LIMNQLOGY OF SELECT FRESH WATER SYSTEMS NEAR
THE ANTARCTIC PENINSULA--FIELD AND
LABORATORY STUDIES

by

oY
Gene ISKSamsel, Jr.

Thesls submitted to the Graduate Faculty of the
Virginla Polytechnic Institute and State Unlversity
in partial fulfillment of the requirements
for the degrée of

Doctor of Philosophy

in:
Botany
APPROVED:
Bruce C. Parker, Chalrman
H. A, Paterson, Dept. Head J. Cairns, Jr.
D. M. McLean H. S. Mitchell

December, 1970
Blacksburg, Virginila



ACKNOWLEDGMENTS

I am sincerely grateful to Dr. Bruce . Parker
for hls encouragement and guldance throughout thils
study and particularly during the preparation of
thls manuscript., This work was suvported by the
Natlonal Science Foundation grant GA 323318-1,
awarded to Dr. Parker.

I am most indebted to ny wife, Candi,vwhosé
understanding, encouragement, and assistance were a
great inspiration.

I am indebted to Dr. E. R. Stout, Dr. G. W.
Prescott, end Mrs. Barhara Mross for thelr valuable
téchnical and field assistance. Thanks are also due
to Drs. R. A. Paterson, D. M. McLean, J. Calrns, Jr.,
and R. 8. Mitchell for thelr roles as reviewers and

dissertatlion commlttee members. |

11



TABLE OF CONTENTS

GENERAL INTHODUCTION ¢« ¢ ¢ ¢ ¢ o« ¢ ¢ o o

PART

PART

I L L] L] L L L L] - L] - . L] L] [ [ ] L] L] L]

Introductlon .+ ¢ ¢ ¢ ¢ o o« o ¢ o o =

Materials and Methods o« o« + ¢ ¢ o » o
Results « ¢« « « o & ; « s s e e e e

Physlcal aﬁd Chemlical Parameters

Blological Features of the Lakes
Discusslon . « « o ¢ « o ¢ o ¢ = o &
1 S I
Intreduction . . « « « o ; . e e s
Materlals and Methods « o« o« ¢ « o« «

Results L] - L L [ ] . L] L] [ L] - L] L L L]

500 M1 Flask--Nutrient Level
Experiment . . . R

3000 M1 BeakKeX o« o o o o o o s o

5 Gallon Aquaria--Nutrlent Level
Experiment « « o ¢« o o o o o« + &

Community Structure Experiments

Fe++ Enrichment of "Humble" and "“Skua®

Med la - L] * - L] - a L L] L] - L] »

DisScusslon .« « ¢ « o ¢ o o =« « & =

111

Page

LU U L SN

_13 |
17
21
23
36

45

49
61

71
75

75
78



PART III L] - L] L L L - L] -

Introduction . . + .

Materlals and Methods ...

Results ¢« o o ¢« « o &

.

Gen=ral Features of Collectlon

CONCLUSLONS o o o o o « o o o o & o

GENERAL CONCLUSIONS AND PFUTURE

APPENDIX I o o o o o o o »
APPENDIX II & o o o o o o
APPENDIX III o o o o o « o
 QEFERENCES « + + « o o o &
CURRICULUM VITAE « + » « &

STUDY

iqﬂ/

Locatlions

Pare

88
88
90
92
92
99
101
107
108
113
119
127



I.

II.

IIl.

iv.

vi.

VII’“‘&O

VII-B.

LIST OF TABLZS

Page

Some Physlcal and Cheamlcal Parameters of
"Skua Lake® and "Humble Lake" . . . . . 19

Chemlical Coupositlion of Antarctic Lava
and Granlite, Congldered Comparable
to that in the Palmer Statlion
Area, Antarctlica . + « + ¢ & « ¢« 4+ & & 20

Alzal Genera in "Skua Loke" and "Humble
mke ti » » & L 3 * E 2 » L ] * - * L L] » L] * 2 2

Diurnal Measurements of Tenperature,
Badlatlion, Total Extractables Chloro-
phyll, end Primary Productivity of
Open Waters at 20 Cm Depth in "Skua"
and “Huamble" Lakes, January 18-19,
19?0 - » » * » - - L] * - - » L] * L] * * 224'

Alzal Genera Heported in Fleld for
"Humble and Skua® Lakes Durlng
Janusry 10-26 Study; Genera Used
for Artificial Hedla Inoculum;
Genera Present in Artifliclal Lakes
after 6 Week Enrlchment Period « « o Lz

Mean Carbon Fixation Uptake Rate (Mg C/m3/
hr) for Shaken and Unshaken
Vessels and Current Mixings )
3000 ML BelKEI'S + o« « o = s « o & 2 48

Hean Carbon Flyatlon Uptake Bate
(mg C/m3/hr) for Enrichment with
Single Nutrlent Level to "Skua®
Water to Approach "Humble Concen-
tration-~500 11 Flask; Trial # . . . 52

Mean Carbsn Pixatlon Uptake Rate {(ng C/mj/
hr) for Enrichment with Single Nutrlent
Level to "Skua' UWater to Approszch
“Humble" Concentratlion--500 M1 Flasks
Trialg?Z...g...‘.g.;.... 53

vi



VII-C.

VIII"'BQ

VIII"C ]

IX—A-

IX" Bo

X"'Ao

X"Bo

XI-A.

Page

Mean Carbon Flxatlon Uptake Rate (mg
C/m3/hr) for Enrlchment with Single
Nutrlent Level to "Skua' Water to
Approach "Humble" Concentration--500
M1 Plasks; Trial #3 o« o ¢ o o o o o o o

Mean qubon leatlon Upntake Rate (mg
c/un3/hr) for Combined Enrlchment of
"Skua" Water to Aporoach "Humble"
Concentratioh--500 M1 Flask
TI‘ 1&1 #1 - [ ] L] L] L L ] - L] L] » L] L] L] [ L ] [ ]

Mean Carbon Fixatlion Uptake Rate (mg C/m3/
hr) for Comblned Enrichment of “Skua"
Water to Approach "Humble" Concentra-
tion--500 M1 Flask; Trial #2 . . . « « .

Mean Carbon Flxatlon Uptake Rate (mg C/m3/
hr} for Coubined Enrichment of "Skua"

. Water to Approach "Humble" Concentra-

* tion--500 M1 Flask; Trial #3 « + & o « &

Mean Nutrient Concentratlion Levels of '“Skua"
and “"Humble® Medila in Continuous Flow
500 M1l Flasks; Trial #1 . . o o« o o o &

Mean Nutrlent Concentration Levels of "Skua

and "Humble" Media in Continuous Flow
500 M1 Flasks; Trial #2 . T R

Mean Carbon Fixation Uptake Rate (mg C/mj/
hr) for Nutrlent Depletion of "Skua" and

"Humble" Waters--500 M1 Flask; Trial #1,

Mean. Carbon Fixatlion Uptake Rate (mg C/m3/
hr)} for Nutrient Devletion of *Skua" and
"Humble" water--500 M1 Flask;

Trial #2 L ] a > L] L] L ] - L ] L ] L ] L] L] E ] L] - .

Mean Carbon Fixation Uptake Rate (mg ¢/m3/hr)
for Enrichment with Singls Nutrient Level
to "Skua" Water to Approach "Humble"
Concentration--3000 M1 Beakers:

Tr lal #1 L ] L ] L ] L] - - - L] L] L ] L] [ L] L] [ ] L ]

vii

55

56

57

58

59

63

64

66



Page

XI-B. Mean Carbon Flxatlion Uptake Rate (mg C/
mn“/hr) for Enrichment with Single
Nutrient Level to "Skua®" Water to
Avproach Y“Humble" Concentratlon--
3000 M1 Beakers; Trlal #2 . « « « « & 67

XI-C, Mean Carban Flratlon Uptake Rate (mg c/u3
/hr) for Enrlchment with Single Nutrlent
Level to "Skua" Water to Approach
"Humble" Concentratlon--3000 M1 Beaker;
Trial #3 L] [ ] L ] L] L ] L] a L L] L ] L] L L] . L 68

XII-A. Mean Carbon Flxatlon Uptake Rate (mg C/m3
/hr) for Comblned Enrichment of "Skua
Water to Avoproach "Humble" Concentratlon
~=3000 M1 Bsakers; Trial #1 . .« « « « & 69

XII-B. Mean Carbon Flxation Uptake Rate (mg C/m3/
hr) for Combined Enrichment of. "skua'
. Water to Approach "Humble" Concentration--
‘ 3000 ML Beaker; Trlal #2 . o o o o o o 70

XIII. Mean Carbon Flxatlon Uptake Rate (mg C/m3/hr)
for Enrichment with Single and Comblned
Levels to "Skua" Water to Approach
"Humble" Concentration--5 gallon
Aquarla B e 8 8 3 8 8 & % 8 .0 B e & s 72

XIV. Mean Carbon Fixatlon Uptake Rate (mg C/m3/hr)
for "Humble" Algal Communlty in "Skua"
Water and “sSkua" Algal Communlty in
"Humble" Water--3000 M1 Besker . . . . 74

AV-A. Mean Carbon Filxatlon Upntake Rate (lig C/m3/hr)
for YHumble" and "Skua" Systems with Fet™
Enrichments of §.1 and 1.0 [ -
3000 M1 Beakers; 0.1 oom Fe v o s s s 76

XV-B. lean Carbon Filxatlon Uptske Rate (mg C/m3/hr)
for "Humble" and "Skua" Systems wlth
Fe*t Enrichments of 0.1 and 1.0 me~— _
3000 M1 Beakers; 1.0 ppm Fe*t | .« o . 77

viii



LIST OF FIGURES
Page

Map of "Skus" Lake, Norsel Polnt, Anvers Island,
AntarCtica L ] [ ] L ] L ] L] L] L] - L] L] L] - L] L) L] - [ ] 14

Map of "Humable" Lake, Humble Island, near [Horsel
Point, Anvers Island, Antarctlca . « + » » » 15

Flow Sheet of Procedure Followed in Laboratory
Ecosystem Exverlments . « « o o« o « ¢ o o Ll

Mean =.P and NK, T-N Consumntions for "Skua"
nnéL "Humble" Medimj 500 M1 Flack and 3000
]‘11 Bpal{er _. L 4 9 ] - - * Ll [ ] » * - - .. - » - 60

Mean Consumption of Fett and NO,”-H for “Humble"
and "skua" Medla; 500 Ml Fiaok and 3000
Ml Beakers . » - L ] . L] L] - L ] L] L] L ] - - L ] 62

Map of Palmer Station Area, Anvers Island, Based
on Aerlal Photogravhs, Showlng Anproxi-
mate Locations of Freshwater Habltats
Collected During the Austral Summer,
19?0 . - . L] [ - - [} . - [] * . » . - - - . . 89

ix



GENERAL INTRODUCTION

Since the early 1900's, there has been a growing
sclentiflic Interest 1in the contlngntal flora and fauna of
Antarctica. However, even ﬁlth extenslve stugy of the
continent and coastal areas during the International
Geophysical Year 1957-58, relatively few detalled ecologi-
cal observatlons and measurements have been reported {e.g.,
Slple; 1938:; Glesseth and Leech, 1961;.Arm1tage and House,
1962; Llano, 1962; Goldman, 1963; Goldman, et. al., 1963;
and Wilson and Wellman, 1962).

Relatively limlted limnologlcal 1nvestlgations and
partlal-id%ntificatlons of ffesh-water glgae from the
western portlon of the Antarctic Penlnsule and sub-
Antarctic 1slands 1n the vicinity of Palmer Statlon-Anvers
Island have been reported previously by Wildemann (1900),
Nordensklold (1902), Fritsch (1903), Harlot (1908), Galn
(1909), West and West (1911), all according to Hirano (1965),
Bryant {1945), Holdgate (1964), and Cameron (1966). ‘Besldes
temverature and general habltat descrlpﬁlons,'the earllier
reports of these lakes and melt pools lack detalled infor-
mation of physlcal, chemlcal and bilologlcal features. This
information gap coupled with our detectlon of several

apparent natural lakes in aerial photographs of the U. S.



Palmer Statlon area, encouraged this 1nvest1gntinn toward
understanding the fresh-water bhytonlankton ecology of the
areas n~ar the Antsrctic Peninsula,

Because of the scarclty of ecologlcal observatlons
concerning the blota of the remote lakes and vools of Ant-
arctlca, 1t ls lmportant to make observations avallable to
Interested sclentlsts for reference and future study.
Antarctlc research ls arduous and expensive and therefore
requlres unique preparation and planning. For thils, an
extenslve backlog of reference materlal is necessary but
" not always avallable.
| Contlﬁental Antarctica 1is predominantly an lce-covered
cold desert with feﬁ habltats for lliving organisms (Allen,
et. al., 1967). In contrast, the coastal zone and off-shore
islands,(The Marltime Antarctlc of Holdgate, 1964) have a
milder climate, much lce-free lowland, and a varlety of
plant énd animal 1ife. The flora and fauna are undoubtedly
lnfluehced by many factors, one of whlch coﬁcerns the chemi-
cal nutrient levels emphaslzed in this étudy. The range in
differences among the several lakes studled near the U. S.
Palmer Statlon 1s consldered sufficlently representative
for the data to be falrly widely avnlicable, |

The fleld research was almed at correlating certaln
physical, chemlcal, geologlcal, and blologlcal parameters to

bett=r understand the limnolngy of Palmer Statlon area fresh



water sysﬁems; this was done Jointly with Dr. Bruce C.
Parker. From thls study, several new areasof laboratory
study arose to which special attentl?n was devoted. These
particularly included lnvestigations of l4g primary pro-
ductivity in laboratory aquetic ecosystems which simulated
Antérctlc conditlions to ascertaln the effects of certailn
chemlical nutrient factors on blologlcal productivity of
the Palmer Area fresh-water lakes and ponds.

Although these studles have centered around the =zeneral
problem of blologlcal productivity under the rigorous con-
dltions of Antarctica, ve have also consldered a number
of envlrongental variables, such as the study of pengulns!
céntrlbutton to the system in the formn of ammonia nltrogen;
while 1t may be peripheral to productivity, leads to a |
better understanding of the unusual Antarctlic fresh-water
ecosysten,

Also, an investigation was inltiated to determine the
merit of the standard 300 ﬁl orimary productivity bottle
so long in use by many limnologlsts to measure the uptake

of 14 14

C. Investigations on productivity as measured by ~'C
were carried out, both in the field and at the laboratory,
enmploying several commonly used productlvity bottles and
results can be found in Appendix III.

During the summer of 1970 at the Unlversity of Montana
Blologlcal Station, wlth the help of G. W. Prescott, an

attempt was made to identlify the Antarctic algae collected



during our visit to the Palmer area and to correlate

these alzal communitles with certain physlcal, chemlcal,
and geologlc paremeters. of the varlous lakes studled. Fron
ﬁhls work, -we were able to construct a falrly complete list
of algae genera reported from the Palmer Statlon area.

I.To ensure clarlty, thls thesls will be divided into
several parts representing the speclflic research projects
lnvq}ving this author. Part I will include aspects of the
field research conducted Ln the Antarctic during the austral
sunmer 1969-70. Part II willl concentrate on the laboratory
ecosystem studies on nﬁtrlent levels, while Part III wlll

survey the fresh-water algae of the Antarctic Penlnsula.



PART I

LINNOLOGICAL INVESTIGATICNS IN THE AREA OF

ANVERS ISLAND, ANTARCTICA

INTRCDUCTION

Thls paper reports on the limnological investigation
of several fresh-water systems of Palmer Station and
ad jacent areaé off the western coast of the Antarctlc
Peninsula. The field work occurred during the austral
sunmer of 1969-70. The work reported here was almed at
undérstand}ng the blology of the Antarctic 1hland waters
and includes both field and 1aboratory data. More specifi-
cally, I sought to identify the phytoplankton and attached
algae; to measure physlical and chemical parameters, such
as light, temverature, oxygen, pH, and various nutrient
levelsy to aéoertaln the photosynthetic rates of phytoplank-

1“0 and chlorovhyll

ton communitlies by using the in situ
methods, and to correlate the vhysical and chemlcal data
wlth the blologlical observations.

Between November and February numerous shallow fresh-
water ponds and lakes near the Palmer Statlon area are
melted completely or partlially and contaln a limlted blota.
The fresh-water habltats studled occurred withln two miles

of U. S. Palmer Statlion, constructed in 1967 on Anvers



Island (67° 46! E; 609 05' W)} off the Western Coast of the
Antarctic Peninsula. Since none of the six ponds studiled
had been named previously, they were deslgnated according to
some prominent feature as geograohy, blrd habltation, etc.
This revort deals primarily with two of the ponds investi-
gated. The features of other ponds mentioned briefly
throughout the study are summarized in Part III, with brief
descriptions and data. These are included to provide a
basls for contrast and generalizatlon made from the data
presented in the maln body of this thesis.

