
-
28 

Results and Discussion 
Levels of "available" P in the island peats are low, generally < 
3 J.tg g- 1 wet weight (Smith & Steyn 1982) and the concentra
tion added here represents a considerable fortification , up to 
levels found at areas manured by animals and showing 
enhanced plant vitality (Smith 1979b) and soil bacterial counts 
(Steyn & Smith 1981). Endogenous concentrations of Mo and 
Co are unknown; the amounts added in the investigation were 
within the range of those found by Alexander et al. (1978) to 
stimulate N fixation in Peltigera aphthosa. 

None of the nutrient additions altered the pH (4.9-5.0) o f 
the peat slurry. Endogenous ~H4 production did not occur for 
any of the peat subsam ples. Fortification with P , Co or Mo, 
either separately or together, did not significantly (P ~ 0.05) 
enhance A R rates above those exhibited by the unamended 
peat subsamples (Fig. 1). Addition of glucose marked.ly stimu
lated AR. The addition of inorganic nutrients in combination 
with glucose appeared to cause a greater increase in 
nitrogenase activity than the addition of glucose alone; 
however, the diffe rences were not significant at P ~ 0.05. 

A stimulation of AR (at 22oC) by glucose was a lso found for 
mesic meadow peats at Devon Island (75"N; Canadian high
Arct ic); in the absence of glucose the peat samples failed to 
show evidence for N fixation (Jordan et al. 1978) . 

Contrary to the results of previous laboratory incubations 
(Smith 1984) unamended peat samples from the o ligotrophic 
mire a t Marion Island exhibited detectable, a lthough low (0.5 
nmol C2H2 g- • h- 1) A R rates. T his may be due to the longer 
(12 rather than 3 h) incubation times employed in the study 
reported on here. However. glucose-fortified subsamples 
exhibited much lower (20-27 nmol C2H2 g-1 h- 1) reduction 
rates compared with those (404-932 nmol g- 1 h- 1) estimated 
previously on glucose-fortified samples from the same mire 
(Smith 1984). 

The results suggest that heterotrophic bacteria potentially 
able to fix N are present in the mire peat. However, because of 
a lack of readily utilisable energy sources, fixa tion rates are 
very low. This agrees with the observation that bacte rial 
growth in the island peats is primarily limited by the availa
bility of energy-rich substrates (Lindeboom 1979). Once the 
energy-substra te limitation to nitrogenase activity has been 
re lieved, inorganic nutrients may have a secondary limiting 
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role but this could not be unequivocally demonstrated in this 
study. Low temperatures might be expected to further reduce 
nitrogenase activity, since field temperatures for most of the 
year are very much lower than that (20 °C) employed in the 
laboratory incubations. 

N fixation by methane-oxidizing bacte ria cannot be detected 
by the AR assay procedure. C~ formation may have occurred 
under the anaerobic conditions imposed in this study but its 
subsequent uti lisation would be strongly inhibited by the same 
conditions and by the presence of C2H2. Nothing b known 
regarding the role of methanc-oxidiz'!rs in the N cycle of sub
Antarctic terrestrial ecosystems; however, it is unlikely that 
e ither methane formation or oxida tion are important meta
bolic pathways in the aerobic surface layer& of the oligo
trophic mire peats at Marion lsland . 

Photo-autotrophic N fixation (especially by moss-cyanobac
te ria associations; Smith and Russel 1982) is probably more 
important than heterotrophic fixation at Marion Island; in this 
respect the island ecosystem is similar to Arctic and sub-Arctic 
regions, where heterotrophic fixation is not generally regarded 
as an important source of reduced N (Alexander 1974; Jordan 
et al. 1978). 
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Hydrology and bio-oceanography of the Prince Edward Islands 
(southwest Indian Ocean) 

Results are presented from a hydrographic survey of the Prince 
Edward Island group (46°45'S; 3'?55' E) during September 
1982. These provide additional information about the hydro
dynamics of this little-studied region. The distribution of 
conservative properties (temperature, salinity, density and 
oxygen) showed little vertical stratification, indicating that water 
around the islands is well mixed. It is postulated that topo
graphical effects and the close proximity of the islands to the 
Antarctic Polar Front may combine to influence significantly 
biogeographic affiliations nearby. Such effects may also operate 
in concert with ephemeral run-off from the islands (particularly 
of nitrates) to affect marine productivity in the region. 

