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skuas and southern black-backed gulls) can consume. Indivi
dual carcasses on the beaches are often heavily infested with 
Paractora maggots (Smith 1977, and Crafford unpublished). 
This suggests an opportunistic utilisation of a high protein food 
source when wrack is less abundant than it is during the stormy 
winter season. According to Egglishaw (1960) Fucellia 
maritima in Britain is also attracted to decomposing organic 
material other than kelp, although this is characteristic of the 
Family Muscidae to which this species belongs. 

The decay of beached kelp is enhanced by the burrowing 
and feeding activity of kelp fly larvae. This is possibly due to 
the transfer and spread of micro-organisms by the larvae 
(Stenton-Dozey & Griffiths 1980). Paractora larvae are not 
rapid feeders, consuming only half their own dry mass in kelp 
per day. Fuce/lia capensis larvae consume as much as twice 
their own dry weight in kelp per day (Stenton-Dozey & 
Griffiths 1980). However, as a result of the high standing stock 
of larvae in wrack beds on Marion Island and the long larval 
duration, Paractora larvae wouJd account for the direct 
consumption of relatively large amounts of kelp. This, coupled 
to their enhancement of bacterial decay and their availability 
as prey to vertebrate insectivores establish them as important 
links in nutrient and energy chains in the littoral zone on 
Marion Island. Further investigations into the ecological 
energetics and the effects of Paractora larvae on the decom
position processes in kelp are underway. 

Acknowledgements 
Biological research on the Prince Edward islands is carried 

out under the auspices of the South African Scientific 
Committee for Antarctic Research {SASCAR). Financial and 
logistical support is provided by the South African Depart
ment of Transport on advice of SASCAR. 

References 
BACKLUND, H.O. 1945. Wrack fauna of Sweden and Finland. 

Ecology and chorology. Opusc. Em. (Supplementum) 5: 1-236. 
DOBSON, T. 1974. Studies on the biology ofthe kelp fly Coelopa in 

Great Britain. J. Nat. Hist. 8: 155-In. 

S. Afr. T. Nav. Antarkt., Oeel 14, 1984 

DOBSON, T. 1976. Seaweed flies (Diptera: Coelopidae, etc.). In: 
Marine Insects. Ed. L. Cheog, North Holland Publishing Col. 

DOWNES, J .A. 1965. Adaptations of insects in the Arctic. Ann. Rev. 
Em. 10: 257-274. 

EGGUSHA W, H.J. 1960. The life-history of Fucellia maritima (Hall
day) (Diptera: Muscidae). Emomologist 93: 225-231. 

ENDERLEIN, G. 1908. Die Insekten des Antarktischen Gebietes. 
Deutsche Siidpolar Expedition 190/-1903. X(ll): 363-528. 

GRIFFITHS, C.L. & STENTON-OOZEY, J . 1981. The fauna and 
rate of degradation of stranded kelp. Esruarine, Coastal and Shelf 
Science 12: 645-653. 

JEANNEL, R. 1953. Sur la fauna entomologique de l'ile Marion. Rev. 
franc. Ent. XX: 161-167. 

KUSCHEL. G. 1971. C'urculiomdae. In: l\-larion and Prince Edward 
Islands: report on the South Afncan biological and geological 
expedition 1965-1966 eds E.M. van Zindcrcn Bakk-::r. J.M. 
Winterbotlom and R.A. Dyer. /\.A. Balkcma. Cape Town. 
pp355-359. 

SE GUY, E. 1971. Dtptcra. Tn: Marion and Prince Edward Islands: 
report on the South African biological and geological expedition 
1965-1966. E.M. van /.inderen Bakkcr er al. (cds. ). A.A Balkema. 
C'ape Town, pp 3-14-348. 

SMITH, V.R. lm. A qualitative description of energy flow and 
nutrient cycling in the Marion Island terrestrial ecosystem. Pomr 
Record 18(115): 361-370. 

STENTON-DOZEY, J. & GRIFATHS, C.L. 1980. Growth, 
consumption and respiration by larvae of the kelp fly Fucel/ia 
capensis (Diptera: Amthomyiidae). S. Afr. J. Zool. 15: 280-283. 

TREHEN, P. 1981. Cycles de developpement et strategies de la repro
duction chez quelques especes de Dipteres des iles subantarctiques. 
Colloque sur /es Ecosystemes Subantarctiques 51: 149-156. 

TREHEN, P. & VERNON, P. 1982. Peuplement dipterologique 
d'une ile subantarctique: la Possession {46°S, s1•E; iles Crozet). 
Rev. Ecol. Bwl. Sol. 19(1): 105-120. 

