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ABSTRACT: F l u e s  of organic carbon and nitrogen, total phosphorus, chlorophyll pigments, carbo- 
hydrates, amino acids and amino sugars were determined for a depth-series sediment trap exper~ment 
in Novernber/December 1983 in the Bransfield Strait, Antarctic Peninsula. Absolute and/or relative 
increases of phosphorus, glucose and chlorophyll b fluxes and decrease of p-alanine flux with depth 
suggest a second source of sedimenting organic material besides plankton. This is identified as  
originating from shallow water macroalgae. Quantification of this contribution shows increases from 
37 % at 539 m to 71 % at 1835 m. Cornpanson of corrected planktonic f l u e s  with values predicted by 
the empirical equation of Suess (1980) are in good agreement. Examination of carbohydrate spectra 
from Bransfield Strait surface sediments shows a macroalgal imprint to be  present. 

INTRODUCTION 

Coastal and shelf sediments receive a considerable 
input of terrestrid ~orgaric matciia! in addition Lo au- 
tochthonous matter (Berner 1982, Degens & Ittekkot 
1985). The latter may originate from primary, both 
planktonic and macrophytal, and secondary produc- 
tion. A distinction between these sources based on 
bulk chemical analysis of sediment trap samples is 
usually beset w t h  difficulties unless specific bio- 
marker compounds are used. Amino acids and carbo- 
hydrates which make up the majority of the parbculate 
organic carbon flux in the world ocean (Ittekkot et al. 
1984a, b, Lee & Cronin 1984) are present in all sources 
of sedimenting organic matter, thus restricting the use- 
fulness of these parameters to descriptive purposes. 

It has, however, been suggested that compound 
ratios should be employed (Degens & Mopper 1976, 
Cowie & Hedges 1984), thereby exploiting differences 
in e.g. carbohydrate pool composition to elucidate con- 
tributions from different sources. Using this approach, 
Cowie & Hedges (1984) were able to distinguish 
between tenigenous and marine organic matter in 
their sediment traps in Dabob Bay, Washington. Simi- 
larly, Liebezeit & Ittekkot (unpubl.) identified a 
background flux of terrestrial material at 2600 m water 
depth in the Lofoten Basin. The interpretation of such 
data is somewhat simplified if one (or more) sources 
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can be virtually excluded. Thus, in shallow waters of 
the Bransfield Strait, Antarctic, phyto- and zooplank- 
ton were the dominant producers of both suspended 
and sedimenting organic matter in the austral summer 
1980 (von Bodungen et al. 1986). This was also clearly 
reflected in the amino acid and carbohydrate compo- 
sitions (Liebezeit 1985, in press, Liebezeit & Bolter 
1986). 

In this paper, we present data on the chemical com- 
position of samples derived from a depth-series sedi- 
ment trap array from the Bransfield Strait in 
November/December 1983. Based on these data an 
attempt is made to establish sources of sedimenting 
matter and to quantify their contributions. 

MATERIAL AND METHODS 

An array of 5 sediment traps was moored in King 
George Basin, eastern Bransfield Strait (62O16.3' S, 
57O22.8' W), at  a water depth of 1850 m from 27 
November to 20 December 1983. Traps were sus- 
pended at 323, 539, 963, 1410 and 1835 m. Funnel- 
shaped le l -des ign  traps (Zeitzschel et al. 1978) with a 
single collection jar were deployed. Chloroform was 
used for sample preservation. After retrieval, the trap- 
ped material was split, desalted by repeated washing 
with distilled water, and lyophilised. 
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Carbon and nitrogen were determined with a Hew- 
lett Packard 185 B CHN analyser. Total particulate 
phosphorus (TPP) was determined according to Grass- 
hoff (1976). 

Particle composition and intact phytoplankton cells 
were evaluated with an inverted microscope from a 
subsample preserved with buffered formalin. Phyto- 
plankton carbon (PPC) was calculated from cell counts 
which were converted to cell and plasma volume, the 
latter being multiplied by 0.11 to obtain PPC (Edler 
1979). 

Chlorophyll pigments were determined on 90 O/O 

aqueous acetone extracts and are given as chloro- 
phylla equivalents representing the sum of chloro- 
phyll a and phaeopigments, calculated according to 
Lorenzen (1967). High performance liquid chromato- 
graphy (HPLC) of these compounds was carried out 
according to Evershed et d. (unpub!,! with fluorimetnc 
detection (Liebezeit 1980) using dichloromethane/ 
methanol 9 : 1 (30 min RT) extracts. Additionally, pig- 
ment fluxes were obtained from absorption spectro- 
scopical analysis of the latter extracts. For quantifica- 
tion, the a-band at 665nm was used. Results are ex- 
pressed as chlorophyll a equivalents. The 2 total tech- 
niques generally showed good agreement (Table 1). 