"Skua Lake", located behind the abandoned Unlted
Kingdom and old U. S, Base at Norsel Point, Anvers Island,
was nanmed for the dominant resident bird population

(Stercocarius skua) which frequented it. "Humble Lake"

was located on adjacent Humble Island. These names are

‘unofficlal, but are used here merely to faclllitate discusstion.
General features of the Palmer Statlon area have been

described by Gain (1909) and Hooper (1962) and, so far as 1s

known, have not been discussed by others. Hooper (1962}

discussed general glaclal history of the Palmer Statlon

area, which Scharon elaborated (1970--ners. comm.}. They

rostulate that Anvers and adjacent lslands are related to

the Antarctic Peninsula with the lslands-resulting from a

metasomatic process by whlch water covered the rest of the

land mass, lezving the high altitude tovographic reglon,
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as the present day islands of Anvers, Hﬁmble, ete., It

ls probable that the recent glacial events have opened
virzin areas to blotlc colonlzatlon. Llano (1959) esti-
mates from studles of llchens that the current exposure

of the Palmer Area Islands may date back no more than 500
years.,

"Humble and Skua Lakes*®, althouzh different in morpho-
metric, chemical, and blologlcal parameters, are simllar in
various other facets. Both recelve thelr input from snow
drifts and glacial ice, and output is by way of shallow
channels dlrected toward the bay. The two lakes are approxi-
matelj 1/4‘m11e apart, separated by Arthur Harbour. Scharon
(pers, comm., 1970) considers the geological structure of
the two lake basins to be ldentical, ﬁurlng our visits to
this area in January, 1970, we noted certaln striking differ-
ences between the two lakes. "Skua Lake", the largest and
deepest of all lakes in the area; was almost entirely lce-~
covered. Nutrlent levels in "Skua Lake"{were lower than in
"Humble Lake", but nevertheless approached or exceeded those
found 1n nmany mesotrophic and eutrovhlic temperate lakes
(Hutchinson, 1957; Reid, 1961). Biologlecal productivity in
"Skua Lake" was extremely low, and could for thlis reason be
ponsldered oligotronhlc, based on temperate lake standards.
"Hunmble Lake" was consliderably smaller than "S8kua Lake" and

very shallow, with less than one-third of 1ts surface ice



covered. Nutrient concentratlons of "Humble Lake" were
consistently higher than those of "Skua Lake", although
the difference ln the nutrlent levels were not extreme in
many lnstances. GColdman, et. al., (ln press}), for example,
revorted greater variation in nutrient concentrations in a
élng}e Antgrctic lake than the varlatlons we found between

these two lakes over a two-week period.

MATERIALS AND METHODS

Morphometric measurements were made on all lakes durlng
the 1970 summer season. A pyranometer Aﬁodel 68--Yellow
Spflngs Ingtrument Company (¥SI), Yellow Springs, Ohlg/ was
operatéd perlédlcally throughout the seaéon, glving values
for total incldent radiation po-aporoxlmately 4 u, The
manufacturer claimed 5% precision and + 0.1 langley-mln'1
accuracy. Light penetration in the lakes was also measured
with the YSI pyranometer, having a neutral denslty selenlum
photronic cell probe., Amblent and water temperatures were
regularly measured with + 0.1% ¢ accuracy with a ¥SI Model
41 thermistor unit calibreted agalnst a standard mercury
thermometer. Chemical and nutrient levels were determnined
both in the fleld and at the Palmer Statlion laboratory with
e Hach chemical "Direct Readilng" Portable Englneers labora-
tory, replicate samnles having less than 10% variation.

Phytoplankton denslties were accomplished by dlrect counts,



with Nikon field and binocular phase mleroscoves at 100-
1000 x and concentrated with a Foerst contlnuous-flow
centrifuge and 76 u plankton net. Plankton samples from
the lakes were preserved and shipped back to VPI wilth
3-4% formaldehyde. Alg;e samples cultured at Palmer Statlon
and live collectlons were carried back to VPI for further
culturing in Bozniak's (1969) community medlum and an enrich-
ment media deslgned to approximate closely those of the
particular habltats. Phytoplankton were collected with a
Model 40 Wildlife Supply Company Plankton Tow.

Water samples were collected and placed 1ln acld-cleaned
250 ml opéﬁue polyethylene bottles pre~rinsed wlth demlneral-
ized water. Soén after collection, samples were analyzed
at Paimer Station for chlorophyll a and total chlorophyll
concentration as well as for the phytoplankton concentratlon.
Chlorophyll concentrations were measured with a B & L
Spectronic 20 and Beckman Model DU Spectronhotometer,

according to the method of SCOR/UNESCO clted by Strictland

and Parsons (1968). Uslng the following eauations:

m-5PU/m3 = T
C (Chlorophyll a)=11.64 Egrq-2.16 Egug0+0.10 Eg3o00
C (Chloroohyll b)=20.97 Egys50-3.9% Egg30-3-66 Eg3q0
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and V is the volume of sample flltered in liters. E 1s
the extinction value at the wave length lndlcated by the
subscript.

| Primary productivlity studles followed the in sltu
16 nethod of Steeman-Nielsen (1952), with modiflcations
by Goldman (1963) and Strictland and Parsons (1968). We
modified this method still further in using transparent 250
ml pharmaceutical bottles with the thin, slightly convex
slde oriented upward. All opaque productivity bottles were
palnted black and ﬁrapped wlth aluminum foll so that the
"black body effect" would not ralse the temperature of the
bottles! content during the incubation period. Glass ampoules
~—each con%alniﬁg 1 nl and 10 mlcro-curies of Naalu'co3 vwere
obtalried from New England Nuclear.

In the fleld, the Nazlucoj solution was rembved from
the ampoule by uslné a 5 cc syringe equipved with a 14 gauge,
L, inch long laboratory cannula and carefully deposlted at
the bottom of the productivity bottle. The ampoule was
rinsed once wlth 2 ml of water drawn 1hto the syringe_from
the top of the productlivity bottle. The rinse solutlon Waé
redeposited into bottles from which it was removed. The
bottle was capped, shaken, and placed in sltu at the same
depths from which thelr contents were inltially collected.
Dupllcate bottles'were used frequently with less than 5%

L

variation. During C experlments, oxygen, temperature,

and light measurements were made near productlvity bottles.
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Four hours later, the productivity bottles were brought
to the surface and 10 .ml of 40% formalin were added to each
bottle to stov all carbon assimilatlon.

Upon return to the Palmer Station laboratory, the
contents of each productivity bottle was flltered through;
a 25 mm 0.22 HA milllpore filter at'a vacuum not exceedlng
350 mm of Hg. All filters contalning organisms exvosed

14

to Nap 'COy were rinsed with about 5 ml of 0.003 N.HCL to

remove precipitated NaziuCOB. All filters were alr-dried
and dlssolved in é screw-top scintillation vial cqntainlng
10 ml of 1.4 dloxose (p~-dioxone) containing 7 gms of
2.5-d1phenyloxozole (PPO)/1 and 100 gms of napthalene/l.
Scintillation counting of 1%C was completed at VPI. Primary
productivity was calculated as mg C/mB/hr from the following

modified formuia of Saunders,:Franc; and Bachman (1962).

p=rXxXcgx f

- R x nr

Where:

P = carbon fixation in mg C/m3/hr

1y

r = assimllated C in cpm

14

R = total avallable C in cpm

C = total avallable stable inorganic carbon
in mg/m3

f = isotope correctlion factor

m = total incubation time in hours
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The counts per minute of Na214003 assinllated by the
plankton were recorded with a Beckman CPM—lOOtm Ligquid
Scintillation Systen. .

To ascertaln the amount of available Na214003 (R)
that was injected into each productlivity bottle, the
contents of an ampoule which was prepared from the origlnal
lot was added to a 250 ml volumetric flask contelning a
buffer solution at pH 8. The procedure and equipment in
transferring each ampoule's contents into productivity
bottles 1n the fleld were also employed in traﬁsferrlng
the contents of the ampoule-to bé assayed. The resultlng
volume was brought to 250 ml. One half of this solutlon
was plppetﬁed into each of three sclntlllation vials con-
tainlng the scintillation cocktall. The cpm were averaged
and the total cpm per ampoule computed.

The total available stable inorganic carbon (C) in
mg/m3 was calculated from the data on temperature, pH,
total alkalinity, and a table of conversion factors con-
structed by Saunders, ét. al., (1962). The lsotope
correctlion factor (f)}) used was 1,06, also according to
Saunders, et. al. | |

The standing crop of plankton by extractable cﬁloro-
phyll and the photosynthetlec carbon uptake were determined
perlodlcélly under measured conditions of light and tempera-

ture. Both methods employed 0.22 micron millipore filters
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es recomnended by Parker (1967). All measurements were

made periodlcally for the two lakes during two weeks includ-
ing a serles of dlurnal studies of chlorophyll and primary
productlivity and collections were made from approximately
20-cm depth in lce~free water. Other methods will be cited

concurrently with the data.
RESULTS

General Features of "Skua and Humble Lake" Baslns

Both lakes are located within a two-mile radius of the
new Palmer Station. "Skua Lake" 1is the iarger (Pig. 1),
located d{;ectly behind the then unoccupled United Kingdom
Base at Norsel Point, Anvers Island. A resident bird

population of about 60 Sterococarius skua, some of which

nested at the rim of the lake basin, frequented the shallow,
open water and ice-covered portion of this léke. The
smaller and more shallow "Humble Lake" (Fig.2) 1s located
about 1/4 mlile away on Humble Isiand. Figures 1 and 2 show
also "Skua Lake" had less than 90% lce cover throughout

the summer season, while "Humble Lake" had less than 30%
lce cover, wnich decreased somewhat during our study.
"Humble Lake" basin also possessed appreclable numbers of

Skua, and in addition, Antarctic terns (Sterna paradisaea)

and glant vpetrels (Macronectes glganteus), representing-
. i

both greater blrd speciés number znd blomass than for

"Skua Lake".



FIG. 1.

SKUA LAKE

Map of "Skua® Lake, Norsel Point, Anvers Island,
Scale: 1.0 inch = 10 meters

Antarctica.

1



Sea

FIG. 2, Map of "Humble" Lake, Humble Island,
Anvers, Island, Antarctica. Scale:

HUMBLE ISLAND L AKE

near Norsel Point,
1.0 inch = 10 meters

8T
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These, llke other Antarctic lakes on the coastal plain,
ware formed as thaw lakes, resulting from the melting of
large masses of ground lce and glaclilal melt as described for
Arctic lakes by Hopkins (1949) and Wallace (1948). Both
lakes overflowed continuously durlng our vislts as a result
of raln and meltwater from glaclers and snow banks. Visual
observations of the major overflow streams from each lake
indlcated that the volume of water leaving '"Skua Lake" was
many tlmes gr=ater than'that of "Humble Lake®", although on
the basls of overflow per lake volume,; the values were
much closer, "Skua Lake", at the base of a glacler, ex-
ceeded three meters in depth, whlle "Humble Lake" had a maxl-
mum depth %f 0.6 meters. Trnese baslc differgnceS'ln slze
gnd shape of the two lakgs are apparent from Flgs. 1 and 2.
To our knowledge, no officlal names have been glven to these
lakes by the Antarctic Treaty Organlzatlon.

Both lake baslns'contain an lgneous, intrusive,
quartz-rich grénlte wlith traces of blotite snd appreclable
sodium vlagloclase gnd frbm extensive collectlions of rocks
in the area, there 1s no rezson to expect the geoldgical
structure of the two lake basins to differ appreciably.

Much of the basin and veriphery of "Humble Lake" was

coionlzed densely wlth the bryophytes Calllergldlium

austrostramineum C. Mull., Polytrichum junliverinum Hedvi,

and llchens such as Calownlaca and Xanthorla sup. on rocks.
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The edge of an adellie venguln {(Hanchot adellie) colony

occupled one small portion of the upver rim of "Humble

Lake" watershed, wlth occaslonal Indlividuals sliding down the
snow toward the lake., In strlking contrast, "Skua Lake"
lacked a luxuriant bryophyte and lichen development, wlth
only occasional rock-aderusting forms. Enow algas vere

not bbvlﬁus on the extensive snow banks surrounding 75%

of "Skua Lake%", which further contrasted wlth the patches

of pink snow at one end of "Humble Lake,®.

Physical and Chemleal Parameters

Temperatures ranged from -1.0 to 3.5%° ¢ in "Skua Lake"
and from 1.0 to 8.0° C in "Humble Lake" during the January
10-26 perlod of the studles. These ranges resemble that
reported by Boyd {16859} for a series of éhallow Arctic
lakes. Abtleast four modes of heat transfer into lce-
covered and partially lee-covered lakes must be consldered:
{1} surface advections 1.5., melt water streams from
glaciers, {(2) subsurface odvection; l.e., thermal springs,
(3} solar radlatlion penetrating the lce and absorbed by the
water on the botﬁbm, and (4) eocnduction of zeothermal heat
from the bottom. One and three seem to be the most lozmlcal
means éf heat transfer for "Skua and Humble Lakes." Rodlia-
tion varied from negligible te 0.5 langley/min. at approxl-

mately 20 cm deonth where productlvity measurements were made,
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Except for two days durlng our visit, skles were overcast
with incident surface radlation below 0.6 langley/min,
Table I summarizes additional physical and chemical data
for these lakes. Note that both ponds had similar pH's
(6,3 and 6.4)

Altnougn levels ot most nutrients were generally lower
in "skua® than in "Humble Lake", they approached or exceeded
those tound ln some eutrophlc temperate lakes (Hutchlnson,
19573 Reid, 1961). 1In interpreting these chemical data,
one should reslize that melting proceeded from the lake
margins toward the center, with approximately 70% of "Humble
Lake” melted and only & smell portion of "“Skua" devold of .
lce. Also, our collections were taken chlefly from the
subsurface water at the melted edpged.

As Mawson (1916) stressed in his studles of Antarctile
coastal ponds, the rock chemistry of lake basins can repre-
sent signlficant sources of nutriants fof such lakes.

Table II summarizes the compositlon of a quartz-rich granite
considered typical-of the predominent rocks collected near
the rims of both lakes. Hote especlally that these granites,
as compared with lava and other ouartz-rich dlorites, contain
significantiy lower levels of gnospbaﬁe and lron. Further-
more, nitrogen and chloride comnounds are virtually absent
fronm gfanites. Physical processes appear to doalnate the

initial breakdown of rock on Humble and Anvers Islands,
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TABLE 1

Some physical and chemical parameters of "“Skua Lake" and
"Humble Lake", (mg/l, or as indicated; chemical param-
eters are means of at least duplicate samples, with a
variation of X 10%) _ )

Paramster "gkua Lake" “Humble Lake"
Maximum depth ' 3.00 M 0.60 1
Mean depth ’ . 1,00 M 0.20 M
Maxinum length 95.00 M 43,00 M
Maximum breadth 25,00 M 20.00. 1

pH s . 6.40 6.30
Turbidity : 15,00 JTU* 63.00 JTU*
Dissolved Op 14,00 13.00

Total alkalinity 10,00 12,00

Tatgl hardriess ‘ 10.00 , 15,00

NHy, "-N 0.1 2.5
NOp~==N ' nil 1.1 0.05 4,30
NO4»-N ) , 1.0 1.75

Total POy~ P 0.03 1.7

Cc1™ _ 75 35.0

510 1.0 1.5

Coa++ 5.0 10.0

Fe - 0,02 0.02

SOy~ 4,0 6.0 °
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TABLE II

Chemical composition of Antarctic lava (after Goldman, et.
al., in press) and granite, considered comparable to that
in the Palmer Station area, Antarctlca (after Turner and
Verhoogen, 1960).

Lava Granite
3 Portion of Welght Portion of Weight
Mineral (%) (%)

510 49.65 72=75

A1283 2 16.31 11-14
Cal ~ 9,07 0.6-1.0
FeO 6.45 0.5=-1.,0
Fe203 . 5.“’? 0.5—1 05
302“’ 3.5"'“’-5
Kz : 1066 L".‘2"Ll’o9
T102 ’ 1.41 0.1-0.3
o 0.30 O‘O"OQLI’

92,4-102.8

Total 100.18
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especlally at and just below the surface where rep&ated
freeze~thaw cycles are very effective {Chambers, 1966),

A slmilar predominance of mechanlcal weathering was reported
by Kellogg and Nygard {(1951) and Kelly and Zumberge (1961),
and has generally been conslidered wide-spread in polar
reglons, Glaclal action has been lmportant in mlxing the
primary rock frogments. The fragments have been further
mixed with silts and clay to form tﬁe mineral solls of the
tvo islands which are mainly at an early age and show

little profile development. There ls none to very little

incorporatlion or organic matter into the mineral soll.

; Blolozlcal Features of the Lakes

Only four algal genera #era found in YSkua Lake",
while the algal communlty of “&umble Lake" included twenty-
cne frequently observed genera in plankton tows and water
edge collectlions {Table IIXI).

iﬁoth lakes contained an abundance of gram-negative
bacilli whlch grew at low temperatures on Difco nutrient
agar plates. Only one colony c¢olor and form grew from
"Skua Lake" water, while at least ten different colony
types grew from “Humble Lake" water lnocula. Abundant
bryophyte mats and large numbers of a small aguatic cruge
tacean found in "Humble Lake" were absent in the waters

of "Skua Lake,®
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TABLE IIIX

Algal genera in "Skua Lake" and "Humble Lake"

Genus (reference**)

"gkua Lake"

"Humble

Lake"

Oscillatoria (2,4)
Phormidium (&)
Mastigocladus
Trachychloron
Chlamydomonas (1,4)
Prasiola (2)
Chlorella (4)
Ellipsoidion
Trochlscila (3,4)
Navicula (3)
Chroococcus
Scotlella (1,4)
Merlismopedium
Chlorosarcina (4)
Chrysococcus
Dactylococcopsls
Monostroma
Aphanocapsa
Palmellopsis

+

+++++++F A+ +

# TIdentificatlons tentative, see text.

it References cilted represent previous works reporflng
these genera in Anvers Island area, Antarctica:

(1) Wildemann,

(3) West and West (1911); (4)
according to Hirano (1965).