VAN ZINDEREN BAKKER, E.M. , WINTERBOTTOM, J.M. & 
OYER, R.A. (eds.), 1971. In: Marion and Prince Edward Islands; 
report on the South African biological and geological expedition, 
1965-1966, eds E.M. van Zinderen Bakker, J .M. Winterbottom and 
R.A. Dyer. A.A. Balkema, Cape Town. 

VERWOERD, W.J. 1971. Geology. In: Marion and Prince Edward 
Islands; report on the South African biological and geological 
expedition, 1965-1966, eds E.M. van Zinderen Bakker, J.M. 
Winterbottom and R.A. Dyer. A.A. Balkema, Cape Town. 

S. Afr. J. Antarct. Res., Vol. 14, 1984 23 

Bacterial numbers in the freshwater bodies of a sub-Antarctic 
island 

V.R. Smith 
Institute for Environmental Sciences 
University of the Orange Free State 

Bloemfontein 9301 

and T. Hilmer 
Department of Botany 

University of Port Elizabeth, Port Elizabeth 6001 

Bacterial numbers in Marion Island (46°54' S, 37'45' E) lentlc 
waterbodies (shallow lakes, lava lakelets and crater lakes) not 
influenced by animals varied between 2.4 x UY and 24.5 x UY 
cells rn/- 1• A mountain tarn JJ()(} m above sea level conrained 
Only 0.9 X Ut cells mr1 and Streams (J.0-4.5) X JfY cel/S ml-1

• 

Waters influenced by seabird and seal manuring exhibited 
higher counts (up to 63.2 x lrY cells m/ 1

) and NH4-N and 
soluble reactive P concentrations accounted for 51 % and 4% 
respectively of the total variation in bacterial numbers in 49 
waterbodies. 

Die aantal bakteriee in lentiese waters van Marion-eiland 
(46°54'S, 37'45'0), wat nie deur diere bei"nvloed word nie, het 
van 2.4 x lrY en 24.5 x lrY selle ml- 1 gewissel. In 'n bergmeertjie 
(JJ()(} m bo seev/ak) is s/egs 0. 9 X Ut sel/e ml- l bepaal terwyl die 
stroompies 1.0 tot 4.5 x lrl selle m/-1 bevat het. In waters wat 
deur voels en robbe bei"nvloed was, is seltellings van tot 
63.2 x Jrl ml-1 bepaal. NHrN en opgeloste reaktiewe 
P-konsentrasies het respektiewelik 51% en 4% van die totale 
variasie in bakteriegetalle in 49 waterliggame verklaar. 

Introduction 
Marion Island (46°54'S, 37°45'E) is a small island {290 km2) 

situated in the southern Indian Ocean approx. 2 000 km SE of 
Cape Town . It experiences a typical sub-Antarctic oceanic 
climate, characterised by strong wind, high precipitation 
(± 2 500 mm per annum), general cloudiness and moderately 
cold weather throughout the year (mean temperature of 
coldest month, 3.2°C; of warmest month, 7.3°C). The island is 
volcanic in origin and consists of grey, preglacial and black, 
postglaciallava types. There is a striking contrast between the 
glaciated grey lava areas and the rugged black lava flows. 

The lentic freshwater bodies of the island have been clas
sified into four types (Grobbelaar 1975). Lakes (surface areas 
1 000-100 000 m2) occur mainly on the impervious grey lava 
and are generally less than 1.5 m deep. Lava lake/ets occur 
predominantly on black lava and mostly have surface areas 
< 1 000 m2• Lakes and lava lakelets may be further distin
guished according to whether or not they are "biotically" influ
enced, i.e. enriched with nutrients through manuring by 
seabirds or seals. Owing to their shaJJowness and because of 
the prevailing strong winds, thermal stratification does not 
occur in the lakes and lakelets. Crater lakes are found in the 
craters of scoriaceous cones at mid to low altitudes ( < 400 m 
above sea level). Wallows, caused by the activities of elephant 
seals (Mirounga leonina) , are common on the shore zone. 
Coalescing wallows may form a fairly large depression which 

rapidly fills with water. In addttion to wallows, small coastal 
pools occur which are heavily influenced by penguins, sub
antarctic skuas (Catharacta antarctica) and kelp gulls (Larus 
domimcanus). 

The lotic waters of the island consist of streams, although 
the term "river" has been used in naming the more perennial 
of these. Due to the porosity of the black lava, most of the rain
water reaches the sea by subsurface drainage and streams 
occur predominantly on grey lava deposits. 