Table 1. Comparison between the Lorenzen (1967) equation 
and scanning absorption spectroscopy for total chlorophyll 
determination. Values in mg chlorophyll a equivalents m-' 

d-' 

Lorenzen (1967) 3.00 2.48 1.57 1.39 
Abs. spectr. 3.55 2.86 1.66 1.38 0.96 

Due to the presence of acetic acid in the eluent used 
for HPLC, only phaeopigments could be determined. 
These were identified and quantified by comparison to 
an external standard run. Unknown compound concen- 
trations are expressed in phaeophytin a equivalents. 

Amino acids were analysed according to Lindroth & 
Mopper (1979) after hydrolysis with 6 N HCl at llO°C 
for 24 h under nitrogen. Sodium acetate/methanol (0.05 
M) was employed as eluent system. Quantification was 
by comparison to an external standard run with a- 
amino butyric acid as internal standard (Dawson & 
Liebezeit 1983). Hexosamines are not separated from 
each other by this technique and are expressed 
in glucosamine equivalents. Concentrations are cor- 
rected for losses during hydrolysis by multiplying by a 
factor of 1.38 (hebezeit unpubl.). 

Monosaccharides were analysed by borate anion 

exchange chromatography after hydrolysis at 110°C 
for 3 h  under nitrogen as described by Dawson & 
hebezeit (1983). 

In sediment trap experiments with 2 parallel collec- 
tion jars, von Bodungen et al. (1986) found variabilities 
for bulk parameters to be < 10%.  Similarly, varia- 
bhties for amino acid and carbohydrate determina- 
tions were C 12 % whereas the value for chlorophyll 
HPLC was < 5  O/O. In the case of the 2 total pigment 
techniques, reproducibihty of these standard methods 
was within generally accepted limits. 

RESULTS AND DISCUSSION 

Bulk fluxes 

Total mass flux was relatively constant in the upper 3 
traps and increased with depth (Table 2). Both POC 
and PON fluxes decreased with the exception of 
the 1410 m sample, whereas TPP increased towards 
1410m and stayed constant thereafter. 

Table 2. Compound flwes in the Bransfield Strait. All values 
in mg m-2 d-'. POC: particulate organic carbon; PON: par- 
ticulate organic nitrogen: TPP: total particulate phosphorus; 
AA-C: amino acid carbon; AS-C: amino sugar carbon; MS-C: 
monosaccharide carbon; CHL: chlorophyll pigments in 
chlorophyll a equivalents (see Table 1); PPC: phytoplankton 

carbon 

Compound Depth (m) 
323 539 963 1410 1835 

Total flux 3170.8 3289.7 3462.4 4923.4 5585.0 
POC 131.9 120.3 80.3 94.3 81.3 
PON 14.5 13.2 7.3 9.6 7.7 
TPP 0.9 1.3 2.4 4.0 4.1 

AA-C 28.2 21.0 21.5 27.0 20.0 
AS-C 0.6 1.2 1.2 2.2 0.4 
MS-C 5.5 10.8 9.3 17.0 9.8 
CHL 3.5 2.9 1.7 1.4 1.0 

PPC 1.4 1.4 >0 '  >O'  >O'  

Degraded plasma (see also text) 

Amino acid carbon (AA-C) and amino sugar carbon 
(AS-C) more or less paralleled the POC fluxes whereas 
monosaccharide carbon (MS-C) showed more varia- 
bility (Table 2). Chlorophyll pigment (CHL) fluxes 
decreased constantly with depth. 

Contributions to the characterised fraction of the 
POC pool increased towards 1410 m and then de- 
creased. In all traps, relative AA-C contents are com- 
parable to data from other sediment trap experiments 
(e.g. Wefer et al. 1982, Lee & Cronin 1984, hebezeit 
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Fig. 1. Relative contributions of chlorophylls (CHL), monosaccharides (MS), amino sugars (AS) and amino aclds (AA) to total 
carbon f l u  in Bransfield Strait 

1985). Amino sugars closely followed the amino acid 
pattern (Fig. 1) whereas relative chlorophyll contents 
decreased constantly with depth. 

Contributions of amino acid nitrogen to the total 
nitrogen pool increased from 32 O/O at 323 m to 83 '10 at 
1835 m with the 963 m value being 104 %. Possible 
reasons for discrepancies between the 2 nitrogen 
assays have  beer! discussed in detail by Liebezeii & 
Bolter (1986). 

