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GENERAL IN·rRODUCTI0N 

Slnce the early 1900 1 s, there has been a growlng 

sclentlflc lnterest ln the contlnental flora and fauna of 

Antarctlca. However, even wlth extenslve study of the 

contlnent and coastal areas durlng the Internatlonal 

Geophyslcal Year 1957-58, relatlvely few detalled ecologl-

cal observatlons and measurements have been reported (e.g., 

Slple, 1938; Glesseth and Leech, 1961; Armltage and House, 

1962; Llano, 1962; Goldman, 1963; Goldman, et. al., 1963; 

and ,lllson and Wellman, 1962). 

Relatlvely llmlted llmnologlcal lnvestlgatlons and 
' partlal ldentlflcatlons of fresh-water algae from the 

western portlon of the Antarctlc Penlnsula and sub-

Antarctlc lslands ln the vlclnlty of Palmer Statlon-Anvers 

Island have been reported prevlously by Wlldemann (1900), 

Nordensklold (1902), Frltsch (1903), Harlot (1908), Galn 

(1909), West and West (1911), all accordlng to Hlrano (1965), 

Bryant (1945), Holdgate (1964), and Cameron (1966). Besldes 

temperature and general habltat descrlptlons, the earller 

reports of these lakes and melt pools lack detalled lnfor-

matlon of physlcal, chemlcal and blologlcal features. Thls 

lnformatlon gap coupled wlth our detectlon of several 

apparent natural lakes ln aerlal photographs of the U. s. 

1 
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Palmer Statton area, encouraged thls lnvestlgatl·,n toim.rd 

understandlng the fresh-water phytonlankton ecology of the 

areas nc>ar the Ant13rctlc Penlnsula, 

Because of the scarclty of ecologlcal observatlons 

concernlng the blota of the remote lakes and pools of Ant-

arctlca, lt ls lmnortant to make observatlons avatl.q_ble to 

lnterested sclentlsts for reference and future study, 

Antarctlc research ls arduous and expenslve and therefore 

requlres unlque preparatlon and plannlng, For thls, an 

extenslve backlog of reference materlal ls necessary but 

not always aval1able, 
' Contlnental Antarctlca ls predomlnantly an lee-covered 

cold desert wlth few habltats for llvlng organlsms (Allen, 

et, al,, 1967), In contrast, the coastal zone and off-shore 

lslands (The Marltlme Antarctlc of Holdgate, 1964) have a 

mllder cllmate, much lee-free lowland, and a varlcty of 

plant and anlmal llfe, The flora and fauna are undoubtedly 

lnfluenced by many factors, one of whlch concerns the.chemt-

cal nutrlent levels emphaslzed ln thls study, The range ln 

dlffArences a'.llong the r;evP.ral lakes stunted near the U, S, 

Palmer Statton ls consldered sufflclently representatlve 

for the data to be falrly wldely aonllcable. 

The fleld research was almed at correlatlni;,; cArtaln 

phystcal, chemlcal, geologlcal, and blologlcal parametPrs to 

bett'.',r understand the ltmnology of Palmf'r Statton area fresh 
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water systems; thl.s was done jol.ntly wl.th Dr. Bruce C. 

Parker, From thl.s study, several new area-;;of laboratory 

study arose to whl.ch specl.al attentl.on was devoted. These 
' 

partl.cularly l.ncluded l.nvestl.gatlons of 14c prl.mary pro-

ductl.vl.ty l.n laboratory aque.tl.c ecosystems whl.ch sl.mulated 

Antarctl.c condl.tl.ons to ascertal.n the effects of certal.n 

cheml.cal nutrl.ent factors on bl.ologl.cal productl.vl.ty of 

the Palmer Area fresh-water lakes and ponds. 

Al though thP.se stud l.es hs.ve centered around the o:eneral 

problem of bl.ologl.cal productl.vl.ty under the rl.gorous con-

dl.tl.ons of Antarctl.ca, we have also consl.dered a number 

of envl.rom:iental varl.ables, such as the study of pengul.ns' 
• 

contrl.butlon to the system ln the form of amrnonla nl.trogen; 

whlle lt may be perlpheral to productlvlty, leads to a 

better understandl.ng of the unusual Antarctl.c fresh-water 

ecosystem. 

Also, an lnvestlgatlon was lnl.tlated to determlne the 

merlt of the standard JOO ml prlmary nroductlvlty bottle 

so long 

of 14c. 
ln use by many ll.mnologl.sts to measure the uptake 

Investl.gatl.ons on productl.vlty as measured by 14c 
were carrl.ed out, both l.n the fl.eld and at the laboratory, 

employl.ng several commonly used 'f)roductl.vl.ty bottles and 

results can be found l.n Appendl.x III. 

Durl.ng the summer of 1970 at the Unl.versl.ty of Montana 

Bl.ologl.cal Statton, wl.th the heln of G. W. Prescott, an 

attempt was made to l.dentl.fy the Antarctl.c algae collected 
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durlng our vlslt to the Palmer area and to correlate 

these algal communltles wlth certaln physlcal, chemlcal, 

and geologlc parameters of the varlous lakes studled. From 

thls work,·we were able to construct a falrly complete llst 

of algae genera reported from the Palmer Statton area. 

To ensure clarlty, thls thesls wlll be dlvlded lnto 

several parts representlng the speclflc research projects 

lnv~lvlng this author. Part I wlll lnclude aspects of the 

fleld research conducted ln the Antarcttc durtng the austral 

sum:ner 1969-70. Part II wlll concentrate on the laboratory 

ecosystem studles on nutrlent levels, whtle Part III wlll 

survey the fresh-water algae of the Antarctlc Penlnsula. -



PART I 

LIMNOLOGICAL INVESTIGATIONS IN THE AHEA OF 

ANVERS ISLAND, ANTARCTICA 

INTRODUCTION 

This paper reports on the limnological investigation 

of several fresh-water systems of Palmer Station and 

adjacent areas off the western coast of the Antarctic 

Peninsula. The field work occurred during the austral 

summer of 1969-70. The work reported here was aimed at 

understanding the blology of the Antarctic inland waters 
; 

and includes both field and laboratory data. More specifi-

cally, I sought to identify the phytoplankton and attached 

algae; to measure physical and chemical parameters, such 

as light, temperature, oxygen, pH, and various nutrient 

levels; to ascertain the 

ton communities·by using 

photosynthetic rates of phytoplank-

the in situ 14c and chloroohyll -- . 
methods, and to correlate the ohysical and chemical data 

with the biological observations. 

Between November and February numerous shallow fresh-

water ponds and lakes near the Palmer Station area are 

melted completely or partially and contain a limited biota. 

•rhe fresh-water habitats studied occurred within two miles 

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

5 
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Island (67° 46 1 E; 60° 05' W) off the Western Coast of the 

Antarctic Peninsula. Since n~ne of the six ponds studied 

had been named previously, they were designated according to 

some prominent feature as geograuhy, bird habitation, etc. 

This renort deals primarily with two of the ponds investi..: 

gated. The features of other ponds m,mtioned briefly 

throughout the study are summarized in Part III, with brief 

descrintions and data. These are included to provide a 

basis for contrast and generalization made from the data 

presented in the main body of this thesis. 

"Skua Lake", located behind the abandoned United 

Kingdom and old U. S, Base at Norsel Point, Anvers Island, 
:. 

was named for the dominant resident bird population 

{Stercocarius skua) which freauented it. "Humble Lake" 

was located on adjacent Humble Island. These names are 

unofficial, but are used here merely to facilitate discussion. 

General features of the Palmer Station area have been 

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

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

discussed general glacial history of the Palmer Station 

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

postulate that Anvers and adjacent islands are related to 

the Antarctic Peninsula with the islands resulting from a 

metasomatic process by which water covered the rest of the 

land mass, leaving the hlgh altltude topographic region, 



7 

as the present day islands of Anvers, Humble, etc, It 

ts probable that the recent glactal events have opened 

v1rgtn areas to blottc colon1zat1on, Llano (1959) esti-

mates from studies of .llchens that the current exoosure 

of the Palmer Area Islands may date back no more than 500 • 

years, 

"Humble and Skua Lakes", although different 1n morpho-

metrtc, chemical, and b1olog1cal parameters, are s1m1lar 1n 

various other facets, Both recetve their input from snow 

drifts and glacial tee, and output ts by way of shallow 

channels dtrected toward the bay. The two lakes are approxi-

mately 1/4 mile apart, separated by Arthur Harbour, Scharon • J 

(pers, comm., 1970) considers the geological structure of 

the two lake basins to be 1dent1cal, During our v1s1ts to 

this area 1n January, 1970, we noted certain str1k1ng differ-

ences between the two lakes. "Skua Lake", the largest and 

deepest of all lakes 1n the area, was almost entirely 1ce-

covered. Nutrient levels 1n "Skua Lake" were lov1er than 1n 

''Humble Lake", but nevertheless approached or exceeded those 

found 1n many mesotroph1c and eutronhtc temperate lakes 

(Hutchinson, 1957; Reid, 1961). B1olog1cal product1v1ty 1n 

"Skua Lake" was extremely low, and could for this reason be 

considered ol1gotronh1c, based on temperate lake standards, 

!'Humble Lake" was considerably SCl!lller than "Skua Lake" and 

very shallow, wtth less than one-third of 1ts surface tee 
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covered. Nutrient concentrations of "Humble Lake" were 

consistently higher than those of ''Skua Lake", although 

the difference tn the nutrient levels were not extreme tn 

many instances. Goldman, et. al., (tn press), for example, 

renorted greater vartatton tn nutrient concentrations tn a 
single Antarctic lake than the vartattons we found between 

these two lakes over a two-week period. 

MATEHIALS AND METHODS 

Horphometrtc measurements were made on all lakes during 

the 1970 summer season. A pyranometer £Model 68--Yellow 

Springs Instrument Company (YSI), Yellow Springs, Oht.27' was 
" 

operated pertodtcally throughout the season, gtvtng values 

for total tnctdent radtatton to apnroxtmately 4 µ. The 

manufacturer claimed 5% prectston and± 0.1 langley•mtn- 1 

accuracy. Ltght penetration tn the lakes was also measured 

wtth the YSI pyranometer, having a neutral density selenium 

photrontc cell probe. Ambient and water temperatures were 

regularly measured wtth ± 0.1° C accuracy wtth a YSI Hodel 

41 thermistor untt calibrated against a standard mercury 

thermometer. Chemical and nutrient levels were determined 

both tn the fteld and at the Palmer Statton laboratory wtth 

a Hach chAmtcal '!Direct Rending" Portable Engineers labora-

tory, replicate samples havtng less than 10% vartatton. 

Phytoplankton denstttes were accomplished by dlrect counts, 
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with Nikon field and binocular phase microscooes ut 100-

1000 x and concentrated with a Feerst continuous-flow 

centrifuge and 76 µ plankton net. Plankton samples from 

the lakes were preserved and shipped back to VPI with 
• 

J-4% for:naldehyde. Algae samples cultured at Palmer Station 

and live collections were carried back to VPI for further 

culturin,g in Bozniak's (1969) com!:'lunity medium and an enrich-

ment media designed to approximate closely those of the 

particular habitats. Phytoplankton were collected with a 

Model 40 Wildlife Supply Cor:ipany Plankton Tow. 

Water samples were collected and placed in acid-cleaned 

' 250 ml opaque polyethylene bottles pre-rinsed with demineral-

ized water. Soon after collection, samples were analyzed 

at Palmer Station for chlorophyll a and total chlorophyll 

concentration as well as for the phytoplankton concentration. 

Chlorophyll concentrations were measured with a B & L 

Spectronic 20 und Beckman Model DU Spectrophotometer, 

according to the method of SCOR/UNESCO cited by Strictland 

and Parsons (1968). 

m-SPU/m3 = 

C (Chlorophyll 

C ( Chlorophyll 

Using the following enuatlons: 

C 
V 

a)=ll.64 E6630-2.16 E6450+0.10 E6300 

b)=20.97 E6450-J.94 E6630-J.66 E6JOO 

C (Chlorophyll c)=54.22 E6Joo-14.81 E6300-5-5J E66JO 
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and V ls the volume of sample filtered ln liters. Els 

the extinction value at the wave length indicated by the 

subscript. 

Primary productivity studies followed the ln 
14c method of Steeman-Nlelsen (1952), with modlflcatlons 

by Goldman (196J) and Strictland and Parsons (1968). We 

modified this method still further ln using transparent 250 

ml pharmaceutical bottles with the thin, slightly convex 

side oriented upward. All opaque productivity bottles were 

painted black and wrapped with aluminum foll so that the 
11black body effect" would not raise the temperature of the 

bottles• content during the incubation period. Glass ampoules 

--each containing 1 ml and 10 micro-curies of Na2
14co3 were 

obtained from New England Nuclear. 
14 · In the field, the Na2 co3 solution was removed from 

the ampoule by using a 5 cc syringe equlpt,ed with a 14 gauge, 

4 inch long laboratory cannula and carefully deposited at 

the bottom of the productivity bottle. The ampoule was 

rinsed once with 2 ml of water drawn into the syringe from 

the top of the productivity bottle. The rinse solution was 

redeposited into bottles from which lt. was removed. The 

bottle was capped, shaken, and placed ln situ at the same 

depths from which their contents were 1n1t1ally collected. 

Duplicate bottles were used frequently with less than 5% 
variation. During 14c experiments, oxygen, temperature, 

and light measurements were made near productivity bottles. 
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Four hours later, the productlvlty bottles were brought 

to the surface and 10-ml of 40% formalin were added to each 

bottle to sto~ all carbon asslmilatlon. 

Upon return to the Palmer Station laboratory, the 

contents of each productlvity bottle was flltcred through 

a 25 mm 0.22 HA mllllpore fllter at a vacuum not exceedlng 

350 ID.I:l of Hg. All filters contalning organisms ex~osed 

to Na214co3 were rinsed wlth about 5 ml of O.OOJ N•liCl to 
14 remove precipitated Na2 co3• All filters were alr-drled 

and dlssolved in a screw-top scinttllatton vial contatnlng 

10 ml of 1.4 dtoxose (~-dtoxone) containtng 7 gms of 

2.5-dl-phenyloxoz_ole (PP0)/1 and 100 gms of napthalene/1. 

Scinttllatton countlng. of 14c was completed at VPI. Primary 

producttvity was ·calculated as mg C/m3/hr from the followlng 

modified formula of Saunders, Franc, and Bachman (1962). 

p = r X C X f 
RX hr 

Where: 

p = carbon ftxatton in mg C/m3/hr 

r = asstmtlated 14c 1n cpm 

R = total avatlable 14c tn cpm 

C = total avatlable stable tnorgantc carbon 
1n mg/m3 

f = isotope correctlon factor 

m = total tncubatlon ttme 1n hours 
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14 The counts per mlnute of Na2 co3 asslmllated by the 

plankton 1rnre recorded with a Beckman CPM-lOotm Liquld 

Scintillation System. 

To ascertain the amount of available Na 2
14co3 (R) 

that was injected lnto each productlvlty bottle, the 

contents of an ampoule whlch was prepared from the ori~lnal 

lot lims added to a 250 ml volumetrlc flask contalnlng a 

buffer solutton at pH 8. The procedure and equtpment in 

transferrlng each ampoule's contents into productlvity 

bottles in the field were also employed ln transferrlng 

the contents of the ampoule to be assayed. The resultlng 

volume was brought to 250 ml. One half of thls solutton 
' was plppetted into each of three scintlllatlon vials con-

talning the sclntlllatlon cocktatl. The cpm were averaged 

and the total cpm per ampoule computed. 

The total avallable stable inorganic carbon (C) in 

mg/m3 was calculated from the data on temperature, pH, 

total alkalinlty, and a table of converslon factors con-

structed by Saunders, et. al., (1962). The lsotope 

correctlon factor (f) used was 1.06, also accordlng to 

Saunders, et. al. 

The standing crop of plankton by extractable chloro-

phyll and the photosynthetic carbon uptake were determlned 

perlodlcally under measured conditlons of light and tempera-

ture. Both methods employed 0.22 mlcron mllllpore filters 
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as recomr.iended by Parker (1967). All measurements were 

made per1od1cally for the two lakes during two weeks 1nclud-

1ng a series of diurnal studies of chloronhyll and primary 

product1v1ty and collect1ons were made from approximately 

20.cm depth 1n lee-free water. Other methods w111 be cited 

concurrently w1th the data. 

RESULTS 

General Features of "Skua and Humble Lake" Basins 

Both lakes are located w1th1n a two-m1le radlus of the 

new Palmer Statton. "Skua Lake" ls the larger (P1g. 1), 

located d1Tectly behind the.then unoccupied United Kingdom 
• 

13ase at Norsel Point, Anvers Island. A resident b1rd 

population of about 60 Sterococar1us skua, some of which 

nested at the r1m of the lake bas1n, frequented the shallow, 

open water and lee-covered portion of th1s lake. The 

smaller and more snal.Low "Humble Lake"· ll"lg.2) ·1s located 

about 1/4 rn1le away on Humble Island. Figures 1 and 2 show 

also "Skua Lake" had less than 90~ lee cover throughout 

the su=er season, while "Humble Lake" had less than JO,% 

lee cover, l'lnlcn decreased somewhat during our study. 