Introduction 
Some of the main bio-oceanographic features prevalent in the 
sub-Antarctic, south-western Indian O cean have been 
outlined by American (Gordon & Goldberg 1970), Japanese 
(Fukuchi 1980) and French (Plancke 1977) surveys. Neverthe
less, detailed investigations of the region as a whole are sparse 
(El-Sayed et al. 1979a). This is particularly true for the Prince 
Edward Island Group (46°45'S; 37°55'E) where only two 
detailed (El-Sayed 1979; Parker & Allanson 1982) and one 
superficial survey (Deacon 1937; 1983) have been reported to 
date. 

Like many islands in the Southern Ocean, the Prince 
Edward Group is characte rised by a large land-based predator 
population, supposedly dependent on the surrounding oceans 
forfood (Williams et al. 1975; Anon. 1978; Skinner et al. 1978; 
Van Zinderen Bakker 1978). The obvious importance of the 
marine ecosystem to these predators (El-Sayed 1977; Anon. 
1978) has prompted considerable interest in the biological 
oceanography and productivity of a little-studied region. This 
paper presents some results from 23 hydrological stations 
occupied in the nearshore waters of the Prince Edward Island 
Group during September 1982. It forms part of an overall 
investigation into predator-prey relationships at selected 
localities in the Southern Ocean (Miller 1982a; 1982b). 

Results and Discussion 
A lack of vertical stratification in the conservative properties 
of temperature , salinity, density (ot) and oxygen, 
demonstrated a well-mixed water mass around the islands 
(e.g. Fig. 1). However, shoal minima in salinity were visible at 
two stations in the lee of Marion Island. These may be attri
buted to effects of freshwater run-off from the numerous rivers 
draining the island (Van Zinderen Bakker 1978) . 

A cell of water in the south possessing the characteristics of 
Antarctic surface water (T= 2 ,31°C ; S=33,87 %..; ot= 27,06) 
suggests that periodic advection of Antarctic surface water 
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into the region may explain previously reported appearances 
of an Antarctic fauna! component (Grindley & Lane 1979) in 
what is usually considered to be a sub-Antarctic neighbour
hood. In conjunction with a topographical influence on neigh
bouring hydro-dynamic eventS (Planke 1977; Allan!>On et al. 
1985). the sporadic proximity of the Antarctic Pola"r Front to 
the Prince Edward islands may result in considerable inter
change across the Front and hence preclude the persistence of 
a permanently rigid biogeographic boundary (Deacon 1983; 
Mille r 1985). 

Nutrient salt concentrations and productivity were low, 
although dir ectly comparable with available da ta for the 
region (Table 1). The mean silicate concentration, however, 
was higher than previously reported although the peak value 
was considerably lower than that obtained by D avid (1979). 
E levated reactive nitrate concentrations were observed close 
to the southeastern seaboard of Marion Island (Fig. 2). Thus it 
is theorised that both substantial nutrient salt run-off from 
breeding bird colonies on the island (Burger et al. 1978; Sieg
fried et al. 1978; Williams et al. 1978) and the advection of 
extra-insular water may affect nutrient salt levels close 
inshore. Such effects are likely to be ephemeral and the result 
of inte raction between hydrological and meteorological 
phenomena (Allanson er al. 1985). Acting either individually 
or in concert these may significantly influence both the produc
tivity of inshore waters and the fauna! character of insular 
plankton. 
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Table I 
Mean and observed ranges of reactive nutrient salts and chlorophyll-a 
at the Prince Edward Island, compared with results from other survey~ 

of the region prior to 1982. 

Parameter Mean Range Data Source 
PO~ (J.Lg- at/L) 1,43 1,07-1,94 This survey 

0,59 0,38- 1,10 Parker & Allanson 1982 
1,20 1,17- 1,74 David 1979 

N03 (J.Lg-at/1) 18,95 14,79-24,44 This survey 
21,19 17,29-22.57 Parkcr & AIIanson 1982 
19,62 17,60-22,90 David 1979 

Si0 2(J.Lg- at/1 ) 6,12 4,84-9,30 This survey 
2,50 0,29-5,59 Parker & Allanson 1982 
4,16 0,50- 18,90 David 1979 

Chl-a (mglm3) 0,28 0.01- 0,50 This survey 
0,93 0,48- 1,82 Parker & Allanson 1982 
0,12 - Plancke 1977 
0,45 0,09- 1,47 El-Sayed et at. 1979b 
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Fig. 1. Vertical distribution of remperarure at stations around the Prince Edward Islands demonstrating absence of any formal stratification. 
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Fig. 1. Vertical distribution of remperarure at stations around the Prince Edward Islands demonstrating absence of any formal stratification. 
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