(1900); (2) Nordenskilold (1902);
Gain (1913);



23

Following combustion at 500 C, pale, sandy "Skua
Lake" bottom sgdlment, dried previously at 100 C, lost
less than one percent of 1its welght, while the dark brown
mud from "Humble Lake" lost 34%. Table IV shows that total
chlorophyll content for "Skuz Lake" fluctuated diurnally
between 35-41 mg/m3, while that of *"Humble Lake" for the
same time period ranged between 37-112 mg/m3. Diurnal car-
bon fixation for "Skua Lake" ranged betweén 0.78-3.3 nmg
¢/m3/hr. Note also in Table IV that peaks in chlorophyll
concentrations and carbon uptake rates at the 20 ch depth
occurred in afternoons and early evenlng when radlaiion
levels were less than 0.25 langleys/min., No obviocus corre-
lation existed between chlorophyll content and carbon {1x-
atlion for elther lake, nor between dlurnal concentratlons of
sestonlc chlorophyll, rate of carbon fixatlon, and elther

light intenslty or temperature.

DISCUSSION

"Humble and Skua Lakes" exhlblted the extremes in differ-
ent conditions found among the shallow water bodles near
Palmer Station. The slightly colored, more turbid water
of "Humble Lake", containlng signiflcantly hlgher concen-
trations of phosphate (50X), lnorganlc nitrogen (4X),
and chloride (5X), had up to 20 times the phytoplankton
primary productivity at 20 cm depth per unlit area of lce-

free water than "Skua Lake." "Skua Lazke" water was clearer
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TABLE IV

Diurnal measurements of temperature, radiation, total
extractable chlorophyll, and primary productivity of
open waters at 20 cm depth in "Skua" and "Humble"
.Lakes, Januvary 18-19, 1970

Radi; Photo~

Temper- ation chloro- synthetic
ature (langley/ phyll CO_ Fixation
Lake Time C min) (mg/m< ) mg2 C/m7/hp¥i
Skua® 09%0 3.5 0.38 37 ~ 0.78
1350 0.0  0.085 b1 1.7
1800 -1.0 nil 35 1,0
0200 0.0 0.12 36 : 1.6
0800 0.0 0.18 36 3.3
MHumble" 1215 7.5 ‘0.5 | 112 72.0
1615 L.o 0.25 56 Lho.o
2000 2.2 0.175 37 19.0
0100 4.5 0.13 45 . 1640
* Chlorophyll values refer to first time in each
interval, ‘
e Values for C fixafion are neans df duplicate

light bottles less the dark bottle values;
values for dark bottles and for filterable
(extracellular), fixed organic matter were
always < 5% of the total productivity.
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throughout the season and contalned a relatively small
blomass and low specles diversity of plankton, including
bacteria, even in the ice-free shoreline areas of the lake
visited by Skuas., Posslbly mlcro-algae were present 1ln
"Skua Lske", but escaped plankton net capture and subseacuent
detection. It is unlikely, however, that other specles

of phytoplanktonic microsalgae occur abundantly in lce-free
subsurface water of "Skua Lake", because & 76 1 pore-slze

plankton net revealed the genera Chlorella and Chlamydomonas

which have cell sizes below thls pore dlameter, and these
were the only algae observed in Foerst centrifuged water
samples.

Water temperature probably is not the chlef factor
inducing nutrient &nd blologlcal differences between the
two lakes, for dally temperatures fluctuated in both lakes
with maximun water temperatures approaching 8° Cc only
briefly during our studles in the shallower, more open
"Hunble Lake." During periods of bright 1light in both
lakes, water temperatures were usuzlly hlighest at the
bottom in shallow areas, where nmuch-of the radlant energy
1s absorbed and converted to sensible heat; thls heating
effect on the bottom no doubt contributed to nutrient mixling,
as found by Goldman, et. al., (in press}. Differences in
water temperzture also seem not to explsin the great varl-
atlons in plankton content between the two lakes, because at

any glven temperature, there may be many or few plankton.
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Thus, the extreme cold of the Antarctlc does not
seen to have a great dlrect effect, excent verhaos at the
‘shore, upon the 1life in the water. The lakes are not very
large, and they attaln summer temveratures of 8—100 C.
This 1s no colder than many of the deep lakes of the temper-
ate zone. For examnle, Lake Sﬁperlor, at a latitude of
about 48°, attalns a naximum open water surface temperature
of only about 10°C (Millan, 1952). The well-known thermal
propertles of water act to buffer aguatle o;ganlsms agalnst
the rezglonal thermal environment and the actual tempera-
tures to whilch aguatic organlsms.ére subjected are as much
a functlon of lake slze and shape as of latltude. Thls 1is
not to say that the length of.the groving season ls not
affected by the shortness of the Antarctle summer; 1t 1ls, but
a shorf growinz season ls not restricted to the Antarctlc;
In ephemeral lakes of the temperate and‘trooh;c zonés, the
length of the growling séason i1s 1imited by summer drought
and most aguatic organlsms, at least the smaller algae,
are adept opportunists, able to tazke advantage of favorable
éircumstances when they occur and to endure long resting
phases of very low activity with little 11l effect.

Also, a livine organism may according tQ Oppenhelner
(1959), have more than one optimal temperature for actlvity

in the natural environmment. If‘microorgénisms in czeneral
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have the ability to grow or be actlve optlimally in
dlfferent environments, thls may account for increase in
activity at certain perlods of the annual cycle corres-
ponding to the predicted optimal temperature. It may also
account for microbial activity at cold and warm latitudes
and suggest that the microorganisms which are optimally
active in the Antarctlic regions may also be active in the
troplcal environments.,

Because of the thermal capacity of the deeper "Skua
Lake", the ice cover forms in the fall and dlsappears in
the spring more slowly than it does in the shallow "Humble
Lake," This mﬁst be of some 1mpoftance in the 1llumination
of the watér, for 1t keeps “Skua_Léke" ice~covered almost
the entire summer. The separaﬁe crystals of melting spring
lce reflect a good proportion of the incident light income
of the -two lakes. OQur data on productivity df "Skua and
Humble Lakes" 1s in agreement wlth that of Comita and
Edmondson (1953) who concluded that the summer'productivlty
and summer standing crop of Arctic lakes dld not differ
markedly from those of temperate lakes; a great'deal,bf
solar energy enters a low latitude lake durlng the summer.,

Goldman, et, al., (in press) fouhd that lce surfaces
on Alga Lake and "Skua Lake" at Cape Royds reflected 58%
of the inclident radiation. N11 readings for radlation pene-
trating the expanse of snow-covered lce on most of "Skua

Lake" may therefore have a greater influence on the lower
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chlorophyll content and carbon uptake rates for tnls luke

luC experi-

than the temperature differences. In one trial
zent under the ice, we obtalned the signiflcant fixatlon
rate of 2.0 ng ij3fhr, but thls value may not represent
exélusively under-1ice productivity due to lce hole reflect-
ance. Goldman, et, al., (1963) found that radiatlon values
above 0.2 langleys/min. appeared lnhibltory to both chloro-
vhyll production and carbon untake by Antarctic frash-

water algae. Data from "Humble L&ké“ do not agree with

thlg Interpretation, but the low primary productivity

of "Skua Lake" water at the hilgher radlaﬁion values recorded
could reflect llght-inhibition of photosynthesls.

Blologlcnl productlion seems to be limlted by certaln
nutrient fagtors.- The data for "Skua LakeY pugzest limiting
regserves of both vhosphate and nltrogen. Between the two
nutrients, however, vhosphate seemed to be more limlting
in "Skua Lake" because the fatia of inorganic N/ortho-
phas3hate-phosphorus is 55:%1, walle in "Humble Lake", it
is 4:1, However, nutrient studles in the 1aboratoryfshowed
that thlis was not the'ease.

It appears that there are three sources of nutrient
supnly on Humble and Anvers Island. ,The first 1s rock
breazdown, The frecuency of the ffeczewthaw cycle on the
lsiands suggests*that physical weathering is domlnate,

although not exclusive. Thls actlion contlinually exposes
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fresh surfaces to water seepage. The second and third
gsources of nutrient supply are directly or indirectly
marine. The sea contrlbutes almost all the salt constitu-
ents of precipitation (Sugawara, 1965) in oceanlc areas
such as the Antarctlic, where industrial fumes and sgoll
dust are not signiflcant. In additlon, the abundant marine
life is the food suvply of the birds and mammals that
Tregquent the two lslands and in turn provide the nutrlent
resevolrs there,

Atmospheric precipltation can be an imbortant
factor in the supply of chemlcal nutrients to an ecosystem._
Unfortunately, few data are avallable for the chemical
content of precipltation in the Antarctic. Ra;ent publi-
cations include that of Brocas and Delwiche (1963) who
report a hnigh wmlineral content for snow near the coast,
Gorham and Cragg {(1960) showed that bog water in the
Falkland Islands contalned high cancenﬁr&tlons of elements
of marins orilgin, particularly sodium (26-63 ppm). Wilson
{1959} reported that the surface of the ocean in the south-
ern hemlsphere ls lmportant as & source of air-borne.nitro-
genoué material and other plant nutrignts. Most precipi-
tation on Humble aﬁd Anvers Islands, however, falls as
snow, with a lower nutrlent content than raln and,
therefore, atimospheric precipltation as a nutrlent addition

source ig llikely to be relatlvely unimportant.
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Allen, et. al., (1967), point.out that of the three
above mentloned sources of nutrient addition, the contami-
nated areas appear to offer the greatest potential but
thelr =zctual slgnificance cannot be estimated until the
dlstribution pattern has been clearly established. The
volatile nature of the nitrogen compounds and the damp
conditlons apnear to facilltate thelr distribution. The

mechanlsm of the PO, distribution is even less clear, but

"
the contrast between the high levels 1n the solls and
vegetatlon‘and the low levels 1n the rocks suggest a
faunal source. It ls Interesting to note that the major
sources of”the principal nutrient elements are complementary
--sodlun and maghesium have a largely marlne orligin,
potassium and some of the calcilum come from the rocks while
the fauna ﬁrovlde vhosphorus and nitrogen.

On the bases of wind dlrection, slmilar altitude,
. Insulation from wind and similar rock commositlion, we:
see no obvlous explanatlion for thé different levels of
these elements between the lakes. In fact, nltrogen and
chloride are essentlally absent from the rocks. However,
the prbxlmlty of "Huﬁble Lake" to é large penguln rookery
and the greater abundanbe of other blrds on Humble Island
suggest that chemical-enrichment of “Humble Lake" may have
been caused dlrectly by runoff from blrd waste products.

The data of Allen, et. al., (1967) suggest also thls source

of nutrients for lakes 1n the Cape Royds area of Antarctica.
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They revort findings by wnlch, in varticular, phosghsrus
(75%) and nitrogen (71%) are extremely hirh in the penguiln
- rookseries and the catlons moderately so. Thelr results
also confiram ours for EBlevhant Seal Pool, vhen they

say the seals' wallow gfounds contaln even higher nitro-
ren levels tozether wlth appreclable amounts of the cat-
tong and phosmhorué. "Skua Lake" may recelve nutrients
frou bathing Skuas, bhut this must be slight when compared
with the venguing! contrlﬂution to "Humble Lake." Urilc
acld, a chief nltrogenocus waste products of blrds, is
only slightly soluble in coldwater {Saldwin, 1959). When
penguln guano éa§umu1ates during the nine month frozen
part of té% year, we praposé“that when the melt occurs,

a signlficant quantity of nitrogen- and phosphorous-
containing conpounds reach "Humble Lake." The maln
organic niirogen source 1n penguin guano,khowever, is
uric acidwwéssﬁﬁtially insoluble in water. Ue propose,
therefore, that apvreclable urlc acld is decouposed

‘in g&gg by bacteria and/or fungi durlng the Antarctl;
summer, A manor decomnosltion nroduct of urlc acld is

NEB, which under alkallne conditlons of the zusno, enters
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the atmosphere as NH3 gas. Wlnds blowlng over "Humble

Lake" carry the NH_ a portion of which ls olcked up

by the slightly acid lake water as NHQ*, Recall the work
of Junge (1954}, who showed that atmospherilc §HQ+ was low
in areas of low pH solls, and high in areas of high pH
solls. Experiments with acld-molstened filter papexr
conflirm that thg'air above penguin rookerles con;aln enoYr-
mousg auantities of NHB gags, Also a limlted amount of data
collected durilng an austral swmmer 1969-70 visgit to the
Antarctic {Parker, unpublished) tends to support the
NﬁB enrichment theory. ' |

Water flowlng over areas of goree and silt, bare of
vegetatian as at "Skua Lake", according to Heywood {1964},
had low concentratlons of nltrate and phosphorus unless
contaminated by blrd droppings, etc. If water flqwed '
through stands of moss, 1% galned appreclable amounts of
nutrient salts. The nitrates and phosphates may be leached
out of the underlylng plant or be produced by the fungal-
bacterial fauna assoclated wlth the moss. They may even
be extracted from the wind borne sea swpray by the moss
‘stands. éhis no doubt accounts in part for the greater
productivity found in Humble waters.

On the basis of the preceding data and discussion, 1t
is concluded that "Humble Lake" 1s eutroohlc durlng the

austral summer, as judged by temperate lake standards of
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and productivity levels (Hutechlinson, 1957 and Reld, 1961).
Contrastingly, "Skua Lake" is oligotrophlc. On the basls of
temperature m=xima above 4° C and temporary cooling in
summer wlth frequent mixing, "Humble Lake" fits Yoshlimura's
{1936) classiflcstlion as a "subpolar" lake, while "Skua Lake"
typlifies'a "nolar® iﬁke. Comparing these lakes wifh other
studies in Antarctica, "Humble Lake" resembles Goldman's
Alga Lake 1n'1ts blologlezl productivity, whille "Skus Lake"
apprqadhes.the productlivity levels reported 1ln numerous
lce-covered, melt water ponds of the Cape Royds area. of
Antarctilea (Gbidman, et. al.t in press). However, nufriénts
and e£tfactable ¢chloronhyll in botq “Humble and Skua Lakes"
Were‘orders,pf.mngnltuée lower than those observed by the
author for Alga and “Skua“ Lakes in the Cape Royds area.
Order of magnithde;discrepencies 5etwgen carbon fixatlon

and both chlorophyll and nutrient,levels of these Antarctlc
lakes cannot be explained on the basis of our use of

different primary oroductlvity bottles for in:situ 14c

measurement, While our 140 fixation values obtained
conslstently in 250 ml scfew—cap phgrmaéeutlcﬁl bottles
generally are 25-50% higher thahhthose obtalned in the more
standard 300 ml BOD bottles (Parker aﬁd Samsel, unoublished),

we have never found order-of-magnitude differences.
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The presence of many cosmopolltan genéra In Antarctlc
assenblases near Palmer Station ralses the questlon of how
they were lntroduced lnto the south volar reglon., Several
“means of dlstributlon have been sugyested.

(1) Contlnental assoclation., According to Kuenen
(1950), there are several theorles to account for the
disversal of plants and snimals to (and from) Antarctica;
of these, the contlnental drift hypothesls of Vvezener
(1924) apvears to be the most popular. It postulates the
Palezole exlstance of Gondwanaland from which, in the
early Mesozole, the contlnents of the southern hemlsvhere
broke off and drifted apart. Stille (1944) and others
deduce from seismic evidence that much of the area between
Antarctica aﬁd Australia 1s a slumped contlnent.

Hedley (1911) and hl; school belelve in an enclent lsthmlan
link between Australlia, Antarctlca and South Amerlca.
Hedley's thesls 1s invoked by Du Rletz (1940) and others

to explaln the bilpolar distrlibutlon of common plants.

(2) Dilspersal by the wind. Allee, et. al., (1950)
mention "plankton of the alr" conslsting of deslccated
animals and olants, cysts, eggs, etc., which drift with
the alr currents, sonetimes as hligh as.the'stratosphere.
Uvon falling to earth, they resume normal activity where

the environment 1s favorable.
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(3) Distribution by birds. According to Hesse,
et. al,, (1958), water blrds are transportatlion media
for aquatic microorganisms., Not only may blota be carried
externally, but cysﬁs and eggs may he eaten and excreted.
Ekxlund (1961) says skuas were oftén seen to drink at
fresh-water ponds. According to Stead (1932), Cataracta

antarctica (C. skua lonngergl) range from New Zealand to

Antarctica. It seems loglical that all of these theorles,
egpeclally 2 and 3 could account for the algal genera

revorted durlng the study of the areas near Anvers Island.

i



PART II

LABORATORY ECOSYSTEM STUDIES ON NUTRIENT FACTORS

LIMITING PRODUCTIVITY IN ANTARCIIC FRESH WATER SYSTEMS

INTRODUCTION

Becauge of the vast difference in biological produc-
tivity, and by contrast, slight differences in other related
parameters, "Skua and Humble Lakes" were chosen to inltlate
a thorough study of the chemlistry and blology of Palmer ’
Statlon lakes to determine whether "limiting nutrient
factors" were important in causing Antarctic lakés to change
from a state of oligotrophy to eutrophy. To confirm these
observations, an attempt was made to deslgn.closed laboratory
gsystems to ﬁonitor changes in productivity levels resulting
from chemlcal enrichment of Antarctic waters. The microcosm
or mlcro;communlty appears to be the only environment in which
a rellable check of the total procedure can be made, For
this reason, sim{lated aquatic systems were set up in the
laboratory at VPI to ascertain the nutrient factors which
may be limiting to Antarctic producti#lty.