"Humble Lake" basin also possessed appreciable numbers of 

Skua, and 1n add1t1on, Antarctic terns lSterna parad1saea) 

and glant petrels (Macronectes glp:anteus·), representing 
I 

both greater b1rd species number and biomass than for 

"Skua Lake". 
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FIG. 1. Map of 0 Skua11 Lake, Norsel Point, Anvers Island, Antarctica. 
Scale: 1.0 inch= 10 meters 
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FIG. 2. Map of "Humble" Lake, Humble Is land, near Norse 1 Point, 
Anvers, Island, Antarctica. Scale: 1.0 inch= 10 meters 
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These, llke other Antarctlc lakes on the coastal plaln, 

w~re formed as thaw lakes, resultlng from the meltln1' of 

large masses of ground lee and glaclal melt as descrlbed for 

Arctlc lakes by Hopklns (1949) and Wallace (1948), Both 

lakes overflowed contlnuously durlng our vlslts as a result 

of raln and meltwater from gl2.cliars and snoi-1 banks. Vlsual 

observatlons of the major overflow streams frolll each lake 

lndlcated that the volumP. of ,~ater leaving "Skua Lake" was 

many tlmes gr,0 ater than that of "Humble Lake", although on 

the basts of overflow per lake volume, the values were 

much closer. "Skua Lake", at the base of·a glacler, ex-

ceeded three meters ln depth, wh lle "Humble Lake'1 had a maxl-
' J 

mum depth of 0.6 meters, These baste differences 1n size 

and shape of the two lakes are apparent from Figs. 1 and 2. 

To our lmowledge, no official names have been given to these 

lakes by the Antarctic Treaty Organization. 

Both lake basins contain an igneous, intrusive, 

quartz-rich granite wlth traces of biotite and appreciable 

sodium plagioclase and from extensive collectlons of rocks 

in the area, there ls no reason to expect the geological 

structure of the two la.li:e basins to differ ap,:ireciHbly. 

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

colonized densely with the bryophytes Calller~ldlum 

austrostram in1rnrn C. Mull,, Polytrichum .Junl oerlnum Red vi, 

and lichens such as CaloolRca and Xa.nthorla sDn, on rocks. 
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The edge of an ad'elie peni:i;uln (Manchot ad'elie) colony 

occupied one small portion of the upoer rim of "Humble 

Lake" watershed, with occasional tndividu;s,.ls sliding· down the 

snow toward the lake. In striking contrast, "Skua Lake" 

lacked a luxuriant bryophyte and lichen develop~ent, with 

only occaslonnl roclr-adcrustlng forms. Snow algae were 

not obvious on the extensive snow banks surrounding 75% 
of "Skua Lake", which further contrasted with the patches 

of pink snow at one end of "Humble Lake. 11 • 

Physical and Chemical Parameters 

Temperatures ranged from -1.0 to J.5° C in "Skua Lake" 
.l and from 1.0 to 8.0° C in "Humble Lake'' during the January 

10-26 period of the studies. These ran~~s resemble that 

reported by Boyd {1959) for a series of shallow Arctic 

lakes. At least four modes of heat transfer into tee-

covered and partially tee-covered lakes must be considered: 

(1) surface advectton; 1.e., melt water streams from 

glaciers, (2) subsurface advectton; 1.e., thermal springs, 

(J) solar radiation penetrating the tee and absorbed by the 

,mter on the bottom, and (4) conduction of geothermal heat 

from the botto~. One and three seem to be the most lo~ical 

means of heat transfer for "Skua and Humble Lakes." Rndta-

tton varied from negligible to 0.5 lnngley/mtn. at approxi-

mately 20 cm depth where productivity measurements were made, 
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Except for two days durlng our vislt, skies were overcast 

wtth lnoldent surface radlatlon below o.6 langley/mln. 

Table I sumCTarizes addltlonal physical and ohemloal data 

for these lakes. Note that both ponds had similar pH's 

(6~) and 6.4) 

Altnough levels or nost nutrients were generally lower 

in "Skua" than in "Humble Lake", they approached or exceeded 

those round in some eutrophio temperate lal<es Cliutohinson, 

1957:; Reid, 1961). In interpretlng these chemical data, 

one should realize that melting proceeded f'rom the lake 

margins toward the center, with approximately 70% of "Humble 

Lall:e~• melted ana only a small portion of "Skua" devoid of 

ice, Also, our oolleotlons were talten chiefly from the 

subsurface water at the melted edges. 

As Mawson l1916) stressed in h1i, studies of Antarotlo 

coastal ponds, the rook chemistry of lake baslns can repre-

sent significant sources of nutrients for such lakes, 

Table II summarizes the oompositlon of a quartz-rich granite 

considered typical of the predominant rooks collected near 

the rims 01· both lakes. Note es:9ec tally that these granites, 

as compared with lava and other quartz-rich dlorites, contain 

significantly lower levels of phosphate and iron. Further-

more, nitrogen and chloride oom))ounds are vtrtually absent 

fron granites. Physical processes appear to dominate the 

initial breakdown of rook on Humble and Anvers Islands, 
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-TABLE l 

Some physical and cheoical -oarametcrs of uskua Lake" and 
••Humble Lake tt, (mg/1, or as 1nd1ca ted; chemical. param-
eters are means of at least duplicate srunpl.es, with a 
var1nt1on of~ 10%) 

Parameter 

l'1axtmum depth 
Mean depth 
Maxicum length 
Maximum breadth 
pH • 
Turbidity" 
Dissolved 02 
Total alkq.11n1ty 
Totil hardness 
NH4 -N 
N02--N 
N01--N 
Ortho P04• -P 
Total Po4: _p 
c1-
s102:;:,: 
Ca++ 
Fe++ 
so= 4 . 

n Skua L-'.lk e 0 

J.00 M 
1.00 H 

95.00 M 
25.00 M 
• 6.40 
15.00 JTU* 
14.00 
10.00 
10.00 
0.1 
nil 1.1 
1.0 
0.02 
O.OJ 
7.5 
1.0 
5.0 
0.02 
4.0 

*JTU = Jac~son turbidity units 

11 Humble Lake 11 

0.60 M 
0.20 M 

lt-J. 00 M 
20. 00, '[1 

6.JO 
63;00 JTU* 
13.00 
12.00 
15.00 
2.5 
0.05 Lj,,.JO 
1.75 
1. 0 
1.,7 

35 .. 0 
1.5 

10.0 
0.02 
6.o 
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TABLE II 

Chemical comoosition of Antarctic lava (after Goldman, et. 
al., in press) and granite, considered comparable to that 
1n the Palmer Station area, Antarctica (after Turner and 
Verhoogen, 1960). 

.Mineral 

Lava Granite 

Portion of Weight 
( '.t) 

49.65 
16.31 
9.07 
6.14 • 
6.45 
5.47 
J.24 
1.66 
1.41 
o.48 
0.30 

100.18 

Portion of Weight 
( %) 

72-75 
11-14 
0.6-1.0 
0.0-0.2 
0.5-1.0 
0.5-1.5 
4.2-4.9 
0.1-0.J 
nil 
0.0-0.4 
92.4-102.8 



21 

especially at and Just below the surface where repeated 

freeze-thaw cycles are very effective {Cha~bers, 1966). 

A slmilar predominance of mechanical weatherlng was reported 

by Kellogg and Nygard {1951) and Kelly and Zumberge (1961), 

and has generally been considered wide-snread 1n polar 

regions, Glacial action has been important 1n mixing the 

primary rock fragments. The fragments have been further 

mixed with s1lts and clay to form the mineral soils of the 

two islands which are mainly at an early age and show 

little profile develooment. There is none to very little 

1ncorporat1on or organic matter into the mineral soil. 

Biological Features of the Lakes 

Only four algal genera were found 1n "Skua Lake", 

while the algal community of "Humble Lake" included twenty-

one frequently observed genera 1n plankton tows and water 

edge collections {Table III). 

Both lakes contained an abundance of gram-negative 

bacilli which grew at low temperatures on Difeo nutrient 

agar plates. Only one colony color and form grew from 

"Skua Lake" water, while at least ten different colony 

types grew from "Humble Lake" water inocula. Abundant 

bryophyte mats and large numbers of a small aquatic crus-

tacean found in "Humble Lake" were absent in the waters 

of "Skua Lake." 
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'I1ABLE III 

Algal genera in ttskun Lake" and "Humble Laken 

Genus (reference**) 

Osc1llator1a (2,4) 
Phormidium (4) 
Mast1gocladus 
Trachychloron 
Chlamydomonas (1,4) 
Prasiola (2) 
Chlorella (4) 
Ell1psoid1on 
Troch1sc1a (3,4) 
Nav1cula (:J) 
Chroococcus 
Scot1ella (1,4) 
Merlsmoped1um 
Chlorosarcina (4) 
Chrysococcus 
Dactylococcops1s 
Monostroma 
Aphanocapsa 
Palmellopsis 

11 Skua Lake" 

+ 

+ 

+ 

* Identificat1ons tentative, see text. 

ttHumble 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

Lake" 

** References cited represent prevtous works reporttng 
these genera in Anvers Island area, Antarctica: 
( 1) Hildemann, (1900); ( 2) Nordenskiold ( 1902); 
( 3 ) West and West ( l 9 l l ) ; ( 4 ) Gain ( l 9 l 3 ) ; 

according to Hirano (1965). 
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Followtng combustton at 500 C, pale, sandy "Skua 

Liske" bottom sedtment, drted prevtously at 100 C, lost 

less than one percent of its wetght, whtle the dark brown 

mud from "Humble I,,;,ke" lost 34%, Table IV shows that totnl 

chlorophyll content for "Skua Lake" fluctuated dturnally 

between 35-41 mg/m3, whtle that of "Humble Lake" for the 

same ttme pertod ranged between 37-112 mg/m3, Dturnal car-

bon ftxatton for "Skua Lake" ranged between 0,78-3,3 mg 

C/m3/hr. Note also tn Table IV that peaks tn chlorophyll 

concentrattons and carbon untake rates at the 20 cm depth 

occurred tn afternoons and early eventng when radtatton 

levels were less than 0,25 lRngleys/min, No obvtous corre-

latton extsted between chlorophyll content and carbon ftx-

atton for etther lake, nor between dturnal concentrattons of 

sestontc chloronhyll, rate of cP.rbon f txa t ton, and et ther 

ltght tntenstty or temperature, 

DISCUSSION 

"Humble and Skua Lakes" exhtbtted the extremes tn dtffer-

ent condtttons found among the shallow water bodtes near 

Palmer Statton, The sltghtly colored, more turbtd water 

of "Humble Lake", contatntng stgntftcantly htgher concen-

trattons of phosnha.te (SOX), tnorgantc nttrogen (4X), 

and chlortde (5X), had up to 20 ttmes the phytoplankton 

nrtrnary producttvtty at 20 cm depth per untt area of tee-

free water than 11Sku:i Lake,'' "Skua Lake" water was clea.rer 
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TABLE IV 

D1.urnal measurements of temperature, rad1.atton, total 
extractable chlorophyll, and pr1.mary producttvtty of 
open waters at 20 cm depth 1.n 11 Skua 11 and "Humble 11 

.Lakes, January 18-19, 1970 

Lake T1.me 

11 Skua" 0940 

1340 

1800 

0200 
j 

0800 

''Humble" 1215 

1615 

2000 

0100 

Temper-
ature 

C 

o.o 
-1.0 

o.o 
o.o 

Ha.d1.-
at1.on 

(langley/ 
min) 

0.38 

0.085 

n1.l 

0.12 

0.18 

0.5 

0.25 

0.175 

0.13 

chloro-
phyll 

(mg/m::, )-it 

37 

41 

35 
36 

36 
112 

56 
37 
45 

Photo-
synthet1.c 

CO F1.x~t1.on 
mg2 C/mJ /hr~ve-i~ 

1.0 

1.6 

3.3 
72.0 

40.0 

19.0 
16.0 

Chlorophyll values refer to f1.rst t1.me 1.n each 
1.nterval. 

** Values for C f1.xat1.on are means of duplicate 
11.ght bottles less the dark bottle values; 
values for dark bottles and for f1.lterable 
(extracellular), f1.xed organ1.c matter were 
always . .:::.. 5% of the total prod.uct1.v1.ty. 

/ 
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throughout the sPason and contained a relatively small 

biomass and low species diversity of plankton, including 

bacteria, even in the ice-free shoreline areas of the 1 .. ke 

visited by Skuas, Possibly micro-algae were present in 

"Skua Lake", but escaped olankton net capture and subseauent 

detection. It is unlikely, however, that other species 

of phytoplanktonic micro.>lgae occur abundantly in ice-free 

subsurf:,.ce water of "Skua Lake", because a 76 Jl pore-size 

plankton net revealed the genera Chlorella and Chlamydomomrn 

which have cell sizes below this nore diameter, and these 

were the only algae observed in Foerst centrifuged water 

samples. 

Water temperature probably is not the chief factor 

inducing nutrient "-nd biological differences between the 

two lakes, for daily temperatures fluctuated in both lakes 

with maximum water temperatures approaching 8° Conly 

briefly during our studies in the shallower, more open 

"Humble Lake," During periods of bright light in both 

lakes, water temperatures were usuially highest at the 

bottom in shallow ureas, where much- 0 of the radiant energy 

is absorbed and converted to sensible heat; this heating 

effect on the bottom no doubt contributed to nutrient mixing, 

as found by Goldman, et. :..1,, ( in press). Differences in 

water temper~ture also seem not to explain the great vari-

ations in plankton content between the two lakes, because :.t 

any given temperature, there may be miany or few plankton. 
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Thus, the extreme cold of the Antarcttc does not 

see~ to have a great dtrect effect, excent oerhaos at the 

'shore, uoon the ltfe tn the water, The lakes are not very 
0 large, and they attatn summer temueratures of 8-10 C, 

Thts ts no colder than mHny of the deep lakes of the temper-

ate zone. For examole, Lalrn Supertor, at a latttude of 

about 48°, attatns a maxtmum open water surface temperature 

of only about 10°c (11tllan, 1952). The well-known thermal 

pronerttes of water act to buffer aquattc organtsms agatnst 

the regtonal thermal envtronment and the actual tempera-

tures to whtch aouattc organtsms.are subjected are as much 

a functton of lake stze and shane as of latttude. Thts ts . . 

not to say that the length of the growtng season ts not 

affected by the shortness of the Antarcttc summer; tt ts, but 

a short growtng season ts not restrtcted to the Antarcttc, 

In ephemeral lakes of the temperate and troohtc zones, the 

length of the growtng season ts ltrotted by summer drought 

and most aquattc organtsms, at least the smaller algae, 

are adept opportuntsts, able to take advantage of favorable 

ctrc1.rn1stances I,hen they occur and to endure long resttng 

phases of very low acttvtty wtth ltttle tll effect, 

Also, a ltvtni,; organts,n may accordtng to Oppenhetmer 

(1959), have more than one optlmal temperature for acttvtty 

tn the natural envtronm~nt. If mtcroorg'antsms tn <>:eneral 



have the ability to grow or be active optimally in 

different environments, this 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 Antarctic regions may also be active in the 

tropical environments. 

Because of the thermal capacity of the deeper "Skua 

Lake", the ice cover forms in the fall and disappears in 

the spring more slowly than it does in the shallow "Humble 

Lake." This must be of some i:nportance in the illumination 
• of the water, for it keeps "Skua Lake" ice-covered almost 

the entire summer. The separate crystals of melting spring 

ice reflect a good proportion of the incident light income 

of the-two lakes. our data on productivity of "Skua and 

Humble Lakes" is in agreement with that of Com1ta and 

Edmondson (1953) who concluded that the summer productivity 

and summer standing crop of Arctic lakes did not differ 

markedly from those of temperate lakes; a great· deal_ of 

solar energy enters a low latitude lake during the summer. 

Goldman, et. al., (in press) found that ice surfaces 

on Alga Lake and "Skua Lake" at Cape Hoyds reflected 58% 

of the incident radiation. Nil readings _for radiation pene-

trating the expanse of snow-covered ice 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 this htke 

than the temperature differences .. In one trlRl 14c exl'.>eri-

ment under the ice, we obtained the significant fixation 

rate of 2.0 mg C/m3/hr, but this value may not represent 

exclusively under-lee productivity due to ice hole reflect-

ance. Goldman, et. al,, ( 1963) found tho.t rad lat lon values 

above 0,2 lan,o;leys/min. appe:,red inhibitory to both chloro-

phyll production and carbon uptake by Antarctic fresh-

water alf\'ae. Data .from "Humble Lake" do not agree with 

this interpretation, but the low primary productivity 

of "Skua Lake" water at the higher radiation values recorded 

could reflect light-inhibition of photosynthesis, 
" 

Biological production seems to be limited by certain 

nutrient factors. ·rhe data for "Skua Lake" sug"est 1 imi t \.ng 

reserves of both ohosphate and nitrogen. Between the two 

nutrients, however, uhosphate seemed to be more limiting 

in 11Skua Lake" because the ratio of inorganic N/ortho-

phosnhate-ohosphorus is 55;1, while in "Humble Lake", it 

is 4:1, Hoi·,ever, nutrient studies in the laboratory ·showed 

that this was not the case. 

It appears th'.lt there are three sources of nutrient 

suprily on Humble and Anvers Island. The first is rock 

breakdown, ·:rhe frenuency of the freeze-thaw cycle on the 

islands suµ;.s:ests that physical weathering is doml.nate 1 

although not exclusl.ve, This uctton continually exposes 



fresh surfaces to water seepage. The second and third 

sources of nutrient supply are directly or indirectly 

marine. The sea contributes almost all the salt constitu-

ents of precipitation (Sugawara, 1965) in oceanic areas 

such as the Antarctic, where industrial fumes and soil 

dust are not significant. In addition, the abundant marine 

life is the food sunply of the birds and mammals that 

frequent the two islands and in turn provide the nutrient 

resevoirs there. 

Atmospheric precipitation can be an important 

factor in the supply of chemical nutrients to an ecosystem. 

Unfortunately, few data are available for the chemical 

content oi precipitation in the Antarctic. Recent publi-

cations include that of Brocai; and Delwiche (1963) who 

report a high mineral content for snow near the coast. 

