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Abstract

Based on sediment trap data collected at a depth of 500 m below the ocean surface, as well as the
in situ sea-ice regime, we have upgraded the sedimentation model to map the amount and
distribution of particulate organic carbon (POC) for the Greenland Sea from Ramseier et al.,
1999. The derived model is based on ice regimes defined by: (1) ice concentration, (2) duration of
ice cover and (3) distance from an ice edge, all relative to a trap location. In the case of POC the
sedimentation can be determined using a mean annual ice concentration. To better understand the
distribution of the POC sedimentation the model divides the seasonal ice cover into three distinct
sub-regions, collectively named the Biological Marginal Ice Zone (BMIZ). The BMIZ does not
include all the seasonal sea ice cover extent, as would a Marginal Ice Zone. There is a centrally
located sub-region within the BMIZ, where the sedimentation is non-linear resulting in a band of
localized high sedimentation. This results in an elevated export of biologically produced particles
to the deeper ocean. It is this result of localized sedimentation that is likely to affect the
distribution of shrimp. As an initial test we have selected the Northern Shrimp Fishery area
between 49ºN and 60ºN, Labrador Sea. Two data sets provided by the Department of Fisheries
and Ocean, (1) commercial catches for 1989 and 1996, and (2) research catches for October-
December 1996 and 1997, were analyzed in relation to the POC distribution based on mean
annual seasonal sea ice cover extent. Binning the commercial data according to POC, results in a
coefficient of determination for a linear regression between catch per hour and POC of r2 = 0.926
(1989) and 0.964 for 1996. Similarly, binning the commercial data for 1989 and 1996 according
to depth, results in a coefficient of determination r2 = 0.995 and 0.948 respectively. The research
data on the other hand was binned according to (1) POC, (2) depth and (3) temperature with
linear regression between total catch/shrimp and POC. The coefficients of determination r2 for
1996 are (1) 0.304, (2) 0.763, and (3) 0.745 and for 1997 are (1) 0.535, (2) 0.897, and (3) 0.954
respectively. The overall conclusion is that POC plays an important role as a food supply, and its
distribution provides locations where to search for shrimp. The extent of POC can be derived
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from ice information mapped from space using operational satellite sensors, day and night and
through clouds, thus providing a useful tool.

Keywords: Particulate organic carbon, sea ice, Labrador Sea, Greenland Sea, sediment trap,
shrimp catch.

1. Introduction

This paper is the first to correlate particulate organic carbon (POC) sedimentation within the mean annual
seasonal sea ice extent with the catch statistics (presence) of northern shrimp. Based on sediment traps deployed
over an 8 year period, an empirical model on sedimentation at a depth of 500 m was developed for the Is Odden-
Nordbukta region, Greenland Sea (Ramseier et al., 1999). This model quantifies the POC sedimentation as well as
provides a sedimentation pattern on a yearly basis for the Northern Hemisphere. We applied this POC model to the
Labrador Sea with the use of the mean annual sea ice concentration obtained from passive microwave satellite data.
Since the model makes use of the local hydrographic conditions of the Is Odden-Nordbukta region of the Greenland
Sea, applying it to the Labrador Sea will cause some differences in the extent (due to currents) as well as in the
amount of POC sedimentation. We feel for this first approach, due to the resolution of the satellite data (25 x 25
km), the differences are going to be minimal. The shrimp catch data for the Labrador Sea was provided in two
groups, one representing research data for the years 1996 and 1997, and the other commercial data for the years
1989 and 1996. Mapping the extent of POC sedimentation, based on the local seasonal sea ice regime, can provide a
useful tool for locating and managing shrimp stocks for both the research and commercial fisheries.