According to Livingstone (1958) temperature within
normal limits has less effect on the development of polar
phytoplankton studied than does light intensity or chemlical

nutrient levels. Growth 1ls always favorable to lncrease

36
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in light up to a point. My experlments, thus, were
concerned solely with the effect of the chemlcal composi-
tion of the aquatic system, under slmilar condltions of
temperature and illumination, on the productlvity of
Antarctlc algeae.

The sensitivity of culture techniques for determlning
the avallabillty o% nutrients for phytoplankton‘growth has
been recognized for many years. Schreiber (1927), working
with sea water, Strom (19335 using Schrelber's approach in
fresh-water, Chu {(1942), Edmondson and Edmondson (1947),
Rodhe (1948), Potash (1956) and Provasoli, et. al., (1957),
to name a few, have developed and used culture technlques of
the type used 1n this experiment with considerable success.

Phytonlankton populatlion growth has been measured most
frequently by direct cell counts {Sterfling, 1949), although
light extinction coefficients (Aberg and Rodhe, 1942), chloro- .
phyll (Ryther and Yentsch, 1957), volﬁmetrlc and gravi-
metric measurements, as well as the oxygen, CO,, and pPH
methods, have been used. The low plankton concentrations
encountered in the natural Antarctic waters and in the
earlier weeks in the artificilal water used as media and
similar Co, content and saturation of oxygen rendered all
these techniques less applicable fhan the 140 method of

Steeman-Nielsen (1955). Therefore, the main productivity
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experiments 1n thls study involve a comparlison of the rate
of carbon assimlilatlon in the different nutrient level
cultures. The measurement of growth was not as greatly
depeﬁdent upon a silzgnificant lncréase in cell numbers
during the culturé periods, as upon an lncrease in the rate
of phoﬁosynthetlc éccumulation of organlc carbon whilch may
not.be immedlately manifest in a numerical increase.

It has been sugéested by Talling (1957) that results
of culture experlments may not be readilylapplied to the
‘natural environﬁent because restrictlon of plankton ln a
container does ndt dupllcaté the naturzl conditlons and mgy
. favor the development of atyplcal forms. To offset thls,‘
In addition to using the naturai lake plankton.every
attempt was made to duvlicate the natural lake light and
temperature conditions in the exverimental cultures. How-
ever, to strengthen the flndings, tests wlll be conducted.
in both "Skua and Humble Lakes" in Antarctlca on levels of
nutrients found to bé limiting in the laboratory. Also,
several tests were initlated to determine .the effect of

size of contalner and volume on enrichment studiles.

MATERIALS AND METHODS

Live communitles brought to VPI were grown in enrlch-

nent media in a growth chamber at 8-10° C and 500 ft.-c.
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from a bank of "long wave length" fluorescent 11ghts.1

A serles of experiments were set un in the laboratory at
VPI to determine the nutrlent factors whilch could exolaln
the eutroohicatlion of various lakes in the Palmer Statlon
afea. Assimllated acuatlc systems coumparable to those
of "Skua and Humble" Lakes were constructed in the labor-
atory first from 500 ml flasks and then from 3000 ml
wide-mouth beakers, and finaily from § gallon aguaria,
Natural water from "Humble and Skua" Lekes was similated
in the laboratory by adding the major nutrients (Avpendix
I) and a trace clement-vitamin mixture from Goldman, et.
al., (in press). ' . | ' /
The salts used for the artificlal media of *"Skua and
Humble" water were CP or reagent grade, dissolved in de-
ionized and redistilled water. Since Arnon (1938) found
that the trace ¢1ements that were necessary for higﬁer
plants are apparently oresent as impurltlies In these salts
in sufficlent quantities to permit normal growth, only

some trace elements necessary for growth were added as

lpor planktonic fresh-water algae, Algeus (1951)
states that fluorescent lamps rich in long--wave-length
are preferable to the light of the "daylizht" tyve,
Lesser differences in the intensity of illumination seem
to be of no consequence, according to Algeus (1951).
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necessary. All medla were autoclaved-sterillzed one day
bafore use. Cultures were swlrled manually every 24 hours
and alr bubbled through to insure adequate sunply of CO,.
Solutions of pure chemlcals, simllar ln composltion
and concentration to those occurring in natural waters,
were. essentlal in order to lnvestigate the effect of
varylng the concentration of a salt, (Chu, 1942). Efforts
were therefore especially directed during this work towards
preparatlon of medla, whlch-would imitate the two types
of natural waters ("Skua and Humble") as closely as posslble.
Artificlal solutions, based on the noraal composition of |
"skua and Humble" water, were prepared after numerous i
experiments, so that ultimately the nlanktonlc community
from each lake could be successfully grown 1in the artificial
cultures. A continuous-flow device was constructed to
permlt constant input and output of the nutrignts Into the
experimental vessels. The experlmenﬁal systeﬁs were
returned to the growth chamber and kept at 5° C under
fluofescent lights at 0.15 langley/min, llluminatlon'for
12 hours and .05 langley/min. illumination for 12 hours.
After the systems had set for several days, a Hach chemlcal
aﬁalysis of varlous nutrlents was run to ascertaln the nu-
trient level of each asslwnilated lake system. Upon verifi-

cation that concentration of nutrients found in the Antarctic
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lakes were the same as those of laboratory systems,
pre-cultured, ecruilibrated communltles composed of algae
- wlth thelr assoclated native bacteria, fungl, and protozoa
(Table V), from each Antarctic lake were added to the
reépective systems.

The blotic communitles were alldwed to egulllbrate

and primary productlvity 14c measurements were made in situ

to ascertaln the level of blologlcal productivity found in
each of the two systems., Controls and replicas of each
system were likewlse evaluated. These levels of productlvity
were then compared wlth those of the natural respectlve
Antarctic }akes to verlfy that levels of productlvity of-
natural and assimlilated systems of the two envlironments were
respectively slmilar. HNutrient concentrations were then
added, both singularly and compounded, to the laboratory
"Skua Lake" mlcrocosm to approach those in "Humble."
Sufficlent equllibration time was allowed for the algae
communlty to respond to the new concentration for each
nutrient additlon. Hach analyses 6f simulated medla water

14

and C measurements were determined every flve days for
the duration of the nutrlient studies. " Productivity #alues
'were compared to determine the degree of varlation between
the enriched "Skua" system with that of "Humble." Once
the limiting nﬁtritional factors of the oligotrophlc

*Skua Lake" had been determined, an attempt was made to
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TABLE V

Algal genera revorted in field for "Humble and Skua"
Lakes during January 10-26 study; genera used for
artificlal medla inoculum; genera present in arti-
ficlal lakes after 6 week enrichment period

~rvrwr—

——

Skua ‘Skua afger

Ant~ ino-

Skua

weeks

Humble Humble
Ant- lnocu-

arctica

lum

Humble
after

weeks

Genus arctica culum

Chlamydomonas + +
Chlorosarclina

Oscillatorla +
Chryscoccocus
Dactylococcopsls
Merisimopedium

Prasliola

Navicula

Monostroma

Troschlcla )
Chroococus ‘ + +
Avhanocapsa

Pallnelloopsls

Phormidium

Scotlella

Ellipsoldion

Trachychloron

Chlorella + +
Chrysopsls

+

++++trr bbb bbb+ +

+

o+

++

+

+

++
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lso}ate the nut;lent or nutrlents which influenced the
degree of eutrophlcatlon of "Humble Lake." The same. pro-
cedure was followéd in all sets of experiments mentloned
above. FPlgure 3 summarlzes the general procedure followed
in experlments on laboratory ecosystem studles of nutrient
factqrs. |

In addltion to the enrichment of "Skua Lake" water to
ascertaln the nutrlents limlting to blologlcal productlivity
(as compared with eutrophlc "Humble Leke" water), several
other short-term experlments were lnitlated to ehable a
better undersfandlng of the nroblem of eutrophlcation in
the Antarctic. An experlment was lnltlated by which the”
algal community of "Humble Lake" was grown in artiflicial

*Skua Lake" water and vice versa to ascertaln the effects

of the communlty‘structure.on the level of nutrient additlon
to each lake system. Also, a serles of expérlments vere
begun to determine the level of Fdtenrichment to both

"Skua and Humble", which would be needed to provide an
increase in productivity. Data for all experiments,
including inoculum slze, duratlon of experlment; repllcate
numbers, vroductlvity and chemical analysls, etec., can

be found under "Results."
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Live cultures from Antarctica grown in enrichment media.
5 ml inoculum used from lakes in Palmer area,

Transferred to 8-10 C, 500 ft. candle crowth chamber in
laboratory at VPI, in enrichment medla

500 ml flask 3000 ml beaker 5 gallon aguaria
simulated systenm glnulated system simulated system
for “"Humble" & for "Humble" & for "Humble" and

"Skuat {(no algae) "skua" (no algae) "Skua' (no algae)
Nutrient ad;i;ions to "Skua“&\;fumhl "

ontrc;}.\ﬂ
Single Compound Single Compou Single Comnouzd
| 3 day equilibration period

Hach analyses of water in growth chamber at 50 C at 12 hours
of .15 langley/min. and .05 langley/min.

Algee~-hacterial community inoculum from Antarctlc cultures
added. 14 day equilibration.
Flow System*
Continuous Noﬁconfm G‘m}’?; Noncon't Con't HNoncon't
Hach analyses and 1“6 productivity every 5 days on enrich-
ment (single and compound) plus controls for continuous &
non continuous gystems
Experiment cq?pleteé after
45-60 days 30-45 days’ ks days

FIG. 3. Plow sheet of procedure followed in laboratory
ecosystem experiments. <



RESULTS

Experiments on Nutrient Factors Limliting Productivity

The algal community of both "Humble and Skua Lakes"
was . transported to the laboratory at VPI from the Antarctic
in nmedila comprised of a simllar nutrlient composlition as that
of each natural lake wlth 5 ml inocula from the resvectlve
systems. Upon arrival at VPI, cultures were Xept under
| light and temperature regimes whlch approached those'of
thelr natural habltat. Mlcrosconlc identifications were
made perlodically throughout all experimental runs to deter-
mine if community structure of either community ("Humble"
or "Skua") changed to any avpreclable degree throughout
enrichment tests., It _1ls obvlious froﬁ Table V. that the
algal genera as well as bacterlal community of both lake
systems used for the inltial 1nocu1um_of all experlmental
enrichment studles Wefe the same as those reported from
laboratory culture examlnatlons of the natural "Skua and
Humble Lake" blota. Also note that after the 5-7 week
nutrient experiment, with the exceotlons of some dlsapvear-
ance of sub-domlnant specles 1n the "Hunble Lake" system,
all algal bacterial communlties remained the same as the

origlnal community found in the Antarctlc.

45
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The mere presence of chemlcal substances in the
environment, although recognized as a valuable gulde for
pure culture studles (Pinter, 1953}, does not necessarlly
prove thelr blologlcal avallabllity (Potash, 1956), Further-
more, becéuse of the complexity of growth factors in natural
waters (Hutchinson, 1944), bloassay may be expected to
reflect limltlng factors betfer than chemlcal analyses of
the enviromment. As described under "Materlals and Methods"
culture experiments wére run to ldentify fhe‘role of varlous
nutrient factors in vhytovlankton productlion in "Humble and
Skua Lakes." Althouzh cultures were malntalned for longer
verlods, the effect of speclflic nutrients on carbon fixatlon

14

rates was ﬁetectable (with C) within a few hours after

thelr addltlion to the medla. ]

Steemann-~Nielsen and Al XKholy (1956) have demonstrated
that the 140 technique ls appllicable ﬁnder conditions of
phosphorus and nltrogen deflclency,'alfhough the dilscrepancy

140 and O, determination of photosynthesls 1s

2
reduced by niltrogen and phosphorus addition (Ketchum, et.

between the

al., 1958), This is an lumportant conslderation since some
of the measurements‘in the Antarctic lake studles, as well
as in cultures, were made under suboptimal concentrations
of these two elements,

Also, much criticism (e.g., Emerson and Green, 1G34;

Emerson, 1935) has been leveled agalinst measurements of
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photosynthesis by aquatic plants in unshzken and sealed
vessels. Limltatlions of gaseous diffusion in unstirred
medlia arellikely to be minimal for dilute suspensions of
unicellular algae, but few fests of this polnt are recorded
1n‘the abundant ecologlcal literature (Talling, 1957; Doty
and Oguri, 1958). An experiment was therefore run to test
whether rates of photosynthesls differed between prevliously
unshaken suspensions in which cells were allowed to settle
and attach at least superflc;ally to vessel walls and sus-
pensions in which shaking by hand every hour during a 4-hour
period prloxr to 14¢ experiments malntalned cells in free
circulatio?. Contlnuous mixinax by currents in the flas%s
was also tested. The experimental results ln Table VI
show almost ldentical rates of carbon flxatlon 1in shaken
. and unshaken flasks, desplte conslderable settling and ad-
hering of cells to the vessel walls, especlally after the
latter perlod of the 12 hour experiment. HNevertheless,
during the folloﬁlng experlments, all vessels were shaken
twice a day and aerated to lnsure free clrculation.
Similated aquatlc ecosystems comparable to those of
*Skua and Humble Lakes" were constructed in the laboratory,
first from 500 ml flasks, then from 3000 ml wide-mouth
beakers and finally from 5 gallon aguarla, to ascertaln
the effect of varlous nutrient levels on bilologlcal pro-

ductivity. In addlitlion to these enrichment studles, several
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TABLE VI

Mean carbon fixation uptake rate (mg C/m3/hr) for shaken
and unshaken vessels and current mixing; 3000 ml beakers

Unshaken Hand Shaken Current mixing
Sam- hours hours ' hours
ple 0 L 8 12 0 4 8 12 0O 4 .8 12
"Hum- '
ble" 8 8.4 8.4 8.2 7.7 8.0 8.0 7.9 8 8.0 7.8 8.0

“Skua’2 2.0 1.9 2.1 2.0 2.1 2.3 1.9 2 1.7 2,0 2.0
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short term experlments were inltiated. An experinent was
begun by which the algal community of "Humble Lzke" was

grown in artificlal "Skua lake" water and vice versa to

determine the effects of community structure on the level of
nutrient addition to each lake syétem. Also, a serlies of
experiments were bezun to determlne the level of ferrous
iron’enrichment to both "Skua and Humble" which would be
needed to provide an Ilncrease in productivity. The results
of the above are renorted separately in the following

sectlion.

500 ml Flask-—Nutrient Level Exveriment

Three’ separate experiments, each with three repllcaé,
were run in 500 ml flasks on March 20-Apr11-30; April 15-
June 1, and June 1l-July 9. Inoculum size was adjusted to
glve representative values for both "Humble and Skué'Lakes",
which ranged between 1 ml to .2 ml for "Skua and Humble",
respectlvely. The number of algae cells found‘ln the
inoculum for all experlments were approxlmdtely 200—390
cells/ml with five genera in "Humble" and three in the
*Skua' inoculum. A two-week egulllibration perlod was used
for each system before lnoculation occurred and another

equilibration perlod of one week elapsed before nutrient

enrichuent was begun. Separate enrlchment of P04§-P,
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NH,T-N, NO3™-N, C1” and 810,  were added to synthetle
“Skua“ water to approach the nutrient concentration found
in "Humble." Nutrlents were added ' . both continuously
throushout two experimeﬁts and inltlally only in a thilrd
axperiment to facilitatc determination of the degrees of
nutrient depletion. Also, & conbined nutrient level
expariment with POgE+ NOB-; P{}L}g + Cl173 PO“ + 8102 H
PO~ + NH, T3 P% + NOg™ + m?a*;‘ rﬁi; + €173 and NHg® +
$10,~ was run.