Several bacteriological investigations have been carried out 
on saline and freshwater lakes in the Antarctic (Goldman et al. 
1967, Koob & Leister 1972, Kriss et al. 1976) and maritime 
Antarctic (Ellis-Evans 1981a,b, Herbert & Bell1973, Stanley 
& Rose 1967). However, very little freshwater bacteriological 
information is available for the sub-Antarctic region (Linde
boom 1979). In April and May 1982 direct counts of bacteria 
were carried out on a variety of waterbodies at Marion Island 
and these, along with some associated water chemistry 
parameters, are presented in this paper. 

Materials and Methods 
Fifty waterbodies were each sampled on one occasion over a 
two-week period in April!May 1982. Water samples were 
collected in sterile test tubes from a depth of ea. 20 cm near the 
edge of the waterbodies. Two samples from each waterbody 
were subjected to bacteriological enumeration as follows: 
Within 6 h of collection the tubes were shaken and 2 ml 
subsamples stained with 0.2 ml 0.1% acridine orange and 
filtered through 0.22 ~m Nuclepore® membrane filters (Nude
pore Corporation, U.S.A.) prestained with Irgalan Black 
(Hobbie et al. 1977). For water containing especially low 
bacterial numbers a larger subsample was passed through the 
filter before adding the acridine orange. Bacteria on the filters 
were counted under oil immersion using a Zeiss Standard 14 
microscope fitted with a IV FL epifluorescence condensor, 
HBO 50 mercury lamp, Fr 510 dichromatic splitter, LP 520 
barrier filter and BP 450-490 band-pass filter. At least 200 
bacteria were counted per filter . 

The remainder of the water sample was filtered and used for 
chemical analysis. NHcN was determined by the phenol
hypochlorite reaction (Solorzano 1969), N02-N by the 
G reiss-Ilosvay reaction (Mackereth et al. 1978) and N03- N as 
N02- N after reduction with spongy cadmium. "Soluble reac
tive P" was determined as the reduced phosphomolybdate
blue complex (Murphy & Riley 1962) and chloride estimated 
using an " Aquaquant" reagent kit (Cat. no. 14401, E. Merck, 
Darrnstadt, West Germany) which depends on the formation 
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Fig. I. Map of Marion Island showing locations of the watcrbodies sampled. Contour intervals are in m above sea level. 

of a red iron (ill) thiocyanate complex from the SCN- liber
ated from the reaction of Cl- with Hg(SCN}2. 

Results 
The locations of the waterbodies sampled are depicted in 
Figure 1. Bacterial counts (mean of two samples) and 
inorganic N, soluble reactive P, and Cl- concentrations are 
summarised by waterbody type in Table 1. Differences in 
counts for duplicated samples generally increased with 
increasing bacterial numbers, but were mostly within 10% of 
the mean value. Also included in Table 1 are the water 
temperatures at the time of sampling, altitudinal ranges and 
distance from the nearest seashore. 

Waterbodies not influenced by animals did not contain 
detectable levels of inorganic forms ofN and only one (a small 
lava Jakelet) contained a detectable concentration of reactive 
P. Inorganic N could also not be detected in biotically influ
enced lava lakelets. However, the two biotically-influenced 
lakes (Prinsloo Lake on the north coast and Gentoo Lake on 
the east coast) and all the smaller pools affected by seals and 
birds exhibited substantia.! levels of inorganic N. Only one 
stream influenced by animals (wandering albatrosses, 
Diomedea exulans) was sampled and contained an appreciable 
concentration of NH.- N but no N02 or N03- N. Virtually all 

of the biotically-influenced waterbodies contained substantial 
soluble reactive P concentrations. A pool heavily influenced 
by moulting rockhopper penguins (Eudyptes chrysolophus) 
exhibited especially high concentrations of NH.-N, N02- N 
and reactive P, which are presented separately from the 
concentration ranges exhibited by other waterbodies of this 
class in Table 1. 

During the counting procedure no distinction was made 
between bacteria apparently free in the solution and those 
attached to particles. However, most of the bacteria in the 
plankton appeared to be free-living. Notes were made of the 
morphology of the cells counted. On average, rod-shaped 
bacteria made up approx. 75 per cent of the total count, cocci 
22 per cent and the rest were spiral or crescent-shaped. 
Various proportions of the bacteria fluoresced orange or red, 
rather than yellow-green, especially in samples from heavily 
influenced waterbodies. Orange-red fluorescing bacteria 
have been interpreted as being metabolically active, due 
to a predominance of RNA over DNA (Hobbie et al. 1977). 
All bacteria in the sample from the rockhopper penguin
influenced pool fluoresced bright orange-red, as did a large 
proportion of those in wallow samples. 

Biotically-influenced waterbodies contained greater 
numbers of bacteria than uninfluenced ones. West coast lakes 
and lava lakelets of the uninfluenced category also tended to 
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Tablet 
Ranges or variable values for the various types of waterbodies. 