It is generally known that a direct correlation between the abundance of shrimp and organic content of the
ocean bottom sediments exists. Shrimp feed on or near the ocean floor as well as in the pelagic zone (Shumway et
al., 1985). The importance of pelagic feeding for pandalid shrimp, primarily during the night, has been recognized
for many years. With time (and improved sampling from the pelagic zone), both phases are recognized as important,
particularly for large, oceanic populations (Pearcy, 1970; Wienberg, 1981; Hudon et al., 1992). In a review by Butler
(1971) on the biology of pink shrimp he states and we quote: “There is a direct relationship between abundance of
pink shrimp and high organic content in sediment (Bigelow and Schroeder, 1939; Wigley, 1960). Haynes and
Wigley (1969) reported that, in the Gulf of Maine, occurrence was almost wholly restricted to areas of moderate (0.5
to 1.5%) to high (>1.5%) amounts of organic carbon”. The benthic communities below the euphotic zone are
dependent on the food supply through the water column. The magnitude of the organic carbon supply depends on
temporal and spatial patterns of the export flux of pelagic primary production from the euphotic zone (Ritzrau et al.,
in press). The POC model (Ramseier et al., 1999) was used by Ritzrau et al. (in press) to calculate the carbon budget
for the East Greenland Sea (between 67º and 79º N) resulting in a balance with the requirements of the benthic
community, i.e. they established a pelagic-benthic coupling. Since the northern shrimp is partly a benthic feeder
(Shumway et al., 1985), the use of organic carbon in form of POC, to establish a correlation between catch and
POC, is appropriate.

2. Methods

2.1 Sedimentation Trap Deployment

Six automated Kiel Sonderforschungsbereich 313 (SFB) time series sediment traps (opening 0.5 m-2, 20
collector cups; Salzgitter Electronics) were deployed at a depth of 500 m for the period 1988-1996 (Figure 1a-c).
The sediment traps were located in the Is Odden-Nordbukta region, a dynamic sea ice area where the formation of
the ice tongue is an important local feature. Samples were poisoned in situ with mercury chloride and treated in the
laboratory as described by v. Bodungen et al. (1991). Here we concentrate on the fluxes of POC as determined by
gas chromatography.

2.2 Hydrography

The sediment traps were located below predominantly seasonal ice-covered, cold fresh surface water of
polar origin (<150 m deep, entering the Greenland Sea through Fram Strait). Beneath this layer water masses
influenced by the warm and salty return Atlantic intermediate water are present to a depth of ≈800 m (Hopkins,
1991). The East Greenland Current (EGC) to the south along the Greenland continental shelf margin transported
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these water masses. At the Jan Mayen Ridge the EGC is partially deflected to the east and Polar Surface Water is
transported eastward with the Jan Mayen Current (JMC) into the Greenland Sea (Hopkins, 1991; Legutke, 1991;
Bourke et al., 1992).

Four of the six SFB moorings, denoted as OG moorings in this paper (Figure 1b), were located in the area
affected by the JMC. Surface currents range between 3-6 cm s-1 and at a depth of 500 m, where our traps were
located, the current was measured by a float to be 2.45 cm s-1. We assumed a sinking velocity of 100 m d-1 as
proposed by Bauerfeind et al. (1994) for the rapidly settling fraction based on a comparison of shallow and deep
moored traps in the Greenland Sea and a mean current speed of 3.5 cm s-1.

Applying this order of magnitude calculation to the particle collection funnel indicates that the surface area
extends 15 km upstream of our trap positions. The satellite data grid size of 25 km x 25 km per cell suggests that we
should consider an area that covers the trap position itself and one cell upstream from that location. Such a selection
covers a minimum particle-settling rate of 60.5 m d-1 for a distance of 25 km. Two additional traps, OG7 and OG10,
were located at 74° 59.51'N, 10° 37.05'W and 75º 03.4'N, 04º 35.7'W respectively (Figure 1b). The mean current
was estimated to be ≈15 cm s-1 (Fahrbach, personal communication, 1994.) For these traps we choose three satellite
grid cells to derive the mean sea ice concentration.

2.3  Satellite Data

The ice information was derived from the Scanning Multichannel Microwave Radiometer (SMMR) aboard
the NASA NIMBUS-7 spacecraft between 1978-87 (Gloersen and Barrath, 1977) and the Special Sensor
Microwave/Imager (SSM/I) which is part of the operational United States Defense Meteorological Satellite Program
(Hollinger, 1990). The data for both sensors were provided by the National Snow and Ice Data Center, Boulder,
Colorado (NSIDC, 1992). Brightness temperatures collected during the daily orbits were averaged onto an earth-
located fixed grid of 25 km x 25 km. For the ice analysis we used the ice concentrations derived by the NASA Team
algorithm from the brightness temperatures (Cavalieri et al., 1984; Gloersen and Cavalieri, 1986). Since the ice
information can be collected day and night as well as through clouds the satellite sensor is a powerful tool for
studying ice regimes anywhere on this planet earth.