In all experimental runs, after the equilibration
‘period and befere enrichment of' synthetlc "Skua® water, tha,

qbserved 14

CO, aptake rateg in synthetic "Humhle” water
were 5~10 times higher than that*of srnbhetic "Skun.Y Th&
addition of NHQ+-N to "Skua Leke' had the preatest efféct
of any single nutrient toward incraasiné the productlivity
of the algal comnunity in the artificlal system with
greater than 2 times the productlvity over control in all
“three runs. fcsides Nﬂg*wﬁ, the addition of POQEu? to
artificial "Skua"'water showed the next graatest stimula-
tion with nroductivlty being 1.2-1.5 that :of the control.
.'Enrlchment of C1L™, 5102 , and N03 -N, Pc resulted

in no inerease in carbon fixation In any of the experi-

ments, The only "positive" result obtalned from

the combined nutrient experiments was with the additlion
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of Pouf—P + NH4+ to "Skua" media, where levels of productiv-
lty approached those of "Humble" in all instances. In one
case, the "Skua" enriched water (NHLI_+ + Pouﬁ-P) resulted

in exactly Fhe same rate of carbon fixatlon as did the "Hum-
ble" community. Table VII shows the effects of enrlchment of
"Skua" water wlth the varlous single nutrient levels. Iote
ln‘Table VIII the effects of comblned nutrient levels on

the algsl community bf “Skua Lake." It ls obvlous from
Table IX that in 81l the continuous~flow vessels, nutrient
levels rem&alned relativély constant throughout the experl-
ments. However, small changes may have occurred durlng the
Intervals ?etween additions of nutflents to the contlnuous
fldw vesgels,

The nutrient depletion results show Pouf-P values for
"Skua" water never drop below the original value of 0.1 ppnm,
and enrichment values up to 5.1 ppm fell to 0.1 for "Skua"~
water within 30-45 days. The average rate of Pouf-P con-
sumption for "Skua" water is 0.15 ppm POQE—P/day. The Pouﬁ—P
values for "Humble" water never dropped below .4 ppm and
usually not lower than 1.0 ppm over a 60 day perlod. The
average consuﬁption rate for "Humble" water was .11 ppm

Pouf/day. Flgure 4 summarlzes the above PO, =~P depletlon

values. One céan see simllar changes 1ln NH4+5N levels, wlth
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TABLE VII-A

Mean carbon fixation uptake rate (mg C/m3/hr)
for enrichment with single nutrient level to
"Skua" water to aoproach "Humble" concentration
~-500 ml flask; trial #1 '

days -
Sample 0 5 10 15 20 25 30 35 Lo
Humble 5.2 64.0 81 90 116 120 ——— 106 110
Skua
Control .75 8.2 10 16. 20 19 —— 25 24
Skua + i ' L | _
NH,F-N 1.4 24,1 35 41 59 60 ~== 51 50
Skua : ‘ : | V
PO, =-P .81 10.6 17 17 27 24 - 30 27
Skua + ‘ '
NOB'-N .72 8.0 11 15 19 17 -—— 19 18
Skua + . :
8105~ L7k 7.8 9 17 23 19 —— 24 25
Skua +

c1™ .70 8.4 12 16 20 21 —-- 20 24
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TABLE VII-B

Mean carbon flxatlon uptake rate (mg C/m3/hr) for
enrichment with single nutrlient level to "Skua®
water to approach "Humble" concentration--500 ml
flask; trial #2

days
Sample 0 5 10 - 15 20 25 30 35 40
Humble 6.1 70,0 91 124 131 125 141 120 120
Skue . ) .
Control ° 90 7.6 12 26 26 29 31 24 28
Skua + ) .
NHu+-N 1.7 ~28.0 39 50 34 60 50 47 m1
Skua + . _
PO,*-P 1.1 9.0 13 37 35 39 31 28 28
Skua + } _
NO5™-N 81 72,0 11 29 24 27 27 20 24
Skua + i
S10,7 94 8.0 12 25 26 27 26 20 29
Skua +

c1~ _ .83 8.0 11 26 28 25 30 25 31
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TABLE VII-C

enrichment with single nutrient level to "Skua"

vater to approach "Humble" concentration--3500 ml

flask; trial #3

A om it e Bl N <\ttt o Al Pl i i B P4

I

-

. days
Samole 0 5 10 15 20 25 30
Humble 4.1 51,0 84 93 100 104 96"
‘Skua Control 0.40 5.1 g 8 12 12 10
Skua + NH&*mN 1.0 19.0 25 2 36 W1 29
Skua + POS-P 0.7 7.0 12 15 10 20 18
Skua + EOB"—K 0.43 5.0 8 10 13 12 11
Skua + 81057 0.37 6.0 g 9 13 11 12
Skua + C1- 0.5 5.0 10 10 10 11 10
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TABLE VIII-A

Mean carbon fixatlion uptake rate (mg C/mB/hr) for
comblined enrichment of "“Skua" water to aporoach
"Humble" concentratlon--500 ml flask; trial #1

days

Sample 0 .5 10 15 20 25 30
Humble 10.0 96 134 150 161 141 151.'
Skua Control 2.5 ‘19 21 20 27 27 2
Skua + PouE-P+N03‘-N 3.0 21 30 32 24 34 31
Skua + Poug-P+31oz=, 2.7 20 34 30 24 27 30
Skua + PO} =-P+Cl~ 3.1 24 30 31 30 30 35
Skua + PO, =-P+ NH3+-N 5.1 71 108 121 100 120 117
Skua + NHg'-N + C1 4.6 51 80 80 84 71 80
Skua + PO, -P + NO, =N

+ NH,*-N 3 7 5,0 61 120 130 100 110. 113
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TABLE VIII-B

lifean carbon filxatlion uptake rate (mg C/m3/hr) for
combined enrichment of "Skua" water to approach
"Humble" concentration--500 ml flask; trial #2

days

Samvle 0 5 10 15 20 25 30
Humble | 9.0 70 150 160 140 120 150
Skua Control , 2.1 20 30 34 29 30 26
Skua +P04;-P+N03'-N 2.8 29 30 40 35 36 36
Skua +P0),S-P+510," 2.8 24 31 38 38 40 37
Skua +P0Qy=-P+Cl- 2.7 24 3 37 39 27 35
Skua +PO),=-P+NH),*-N 3.1 55 91 130 140 105 100
Skua +NH),"-N+C1™ 5.0 4 80 75 91 100 82
Skua +POy=~P+ NO4™-N : |

+NH,T-N 6.4 70 81 115 135 100 120
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TABLE VIII-C

Mean carbon fixation uptake rate (mg C/m3/hr) for
combined enrichment of "Skua" water to approach
"Humble® concentration--500 ml flask; trlal #3

Sample _ 0 5 10 15 20 25 30
Humble : 11.0 90 145 161 120 140 160
Skua Control 3.0 20 30 34 27 31 35
Skua + PO,F-P + NOS~-N 3.6 24 34 35 30 37 35'
Skua + PO, F-P + 510, 3.4 26 36 39 30 36 -36
Skua + P0O,=-P + C1~ 3.0 29 35 37 34 30 36
Skua + PO, -P+NH,'-N 5.4 80 110 150 118 120 120
Skua + NH,Y-N + C1- 44 50 70 90 110 100 108
Skua + POu=-P + NO47-N

+ NH,¥-N 4.5 60 82 100 100 104 98
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TABLE IX-A

"Humble®

tgkuat and

media in continuous flow 500 ml flasks; trial #1

Fean nutrient concentration levels of

days

30

25

20

15

10

Samnle

W

N W N
CQONCOCOOM
e e 8 e s e @
OCCrHANOW
5h N

i

g -

P

joll s PR~ A

o1 1 1 N

Om+4 1 O +
T M+

WEe JecHo RN ) e

MPNNSCFP

0

Skua + PO

=-P

1.7

1.8

1.7

1.7

1.?

1.6

1.7

t_N

L

PO, F~P

1.7

1.7

1.6 1.7 1.7 1.8

H
b g
toN

Skua + N
P04=-P

~N 2.5 2.4 2.4 2.4 2.6 2.5 2.4

+

Skua + N
NH),

38.0 40,0 42,0 45,0 L5.0 38.0

40,0

Skua + Cl1~
CclL-

1.5 1.5 1.5 1.5 1.5 1.5

2 1.5

Skua + Si0
S10,
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TABLE IX-B

"Humble"

Uskua and

medla in continuous flow 500 ml flasks; trial #2

Mean nutrient concentratlion levels of

30

25

15 20

days

10

Sample

¥
N

-D
-1
":N

L=

L
2
Fe++

NO

St

PO

NH
3
l-

pd

(8
w

*Skua" Control

"Humble"

(5h)

.0190003

0001806

M
0100003

0011906

-
0000003

. L L] L . *

001100/0

00?_0002

00110/0/0

[saYAY
0«11;0nU0h4
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MO N
OCOOOCOOM
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0100003

® & & e s o

0011806

-y
Ay =
I 1 =4
m+ 1 o +
X0+
oOnmOoO~+ 0o
A2 N0 &

UE-

1.6 1.8 1.9 1.6 1,7 1.7

1.7

)

"Skua' + PO
=.p

PO@

2.4 2.4 2.4 2.6 2.5

2.5 2.4

"skua® + NHj™

NH;, *-N
“Skua" + C1-

45,0 38.0 40.0

35.0

L4o.0

Ccl1l™

40,0 41,0

1.6 1.5 1.5 1.5 1.5 1.5

2

"Skua" + S10
810,
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ppm
POuE-P
*Humble"
" Skua"
0 wee«Ks o 5]
2 .4
ppm
NHu+—N
"Skua"
"Humble®
0 weeks ‘ 8

FIG. 4. Mean PO, --P and NH,*-N consumption for "Skua"
and "Humble" media; 500 ml flask and 3000 ml
beaker _
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the exceptlon that levels of thls nutrlent remain hlcher

ln "Skua" water after enrichment than in natural "Humble"
water over the same period (Fig. 5). Average NH4+-N
consumptlon for the "Humble" system was .05 ppm NH4+/day,
while "Skua" consumed less than .04 ponm NH4+/day in "Humble"
and .012 pom NOB"/day in "Skua." Likewlse, Fe'' values for
consumptlon were almost nll with rates of .00012 ppm

)

Fe++/day in "Humble" water and .0002 ppm Fe day revorted

in "Skua" (Flg. 5). 8102: and Cl~ were not consunmed at all
in any of the depletlon experlments. Table X shows carbon
fixation rates for the nutrient depletion experiment for

"Humble and Skﬁa“ waters. Productlvity bottles used in all

carbon upt&ke experlments were of the same size (70 ml)

to facllitate in sltu measureuents.

3000 ml Beaker--Nutrient Level Exveriment

Three separate exveriments, wlith three replicas, were
run in 3000 ml wide-mouth beakers on March 1-April 22,
April 1-June 1, and June 1-July 9. The inoculum size
was 2 mi for "Skua" and .4 ml for "Humble." The same
equlllibration periods were used as those for the 500 ml
flask experiments, No obvious differences appeared in eithér
the slngle nutrlent depletlinn experiment between the two

dlfferent slze experimental vessels. Carbon fixation
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.02
M‘\\" Humb 1e 1
t!Skua [1)
ppm
pett
0 weeks 6
1;?5
ppm
NGB -N
0 weekas | 6

FIG. 5. Mean consumption of Fe*' and NO,“-N for “Humble®
and “Skua" media--500 ml flask dnd 5000 ml beakers
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TABLE X-A

Mlean cerbon fixatlon uptake rate (mg C/m3/hr) for
nutrient depletion of "Skua" and "Humble" waters--
500 ml flask; trial #1

days
Samole 0 5 10 15 20 25 30 35
"Hunble" 6.1 40.0 51,0 81,0 86.0 80.0 74.0 60.0
||Skuall .
Control 1.4 15.0 32.0 45.0 47.0 39.0 37.0 30.0
Skua" + :
Ng,t-N 3.8 26,0 45.0 60.0 54.0 69.0 60.0 49.0°
tlskuall + i
PO”E-P 2.“’ 12.0 37-0 51.0 hé.o )",’500 ’41.0 3900
"Skua" + .
S10,7 1.6 10.0 30.0 40.0 45.0 40.0 27.0 30.0
"Skua' + '
c1” 1.4 15.0 29.0 AH2.0 49.0 40.0 36.0 37.0
“Skuall + ' .
NO45~-N 1.5 18.0 31.0 A48.0 40.0 47.0 41.0

32.0
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TABLE X-B

Mean carbon flxation uptake rate (mg C/m3/hr) for
nutrient depletion of "Skua"and "Humble" water--
500 ml flask; trial #2

: days :
Samvle 0 5 10 15 20 25 30

"Humble" 1.8 7.0 28,0 91.0 84,0 59.0

“skua'

Control‘ 0.9 2.1 7.0 40,0 27.0 29.0
“skua® + o '
NHg*-N 1.2 4.0 17.0 60,0 51.0 45.0

“Skua" +
PO,¥-P  0.9% 2.0 12.0 47.0 3r.0 27.0

"Skua" + . B

51027 0.8 2.6 8.0 30.0 29.0 27.0
"gkua' + ‘

c1- 0.85 1.8 9.0 36.0 31.0 29.0
MSkua" +

Noj'-N 0.0 2.1 8.0 41,0 29.0 20.0




65

rates were usually 2-4 times higher in the 3000 ml beakers
thzn the 500 ml flask; however, the lnoculum slze was at
least this amount greater in the larger vessels to compen-
sate for the larger volume. Productlvity levels bhefore
enrichment were 3-7 times higher in "Humble" medla than in
"skua." As In the 500 ml flask experlmenﬁs, NH4+—N showed
the greatest stimulatory effect with increases as hlgh as
elght tlmes over the control vessei {no enrichment).
POME-P showed some stinmulation with values as high as two
times over control. It 1s interesting to note that the
response to énrlchment seered somewhat aulcker in the
larger 3000 ml beakers than in the 500 ml flesks. Agaln,

'810,%, NO,”-N, C17, and even increase in pH had no effect

on produczlvitj in the "Skua® enrlchments. Table XI
sumarlizes the éffects of single nutrient additions to
fiskua" media. Note in Table XII that the effects of com-
bined nutrient additions (the same used in the 500 ml flask
experiment) were almost identical to the vaiues reported
from tﬁose of the smaller vessels, adJusted for inoculum
slze. Agaln, 1t 1s obvlous that the POQE-P + NH4+-N enrich-
ment produced productivity values in close accord with

those of the "Humble Lake" standard. The chemlcal nutrient

levels in the contlinuous-flow vessels were ldentlcal to

those of the 500 ml flask run (Table IX), and likewlse,
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TABLE XI-A

Mean carbon fixation uptake rate (mg C/m3/hr) for
enrichment with single nutrient level to "Skua"

water to avproach "Humble" concentration--3000 ml
beakers; trial #1 :

Sample 0 5 10 15 20 25 30 35 40 45
"Humble" 6.0 74 200 304 400 400 1390 405 400 400
"Skua" '
Control 1,0 10 26 30 34 39 29 34 29 39
"Skua' + | -

NH4+-N 3.0 L1 120 200 180 190 200 200 220 175
Ugkua" + '

PO, =-P 1.6 14 40 60 55 60 60 71 54 60
"Skua +

NO,~-N 1.0 9 24 34 30 3% 29 30 38 30
"Skua" + '

15102= 0.9 8 27 30 30 31 27 24 30 27
"Skua" +

high pH 1.0 10 25 40 31 30 27 28 40 33
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TABLE XI~B

Mean carbon fixatlion uptake rate (mg C/m3/hr) for
enrichment with single nutrient level to "Skua®
water to approach "Humble" concentration--3000 ml
beakers; trial #2

I

days
Sample 0 5 10 15 20 25 30 34 40 45

"Humble® 10 102 260 308 450 400 421

“Skua 1]

Control 2 12 36 Ls 42 4o 37
"Skua' + | |

NH,*-N "3 50 160 190 200 200 175
"Skua + ‘

POL=-P 2 20 60 70 65 70 80
"Skua" +

N03‘-N 1.6 15 30 41 50 40 35 -
"Skua® + ,

8102= 2 13 30 40 37 260 1
"Skua" + . ’ ‘

c1™ 1 20 40 50 37 31 40
1] Skua i +

high pH 2 19 45 30 34 36 41
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TABLE XI-C

Mean carbon fixatlon uptake rate (mg ¢/m3/hr) for
enrichment with single nutrient level to "Skua"
water to approach "Humble" concentration--3000 ml
beaker; trial #3

days
Sample 0 5 10 15 20 25 30 35

4o

&5

"Humble® 12 100 190 340 400 410 360

"Skua"

Control L 20 30 41 50 45 50
llskua " + 3 .

NHu+-N 6 41 100 141 170 150 150
"Skua' +

PO,=-P 3 10 50 81 70 75 69
"Skuat + . : ,
NO4~-N 4 - 20 40 50 40 41 39
"Skué n +

510,~ 3 12 50 40 40 45 41
" Skua 04

c1- 3.1 15 40 50 35 .u1 39
"Skua® +

high pH 3 17 35 40 31 45 41
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TABLE XII-A

lean carbon fixation upteke rate (mg C/m3/hr) for
combined enrichment of "Skua" water to approach
"Humble" concentration--3000 ml beaker; trial #1

days

Sample 0 5 10 15 20 25 30 35
"Humble" 7 80 160 270 410 420 400 405
"Skua"
Control 1 8 32 59 71 63 70 65
"Skua" + 3 20 49 81 90 76 84 80
PO,=-P + NQy=-N
“skua' + . ‘
"s}{ua" + '
POy =-P+C1~ 2 15 41 62 90 90 84 80
“Skua'" + v
Pouf-P+NH4+-N 5 51 110 210 319 376 294 358
"Skua" +
WH), T-N+C1~ I 41 81 97 114 174 161 172
"Skua" + .
NH,T-N + 51057 4 60 72 100 119 181 174 168
"Skua*+PQ0, =~P

200

NOB‘-N+NH4+-N 5 49 137 200 227 184 261
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TABLE XII-B

Mean carbon fixatlon uptake rate (mg C/m3/hr) for
comblned enrichment of "Skua" water to approach
"Humble" concentration--~3000 ml beaker; trlal #2

days
Sample 0 g 10 15 20 25 30
"Humble" 10 90 190 294 460 417 450
YSkua" Control 3 i5 48 84 90 86 97
_ "Skua" + Pouf—P + NOB“—N 5 30 6§ 100 114 95 112
"Skua" + P0,T-P + S105° 5 27 70 91 94 86 90
"Skua" + P04§-P +.c1‘ b 23 87 100 100 94 108
"Skua® + PO, =-P + NE,*-N 8. 70 187 276 410 319 384
"skua + NH)-N + C1~ 6 50 164 215 370 294 318
“Skua® + NH,'-N + 510, 6 41 117 200 304 306 300
§S§E?§ ¥ §§gliﬁ i 7 58 129 197 291 300 300
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nutrient depletion valuesfor NH4+~N, POAK—P, NOB'nN and
Fett were simllar to those of.the.smaller vessel slize
(Fig. &4, 5}« In the 3000 ml beaker exveriment, the pro-
duc£lvity in control "Skua" was at least 10 tiaes lower
than that for "Humble." Replicas showed less than 15%
variation between 500 ml flask and 3000 nl beakers for

both nutrient level determinations and rates of carbon

fixation.

