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Summary. Benthic microbial communities of the Arthur
Harbor area were described by analysis of their cell
membrane phospholipid ester-linked fatty acids (PELFA)
and metabolic rates. Analysis revealed a biomass averag-
ing 6 nM (phospholipid) or 3.5 x 108 cells per gram dry
weight (gdw) of sediment for the four sites. Only slight
biomass differences were detected between the four penin-
sula sites. All Arthur Harbor sites were determined to have
a biomass similar to the lowest amount reported for a
previously described McMurdo Sound site at New Har-
bor. Community structure based on signature phospholi-
pids indicated only slight differences between the four
peninsula sites with greater relative amounts of diatom
marker lipids at a deeper site. Bacterial biomarker lipids
were also determined in relatively equal proportions for
the four Arthur Harbor sites with only one site indicating
a somewhat decreased proportion. Metabolic rates of
sodium [**C]-acetate and methyl [*H]-thymidine incor-
poration into lipid and bacterial DNA respectively also
indicated only slight relative differences in microbial com-
munities of Arthur Harbor study sites. Lipid metabolism
(** C-acetate) ranged between 6 and 12 ( x 10*) DPM/g/h
for the four sites with 8 being the average. Bacterial
(excluding sulfate-reducing bacteria (SRB)) cell divisions
per g per h indicated increased rates at a deeper site with
14 x 10°, compared to the average (5 x 10°) for the three
remaining sites. Average estimated total bacterial (ex-
cluding SRB’s) community turnover was on the order of
0.6%/h for the four sites. Metabolic rate comparisons of
Arthur Harbor with those of previously determined
McMurdo Sound indicated a somewhat increased lipid
metabolism and an order of magnitude greater bacterial
cell division rate at Arthur Harbor.

*This paper is part 4 in the series: Microbial Ecology in Antarctic Sea-Ice
and Benthic Communities
**Corresponding author

Introduction

Previous work by several investigators has demonstrated
the utility of PELFA analysis in determining biomass and
community structure of a variety of environments (Gillan
1981; Guckert et al. 1985; Nichols 1983; Smith et al. 1982a;
White 1983; White and Findlay 1988). Phosphotipid anal-
ysis enables one to determine the content in recent sedi-
ments of only those cells with potential viability, as cell
death induces phospholipase activity with formation of
neutral lipids (ie. free fatty acids and other products) from
phospholipids. In addition such analysis avoids the bias
encountered using methods which require quantitative
culturing or microscopic analysis. Measurements of en-
zyme activity, muramic acid levels, total ATP, and respir-
atory activity have been found to correlate well with
PELFA analysis (White et. al. 1979; White 1983; Balkwill
et al. 1988).

With the recent advances in chromatographic instru-
mentation and small scale derivatization procedures, it
has been possible to more accurately assign geometrical
and stereochemical configuration to lipid components
(Dunkelblum et al. 1985; Nichols et al. 1986b); Tunlid
and Odum 1986). These and other technological improve-
ments in instrumentation have resulted in a growing
number of reported signature lipids identifying specific
subgroups of microorganisms from various environments
(Lechevalier 1977; Johns et al. 1979; Taylor and Parkes
1983; Sasser et al. 1984) further extending the usefulness of
computer aided gas chromatography (GC) and gas chro-
matography-mass spectrometry (GC/MS) analysis.

In this study of the near-shore benthic microbiota we
have described the biomass, community structure and
metabolic rates of four Arthur Harbor sites in their
natural condition. However, this study deals only with the
austral summer season and is believed to reflect the most
productive season for this area (El-Sayed 1985; El-Sayed
and Taguchi 1981). To our knowledge this represents the
first quantitative study of the endemic microbiota and
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their metabolic activities for marine sediments from Ar-
thur Harbor for any season. For this reason our report
should be viewed as an initial determination of this vital
region, and is intended to be a baseline study of an as yet
unaltered ecosystem free of anthropogenic contamination.

Materials and Methods

Solvents were all of residue analysis quality or better (Burdick and
Jackson Inc., Muskegon, MI). Standards and derivitization reagents
were purchased from Supelco (Bellefonte, Pa); Applied Sciences Co.
(State College, Pa) and Sigma Chemical Co. (St. Louis, Mo).