2.4  Shrimp data

 Research survey data - Multispecies research trawl surveys have been conducted annually by the
Department of Fisheries and Oceans (DFO)- Science in the Newfoundland - Labrador offshore area since 1995.
These surveys employ a stratified-random sampling design that was developed for groundfish but use a lined,
Campelen 1800 shrimp trawl as the sampling gear.  Survey coverage has been extensive in areas off northeastern
Newfoundland and southern Labrador (49º 15' N to about 54º 45' N) where shrimp are abundant.  However, farther
north, coverage is not adequate to address the highly patchy distribution of shrimp seen in these areas.  No surveys
have been conducted north of 61º N.

Data on surveys conducted in 1996 and 1997 (between 49º 15' N and 61º N) include trip, set, year, month,
day, time, latitude, longitude, depth (m), bottom temperature (C), number and weight of shrimp.  (The data used to
generate this paper extends only to 60º N.) The additional data does not change significantly the results nor does it
change any of the conclusions.)  Fishing protocols require the trawl to be towed for 15 minutes at 3 knots at each
survey station.  Adjustments of catch to the standard are made in instances where protocols cannot be met.

Commercial fishery data - The offshore shrimp fleet comprises about 12 vessels operating under 17
licenses.  These are large stern trawlers which, in most cases, are technologically advanced and, in some instances,
were built specifically to harvest shrimp.  All vessels tow small-meshed otter trawls equipped with sorting grates to
minimize unwanted by-catch.  Some of the larger vessels are capable of towing two trawls, simultaneously.

Details of fishing activity by the offshore shrimp fleet in the Newfoundland - Labrador offshore area (49º
15' N to 61º N) were obtained from official DFO logbook records for 1989 and 1996. (The data used to generate this
paper extends only to 60º N. The additional data does not change significantly the results nor does it change any of
the conclusions.)  The data sets included year, month, day, latitude, longitude, depth (m), catch (kg) and effort (hours
fished).  Most records denote individual fishing sets but, when latitude and longitude are identical, two or more sets
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are represented.  Logbooks account for most of the total effort each year and are considered representative of the
fishing activity of the fleet.  Catch-per-unit-effort (CPUE - typically kg h-1) can be used to interpret change in the
fishable stock over time.

3.   Particulate Organic Carbon Model

The model presented here was originally developed based on five sediment traps for the Is Odden-
Nordbukta region of the Greenland Sea by Ramseier et al. (1999). The model as presented below was upgraded from
the original one by including all six traps rather than the original five sediment traps. The model presented below is
also the one we use for the Labrador Sea to map the POC sedimentation pattern and distribution.

3.1  POC amount

The model components include the mean annual sea ice regime (IR%y) defined as the

IR%y = Σc/365 (1)

where c represents the daily ice concentration in percent summed over an entire year (Ramseier et al., 1999). The
second component represents the annual POC values for the respective traps (Ramseier et al., 1999). The mean
annual ice concentration is shown in Figure 2 for reference purposes indicating the great variability in ice
concentrations associated with the trap positions. The POC curves represent the measured values as well as the
calculated values using (2) below. Applying a linear regression to the POC and ice concentration data results in an
equation for calculating the amount of POC sedimentation in g m-2 y-1

POC = 0.0677*IR%y + 1.4924 r2 = 0.856 (2)

We note that (2) provides an annual, average POC sedimentation rate at the 500 m depth which can be
applied to the Is Odden-Nordbukta region of the Greenland Sea. Furthermore (2) is only valid for the mean annual
concentration range between 18% and 64% (Ramseier et al., 1999). The model results are included in Figure 2, and
provide a direct comparison with the measured values. The use of all six traps provided a marginal improvement in
the coefficient of determination (r2) from the original value of 0.852 to 0.856.