The observed amino acid depth relation is quite 
uncommon. Generally, as a result of heterotrophic 
degradation, contributions of amino acids to both POC 
and PON decrease with depth, both in water column 
particulates (Liebezeit & Bolter 1986) and sediment 
trap material (Lee & Cronin 1984, Liebezeit 1985). 

Carbohydrates showed values comparable to other 
flux data (Ittekkot et al. 1984a, b, Liebezeit & Ittekkot 
unpubl.) only in the uppermost trap. In the deeper 
traps, sugar fluxes were significantly higher. In short- 
term experiments with drifting sediment traps sirni- 
larly high fluxes as in the 539 to 1835 m samples have 
been found at the bottom of the euphotic zone in the 
Bransfield Strait (Liebezeit in press). These were 
related to a high contribution of diatom aggregates 
with a considerable proportion of resting spores. 

In the present experiments biogenic opal contri- 
buted > 60 % of the total mass flux in the upper 2 traps 
whereas in the lower ones this contribution decreased 
to less than 25 % (Gersonde & Wefer 1986). Absolute 
fluxes decreased from about 2 to l g  m-2 d-' with 
depth. 

Similarly, microscopic analysis of the trapped 

material showed the upper trap to be clearly dorni- 
nated by knll faeces and flocculent detritus containing 
finely shredded &atom debris (von Bodungen 1986). In 
the 539 and 963m traps intact faeces decreased 
together with the flocculent material whereas in the 
deepest traps knll faeces were not abundant and small, 
non-flocculent material made up the bulk of particles. 
in these samples, a strong admixture of resuspended 
lithogenic compounds such as quartz and clay miner- 
als was observed by Gersonde & Wefer (1987) thus 
explaining the increasing total flux with depth (Ta- 
ble 2). 

Intact phytoplankton cells (PPC, Table 2) in the 
upper 2 traps were almost exclusively Thalassiosira 
antarctica. In the deeper traps only few cells contain- 
ing mostly shrivelled plasma were found, these being 
mainly pennate diatoms. PPC was in all cases a neg- 
ligible part of total flux (Table 2). Hence, the high 
carbohydrate contents of the trapped material are not 
due to high phytoplankton contributions. This, to- 
gether with the unusual amino acid data suggests an 
additional mid to deep water source of sedimenting 
material. 

Although some losses due to leaching by the fixing 
agent might have occurred, pigment fluxes are the 
highest reported so far in the Literature. Lorenzen et al. 
(1983) found a mean flux of 0.15 (0.07 to 0.23) mg 
phaeopigments m-' d-' for the subarctic Pacific at 
deployment depths from 250 to 3000 m. Average pri- 
mary production of 494 mg C m-' d-' was, however, 
comparable to that of the Bransfield Strait in the aust- 
ral summer 1983 (von Bodungen 1986). 
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In the Panama Basin, total chlorophyll pigment flux Table 3. C, N and P atomic rahos of sediment trap material 
ith a high value was on the average 0.18 mg m-2 d-' W' 

of 0.32 associated with the setthng of the spring bloom 
(Cole et al. 1985). In coastal environments at 50m 
water depth, pigment fluxes were generally higher 
and comparable to those found in the present experi- 
ments (Table 2; Staresinic 1980, Lorenzen et al. 1981). 

I t  has been shown for Kiel Bight (Smetacek et  al. 
1984) that sedimentation of plankton blooms occurs in 
a matter of days which is also evident from chemical 
flux data (e.g. Peinert et al. 1982, Liebezeit et al. 1985). 
Thus, differences between the present pigment fluxes indicate rapid remineralisation of organic phosphorus 
and those from other oceanic environments might sim- compounds. C/N ratios, on the other hand, remain 
ply reflect dilution of a short-term high flux due to a relatively constant with depth (Table 3). This would 
long sampling period. However, in the study of Loren- suggest that planktonic material, after an initial degra- 
Zen et al. (1983) the sampling time was only half that in dation through krill feeding, does not undergo any 
the Bransfield Strait. Thus, from pigment fluxes it further decomposition. This is, however, not borne out 
would appear that sedimentation here is more closely by common experience (e.g. Lorenzen e t  al. 1983). 
related to highly productive coastal environments than Knauer et al. (1979) reported oniy minor variations of 
to oceanic ones. This might not necessarily hold true both C/P and C/N ratios with depth under coastal 
for the whole duration of optimum conditions for upwelling condtions off California. The Antarctic 
plankton growth, i.e. only for the period where grazing ecosystem has, however, a plentiful supply of nutri- 
pressure is not too pronounced (von Bodungen et al. ents which are not limiting factors for production here 
1986). (Sakshaug & Holm-Hansen 1984). These data therefore 

also support an additional input of organic material 
Bulk ratios rich in nitrogen and phosphorus. 