Gorham and Cragg (1960) showed that bog water in the 

Falkland Islands contained high concentrations of elements 

of marine origin, particularly sodium (26-6J ppm). Wilson 

(1959) reported that the surface of the ocean in the south-

ern hemisphere is important as a source of air-borne nitro-

genous material and other plant nutrients. Most precipi-

tation on Humble and Anvers Islands, however, falls as 

snow, with a lower nutrient content than rain and, 

therefore, atmospheric precipitation as a nutrient addition 

source is likely to be relatively unimportant. 
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Allen, et. al., (1967), polnt out that of the three 

above mentloned sources of nutrlent addltlon, the contaml-

nated areas appear to offer the greatest potenttal but 

thelr actual slgnlfl.cance cannot be estl.mated untll the 

dlstrlbutlon uattern has been clearly establlshed, 'rhe 

volatlle nature of the nltrogen compounds and the damp 

condltlons appear to facllltQte thelr.dl.stributlon. The 

mechanlsm of the P04 dlstrlbutlon l.s even less clear, but 

the contrast between the hlgh levels ln the solls and 

vegetatton and the low levels l.n the rocks suggest a 

faunal source, It ls lnterestlng to note that the major 

sources of"the prlncl.pal nutrlent elements are cornplementary 

--sodlum and magneslum have a largely marlne orlgln, 

potasslum and some of the calclum come from the rocks whl.le 

the fauna provlde phosphorus and nltrogen. 

On the bases of wlnd dlrectlon, slmllar altltude, 

lnsulatlon from wlnd and slml.lar rock comuosl. tlon, we: 

see no obvlous explanatlon for the dlfferent levels of 

these elements between the lakes. In fact, nltrogen and 

chlorlde are essentlally absent from the rocks, However, 

the proxlmlty of "Humble Lake" to a large penguln rookery 

and the greater abundance of other blrds on Humble Island 

suggest that che:nlcal-enrl.chment 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 nutrlents for lakes ln the Cape Royds area of Antarctlca, 
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·rhey re.port findings by wnich, in 1mrttculur, ohosphorus 

(75%) and nitrogen (71%) are extremely hi,,h in the penguin 

rookeries and the cations moderately so. Their results 

also confirm ours for Eleuhant Seal Pool, ~,hen they 

say the seals' wallow grounds contRin even higher nitro-

gen levels together with appreciable am9unts of the cat-

ions and phosohorus. "S:fua Lake" may receive nutrients 

from bathing Skuas, but this must be slight when compared 

1,ith the oenguins• contribution to "Humble Lake. 11 Uric 

acid, a chief nitrogenous waste uroducts of birds, is 

only sligh~ly soluble in coldwater (B-'.lldwin, 1959), When 

penguin guano accumulates during the nine month frozen 
• part of tne year, we propose that tihen the melt occurs, 

a significant quantity of nitrogen- and phosohorous-

containing com;iounds reach "Hulllble Lake,•• The main 

organic nitrogen source in pen~uin guano, however, is 

uric acld--essentially insoluble in water. We propose, 

therefore, that appreciable uric acid is decornoosed 

1!! situ by bacteria and/or fungi during the Antarctic 

summer; A manor decomnosition product of uric acid is 

r.'H3, which under alkaline conditions of the ;,;u,,no, enters 



the atmosphere as NH3 gas. W1nds blow1ng over "Humble 

Lake" carry the NH3 a portl.on of wh1ch 1s nl.cked up 

by the sl1ghtly acl.d lake water as NH4+, Recall the work 
+ of Junge {1954), who showed that atmospheric NH4 was low 

1n areas of low pH so1ls, and. h1gh l.n areas of h1gh pH 

sol.ls. Experiments with ac1d-mo1stened filter paper 

confirm that the air above penguin rookeries contain enor-

mous quantities of NH3 gas. Also a 11m1ted amount of data 

collected during an austral summer 1969-70 visit to the 

Antarctic (Parker, unpublished} tends to support the 

NH3 enrichment theory. 

Water flow1ng over areas of scree and s1lt, bare of 
• vegetation as at "Skua Lake", accord l.ng to Heywood ( 1964), 

had low concentrat1ons of nitrate and phosphorus unless 

contam1nated by bl.rd droppings, etc. If water flowed 

through stands _of moss, it gained apprecl.able amounts of 

nutrl.ent salts, The nitrates and phosphates may be leached 

out of the underlyl.ng plant or be produced by the fungal-

bacterl.al fauna assocl.ated wl.th the moss. They may even 

be extracted from the wl.nd borne sea snray by the moss 

stands. Thl.s no doubt accounts 1n part for the greater 

product1v1ty found 1n Humble waters, 

On the basis of the preceding data and dl.scussl.on, 1t 

l.s concluded that "Humble Lake" l.s eutronh1c durl.ng the 

austral summer, as judged by temperate lake standards of 
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lilnd product1vtty levels (Hutchtnson, 1957 and Retd, 1961). 

Contrasttngly, "Skua Lake" ts ol_1gotrophtc. On the basts of 

temper:ature maxtma. above 4° C and temporary cool tng tn 

summer wtth frequent mtxtng, "Humble Lake" ftts Yosh1mura 1 s 

(1936) classtftcatton as a "subpolar" lake, whtle "Skuet Lake" 

tyol tftes a "polar" lake. Cmnpa.rtng these lakes wt th other 

stud1es tn Antarcttca, "Humble Lake" resembles Goldman's 

Alga Lake tn' tts btologtc,.a.l producttvtty, whtle "Skua. Lake" 

appronches the producttvtty levels reported_1n numerous 

tce'-covered, melt wHter.ponds of the Cape Royds area- of 

Ant:;irct tea ( Gcilc'man, et. al.,_ tn press). However, nu tr.tents 

and extractable c-hloroohyll tn both "Humble and Skua Lakes" 

were orders ,of- mvgnt tude lower than those observed by the 

author for Alga and t•skua" Lakes tn the Cape Royds area. 

Order of raagnttude;dtscrepanctes between carbon ftxatton 

nnd both chlorophyll and nutrtent.levels of these Antarcttc 

lakes cannot be exolatned on the basis of our use of 
14 d tfferent prtm,iry productt vt ty bottles for trn situ C 

14 
measurement. Whtle our C ftxatton values obtatned 

conststently tn 250 ml screw-cap ph::irmaceuttcnl bottles 

generally are 25-50% hti,her than those obtatned tn the more 

standard JOO ml BOD bottles ( Parker and Samf1el, unoubltshed), 

we have never found order-of-magnttude dtfferences. 
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The presence of many cosmopolltan genera ln Antarctlc 

assemblages near Palmer Statton ralses the ~uestlon of how 

they were lntroduced lnto the south polar re~ton. Several 

means of dlstrlbutlon have been sugc,;ested. 

(1} Contlnental assoclatlori. Accordln,i: to Kuenen 

(1950), there are several theorles to account for the 

dlsoersal of plants and Hnlmals to (nnd from} Antarctlca; 

of these, the contlnental drlft hypothesls of Wegener 

(1924} apoears to be the most popular. It postulates the 

Palezolc exlstance of Gondwanaland from whlch, ln the 

early Mesozolc, the contlnents of the southP.rn hemlsohere 

broke off .;and drlfted apP-rt. Stllle (194/J.} and others 

deduce from selsmic evldence that ouch of the area between 

Antarctica and Australia.ls a slumped contlnent. 

Hedley (1911} and hls school belelve ln an anclent lsthllllan 

llnk between Australla, Antarctlca and South Amerlca. 

Hedley 1 s thesls ls lnvoked by Du Rletz (1940} and others 

to explaln the blpolar dlstrlbutlon of common plants. 

(2) Dlspersal by the wlnd, Allee, et. el,, (1950} 

mentlon "plankton of the alr" conslstlng of destccated 

anlmals and olants, cysts, e~gs, etc., whtch drlft wlth 

the alr currents, sometlmes as hlgh as the stratosphere. 

Upon falltng to earth, they resume nor:nri.l acttvlty where 

the envlronment is fnvorable. 
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(3) D1str1button by btrds. Accordtng to Hesse, 

et. al., (1958), water b1rds are transportatton med ta 

for aquattc m1croorgan1sms. Not only may b1ota be carrted 

externally, but cysts and eggs may be eaten and excreted. 

Eklund (1961) says skuas were often seen to dr1nk at 

fresh-water ponds. Accord1ng to Stead (1932), Cataracta 

antarcttca (Q. lonngerg1) range from New Zealand to 

Antarcttca. It seems logtcal that all of these theortes, 

espectally 2 and 3 could account for the algal genera 

reported durtng the study of the areas near Anvers Island. 



PART II 

LABOrlATORY ECOSYSrEM STUDIES ON NUTHIEN'l' FACTORS 

LH!ITING PHODUc·rIVI·rY IN ANTARC'ric FRESH WATER SYSrEMS 

INTRODUCTION 

Because of the vast d1fference 1n b1olog1cal produc-

t1v1ty, and by contrast, sl1ght d1fferences 1n other related 

parameters, "Skua and Humble Lakes" were chosen to 1n1t1ate 

a thorough study of the chem1stry and b1ology of Palmer 

Stat1on lakes to determ1ne whether 1111m1t1ng nutr1ent 

factors" were 1mportant 1n caus1ng Antarct1c lakes to change 
• 

from a state of ol1gotrophy to eutrophy. To conf1rm these 

observat1ons, an attempt was made to des1gn closed laboratory 

systems to mon1t.or changes 1n product1v1ty levels result1ng 

from chem1cal enr1chment of Antarct1c waters. The m1crocosm 

or m1cro-commun1ty appears to be the only env1ronment 1n wh1ch 

a rel1able check of the total procedure can be made. For 

th1s reason, s1m1lated aquat1c systems were set up 1ri the 

laboratory at VPI to ascerta1n the nutr1ent factors wh1ch 

may be 11m1t1ng to Antarct1c product1v1ty. 

Accord1ng to L1v1ngstone (1958) temperature w1th1n 

normal 11m1ts has less effect on the development of polar 

phytop~ankton stud1ed than does 11ght 1ntens1ty or chem1cal 

nutr1ent levels. Growth 1s always favorable to 1ncrease 

36 
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in light up to a point. My experiments, thus, were 

concerned solely with the effect of the chemical composi-

tion of the aquatic system, under similar conditions of 

temperature and illumination, on the productivity of 

Antarctic algae. 

The sensitivity of culture techniques for determining 

the availability of nutrients for phytoplankton growth has 

been recognized for many years. Schreiber (1927), working 

with sea water, Strom (1933) using Schreiber'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 techniques of 

the type used in this experiment with considerable success. 

Phytoplankton population growth has been measured most 

frequently by direct cell counts (Sterfling, 191+9), although 

light extinction coefficients (Aberg and Rodhe, 1942), chloro-

phyll (Ryther and Yentsch, 1957), volumetric and gravi-

metric measurements, as well as the oxygen, co2 , and pH 

methods, have been used. The low plankton concentrations 

encountered in the natural Antarctic waters and in the 

earlier weeks in the artificial water used as media and 

similar co2 content and saturation of oxygen rendered all 

these techniques less applicable than the 14c method of 

Steeman-Nielsen (1955). Therefore, the main productivity 
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expertments 1n thts study tnvolve a compartson of the rate 

of carbon ass1m1lat1on tn the dtfferent nutrtent level 

cultures, The measurement of growth was not as greatly 

dependent upon a s1gn1f1cant tncrease tn cell numbers 

durtng the culture pertods, as upon an tncrease tn the rate 

of photosynthettc accumulatton of organtc carbon whtch may 

not be 1mmed1ately mantfest 1n a numertcal tncrease, 

It has been suggested by Talltng (1957) that results 

of cultu~e expertments may not be readtly applted to the 

natural envtronoent because restrtctton of planl{ton 1n a 

contatner does not dupltcate the natural cond1t1ons and may 

favor the development of atyptcal forms, To offset thts, 

1n add1t1on to ustng the natural lake plankton,every 

attempt was made to dunltcate the natural lake ltght and 

temperature cond1t1ons 1n the exnertmental cultures. How-

ever, to strengthen the f1nd1ngs, tests wtll be conducted. 

1n both "Skua and Humble Lakes" 1n Antarcttca on levels of 

nutrtents found to be 11m1t1ng 1n the laboratory. Also, 

several tests were 1n1t1ated to detercitne the effect of 

stze of contatner and volume on enrtchment studtes. 

MATERIALS AND METHODS 

Lt ve communt ttes brought to VPI i,.1ere grown 1n enrtch-

ment medta 1n a growth chamber at 8-10° C and 500 ft,-c, 
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from a bank of n1ong wave length" fluorescent llghts. 1 

A ser1es of expertments were set uo in the laboratory at 

VPI to determtne the nutrlent factors whtch could exolaln 

tho eutrophlcatlon of various lakes in the Palmer Station 

area. Assimllated aquatlc systems comparable to those 

of "Skua and Humble" Lakes were constructed in the labor-
' atory first from 500 ~1 flasks and then from 3000 ml 

wide-mouth beakers, and finally from 5 gallon aquaria. 

Natural water from ''Humble and Skua" Lakes was similated 

ln the laboratory by adding the major nutrlcnts (Anpendix 

I) and a trace element-vttamin mixture from Goldman, et. 

al.,, ( ln press) • ... 
The salts used for the artific1al media of 11Skua and 

Humble" water were CP or reagent grade, dissolved ln de-

ionlzed and red1.stilled water. Since Arnon (1938) found 

that ·the trace elements that were necessary for higher 

plants are apparently nresent as lmpurlties ln these salts 

in sufficient quantitles to permit normal growth, only 

so.me trace e:lements necessary for growth were added as 

1For planktonic fresh-water alP.;ae, Algeus (1951) 
states that fluorescent lamps rich in long•--wnve-length 
are preferAble to tne ltght of the "dayli~he1 type, 
Lesser differences in the 1.ntensity of illumination seem 
to be of no consequence, accord1.ng to Algeus (1951). 
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necessary. All medla were autoclaved-sterlllzed one day 

b,,fore use. Cultures were swlrled mHnually every 24 hours 

and alr bubbled through to lnsure adequate sunply of co2• 

Solutlons of pure chemlcals, slmllar ln comoosltlon 

and concentratlon to those occurrlng ln natural waters, 

were essentlal in order to investigate the effect of 

varying the concentration of a salt, (Chu, 191,2). Efforts 

were therefore especially directed during this work towards 

preparation of media, which would imitate the two types 

of natural waters ("Skua and Humble") as closely as possible. 

Artificial solutions, based on the normal composition of 

"Skua and J:Iumble" water, were prepared after numerous 

experiments, so that ultimately the nlanktonic community 

from each lake could be successfully grown in the artificial 

cultures. A continuous-flow device was constructed to 

permit constant input and output of the nutrients into the 

experimental vessels. The experimental systems were 

returned to the growth chamber and kept at 5° C under 

fluorescent lights at 0.15 langley/min. illumination for 

12 hours and ~5 langley/min. illumination for 12 hours. 

After the systems had set for seve,ral days, a Hach chemical 

analysis of various nutrients was run to ascertain the nu-

trlent level of each assi•nilated 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, e~utllbrated commun1t1es composed of algae 

w1th the1r assoclated nat1ve bacter1a, fung1, and protozoa 

( ·rable V), from each Antarct 1c lake were added to the 

respect1ve systems. 

The b1ot1c commun1t1es were allowed to equ111brate 

and pr1mary product1v1ty 14c measurements were made 1n s1tu 

to ascertatn the level of b1olog1cal product1v1ty found 1n 

each of the two systems. Controls and repl1cas of each 

system were likew1se evaluated. These levels of product1v1ty 

were then compared w1th those of the natural respect1ve 

Antarct1c lakes to ver1fy that levels of productlv1ty of-
.) 

natural and ass1m1lated systems of the two env1ronments were 

respect1vely s1m1lar. Nutr1ent c'.lncentrat1ons were then 

added, both singularly and compounded, to the laboratory 

"Skua Lake" m1crocosm to approach those 1n "Humble." 

Suff1c1ent equ111brat1on t1me was allowed for the algae 

communtty to respond to the new concentrat1on for each 

nutr1ent add1t1on. Hach analyses of slmulated med1a water 
14 and C measurements were determ1ned every f1ve days for 

the duratton of the nutr1ent stutlles. Productlv1ty values 

were compared to determlne the degree of var1at1on between 

the enr1ched "Skua" system wlth that of "Humble." Once 

the ltmltlng nutr1t1onal factors of the ol1gotroph1c 

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

Algal genera reported ln field for "Humble and. Skua" 
Lakes during January 10-26 study; genera used for 
artlficial media inoculum; ~enera nresent in art!-
ficial lakes after 6 week enrichment period 

Skua Humble 
Skua Skua after Humble Humble after 
Ant- ino- 6 Ant- lnocu- 6 

Genus arctica culum weeks arctica lum weeks 

Chlamydomonas + + + + + -+ 
Chlorosarclna 
Oscillatorla + + + + 
Chryscoccocus + 
Dactylococcopsls + 
Nerisimopedlum .+ 
Praslola. + 
Nav1cula + 
Monostroma + 
Troschlcla + 
Chroococus + + + + + + 
Aphanocapsa + 
Pallnelloosls + 
Phormldlum + 
Scot1ella + 
Ellipsoldlon + 
Tro.chychloron + 
Chlorella + + + + + + 
Chrysopsls + + + 



43 

lsolate the nutrlent or nutrlents whlch lnfluenced the 

degree of eutrophlcatton of "HU!llble Lake," The same.pro-

cedure was followed ln all sets of experlments mentloned 

above, Flgure 3 swnmarlzes the general procedure followed 

ln experlments on laboratory ecosystem studles of nutrlent 

factors. 