5 Gallon Aquaria--Nutrlent Level Experiment

One exveriment, with replicas, was run September 20-
November lsln 5 gallon continuous-flow aquaria. Only
NH4+~N, PO, *-P separately and combined were used to
enrich the "Skua" water. Similar equllibratlon times and
inoculum ratios were employed; 10 ml inoculum for "Skua®
and 1 nl for "Humble." No tests were made on depletion
rates, as they remained the same dufiné the past experl;
ments in various size vessels.

As 1n the previous experiments (500 ml and 3000 ml

vessels) productivity as observed 14

002 uptake was several
times higher in the "Humble Island Lake" synthetlc water
than that of the "Skué Lake" media control samples. Note
in Table XIII that the greatest increase 1ln productlivity

occurred with enrichments of NH4+-N both separately
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TABLE XIII

Mean carbon fixation uptake rate (mg C/m3/hr) for
enrichment with single and combined nutrient levels
to "Skua" water to approach "Humble" concentration
--5 gallon aquaria :

days
Sample 0 5 10 15 20 25 30 35 40
"Humble" 7.8 9.2 18.0 24.0 29 37 41 56 60
"Skua®
Control 0.9 1.6 2.7 4.1 6 9 11 12 14
"Skua® +
NH,*-N 3.6 6.0 8.1 14,6 19 26 33 36 51
"Skua® +
PO,S-P 1.1 2.0 3.6 5.0 9 11 10 17 19
"Skuat +
NHut-N +
POy=-P 5.0 6.0 11.0 20.0 27 34 34 46 57




73

H

and conbined with Pohme. Additions of §H4+~& separately
increased 1%¢ uptake rates 3-4 times over control Y"Skua"
vater, Poapr additions to the synthetic "Skua Lake media
increased productivity 1.3 times that of the control *“Skua"
system. Enrlchment of both NH,*-F ana PO,=-P to the
artificial "Skua" water in the 5 gallon acuaria came within
15% of egualing the rate of carbon fixatisn in the control
fiunble Lake™ system, Uptake rates as mg C/m3/hr were
somewhat lower 1n the larger volume 5 gallon aquaria
vessels than those renorted for béth the 500 ml flasks and
the 300 ml beakers (Table XIII}. However, iflthe s day
experiment had been allowxed to run for a longer perlod

of time, the i&c fizgatlon rate values would no doubt be
egual or hilgher thaﬁ those revorted in the sﬁaller con-
tainer exverlments., It is obvious ffam Table XIII that .
fixation rates did not resch a nea& éﬁd level off as seen
In the previous experiments. Therefore, Lt seenms aﬁparent
that the flgae-bacteria communlty in thls experiment had not
yet resched ecullibrium wlth contalined slze and volume

as noted In the 500 ml and 3000 ml experluments. Also, 1t
can be noted from Table XITI that lnereases in 1QC uptake

weres not as rapld in the larger 5 gallon vessels than those

for elther the 500 ml or 3000 ml contalners.
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TABLE X1V

ilean carbon fixstlon uptske rate (mg ¢/m3/hr)
for "Humble" algal.community in “Skua" water
and "Skua" algal community in "Humble' water
--3000 ml beaker

days
Samnple 0 5 10 15 20 25 30
"Humble"
Control 10.0 119 308 L82 319 341 318"
"Skua®
Control. . 2.4 37 84 139 100 92 102
"Humble®™
algae in :
"gkua'" water 1.9 29 71 128 108 85 100
"skua' algae

in "Humble"®
water 6.0 71 267 -390 300 264 290




75

Community Structure Exveriments

"skua" alegae with the same incculum slrze as in the
previous 3000 ml benker experiment were grown ln synthetle
"Humble® water in 3000 ml beskers. In contrast, "Humble"
algae of similar inoculum slze as previous experliments
were grown in artificilal "“Skua™ medla. Silmlilar ecuilil-
bration peribds were used. All vessels were under con-
tinuous flow reglme to ensure constant nutrlent levels
approaching those of the natural Antarctlc systems.
Innediately after the equllibration vertod, the "skua"
algae-"Humbhle" water comaunity lncreased to 3 tlmes the
productivl%y of the "Humble" algae-"Skua" water coammunity
and after the 5 week experimental run, the carbon flxation
rate of the "Skua' glgee-"Humble" water communlity was almost
the sane as tﬁe "Hunble" algae-control water system.
%epllcate samplﬁs showed almost no varlation with differ-

ences of less than 4% between samples, Table XIV.

Fe++ Enrichment of "Humble and - Skua" Nedlza -

Fet’ enrichments to 0.1 and 1.0 ppm were added to both
"Skua and Humble" water for a 30 day test. The contalners’
used were 500 ml flasks and 3000 ml beakers. Inoculum
slze and equllibration perlods were consistent with pre-

vious experiments. Controls and repllcas were used.
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TABLE XV-A

Mean carbon flxation uptake rate (mg C/m3/hr) for
"Humble® and “Skua™ systems with Fett enrichments
of 0.1 and 1.0 ppm~~3000 ml beakers; 0.1 ppm Fe¥™

days
Sample 0 5 10 15 20 25 30
"Humble* ‘ x
Control 3 8.0 g0 200 319 340 297 300
"Humble® + | :
Fe*tt 7.0 100 196 341 390 300 281
"5kuat
Control - 1.0 14 41 78 100 92 90
“Skua" + ‘
Pett 1.2 10 39 91 112 84 91
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TABLE XV-B

Mean carbon fixatlon uptake rate (mg C/m3/hr) for
"Humble" and "Skua" systems with Fet+ enrichments
of 0.1 and 1.0 ppm--3000 ml beakers; 1.0 ppa Fett

Samvle 0O 5 10 15 20 25 30
"Humble" Control 12.0 114 208 370 410 400 398
"Humble" + Fe'™ 13,0 150 190 318 400 390 410
"Skua" Con%rol 1.6 14 L1 78 100 92 90
“Skua" + Fett 1.2 10 39 91 112 84 91
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The enrichment of both systems to 0.1 ppm after 30 days
showed no stimulation in elther "Hﬁmble or Skua", and with
the 1.0 ppm enrichment, there was no increase in the
"Hunble" system and a decrease over control in the "Skua"

nedia, (Table XV).

DISCUSSION

Exﬁerlments whlch comblne both laboratory and field
exXposures have relevarice for the varlous recent attempts
to use laboratory data for extending phytosynthetic pro-
ductlivity in nature (Ryther, 1956§ Ryther and Yentsch,
195?; Hodhe, Vollenwelder and Nauwerck, 1958; Cushing,
1958). A princlpal difficulty here 1s the comparison of
light intensitles measured in the two situatlons, particu-
larly in view of the progressive spedtral modification of
underwater light with depth, which cannot be reproduced by
a single color fllter as used by Cushing (1953, 1958),. A
full comparison would requlre evaluation of the effects
of differing qualities_of vector and spectral distribution
of radlation in laboratory and in the lake, the latter
considered in relation to the actlion-spectrum of photo-
synthesis. The present assessment of effective light
intensitles, by the total energy flux of photosyﬁthetlcally

active radlation (Talling, 1960) is only an approximation
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but has value for Intervreting fleld experiments under
different conditlons.

Based on present knowledge, fleld experliments involving
exposures 1ln sltu still provide the most direct estl-
mation of photosynthetlec productivity by natural popu-
lations of phytoplankton (Télllng, 1960). With sultable
deslgn, they cen also allow the observed behavior to be
interpreted in terms of limited number of varinables, from
which photosynthetlc behavior in other fleld siltuatlons
can be estimated (Mannihg and Juday, 1941; Edmondson, 19563
Talling, 1957). The applicatlon of laboratory measurements
involves g}ill wider extranolatlion, but has been used 1in
recent work withrluc, in view of the saving of time and
greater ease of measurenment. Névertheless,'the slgnificance
of the measurements are often uncertaln, partly on purely
physloloéical grounds such as the unknown effects of
temperature and the lncomplete attainment of light, satur-
atlon, and partly from uncertalinties from the wide-spread
appllcatléns of formulae (e.g., those of Steeman-Nlelsen,
1952; Ryther, 1956; Ryther and Yentsch, 1957) without
sufficlient testing of the valldlty of the baslc assumptlions
for local condltions. Other attemnts to simplify fleld
conditlons of exposure, using photosynthetic rates

measured only near the water surface are still far from
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satisfactory, in view of the unknown significance of
photo-inhibition in such exposures. A neea exlsts for the
greater development of analytical studles of photosynthetlc
productivity by phytoolankton, broadly based upon both
laboratory and field experiments and lnvolving short
exposures under condltlions better defined than in most
previous fleld experlments.

An ettempt was made-here to point out several of the
drawbacks for use of laboratory modelsrin extending fleld
observations of phytoplankton productivity and indeed
bloassay using photosynthetic productlvity to.determine
effects of nutrient levels in laboratory systems. An effort
wes made dﬁring this experiment to alleviate as many of
these shoftcomingé aé possible, It 1s my belilef ﬁhat many
. more 1nténslve investigations should be undertaken to bring
laboratory mlcroecosystem studles and fleld studles into
harmony. It was the purpose of thls paper to further thls
goal. _

The inhibltory effects of sunlight above 0;1 1angley/
min. upon photosynthesis in natural water (Talling, 1961)
and algal cultures (Sorokin and Krauss, 1958) are well
known. This inhibition 1s expressed as a depresslon of
carbon uptake at the surface, with a subsurface maxlmum
where the light intensity has decreased to an optlmai

value.
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The effect of increased temperature on-photosynthetlc
uptake of carbon by unshlelded plankton 1ln inhiblting
lignt is very oronounced wilth a nhotosynthetlc @, (4-1uc)
between 5 and 9 (Goldman, 1963). The high Q4 values
indicate the extremely sensitive response of the plankton
to heat, as well as tolerance of temperature greatly 1ln
excess of environmental ranges. In this way, they do not
appear to be "cold adapted" forms Wlth.a vhotosynthetlc
temperature optlmum near that of the environment.

With reference to Goldman, et. al., (1963) our
productlvlty studies were carrled out in subsurface waters
wilth llghtilntensity values, in general, below the 1éve1
Influencing photooxidation and 1nh1b1tion.of photosynthetlc
~ plements. - Also, an intensive collection of data on light
lﬂtensltieé for both lakes during several diurnel studles
was undertéken to aid in duplicating the natural 1llumi-
nation conditlons of "Skua and Humbie Lakes" as nearly as
possible in the laboratory systems. The growth chamber
used for all nutrient experiments, we feel, approaches
more closely the intenslty and spéctrél propertlies of the
natural i1llumlnation characterlzlng thé Antarctlc environ-
ment.

From laboratory mlcroecosystem studles on nutrient

levels, NH,*-N appears to be a nutrient in critical supply,

:
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because addltlons of NH4+-N to "Skué" water producé by far
the greatest 1lncreases In carbon fixation pﬁtake rates on
the algal comumunity. It would seem that POHE—P, with an
inorganic H:P ratlo of 55:1 in "“Skua Lake", as compared to
b4:1 in "Bumble Lake", would be the loglcal candidate for the
single most immortant limiting nutrlient reserve between the
two systems. Nevertheless, additions of NH4+-N to "Skua"
water 1ln quantitles necessary to approach the levels found
in "Humble Lake" showed increases iln excess of 3 times the
primary productlvity of control "Skua® waters {no enrich-
ments). ~In comparison, the highest increase in flxatlion

of POqE-P knrichment to "Skua" was less than 1.5 times over
the control semple. Llkewise, wlth additlons of NH4+-N and
P045-P combined in experimental vessels, productlivlty rates
comparable and in a few céses exactly the same as those
found in the naturally eutrophic "Humble Lake" were
observed. Additions of Fe++, C1™, 8102=, NO3™-N and
increase in pH had no stimulating effect whatsoever on the
artiflcial "Skua" water-algal community complex., Also,
combined nutrient studies with these nutrients and PO,=-P
and NH4+-N had no effect on increased primary pfoductlvity ’
above that observed for single nutrient additions of elther

PO, Z-P or NH,*-N,

u
It appears that .the algal community of "Humble Lake" in

the midst of plentiful sunplles of both NH4+~N and POuE—P
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from the nearby faunal and floral assoclétibns thrives
with a possible luxury consumption of these essentlal
nutrients; and when these supplies are used 'up; l.e.,
under nutrient depletion studles, there 1é 1ittle or no
reserve of elther nutrient and productivity soon falls
well below that found under natural Antarctlc condltlons.
The bacterial algal community of "Skua Lake", én the other
hand, 1llving in an lmpoverlshed area of lower NH4+—N and
almost nil values of POuE—P, in comparlson with "Humble"
values, has bullt up a reserve system for use of these
nutrient levels and under condltlons of‘nutrlent denletlon,
maintaln rates of carbon flxatlion comparablé to those of |
natural conditions for several weeks. Also, under luxury
consumption a rapid rate of increase ls evident with
enrichments of these two nutrients, as well as a reserve
mechanlsm by which POuE—P and NH4+-N are maintalned in
quantitles above natural levels for considerable perlods

of time with levels never falling below those reported

in situ in the Antarctic. An operatlonal system of this
type for the blotlc communlty of "Skua Lake, recelving only
small quantities of nltrozen and.phosbhate from the fauna
and flora would seem necessary froﬁ an evolutlonary
standpoint for the survival of the ecosystem.,

From observations of pools near Palmer Station, which

are enrlched with nutrlents from the blota, 1t would appear
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that "Humble Island Lake" 1s on the upver asymtote side of
Llndeman;s (1942) oligotrophic—eutropﬁlc curve and with
additlonal enrichments will decrease in specles diversity

and increase 1n population numbers of one or two dominate
algal genera; l.e., Elephant Seal Pool (Part II1I). "Skua
Lake“, on the other hand, viould appear to be on the ascending
slde of the curve and with nutrient additlons over tlime

would increase in specles dlversity'and subsequently in

total population.

Upon looking at the mineral composltion Qf the
intruslive rocks'underlying the basins of both "Humble and
Skua Lakesh; 1t becones obvious that a possible explanétlon
for the greater increase in productivityain "Humble Lake"
with enrichments of NHu+-N for "Skua Lake“_cén be visualized
(see Part I, Table II). Small cuantitles of P04=—conta1ning
apltite, etec., are found under both lake baslns and through
the intensive mechanlcal weathering processes occurring ln
the Antarctlc and with the cold, sllghtly acld waters slowly
dlssolving portions of P04§-? out into the water, an -ecual
supply of thié nutrient could be avallable to both lakes
for a considerable perlod of tlme before the invaélon of
the fauna and flora to the area. Thus, a blologleal commuﬁ-
ity could have established 1tself wlth simllar compositlon,

utilizing the small, but possibly adequate amounts of Pouf—P
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and small amounts of nltrogen (from.sea spray, etc.) in
both "Huumble and Skua Lzkes," Eventuzally, vengulns and
other blrds could have lnvaded the smaller,.more onen and
easlly accessible Humble Island, deposited thelr guano,
providing nutrlent additions for the formulation of bryo-
phyte andllichen development; thus enrichlng the waters
of "Humble Lake" and causlng a conslderable lncrease ln
botn diversity of organisms and population slze. "Skua’
Lake", however, much less accessible to the sea, with 1ts
large glacler and almost constant lce cover; Was never
colonized by fllghtless pengulns, ete., and thus lacked
the hlgher level of NHu+-N from guano deposits, with subse-
quent laok:of bryovhyte and. abundant lichen development.
These laboratory bloaésay studies used to deternmlne
levels of nutrients limltlng to the primary productivity
~ of the Antarctic Penlnsula frgsh watérs have provided a
case whlch points out that although many limnologists
belleve that PoquP is the ultimate limiting factor for
fresh-water phytoplankton productlivity, nuch more attentlon
should be pald to other nutritional constituents, expeclally
the much ovérlooked NHu+—N component. It is obvlious from
this study that although addltlon of POuE-P to "Skua"
water indeed lncreased the productivity, that NH4+—N enrich-
ments play a much greater role in the lncreased rates of_

carbon uptake. Thus, one may conclude that extreme caution
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must be taken before concluding that a certaln nutrient
ls the one that ultimztely causes lncreased productivity
for any aquatic microecosystem, whether in the laboratory
or In the fleld.

The data suggest that the levels of Fe*t, s10,%, C1-,
and NOB"-N are elther sufficlently high.}n "Skua Lake" so
that addltlons do not cause an incresase in productivity or
that these are not essential nutrients to the system; and
that 002; which was Kept the same under laboratory conditions
plays only a minor role, If any, in the increased productiv-
1ty of "Humble Island Lake." Thls would seem likely, as at
the lower pH and colder temperature, CO, would not be
resdlly kept in solution.

Upon comparison of "dark bottle" resplrstion of the
bacterlal flors both in the fleld at Palmer Station and in
experliriental microecosystems in the laboratory, there was
very little difference in lb4g uptake rates between natural
Algae~bacterlia communities and enrichment simulated
communities in thelr respiration rates.