Amino acid/monosaccharide (ANMS) ratios have 
Carbon to phosphorus and nitrogen to phosphorus been used to assess protein degradation during verti- 

ratios decreased consistently with depth (Table 3). This cal transport (Ittekkot et al. 1984a, b). During sedimen- 
is quite different from the normally observed trends tation of the bloom this ratio was high with a general 
(e.g. von Bodungen 1975, Knauer et  al. 1979, Wefer et  tendency towards decreasing values with depth. In the 
al. 1982) where increasing values with depth (or time) Bransfield Strait samples, absolute amino acid fluxes 

AA-NICHL A A I M S  AAIAS ASPIGLY G L C l R I B  

Fig. 2. Changes of compound ratios with depth. For details see text 



Liebezeit & von Bodungen: Biogenic fluxes in the Bransfield Strait 27 

were relatively constant with depth (Table 2). The 
observed decrease in W M S  ratios with depth (Fig. 2) 
is therefore the result of an increased carbohydrate 
flux. 

In mesopelagic traps, Honjo et al. (1982) found up to 
20 % of the organic flux to be of zooplankton origin. 
For an assessment of contributions from this source, 
Ittekkot et al. (1984a, b) used amino acid/amino sugar 
( W A S )  ratios. Although there is a pronounced 
decrease from the upper trap to the lower ones, values 
are generally >20 indicating that zooplankton re- 
mains do not contribute significantly to total organic 
flux. This is also supported by microscopic examina- 
tion which showed exuviae or other identifiable parts 
to be negligible. 

Both carbon/chlorophyll (POC/CHL) and amino acid 
nitrogen/chlorophyll (AA-N/CHL) ratios have been 
used to characterise the degradational status of sedi- 
menting and suspended material in Antarctic waters 
(von Bodungen 1986, von Bodungen et al. 1986, 
Liebezeit & Bolter 1986). POC/CHL ratios increased 
from 44 at 323 m to 79 at 1835 m while AA-N/CHL 
increased from 2.7 to 6.7 (Fig. 2). This range of ratios is 
also found in euphotic zone material (von Bodungen 
1986, Liebezeit & Bolter 1986). These values suggest 
no or only minor degradation of the trapped material 
with depth assuming a planktonic source only, thus 
lending support to the conclusions based on C/N 
ratios. 

Amino acid ~!JLY~S 

The relative contributions of individual amino acids 
to the total pool are given in Table 4. Generally, 
aspartic and glutamic acids and glycine are the major 
compounds. In the upper 3 traps, p-alanine was present 
in considerable quanbties also. The presence of this 
aspartic acid degradation product is commonly Linked 
with bacterial activity on sinking material (Lee & Cro- 
nin 1982). 

In the upper traps knll faeces formed the dominant 
part of the organic flux. The occurrence of p-alanine 
suggests that faecal material, presumably due to its 
predigested nature, acts as a preferred site for bacterial 
degradation of particulate matter. 

The aspartic acid/glycine ratio has been used to 
distinguish between slliceous and calcareous biogenic 
contributions (e.g. Ittekkot et al. 1984a, b). In the pres- 
ent study, this ratio is well above 1 indicating a major 
contribution of calcareous organisms (Fig. 2). There is 
a noticeable decrease with depth which would suggest 
increasing importance of siliceous plankters. This is in 
apparent contradiction to microscopic examinations 
and the data of Gersonde & Wefer (1987) mentioned 
above. 

Table 4. Composition of the characterised fraction of Brans- 
field Stralt sedment  trap material 

Compound Depth (m) 

323 539 963 1410 1835 

Amino acids (m01 %) 

Alanine 5.5 5.4 6.2 3.9 4.4 
Glycine 11.6 14.9 21.9 13.3 16.3 
Isoleudne 0.6 1.9 0.7 0.6 0.7 
Leucine 1.6 2.1 1.7 0.9 1.8 
Phenylalanine 1.3 2.1 1.2 0.9 1.4 
Serine 5.4 8.6 6.0 6.7 7.3 
Threonine 4.1 5.0 5.0 4.6 4.8 
Tyrosine 1.0 1.2 1.3 1.6 1.9 
Valine 0.5 0.8 1.5 1.6 1.0 
Aspartic acid 39.3 27.2 29.1 28.8 40.3 
Glutamic acid 14.4 15.5 12.0 33.7 14.4 
Arqnine 0.9 2.1 0.7 0.1 + 
Histicline 4.1 7.3 6.5 2.7 3.9 
Lysine 0.3 + 0.7 0.4 + 
p-alanine 9.4 5.8 5.5 0.4 1.7 

