.07E-03 3.67E-03 1.50 1.61 

NAM13CO 
conI. marg. off 

367829 9.72E-02 4.88£-02 1.68E-03 6.81 E-04 8.74E-04 2.04E-03 2.10 4.18 
Namibia 

EICO 
con!. margin ofT E-

[86078 30 I F-02 3.73E-02 
India 

1.54E-03 6.46E-04 8.29E-04 1.7 [E-03 5.68 4.59 

ETROPAr E-Equatorial Mlantic 3460340 7.90£-01 6.11E-Ol 1.40E-02 7.25E-03 9.30E-03 9.00E-03 1.14 1.47 

TAN7.ACO 
con!. marg. oil' 

2107830 1.93F-01 2.34E-Ol 3.70E-03 3.70E-03 4.741'-03 6.281:-03 3.26 2(i8 
Tanzania 

SOMALICO 
conI. marg:. olT 

183718 4.151:-02 3.88E-02 
Somalia 

1.21 LA)] 4.92L-04 6.311.>04 5.271:-04 1.27 1.36 

ANT (area < 65°S) all areas> 65° N 4017892 1.431:-01 3.971'-0 I 5.381'-03 no data no data 5.2%-03 3.69 133 

Sum 2961 [7579 3.7IE+Ol 3.12E+01 4.44E-O 1 3JOE-OI 4.23E-O 1 5.01'-01 135 1.61 

I: average calculated cell area (> 1000111 wd): slight difTerences ofl11ean values are caused by diflerences in average integrated eell area. 
2: primary production after Bchrcllfcld and Falkowski (1997-a,b). 
3: primary production all er Antoine et al. ( 1996). 
4:.Il'oc after Antia et al. (200 I) are based on primary productiou after ;\lltoillC et al. (1996) and \\ater depth (wd) fi'om [TOI'05. 
5: hoc recalculated atter Jahnkc (1996) from a global oxygcu consumption grid with a CO, ratio of 0.6 as described by Jahnke (1996). 
6: .lroc recalculated Idler Jahnke (1996) with a C:O, ratio of 0.77 based on this study. 
7: .I eoe recalculated aflcr Schlliter et al. (2000) instead ofAnlia et al. (200 I) Jor GROE; wd> 550 111. 

S: all budgets including N/\MBCO corrected in global budget and area. 
projection: Mollweide, eenter: zero meridian, all calculations> lOOO m wd. GROE; :> 550 m wd. 
all areas and all grids were resampled to a 2048 x ]()24 grid resolution. 
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Appendix III 
Province pp' pp' Jpoc 

j 

(mean) (mean) (mean) 

IgC m·' y('] IgC Ill"' )"('] IgC nf' yr·'] 

GROE" 201 112 1.37 

J.;\PTEV SEA no data no data no data 

KARJ\2 no data no data no data 

BARENTKAJZA 110 data 110 data no data 

NWAMCO 345 167 4.85 

NEPAC 123 87 0.90 

NEAMCO 191 128 H)4 

SWACO') 351 210 6.86 

IN]) 105 97 133 

NWP;\C 119 96 UO 

GUI 258 198 5.34 

ClHeO 342 188 5.36 

GUBRACO 109 121 2.59 

WAFCO 498 243 9.79 

SOATL. 121 101 1.30 

ARGCO 116 76 1.23 

BRA7CO 95 116 2.16 

NOATL 164 106 1,46 

CANAR 180 III 2.65 

EURI 244 130 3.00 

EARAB 176 202 7.65 

EUR2 305 132 3.29 

JI'OC 
, Jroe; 

(mean) (mean) 
C/O,:0.6 ClO,:(I.77 

IgC nI"' )"('] IgC n;·2 y('1 

no data no data 

no data no data 

no data no data 

no data no data 

3.79 4.86 

0.81 un 
2.20 2.89 

2.85 3.67 

1.24 1.66 

l.OO 130 

4.50 4.43 

0.89 1.0S 

204 2.58 

2.70 3.34 

1.04 1.41 

0.93 1.27 

1.32 1.67 

1.21 1.60 

1.79 2.22 

1.53 1.91 

4.47 5.31 

1.70 2.28 

Jpoc(), TClC(' 
(mean) (mean) 

this studv 
IgC m·' Y;·' 1 [wt%1 

1.86 0.72 

141 0.97 

no data no data 

110 data no data 

3.77 1.56 

1.48 044 

1.99 0.65 

5.18 1.22 

1.42 0.35 

1.80 0.58 

3.74 l.OO 

4.41 1.45 

1.66 0.43 

2JS 0.64 

1.49 0.35 

1.62 0.38 

1.82 0.54 

1.41 0.36 

2.39 0.62 

2.27 0.80 

12.97 1,48 

1.62 0.46 

BOC' 
(mean) 

this study 
111111101111·'] 