Sample Collection

Sediment samples were collected from four sites within Arthur Harbor
on Anvers Island, Palmer Peninsula, Antarctica (Fig. 1). Hand held cores
were recovered by SCUBA divers at near-shore sites ranging in depth
from 10 to 26 m. Physiochemical seawater parameters for the four sites
averaged: dissolved oxygen 11.3 mg/l; light 17.3 uE/m?/s; salinity 32.9%
temperature —0.5°C; pH 6.8. Sediment CHN analysis indicated C/N
ratios ranging from 5 to 8, and sediment size fractionation indicated
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between 77% to 91% passed through a 500 ym sieve (Table 1). Care was
taken to prevent mixing of sediment layers within the 2.5 cm diameter
core by stopping both ends and maintaining in an upright position upon
removing the core. Samples were immediately returned to the Palmer
Station laboratory in ambient seawater. Cores were then sectioned
recovering the top 2 cm, and sieved through a 500 ym screen to exclude
meio- and macrofauna from the sediment and extracted with
chloroform:methanol:buffer. Extraction efficiencies of sediments using
the techniques of Federle and White (1982) have been used here to
provide quantitative recovery of lipids from sediments. Lipid extraction
and separation (including GC and GC/MS) analysis has been reported in
detail elsewhere (Smith et al. 1986). The peak area quantification from
GC analysis was carried out on a Nelson 2600 analytical chromato-
graphy system, with version 4.0 software. Fatty acid compositional data
reported for these samples are expressed as average mol.% of the total
mole quantity for each replicate sediment analysis (N =3, 2 DF) and are
therefore relative, except for Tukey’s tests which provides significance at
the 2 =0.05 level.

Fatty Acid Nomenclature
Fatty acids are designated as total number of carbon atoms: number of

double bonds followed by the position of the double bond from the @
(aliphatic) end of the molecule. The suffixes ¢ and t indicate cis and trans
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Fig. 1. Arthur Harbor study sites. AH (10) = Arthur Harbor at 10m, AH(13) = Arthur Harbor at 13m, ER = Elephant Rock at 26m, HI=Hero Inlet at

10m



Table 1. Sediment size fractionation and particulate organic carbon to
particulate organic nitrogen (C/N) ratio for four Arthur Harbor Sites

Sieve size Percent of sediment”
(mm)

AH(10)® AH(13) ER HI
4.000 10.5 4.0 7.0 45
2.800 1.6 1.4 1.2 35
1.400 32 1.7 13 47
1.000 2.0 1.5 0.8 2.1
0.500 6.3 5.2 5.5 7.3
0.250 9.7 5.1 11.5 8.6
0.125 16.0 12.9 20.0 14.2
0.063 48.7 59.1 44.8 51.6
pan 2.0 9.1 7.9 35
C/N° 5 5 6 8

* Percentage (by weight) of sediment retained by sieve
® Study sites Fig. 1
¢ Ratio of particulate organic carbon to particulate organic nitrogen

geometry. The prefixes i and a refer to iso and anteiso branching,
respectively. Other methyl-branching is indicated as position from the
carboxylic acid (A) end, i.e., 10Me16:0.

Thymidine Incorporation into Bacterial DN A

Cores were subsampled and 1 g wet weight amounts of surface material
was added to 15 ml disposable centrifuge tubes with 50 uCi Methyl [3H]-
thymidine (50—80 Ci/mmol) and 40 ul of a 10 nM thymidine solution in
filter sterilized (0.22 um, Millipore) seawater kept at an ambient tempera-
ture of —0.5°C. Incubations were aerobic for 6h, and kept under
ambient light and seawater temperature conditions, which ranged from
5.9 to 31 uE/m?/s and —0.8° to —0.5°C, respectively. Isotope dilution
and time course experiments (Pollard and Moriarty 1984) were carried
out prior to analysis to determine optimal conditions. Ethanol killed
controls were run in parallel and were subtracted from analysis to correct
for any unincorporated *H carried through the procedure. Further
purifications and analysis were carried out as previously reported (Smith
et al. 1986) and recommended by Pollard (1987). The scintillation
instrument used was an LKB 1217 LSC operated in the standard ratio
mode.