In addltlon to the ·enrlchment of "Skua Lake" water to 

ascertaln the nutrlents llmltlng to blologlcal productlvlty 

(as compared wtth eutrophlc "Humble Lake" water), several 

other short-term experlments were lnltlated to enable a 

better understandlng of the problem of eutrophlcatlon ln 

the Antarcttc. An experlment was lnltlated by whlch the-· , 

algal communlty of "Humble Lake" was grown ln a·rtlflclal 

"Skua Lake" water and~ Y!!.!:_~ to ascertaln the effects 

of the communtty structure .on the level of nutrlent addltlon 

to each lake system. Also, a serles of experlments were 

begun to determlne the level of F.t+enrlchment to both 

"Skua and Humble", whlch would be needed to provlde an 

lncrease ln productlvlty. Data for all experlments, • 

lncludlng lnoculum slze, duratlon of experlment, repllcate 

numbers, productlvlty and chemlcal analysts, etc., can 

be found under "Results," 



44 

Li.ve cultures Antarctica grown in enrichment media. 
5 ml inoculum used from lakes 1n Palmer area • 

. + • 
Transferred to 8-10 C, .500 ft. candle growth chamber 1n 

.. ~bor~o,ry at VPI,1n enric~ 

500 ml flask JOOO ml beaker 5 gallon aquaria 
simulated system slwulated system simulated system 
for 11Humble 1• & for 0 Humble 11 & for 1•Humble 0 and 
"Skua" (no~ "Skua" (nt algae) "S/algae) 

~Nutrient ad11t1ons to "Skuat1 \"Humbl~' _,,.--- I , . Controlr \ 

Single Compound S1ngl~ Compou\d Single Compouid 

3 day equll1 ration period 

Hach analyses of water in growth chamber at 5° Cat 12 hours 
"Of .15 langley/m1n. and .05 langley/m1n. ' • Algae-bacterial community inoculum from Antarctic cultures 

added. 14 dat equlllbratlon. 

• =-- Flowtsystem1 
Continuous Iloncon~ Colt Noncon'.t Con•t lloncon•t 

Hach analyses and 14c productivity every 5 days on enrich-
ment (single and compound) plus controls for continuous & 

non continuous systems 

t 
~1ment cypleted 

45-60 ctays 30-45 duys· 
af~ 

45 days 

FIG. J. Flow sheet of procedure folloued in laborntory 
ecosystem experiments. 



RESULTS 

Experlments on Nutrient Factors Limiting Productlvlty 

The algal cocmunity of both "Humble and Skua Lakes" 

wns transported to the laboratory at VPI from the Antarctic 

in media comprised of a similar nutrlent compositlon as that 

of each natural lake with 5 ml inocula from the respective 

systems. Upon a;rrival at VPI, cultures were kept under 

light and temperature regimes which approached those of 

their natural habltat. Microsconlc identiflcatlons were 

made periodically throughout all experimental runs to deter-

mine if community structure of either community ("Humble" 

or "Skua") changed to any aopreciable degree throughout 

enrlchment tests. It_is obvious from Table V that the 

algal genera as well as bacterial community of both lake 

systems used for the initial inoculurn of all experimental 

enrichment studies were the same as those reported from 

laboratory culture examinations of the natural "Slcua and 

Humble Lake" biota, Also note that after the 5-7 week 

nutrient experiment, wlth the exceotions of some disappear-

ance of sub-dominant species in the "Humble Lake" system, 

all algal bacterial communities remained the same as the 

original community found in the Antarctlc. 

45 
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The mere presence of cherotcal substances 1n the 

envtronment, although recogntzed as a valuable gutde for 

pure culture studtes (P1nter, 1953), does not necessartly 

prove thetr b1olog1cal ava1lab111ty (Potash, 1956), Further-

more, because of the complextty of growth factors 1n natural 

waters (Hutchtnson, 1944), btoassay may be expected to 

reflect 11m1t1ng factors better than chemtcal analyses of 

the envtronment, As descrtbed under "Matertals and Methods" 

culture expertments were run to 1dent1fy the role of vartous. 

nutrtent factors 1n phytoplanlcton product1on 1n "Humble and 

Skua Lakes," Although cultures were ma1nta1ned for longer 

per1ods, the effect of spec1f1c nutrtents on carbon f1xat1on 
' 14 rates was aetectable (wtth C) w1th1n a few hours after 

thetr add1t1on to the medta. 

Steemann-N1elsen and Al Kholy (1956) have demonstrated 

that the 14c techntque ts appltcable under cond1t1ons of 

phosphorus and nttrogen def1c1ency, ·although the dtscrepancy 

between the 14c and o2 determ1nat1on of photosynthests ts 

reduced by n1trogen and phosphorus add1t1on (Ketchum,. et. 

al,, 1958), Th1s ts an 1mportant cons1derat1on stnce some 

of the measurements 1n the Antarcttc lake stud1es, as well 

as 1n cultures, were made under subopttmal cancentrattons 

of these two elements, 

Also, much cr1t1c1sm (e.g., Emerson and Green, 1934; 

Emerson, 1935) has been leveled agatnst measurements of 
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photosynthesis by aquatic plants in unshaken and sealed 

vessels. Limitations of gaseous diffusion in unstirred 

media are likely to be minimal for dilute suspensions of 

unicellular algae, but few tests of this point are recorded 

in the abundant ecological literature (Talling, 1957; Doty 

and Oguri, 1958). An experiment was therefore run to test 

whether rates of photosynthesis differed between previously 

unshaken suspensions in which cells were allowed to settle 

and attach at least superficially to vessel walls and sus-

pensions in which shaking by hand every hour during a 4-hour 

period prlor ~o 1~c experiments maintained cells in free 

circulatiop.. Continuous rnixina: b:y: currents in the flasks -
was also tested. •rhe experimental results in Table VI 

show almost identical rates of carbon fixation in shaken 

and unshaken flasks, despite considerable settling and ad-

hering of cells to the vessel walls, especially after the 

latter period of the 12 hour experiment. Nevertheless, 

during the following experiments, all vessels were shaken 

twice a day and aerated to insure free circulation. 

Similated aquatic ecosystems comparable to those of 

"Skua and Humble Lakes" were constructed in the laboratory, 

first from 500 ml flaslrn, then from JOOO ml wide-mouth 

beakers and finally from 5 gallon aquaria, to ascertain 

the effect of various nutrient levels on_ biological pro-

ductivity. In addition to these enrichment studies, several 
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TABLE VI 

Mean carbon ftxatton uptake rate (mg C/m3/hr) for shaken 
and unshaken vessels and current m1x1ng; 3000 ml beakers 

Unshaken Hand Shaken Current m1x1ng 
Sam- hours hours hours 
~le 0 4 8 12 0 4 8 12 0 4 8 12 
1 i:ium-
ble" 8 8.4 8.4 8.2 7.7 8.0 s.o 7.9 8 8.0 7.8 8.0 
11 SkUau2 2.0 1.9 2.1 2.0 2.l 2.3 1.9 2 1.7 2!0 2.0 
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short ter~ exper1ments were 1n1t1ated. An exper1ment was 

begun by wh1ch the algal commun1ty of "Humble Lake" was 

grown 1n art1f1c1al "Skua Lalce" water and versa to 

determ1ne the effects of structure on the level of 

nutr1ent add1t1on to each lake system. Also, a ser1es of 

exper1ments were begun to determ1ne the level of ferrous 

1ron·enr1chment to both "Skua and Humble" wh1ch would be 

needed to prov1de an 1ncrease 1n product1v1ty. The results 

of the above are renorted separately 1n the follow1ng 

sect1on. 

500 ml Flask--Nutr1ent Level Exoer1ment 

Three:separate exper1ments, each w1th three repl1cas, 

were run 1n 500 ml flasks on March 20-Apr11 30; Apr11 15-

June 1, and June 1-July 9. Inoculum s1ze was adjusted to 

g1ve representat1ve values for both "Humble and Skua Lakes", 

wh1ch ranged between 1 ml to .2 ml for "Skua and Humble", 

respect1vely. The number of algae cells found 1n the 

1noculum for all exper1ments were approx1mately 200-300 

cells/ml w1th f1ve genera 1n "Humble" and three 1n the 

"Skua" 1noculum. A two-week eqU111brat1on per1od was used 

for each system before 1noculat1on occurred and ano.ther 

equ111brat1on per1od of one week elapsed before nutr1ent 

enr1chment was begun. Separate enr1chment of P04-;;;-P, 
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NH4+-N, No3--N, Cl- and s102- were added to synthetic 

"Skua" water to approach the nutr1ent conoentrat1on found 

1.n "Hu.'llble. 11 Nutr1.ents were added ' both continuously 

throughout two exper1ments and 1n1.tlally only 1n a third 

experiment to fac1.11tute determination of the degree of 

nutrient depletion. Also, a combined nutrient level 

experiment with P04~+ No3-; P04a 

P04;;; + NH4 + f P04.; + N0.3 - + NH4 +; 

+ Cl-; P04;; + 8102"'; 

NH++ c1-; and NH4+ + 
4 

Sio2= was run. 

In all experimental runs, after .the equil1.bration 

'period and before enr1chment of synthetic "Skua" water, the. 

observed 14co2 uptake rates in synthetic "Humble" water 
! 

were .5-10 times h1.gher than that of s~'nthetic "Skun." The 
- + . • 

addition of NH4 -N to "Skua Lake" had the greatest effect 

of any s1.ngle nutr1ent toward increas1.ng the productivity 

of the algal community in the art1.flclal system with 

greater than 2 times 

three runs. Ees1.des 

the,productlvlty over control ln all 
+ • - "" NH4 -N, the addition of P04--P to 

artificial ;'Skua" ,water showed the next greatest stimula-

tion with nroduct1ylty being 1.2-1 • .5 that ·of the control. 

·Enrichment of c1-, s102~, and No3--N, Fe++ resulted 

1n no increase in carbon fixation in any of the experi-

ments. The oni'y 11pos1tive" result obtained from 

the combined nutrient experiments was w.1 th the add it lon 
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of Po4::;-P + NH4+ to "Skua" media, where levels of productiv-

ity approached those of "Humble" in all instances. In one 
+ --case, the "Skua" enriched water (NH4 + Po4··-P) resulted 

in exactly the same rate of carbon fixa.tion as did the "Hum-
' 

ble" community. Table VII shows the effects of enrichment of 

"Skua" water with the various single nutrient levels. Note 

in Table VIII the effects of co1i1bined nutrient levels on 

the alge.l conununi ty of 11 Skua LR.ke." It is obvious from 

Table IX thflt in all the continuous-flow vess<>ls, nutrient 

levels renmlned relatively constant throughout the experi-

ments. However, small changes may have occurred during the 

intervals between additions of nutrients to the continuous 
" 

flow vessels. 

The nutrient depletion results show Po4=-P values for 

"Skua" water never drop below the original value of 0.1 ppm, 

and enr.ichment values up to 5. 1 ppm fell to 0. 1 for "Skua" 

water within J0-45 days. The average rate of P04=-P con-

sumption for "Skua" water is 0.15 ppm Po4:::-P/day. The Po4i:.-P 

values for "Humble" water never dropped below .4 ppm and 

usually not lower than 1.0 ppm over a 60 day period. The 

average consumption rate for "Humble" water was .11 ppm 

Figure 4 summarizes the above P04·-P depletion 

values. + One can see similar changes in NI:!4 -N levels, with 
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TABLE VII-A 

Mean carbon fixation uptake rate (mg C/m3/hr) 
for enr1.chment with single nutrient level to 
1•skua" water to approach 11 Humble II concentration 
--500 ml flask; trial #1 

days· 
Sample 0 5 10 15 20 25 JO 35 40 

Humble 5.2 64.0 81 90 116 120 106 110 

Skua 
Control .75 8.2 10 16 20 19 25 24 

' .. Skua+ 
NH4+-N 1.4 24.1 35 41 59 60 51 50 
Skua 
P04=-p .81 10.6 17 17 27 24 JO 27 

Skua+ 
No3--N .72 a.o 11 15 19 17 19 18 

Skua+ 
sio2= .74 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 fl.:xatton uptake rate (mg C/m3/hr) for 
enrichment wtth s1ngle nutrl.ent level to "Skua" 
water to approach 11Humble" concentrat1on--500 ml 
flask; tr1al #2 

--
days 

Samnle 0 5 10 15 20 2~ ~o 25 40 

Humble 6.1 70.0 91 124 131 125 141 120 120 

Skua •. 
Control ., 

.90 7.6 12 26 29 29 31 24 28 

Skua+ 
NH4+-N 1.7 28.0 39 50 34 60 so 47 41 

Skua+ 
P04.:._p 1.1 9.0 13 37 35 39 · 31 28 28 

Skua+ 
No3--N .81 7.0 11 29 24 27 27 20 24 

Skua+ 
S1.0 = 2 .94 8.o 12 25 26 27 26 20 29 

Skua+ 
c1- .BJ e.o 11 26 28 25 JO 25 31 
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TABLE VII-C 

·Mean carbon fixation uptake rate (mg C/m3/hr) for 
enrichment with single nutrient level to 0 skua" 
water to approach "Humble" concentration--500 ml 
flask; trlal #J 

days 
Samnle 0 5 10 1.5 20 25 30 - . 
Hum.ble 4.1 51.0 84 93 100 104 96 

Skua Control o.4o 5.1 9 8 12 12 10 ., 

Skua + + NH4 -N 1.0 19.0 25 24 J6 41 29 

Skua + Po4-P 0.7 7.0 12 15 10 20 18 

Skua + uo3--N o.4J 5.0 8 10 lJ 12 11 

Skua+ 810::::. 2 0.37 6.o 9 9 lJ 11 12 

Skua+ c1- o . .5 5.0 10 10 10 11 10 
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TABLE VIII-A 

Mean carbon fixation uptake rate (mg C/m3/hr} for 
combined enrichment of 11 Skua 0 water to apyroach 
"Humble" concentration--500 ml flask; trial #1 

•----•k 

days 
Sample 0 5 10 15 20 25 30 

Humble 10.0 96 134 150 161 141 151 

Skua Cont~l 2.5 ·19 21 20 27 27 ·24 

Skua+ P04=-P+No3--N 3.0 21 JO 32 24 34 31 

Skua+ Po4;-P+Slo2= 2.7 20 34 30 .·24 27 JO 
Skua +·P04$-P+c1- 3.1 24 JO 31 JO JO 35 

= + Skua+ Po4--P+ NH:3 -N 5.1 71 108 121 100 120 117 

Skua+ NH:3+-N + Cl 4.6 51 80 80 84 71 80 

Skua+ Po4=-p + No3--N 
+ NH4+-N 5.0 61 120 130 100 110. 113 
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TABLE VIII-B 

Hean carbon f 1xat ion uptake ra.te {mg c;m3/hr) for 
combined enrichment of nskua" water to approach 
11 liurnble 11 concentration--500 ml flask; trial #2 

days 
Samole 0 10 15 20 22 JO 
Humble 9.0 70 150 160 140 120 150 

Skua Control 2.1 ·20 30 34 29 30 26. 

Skua +P04.;-P+No3--N 2.8 29 30 40 35 36 36 
' -..J 

24 38 40 Skua +P04;-P+Sio2= 2.8 31 38 37 

Skua +P04;-_P+c1- 2.7 24 34 37 39 27 35 
Skua - + +P04"'-P+NH4 -N 3.1 55 91 130 140 105 100 

Skua +NH4+-N+c1- 5.0 41 80 75 91 100 82 

Skua +Po4;-P+ 
+NH4+-N 

No3--N 
6.4 70 81 115 135 100 120 
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TABLE VIII-C 

Mean carbon f1.xat1.on uptake rate (mg C/m:3/hr) for 
combined enrichment of 11 Skua 11 water to approach 
11 Hwnble 11 concentration--500 ml flask; trlal #) 

Sarn:ole 0 5 10 12 20 25 

Humble 11.0 90 145 161 120 140 

Skua Control J.O 20 JO J4 27 31 

Skua+ Po4=-P + No3--N J.6 24 J4 35 JO 37 
Skua + Polf,=-P + S!.0 = 2 J.4 26 36 39 JO 36 

Skua+ Po4=-P + c1- J.O 29 35 37 J4 JO 

Skua+ = . :,to Po4--P+NH4 -N • 5.4 80 110 150 118 120· 

Skua+ NH4+-N + c1- 4.4 50 70 90 110 100 

Skua+ P04=-P 
+ NH4+-N 

+ No3--N 
4.5 60 82 100 100 104 

20. 
160 

35 
J8 

• 36 

J6 

120 

108 

98 



58 

TABLE IX-A 

I-lean nu tr tent concentrat lon levels of ''Skua II and II Humble 11 

media in continuous flow 500 ml flasks; trial #1 

days 
Samnle 0 10 15 29_ __ _£) ..J.Q_ 

Humble 
P04--P 1.7 1.6 1.8 1.7 1.5 1.7 1.5 
NH4+-N 2.5 2.5 2.3 2.4 2.5 2.4 2.6 
No6-=N 1.75 1.6 1.8 1.7 1.7 1.5 1.8 
St - 1.5 1.4 1.5 1.6 1.5 1.6 1.4 
c1- 2 40.0 JB.O 35.0 42.0 40.0 45.0 40.0 
Fe++ 0.02 0.02 0.01 0.03 0.02 0.02 0.02 
pH 6.3 6.35 6.4 6.25 6.3 6.4 6.3 

Skua Control 
Po4;-P 0.03 0.03 0.025 0.04 0.03 0.025 0.03 
NH4+-N . 0.1 0.1 0.08 0.08 0.1 0.12 ·0.14 ., 
No3--H 1.0 1.0 1.25 1 .. 0 1.0 1.1 1.0 
Si 02- 1.0 1.0 1.0 LO 1.0 1.0 1.1 
c1- 8.0 7.0 9.0 8.0 7.0 8.0 8.0 
Fe++ 0.02 0.02 0.02 0.01 0.03 0.02 0.02 
pH 6.J 6.3 6.3 6. 3 _ 6.3 6.35 6.3 