310 

316 

202 

275 

103 

154 

228 

206 

203 

163 

214 

192 

207 

212 

231 

249 

219 

257 

213 

223 

93 

249 

........ 
V-J 
N 

tJ 
t:) 
(i) 

~ 
::: 
::0-
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Appendix III continued 
Pmvince ppl pp' Jpoe " Jpoc 4 

Jpoc' JpoC't( TOe(' 
(mean) (mean) (mean) (mean) (mean) (mean) (mean) 

C;02:0J, ClO,:(L77 this studv 
igCm,2 yr'l] [gem" y(IJ [gCm" y(l] IgC !If' y(l] [gem" y(IJ IgC nf';,;,IJ !wt""(,J 

W/\RAB 290 254 9.31 2.92 3.79 11.80 1.36 

RIOPL;\TA 176 118 2.41 2.37 3.0S 2,61 0.94 

PFRCO 383 232 7.49 3.42 4.06 9.09 3.82 

TROPAC 106 127 1.98 1.66 2.1,5 2.36 1.22 

TROPAC2 65 106 1.64 088 1.[9 1.58 0.76 

SEPAC lOO 78 0.86 0.60 08} l.ll 0.49 

SWPAC 112 95 1.60 0.96 1.35 1.69 0.82 

SEAFCO 125 116 2.27 2.01 2.52 186 050 

NAMRCO 264 133 455 U5 3.52 5.55 1.87 

F[eO 162 200 830 3.47 4,73 9.19 1.12 

ETROPAT 228 177 4.06 209 2.72 2.60 0.64 

T;\N7:ACO 91 III 175 175 2.24 2.98 1.05 

SOMALlCO 226 211 6.58 2.68 3J9 2.87 0.71 

ANT « 65°S) 36 99 134 no data no data 1.32 0.32 

I: primal)' production after Behrenteld and Falkowski (1997-a.b). 
2: primary production after Antoine et al. (1996). 
3: mean Jpoc recalculated af\cr AlItia et al. (2001) is based Oll primary production aner Antoine et a!. (1996) and water depth (\Vd) /i'Olll 

ETOP05. 
4: mean .Ipot: recalculated after .Iahnke (1996) from a global oxygen cOl1smnption grid \vith a C:02 ratio of 0.6 as described by Jahnke (1996). 
5: llleall .11'0(' recalculated atter .lahnkc (1996) with a C:O, ratio 01'0.77 hased on this study 
6: mean 'roe values recalculated trom global TOe grid after Sciter et al. (submitted). 
7: mean HOC values queried from the grid, this study. 
8: mean Jpoc values for GROE recalculated afkr Schlliter et al. (2000). 
9: SWACO: all mean values calculated including NAMBCO. 
all calculations corresponds to wd > 1000 m: GROE: wd> 550 m. 

130C' 
(mean) 

this study 
inullolm"] 

lOO 

202 

[30 

160 

158 

190 

172 

194 

191 

107 

233 

191 

186 

234 
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Appendix IV 
Longitude' L-atitude' Trap Trap wd Trap depth Jp"c.,-",»' Jpoc </ JpO(:u- .I,·'oc' Editor start date end date COlTIlTIent 

-151.0000 15.0000 

-145.0000 50.0000 

-140.0000 11.0333 

-139.7500 -1.9500 

-138.9317 1.0555 

-13X.0000 49.0000 

-127.7350 49.1 IS] 

-127.7350 49.1183 

-127.7000 39.5000 

-127.7000 39.5000 

-127.5800 42.1900 

-125.7700 420900 

-123.0000 34.8330 

-104.0000 8.8000 

-92.8000 6.5500 

-86.0000 0.0000 

-85.5833 5.3667 

-7i.OOOO 39.0000 

-71.0000 39.4167 

no. 