Distance Altitude Temperature 
from (m above at sampling ~-N N02-N NOl-N Sol. react. a -• Bacteria 

Water body shore (m) sea level) eq (14gmr') (1-'gmr') (14gml- 1
} P(14gml- 1

) ( 14gml 1) {10S cellsmr1) N 

Biotical/y uninfluenced 
Lakes 30-900 15-80 3-10 0 0 0 0 15-30 2.8-10.5 17 
Lava lakelets 170-3000 5-250 6-10 0 0 0 0-0.6 10-50 2.4-24.5 12 
Crater lakes 2450-4000 300-330 5-7 0 0 0 0 <5 3.8-5.8 3 
Alpine tarn 7800 1100 0.5 0 0 0 0 <5 0.9 1 
Streams 500-4200 10-300 6-10 0 0 0 0 10-20 1.0-4.5 6 

Biotically influenced 
Lakes 10-300 5-10 9-10 0.29~.30 0.01~.05 0.09-0.45 0.1~.22 15-100 45.0-63.2 2 
Lava lakelets 100-140 5 6-7 0 0 0 0.1~.31 15-20 21.5-40.0 2 
Streams 500 10 6 0.20 0 0 0.11 15 12.0 
Wallows, penguin 
puddles etc. 2-200 3-30 6-11 0.16-0.58 0-0.08 0-0.27 0-0.37 20-500 12.0-50.0 6 

{2.93}* (3.00)* {5.12}* (0,02)** 

*Concentration in a rock pool highly contaminated with penguin guano and feathers. 
**Count for a small pool heavily influenced by fur seals. 

Table2 
Correlation coefficient matrix for data summarized in Table I. 

Bacteria 
~-N .717* .. 
N03-N .558 ... .592*** 
ReactiveP .630*** .666*** .447** 
N~-N .454** .611* ** .668··· .664*** 
Chloride .343* .288* .301* .199 
Temperature .345* .345* .245 .249 
Distance from 
shore - .354* -.247 - .149 -.235 
Altitude - .303* -.208 -. 119 - .209 

Bacteria NH4 - N NOl-N ReactiveP 

exhibit higher bacterial counts than their counterparts on the 
east coast. Crater lakes contained bacterial numbers similar to 
those of the east coast lava lakelets. Streams not affected by 
animals exhibited bacteria counts corresponding to the lower 
part of the ranges found for lakes and lava lakelets. The moun
tain tarn (Table 1) was a small lava lakelet, the edge of which 
was covered by thin ice. This waterbody contained a low 
numlrer of bacteria . One small pool very heavily influenced by 
fur seals (Arctocephalus tropicalis) possessed substantial 
concentrations of NH.-N (0.58 1-1-g rnl- 1, N03- N (0.27 1-1-g 
ml- 1) and P (0.311-1-g ml- 1) but contained the lowest number of 
bacteria recorded for all the waterbodies (0.02 x lOS cells ml- 1

; 

reported separately in Table 1). The reason for this cannot be 
explained. 

The distinction between biotically-influenced and uninflu
enced waterbodies is quantitative rather than qualitative and 
many of the latter category may receive some nutrients 
originating from vertebrate fauna activities (e.g. enhanced 
N~-N occurs in the precipitation near penguin rookeries). 
A small number of subantarctic skuas bathe in one of the Skua 
Ridge Lakes (designated as no. 4 in physico-chemical and 
primary production investigations; Grobbelaar 1974. 1975). 
This lake exhibited a significantly higher phytoplankton 
production than did the adjacent no. 3 lake although no differ
ence in chemical composition was apparent (Grobbelaar 
1975). Bacterial numbers in Skua Lake 4 (5.9 to 6.4 x 105 cells 
ml-1) were higher than those (3.4- 3.6 x 10S cells ml- 1) in Skua 
Lake3. 

.399** 

.359* .212 

- .178 -.177 -.302' 
- .139 -.143 -.342* .926** -
N02-N Chloride Temp. Distance Altitude 

from shore 

Table 2 presents the simple correlation matrix for all nine 
variables for the fifty waterbodies. Bacterial counts and the 
biogenic elements (P and inorganic forms of N) were highly 
correlated. The next obvious group of intercorrelated vari
able!i consisted of distance from the sea-shore and altitude, 
both of which were negatively associated with temperature but 
not significantly correlated with any of the chemical variables, 
even Cl- . Bacterial numbers showed a significant positive 
association with temperature and were negatively correlated 
with altitude and distance from the shore. 