Acetate Incorporation into Microbial Lipids

Freshly collected surface sediment samples (2 g wet weight) were added
to 0.2 uCi sodium ['*C]-acetate (SA 45-60 mCi/mmol) in 50 ml dispos-
able centrifuge tubes. Incubations were aerobic at ambient scawater and
light conditions as described above for 6 h. Formalin killed controls
(10% in seawater) were run in parallel and were subtracted from analysis
to correct for any unincorporated '“C carried through the procedure.
Additional purification procedures are reported elsewhere (Smith et al.
1986) and the scintillation instrument was as described above.

Statistical Analysis

Analysis were performed on a laboratory IBM PC compatible system
with a Statistical Analysis System (SAS Institute Inc., Cary, NC USA)
program. The test for Tukey’s Honestly Significant Difference (HSD) was
performed on all fatty acid and metabolic activity data with the SAS

program keeping the within-experiment, family-wise error rate set at «
=0.05.

Results and Discussion

Measurements of total PELFA’s for the four Arthur
Harbor sites indicated sediment microbial biomasses were
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relatively similar. Only one site at AH(13) indicated a
somewhat lower biomass of 2.7 x 108 cells/gdw (Table 2).
The three remaining sites were determined to have rela-
tively equal cell concentrations of: AH(10) 4.3, ER 3.6,
HI 3.5 ( x 108) cells/gdw. Conversions from total PELFA
mole amounts to cells were made using a liturature
conversion factor of 100 uM PELFA/gdw of average size
bacteria, and 1-g (dry weight) of bacteria is equivalent to
5.9 x 102 cells (White et al. 1979). These Arthur Harbor
biomasses are lower than previously determined
McMurdo Sound sites at Cape Evans, Cape Armitage,
and New Harbor, which averaged 2.1 x 10° cells/gdw,
with the lowest measurement at New Harbor containing
3.7x 10® (Smith et al. 1986). Reasons for the biomass
differences at the two Antarctic areas are not readily
obvious. The Palmer Peninsula seawater temperature
(—0.5°C) at Arthur Harbor does not reach the lower
—1.9°C temperature at the higher latitude McMurdo
Sound during the mid-summer months of December and
January. Therefore one might assume this warmer water
temperature to have a greater positive effect on microbial
biomass at Arthur Harbor. However, this does not seem to
be the case, and it appears that McMurdo Sound benefits
greatly from the deep cold water current that provides
nutrients (Littlepage 1965) and seasonal algal blooms that
are swept under the fast ice during the spring (Palmisano
et al. 1986) and summer seasons. In addition, inputs from
the McMurdo Sound seasonal ice-algal bloom may pro-
vide carbon sources to the benthos upon senescence and
sedimentation (Palmisano and Sullivan 1983). The effects
of this rich current can be seen from the biomass (micro-
bial, meiofaunal and macrofaunal) differences between the
East and West side of McMurdo sound which reveal
greater abundances on the East side (Smith et al. 1986;
Dayton and Oliver 1977; Hodson et al. 1981). Relatively
little sea-ice is present in Arthur Harbor, and that which
does form produces only a relatively small algal commu-
nity. There is however a water column bloom occurring in
December and January which becomes quite extensive
(personal observation). These factors may explain, at least
in part, the observed difference in biomass for the two
areas.

Community Structure

Descriptions of endemic microbial subgroup proportions
are also provided by analysis of PELFA profiles (Lechev-
alier 1977; Bobbie and White 1980; Sasser et al. 1984;
White 1983). The determination of PELFA positional
isomers and geometry, as well as branching and mid-chain
methyl group identification (Table 3) provides a greater
degree of specificity in microbial taxonomic identification.
In this study we relied heavily upon GC/MS analysis of
PELFA’s to provide confirmations of complex lipid com-
ponents.
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Table 2. Tukey’s test of significant difference for biomass and metabolic rates for four Arthur Harbor sites

Highest*® Lowest

AH(10)® ER HI AH(13)
Total (x 10%) 43¢ 36 3.5 2.7
microbial cells/gdw

ER AH(10) AH(13) HI
Methyl [3H]-thymidine ( x 10%) 4.5 4.0 2.0 1.9
(bacterial DNA)