2 

-' 

4 

5 

(j 

7 

8 

9 

Im] 

PI 5792 

PAPA 4240 

MANOP_ 4620 
S 

EqPac 92 3593 

MANOP_ 4450 
<.'3 
PC 4008 

10S_lrap_ 1978 
05 

J()S_.lrap.... 1.978 
06 

1V1I7.-4 4356 

10 MF7-1 I 4230 

II 

12 

J3 

14 

15 

16 

17 

18 

19 

MW·I 

NSI 

IVI-S 

MANOI' 
M 

2830 

21129 

4100 

31S0 

MANOI'_ 3565 
H 

epac 2670 

PS 3860 

WD-] 2750 

WD-2 2300 

ahove 
bottom 

Im] 

210 

386 

10 

o 
530 

50S 

78 

78 

571 

445 

500 

500 

50 

100 

20 

lOO 

300 

50 

50 

/JpnCT!ap trap trap 

IgC nf' y('] IgC nf' yf'] 1%] rgC m'! yf'l 

0.24 1.41 578 0.74 Ik'J1ioeta!.(1982):Francoiseta1.(1995) 01.09.78 01.11.78 

2.19 2.19 lOO 1.07 Wong et al. (1999); Francois cl al. (1995) 23.09.82 ]6.05.94 

[x] 

intcranl1lwl 
variations 

0.20 

1.30 

1.69 

2.17 

3.21 

4.44 

1.44 

0.95 

1.78 

4.98 

3.00 

1.50 

1.40 

1.63 

4.31 

2.26 

2.81 

3.29 

1.58 

1.10 

1.60 

5.03 

5.03 

1.93 

1.93 

3.75 

4.40 

6.00 

3.85 

2.56 

3.86 

4.07 

3.67 

3.55 

1613 

122 

65 

74 

157 

113 

134 

203 

211 

88 

200 

257 

183 

237 

94 

162 

126 

1.09 

2.55 

2.20 

1.10 

7.72 

7.72 

1.(14 

1.04 

1.83 

3.88 

8.89 

2.84 

1.77 

3.64 

3.47 

4.02 

3.56 

Emerson et al. (1985) 

HOl1jo et al. ( ! (95) 

Dymond et al. ( 1992) 

Francois et al. (1995) 

Pefia et al. (1996); Pefia et al. (1999); 
Pefia et 31. (20()O) 

Pcna ct al. ( 1(96): Pena ct al. (1999): 
PClia ct al. (2000) 

Dymond and Lyle (1994): Ragueneau et 
al. (2(}OO) 

DYll10nd et al. ( 1(92) 

Dymond and Collier (1988); Dymond et 
al. (1992) 

])ymond and Collier (1988); DYlllond et 
al. (1992) 

Smith ct al. (1994) 

DYl110nd and Lyle (1985): Dymond et al. 
(1992): Emcrson ct 31. (1985) 

Dymond and Lylc (1985); Dymond et al. 
(1992): Emcrsoll ct 31. (1985) 

Collier and Dymond (1980); Emcrsoll 
and Bender (1981 ) 

Wcfcr(1989) 

Walsh et a!. (1991) 

Walsh et al. (1991) 

10.06.80 

annual 

01.05.85 

annual 

03.10.95 

14.G4.96 

annual 

annual 

anllual 

annual 

26.02.90 

12.09.80 

20.09.80 

annual 

03.12.79 

annual 

annual 

13.10.81 Ix] 

water depth 
29.(13.96 1Tol11 ETOPO 

\Yakr depth 
01.09.96 j[OI11 FTOI'O 

24.10.91 

23.10.81 

17.10.81 

02.12.80 

5 

Ix] 

[x] 

Ixl 

Ixl 

[xJ 

Ixl 

'"-' 
V.l 
..". 

b 
!::l 
(\) 
::l 
!::l 
::l 
;:,.. 
!::l 
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Appendix lV continued 
Longitude' ~ Latitude' 

136.2766 41250 

154~8250 

1 56.0()()O 

174.9450 

175.0000 

175.1500 

177.7366 

6.8000 

-7.7117 

0.4000 

0.4633 

1.0667 

13667 

10.0000 

114660 

12.4867 

15.0000 

-15.4500 

-17.7617 

-13.0000 

37.4033 

7.9266 

0.0000 

34.4217 

78.9000 

723817 

70.0000 

69.6867 

65.5167 

78.8650 

69.5000 

75.8500 

75.1967 

74.0000 

29.1167 

I : Longitude: wcst,·o'negativc 
2: I ,atitllde: sOllth~negative. 