The relative contributions of the temperature, chemical and 
positional variables to the variation in bacterial numbers for 49 
of the waterbodies were evaluated by stepwise multiple regres
sion analysis. The rockhopper penguin-influenced pool was 
excluded from this analysis. The regression results (Table 3) 
indicate that 51.4 per cent of the variation in bacterial counts 
was accounted for by NHc N levels. Including reactive P 
concentrations in the regression equation significantly 
increased the explained variation by 4.2 per cent. The 
contribution of all the other independent variables, collec
tively or individually, was insignificant at P ~ 0.05. Including 
the data for the penguin-influenced pool in the analysis 
decreased the importance of NHcN in the regression suite 
(explained variation 28 per cent, P = 0.001} but greatly 
enhanced that of N02- N (explained variation 30 per cent, 
P = 0.001). The status of the other independent variables 
remained unchanged, with reactive P contributing 4.6 per cent 
(P = 0.05) to the total variation and the rest being insignifi
cant. 
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Fig. I. Map of Marion Island showing locations of the watcrbodies sampled. Contour intervals are in m above sea level. 

of a red iron (ill) thiocyanate complex from the SCN- liber
ated from the reaction of Cl- with Hg(SCN}2. 

Results 
The locations of the waterbodies sampled are depicted in 
Figure 1. Bacterial counts (mean of two samples) and 
inorganic N, soluble reactive P, and Cl- concentrations are 
summarised by waterbody type in Table 1. Differences in 
counts for duplicated samples generally increased with 
increasing bacterial numbers, but were mostly within 10% of 
the mean value. Also included in Table 1 are the water 
temperatures at the time of sampling, altitudinal ranges and 
distance from the nearest seashore. 

Waterbodies not influenced by animals did not contain 
detectable levels of inorganic forms ofN and only one (a small 
lava Jakelet) contained a detectable concentration of reactive 
P. Inorganic N could also not be detected in biotically influ
enced lava lakelets. However, the two biotically-influenced 
lakes (Prinsloo Lake on the north coast and Gentoo Lake on 
the east coast) and all the smaller pools affected by seals and 
birds exhibited substantia.! levels of inorganic N. Only one 
stream influenced by animals (wandering albatrosses, 
Diomedea exulans) was sampled and contained an appreciable 
concentration of NH.- N but no N02 or N03- N. Virtually all 

of the biotically-influenced waterbodies contained substantial 
soluble reactive P concentrations. A pool heavily influenced 
by moulting rockhopper penguins (Eudyptes chrysolophus) 
exhibited especially high concentrations of NH.-N, N02- N 
and reactive P, which are presented separately from the 
concentration ranges exhibited by other waterbodies of this 
class in Table 1. 

During the counting procedure no distinction was made 
between bacteria apparently free in the solution and those 
attached to particles. However, most of the bacteria in the 
plankton appeared to be free-living. Notes were made of the 
morphology of the cells counted. On average, rod-shaped 
bacteria made up approx. 75 per cent of the total count, cocci 
22 per cent and the rest were spiral or crescent-shaped. 
Various proportions of the bacteria fluoresced orange or red, 
rather than yellow-green, especially in samples from heavily 
influenced waterbodies. Orange-red fluorescing bacteria 
have been interpreted as being metabolically active, due 
to a predominance of RNA over DNA (Hobbie et al. 1977). 
All bacteria in the sample from the rockhopper penguin
influenced pool fluoresced bright orange-red, as did a large 
proportion of those in wallow samples. 

Biotically-influenced waterbodies contained greater 
numbers of bacteria than uninfluenced ones. West coast lakes 
and lava lakelets of the uninfluenced category also tended to 
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Tablet 
Ranges or variable values for the various types of waterbodies. 

Distance Altitude Temperature 
from (m above at sampling ~-N N02-N NOl-N Sol. react. a -• Bacteria 

Water body shore (m) sea level) eq (14gmr') (1-'gmr') (14gml- 1
} P(14gml- 1

) ( 14gml 1) {10S cellsmr1) N 

Biotical/y uninfluenced 
Lakes 30-900 15-80 3-10 0 0 0 0 15-30 2.8-10.5 17 
Lava lakelets 170-3000 5-250 6-10 0 0 0 0-0.6 10-50 2.4-24.5 12 
Crater lakes 2450-4000 300-330 5-7 0 0 0 0 <5 3.8-5.8 3 
Alpine tarn 7800 1100 0.5 0 0 0 0 <5 0.9 1 
Streams 500-4200 10-300 6-10 0 0 0 0 10-20 1.0-4.5 6 

Biotically influenced 
Lakes 10-300 5-10 9-10 0.29~.30 0.01~.05 0.09-0.45 0.1~.22 15-100 45.0-63.2 2 
Lava lakelets 100-140 5 6-7 0 0 0 0.1~.31 15-20 21.5-40.0 2 
Streams 500 10 6 0.20 0 0 0.11 15 12.0 
Wallows, penguin 
puddles etc. 2-200 3-30 6-11 0.16-0.58 0-0.08 0-0.27 0-0.37 20-500 12.0-50.0 6 

{2.93}* (3.00)* {5.12}* (0,02)** 

*Concentration in a rock pool highly contaminated with penguin guano and feathers. 
**Count for a small pool heavily influenced by fur seals. 