ER AH(13) HI AH(10)
Sodium [!#CJ-acetate ( x 10%) 120 9.0 6.0 6.0

(lipid metabolism})

2 Sites are ordered from highest to lowest for cells/gdw and DPM/gdw/h for biomass and incorporations respectively, and sites

connected by a common line are not significantly different
® Study sites as in Fig. 1

¢ Total number of cells/gdw calculated from PELFA (100 uM PELFA/g bact. the size of E. coli with 1 g bact. equivalent to 5.9 x 1012

cells (dry weight))
Bacteria

Signature PELFA from bacterial subgroups indicated
similar overall proportions for three sites AH(10), ER, HI
and a somewhat lower relative amount at the AH(13) site
(Tables 4 and 5). Ratios of dominant bacterial acids (e.g. i
+a 15:0+18:1w7¢/16:0) indicated AH (13) contained 40%
fewer bacteria when compared to the average of the other
sites (Table 5). Tukey’s HSD test of PELFA mol%
signatures revealed greater amounts of bacteria at AH(10)
and HI sites, as a whole. However; no significant differ-
ences were determined when the family error rate was set
at o.==0.05 and means were ordered from highest to lowest
(Table 4). This trend was also apparent for the sediment
subgroup of special eubacterial distinction (primarily
SRB), with sites AH(10), ER, HI containing slightly grea-
ter amounts when compared by Tukey’s HSD test and
ratios (Tables 4 and 5).

Table 3. Detailed Phospholipid ester-linked fatty acid profiles from four
sites in Arthur Harbor, Antarctic Peninsula

Fatty acid %composition®
methyl ester®

AH(10)¢ AH(13) ER HI
i14:0 0.6 nd¢ tre 04
14:1c05cf tr tr tr tr
14:0 2.6 1.5 14 2.0
i15:1w5° 0.6 nd 0.3 0.5
als:1f 0.5 nd tr tr
i15:0 1.4 0.8 0.7 1.2
also 2.2 1.7 14 2.3
15:1f 0.7 0.3 tr 04
15:0 1.1 0.7 0.6 0.9
i16:16° tr tr tr tr
16:3 0.4 0.4 0.4 0.3
16:2 0.6 04 0.6 0.3
i16:0 04 04 0.3 0.6
16:1w9¢ 1.8 2.0 2.4 23
16:1w7c 19.9 174 16.6 19.6
16:1w7t 1.1 1.2 0.5 1.2
16:1w5¢ 2.1 2.2 1.5 24
16:1w13t 0.7 0.3 04 0.3

12.7 12.1

i17:1w7 0.6 0.5 04 0.5

10Me16:0 0.7 0.8 0.8 0.8
i17:0 0.7 0.4 0.5 0.5
br17:0 nd tr tr 0.3
al7.0® 1.7 1.7 1.5 2.2
17:1w6 14 1.1 1.0 1.6
cyl7:0 0.3 tr tr 0.3
17:0 0.6 0.8 0.7 0.7
118:1 tr 0.3 tr 0.3
18:5w3" 0.7 0.6 1.0 1.0
18:3w6f tr 0.6 0.4 tr

18:4w3f 0.8 1.0 1.0 0.8
18:2w6 0.7 09 1.1 1.0
18:33f 0.5 04 0.5 0.6
i18:0f 0.5 nd nd nd
18:1w9¢ 4.0 4.1 7.5 54
18:1w7¢c 10.2 10.2 152 133
18:1w7t 0.4 0.3 0.3 0.4
18:1w5¢ 2.0 1.6 0.6 1.0
18:0 1.5 22 20 1.5
bri9:1f 0.4 0.3 tr 0.3
19:1w12ct tr 03 tr 0.3
19:108f 0.6 0.3 0.3 0.3
19:1w12tf nd tr tr tr

20:4w6 5.2 2.6 3.5 49
20:5w3 9.6 13.6 124 74
20:3w6° tr 0.3 04 0.4
20:4w3°f 0.3 0.3 tr 0.3
20:203f tr tr tr nd
i20:0 tr 0.4 0.5 tr