Skua '!, P04 ia:_p 
?04=--P 1.7 1.6 1.7 1.7 1.7 1.8 1.7 

Skua! NH4 +-N 
P04--P 1.7 1.6 1.7 1.7 1.8 1.7 1.7 

Skua+ NH4+-N 
NH4+-N 2.5 2.4 2.4 2.4 2.6 2.5 2.4 

Skua+ c1-
c1- 40.0 38.0 40.0 42.0 45.0 45.0 38.0 

Skua +_sio2= 
s102- 1.5 1.5 1. 5 1.5 1.5 1.5 1.5 



59 

TABLE IX-B 

Mean nutr1.ent concentrntlon levels of 11 Skua" and "Humble" 
medta tn conttnuous flow 500 ml flasks; trlal #2 

days 
Sam:ele 0 5 10 15 20 2L_ 30 
11Humble 11 

PO =-P 1.7 1.8 1.7 1.7 1.6 1.5 1.7 
NHt+-N 2.5 2.4 2.4 2.4 2.4 2.6 2.5 
NOd-=N 1.75 1.8 1.5 1.6 1.6 1.9 1.8 
S1. - 1.5 1.4 1.4 1.6 1.5 1.5 1 .4 
c1-2 40.0 30.0 41.0 38. 0 38. O . 40.0 40.0 
Fe++ 0.02 0.02 0.02 0.02 0.02 0.04 0.02 
pH 6.3 6.5 6.3 6.3 6.4 6.3 6.4 

11 Skua•• Control 
P04=;_p 0.03 0.03 0.03 0.02 0.01 0.03 0.03 
NH4+-N 0.1 0.09 0.12 0.08 0.07 0.1 0.1 
NO -N j 1.0 1.0 1.1 1.2 1.0 1.0 0.9 
s1J = 1.0 1.0 1.0 1.0 1.0 1.0 1,0 
c1-2 8.o 7.0 6.o 9.0 10.0 9.0 a.o 
Fe++ 0.02 0.02 0.02 0.02 0.02 0.01 0.03 
pH 6.3 6.3 6.4 6.2 6.3 6.3 6.3 

uskua~ + P04;-p 
P04=-P 1.7 1.6 1.8 1.9 1.6 1.7 1.7 

"Skua: + NH4 +_N 
NH4 -N 2.5 2.4 2.4 2.4 2.4 2.6 2.5 

11 Skuatt + c1-
c1- 40.0 35.0 45.0 38.0 40.0 -40.0 41.0 

"Skua"+ S1.0 = 
sto2= 2 1.5 1.6 1.5 1.5 1.5 1.5 1.5 
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= + Mean P04--P and NH4 -N consumption for .. Skua" 
and "Humble" media; 500 ml flask and JOOO ml 
beaker 
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the exception thRt levels of this nutrient remain hi~her 

in "Skua" water after cnrlchment than in natural "Hll'Ilble 11 

+ water over the same period (Fig. _5). Average NH4 -N 
+ consumption for the "Humble" system was .05 ppm NH4 /day, 

+ while 11Skua" consumed less than .04 ppr.i NH4 /day in "Humble" 

and , 012 ppm NOJ -/day in "Skua." ++ Likewise, Fe values for 

conswnption were almost nil with rates of ,00012 ppm 

Fe++/day in "Humble" water and ,0002 pnm Fe++/day reoorted 

in ''Skua" (Fig. 5). SiO = and Cl- were not consw::ied at all 2 
in any of the depletion experiments. Table X shows carbon 

fixation rates for the nutrient depletion experiment for 

"Humble and Skua" waters. Productivity bottles used in all 
• carbon upti\.ke experiments were of the same size (70 ml) 

to facilitate in situ measurQments, --
3000 ml Beaker--Nutrient Level Exoeriment 

Three separate experiments, with three replicas, were 

run in JOOO ml wide-mouth beakers on March 1-April 22, 

April 1-June 1, and June 1-July 9. The inoculum size 

was 2 ml for "Skua" and .4 ml for "Humble." The same 

er,uilibration perlods were used as those for the 500 ml 

flask experiments, No obvious differences appeared in either 

the single nutrient depletion experiment between the two 

different size experimental vessels. Carbon fixation 
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.02 

.. Skua" 

0 w e e k a 6 

0 w e e k s 6 

FIG. 5. Mean consumption of Fe++ and No'i--N for "Humble .. 
and "Skua .. media--500 ml flask and 5000 ml beakers 
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TABLE X-A 

Mean carbon flxatlon uptake rate (mg C/mJ/hr) for 
nutrlent depletlon of "Skua" and 11Humble 11 waters--
500 ml flask; trlnl #1 

days 
Samule 0 5 10 15 20 25 JO 22 
11liuable 11 6.1 40.0 51.9 81.0 86.o 80.0 74.0 60.0 
11 Skua 11 

Control 1 .4 15.0 32.0 45.0 47.0 39.0 37.0 JO.O 
11 Skua. 11 + 
NII4 +_N J.8 26.0 45.0 60.0 54.o 69.0 60.0 49.0· 

"Skua 11 + 
P04.::._p 2.4 12.0 37.0 51.0 46.o 45.0 41.0 39.0 
ttskua.H + 
SlO = 2 1.6 10.0 JO.O 40.0 45.0 40.0 27.0 JO.O 
11 Skua 11 + 
c1- 1.4 15.0 29.0 ·42.0 49.0 40.0 J6.0 37.0 
11 Skun 11 + 
No3--N 1.5 1a.o Jl.O 48.0 40.0 47.0 41.0 J2.0 
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TABLE X-B 

I1ean carbon ftxatton uptake rate (mg C/m3/hr) for 
nutrlent deplet lon of 0 Skua" and 11 Humble" water--
500 nl flask; trtal #2 

days 
Samule 0 5 10 15 20 25 JO 25 
t1Humble" 1.8 7.0 28.0 91.0 84~0 59.0 
t1skua u 
Control 0.9 2.1 7.0 40.0 27.0 29.0 

• 
11 Skuan + 

.., 

NH4+-N 1.2 4.o 17.0 60.0 51.0 45.0 
11 Skua11 + 
P04•-P 0.94 2.0 12.0 47.0 Jt:.o 27.0 

nskua" + 
sto2= o.8 2.6 8.0 JO.O 29.0 27.0 

0 Skua 0 + 
c1- 0.85 1.8 9.0 36.0 31.0 29.0 
11 Skua tt +. 
No3--N o.o 2.1 8.0 41.0 29.0 20.0 
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rates were usually 2-4 times higher in the 3000 ml beakers 

than the 500 ml flask; hoi;ever, the inoculum size was at 

least this amount greater in the larger vessels to compen-

sate for the larger volume. Productlvity levels before 

enrichment were 3-7 tlces higher in "Humble" media than in 

"Skua." + As in the 500 ml flask experiments, NH4 -N showed 

the greatest stimulatory effect with increases as high as 

elght times over the control vessel (no enrichment). 

P04"'-P showed some stimulation with values as high as two 

tlmes over control. It is interesting to note that the 

response to enrichment see!'.led somewhat ouiclrnr in the 

larger 3000 ml beakers than in the 500 ml flasks. Again, 
• 

Sio2=, No3--N, Cl-, and even increase in pH had no effect 

on productivity in the "Skua" enrichments. Table XI 

summarizes the effects of single nutrient additions to 

"Skua" media, Note in Table XII that the effects of com-

bined nutrient additions (the same used in the 500 ml flask 

experiment) were alcost identlcal to the values reported 

from those of the smaller vessels, adjusted for inoculum 

size. Again, it is obvious that the Po4"'-P + t-.'H4+-N enrich-

ment produced productivity values in close accord with 

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

levels in the continuous-flow vessels were identical to 

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

Mean carbon flxatlon uptake rate (mg C/mJ/hr) for 
enrichment with single nutrlent level to "Skua 11 

water to approach "Humble" concentration--JOOO ml 
beakers; trial #1 

Samnle 0 5 10 1,2 20 25 ]O 22 40 

nHumble" 6.o 74 200 304 400 400 390 405 400 

"Skua 11 

Control 1.0 10 26 JO J4 39 29 J4 29 

•1skua 0 + 
NH4+-N J.O !H 120 200 180 190 200 200 220 

"Skua"+ 
P04=-P 1.6 14 40 60 55 60 60 71 54 
11 skua 11 + 
NO --N J LO 9 24 J4 JO J4 29 JO J8 

nskua" + 
SlO = 2 0.9 8 27 JO JO 31 27 24 JO 

"Skua 11 + 
high pH 1 .. 0 10 25 40 Jl JO 27 28 40 

4,2 

400 

39 

175 

60 

JO 

27 

33 



TABLE Xl-B 

Mean carbon f1xat1on uptake rate (mg C/c3/hr) for 
enr1chment w1th s1nc.;le nutr1ent level to "Skua" 
water to approach "Humble" concentratlon--3000 ml 
beakers; tr1al #2 

days 
Sample 0 5 10 15 20 22 JO 34 40 45 
"Humble" 10 102 260 308 450 400 421 

"Skua" 
Control 2 12 36 45 42 40 37 
"Skua"+ • 
NH4+-N ., 3 50 160 190 200 200 175 
11 Skua.11 + 
P04;:;-P 2 20 60 70 65 70 80 

"Skuau + 
No3--N 1.6 15 30 41 50 40 35 
''Skua 11 + 
S10 = 2 2 13 30 40 37 26· 41 

1•skua 11 + 
Cl- 1 20 40 50 37 31 40 

"Skua 11 + 
h1gh pH 2 19 45 30 34 36 41 
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TABLE XI-C 

1'1ean carbon ftxatton uptake rate (mg C/m3/hr) for 
enr1chment w1th stn~le nutrtent level to ••skua" 
water to approach "Humble" concentratton--JOOO ml 
beaker; trtal #J 

days 
Sample 0 5 10 15 20 25 20 J2 40 42 

"Humble" 12 100 190 J40 400 1~1 O 360 
11 Skua 11 
Control 4 20 JO 41 50 45 50 
"Skua 11 + 
NH4+-N 6 41 100 141 170 150 150 

nskua 11 + 
P04=-P J 10 50 81 70 75 69 
11 Skua 0 + 
No3--N 4 20 40 50 40 41 39 
nskua 11 + 
S10 = 2 J 12 50 40 ·40 45 41 

''Skua" + 
c1- J.1 15 40 50 35 41 39 
11 Skua" + 
high pH J 17 35 40 Jl 45 41 



TABLE XII-A 

Henn carbon f1.xation uptake rate (mg C/m3/hr) for 
combined enrichment of 11 Skua" t-1ater to approach 
11 liumble" concentrat1on--3000 ml beaker; trial ~1 

days 
Sam~le 0 2 10 lj 20 2,2 JO 32 
''Humble" 7 80 160 270 410 420 400 405 

"Skua 11 

Control 1 8 32 59 71 6J 70 65· 

"Skua 11 + J 20 49 81 90 76 84 80 
P04;;-P + uo3--N 
11Skya" + 
Po4;;-P+S102== J 17 50 70 81 64 90 78 

"Skua"+ 
Po4=-P+c1- 2 15 41 62 90 90 84 80 

"Skua"+ - + 5 51 110 210 319 376 294 358 Po4;;;;-P+NH4 -N 
11 Skua 11 + 
NH4+-N+Cl- 4 41 81 97 114 174 161 172 

"Sk¥,a" + _ 
NH4 -N + SiO2- 4 60 72 100 119 181 174 168 

"Skua"+P04=;-P 
No3--N+NH4+-N 5 49 137 200 227 184 261 200 
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TABLE XII-B 

Nean carbon f1xatton uptake rate (r:1g C/mJ/hr) for 
comb1ned enrtchment of ·"Skua" water to approach 
"Humblen concentrat1on--JOOO ml beaker; trtal #2 

days 
sample 0 2 10 12 20 22 20 

"Humble'' 10 90 190 294 460 417 450 
11 Skua 11 Control J 15 48 84 90 86 97 
nskua 11 + P04=-P + No3--N 5 JO 69 100 114 95 112 

uskua" + P04;;;;-P + = 5 27 S102 70 91 94 86 90 
11 Skua 11 + P04=-p + Cl - 4 2J 87 100 100 94 108. 

"Skua" + Po4=-P + NH4+-N 8. 70 187 276 410 319 J84 

"Skua+ NH4+-N + Cl- 6 50 164 215 370 294 J18 

"Slcua" + + NH4 -N + S102 6 41 117 200 J04 J06 JOO 
11 Skua" + P04~-P + 
NOJ--N + NH4 -N 7 58 129 197 291 JOO JOO 
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nutrient depletion valuesfor NH4+-N, P04
5 -P, No3--N and 

Fe++ were simllar to those of the smaller vessel size 

(Fig. 4, 5). In the JOOO ml beaker exueriment, the pro-

ductivity in control "Skua" was at least 10 ti<nes lower 

than that for "Humble." Replicas showed less than 15% 

variation between 500 ml flask and JOOO ml beakers for 

both nutrtent level determtnations and rates of carbon 

fixatton, 

'i Gallon Aquaria--Nutrient Level Experiment 

One experiment, wtth replicas, was run September 20-

November 1, in 5 gallon continuous-flow aquarla. Only -
NH4+-N, Po4a:_p separately and combined were used to 

enrich the "Skua" water. Similar equilibration times and 

inoculum ratios were employed; 10 ml inoculum for "Skua" 

and 1 ml for "Humble." No tests were made on depletion 

rates, as they remained the same during the past experl-

ments in various size vessels. 

As in the prP.vtous experiments (500 ml and JOOO ml 

vessels) productivity as observed 14co2 uptake was several 

times higher in the "Humble Island Lake" synthetic water 

than that of the "Skua Lake" media control samples. Note 

in Table XIII that the greatest increase in productivity 

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

11ean carbon f txa t ton uptake rate (mg c;m3/hr) for 
enrtch..'Ilent with single and combtned nutrient levels 
to nskua 11 water to approach 11 Humble" concentration 
--5 gallon aquaria 

days 
Samule 0 5 10 1,2 20 2,2 20 l2 40 

t1Humble 11 7.8 9.2 18.0 24.o 29 37 41 56 60 • 

"Skua" 
Control 0 .. 9 1.6 2.7 4. 1 6 9 11 12 14 

nskua 11 + + NH4 -N 3.6 6.o 8. 1 14.6 19 26 33 36 51 
11 Skua" + 
P04;.;_p 1.1 2.0 3.6 5.-0 9 11 10 17 19 
11 Skua 11 + 
NH +_N + 
Pott=-P 5.0 6.o 11.0 20.0 27 34 34 46 57 
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and combined with Po4=-P. Additions of NH4+-N separately 

increased 14c uptake rRtes J-4 times over control "Skua" 

water. Po4=-P additions to the synthetic "Skua Lake" media 

increased productivity 1.3 ti.mes that of the control "Skua" 

system, Enrichment of both NH4+-N nnd Po4=-P to the 

artificial "Skua" water in the 5 gallon acuaria ca;ne within 

15% of equaling the rate of carbon f!.xation in the control 

"humble Lake" system. Uptake rates as mg C/m3/hr were 

somewhat lower 1.n the larger volume 5 gallon aquaria 

vessels than those reTJorted for both the 500 ml flasks and 

the JOO ml beakers (Table XIII), However, if the 45 day • 
experiment had been allowed to run for a longer period 

of tl.m.e, the 14c fixation rate values would no doubt be 

equal or higher than those renorted in the smaller con-

tainer experiments. It is obvious from Table XIII thnt. 

fixation rates did not reach a ueak and level off as seen 

in the previous experiments. Therefore, it seems appe.rent 

that the algae-bacteria community in this experiment·had not 

yet ref>ched eouilibrium with contained size nnd volume 

as noted in the 500 ml and JOOO ml experiments. Also, it 
14 can be noted from Table XIII th~.t increar,;es in C uptake 

were not as rapid in the larger 5 gallon vessels than those 

for either the 500 ml or JOOO ~l contniners. 
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TABLE XIV 

Mean carbon fixation untake rate (mg C/m3/hr) 
for 11 Hwnble 11 al,ga.l!.corn.mun1 ty in 11 Sl{ua 11 water 
and 11 Skua 11 ale;al comrnunlty 1n 11 Humble 11 water 
--3000 ml beakP-r 

days 
Sample 0 5 10 15 20 25 20 

11 Humble 11 

Control 10.0 119 308 482 319 341 J18'. 

11 Skua 0 

Control- .) 2.4 37 84 139 100 92 102 

"Humble" 
algae in 
"Skua" water 1.9 29 71 128 108 85 100 

uskua" algae 
1n "Humbleu 
water 6.o 71 267 390 JOO 264 290 
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Communttv Structure Exnertments 

''Skua" algae wtth the same tnoculum st7e as tn the 

prevtous 3000 ml beaker expertment were grown tn synthettc 

''Humble" water tn 3000 ml be~kers, In contrast, "Humble'' 

algae of stmtlar tnoculum stze as prevtous expertments 

were grown tn nrttftctal "Skun" medta. Stmtlar eaullt-

bratton pertods were used, All vessels were under con-

ttnuous flow reglme to ensure constant nutrlent levels 

approachlng those of the naturri.l Antarcttc systems. 

Immediately after the equ1llbratton perlod, the "Skua" 

algae-"JilL'Ilble" water com11un1ty tncrerised to 3 ttrnes the 

product1vlty of the "Humble" algae-"Skua" water community 

and after the 5 week experimental run, the carbon fixation 

rate of the "Skua" algae-"Humble" water communtty was almost 

the same as the "Humble" algae-control water system • 
. 