Table2 
Correlation coefficient matrix for data summarized in Table I. 

Bacteria 
~-N .717* .. 
N03-N .558 ... .592*** 
ReactiveP .630*** .666*** .447** 
N~-N .454** .611* ** .668··· .664*** 
Chloride .343* .288* .301* .199 
Temperature .345* .345* .245 .249 
Distance from 
shore - .354* -.247 - .149 -.235 
Altitude - .303* -.208 -. 119 - .209 

Bacteria NH4 - N NOl-N ReactiveP 

exhibit higher bacterial counts than their counterparts on the 
east coast. Crater lakes contained bacterial numbers similar to 
those of the east coast lava lakelets. Streams not affected by 
animals exhibited bacteria counts corresponding to the lower 
part of the ranges found for lakes and lava lakelets. The moun
tain tarn (Table 1) was a small lava lakelet, the edge of which 
was covered by thin ice. This waterbody contained a low 
numlrer of bacteria . One small pool very heavily influenced by 
fur seals (Arctocephalus tropicalis) possessed substantial 
concentrations of NH.-N (0.58 1-1-g rnl- 1, N03- N (0.27 1-1-g 
ml- 1) and P (0.311-1-g ml- 1) but contained the lowest number of 
bacteria recorded for all the waterbodies (0.02 x lOS cells ml- 1

; 

reported separately in Table 1). The reason for this cannot be 
explained. 

The distinction between biotically-influenced and uninflu
enced waterbodies is quantitative rather than qualitative and 
many of the latter category may receive some nutrients 
originating from vertebrate fauna activities (e.g. enhanced 
N~-N occurs in the precipitation near penguin rookeries). 
A small number of subantarctic skuas bathe in one of the Skua 
Ridge Lakes (designated as no. 4 in physico-chemical and 
primary production investigations; Grobbelaar 1974. 1975). 
This lake exhibited a significantly higher phytoplankton 
production than did the adjacent no. 3 lake although no differ
ence in chemical composition was apparent (Grobbelaar 
1975). Bacterial numbers in Skua Lake 4 (5.9 to 6.4 x 105 cells 
ml-1) were higher than those (3.4- 3.6 x 10S cells ml- 1) in Skua 
Lake3. 

.399** 

.359* .212 

- .178 -.177 -.302' 
- .139 -.143 -.342* .926** -
N02-N Chloride Temp. Distance Altitude 

from shore 

Table 2 presents the simple correlation matrix for all nine 
variables for the fifty waterbodies. Bacterial counts and the 
biogenic elements (P and inorganic forms of N) were highly 
correlated. The next obvious group of intercorrelated vari
able!i consisted of distance from the sea-shore and altitude, 
both of which were negatively associated with temperature but 
not significantly correlated with any of the chemical variables, 
even Cl- . Bacterial numbers showed a significant positive 
association with temperature and were negatively correlated 
with altitude and distance from the shore. 

The relative contributions of the temperature, chemical and 
positional variables to the variation in bacterial numbers for 49 
of the waterbodies were evaluated by stepwise multiple regres
sion analysis. The rockhopper penguin-influenced pool was 
excluded from this analysis. The regression results (Table 3) 
indicate that 51.4 per cent of the variation in bacterial counts 
was accounted for by NHc N levels. Including reactive P 
concentrations in the regression equation significantly 
increased the explained variation by 4.2 per cent. The 
contribution of all the other independent variables, collec
tively or individually, was insignificant at P ~ 0.05. Including 
the data for the penguin-influenced pool in the analysis 
decreased the importance of NHcN in the regression suite 
(explained variation 28 per cent, P = 0.001} but greatly 
enhanced that of N02- N (explained variation 30 per cent, 
P = 0.001). The status of the other independent variables 
remained unchanged, with reactive P contributing 4.6 per cent 
(P = 0.05) to the total variation and the rest being insignifi
cant. 
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Table3 
Results of the multiple regression analysis of data summarised in 

Table 1. 

Independent %variation 
variable explained p 

NH.-N 51.4 0.001 
ReactiveP 4.2 0.05 
Distance from shore 2.7 N.S. 
N02-N 2.9 N.S. 
N03-N 2.2 N.S. 
Cl- 2.3 N.S. 
Temperature 1.0 N.S. 
Altitude 0.9 N.S. 