Trap 
no. 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

Trap 

K2 

K12 

Kll 

K7 

K4 

K3 

K5 

SI' 

OG72 

NB-a 

NB-b 

NA-I 

FS-l 

LB (I) 

BI-I 

BI-2 

BS 

\\d 

!!:!1 
4888 

2821 

1832 

5105 

5260 

4880 

3365 

1676 

2631 

3269 

3292 

3058 

2823 

3161 

2123 

2000 

1608 

ESTOC 3600 

Trap depth 
above 
bottom 

~ 
314 

517 

517 

517 

517 

517 

517 

551 

431 

269 

292 

428 

381 

400 

423 

50 

20 

523 

3: particulale organic carbon tluxe, collected by near bol1ol11 traps. 
4: particulate organic carbon nuxe, this study. 

JpoC' '(bp Jpoc'U JPOC
5 

iJp<X"!t:1P 

3.98 2.01 50 1.61 

0.37 

0.99 

2'()] 

051 

0.99 

2.81 

6.60 

0.55 

3.56 

2.76 

0.59 

OAI 

1.37 

2.85 

5.22 

18.81 

0.84 

0.96 

1.61 

2.7R 

0.97 

0.93 

2.30 

5.67 

1.32 

1.86 

1.99 

2.49 

3.37 

1.91 

3.02 

2.10 

2.00 

2.63 

264 

163 

139 

190 

94 

82 

86 

240 

52 

72 

422 

822 

139 

106 

40 

11 

313 

1.36 

1.61 

0.80 

0.71 

2.48 

128 

S.IO 

0.73 

0.23 

0.19 

0.62 

1.87 

0.84 

0.46 

1.14 

0.92 

1.35 

Editor 

Kawahata (2002) 

Kawahata (2002) 

Kawahata (2002) 

Kawahata (2002) 

Kawahata (2002) 

Kawahata (2002) 

Kawahata (2002) 

Antia et 31. (2001); I lebbdn (2000) 

Antia et al. (2001): von Bodungen et a!. 
(1995) 

'Ion Bodullgcn et al. ( 1995) 

Thol1lscn ( 1993 ) 

Wefer (1989) 

WeJcr (1989) 

Wder (1989); Franeois et al. (1995) 

WeJer (1989); Francoi, et al. (1995) 

Thofllscn ( 1993) 

Fnmeois et aI. (1995) 

Ncuer et al. ( 19(7) 

5: partieulatc organic carbon nuxes recalculated aner Antia et al. (200 It t()r the GrecnlanJ-Norwegian-lce]and Sea recalculated after 
Sehllilcr ct at. (2000). 
[xJ: not included in regression analyses and not ,hown in Fig. 10a,b. 

stmi date 
trap 

15'()4.92 

16.05.95 

01.04.96 

09.04.94 

13.04.93 

160493 

01.06.94 

9.12.88 

25.2.91 

1986 

6.8.91 

19.8.85 

10.8.84 

15.8.83 

12.8.84 

16.3.91 

18.5.89 

cnd date 
trap 

25.1 l.OO 

16.03.96 

1()11.00 

08.11.00 

17Jl7.00 

14.Il.OO 

15.12.00 

9.12.89 

25.2.92 

1989 

3.7.92 

18.7.86 

30.7.85 

1.8.84 

10.8.85 

23,7.91 

10.8.89 

25.1 1.1991 906.1994 

Comment 

Ix] 

Ix] 

1.'1 

Ix] 

Ix] 

1.'.1 

1.'.1 
Ixl 

".I 
[x] 

[x] 

Ix] 

b 
s:::, 

~ 
~ 
::> 
;:,... 
s:::, 

~ 

>-" 
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