3eµlicate samples showed almost no varlatton wtth differ-

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

++ . Fe EnrtchmAnt of "HumblA and.Skua" Medta 

Fe++ enrlchments 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 equtlibratton nertods were consistent with pre-. . , 

vious exnerlments. Controls and replicas were used, 



TABLE X:V-A 

Mean carbon fixation uptake rate (mg C/m3/hr) for 
ulilu:able 0 and uskun" systems with Fe++ enrichments 
of 0.1 and 1.0 ppm--JOOO t:1.l beakers; 0.1 ppm Fe++ 

-
days 

Samnle () 10 15 20 2!! JO 
IIHumblett 
Control "• 8.o 90 200 319 J40 297 JOO .J 

0 Humblen + 
Fe++ 7 .. 0 100 196 341 390 JOO 281 

nskua0 

Control 1.0 14 41 78 100 92 90 
11 Skua" + 
Fe++ 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 11 Skua 11 systems with Fe++ enrichments 
of 0.1 and 1.0 ppm--3000 ml beakers; 1.0 ppm Fe++ 

0 2 10 12 20 2~ 
11 Humble 11 Control 12.0 114 208 370 410 400 

11 Hu!Uble 11 + Fe++ 13.0 150 190 318 .400 )90 
,) 

"Skuatt Control 1.0 14 41 78 100 92 
11 Skua" + Fe++ 1.2 10 39 91 112 84 

20. 

398 

410 

90 

91 
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The enrichment of both systems to 0.1 ppm after 30 days 

showed no stimulatlon in either "Humble or Skua", and with 

the 1.0 ppm enrichment, there was no increase in the 

"Humble" system and a decrease over .control in the "Skua" 

media, (Table XV). 

DISCUSSION 

Experiments which comblne both laboratory and field 

exposures have relevarlce for the various recent attempts 

to use laboratory data for extending phytosynthetic pro-

ductivity in nature (Ryther, 1956; Ryther and Yentsch, 

1957; Rodhe, Vollenweider and Nauwerck, 1958; Cushing, 
' • 

1958). A principal difficulty here is the comparison of 

light intensities measured in the two situations, particu-

larly in view of the progressive spectral modification of 

underwater light with depth, which cannot be reproduced by 

a single color filter as used by Cushing (1953, 1958). A 

full comparison would require evaluation of the effects 

of differing qualities of vector and spectral distribution 

of radiation in laboratory and in the lake, the latter 

considered in relati-:m to the action-spectrum of photo-

synthesis. The present assessment of effective light 

tntenslties, by the total energy flux of photosynthetically 

actlve radiation (Talling, 1960) is only an approximation 
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but has value for tnterorettng fteld expertments under 

dtfferent condtttons, 

Based on present knowledge, fteld expertments tnvolvtng 

exposures tn sttu sttll provtde the most dtrect estt-

rnatton of photosynthettc producttvtty by natural popu-

lattons of phytoplankton (Talltng, 1960), Wtth suttable 

destgn, they can also allow the observed behavtor to be 

tnterpreted tn terms of ltmtted number of vartnbles, from 

whtch photosynthettc behavlor tn other fteld sttuattons 

can be esttmated (Hanntng and Juday, 1941; Edmondson, 1956; 

Talltng, 1957), The appltcatton of laboratory measurements 

tnvolves sttll wtder extranolatton, but has been used tn 
:, 

recent work wtth 14c, tn vtew of the savtng of ttme and 
' greater ease of measurement, Nevertheless, the stgntftcance 

of the measurements are often uncertatn, partly on purely 

phystologtcal grounds such as the unknown effects of 

ternperature and the tncomplete attatnment of ltght, satur-

atton, and partly from uncertatnttes from the wtde-spread 

appl teat tons of formulae ( e, g,, those of Steeman-Ntel·sen, 

1952; Ryther, 1956; Ryther and Yentsch, 1957) wtthout 

sufftctent testtng of the valtdtty of the baste assu~pttons_ 

for local condtttons, Other attemots to stmpltfy fteld 

condtttons of exposure, ustng photosynthettc rates 

measured only near the water surface are sttll far frorn 
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satisfactory, in view of the unknown significance of 

photo-inhibition in such exposures. A need exists for the 

greater development of analytical studies of photosynthetic 

productivity by phytoolankton, broadly based upon both 

laboratory and field experiments and involving short 

exposures under conditions better defined than in most 

previous field experiments. 

An attempt was ma.de here to point out several of the 

drawbacks for use of laboratory models in extending field 

observations of phytoolankton productivity and indeed 

bioassay using photosynthetic productivity to determine 

effects of nutrient levels in laboratory systems. An effort 
' was made during this experiment to alleviate as many of 

these shortcomings as possible. It is my belief that many 

more intensive investigations should be undertaken to bring 

laboratory microecosystem studies and field studies into 

harmony. It was the purpose of this paper to further this 

goal. 

The inhibitory effects of sunlight above 0.1 langley/ 

min. upon photosynthesis in natural water (Talling, 1961) 

and algal cultures (Sorokin and Krauss, 1958) are well 

known. This inhibition is exoressAd as a depression of 

carbon uptake at the surface, with a subsurface maximum 

where the light·intensity has decreased to an optimal 

value. 
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The effect of lncreased temperature on photosynthetlc 

uptake of carbon by unshlelded plankton ln lnhlhltlng 

llght ls very pronounced wlth a uhotosynthetlc Q10 (4- 14c) 

between 5 and 9 (Goldman, 1963), The hlgh Q10 values 

lndlcate the extremely sensltlve respanse of the plankton 

to heat, as well as tolerance of temperature greatly ln 

excess of envlronmental ranges. In thls fray, they do not 

appear to be "cold adapted" forms wlth a nhotosynthetlc 

temperature opt lmum near that of the envlron.'Ilent, 

Wlth reference to Goldman, et. al,, (1963) our 

productlvlty studles were carrled out ln subsurface waters 

wlth llght_lntenslty values, ln general, below the level -
lnfluenclng photooxldatlon and lnhlbltlon of photosynthetlc 

plgments. Also, an lntenslve collectlon of data on llght 

lntensltles for both lakes durlng several dlurnal st.Udles 

was undertaken to ald ln dupllce.tlng the natural llluml-

natlon condltlons of "Skua and Hu~ble Lakes" as nearly as 

posslble ln the laboratory systems, The growth chamber 

used for all nutrlent experlments, we feel, approaches 

more closely the lntenslty and spectral propertles of the 

natural lllumlnatlon characterlzlng the Antarctlc envlron-

ment. 

From laboratory mlcroecosystem studles on nutrlent 

levels, NH4+-N appears to be a nutrient ln crltlcal supply, 
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+ because addtttons of NH1, -N to "Skua" ,~ater produce by far 

the greatest tncreases tn carbon ftxat lon _uptake rates on 

the algal communtty, It would seem that Po4:;-P, wtth an 

tnorgantc N:P ratto of 55:1 tn "Skua Lake", as compared to 

4:1 tn "Hurnble Lake", would be the lor.;tcal candtdate for the 

s lngle most tmnort[snt ltmt ttng nutrtent reserve between the 

two systems, Nevertheless, addtttons of NH4+-N to "Skua" 

water tn quartttttes necessary to approach the levels found 

tn "Humble Lake" showed tncreases tn excess of :3: ttmes the 

prtmary producttvtty of control "Skua" waters (no enrtch-

ments), In compartson, the htghest tncrease tn ftxatton 

of P04'=-P enrtchment to "Skua" was less than 1',5 ttmes over 

the control sample, Ltkewtse, wtth addtttons of NH4+-N and 

Po4=-P combtned tn expertmental vessels, producttvtty rates 

comparable and tn a few cases exactly the same as those 

found tn the naturally eutrophtc "Humble Lake" were 

observed, Addtttons of Fe++, c1-, sto2=, N03--N and 

tncrease tn pH had no sttmulattng effect whatsoever on the 

arttftctal "Skua" water-algal communtty complex. Also, 

combtned nutrtent studtes wtth these nutrtents_and Po4=-P 

and NH4+-N had no effect on tncreased prtmary producttvtty 

above that observed for stngle nutrtent addlttons of etther 
- + Po4=-P or NH4 -N. 

It appears that .the algal communtty of "Humble Lake" tn 

the mtdst of plenttful sunpltes of both NH4+-N and P04:;_p 
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from the nearby faunal and floral assoctat1ons thrives 

wtth a poss1ble luxury consumptton of these essential 

nutrients; and when these suppl1es are used·uo; 1.e., 

under nutrient de,iletl.on stud1es, there ts little or no 

reserve of either nutrient and producttvlty soon falls 

well below that found under natural Antarctic condtttons. 

The .bacter1al algal community of "Skua Lake'', on the other 
+ hand,. llvtng in an 1mpoverlshed area of lower NH4 -N and 

almost n11 values of Po4---P, 1n comparison with "Humble" 

values, has built up a reserve system for use of these 

nutrient levels and under condlttons of nutrtent depletion, 

matntaln rates of carbon f1xatlon comparable to those of 

natural conditions for several weeks. Also, under luxury -
consumption a rapid rate of increase ls evident with 

enrtchments of these two nutrtents, as well as a reserve 
+ mechanism by t,htch P04 =-P and NH4 -N are maintained in 

quantities above natural levels for considerable periods 

of time with.levels never falling below those reported 

l!l in the Antarctic. An operat1onal system of this 

type for the blotlc community of "Skua Lake, receiving only 

small quant1t1es of nttrogen and ,ihosphate from the fauna 

and flora would seem necessary from an evolutionary 

standpotnt for the survival of the ecosystem. 

From observations of pools near Palmer Statton, which 

are enriched with nutrients from the biota, it would appear 
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that "Humble Island La.lee" 1s on the upper asymtote s1de of 

Llndeman's (1942) ol1gotroph1c-eutroph1c curve and w1th 

add1t1onal enr1chments w111 decrease 1n specles d1vers1ty 

and 1ncrease 1n pooulatlon numbers of one or two dom1nate 

algal genera; Le., Elephant Seal Pool (Part III). "Skua 

Lake", on the other hand, would appear to be on the ascend1ng 

slde of the curve and w1th nutr1ent add1t1ons over t1me 

would 1ncrease 1n spec1es d1vers1ty and subsequently 1n 

total populatlon. 

Upon look1ng at the m1neral compos1t1on of the 

1ntruslve rocks underly1ng the baslns of both "Humble and . 
Skua Lakes", 1t becomes obv1ous that a poss1ble explanat1on 

for the greater lncrease 1n product1v1ty 1n "Humble Lake" 

w1th enr1chments of NH4+-N for "Skua Lake" can be v1sual1zed 

(see Part I, Table II). Small cuant1t1es of Po4•-contn1n1ng 

ap1t1te, etc., are found under both lake bas1ns and through 

the 1ntens1ve mechan1cal weather1ng processes occurr1ng 1n 

the Antarct1c and w1th the cold, sl1ghtly ac1d waters slowly 

d1ssolv1ng port1ons of Po4;-P out 1nto the water, an -ecual 

supply of th1s nutrtent could be ava1luble to both lakes 

for a cons1derable perlod of ttme before the 1nvas1on of 

the fauna and flora to the area. Thus, a b1ologlcal commun-

1ty could have establ1shed 1tself w1th s1mllar composttton, 

ut111z1ng the small, but poss1bly adequate_ amounts of Po4=-P 
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and small amounts of nitrogen (from sea spray, etc.) in 

both "Humble and Skua Lakes." Eventually, uenguins and 

other birds could have invaded the smaller, more open and 

easily accessible Hu~ble Island, deposited their guano, 

providing nutrient additions for the formulation of bryo-

phyte and lichen development; thus enriching the waters 

of "Humble Lake" and causing a considerable increase in 

both diversity of organiEms and population size. "Skua 

Lake", however, much less accessible to the sea, with its 

large glacier and al:nost constant ice cover, was never 

colonized by flightless penguins, etc.,· and thus lacked 
+ the higher level of NH4 -N from guano deposits, with subse-

quent laol<of bryoohyte and. abundant lichen development. 

These laboratory bioassay studies used to determine 

levels of nutrients limiting to the primary productivity 

of the Antarctic Peninsula fresh waters have provided a 

case which points out thf1t although many limnologists 

believe that Po4=-P is the ultimate liciting fe.ctor for 

fresh-water phytoplankton productivity, cuch more attention 

should be paid to other nutritional constituents, expecially 

the much overlooked NH4+-N component. It is obvious from 

this study that although addition of Po4=-P to "Skua" 

water indeed increased the productivity,that NH4+-N enrich-

~ents play a much greater role in the increased rates of 

carbon uptake. Thus, one may conclude that extreme caution 
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must be taken before concluding that a certain nutrient 

is the one that ultimately causes increased productivity 

for any aquatic microecosystem, whether in the laboratory 

or in the field. 

The data suggest that the levels of Fe++, Sio2=, c1-, 

and No3--N are either sufficiently high. in "Skua Lake" so 

tha.t additions do not cause an increirne in productivity or 

that these are not essentia.l nutrients to the system; and 

that co2 , which was kept the same under laboratory conditions 

plays only a minor role, if any, in the increased productiv-

ity of "Humble Island Lake." This would seem likely, as at 

the lower pH ,ind colder temperature, co2 would not be 

readily kept in solution. 

Uoon comparison of "dark bottle" respirc•tlcm of the 

b,,cteri~,l flor,, both in the field at Palmer Station and in 

expeririental microecosystems in the laboratory, there was 

very little difference in 14c uptake rates between natural 

algae-bacteria communities and enrichment simulated 

communities in their respiration rates. 

The size of container used for nutrient evalua.tion 

studies seems to have no direct effect on the productivity 

rate of the algal community of either lake. Although 

greater values (mg C/mJ/hr) were found in the larger 

experimental vessels, there was little difference in carbon 
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uptake rate per unlt volume ln any of the three contalners. 

There seemed to be a polnt at whlch the bacterlal-algal 

com~unlty reached a level at whtch no more lncrease ln 

carbon ftxatlon rate occurred and was then followed by a 

gradual levellng off, Thts, no doubt, was the polnt at 

whlch populatlon stze was ln proportlon wtth unlt volume 

and no further lncrease could occur wtthout overcrowdlng; 

resulttng ln death, etc. However, lt ls thls author's 

bellef that for laboratory mlcroecosystem studles of the 

type descrlbed here, contalners should be used, lf 

posslble, whlch facllltate the use of formulae deslgned 

for determtnatton of mass/unlt area measurements; t.e., 

gms/m3, etc. Thus, large conta.lners, Le., cublc meter, -
made of some lnert substance, as teflon for example, 

should be used to better enable comparlsons of fleld and 

laboratory studles that make use of btoassay for nutrlent 

studles and related parameters. 



PARr III 

FR.ESH-1-JA'rsa ALGAE OF ·r1rn ANTARCTIC PENINSULA. 

PnC:Lfr!HlARY OBSEHVA'rIONS IN ThE 

PALMER. STA'rIOll An.EA, ANVERS ISLAND 

INTRODUCTION 

Slnce the early works of Wlldemann (1900), Frltsch 

(1903), Harlot (1908), Galn (1909), West and West (1911), 

and the more recent works of Bryant (191,5), Holdgate (1964), 

and Cameron (1966), few systematlc, d1str1but1onal and 

ecologlcal studles of algae from the Antarctlc Penlnsula 
:. 

have been reported, Thls renort constttutes the flrst 1n a 

serles to survey the fresh-water algae of the Antarctlc 

Penlnsula along wlth select ohyslcal, geologtcal, chemlcal, 

and b1olog1cal features assoclated wlth thelr habltats, 

These studles ulm at the long-range goals of understandlng 

dlsoersal mechanlsms, envlronmental adaptatlon and evalu-

atlon, roles 1n the food chaln, etc,, of algae 1n Antarctlc~. 

Approxlmately 50 fresh-water habltats were v1s1ted 

durlng the 1970 austral sum~er (January 10-26). Of these, 

15 sltes contalned well developed algal commun1t1es or algal 

genera consldered to be nrobrtbly taxonornlc and ecoloo;lcally 

of lnterest to the area. These habltets are located 1n 

approxlmate pos1t1ons on the man (Flg, 6). Seven habltats 
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were selected for more detailed study, including physical, 

geological, and chemical features, on the basis of their 

stze, apparent permanency and/or unusual btological content. 

Names for the fresh-water habitats are unofficial, and 

used here to facilitate dtscussion. Algal identifications 

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

MATERIALS AND ME·THODS 

Physical, geological, chemical, and btological features 

examined in the seven more thoroughly s~udied habitats 

included the followtng: 

1 ) 

2) 

J) 

4) 

5) 

6) 

Morphometric measurements; 

;Identification of parent rock type composing 
the lake basin; 

Analyses of select inorganic ions, dissolved 
Oz, pH, etc. with Hach chemical "Direct 
Readtng" Portable Engineers laboratory, 
replicate samples having less than 10% 
variation; 

Radiation with a Yellow Springs Instrument Co. 
model 68 pyrelometer, having 5% precision and 
± o.1 langley•min-1 accuracy, for both inci-
dent and subsurface (20 cm) measurements; 

Air and water temoeratures with a YSI ther-
mister (Model 41) and probe, havtng :t 0.1°. 
accuracy; 

Chlorophyll via extractton of o.22~, GS milli-
pore membranes, through whtch water had been 
filtered, in acetone, and subsequent chlorimetric 
determination, all according to the SCOR/ 
UNESCO formula and methods of Strickland and 
Parsons ( 1968). 
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7) Primary product1v1ty, using the 14c method 
descr1bed by Steeman-N1elsen (1952) and as 
mod1f1ed by Strickland and Parsons (1968), 
and employing 250 ml screw-cap pharmaceuti-
cal bottles which have been found super1or 
1n their optical propert1es to many other 
types of glass containers (Parker and Samsel, 
unpubl1shed). ·. 