Discussion 
Bacterial numbers in waterbodies not influenced by animals at 
Marion Island varied from 0.9 x 105 cells ml- 1 in a mountain 
tarn to 24.5 x 105 cells m.l- 1 in a lava lakelet on the west coast. 
These counts are within the rangeofthose (0.9- 63 x 10S cells 
ml- 1) recorded for Arctic tundra ponds at Barrow, Alaska and 
for an Arctic lake (Ikroavik) near Barrow (0.5 - 58 x 10S cells 
ml-1; (Hobbie et al. 1980). Bacterial counts for lakes and Java 
lakelets on the east coast of Marion Island varied between 2.4 
and 10.5 x 10S cells ml- 1, similar to those found at mesotrophic 
Heywood Lake at Signy Island, maritime Antarctic (Ellis
Evans 1981b) but slightly higher than for oligotrophic Moss 
Lake at the same site (Ellis-Evans 1981a). The mountain tarn 
at Marion Island contained similar numbers of bacteria to 
Moss Lake and also to Char Lake in the High Arctic, consi
dered to be ultra-oligotrophic (Morgan & Kalff 1972). Lowest 
counts recorded for fresh waters in the southern subpolar 
region are from Lake Bonney on the Antarctic continent 
where 0.009 x 105 cells ml-1 were found at 5 m depth (Goldman 
et al. 1967). 

Primary production rates in the island's nonbiotically
influenced waterbodies are amongst the lowest recorded in the 
world (Grobbelaar 1974), ascribed to the rigorous climate, 
poor water quality and low numbers of planktonic algae. 
Biotic enrichment stimulates C fixation rates, the magnitude 
of the enhancement depending on the extent" of fertilisation . 
Wallows, which represent extreme degrees of enrichment, 
exhibited the highest aquatic primary production and the 
largest populations of zooplankton (Kok 1977). Laboratory 
experiments showed no significant increases in the growth 
response of algae when either N, P or micronutrients were 
added to freshwaters from the island but simultaneous addi
tion of N and P increased algal growth potential up to 280 fold 
(Grobbelaar 1978). Simultaneous addition of N, P and trace 
elements had no effect on bacterial growth in freshwater 
samples from the island but addition of an energy source such 
as glucose, together with the inorganic nutrients, strongly 
stimulated growth (Lindeboom 1979). It therefore seems 
likely that, in addition to the direct influence of the increased 
nutrient status of biotically-influenced waterbodies, the 
enhanced bacterial numbers are also caused by a greater algal 
productivity in these bodies. In addition, they are also a 
response to the energy-rich proteins, lipids and uric acid in the 
animal excrement. 

The correlation between freshwater bacterial counts and 
NH4-N and reactive P concentrations is similar to a previous 
observation that much of the variation in soil bacterial 
numbers at Marion Island could be ascribed to soil NH4-N 
and "available" P contents (Smith & Steyn 1982). Current 
studies are focusing on the activities of soil and freshwater 
bacterial populations at manured and non-manured sites. 

S. Afr. T. Nav. Antarkt., Deel 14, 1984 
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The effect of glucose, P, Co and Mo on heterotrophic acetylene 
reduction in a sub-Antarctic peat 

Addition of P, Co or Mo solutions, separately or together, to 
peat samples from an oligotrophic mire at Marion Island 
(46°54' S, 37"45' E) did not significantly increase acetylene 
reduction rates over those exhibited by samples to which an 
equal amount of distilled water was added. Addition of glucose, 
with or without P, Co and/or Mo, markedly enhanced acetylene 
reduction rates. It is concluded that readily utilizable energy 
sources limit N fixation in the mire peat but the possibility that 
inorganic nutrients might be secondarily limiting could not be 
discounted. 

Byvoeging van P, Co of Mo-oplossings, afsonderlik of 
gesamentlik, tot veenmonsters vanaf'n oligotrofiese moeras van 
Marion-eiland (46°54' S, 37"45' 0) het nie die asetileen
reduksietempo's betekenisvol teenoor die van monsters waartoe 
'n ekwivalente hoeveelheid gedistilleerde water gevoeg is, 
verhoog nie. Byvoeging van glukose, met of sander P, Co en/ of 
Mo, het asetileenreduksietempo's aansienlik gestimuleer. 
Beskikbare energiebronne beperk N-fiksering in die moeras
veen waarskynlik en die moontlikheid dat · anorganiese 
voedingstowwe sekond~r beperkend is, kan nie uitgesluit word 
nie. 