Total ( p 0 1  g-l) 192.1 109.3 136.0 112.6 75.8 

Carbohydrates (m01 %) 

Glucose 31.0 27.5 32.0 43.7 28.3 
Galactose 8.2 9.1 5.8 5.4 9.3 
Mannose 10.3 8.1 8.5 4.3 8.3 
Fructose 29.7 19.0 36.1 33.0 24.4 
Arabinose 1.2 2.1 1.5 1.6 2.4 
Ribose 4.6 4.2 1.6 1.3 2.8 
Xylose 3.7 4.5 2.8 2.9 4.5 
Fucose 4.7 12.6 3.8 2.9 4.9 
2-deoxyribose 3.5 0.9 2.0 1.6 1.7 
Unknown ' 3.2 11 , l  4.7 3.1 11.4 

Total ( p 0 1  g-l) 24.7 47.2 38.2 48.8 25.3 

Pigments (wt %) 

Phaeophytin a 19.5 16.5 25.3 36.9 35.5 
Phaeophytin b 0.7 0.8 2.8 4.0 4.9 
Acidic compounds' ' 52.7 49.8 40.0 39.0 43.8 
Unknown * ' 28.1 32.9 31.9 19.6 15.8 

Total (mg g-') 1.1 0.9 0.5 0.3 0.2 

Hexosamines ( m 0 1  g-l) 3.9 6.1 7.6 9.0 1.5 

' Unknown compounds in 2-deoxyribose equvalents 
' ' Aci&c compounds in phaephorbide a equivalents 
' ' ' Unknown compounds in phaeophytin a equivalents 

Carbohydrate fluxes 

The monosaccharide spectra of all samples are domi- 
nated by glucose and fructose (Table 4 ) .  Degens & 
Mopper (1976) have suggested the use of the glucose/ 
ribose (GLC/RIB) ratio to distinguish between marine 
and terrestrial organic matter. Thus, the higher values 
in the lower traps would be indicative of a predomi- 
nantly terrestrial origin or, to be more precise, to indi- 
cate the presence of significant quantities of cellulose. 
However, marine plankton can have GLC/RIB ratios as 
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high as 120 when large amounts of reserve glucans are 
present (Liebezeit 1986). Therefore, this ratio does not 
appear to be a particularly suitable parameter for 
source identification in relatively fresh material. 

Cowie & Hedges (1984) have introduced the man- 
nose/xylose ratio and the sum of ribose + fucose (wt% 
on a glucose free basis) for similar purposes. These 
values indicate for the former ratio a marine origin for 
all traps while the latter suggests this only for the 323 
and 1835m samples. For the 3 intermediate traps, 
ribose + fucose values are intermediate between ma- 
rine and terrestrial. Thus, the high glucose contents 
found are presumably due to input of reserve material 
of marine origin. 

Ch!crophy!! pigment f lues 

As mentioned above, total chlorophyll fluxes 
decreased constantly with depth. Significant differ- 
ences were, however, found in pigment composition 
between individual traps (Table 4). In all samples, 
acidic compounds (phaeophorbide a and chlorophyll c 
derived components among others) account for the 
majority of pigment flux. These compounds will not be 
further distinguished here since Brereton & Keeley 
(1986) reported problems with positive identification of 
phaeophorbide a. 

Unknown compounds, most likely chlorophyll a 
degradation products (R.F.C. Mantoura pers. comm. 
1985), increased from 323 to 539 m at the expen5e of 
phaeophytin a. The latter increased again towards the 
deeper traps. Phaeophytinb showed a continuous 
increase with depth. 

Chlorophyll b is an uncommon pigment in phyto- 
plankton with a restricted occurrence in Chlorophy- 
ceae and Prasinophyceae (Parsons et al. 1977). Since as 
yet unidentified green flagellates were found in the 
upper water column during trap deployment (von 
Bodungen 1986) these are most probably responsible 
for the presence of the small amounts of phaeophytin b 
in the shallower traps. There is no feasible mechanism 
by which planktonic material leaving the euphotic 
zone could escape the deeper traps. Thus, the increas- 
ing phaeophyhn b levels also argue in favour of a 
second source of sedimenting material. 

Although the HPLC technique employed allowed 
determination of phaeopigments only, a comparison 
between these results and the spectrophotometric ana- 
lyses can nevertheless be made. A weight conversion 
factor from chlorophyll equivalents to phaeopigments 
of 0.45 + 0.07 (SD) is obtained. This compares favour- 
ably with values of 0.39 for phaeophyhn a and 0.47 for 
phaeophorbide a given by Dawson et al. (1985). 