3.2  Pattern of POC sedimentation

The sediment pattern for POC is given by the empirical equation in mg m-2 d-1 based on individual cup
openings of all six sediment traps. It represents a maximum value and is best used as a relative amount if applied to
areas other than the Is Odden-Nordbukta region.

a, b, c, d and lt are the constants corresponding to 7.19, 1400, 1.3, 50, and –0.0645. The ice regime IR%y is defined
in (1).

The model can be described best by illustrating the POC sedimentation with a schematic as shown in
Figure 3. The seasonal sea ice cover is usually referred to as the Marginal Ice Zone (MIZ) which extends from the
ice limit all the way to the coast. Now assume that the model represents a profile or narrow area originating at a
given latitude to the Labrador coast extending across the ice covered areas to the open ocean, i.e. the MIZ. Based on
the results of the sediment traps, this line can be further divided to represent five distinct biological processes which
are all part of the marginal ice zone (MIZ) and Biological Marginal Ice Zone (BMIZ) as discussed in Ramseier et
al., 1999. The first sub-area (1) is ice-free extending from the open ocean to a point 80 km from the mean maximum
ice limit, which represents the open ocean sedimentation component of total flux, for which we have chosen the
value of 1 g m-2 y-1 (Noji et al., 1999). The second sub-area (2) is a primary production belt 80 km wide, parallel to
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the mean maximum ice limit, as observed by Smith et al. (1987) and further refined by Ramseier et al. (1999). The
observed POC flux is 2.62 g m-2 y-1 (Ramseier et al., 1999). The third sub-area (3) is seasonal and starts at the
boundary of the mean maximum ice limit (0%) up to the 18% ice concentration boundary with identical flux values
as sub-area (2).  Sub-area (4) is a biologically active zone that takes over at 18% continuing to the 64% ice
concentration boundary. The amount of POC sedimentation is given by equation (2), which provides an average for
the sub-area. The actual distribution is given by equation (3). Sub-areas (2) to (4) are identified as the BMIZ because
they are biologically very productive. The last sub-area (5) is a quasi-permanent part of the ice cover that extents
from the 64% ice concentration contour to the coast with a POC flux of 1.83 g m-2 y-1.

In summary, the sub-area of interest for the following analysis of the shrimp catch data and the amount of
POC as well as the peak of POC sedimentation evolves around sub-area (4) of the BMIZ.

4.   Results

Figure 4 presents the mean ice regime for the commercial and research shrimp fishing positions for the
years 1989, 1996 and 1997. The southern ice boundary is the furthest south for the year 1997 extending as far as
47ºN, followed by the year 1989 at 47º 30'N, and 1996 with a minimum extent at 50'N. The total area covered by
ice, extending from the southern ice limit to 60ºN, the northern limit of the provided shrimp fishing data for this
paper, was greatest for the year 1997 (362503 km2 with a mean annual ice concentration of 16.2±10.7%), followed
by 1989 (361990 km2, with a mean annual ice concentration of 16.7±10.7%) and 1996 (332596 km2, with a mean
annual ice concentration of 15.8±13.5%). Applying equation (3) to the Labrador Sea ice regime for the years 1989,
1996 and 1997 results in a POC distribution as presented in Figure 5. In 1996 the ocean area shows a number of
missing satellite data (dropouts 25 x 25 km square, black points in Figure 4). Through the smoothing process of the
data, these black points can appear as POC data points, particularly in Figure 5 for 1996 as well and to a lesser
extend for the other years. Since no fishing data was used for the analysis in these areas there is no effect on the
results. The POC distribution is in mg m-2 d-1. The extent and southern limits of the POC distribution mimic the ice
regime. It is greatest for the year 1997, slightly less for 1989 and a minimum in 1996. The POC distribution as
shown is valid for the 18% to 64% ice concentration range. The highest intensity of POC (about 32 mg m-2 d-1) is
associated with a maximum of 30% ice concentration (Ramseier et al., 1999).

4.1.   Research data on shrimp caught

To analyze the research data for the years 1996 and 1997 we concentrated on three parameters: (1)
temperature, (2) depth, and (3) POC. We further subdivided the data into bins of equal size. For POC the bins were
of 2 mg m-2 d-1 for the range 10-32 mg m-2 d-1. The catch data is given in the amount caught within a 15-minute trawl
period. The number of shrimp caught is given, which permits us to evaluate the size effect of shrimp as associated
with the three parameters mentioned above. The temperature data is subdivided into 0.4ºC bins between –0.4 to
4.4ºC, and the depth data into 100 m bins ranging between 100-1500 m depth. The results are given in Figures 6-8
for the years 1996 and 1997.