20:1w9c 0.7 1.5 0.6 0.7
20:1w8c¢ tr nd tr 0.6
20:1w9t nd 12 1.0 tr

20:0 tr tr 04 0.3
22:6w3 36 35 30 2.5
21:.0 0.5 nd nd nd
22:4w6 tr 0.4 0.3 0.3
22:5w3 03 nd 04 04
22:1w9¢ 1.3 0.7 0.4 0.6
22:0 nd tr nd tr

Total PELFA® 7.3 4.6 6.1 6.0

2 mol % composition of individual fatty acids

® Phospholipid fatty acid methyl esters

¢ Arthur Harbor study sites (Fig. 1)

4 nd =not detected

¢ tr=trace <0.2%

f Identified by GC retention time with authentic standards alone due to
insufficient detection of mass ions from GC/MS analysis

¢ Contains 17:1w8

b Total nM/gdw of phospholipid ester linked fatty acids



Table 4. Tukey’s Honestly Significant Difference test for phospholipid
ester-linked fatty acids from four Arthur Harbor sediment sites with
family error rate set at a=0.05
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Table 4 (continued)

Fatty acid Highest® Lowest

Bacterial®
i14:0 AH(10)° HI ER AH(13)
i15:0, 15:1, 15:0¢ AH(10) HI AH(13) ER
als:.0 HI AH(10) AH(13) ER
i16:1w6 HI AH(13) AH(10) ER
16:1w9¢c ER HI AH(13) AH(10)
i16:0, a17:0 HI AH(10) AH(13) ER
i17:0 AH(10) ER HI AH(13)
17:0 AH(13) ER HI AH(10)
18:1w7c ER HI AH(13) AHQ10)

Other bacteria
i15:1w5 AH(10) HI ER AH(13)
al5:lw5 AH(10) ER HI AH(13)
i17:1w7 AH(10) HI AH(13) ER
10Mel6:0 HI AH(13) ER AH(10)
br17:0 HI AH(13) ER
17:1w6 HI AH(10) AH(13) ER
cyl7:0 HI AH(10) ER AH(13)

Algal/diatom
14:1wSc HI AH(10) AH(13) ER
14:0, 16:1w7c AH(10) HI AH(13) ER
16:3 AH(10) AH(13) ER HI
16:2 ER AH(10) AH(13) HI
16:1w13t AH(10) ER AH(13) HI
18:3w6 AH(13) ER HI AH(10)
18:5w3, 18:3w3 ' HI ER AH(10) AH(13)
18:4w3, 20:503 AH(13) ER AH(10) HI
18:2006 ER HI AH(13) AH(10)

Microeucaryotes
18:1w9¢ ER HI AH(13) AH(10)
20:4006 AH(10) HI ER AH(13)
20:3w6 ER HI AH(13) AH(10)
20:1w9c AH(13) HI ER AH(10)
22:603 AH(13) ER HI AH(10)

Fatty acid Highest? Lowest
22:4w6 AH(13) ER Hi AH(13)
22:5w3 ER HI AH(10) AH(13)

2 Sites are ordered from highest to lowest according to their mol%
values, and sites connected by a common line are not significantly
different

b Tukey’s HSD test on signature fatty acids: bacterial, common eu-
bacteria; other bacteria, mainly sulfate reducing bacteria: algal/diatom,
includes diatoms as well as other microalgae; microeucaryotes, also
includes some larvel forms of meiofauna < 500um in size

¢ Study sites as in Fig. 1

4 Grouped fatty acids show the same significance and abundance values
using the Tukey’s test

Table 5. Ratios of selected phospholipid ester-linked fatty acids indica-
tive of various microbial groups at four Arthur Harbor sites

Fatty acids AH(10  AH(13) ER HI
i+215:0/16:0° 0.29 0.15 0.16 0.28
18:1w7¢/16:0 0.82 0.62 1.20 1.10
i+also0, +

18:1w7c/16:0 111 0.77 1.36 1.38
10Mel6:0/16:0 0.06 0.05 0.06 0.07
16:1w7¢/16:0 1.60 1.06 1.31 1.61
20:53/16:0 0.77 0.83 0.98 0.61
16:1w7c+