Values here reported for both chlorophyll and carbon 

fixation are means of duplicate samples having less than 

5% variation. 

Algae were obtained for direct observation in a Nikon 

f1eld m1croscope and on return to the laboratory in a 

binocular phase microscope via 76 µ pored plankton net 

towing, scraping of rocks, mud and vegetation sampling. 

Also, water and plankton net samples were often concentrated 
;, 

in a Foerst continuous flow centrifuge. Following m1cro-

scop1c exam1nation, portions of collections were preserved 

w1th 5% formal1n. Other portions of collections were 

inoculated into var1ous media for culturing at ambient 

temperatures of the Palmer Station area. and subsequently 

at 8-10° c. continuous cool-white fluorescent lighting 

of about 500 ft-c. at the Virg1n1a Polytechn1c Institute 

laboratory. Two media were Bozniak•s Community Medium 

(Bozniak, 1969) and 1'1odif1ed Bristol's Solution (Bold, 1942!• 

In addition, several media used nossessed nutr1ents closely 

matching the concentrations of the specific fresh-water 

habitats under study. Other media are omitted here, as they 

did not yield viable algal cultures. 



RESULTS 

Append1x lI summar1zes data on algal genera and spec1es 

near Palmer Stat1on, 1nclud1ng those c1ted by prev1ous 

1nvest1gation and those identif1ed 1n our fresh collect1ons, 

live commun1ty cultures, and preserved samples. 

Original collect1ng sites are 11sted. • Also, a general 

habitat descr1ption of each locat1on where algae were 

collected 1nclud1ng hab1tat features are listed. 

General Features of Collection Locat1ons 

I. CB Pond (l)* 
J 

Phys1cal: Located at base of glac1er d1rectly 

behind Palmer Stat1on and adjacent to CB hut. Supple-

mental sum.mer water supply for the Stat1on. Input from 

runoff and melt water from glacier const1tutes only 

detected source for this pond. Max1mum depth= 1.5 m; 

max1mum length= 21 m• maximum width= 24 meters. , Bottom 

1gneous w1th less than 5 cm of accumulated mud and silt, 

largely 1norganic. Secc1 d1sc vis1b111ty to max1mum 

depth. 

-i~collectlng site no., Figure 1 
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Chemtcal: (porn unless stated) 

pH 
o2(saturated) 
Total alk, 
•rotal hard, 
Calctum hard, 
Chlortde 
Fluortde 
NHJ-N 
NOJ-N 
NO -N 
orfho-Po4-P: 
Total-P04-P::; 
S111ca 
Fe++ 
so4= 

CB Pond 

6.35 
14,0 
15.0 

5.0 
5.0 
2.5 
0,28 
0.01 
0.095 
0.005 
0.01 
0.02 
0.1 
0.01 
2.0 

Stream 

6.6 
10,0 
5,0 
o.o 
5.0 
0.02 
0.05 o.o 
O,OJ 
0.07 
0.12 

Glactal Snow 

6.J 

10.0 
5.0 o.o 
5.0 
0,04 
0.1 
o.o 
0.025 
0.05 
O.Jl 

Mud-Water 

6.4 
10.0 
10.0 

5.0 
7,5 
8,5 
1.0 
o.o 
0.06 
0.09 
1.J 

Add1t1onal tests were run on snow melt, stream, and 

mud water from CB Pond. 

Geolov,tcal: Quartz-dtortte = tonaltte, less than 5%. 

actd feldspars: b1ot1te, pyroxene, Tonaltte-plagtoclase 

less than 5%, S102 greater than 50%, Small amounts of 

b1ot1te, pyroxene, hornblende, hypersthene contatntng Fe, 

Mn, s103 , Al, etc, 

B1olop;1cal: 

Total Chlorophyll= 26 m-SPU/mJ 

Carbon Ftxatton = 1,2 mg C/m3/hr 

Total organtc matter (on combustion) 1.1J% 

Spectes D1vers1ty--no algae. Bacterta 70 colontes/plate 



II. Frost Pool (2) 

Physical: Small pool, near Palmer Station, with 

rapid inflow from snow melt stream, igneous rock bottom 

with some sediment, maximum depth 0.6 m; maximum length 

7 m; maximum width 4 m. Secci disc visibility to maximum 

depth. 

Chemical: 

pH 6.4 
02{saturated) ---
Total Alk. 10. 0 
Total Hard. 5.0 
Calcium Hard. 5.0 

Chloride 
Fluoride 
NH:3-N 
N0:3-N 
N02-N 

10.0 
15.0 

0.02 
1.99 
0.01 

Geolo5ical: Same as CB Pond 

Biolo/,:ical: 

I 

Ortho-P04-P:: 
Total-P04-P:: 
Silica 
Fe++ 
so4 = 

0.02 
0.06 
0.05 
0.01 
2.0 

Total Chlorophyll= nil; for benthic algal mats,= 814 m 
SPU/m'.3 . 

Carbon Fixation for benthic algal mats,= J40 mg C/m'.3/hr 

Species Diversity= No phytoplankton, only several benthic 
algae 

III. Bonaparte Pool #4 {J) 

Physical: Small pool in rocks on Bonaparte Point, 

about 8 m long by 4 m wide with maximum depth of 0.J m. 

Received input from precipitation and snow melt; bottom 

igneous with little accumulation of moss debrl.s and slight 

addl.tl.on of Skua excrement. Secci disc vl.sl.bility to • 

maximum depth, 



pH 6.35 
o2 (saturated)14.0 
Total Alk. 10.0 
Total Hard. 10.0 
Calcium Hard. 5.0 
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Chloride 
Fluoride 
NH3-N 
NOJ-N 
N02-N 

25.0 
O,J8 
0.35 
1,8 
o.o 

0,47 
0,47 
l.J o.o 
2.0 

Geological: Tonallte (= quartz dlor1te); maln minerals: 

5102, greater than 60% less than 5% acid feldspars, some Na 

plagloclase; less than 1% b1otlte (Fe++, Mn, Sl03)• 

Biological: 

Total Chlorophyll= 68J m-SPU/mJ 

Carbon Flxat1on = J.O mg C/mJ/hr 

I 

Specles D1verslty = 8 plankton1c genera including 6 genera 
of diatoms 

' (4,5,6) 
In add1tlon to Bonaparte #4, several other small pools, 

Bonaparte #1, 2, J, were v1slted durlng our short visit to 

the area. These pools were smaller than Bonaparte #4, 

with slm1lar geological and chemical parameters. S111ca was 

higher 1n these small water bodles located on Bonaparte 

Point, than ln any of the other pools vls1ted. 

IV. Elephant Seal Pool (7) 

Physical: Small "pea soup gre•m" pool 1n igneous intru-

sive rock on Bonaparte Polnt. Size= J m wide by 6 m long, 

Maxlcum depth 1 m, recelvlng prec1pltatlon and snow melt 

lnput with considerable quantlt1es of seal waste, Secc1 disc 

vlslblllty less than 10 cm, 
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Chet11cal: 

pH 8.9 Chlor1de 117.5 
o2 (saturated) Fluor1de 0.65 
Total Alk. 70.0 NH3-N 3.2 
Total Hard. 80,0 No3-N 3.8 
Calc1um Hard. 50.0 N02-N 0.069 

Geolo~1cal: Same as Bonaparte #4 

B1olog1cal: 

Total Chlorophyll = 2,194 m SPU/m3 

Carbon F1xat1on = 830 mg C/m3/hr 

0rtho-PO -P;:; 
Total-POfr-P=' 
S111ca 
Fe~ 
S04 

Spec1es D1vers1ty = 3 plankton1c algal genera 

2.0 
2.5 
1.35 o.o 

17.0 

Adjacent to Elephant Seal Pool there was a small pocket_ 
I of blood-red water whlch rece1ved runoff from a nearby ele~ 

phant seal;herd. Collect1ons were made 1n th1s area wh1ch 

exhib1ted nearly the same general features as the adjacent, 

larger Elephant Seal Pool, 

V. Torgenson Island Helt Pool (8) 

Physical: Shallow lake system, max1mum w1dth 8 m; 

max1mum length 12 m; max1mum depth 0.2 m. Located at base 

of a pengu1n rookery, w1th snow crelt and prec1p1tat1on as 

source of water; cons1derable pengu1n excrement and large 

patches of snow algae on banks. Secc1 disc v1s1b111ty to 

maximum depth. Located on ·Torgenson Island, 



Chem1cal: 

pH 
D1ssolved o2 (sat,) 
Total Alk, 
Total Hard, 
Calc1um Hard, 

6.25 
13.0 
80,0 
25.0 
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Chlor1de 
Fluor1de 
NH3-N 
N03-N 
N02-N 

1.05 

3.0 
0,11 

Ortho-P04--P:: 
Total-P04--P;;; 
S111ca 
Fe++ 
S04 = 

Geolog1cal: Glac1al scour1ng-volcan1c, ac1d1c type 

gran1te, probably porphyr1t1c tuff = r1ol1te; some Na 

plag1oclase, h1gh 1n S1, low 1n Fe. Also, hypersthene, 

hornblende, magnet1te, hemat1te, 1111m1te. 

VI. 11Skua LakJ1 
( 14) 

7.0 
19.0 

0.7 
0,01 

12.0 

·rh1s lake, the largest of all the water bod1es v1s1ted, ' 

was located about 1,5 m1les from the new Palmer Statton and 

d1rectly behlnd the now unused Un1ted Kl.ngdom Base at. 
:, 

Norsel Polnt, on Anvers Island. Located at the base of 

a large glac1er, "Skua Lake" had a max1mum depth of over 3 
meters, w1th a mean depth of 1 m and a max1murn length and 

breadth of 95 m and 25 m respect1vely, Other data on general 

parameters of th1s lake can be found 1n Part I. 

Old Palmer Stream was a small channel. that d1rected 

runoff and overflow fro,n "Skua Lake" toward Arthur Harbor, 

The chem1stry and geology were sl.mllar to that of "Skua 

Lake", wlth the except1on of added nutr1ents from sea 

spray, prov1d1ng a more d1verse algal flora to th1s collectl.on 

s1te, 



VII. "Humble Lake" (12) 
II II 
Humble Lake, located just 1/4 mlle from "Skua Lake" 

on nearby Humble Island, exhlblted a rich variety of algal 

blota.in comparison to the oligotroph1c "Skua Lake." The 

maximum depth of "Humble Lake" was less than 0.6 m with 

maximum length and breadth 25 m and 20 m respectively. 

Extensive collections were made at thls lake located near 

a large penguin rookery and in the midst of lush bryophyte 

and lichen vegetation. Secci disc visibility to maximum 

depth. More details on productivity levels, chemlcal and 

geological data can be found in Part I. 

(9, 10, 11,;) 

Several small pools located in the midst of shallow 

rock depressions on Litchfield Island about 2 miles from 

Palmer Station were visited briefly during our study. 

Geological and chemical features were similar to the water 

bodies of Bonaparte Point, including silica values in excess 

of 1.2 ppm. 
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CONCLUSIONS 

Of the Jl genern and 75 specles of algae ldentlfled 

from the Palmer Statton area, 45% were olaced ln the dlvlslon 

Chlorophyta, 35% ln Cyanoohyta, and less than 20% ln the 

dlvlslon Chrysophyta, There were approxlmately 17 genera 

and 41 specles not prevlously reoorted from the areas near 

the Antarctlc Penlnsula. Llkewlse, there were 14 genera 

whlch we falled to flnd,but had been ldentlfled by prevlous 

workers ln the penlnsula a.rea. • The majorl ty of all green 

algae ldentlfled v;ere ln the gener:a. Chlamydo,nan:c,s, Prc.sloln, 

Chlorella, and Chlorococcum, The genera Osclllatorta 
.) 

and Phormldlum comprlsed over 95% of all algae ln the 

Cyanophyta wl th several spec les of d la toms co:npr1s ln. the 

majorlty of the Chrysoohyta dlvlslon. 

Wlth the exceptlon of 5 specles, all algae ldentlfled 

were cosmopolltan and the majorlty of these could be found 

wldely dlspersed throughout the temoerate zone. Even though 

the flve specles ldentlfled are at the oresent tlme endemlc 

to the Palmer Statton area, there ls strong hlstorlcal evl-

dence that hl th cont lnued exnlorat lon, p;:,rt lcular specl es 

wlll be found elsewhe,re; thus, not belng truly ender.1lc. 

Another lnterestlng outcome of tills work wns the 

ldentiflcatlon of several specles of desmlds ln the area. 
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Only recently have these algae been evidenced in the Antarc-

tic, and for many years ohycologists have renorted this as one 

of the few fnmilies of nl,>;ae absent in the Antarctic. Oiar 

work supports the few exulorers who hove reoorted desnids in 

this cold habitat. 

It ap])ears thnt beci,use al;nost all the algae rel)orted 

,1ere indeed cosmonoli tan, one may conclude that Antarct'!.c 

algae have more than one temper,i.ture optima, ns reDorted by 

Oppenhe'!.mer (1959), or that they are merely expressions of 

ecotype deviatl:ms fr"lm other species tynes. Huch more 

work needSto be conducted before we answer these questions 

sutisfactorally and determine the envtronmrmtul tolerences 

of these uniquely adapted organisms. 



GENERAL CONCLUSIONS AND FUTURE STUDY 

In summary, the fresh water lalces of Anvers and Humble 

Islands, and comparable marltlme Antarcttc localltles dertve 

nutrlents from rocks and land dralnage, the latter materlally 

affected by lnput from marlne sources. Furthermore, the 

breeding blrd populatlons contrlbute phosphate, nltrate, 

and ammonla dlrectly whlle wallowlng eleohant seals play a 

major part ln detennlnlng the characterlstlcs of some pools. 

The data collected and presented ln thls paper have 

conslderable slgnlflcance for understandlng the ecology of 

phytoplankton productlvlty ln the Antarctlc envlronment. 

Furthennore, lakes such as "Humble" and "Skua" are suffl-

clently abundant ln the Antarctic to orovlde the varlety of 

fresh water ecosystems required to study the physlologlcal 

ecology of the remarkedly well-adapted blota. 

From laboratory mlcroecosystem studles on nutrlent 

levels, lt appears that NHJ-N ls the prlmary cause for 

many of the natural lakes of the Antarctic Pentnsula to 

change from a state of ollglotrophy to that of eutrophy. 

Although P04-P deflnltely has a stlmulatlng effect on 

algal-bacterial fauna of these lakes, lt ls sllght when 

compared wlth the NHJ-N stlmulatlon. 

Ultlmately, the rt:bults of all laboratory experlments 

wlth ecologlcal objectlves should be tested ln the fleld, 
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possibly in smqll artificially, restricted areas (e.g., as 

in plastic cylinders as we plan to do during the Antarctic 

summer of 19?0-?l) of the lake itself. That this bious~ay 

of "Skua and Humble Lake" waters 1s purely exploratory 

should be emphasized, Not only is the scope of the work 

limited, but different resul,tsmight be expected during 

different times of the year, Nevertheless, this experiment 

has clue !dated some heretofore unkno1·rn aspects of the 

problem of eutroohicntton on the Antarctic Peninsula by 

demonstrattn,:,; th" effects due to natural enrichments of 

vnrl.ous chenl.cal nut't'tent levels on the -primary productivity 

of several lakes and pools of the Pal~er Statton area. 
' The majority (lf5%) of the Antarctic B.lgae identified 

fror.i cultured and preserved field semples were placed in 

the division ohlorophyta, J5% in the cyanophyta and less 

than 20% of the Antarctic al~ae were olaced in the chrys-

ophyta. At least 90% of all species identified were of 

cosmopolitan origin, w1th only fl.ve species endenic to 

the Antarctic Penlnsula area. These data enable some 

understanding of phytoplankton ecology and dispersal 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. First, a systemat;ic 

investigation and critical appraisal of all the known species 

based on preserved specimens. Second, surveys of the un-

explored reglons, both geographically and ecologically. 

The coast line of the Antarctlc Continent is very 

extensive and there is much barren land along the coastal 

plain and in the interior of the continent. Host of this 

land still remains unexplored blogeograohically and eco-

logically. Islands adjacent to the continent and islands in 

subantarctic regions strangely enough have not as yet been 

well investigated. Future studies should concentrate on the 

regions of Antarctlca not yet surveyed for algae. Suitable 

places for the growth of algae are known; for example, 

the innumerable pools, ponds, and lakes caused by thawing 

found by Antarctic explorers. However, collections from 

these areas are extremely poor and many remain merely a 

photographic record. 

Very little attention has been paid to the ecology and 

limnology of Antarctic inland waters in the past. It is 

imnortant to clarify the algal distribution and the changes 

in composition of the flora with changes of latitude, as 

mentioned above. 
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It is particularly important to study the algal flora 

of the subantarctic islands around Antarctica because these 

subantarctic islands lie in the path of algal transportation 

to the Antarctic, from other continents, Detailed surveys 

of the Palmer Peninsula might be useful in explaining 

changes in flora composition~ because the Palmer Peninsula 

would be preferable to surveys of the islands lying randomly 

in the oceans of the subantarctic, Previous studies have 

been based on preserved materials and older collections, 

Studies on the influence of environmental factors on 

Antarctic algae have hitherto been inade~uate, except for 

the report. by West (1911) on ponds and lakes of Ross Island, -
and Goldman (1963) on Lake Bonney and Vanda, and Goldman, 

et, al,, (1n press) on Algal and "Skua" Lakes at Cape 

Royds, The daily and monthly variations in temperature and 

the chemical constituents of water on the whole Antarctic 

continent are not satisfactorily reported, and they have a 

direct influence on aquatic,pl~nt life, Comparative stidues 

on the habitats of algae, especially pools, lakes and 

running water are necessary to help explain the adaotation 

of algae to the Antarctic environment. 