Figure 6 illustrates the behavior of the temperature bin data as related to the total weight of the shrimp
catch in tons per bin as well as the total weight in weight per shrimp (g). The total POC per bin is given in mg m-2 d-

1. The bin data was then subjected to a linear regression between the shrimp parameters and the POC. The results are
given as a coefficient of determination (r2) value within the figure. In a similar way Figure 7 illustrates the depth bin
data, and Figure 8 the POC bin data.

4.2.  Commercial data on shrimp caught

The commercial shrimp data for the years 1989 and 1996 were evaluated by the amount of shrimp caught
per hour. The parameters were (1) depth and (2) POC. The depth data was binned in 50 m intervals ranging from
150-800 m. The total POC per bin is given in mg-2 d-1. Figure 9 illustrates the behavior of the depth bin data as
related to the total weight per hour caught in tons per bin as well as the total POC per bin in g m-2 d-1. In a similar
way as the research data, the bin data was then submitted to a linear regression for obtaining coefficients of
determination.
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5.  Discussion

5.1.   General

Table 1 gives an overview of the coefficients of determination for all the years and for both the research as
well as the commercial data. It is evident from the Figures 6-8 that the coefficients of determination (r2) vary
extensively between the research and commercial data sets. This is not surprising since the fishing location
distributions shown in Figures 4 and 5 are quite different. The research locations show a stratified-random sampling
approach, whereas the commercial data is grouped in a few patches. These patches are areas where the commercial
fisheries, based on experience, know where the shrimp are located. The surprising aspect is that the coefficients of
determination are very high for the POC for both commercial years. Examining Figure 4 shows that the commercial
data is located within the mean annual sea-ice extent. Furthermore the POC data shown in Figure 5 indicates that
most of the fishing positions are located within the elevated POC sedimentation area. This aspect is reflected to
some extent in the high determination coefficients for the commercial data, as compared to the research data.

Examining the depth results for the commercial data show very high coefficients of determination similarly
as the POC data. In 1989 most of the shrimp are caught at the depth of 375±25 m as observed in Figure 9. In 1996
this depth is 425±25 m a slight shift to deeper waters. The commercial POC data shows on the other hand a different
pattern. In 1989 most of the shrimp were caught in the POC levels >25 mg m-2 d-1 as compared to 1996 where the
POC level ranged between 12 and 25 mg m-2 d-1, well below the level of 1989. Both depth peaks are located well
within the BMIZ that is sub-area (4) in Figure 3. The significance of the POC amounts is actually not a critical
parameter as long as sedimentation is present. The important result is where the POC is located at the ocean floor as
a result of the biological fallout through the water column. With the current limited data set it is not possible to
address the effect of the quantity of POC on the catch data. This will have to await the analysis of several years of
data. In summary, with the seasonal ice cover present, currents, eddies, vertical mixing, all have an affect on the
distribution and eventual sedimentation of the POC at the ocean floor (Ramseier et al. 1999), as well as the
temperature and depth as seen in Figures 6, 7, 9 and summarized in Table 1.

The research data does mimic some of the commercial results. The temperature bin data provides high
coefficients of determination for 1997 followed by the depth bin data and the POC bin data. In 1996 the highest
coefficients of determination are with depth, and a mixture of POC and temperature depending if total catch or
catch/shrimp parameters (size of shrimp) are examined. The research temperature catch data for 1996, as well as the
research POC catch data for 1997 show low coefficients of determination in comparison with the other parameters
for the same year. Because the research data systematically samples the total area, the lower coefficients of
determination are expected.

5.2.  POC variations

Depth dependence of POC - We also examined the depth dependence on POC based on the equation from
Martin et al. (1987). The model presented in section 3 was established for a sedimentation depth of 500 m. We
recalculated the POC sedimentation, using the exponential equation from Martin et al. (1987) for the depth at which
the shrimp were caught. Figure 10 shows the results. As can be seen from the coefficients of determination (0.964
no Martin equation, 0.965 with equation) the impact is very small since the changes in depth from the 500 m
reference depth are rather small.