Source considerations 

From the data presented above, significant differ- 
ences between shallow and deeper traps are obvious. 
Thls appears not to be restricted to the present time 
frame since Liebezeit (1984) and Liebezeit & Bolter 
(1986) reported for the austral summer 1980 that both 
carbohydrate and amino acids had different spectra in 
euphotic and aphotic zone samples. These authors 
already speculated on an origin of deep water sus- 
pended material other than the euphotic zone of the 
stations in question. 

If differences in chemical composition between traps 
were due to horizontal transport of sinking planktonic 
material produced somewhere else, one would 
nevertheless expect a planktonic biochemical signal in 
all traps, e.g. in the ASP/GLY or mannose/xylose 
ratios, even with a different species composition. This 
is, however, not the case. 

The points discussed above argue in favour of a 
second source of sedimenting matter which is not 
planktonic in origin. Here, terrestrial or macroalgal 
material might give rise to the observed dfferences in 
organic matter composition. Terrestrial material intro- 
duced into the Antarctic marine environment by e.g. 
soil erosion has not been found to contribute signifi- 
cantly to sedimentary organic matter in the Bransfield 
Strait whereas Weddell Sea sediments contain a high 
proportion from this source (Miiller et al. unpubl.). 
Similarly, the presence of a large contribution from 
chlorophyllb argues against a major flux of eroded 
material since the aldehyde moiety of this compound is 
rapidly reduced during early diagenesis and hence 
cannot be expected to be present in soils of Mesozoic 
age in the Antarctic. 

Macroalgae are abundant in shallow waters of the 
Bransfield Strait (e.g. Dieckmann et al. 1984). From 
613C analyses of the present sediment trap material, 
a contribution from this source can be suspected 
(M. Whiticar pers. comm. 1986). Examination of the 
chemical data in the light of such a hypothesis strongly 
argues in favour of a macroalgal input. Neither Mac- 
rocystis integrifolia nor Nereocystis luetkeana con- 
tained p-alanine over the annual growth cycle (Rosell 
& Srivastava 1985) thereby explaining the relative 
decrease of this non-protein amino acid with depth. 
Laminaran, a p-1,3-glucan, occurs widely as reserve 
material in Phaeophyceae and other classes of mac- 
roalgae (Percival & McDowell 1967). Sannie (1950, 
1951) found high contents of this storage polysac- 
charide in both Macrocystis pyrifera and Durvlllea 
antarctica from Kerguelen Island. Thus, the higher 
glucose content of the deeper samples is in agreement 
with a macroalgal source. 

The presence of relatively high fructose contents in 
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all samples (Table 4) also requires some comment. 
While Qullet (1954, 1957) suggested this ketose to be 
an intermediate product in the formation of mannitol 
from laminaran via glucose in Laminaria flexicaulis, 
this mechanism would certainly not give rise to the 
high values found. Fructosans are also not common 
storage products of phytoplankton although this sugar 
was found to be present in minor quantities in hydro- 
lysates of suspended material (e.g. Ittekkot et al. 1982, 
Liebezeit 1984, see also Mopper et al. 1980). Whereas 
in shallow water sediments of Kiel Bight the occur- 
rence of small amounts of fructose in the >63pm 
fraction has been linked to macroalgae (Liebezeit 
1986), in the Lofoten Basin sediment trap experiment 
(Liebezeit & Ittekkot unpubl.) high fructose contents 
appear to be related to terrestrial inputs. Bacteria have 
been reported to synthesise fructosans as reserve poly- 
mers (cf. Eveleigh 1974). Although the presence of P- 
alanine suggests a significant bacterial biomass to be 
present on sinking particles, with the available data a 
bacterial source of fructose cannot be positively estab- 
lished. Thus, the origin of this monosaccharide needs 
further elucidation. 

Himantothallus grandifolius collected off King 
George Island in the Bransfield Strait was found to 
contain chlorophyll b as was Laminaria sacchanna 
from the Brittany coast (Abele & Liebezeit unpubl. 
results). Thus, while the small amounts of phaeophy- 
tin b in the shallower traps might be the result for a 
minor contribution from as yet unidentified green 
flagellates, the i~creased  :dative coniei~i in [he deeper 
traps are probably the result of an input from macroal- 
gal material. Wort (1955) as well as Whyte & Englar 
(1975, 1978, 1980) report high phosphorus contents (up 
to 1.6 % d.wt) in both Macrocystis integrifolia and Ne- 
reocystis luetkeana. Thus, the TPP flux data (Table 2) 
are also in accordance with increasing fluxes from 
macroalgal sources. 