20:503/16:0 2.37 1.89 229 2.22
20:406/16:0 042 0.16 0.28 0.40

@ Arthur Harbor study sites as in Fig. 1
b Saturated C—16 is found in all cell membranes in approximately equal
proportions and is therefore used to normalize ratios

The acids 10Me16:0 and ¢y17:0 have been shown to be
major components of Desulfobacter SRB cell membranes
in marine systems (Taylor and Parkes 1983). Other bran-
ched and odd-chained PELFA’s il5:105 and i17:1w7c are
reported as being major components of the genus De-
sulfovibrio (Taylor and Parkes 1983; Boon et al. 1977,
Dowling et al. 1986; Edlund et al. 1985), and have recently
been reported in several Flexibacter (Nichols et al. 1986).
Differences in the relative proportions of i15:1w5 indi-
cated an increased amount of Desulfovibrio at sites AH(10)
and HI, with AH(13) again containing significantly less.
The contribution to the sediment microbial community
for all of the Arthur Harbor sites averaged 4% for the SRB
biogroup which is significantly greater than the 2%
average for the McMurdo Sound sediments. (Smith et al.
1986)

Diatoms
Proportions of major PELFA signatures for marine

microalgae revealed little differences between the sites.
Mid- and long-chain unsaturated fatty acids: 16:1w7c,



522

16:2, 16:3, and 20:5w3 are typically major components,
along with lesser amounts of 14:0, 14:1 and 14:2 from
Bacillariophyceae (Orcutt and Patterson 1975), and other
marine algae (Ackman et al. 1968; Gillan et al. 1981;
Volkmam et al. 1980a; Nichols et al. 1985). Several minor
components (18:3w3, 18:4w3, and 18:5w3) were also detec-
ted for all Arthur Harbor sites. Major algal PELFA
indicated a higher proportion of 16:1w7c+20:5w3/16:0
(Table 5) within a deep trough site ER(26m), which was
not expected due to low light levels (5.9 uE/m?2/s). There is
however evidence that the algae within this area were
senescent marine phytoplankters (microscopic investiga-
tion; R. Moe, personal communication) which had settled
from the water column. Although the majority of algae at
this site may have been senescent, it is believed that there
was also a photosynthesising community, since algal
photosynthesis has been determined for a benthic
McMurdo Sound community at a much lower light level
of 0.6 uE/m?/s (Palmisano et al. 1985).

Metabolic Activities

Incorporation of precursor macromolecules into lipid
(**C-acetate) and bacterial DNA (*H-thymidine) provided
additional information about the activities of the sediment
microorganisms. Analysis by Tukey’s HSD test revealed
no significant difference between the four Arthur Harbor
study sites for either incorporation rate (Table 2). How-
ever, relative differences were evident from information on
the ordered values for total DPM’s, indicating the ER site
was most active in both '#C-acetate and *H-thymidine
incorporations. Sites at Arthur Harbor were determined
to be more active than those of previously determined
McMurdo Sound sites, (except for Cape Evans which
exhibited a greater '*C-acetate incorporation) with aver-
ages of 53% and 77% greater for '*C-acetate and *H-
thymidine, respectively, on a gdw per hour basis. This
information is believed to reflect the ability of micro-
organisms to maintain enzymatic metabolic processes
more casily under increased ambient seawater tempera-
tures. Primarily the slight temperature difference (—1.9°
vs. —0.5°C), and greater light intensities to sediments at
Arthur Harbor are thought to help facilitate greater
metabolic rates. In addition to and as a consequence of the
increased seawater temperature and light intensities at
Arthur Harbor, there are increased numbers of photo-
synthetic organisms in both the sediments and overlying
seawater. This increased photosynthesis and subsequent
bacterial metabolism from utilization of algal exudates, as
discussed by Kottmeier et. al. (1987) for sea-ice communi-
ties, is believed at least in part, to facilitate the overall
increased sediment microbial metabolic rates at Arthur
Harbor.