Changes in mean yearly POC levels and extent – Based on the mean yearly sea ice concentrations we
calculated the POC coefficient of determination for the years 1986 to 1989 as well as the mean of the years. We
found that the differences were rather small, with r2 values varying between ±0.05 to ±0.14 for the POC binned data.
The interpretation of these results seems to indicate that ice variations from year to year have little effect on the
catch of the shrimp due to the fact that shrimp live for several years, are an opportunistic omnivore, functioning both
as a predator and scavenger (Shumway et al. 1985).
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5.3.  Implications of the POC sedimentation

The results show that the shrimp catch data depends on temperature of the water at the depth caught,
temperature range being 3 to 4ºC, the depth with a range of 340-500 m, and a POC level >10 mg m-2 d-1. Figure 5
shows the distribution of the POC sedimentation at a depth of 500 m extending from the southern ice limit (Figure
4) up to Davis Strait. Examining an updated version of the DFO catch data between 60 and 61ºN shows that all the
positions for both the research and commercial fisheries are well within sub-area (4) of the BMIZ. The fishery
extends also from east of Resolution Island northward along the shelf edge off southeast of Baffin Island. This area
too shows a high level of POC sedimentation. In other words the trend established between the southern limit and
60ºN continues further north. One aspect that is not reflected in the model is the varying current conditions between
the Labrador coast and the Greenland West coast. This would result in a slightly different distribution of the POC,
e.g. further north along the Greenland coast where the West Greenland current is active. A closer examination of the
research data as well as a better knowledge of the type of bottom (substrata of soft mud, sand/silt and occasional
rocks) would be required.

6.  Summary

Particulate organic carbon is an important food supply for shrimp, thus an important indicator where
shrimp are located. The sedimentation pattern of POC can be mapped for the Northern Hemisphere based on a
model developed by Ramseier et al. (1999). Input parameters to the model are the mean annual sea ice
concentrations. These parameters were obtained using passive microwave satellite data from the SSM/I series in
combination with the NASA Team sea ice algorithm. For the years used in this study, nearly all research and
commercial fishing in the Labrador Sea occurred for depths less than 550 m, with some locations to 1450 m. These
depths are within the biological marginal ice zone an active area of POC sedimentation. Thus, the model for POC
sedimentation provides an additional tool for mapping potential areas for fishing. Temperatures at the depth shrimp
are caught also showed a similar correlation with catches and POC, however this parameter is not easy to map on a
large scale. Depth shows also a strong correlation with catch as well as POC. The POC sedimentation pattern is
mapped using satellite data thus covers all areas of the BMIZ, on a daily basis regardless of night or cloud cover.
The data shows clearly that in the majority of the cases the commercial fisheries know where to fish.

Acknowledgments

One of the authors (ROR) would like to acknowledge the stimulating discussions with Renato Landert
about his fishing experiences onboard the fishing trawler “Ocean Prawns”. The authors appreciate the kind
encouragement by Peter Koeller, DFO to pursue this work and for the support from SeaSpace Corporation, Poway,
California in using their TeraScan software.

7.   References

BAUERFEIND, E., B.v. BODUNGEN, K. ARNDT, AND W. KOEVE, 1994. Particle flux and composition of
sedimenting matter, in the Greenland Sea. J. Mar. Sys., 5: 411-423.

BIGELOW, H.R., AND W.C. SCHROEDER, 1939. Notes on the fauna above the mud bottoms in deep water in the
Gulf of Maine. Biol. Bull. (Woods Hole) 76:305-324.

BODUNGEN, v. B., M. WUNSCH, AND H. FÜRDERER, 1991. Sampling and analysis of suspended particles, in
the North Atlantic. In: D.C. Hurt and D.W. Spencer (Editors), Marine particles: Analysis and
characterization. Geophysical Monograph Series, American Geophysical Union, Washington DC, 63: 47-
53.

BOURKE, H.R., R.G. PAQUETTE, AND R.F. BLYTHE, 1992. The Jan Mayen current of the Greenland Sea, J.
Geophys. Res., 97: 7241-7250.