The points discussed above argue in favour of a 
major contribution from shallow water macroalgae to 
deep water traps, presumably as a result of downslope 
transport thereby avoiding the shallower traps. Based 
on the data of Rosell & Srivastava (1985), and assuming 
the 323m trap to contain planktonic material only, 
contributions of macroalgae to total organic flux can be 
calculated. For this purpose we used a value of 0.97 
(?  0.09) for the aspartic acid/glycine ratio and zero 
content of p-alanine for phaeophycean macroalgae. 
The ASP/GLY ratio compares well with the value of 
1.01 recalculated from the data of Mateus et al. (1976). 
Application of a linear mixing model results in the 
relative contributions given in Table 5. Similar calcu- 
lations can be made for phaeophytin b and total phos- 
phorus. 

The underlying assumption for all the above 

Table 5. Estimated relative contributions (%) from macroal- 
gae to total organic matter flux 

Depth (m) 
323 539 963 1410 1835 

6-alanine 0 38 42 96 82 
Aspartic acid/glycine 0 64 85 51  37 
Phaeophytin b 0 14 75 83 86 
TPP 0 31 63 77 78 
- 
X 0 37 66 77 71 

estimates is that the compounds in question do not 
undergo degradation during vefical transport. This is 
most likely not the case and hence the figures given in 
Table 5 represent maximum estimates. On the other 
hand, planktonic material will also be degraded. 
Therefore, these correction data should be regarded as 
order of magnitude rather than as absolute figures. 

Although there are no standing stock data available 
for macr&lgal populations in the Bransfield Strait, the 
primary production of about 2000 g C m-2 yr-' as com- 
pared to 60 g C m-* yr-' of planktonic production (W. 
Reichardt pers. comm. 1986) can easily account for the 
high macroalgal contributions in the deeper traps. 

One of the major problems in applylng such data for 
quantitative purposes is the high variability of macro- 
algal chemical composition. Thus, both phosphorus 
and amino acid contents exhibit distinct annual cycles 
(Wort 1955, Rosell & Srivastava 1985). In addition, 
differences in composition between individual parts of 
macroalgae have also been reported. Macrocystis 
integnfolia and Nereocystis luetkeana showed higher 
phosphorus contents in fronds than in stipes (Wort 
1955). hebezeit & Dawson (1982) reported distinct 
dfferences in both reserve and structural polysac- 
charides in individual parts of calcareous Chlorophy- 
ceae. 

In view of this high natural variability in chemical 
composition of macroalgae, the relatively close corres- 
pondence of the correction factors presented in Table 5 
represents supporting evidence that specific chemical 
parameters can be used to estimate macroalgal con- 
tributions to total organic carbon flux in the Bransfield 
Strait. These data clearly indicate that, especially in 
the deeper traps, the majority of vertical carbon flux is 
composed of macroalgal material. 

From the C/N ratios the temporal origin of this sedi- 
menting material might be pinpointed. Rosell & 
Srivastava (1985) reported significant differences in 
this ratio between the growing and non-growing sea- 
sons, i.e. values around 30 for the former and around 10 
for the latter case. Thus, input of material produced in 
the austral summer should be discernible by increased 
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C/N ratios. This is, however, not the case (Table 3) and 
it can be assumed that the trapped material is of winter 
origin which has undergone downslope transport after 
maceration by ice action. This is supported by field 
observations of Reichardt (pers. comm. 1986) who 
noted considerable amounts of shredded macroalgae 
at King George Island during winter. 

Reichardt & Dieckmann (1984), on the other hand, 
reported a noticeable decrease in C/N ratios of Himan- 
tothallus grandifolius from around 30 to 10 during 
degradation experiments within some 10 d due to bac- 
terial colonisation. Since the austral summer 1983 was 
particularly stormy (field observations) this might have 
led to enhanced erosion of kelp. However, the virtual 
absence of 6-alanine in the deeper traps argues against 
an input of summer material heavily colonised by 
bacteria. 

Comparison with other f l u  estimates 

From compilation of a number of carbon flux data, 
Suess (1980) derived an empirical equation relating 
carbon flux at any given depth > 50m with euphotic 
zone productivity. In the following we will compare 
Bransfield Strait fluxes corrected for macroalgal con- 
tributions with those predicted by the Suess equation. 