Most biological research in Antarctica is conducted 

during the period of continuous illumination. ·1'he Antarctic 

winter, with its period of continuous darkness, places 

severe, but no insolvable limit,,tions on man's ability to 
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conduct fleld research. Blologlcal studles of the Anvers 

Island area lakes durlng the wtnter have not been pursued 

and the klnds of blologlcal activitles whlch occur durlng 

thls perlod remaln enlgmatlc. If one assumes that "Humble 

and Skua" algae llve autotroohlcally durlng the summer, 

then how do these organlsms survlve durlng the long perlod 

of contlnuous darkness and what percentage of these 

organlsms survlve heterot~oohlcally? One suggestlon ls that 

heterotrophlc carbon flxatlon may explaln thelr survtval when 

photosynthetlc cHrbon reductlon is lmposslble. They mlght 

also become encysted and slmply remaln dormant. The survlval 

of bacterl~ populatlons could be easlly explalned by f1etero-
" 

trophic utlllzation of organic coopounds. Although thls 

question can only be answered by experimentation ln the 

wlnter, experiments wlll be conducted durlng the Antarctic 

summ!~r of 1971 to ascertain the occurrance of heterotrophic 

utlllzation of 14c labeled acetate ln "Humble and Skua 

Lakes." A need exists for more intensive experimentatlon 

in an effort to separate and measure bacterlal and possible 

algal heterotrophic activity. 

It is llkely that aquatic areas arou1~ the bases of 

Antarctlca are gradually belng polluted by human activity, 

Vlgorous growth of blue-green algae in polluted waters has 

been observed around some bases. Although an attempt was. 
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made tn thts paper to ascertatn several factors whtch may 

cause Antarcttc lakes to become eutrophtcated, much more 

tntense 1nvest1gat1ons must be undertaken by qualtfted 

sctenttsts to combat the ever growtng oroblem of pollutton 

1n Antarcttca. 



APPENDIX I 

SAL'rs USED FOR ARTIFICIAL 11 SKUA" AND 

"HUMBLE" .MEDIA* 

11 Humble 11 Water 11 Skua" Water -

CaC12 

HgC12 

Na2HP04 

KHco/ 

Na2coJ 
FeC12 
MnCl 

J.05 mg/1 

J.47 ml of 
1:1000 con. 

27.7 mg/1 

11.1 mg/1 

6.4 mg/1 

2.6 mg/1 

lJ.45 mg/1 

.417 mg/1 

.410 mg/1 

2. 01 mg/1 

10.0 mg/1 

1.5 ml of 
1:1000 con~ 

I1gC12 

Na2HP04 

Na2C03 

FeC12 

MnC1 2 

KCl 

NH4Cl 

CaOH2 
HCl 

• 

2.J mg/1 

2.5 mg/1 

5. 2 mg/1 

.14 mg/1 

18.0 mg/1 

.417 rng/1 

.410 mg/1 

2. 2 mg/1 

.25 mg/1 

8.0 mg/1 

1.5 ml of 
1:1000 con. 

*Salt concentrattons were deter.:ntned empirically . 
from analyses of respective lakes conducted January 
10-20. Other nutrients were approximated from a know-
ledge of the rocks, proxtmity to the sea, and data of 
Goldman, et. al., for apparently similar aquatic eco-
systems in the Cape Royds area. 
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A?PENDIX II 

FHESH WATER ALGAE OF ·THE ANTARC'l'IC PENINSULA 

NEAR PALMER srATION, ANVERS ISLAND 

Genus and Snec1es Preserved 

Chloroohyta 
Chlamydomonadaceae 

Chlamydomanas spp. * (1 , 4) + 
Chlamydomanas bas1-

maculatus 
Pasch et. Jod. + 

Chlamydomanas caudata 
w1lle + 

Chlumydomanas ell1pt1ca. 
'korch. + 

Chlamydomanas grac111s + 
Chlamydoms.nas snow1ae 

pr1ntz + 
Polytoma spp. 

Chlorosphaenaceae 
Chlorosarc1na elegans 

Gerneck + 
Gloeocystaceae 

Palmellops1s gelat1nosa 
Korch. + 

Pall:nellaceae 
Sphaerocyst1s Schroeter1a 

Chodat + 
Hormot1laceae 

Palmod1ctyon var1um naeg. + 
0ocystaceae 

Ank1strodesmus set1gerus 
(Schrored.) G. s. West+ 

Chlorella spo. 
Chlorella vulgar1s Be1g. + 

Oocyst1s Borge1 + 
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** Cultured Locat1on 

+ 7,12,11,3,4 

12 

10 

14 
7 
14 

+ 14 

+ 
+ 

4,12,13 

12 

12,4 

4 

13 
4,7,14 
2,7,13,12, 
3,4 
4 
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Genus and Specles Preserved Cultured 

Oocystls lacustrls 
chodat + 

Scotlella spo. 
Scotiella antarctica Fritsch*+ 
Trochiscia granulata 

(Reinsch) Hansgrlg + 
Troschiscia zachariasi 

Lemmermann + 
Troschiscia spp.*(4) 

Chlorococcaceae 
Chlorococcum infusionum 

(Schrank) menegl. + 
Chlorococcum spp. + 
Spongiochlor1s sp. 

Coccomyxaceae 
Nannochloris bacillaris 

(naUJilann) Bourn 
Dictyosphaerlaceae 

Westella botryoldes (West) 
• de Wild. + 

Ulotrichac_eae 
Binuclea"ria tatrana Wi ttr. + 
Stlchoccus flaccidus 

(Kuetz) Gay. 
Chaetophoraceae 

Gongrosira-like branched 
filament 

Praslolaceae 
Prasiola·spo.;• (4) + 
Prasiola crispa (Llght of) 

Menegh. + 
Praslola fluviatllis 

(Sommer.) Aresch. + 
Praslola tesselata Kuetz. + 
Monostroma sp. (Recheck) + 

Mesotaenlaceae 
*Cylindrocystis breblssonil 

menegh + 
Desmidlaceae 

Staurastrum dilatatUJil 
var. inslgnias 
Raciborsk1 + 

+ 
+ 

+ 
+ 
+ 

+· 

+ 

+ 

Locatlan 

4 
J,4 
12 

12 

12 
12 

4,3,12,14 
4 

4,3,13 

13, 14 
4 

4 

4 

lJ,4 

12,4,3,13 

13 
11 
12 

13 

13 
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Genus and Soec1es Preserved Cultured 

Cyanophyta 
Chroococcaceae 

Aphanocapsa Grev1lle1 
(Hass.) Rab. 

Aphanotheca m1croscop1ca 
+ 

naeg. + 
Aphanotheca mtcrosoora 

(menegh.) Rab. 
Chroococcus 11mnet1cus 

var. carneus (chodat) 
Lemm. + 

*Chroococcus m1nor (Kuetz) 
Naeg, (4) + 

Chrococcus m1nut1s (Kuetz) 
Naeg. + 

Chrococcus pall1dus Naeg. + 
••Chroococcus var1us A. 

Braun. ( 4) 
Dactylococcops1s raph1d1odes 

Hansg1ng ·+ 
Mer1smoped1um elegans 

A. Braun + 
l1er1smoped1um spp. + 

Entophysal1d1ceae 
Heterohormogontum spp. + 

Pleurocapsaceae 
Myxosarc1na conctnna Prtntz + 

Osc1llator1aceae 
Osc1llator1a angust1ss1ma + 
*Osc1llaton1a brev1s 

(Kuetz) Gomont (2,4,5) + 
Osc1llator1a granulata 

Gardner + 
Osc1llator1a granutata var.+ 
Osc1llator1a hormogenea 

Fremy. + 
Osc1llator1a mesl1n11 Fremy + 
Osc1llator1a orofunda 

K1rchner + 
*Osc1llator1a subbrev1s 

Schm. (2) + 
Osc1llator1a splend1da Grev,+ 
*Osc1llator1a tenu1s (2,4,5) 

var, lev1s Gard. + 
Osc1llator1a terebr1form1s 

Ag, + 

+ 

+ 

+ 

+ 

Locat1on 

12 

11 

7,10 

lJ 

4 

4, 12, 14, lJ 
12 

7 
12 

12 
12 

11 

4 

lJ 

12, 11 

12 
lJ, 14 

11 
lJ 

4 

14,12 
12 

2,12,7 

7 
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Genus and Spectes Preserved Cultured Locatton 

*Phormtdtum spo. (2,4,) 
muctcola Hub-Pest. + 

Phormtdtum tenutsstmum wokon. + 
Schtzotrtx calctcola (Ag.) 

gomont + 

Chrysophyta 
Chrysococcaceae 

Chrysococcus Sn. + 
Chrysococcus tesselatus 

Frttsch + 
Chromultna mtntma 

Chrysapstdaceae 
Chrysapsts Spp. 

Pleurochlortdace?e 
Elltpsotdton solttare (Gettler) 

Pascher + 
Trachychloron elltpsotdeum 

Pascher + 
Melstn~. Eorron, Grev. 

BaclllDrlophyceae + 
Achnantheses sp. + 
FragtlnrlE", v trescenis Ralfs + 
Surtrella sp. + 
*Navtcula spp. (2,3) + 

Identtfted by Prevtous Investtgatton: 
Costnodtscus Spp. (2) 
Dtplonets sp. (2) 
Ptnnelarta sp. (2) 
Cocconets spu. (2) 
Denttcula sp. (2) 
Dtatomella sp. (2) 
Grammatophora sp. (2) 
Tabellartu sno. (2) 
Mtcrocoleus sp. (5) 
Gleocapsa sp. (4) 
Lyni,bya spp ( 4) 
Nostoc spp. (4) 
Anabaena (4) 
Calothrtx sn. (4) 
Cosmartwn sp. (4) 
Pleurotaentopsts sp. (4) 
Pteromonas s~. (4) 
Ulothrtx spn. (1,4) 
Pentum sp. (4) 

+ 

+ 

12 
12 

12,4,2 

4, 12 

4 
4,3 

12 

12 

12 

4 
13 
13 
lJ 
12,13,4 
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The previous identifications WPre made by the following 
investigators: 

(1) Wildemann (1900), (2) Nordenskiold (1902), 
(J) \lest and West (1911 ), (4) Gain (19lJ) 
(5) Carlson (1907). 

* Identifications made previously by the above mentioned· 
investigators. 

**See Fig. 6, p. 89 . 

.) 



APPENDIX III 

The follow1ng data su:n:nar1zes the d1fferences 1n 

rates of photosynthes1s wh1ch one can obta1n 

typ1cal pr1mary product1v1ty bottles for the 

113 

employ1ng 
14 C method, 
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SPECTRAL DArA ON GLASS PIECES FROM 

5 PRHIARY PRODUCTIVITY CONTAINERS 

CO!HAINEtl AND 
hAVE-LENG'rH RANGE xi:· cr12 

CONTAINER AND 
WAVE-LENGTR RANGE x* CM2 

250 ml, 700-4oom_l'-1 89.1 JOO ml, 700-400m µ 79.0 

400-J00 66.2 400-J00 59.0 

700-J00 83.3 700-JO0 74.0 

125 ml, 700-400m;4:1 87.0 500 ml, 700-400m/- 74.J 

400-J00 74.6 400-JO0 400-J0O 52.2 

700-J00 83.9 700-J00 68.8 
• .; 

70 ml, 700-400 88.9 * xcm2 = means of >· 3 

400-J00 54.6 
plan1meter measure-
ments with -.::~1% vnr1-

700-J00 80.J 
atton of areas of% 
transmtsston 
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P1iUlAHY PHODUCrIVI'i'Y AND AN'l'HH.ACENE POLYKEHIZATION 

FOH AN ANTARCTIC P'RESh-WATER POND 

(January 20, 1970; 25 hr exposure; 0.28 to nll langleys 
at 20 cm depth) 

Contalner m~ 

250 ml llght 

Dark 

JOO ml light 
·. 

light 

dark 

dark 

Clm3/h~---

3.65 

J.67 

0.18 

2.60 

0.15 

Anthracene Antracene % Trans-
% Transmlsslon mlsslo~an. 22, 25 hr 

70 (rounded) 23 

63 (flat) 

37 

37 

0 

1 

1 

14 

3 
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PRIMARY PRODUC·rIVITY AND AN"rHRACENE POLYMEHIZATION 

FOR VPI DUCK POND 

(Aprll 19, 1970; 8 hr exposure; 3500-5000+ ft-cat surface) 

Contalner mg C/c3/hr* 

250 ml 
llght J4.2 

30.1 
JOO ml 
llght 25.6 

22.4 

125 ml llght 22.4 
19.1 

70 ml llght 

500 ml llght 

11.6 
10.4 

3.6 
J.4 

X 
% of 

~.-10 ml 

32.2 100 

23.8 74 

20.7 61 

11.0 34 

11 

Anthracene, • % ·rransmlsslon 
s_~.t~_!_, An~:.l.2.__ _§_~!..._g_i..__ 

75 75 

45 JS 

40 35 

34 25 

38 42 

* Dark bottle values~- 5% of llght values 
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CHANGE IN CBLO..:lOPHY.LL a DURING CONTAINEH. INCUBA'l1IOU 

(July 2J, 1970; 6 hr. incubation; 
2625 ft-c; temp. ca. 21-2 C) 

Chlorophyll a Chlorophyll a 
m-SPU m-SPU 

Container Pi6'1llentlmJ Container EigmentLmJ 

None, fresh 
collection 792, 8J6 

250 ml light 82J 250 ml dark 1,020 

JOO ml light 820 JOO ml dark 1,016 

125 ml light 84J 125 ml dark 998 

500 ml 11gpt 697 500 ml dark 1,048 
.> 

70 ml light 786 70 ml dark 962 

Chlorophyll a. = 11.64 E66J - 2.16 E645 + 0.10 E6JO 
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CHANGE IN CHLOROPHYLL a DURING CON'I'AINER DWUBA.ri'ION 

{July 21, 1970; 6 hr lncubatton; 

Contalner 

None, fresh 
collect ton 

250 ml llght 

300 ml llght 

125 ml light 
• 70 ml llght 

500 ml light 

1700 ft-c cloudy-rainy, temper-
ature ca. 20C) 

Chlorophyll a 
m-SPU 

plgment/m3 

261* 

574 

502 

316 

506 

486 

Chlorophyll a 
m-SPU 

Contalner ~ent/m3 

250 cl dark 550 

300 ml dark 616 

125 ml dark 542 

70 ml dark 537 

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 AN'rARCTIC PENINSULA--FIELD AND 

LABORATORY STUDIES 

Gene L. Samsel, Jr. 

Abstract 

We compared prtmi>ry product 1 vt ty and nutrients tn two 

lakes of dtfferent.troohtc levels durlng the Antarctic 

summer of 1969-70 at Anvers Island, Antarctica (64° 46 1 s, 
60° 05 1 W). Algae collected and cultured tn the field were 

identified. "Skua Lake" and "Humble Lake", about 1/4 mile 

apart, had partial tee cover the entire season. Both \·Jere 

underlain with a stltca-rtch gr,c,_nite. Striking nutrient 

concentration differences were Cl- (7.5 and 35.0), NH4+.:.N 

(0.1 '1-nd 2.5), total Po4•-p (0.03 and 1.7 mg/1) respec-

tively for "Skua" and "Humble" Lakes. Diurnal ranges tn 

extractable total chlorophyll tn subsurface water were 

35-41 mg/m3 tn "Skua Lake" and 37-112 mg/m3 tn "Humble Lake. 11 

Diurnal ranges in net photosynthesis were 0.78-3.3 mg 

c;m3/hr ("Skua") Rnd 16-72 mg c;m3/hr ("Humble"). Somewhat 

broader ranges for chlorophyll and carbon fixation were 

obtained at specific times during this two-week tnvestt-

gatton. On return to the labor.itory, we established tn 

vitro microecosystems containl.ng native Antarctic algae and 



bacteria to determine effects of various environmental 

factors on algal primary productivity rates for each lake. 
+ -Of the numerous fnctors tested, only NH

4 
-N and Po

4
--P 

enrichments of artificial "Skua Lake" water 1ncre.i.sed 

significantly productivity rates in control enriched micro-
14 ecosystems, as measured by C uptake, Enrichment of arti-

ficial "Skua L<l.ke" water w1 th NH4 + -N to aooroach the level 

in "Humble Lake" water resulted in productivity increases 

1.5-4 times that of the control, while comparable enrich-

ments with Po4s-P caused increases in 14c-f1xat1on rates of 

1.2-1,5 times that of the controls. N03~-N, Cl-, S102--, 

and Fe++ additions and pH fluctuations produced no produc-

t 1 vi ty rate changes in the two art if 1c 1:..1 microecosystems. 

Also, varying the container size, shaking, and aerating 

microecosystems had no effect oh 14c uptake rates or on algal 

commun1 ty structure. The m 1 crobial commuh1 t 1 es of the t1,o 

lakes, while different in species composition, gave the 

s.i.me responses to nutrient add 1 tions when transplanted 

reciprocally lnto the foreign artificial m1croenv1ronment; 

thls re,sult furth">r demonstrated that the nutrient comDos1-

t1on, rather than the community structure formed the main 

basis for the differences observed in these two natural 

Antarctic ecosystems. The majority of the Antarctic algae 

identified from the field were placed in the division 



c hlorophyta with numerous genera in the cyanophyta ::rnd a 

relatively few algae in the chrysophyta. At least 90% of 

all species identified were cosmopolitan, with only four 

species endemic to the Antarctic coastal area. These data 

enable some understanding of phytoplankton ecology and 

natural eutrophication in fresh waters of the Antarctic 

Peninsula. 
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