CAVALIERI, D.J., P. GLOERSEN, AND W.J. CAMPBELL, 1984. Determination of sea ice parameters with the
NIMBUS-7 SMMR, J. Geophys. Res., 89: 5355-5369.

GLOERSEN, P., and F.T. BARRATH, 1977. A scanning multichannel microwave radiometer for Nimbus G and
Seasat A, IEEE J. Oceanic Eng., OE-2: 172-178.

GLOERSEN, P. and D.J. CAVALIERI, 1986. Reduction of weather effects in the calculation of sea ice
concentrations from microwave radiances, J. Geophys. Res., 91: 3913-3919.



8

HAYNES, E.B., AND R.L. WIGLEY, 1969. Biology of the northern shrimp, Pandalus borealis, in the Gulf of
Maine. Trans. Am. Fish Soc., 98:60-76.

HOLLINGER, J., J. PIERCE and G. POE, 1990. SSM/I instrument evaluation, IEEE Trans. Geosci. Remote
Sensing, 28: 781-790.

HOPKINS, T.S., 1991. The GIN Sea-A synthesis of its physical oceanography and literature review 1972-1985,
Earth Sci. Rev., 30: 175-318.

HUDON, C., D.G. PARSONS, and R. CRAWFORD, 1992. Diel pelagic foraging by a pandalid shrimp (Pandalus
montagui) off Resolution Island (Eastern Hudson Strait). Can. J. Fish. Aquat. Sci., 49:565-576.

JGOFS, The North Atlantic bloom experiment, in Deep Sea Res. II, Edited by H.W. Ducklow and R.P. Harris, 40, 1-
641, 1993.

LEGUTKE, S., 1991. A numerical investigation of the circulation in the Greenland and Norwegian Seas, J. Phys.
Oceanogr., 21: 118-148.

MARTIN, J.H., G.A. KNAUER, D.M. CARL, and W.W. BROENKOW, 1987. VERTEX: Carbon cycling in the
Northeast Pacific, Deep-Sea Res., 32: 267-285.

NOJI, T.T., F. REY, L.A. MILLER, K.Y. BØRSHEIM, and J. URBAN-RICH, 1999. Fate of biogenic carbon from
surface waters in the central Greenland Sea, Deep Sea Res. II, in press.

NSIDC, 1992. DMSP SSM/I brightness temperature and sea ice concentration grids for the Polar Regions on CD-
ROM user’s guide, National Snow and Ice Data Center, 1, Boulder, Colorado.

PEARCY, W.G., 1970. Verticla migration of the ocean shrimp, Pandalus jordani: A feeding and dispersal
mechanism. Calif. Fish and Game, 56(2):125-129.

RAMSEIER, R.O., C. GARRITY, E. BAUERFEIND, and R. PEINERT, 1999. Sea-ice impact on long term particle
flux in the Greenland Sea’s Is Odden-Nordbukta region, 1985-1996. J. Geophys. Res. 104: 5329-5343.

RITZRAU, W., G. GRAF, A. SCHELTZ, and W.QUEISSER, (in press). Bentho-pelagic coupling and carbon
dynamics in the northern North Atlantic in: The northern North Atlantic: A changing environment, Eds.: P.
Schäfer, W. Ritzrau, . Schlüter, and J. Thiede, Springer Verlag, Heidelberg.

SHUMWAY, S., H.C. PERKINS, D.F. SCHICK, and A.P. STICKNEY, 1985. Synopsis of biological data on the
Pink Shrimp, Pandalus borealis Krøyer, 1938. NOAA Technical Report NMFS 30, FAO Fisheries Synopsis
No. 144.

SMITH, W.O., M.E. BAUMANN, D.L. WILSON, AND L. ALETSEE, 1987. Pyotoplankton biomass and
productivity in the marginal ice zone of the Fram Strait during the summer 1984. J. Geophys. Res. 92:
6777-6786.

WIENBERG, R., 1981. On the food and feeding of Pandalus borealis Krøyer 1838. Arch. Fisch Wiss., 31(3):123-
137.

WIGELY, R.L., 1960. Note on the distribution of Pandalidae (Crustacea, Decapoda) in New England waters.
Ecology, 41:564-570.

Table 1. Coefficients of determination for the commercial and research data in relation to effort and number of
shrimp caught.