Since primary production increased from about 400 
to 1000 mg C m-' d- '  during the time of trap deploy- 
ment (von Bodungen 1986) these 2 extreme values will 
be used in the comparison. For the 323,539 and 1835 m 
traps there is a remarkably close correspondence 
between the lOOOmg C estimate and our corrected 
fluxes (Table 6). This indicates that our initial assump- 

Table 6. Comparison of planktonic flux estimates. Fluxes in 
mg C m-' d- '  

Depth (m) Corrected' Suess (1980) ' 

PP=lOOO PP=400 
mg C m-2 d- '  mg C m-2 d-l 

Total flux corrected for macroalgal contributions with 
mean values from Table 5 
" Flux estimated employing the equation q v e n  by Suess 
(1980) with pnmary production (PP) data from von 
Bodungen (1986) 

tion for quantification of macroalgal contributions, i.e. 
an exclusive planktonic origin of the 323m trap 
material, is valid. It furthermore shows that the high 
production period contributes mainly to verhcal flux. 

The 963 and 1410 m fluxes are underestimated by 
the correction applied for macroalgal input. The devia- 
tions from the fluxes calculated with the Suess equa- 
tion are, however, within the range covered by the 
individual correction factors of Table 5. It should also 
be pointed out that there are a number of processes 
operating in the water column which can explain the 
differences between the 2 flux estimates: (1) krill 
pellets which were the main agent in transporting 
planktonic material did not reach the deeper traps due 
to either disintegration and subsequent retardation in 
sinking or to horizontal displacement due to strong 

Table 7. Carbohydrate composition of sedirnents with different organic matter sources. M: macroalgal; P: planktonic; 
T: terrestrial. Data for h e 1  Bight from Liebezeit (1986), all other are unpublished results 

Dominant source 

Carbohydrate M M M M P T 

Glucose 7.3 4.8 25.5 9.7 13.6 41.3 
Galactose 15.0 16.1 14.5 23.0 17.5 8.5 
Mannose 3.3 6.4 11.0 17.0 17.3 1.2 
Fructose 1.1 0.2 - 0.4 - 

Arabinose 6.8 11.3 9.9 11.8 10.1 
h b o s e '  9.1 17.9 13.7 8.1 7.9 

5.8 m01 O/O 
10.9 

Xylose 7.2 16.4 12.3 15.2 15.1 12.6 
Fucose 25.1 16.5 10.7 11.8 8.9 4.7 
2-deoxyribose 4.4 3.8 3.4 1.6 2.8 9.9 
Unknown 7.8 6.2 2.4 1.8 6.4 5.2 

Location Bransfield Strait ffiel Bight Off NW Africa Weddell Sea 

Water depth (m) 100 923 28 28 2575 3791 
Sedment  depth (cm) 0 4  0-5 G 1  9-10 2-10 s 0 . 5  

Includes rhamnose 
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currents  a t  dep th ;  a n d  (2) repackaging  of disintegrated 
krill faecal material by  deeper  living zooplankton 
could lead  to a n  avoidance of t h e  intermediate  traps 
d u e  to vertical migration. This is to some extent 
supported by  the  microscopic analyses of Gersonde & 

Wefer (1986). 

Effects on sed imenta ry  organ ic  mat te r  

T h e  d a t a  presented above  demonstrate  that  shallow 
wate r  macroalgae contribute significantly to the  verti- 
cal flux of organic matter  in  the  Bransfield Strait. Since 
this contribution manifests itself mainly in the  form of 
easily degradable  compounds such a s  chlorophyll b or 
larninaran it  cannot  b e  expected a pnon' to  also estab- 
lish this particular source in t h e  sedimentary record. 

Examination of sedimentary chlorophyll derivatives 
shows  only traces of chlorophyll b derived compounds 
to  b e  present  (Liebezeit unpubl.).  Carbohydrate  
spectra  a re ,  however ,  clearly affected by  the  type of 
organic material be ing  deposited (Table 7). There  a re  
significant differences in  relative glucose a n d  fucose 
contents be tween  sedimentary organic matter  .of pre- 
dominantly planktonic, macroalgal a n d  terrestrial ori- 
gin. Glucose appears  to  b e  present  mainly as reserve 
compound in t h e  macroalgal material as is evident  
from t h e  decrease  with water  dep th  in t h e  Bransfield 
Strait  a n d  the  differences be tween  samples from 
within a n d  below t h e  bioturbated zone in Kiel Bight 
sed,ments .  

Although the  da ta  base  a t  present  is too small to put 
this assumption o n  a firm basis it seems  that macroal- 
g a e  not  only contribute to t h e  metabolic requirements  
of a d e e p  wate r  benthic  detritus consuming commun- 
ity b u t  also m a y  leave  a noticeable imprint o n  t h e  
sedimentary record. 
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