The slze of contalner used for nutrient evaluation
studles seeme to have no direct effect on the productivity
rate of the algal community of elther lake. Although
greater values (mg C/mB/hr) were found in the larger

experimentel vessels, there was little difference in carbon
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uptake rate per unlt volume 1ln any of the three contalners.
There seemed to be a point at which the bacterlal-algal
community reached a level at which no more lncrease 1ln
carbon flxatlon rate occurred and was then followed by a
gradual leveling off., This, no doubt, was the polnt at
which population slze was 1in proportioh with unit volume
and no fﬁrther increase could occur wlthout overcrowding;
resulting in desth, etc. However; it 1s this author's
bellef that for laboratory microecosystem studies of the
tyve described here, contalners snould be uséd, ir
possible, which faclllitate the use of formulae designed
for determination of mass/unlt area measurements; l.e.,
gms/m3, et?. Thus, large contalners, l.e., cublc meter,
nade of some lnert'substance, as téflon for examvple,
should be used to better enable comparlsons of fleld and
laboratory studles that make use of bloassay for nutrient

studles and related parameters.



PART III

FRESH-WATER ALGAE OF THE ANTARCTIC PENINSULA.

PRELIMINARY OBSERVATIONS IN THE

PALMER STATION AREA, ANVERS TSLAND

INTRODUCTION

Since the early works of Hlldemann (1900), Fritsch
(1903), Hariot (1908), Gain (1909), West and West (1911},
and the more recent works of Bryant (1945), Holdzate (1964},
and Cameron {1966), few systenatlc, distributional and
ecologica} studies of algée from the Antarctic Penlnsulsa
have been reported. This report constitutes the first in a’
series to survey the fresh-water algzae of the Antarctic
Penfnsula along wlth-select ohysical, geologlcal, chemical,
and blological features aséoclated with thelr habltats.
These studles alm at the long—rangé goals of understanding
disversal mechanisms, environmental adaptétlon and evalu-
ation, roles in the food chain, etc., of algae In Antarctlca.

Approxlmateiy 50 fresh-water habltats were vislted
during the 1970 austral summer (January 10-26). Of these,
15 sites contalned well deveibped algal commﬁnlties or algal
geners considered to be vprobably taxonomlc and ecologlcally

of lnterest to the area. These habltats are located 1in

aporoximate positions on the man (Flz. 6). Seven habltats
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vwere selected for more detalled study, includling physlcal,
geologlcal, and chenical features, on.the tasis of their
slze, apparent permanency and/or unﬁsual biological content.
Names for the fresh-water habltats are unofficlal, and
used here to facilitate discussion. Algal ildentifications

were made Jolntly with Drs. G. W. Prescott and B. C. Parker.

MATERIALS AND METHODS

Physidal, geologlcal, chemical, and biblogical features
examined in the seven more thoroughly studied habltats
included the foilowlng: |

1} Morphometric measurements; -

2) ‘Identification of parent rock type composing
the lake baslngj; T

3) Analyses of select inorganic lons, dissolved
0o, vH, etc., with Hach chemlcal "Direct
Reading" Portable Englneers laboratory,
revlicate samples having less than 10%
varliatlion;

4} Radiation with a Yellow Springs Instrument Co.
model 68 pyrelometer, having 5% preclsion and
+ 0.1 langley-min'l accuracy, for both incl-
dent and subsurface (20 cm) measurements;

5) Alr and water temperatures with a ¥SI ther-
mister (Model 41) and probe, having % 0.1C
accuracy: :

6) Chlorophyll via extraction of 0,224 GS mllli-
pore membranes, through whlch water had been
filtered, in acetone, and subsequent chlorlmetric
determination, all according to the SCOR/

UNESCO formula and methods of Strickland and
Parsons (1968). .
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7)  Primary productivity, using the %C method
described by Steeman-Nlelsen (1952) and as
modifled by Strickland and Parsons (1968},
and employlng 250 ml screw-cap pharmaceuti-
cal bottles which have been found superior
in thelr optlcal properties to many other
types of glass containers (Parkpr and Samsel,
unpublished),

Values here reported for both chloroohyll and carbon
fixation are means of duplicate samples having less than
5% variation.

Algae were obtained for direct obaefvation in a Nikon
fleld microscope and on return to the laboratory in =a
binocular phase microscope via 76 ¥ pored blanktan net
towing, scraping of rocks, mud and vegetatlon sampling.
Also, water and plankton net samples were often concentrated
" in a Foerst contlnuocus flow centrifuge. Followiné micro~
scople examination, portlons of collectlions weére preserved
with 5% formalin. Other portions of collections were
inoculated into various media for culturing at smblent
‘temperatures of the Palmer Statlon area, and subsequently
at 8-10% C, continuous cool-whlte fluorescent lighting
of about 500 ft-c., at the Virgiﬁia Polytechnlc Institute
laboratory. Two media were Boznlak's Community Medium
{Poznialk, 1969) and Modified Bristol's Solution (Bold, 1942).
In addition, several medla used vossessed nutrients closely
natching the concentrations of the specific fresh-water

habltats under study. Cther medla are omltted here, ag they

did not yleld viable algal cultures.,



RESULTS

Appendlix II summarizes data on algal genera and specles
" near Palwmer Statlon, lncluding those clted by prevlious
inﬁestigatlon and those ldentified in our fresh collections,
llve community cultures, and preserved samples.

Orliginal collectling sltes are listed.- Also, a general
hablitat description of each locatlion where algae were

collected 1including habltat features are listed.

~

Generel Features of Collectlon Locations
I. CB Po?d (1)

Physlcal: Located at base of glacler directly
behind Palmer Statlon and adjacent to CB hut. Supplé-
mental summér water supply for the Station. Input from
runoff and melt water from glacler constitutes only
detected source for this pond. Maximum depth = 1.5 m;
naximum length = 21 my maximum width = 24 meters. Boptom
lgneous with less than 5 cm of accumulated mud and sllt,
lergely inorganic. Seccl disc visibllity to maximum

depth.

#Collecting slte no., Flgure 1

.92 |
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Chemical: (pom unless stated)
CB Pond Stream' Glaclal Snow Mud-Water

6.6 6.3 . 6.4
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Additlonal tests were run on snow melt, stream, and
mud water from CB Pond.

Geolowical: Quartz-dlorite = tonalite, less than 5%

acid feldspars: blotite, pyroxene. Tonallte-plagloclase
less than 5%. Slog-greater than 50%, Small amounts of
blotlté, pyroxene, hornblende, hypersthene containiﬁg Fe,
Mn, 8103, Al, etc.

Blologléal:

Total Chlorophyll = 26 m-SPU/m3
Carbon Flxzation = 1.2 mg C/m3/hr
Total organlc matter (on combustion) 1.13%

Specles Diversity--no algae. Bacteria 70 colonles/plate

v
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II. Frost Pool (2)

Physical: Small pool, near Palmer Station, with
rapld inflow from snow melt stream, lgneous rock bottonm
with some sediment, maximum depth 0.6 m; maximum length

7 m; maximum width 4 m, Seccil disc visibllity to maximum

depth.

Chemlical: _ ’
pH 6.4 Chloride 10.0  Ortho-PQ,~PZ 0,02
Os>(saturated} --- Fluoride 15.0 Total-PO,~P=  0.06
Total Alk. 10.0 NHB—N 0.02 Silice 0.05
Total Hard. 5.0 NO3-N 1,99 Fe++ 0.01

Geologlcal: Same as CB Pond

Blological:

Total Chlorophyll = nil; gor benthic algal mats, = 814 m
SPU/m- .

Carbon Fixatlion for benthic algal maﬁs, = 340 ng C/ml/hr
Specles Diverslty = No phytoplankton, only several benthilc
' algae S '

III. Bonaparte Pool #4 (3)

Physical: Small pool in rocks on Bonaparte Poinf,
about 8 m long by 4 m ﬁlde with maximum depth of 0.3 m.
necelved lnput from preclpitatlon and snow melt; bottom
lgneous with 1ittle accumulation of moss debrls and slight
addition of Skua excrement. Secci disc visibility to

maximum depth.
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Chemical:
pH 6.35 Chloride 25.0 Ortho—Pou-Pf 0.47
O, (saturated)l4.0  Fluoride 0,38 Total-PO,~P= 0.47
Total Alk. 10,0 NH4-N 0.35 Silica. 1.3
Total Hard. 10.0 NO3-N 1.8 Fett+ 0.0
Calcium Hard. 5.0 5=N 0.0  80,° 2.0

Geological: Tonallite (= quartz diorite); maln minerals:

S10,, grester than 60% less than 5% acid feldspars,'some Na

plagloclase; less than 1% blotite (Fet¥, Mn, 3103).

/

Blologlcal:

Total Chlorobhyll = 683 m-SPU/m3
Carbon Fixation = 3,0 mg C/m3/hr

It

8 planktonlc genera including 6 genera
of dlatonms

Specles Dlversity

(%,5,6)

In addition to Bonaparte #4, several other small pools,
Bonaparte #1, 2, 3, were viéited during our short viéit to
the area. Thése pools were smaller than Bonaparte #4,
with simllar geologlcal and chemiéal parameters. Sllica was
higher 1n these small water bodles located on Bonaparte

Polnt, than in any of the other pools vislted.

Iv. Elephant Seal Pool (7)

- Physlical: Small “pea soup green' pool in ligneous intru-
sive rock on Bonaparte Point. Size = 3 m wide by 6 m long.
Maximum depth 1 m, recelvlﬁg precipltation and snow melt
input wilth considerable gquantltles of seai waste. Seccl dilsc

visibility less than 10 cm,
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Chemlcal:
pH 8.9 Chloride 117.5  Ortho-PO -P~ 2.0
0, (saturated) . Fluoride 0.65 Total-POﬁ-Pf 2.5
Total Alk. 70.0 NHB-N 3.2 Sillica 1.35
Total Hard. 80.0  NO3-N 3.8 Fet+ 0.0
Calcium Hard. 50,0 NO5-N 0.069 804~ 17.0
Geologlcal: Same as PBonaparte #4

Blologlcal:

Total Chlorophyll = 2,194 m SPU/m3
Carbon Fixation = 830 mg C/m3/hr

Specles Dlversity = 3 planktonlc algal genera

Ad Jacent to Eiephant Seal Pool there was a small pocket

of blood-red water which recelved runoff from a nearby ele-
phant sealherd. Collectlons were made in thls area which
'exhibited nearly the same general features as the adjacent,

lerger Elephant Seal Pool.
Ve Torgenson Island Melt Pool (8)

Physlcal: Shallow lake system, maximum width 8 m;
naximum length 12 m; maxlmum deoth 0.2 ﬁ. Located at base
of a penguln rookery, with snow melt and precinltation as
source of water; conslderable penguln excrement and large
patches of snow algae on banks. Seccl disc visibllity to

maximum depth. Located on Torgenson Island.

—~
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Chemical:
pH _ 6.25 Chloride ~ ---  Ortho-PQ,-PS 7.0
Dissolved O, {(sat.) 13.0 Fluoride 1.05 Total-PO,-P= 19.0
Total Alk. 80.0  NHs-N --~ Sillca 0.7
Total Hard. 25,0  NO3-N 3.0 Fett 0.01
Calclum Hard. m—— NO3-N 0.11 3505~ 12.0

Geologlical: Glaclal scouring-volcanlic, acldic type

granite, probably vporphyritic tuff = rlollite; some Na
plagloclase, high in S1, low in Fe.  Also, hypersthene,

hornblende, magnetite, hematite, 1llimite.

VI. "Skua Laké (14) |
This lake, the largest of all the water bodles vislﬁed,
was located about 1.5 miles from the new Palmer Statiocn and
directly Eehlnd the now unused Unlted Klngdom Base at
Norsel Point, on Anvers Island. chated at the basge of
a large glacier, "Skua Lake™ had a maxlmum depth of over 3
meters, with a mean depth of 1 m ahd a maximum length and
breadth of 95 m and 25 m respectively. Other data on general
parameters of this lake can be founﬁ in Part I.
0ld Palmer Stream was a small channel that directed
runoff and overflow from "Skua'Lake" toward Arthur Harbor.
The chemistry and geology were similar to.that of "Skua
Leke", with the exceptlon of added nutrlents from sea
spfay, providing a more diverse algal flora tp this collectlon

slte.
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VII. ‘"Humble Lake {12)

“Humble Lake? located Jjust 1/4 mlle from "Skua Lake"
on nearby Humble Islend, exhibited a rich varlety of algal

" blota in comparlson to the oligotrovhic "“Skua Lake," The
maximum depth of “"Humble Lake®” was lesge then 0.6 m witﬁ
maximum length and breadth 25 m and 20 n respectiveiy.
Extensive collections were made at this lake located near
a large penzuln rookery and in the midst of lush bryophyte
and lichen vegetatlion, Seccl disc vislbllity to maxinmum

denth. Hore detalls on productivity levels, chemical and

geologlical data can be found in Part I,

{9, 10, 11}

Several small pools located in the midst of shallow
rock depressions on Litcnfleld Island about 2 miles from
Palmer Statlon were visited briefly during our study.
Geologleal and chenical feabtures were similar to the water

bodies of Bonaparte Point, including sllica values in excess

of 1.2 ppn.
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CONCLUSIONS

Of the 31 genern and 75 specles of algae ldentifled
from-the Palmer Statlon area, 45% were placed ln the dlvlislon
Chlorovhyta, 35% in Cyanovhyta, and less than 20% in the
division Chrysophyta. There vere approximately 17 genera
and 41 species not previously revorted from the areas near
the Antarctlc Peninsula. Llkewlse, there were 14 genera
which we falled to find, but had been identified by previous
workers in the peninsula area. The majorlty of all green
algee tdentified vere in the gene}a Chlamydomanss, Prosiols,
Chlorella,sand Chlorococcum. The genera Osclllatoria
and Phormidium conmprised ovér 95% of all algae in the
Cyanornhyta with sevéral specles of dlatoms comprisins the
majority of the Chrysovhyta division.

With the exceptlon of 5 specles, all algae ldentifled
were cosmopolitan and the majority of these could be found
widely dispersed throughout the temperate zone. Even though
the five specles ldentified are at the nresent tlme endemlc
to the Palmer Station area, there lis strong_hiétorical evi-
dence that vilth continued exvloration, particular specles
will be found elsewhere; thus, not belnz truly endenlc.

Another interesting outcome of thils work was the

ldentification of several specles of desmlds in the area.
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Only recently have these algze been evidenced in the Antarc-
tiﬁ, and for many years phycologlsts have renorted thls as one
of the few families of algae absent 1n the Antarctlic. Our
viork supports the few explorers who have reoortedAdesmids in
thls cold habitat.

It appears that becauce almost all the alzae réported
viere indeed cosmopnolitan, one may cornclude that Antarctlc
algae have moré than one temperazture optima, as rewvorted by
Oppenheimer (1959), or that they are nmerely expressions of
ecotype deviations Crom other species tyves. Nuch umore
work needsto be conducted before we answer these questions
satisfactorally and determine the envirommental tolerences

of these uﬁlquely adapted organisms.



GENERAL CONCLUSIONS AND FUTURE STUDY

In summary, the fresh water lakes of Anvers and Humble
Islands, and comparable marltime Antarctic localltles derlve
nutrlients from rocks and land drailnage, the latter materlially
affected by input from marine sources. Furthermore, the
breeding bird pOpuiaflons contribute phosphate, nltrate,
and ammonia dlréctly while wallowing elevhant seals play a
major part in determlnlng the characteristigs of some pools.

The data collected and presented in thls paper have
considerable signifilcance for understanding the ecology of
phytoplankton productivity in the Antarctlc environment,
Furthermore, lakes such as "Humble" and "Skua" are suffi-
clently abundant in the Antarctié to vrovide the varlety of
fresh water ecosYstems required to study the physiologlcal
ecology of the remarkedly well-adapted blota.

From laboratory mlcroecosystem studles on nutrlent
levels, 1t appears that NHB-N is the primary cause for
many of the natural lakes of the Antarctlc Peninsula to
change from a state of oligliotrophy to that 6f eutrOpﬁy.
Although POﬁLP definltely has a stimulating effect on
algal-bacterlal fauna of these lakes, 1t 1is slight when
compared with the NHB—N stlmulation.

Ultlimately, the results of all laboratory experlments

with ecologlcal objectlives should be testéd in the fleld,

‘101
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possibly in small artiflcially restrlcted areas {e.g., as
iﬁ plastic cylin&eré'as we plan to do durlng the Antarctlic
summer of 1970-71) of the lake itself. That thls bloassa:
of "S8kua and Humble Lake® waters 1g purely exploratory
should be emphaslized, HNot only is the scope of the work
limlted, but differsnt results:mlght be expected during
different tSimes éf the year. %evertheiass, this experiment
has cluclidated some héretofaré unknown agpects of the
problen of eutroshiéation on the Antarctic‘Paninsula by
demonstrating the effects due to» natural enrlchments of
various chenmical nmatrient levels on the primary productlvity
of several lskes and pools of the Palmer Statlon arsa,.

The finjority (45%) of the Antarctic zlzae identified
from cultured and preserved fleld semples were placed in
the dlvlsioﬁ.chloroghyta, 35% in the cyanophyta and less
than 20% of the Antarctlic algae were placed in the chrys-
ophyta. At leest 90% of all gpecles identifled were of
cosmopolitan origin, with only five gpecies endenmic to
the Antaretic Penlinsula area. These data enable some
understanding of phytoplankton ecology and dispversal In

the fresh waters of the Antarctic control areas.
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Problems concerning the future study of Antarctic
algae can be divided into two classes. PFlrst, a systematic
Investigation and critical aﬁpralsal of all the known specles
based on preserved speclmens, Second, surveys of the un-
explored reglons, both geographlcally and ecologically.