Year Com 1989 Com 1996 Res 1996 Res 1996 Res 1997 Res 1997
Parameter Shrimp h-1 Shrimp h-1 Catch Catch/shrimp Catch Catch/shrimp
Temperature None None 0.136 0.745 0.856 0.954
Depth 0.995 0.948 0.556 0.763 0.781 0.897
POC 0.926 0.964 0.487 0.304 0.01 0.535



9

Fig. 1. Greenland Sea a) Sediment trap mooring locations between 72 - 75º N. b) OG trap positions are labeled 1-
10, c) the Is Odden-Nordbukta region during an ice- poor year.
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Fig. 2. Results from the Greenland Sea analysis depicting the parameters IR (%y), the mean yearly ice regime, and
the yearly amount of particulate organic carbon (POCmes) contained in the sediment trap for all the SFB
traps identified with the corresponding number. The model results (POCcalc) based on equation (2) are also
given. The coefficient of determination based on a linear regression between IR (%y) and (POCmes) is given
on the top right hand corner of the figure.
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Fig. 3. Schematic model for the POC sedimentation across a vertical slice of ocean. The left-hand boundary
represents the coast extending to the right to the open ocean. The numbers identify the sub-areas discussed
in the text, representing different sedimentation processes.
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Fig. 4. Mean yearly sea ice extent along the Newfoundland and Labrador Coast for the three years examined.
Included in the figure are the fishing positions for both the commercial and research fishery. The
bathymetry contours are for depths of 150, 600 and 1200 m. The black points, predominantly in the open
ocean are explained within the text.
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Fig. 5. Mean yearly POC extent for sub-area 4. The POC distribution is obtained by multiplying the mean ice
conditions in Figure 4 with equation 3. Shown also are the commercial and research fishing positions. In
the 1996 commercial figure some fishing locations are on land or far out in the open ocean. These points
have been eliminated in the analysis for this paper.



Fig. 6. The research temperature bin data is shown as a function of total shrimp catch (summed within the individual bins) as well as the summed total weight
per shrimp, and the POC (summed within the individual bins).
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Fig. 7. The research depth bin data is shown as a function of total shrimp catch (summed within the individual bins) as well as the summed total weight per
shrimp, and the POC (summed within the individual bins).
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Fig. 8. The research POC bin data is shown as a function of total shrimp catch (summed within the individual bins) as well as the summed total weight per
shrimp, and the POC (summed within the individual bins).

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 5 10 15 20 25 30 35

POC bin data Res96 (mg m-2 d-1)

Su
m

 c
at

ch
 (

t)

0

200

400

600

800

1000

1200

1400

Su
m

 P
O

C
 (

m
g 

m
-2

 d
-1

)

r2 = 0.01

Shrimp

POC

0

50

100

150

200

250

0 5 10 15 20 25 30 35

POC bin data Res96 (mg m-2 d-1)

Su
m

 w
ei

gh
t/

sh
ri

m
p 

(g
)

0

200

400

600

800

1000

1200

1400

Su
m

 P
O

C
 (

m
g 

m
-2

 d
-1

)

POC

Shrimp

r2 = 0.304

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 5 10 15 20 25 30 35

POC bin data Res97 (mg m-2 d-1)

Su
m

 C
at

ch
 (

t)

0

200

400

600

800

1000

1200

1400

1600

1800

Su
m

 P
O

C
 (

m
g 

m
-2

 d
-1

)

POC

Shrimp

 r2 = 0.487

0

30

60

90

120

150

180

210

240

270

0 5 10 15 20 25 30 35

POC bin data Res97 (mg m-2 d-1)

Su
m

 w
ei

gh
t/

sh
ri

m
p 

(g
)

0

200

400

600

800

1000

1200

1400

1600

1800

Su
m

 P
O

C
 (

m
g 

m
-2

 d
-1

)

r2 = 0.535 

Shrimp

POC



17

Fig. 9. The commercial POC and depth bin data is shown as a function of the effort (summed within the individual bins) and the POC (summed within the
individual bins).
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Fig. 10. The commercial POC and depth bin data, corrected for the exponential behavior of the POC with depth, is shown as a function of the effort (summed
within the individual bins) and the POC (summed within the individual bins).
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