Introduction 
Peat samples from an oligrotrophic mire at Marion Island 
( 46°54'S, 37°45'E) did not reduce acetylene in the dark unless 
fortified with glucose and phosphate and incubated anaero
bically at 20°C (Smith 1985). A preliminary, qualitative study 
suggested that the stimulation of nitrogenase activity, 
measured by the acetylene reduction (AR) assay, was due to 
glucose rather than phosphate, although possible synergistic 
effects of adding the two together were not assessed. Molyb
denum and iron are important constituents of the enzyme and 
its activity has been shown to depend on the presence of Mg 
(Postgate 1978). Sesquioxides are important weathering 
products of the volcanic parent material at Marion Island 
(Smith 1979a) and the peats contain substan6al concentrations 
of Fe. Mg is also unlikely to be limiting since, due to the 
influence of wind-blown sea-spray, it is the most abundant 
divalent cation in many of the island peats. Alexander et al. 
(1978) demonstrated that Mo and Co stimulated ni trogenase 
activity in Peltigera aphthosa from an Arctic tundra but Smith 
(1984) found that autotrophic (cyanobacterial) acetylene 
reduction at Marion Island is depressed by the addition of 
either or both of these elements. 

This paper describes the effects of glucose, phosphate, Co 
and Mo , added separately or together in various combina
tions, on heterotrophic acetylene reduction by peat samples 
from an oligotrophic mire at Marion Island. 

Materials and Methods 
500 g freshly-collected peat (top 10 cm layer) was slurried with 
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1000 ml filtered (0.2 J.Lm) distilled water. 50 ml subsamples of 
the slurry were enriched by adding 1 ml of solution of the 
particular nutrient/s and mixing thoroughly. Final concentra
tions (per g wet slurry) of nutrient/s added were: glucose, 
1 000 J.Lg g- 1; P (as KH2P04) , 50 J.Lg g-\ Co (as CoCh.6Hz0), 
0.01 J.Lg g-1; Mo (as NaMo04.2H20), 0.15 J.Lg g-1

. Filtered 
distilled water (1 ml) was added to a further 50 ml subsample 
of the slurry to serve as a control. Aliquots (3-5 g, accurately 
weighed) of each slurry were placed in six, 10 cm long 9 mm 
i.d. cylindrical glass incubation tubes, open at the bottom and 
possessing a short, open side-arm near the top. The remainder 
of each slurry was used for pH determination (glass combina
tion electrode) and moisture content (oven-drying at 105 octo 
constant weight). 

All of the incubation tubes were stoppered at the bottom 
and the side-arms fitted with new serum stoppers, through 
which the tubes were evacuated to 0.01 atm. before flushing 
with argon. The evacuation-flushing cycle was repeated three 
times to establish anaerobic conditions. The tubes were placed 
in the dark at 20°C for 24 h before being placed on a manifold, 
connected at one end to a supply of Ar containing 10% ~Hz 
which had been scrubbed twice through cone. H2S04• The 
other end of the manifold was connected via a manometer to a 
vacuum pump. The flasks were slowly evacuated to 0.01 atrn. 
before relieving the vacuum with Ar/~H2. This evacuation
flushing procedure was repeated four times at intervals of one 
minute. To two tubes of each fortifica6on series pure Ar was 
added instead of Ar/C2H2, serving as controls for assessing 
endogenous ~ production. Subsamples of the scrubbed 
~H2 were taken to determine levels of ~H4 contamination. 

Following the gas introduction procedure all th e tubes were 
incubated in the dark at 20°C for 12 h. The tubes were then 
vibrated strongly on a vortex stirrer for 30 sand the headspace 
sampled through the serum stopper using double-sided 
needles into 3 ml Venoject® (Terumo Corp., Japan) tubes 
which had been re-evacuated to a consistent vacuum. The AR 
assay procedure described has been shown to maximise AR 
estimates on waterlogged samples, in that the evacuation
flushing cycles ensure saturation of the peat with the assay gas 
and the vigorous agitation before headspace sampling facili
tates ~H~. diffusion out of the peat solu6on (Matsuguchi et al. 
1979). 
~~ in the gas samples was determined within 6 h by gas 

chromatography on Poropak N. N2 was the carrier gas and 
detection was by flame ionization. ~H4 concentrations were 
reported directly by a Hewlett-Packard 3390A Reporting 
Integrator connected to the GC. Observed C2~ concentra
tions were corrected for pressure/volume changes associated 
with the transfer of the gas subsample between the incubation 
vessel and Venoject® tubes and for the amounts of ~H4 
dissolved in the peat slurry, assuming a solubility product 
equal to that of pure water. AR rates are expressed per g dry 
weight of slurry. 