When DPM’s for the determinations of incorporated
3H-thymidine are converted into moles of thymidine, cell
divisions per gdw per hour can be calculated (Table 6).
Factors for conversion were determined by Pollard and
Moriarty (1984) and have been estimated to be 2.2 x 10*8

Table 6. Calculated bacterial metabolic rates (cell divisions) for four
Arthur Harbor sites, using membrane phospholipids and incorporation
of *H-thymidine

AH(10 AH(13) ER HI
Total bact. PELFA® 30.9 30.8 324 34.8
Bact. cells ( x 108 1.4 0.8 12 1.2
SH-thymidine (x 10%)¢ 5.8 37 14.0 5.8
Percent bact. divisions® 0.4 0.5 1.2 04

* Arthur Harbor study sites (Fig. 1)

" Total mol % of major bacterial phospholipid signature fatty acids,
excluding sulfate-reducing bacteria. (i15:0, al5:0, 15:1, 15:0, i16:0,
16:109c¢, 16:1wSc, i17:0, a17:0, 17:1wéc, 17:0, 18:1w7c, 18:1w7t, and 50%
of 16:0)

¢ Calculated number of bacterial cells per gram dry weight (calculated
from total phospholipid fatty acids, and converted by a factor of 100uM
phospholipid/gm bact. the size of E. coli, with 1gm bact. equivalent to 5.9
x 10'% cells (dry weight))

4 Estimation of bacterial divisions/gdw/hr from incorporation of *H-
thymidine (2.2 x 1018 cell divisions/mole 3H-thy; Pollard and Moriarty
1984)

¢ Calculated percent of dividing bacterial cells (ratio of total bact. cells to
estimated cell divisions from *H-thymidine incorporation)

cell divisions per mole of *H-thymidine incorporated into
non-SRB bacteria (SRB’s are not capable of direct incor-
poration of precursor thymidine). Recent studies by Car-
man et al. (1988) have indicated possible problems with
macromolecule catabolism and recyling within the micro-
bial community. If catabolism is assumed to be minimal in
such low temperature environments, and as in this study,
dilution pools and time course work is carried out for each
specific sediment analyzed, then site to site estimates can
be made. The average for all Arthur Harbor sites when
converted to their cell divisions per gdw per hour was 7.3
x 10°, with ER again containing a significantly greater
(14.0 x 10%) rate. The increased metabolic rate for ER is
believed to be the result of released metabolic byproducts
from the microalgae during later life stages. Similar ob-
servations (as stated above) have been determined by
recent investigations of bacterial production during a two
and a half month period for Antarctic sea ice communities
dominated by microalgae.

Utilizing PELFA signature biomarkers for bacteria
(excluding SRB’s), one can calculate total bacterial cells
and determine along with the *H-thymidine incorpor-
ation rate the number of bacterial celis dividing within the
total population (Table 6). Such analysis showed an
average percentage of bacterial cell divisions in Arthur
Harbor of 0.6%/h, with ER (1.2%/h) having the greatest
percentage (Table 6). It should be noted that the calculated
number of bacterial cells from PELFA’s is believed to be a
slightly conservative estimate, since only those compo-
nents with a solely (or nearly so) bacterial origin were
summed to provide this estimate.

Analysis of sediment microorganisms by their cellular
PELFA provided a useful and convenient technique in
profiling this extreme environment. The biomass and
taxonomic information obtained from this technique
made it possible to compare Arthur Harbor sites with



those of McMurdo Sound, as well as more temperate and
deep sea environments (White et al. 1984; Smith et al.
1988). Likewise, the usefulness of this baseline profiling of
biomass, community structure and metabolic activities
will prove beneficial for future monitoring of these vulner-
able benthic microbial communities. With the apparent
future increase in human encroachment upon this region,
a greater amount of anthropogenic contaminants are
inevitable. These baseline profiles, of the as yet un-
contaminated system will greatly enhance the monitoring
of future adverse effects. Changes in the above mentioned
parameters for benthic microbial communities have been
shown to be excellent indicators of various impacted
systems (White 1983; Parker et al. 1984; Smith et al. 1985;
Smith et al. 1982b; Schropp et al. 1988).

Continued research by our laboratory and others is
intended to extend our knowledge into deeper sediment
areas, and to investigate the obviously important input of
phytoplankton (upon senescense) to the benthos during
this productive season. Important also is the development
of sensitive methods for following stable isotopes through
food chains to provide insight into grazing and algal
bacterial coupling questions.
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