The coast line of the Antarctlc Contlnent 1ls very
extensive and there is much barren land along the coastal
plain and 1n the interlor of the contlnent.‘ Most of this
land stlll remalns unexplored bilogeogravhlcally and eco-
loglcally. Islands adjacent to the contlnent and lslands 1n
subantarctic regions strangely enough have not as yet been
. well lnvesilgated. Future studles should concentrate on the
fegions of Antarctica not yet surveyed for algae. Sultable
places for the growth of algae are known; for example,
the innumerable pools, ponds, and lakes caﬁsed by thawlng
found by Antarctlc explorers. However, collectlons from
these areas are extremely poor and many remain mérely a
photograpvhlc record. . ‘

Very 1little attentlon has been pald to fhe ecology and
limnology of Antarctlce inland watefs In the past. It 1s
imoortant to clarify the algal distribution and the changes
in composition of the flora wlth changes of latitude; as

mentlioned above.
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It is particularly important to study the algal flora
of the subantarctic islands around Antarctlca because these
- subantarctic islands lile in the path of aigal transvortatlion
to the Antarctic, from other contlnents. Detalled surveys
of the Palmer Penlinsula might be useful in explalning
changes in flora compositlon, because the Palmer Peninsula
would be preferable to surveys of the lslands lylng randomly
in the oceans of the subantarctic. Previous studies have
been based on préserved materlals and older collectlons.

Studies on the influence of envirommental factors on
Antarctic algae have hitherto been ilnaderuate, except for
the'repor% by West (1911) on ponds and lakes of Ross Islaend,
and Goldman (1963) on Lake Bonney and Vanda, and Goldman,
et. al., (in press) on Algal and "Skua" Lakes at Cape
Hoyds. The dally and monthly variations in temperature and
the chemlcal constlﬁuents of water on the whole Antérctic
contlnent are not satlsfactorlly reﬁorted, and they.have a
direct Influence on aguatic .plant life. Coﬁparative stidues
on the habltats of algae, especlelly pools, lakes and
running water are necessary to help explaln the adavtation
of algae to the Antarctlc environment.

Most Dblologlceal researbh In Antarctlice 1s conducted
durlng the perlod of continuous illumination. The Antarctic
winter, with its perlod of continuous darkness, places

severe, but no insolvable limitations on man's abllity to
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conduct field researbh. Blologlcal studles of the Anvers
Island area lakes during the wlinter have not been pursued
and the kinds of blologlcal activitles whilch occur durlng
this perlod remain enlgmatic. If one assumes that "Humble
and Skua'" algae live autotrovnnlcally during the summer,

then how do these organlisms survive durlng the long perlod
of contlnuous darkness and what percentagé of these |
organisms.survlve heterotroohlcally? One suggestlon is that
heterotrophle carbon fixation may explain thelr survlval.whén
photosynthetic carbon reductlion is lmpossible. 'Théy might
also become encysted and simply remaln dormant. The survivai
of bacteri? populations could be easlly explalned by hetero-
trophic utilization of orzanic compounds. Although this
questlion can only be answered by experlmentation in the
wiﬁter, experiments wlll be conducted durling tﬁé Antarctic
summaer of 1971 to aécertain the occurrance of heterotrophlc
utilization of 140 labeled acetate in "Humble dnd Skua
Lakes." A need exists for more intensive eﬁperlmentation

In an effort to separate and measure bacterial and possible
algal heterotrophlc activity. | |

' It 1s likely that aquatic areas around the bases of
Antarctlca are gradually being polluted by human activity.
Vigorous growth of blue-green algae in polluted waters has

been observed around some bases. Although an attempt was
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made in thls paper to ascertaln several factors whilch may
cause Antarctlc lakes to become eutrophlcated, much more
intense investigations must be undertaken by quallfied

sclentlsts to combat the ever growing oroblem of pollution

in Antarctilca.

r



APPENDIX I

SALTS USED FOR ARTIFICIAL "SKUA" AND

"HUMBLE" MEDIA¥*

"Humble™ Water

Na28103
‘HpSOy

CaClz2

Na,HPO),

KHCO5®
Na2003
FeCl2
MnCl
NaNO,
NH}NOg
HC1

3.05 mg/1

3.47 ml of
1:1000 con.

27.7 mg/1
11,1 mg/1
6.b.mg/l
2.6 mg/1

13.45 mg/1

417 mg/1

410 mg/1
2.01 mg/1
10.0 mg/1

1.5 ml of
1:1000 con,

"skua" Water

2.3 mg/1
2.5 mg/1

5.2 nzg/1
14 mg/1

18,0 mg/1
417 mg/l
410 mg/1

2.2 ng/1
.25 mg/1

8.0 mg/1

1.5 ml of
1:1000 con.

*Salt concentrations were determlned emplirically
from analyses of respectlve lakes conducted January

10“200

Other nutrients were apoproximated from a know-

ledge of the rocks, proximlty to the sea, and data of
Goldman, et. al., for apparently similar aquatic eco-
systems In the Cape Royds area.



APPENDIX II

FRESH WATER ALGAE OF THE ANTARCITIC PENINSULA

NEAR PALMER STATION, ANVERS ISLAND

Genus and Svecies Preserved Cultured Location‘*

Chloropnhyta
Chlamydomonadaceae ‘
Chlamydomanas spp.* (1,4) + + 7,12,11,3,4
Chlanmydomanas basl- '
maculatus
. Pasch et. Jod. + 12
Chlamydomanas caudata
. wille + i¢
Chlamydomanas elliptica.
korch. 14
. Chlamydomanas gracilis 7
Chlamydomanas snowlae
printz + 14
Polytoma spp. T+ 14

+ +

Chlorosphaenaceae
Chlorosarcina elegans }
Gerneck + b,12,13
Gloeocystaceas ‘
Palmellopsls gelatinosa :
Korch, : + 12
Fallmellaceae
Sphaerocystis Schroeterla
Chodat + 12,4
Hormotilaceae
Palmodictyon varium naeg. + L
Cocystaceae '
Anklistrodesmus setigerus
(Schrored.) G. S. West +
Chlorella spo. +
Chlorella vulgaris Belg. + +

AWV]

7y 14
’?!13’12’
I

W Ee

Qocystlis Borgel +
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Genus and Specles Preserved Cultured Location
Qocystis lacustris :
chodat + + o
Scotiella spo. + 3,4
Scotlella antarctlca Pritsch® + 12
Trochlscla granulatsa
(Reinsch) Hansgrlg + 12
Troschliscla zacharlasi
Lenmermann + 12
Troschlscla spp.%(4) 12
Chlorococcacesae
Chlorococcum 1nfuslonum
(Schrank) menegl. + + 4,3,12,14
Chlcorococcunm Spp.’ + .+
Sponglochnloris sp. + 4
Coccomyxaceae
Nannochloris baclilllarls -
(naumann) Bourn +- 4,3,13
Dictyosvhaeriaceae
Westella botryoldes (West) ,
de Wild. + 13, 14
Ulotrlchaceae
Blnuclearia tatrana Wittr. + 4
Stichoccus flaccldus -
(Kuetz) Gay. + iy
Chaetophoracesae
Gongrosira-like branched
filament + L
Prasiolaceae '
Praslola spo.* (&) + 13,4
Prasiola crispa (Light of)
Menegh. + 12,4,3,13
Prasiola fluviatlilis
(Somner.) Aresch. + 13
Prasiola tesselata Kuetz. + 11
Honostroma sp. (Recheck) + 12
Mesotaenlaceae
#Cylindrocystis breblssonll
menegh + 13
Desmldlaceae
Staurastrum dllatatum
var lnsignlas
Raciborski + 13
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Genus and Svecles Preserved Cultured Locatlon

Cyanophyta
Chroococcaceae
Aphanocapsa Grevillel
{Hass.) Rab. + 12
Aphanotheca microsconica '
naeg. + 11
Aphanothece mlcrospora
(menegh.) Rab. + 7,10
Chroococcus limneticus :
var. carnsus (chodat)

Lemmn., + 13
#*Chroococcus minor (Kuetz) :

Naeg. (4) : + + L
Chrococcus mlnutls (Kuetz)

Naeg. + 4,12,14,173
Chrococcus pallidus Naeg. + 12 :
*Chroococecus varlus A,

Braun. (&) + 7
Dactylococcopsls ravmhldliodes '

Hansgling + 12
Merismovedium elegans

A. Braun + - 12
Merlsmopedium spp. + 12

Entophysalidiceae C
Heterohormogoniunm spp. ' + 11
Pleurocapsaceae .
Myxosarcina concinna Printz + ' 4
Osclllatoriaceae '
Oscillatoria angustissima + 13
#0sclllatonla brevlis

{Kuetz) Gomont (2,4,5) + C 12,11
Osclllatorlia granulata '

Gardner + . 12 °
Oscillatoria granutata var. + 13,14
Oscilllatoria hormogenea

Fremy. + 11
Osclllatoria meslinili Fremy + 13
Oscillatorlia profunda

Kirchner + L
*0sclllatoria subbrevis

Schm. (2) + 14,12

~ Osclllatoriz splendida Grev.+ 12

*#QOsclllatoria tenuls (2,4,5)

var., levls Gard. - + + 2,12,7
Osclllatoria terebriformls

Ag., - + 7
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Genus and Svecles Prescerved

Cultured Locatlion

*Phormidium spon. (2,4,)
Pnormidium muclcola Hub-Pest. +
Phormidium tenulssimum wokon. +
Schizotrix calcicola (Ag.)
gomont +

Chrysophyta
Chrysococcaceae
Chrysococcus Sov. +
Chrysococcus tesselatus
Fritsch +
Chromulina minima
Chrysapsldaceae
Chrysapsls Spp.
Pleurcchlorldsacece
Elllpsoldion sollitare (Geltler)
Pascher +
Trachychloron ellipsoldeun
Pascher
Melsina PBorron, Grev.
BaclllorloPhyceae
Achnentheses sp.
Fragllarls virescens Halfe
Surlrella sp.
#*Navicula spp. (2,3)

o+

+++++

Identifled by Previous Investlgatlon'
Cosinodiscus Spp. (2)
Diplonels sp. (2
Pinnelaria sv.
Cocconels spo. (
Dentlcula sp. (2
Dlatonmella sp. (
Grammatorhora sp.
Tabellaria sovo. (
Mlcrocoleus sp. (
Gleocapsa sp. (4)
Lyngbya spp. {(4)
Mostoc spp.
Anabaena (4)
Calothrix sv. (4)
Cosmarium sp. (&)
Pleurotaenlopsis sp. (4)
Pteromonas sp. (&)
Ulothrix spo. (1,4%)
Penlum swn.

12
12

12,4,2

+ L,12

4s3

12,13,4
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The previous ldentlflcatlons were made by the following
Ilnvestigators:

(1) Wildemann (1900), (
Ej) West and West (1911
5

2) Hordenskiold (1902},
)
) Carlson (1907).

» (4) Gain (1913)

# Tdentiflcations made previously by the above mentioned
Investigators.

##See Flg. 6, p. 89.



APPENDIX IIIX

The following data summarizes the differences in

rates of photosynthesls whlch one can obtaln employling

tﬁplcal primary productlivity bottles for the 140 method,

L
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SPECTRAL DATA ON GLASS PIECES FROM

5 PRIMARY PRODUCTIVITY CONTAINERS

CONTAINER AND

CONTAINER AND -

WAVE-LENGTH RANGE x* CM2 WAVE-LENGTH RANGE x* CM2
250 ml, 700-400m;p 89.1 300 ml, 700-400mu 79.0
L00-300 66.2 400~300 59.0
700-300 83.3 700-300 74,0
125 m1, 700-400m;¥ 87.0 500 ml, 700-400mu. 74.3
400-300 74,6 400-300 400-300 52.2
200~300 83.9 700-300  68.8
70 nl, 700-400 88.9 * Xon2 = means of 2 3
planimeter measure-
400-300 54.6 ments with <1% vari-
. ation of areas of %

700-300 80.3 transmission
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PuIMARY PRODUCIIVITY AND ANTHRACENE POLYWERIZATION
FOR AN ANTARCTIC FRESH~-WATER POND

(January 20, 1970; 25 hr exposure;'0;28 to nil langleys
at 20 em depth)

Anthracene Antracens % Trans-
Contalner mz C/m3/hr % Transmlssion mlsslon, Jan. 22, 25 hr
250 ml 1ight  3.65 70 (rounded) 23
3.67 63 (flat) -
Dark - 0.18 | 1
300 m1 light 2.60 37 14
light  -=- 37 ' -—-
dark 0.15 0 ———

dark —— 1 3
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PRIMARY PRODUCITIVITY AND ANTHRACENE POLYMERIZATION
FOR VPI DUCK POND
(April 19, 1970; 8 hr exposure; 3500-5000% ft-c at surface)

9 of Anthracene, % Transmlssion
Contalner mg C/m3/hr#* % 250 ml Set 1, Apor,19 Set 2,
250 ml ‘
light 34,2 32.2 100 75 75
. 30.1
300 ml
light 25.6 23.8 74 45 38
22.4 |
125 ml 1light 22.4 20.7 61 Lo 35
‘ 19.1
4 :
70 ml light 11.6 11.0 34 34 25
. 10.4
500 ml light 3.2 3.5 11 38 42
3.

# Dark bottle values X 5% of light values
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CHANGE IN CHLOJOPHYLL a DURING CONTAINER INCUBATION

(July 23, 19703 6 hr. incubation;
2625 ft-c; temp. ca. 21-2 C)

Chlorophyll a Chlorophyll a
m-SPU n-SPU

Contalner plgment/mJ Contalner plzment/m3
None, fresh A

collection 792, 836

250 ml light . 823 250 ml dark 1,020

300 ml light 820 300 ml dark 1,016

125 ml 1light 843 125 ml dark 998

500 ml light 697 500 ml dark 1,048

70 ml light 786 70 ml dark 962

Chlorophyll a = 11.64 Egg3 - 2.16 Bgys + 0.10 Eg30
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CHANGE IN CHLOROPHYLL a LDURING CONTAINER INCUBATION

(July 21, 1970; 6 hr incubatlon;
1700 ft-c cloudy-rainy, temper-
ature ca. 20C)

Chlorophyll a Chlorophyll a
m-SPU ' m-SpPU
Contalner plrment/m2 Contalner plegment/m3
None, fresh - :
collection 261%
250 ml light 574 250 ml dark 550
300 ml light 502 300 ml dark 616
125 ml 1light 316 125 ml dark 542
70 ml light 506 ' 70 ml dark 537
500 ml 1light 486 ' 500 ml dark 484

#*Posslbly due to larger volume filtered and 6 hour longer
exposure to acetone.
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LIMNOLOGY OF SELECT FRESH WATER SYSTEMS NEAR
THE ANTARCTIC PENINSULA--FIELD AND
LABORATORY STUDIES

Gene L. Samsel, Jr.
Abstract

We compared primary productivity and nutrlents ln two
lakes of different trophlc levels during the Antarctle
summer of 1969-70 at Anvers Island, Antarctica (64°C L4é' S,
60° 05' W). Algae collected and cultured in the fleld were
identified. "“Skua Lake" and "Humble Lake", about 1/4 mile
apart, had partial ilce cover the entire season. Both wefe
underiain with & silica-rich granite. Striking nutrient
concentration differences were C1- (7.5 and 35.0)}, NH4+GN
(0.1 and 2.5), total P04=—P (0.03 and 1.7 ng/l)} respec-
tlvely for "Skua" and "Humble" Lakes. Diurnal ranges in
extractable total chlorophyll 1n subsurface water were
35-41 mg/m3 in "Skua Lake" and 37-112 mg/m3 in "Humble Lake."
Diurnal ranges in net photosynthesis were 0.78-3.3 ng
C/m3/hr ("skua") and 16-72 mg C/mB/hr ("Humble"). Somewhat
broader ranges for chlorophyll and carbon fixatlion were
obtained at specific times during this two-week investi-
gation. On return to the laborstory, we established in

vitro microecosystems containing natlve Antarctic algae and



bacteria to determine effects of various environmental
factors on algal prlmaryrproductivity rates for each lake.
Of the numerous factors tested, only NHu+-N and POQ#-P
enrichments of artificial "“Skua Lake" water lncreased
slgnificantly productlvity rates in control enriched micro-
ecosystems, as measured by 14C uptake, Enrichment of arti-
ficlal "Skua Lake" water wilth NH4+-N to aporoach the level
in "Humble Lake" water resulted in productlvity increases
1.5-4 times that of the control, while comparable enrich-
ments with Poag-P caused increases in l%C-fixation rates of
1.2~1.5.t1mes that of the controls. NOBf-N, Cc17, S10,77,
a2nd Fe' additions and pH fluctuatlons produced no produc-
tivity rate changes in the two artificlal microecosystems.
Also, varylng the contalner slze, shaking, and aerating

140 uptake rates or on algsal

microecosystems had no effect on .
communlty structure. The mlcroblal communities of the two
lakes, whlle different in specles composltion, gave the
same responses to nutrient addltions when transplanted
reclprocally Into the forelgn artificlal microenvironment;
this result further demonstréted that the nutrlient comnosi-
tion, rather than the community structure formed the main
basls. for the differences observed in these two natural

Antarctic ecosystems. The majority of the Antarctic algae

ldentifled from the field were placed 1n the divislon



chlorophyta wlth numerous genera in the cyanophyta and a
relatively few algae 1ln the chrysovhyta. At least 90% of
all specles ldentifled were cosmopollitan, with only four
species endemic to the Antarctie coastal area. These data
enable some understanding of phytoplankton ecology and
natural eutrophlcatlon in fresh waters of the Antarctie

Peninsula,
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