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AHSTRACT

Sediment-water interface samples fram five small lakes in southwestern
New Brunswick (Bonéparte Lake, Bocabec Lake, Gibson Lake, St. Patricks Lake
and Big Pond [Deer Island]) were guantitatively examined for the presence of
arcellaceans. Two 'major assemblages, with one assemblage (I), being
subdivided int;o three sub-assemblages, were delineated; all assemblages were

dominated py Difflugia oblonga. Reduced total and species numbers in the

second, assemblage (II), of Bonaparte Lake may be ‘a function of anoxic bottom
conditions ang/or acid rain pollution. Variations in most Assemblage I
sub~assemblages are probably the result of chance colonization events.

However, the presence of Difflugia bidens in Assemblage Ic seems to be an

indicator of increased tefrigenous imut.

The surface information was also used to perform a first order interpre-
tation ot;: a core fram Gibson Lake., Diversity and total numbers generally in-
" creased following transition fram marine to freshwater conditions, with a
decrease in .total numbers in the upper part of Athe core, due to onidation.

Difflugia oblonga dominated all core assemblages except in the brackish

freshwater transition zone, where Centropyxis aculeata daminated.
The results of this study provicde further documentation of the value of

arcellaceans as paleolimnoloical imiicators of the benthic envirorment.




INTRODUCTION

General Statement

Testate rhizopods, or "thecamoebians", (Loeblich amd Tappan, 1964), are
a large group of amoeboid protozoa in which the cytoplasm is enclosed within a
discrete shell, or test. They are present in large populations in a wide
variety of ffeshwater habitats, fram mcss, soil, peét, and standing water, to
sewage treatment works. They are also found worldwide, fram tropical to polar
regions (Oyden and Hedley, 1980).

However, although there is a large wlume of literature concerning the
group, it 1is scattered ard there have been a number of taxonamic difficul-
ties. Medioli ard Scott (1983) have prepafed a taxonamic review for
Arcellacea fram selected occurrences in éastern Canada. To date, the only
known quantitative distributional study of a modern North American lake, is a
study of surficial and fossil arcellacean distribution in Lake Erie (Scoctt and
Medioli, 1983).

Many freshwater microfossils, (e.g. ostracodes amd molluscs), tend to
| diésolve in the low pH sediments of fresh water déposits, hence additional
paleolimnological tools are required. Organic and silicecus £ossils,
{pollen, spores, ard diatoms) co not generally reflect corditions at the
sediment-water interface. Arcellacears are agglutinated, armd are benthic;
hence they resist dissolutin and are representative of bottom conditions.
Their high density populations also provide an adequate statistical base under
most sampling conditions (Scott amd Medioli, 1983).

' Sediment-water interface samples from Gibson Lake, Bonaparte Lake,
Bocabec Lake, St. Pat;ricks Lake, ard Big 'Pond (Deer Islard), in soutlwestern
New Brunswick have been quantitatively examined to determine living arcella-

cean surficial distributions (Figure 1). This information was then used to

perform a first order interpretation of fossil assemblages fram Gibson Lake.
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These lakes were chosen as a follow up to the Lake Erie study for a

nurber of reasons:

1.

To compare the diversity of this inter-lake study of small fresh
water bodies with the results obtained fram the intra-lake study of
Lake Erie; a large fresh water body. -
These lakes represent raised marine basins. Previous examination
and cl4 dating of core from Gibson Lake has provided an accurate
date for the emergence of the lake sill and hence an accurate sea
level for that time (Scott and Meaioli, 1978, 1980a). In addition,
examination of the marine-frestlwater transition should provice a
history of the appearance ard evolutién of arcellacean assemblages
under contirually freshening corditions.

Lakes 1in such close proximity shculd display very similar

distributional assemblages.

There is no previous work on arcellaceans in these lakes except for

cursory examination of some marine-fresh water trarsitions in some cores

(Scott and Medioli, 1978, 1Y9380a).

Surficial Sediments of These Five New Brunswick Lakes

Scott and Medioli (1980a) campleted a camprehensive examination of cores

fran some of these lakes, fram which the following summary is drawn.

These lakes, on the Fundy Shore of New Brunswick are emerged basins.

The maximum marine limit in the area was cetermined to be approximately 75

meters above present mean sea level, by Gadd ana Lee (in walton et al., 1961;

and Lowden and Blake, 1976), am cl4 dated at 13,000 ybp.
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Davis et al. (1978) also indicate that:‘sun&nar stratification begins fraﬁ
late April to mid June, with an average occurrence of early May, after a few
days to a month of overturn. Stratification then lasts fram four to six
months with the fall overturn beginning fram late October to early Novexfber
and lasting one to two months. Camplete ice cowver occurs fram late November
through .early December lasting four to five months., 1Ice cover disappears in
early May. The lakes in the Maine study were fram southern to northern Maine,
with the lakes of the New Brunswick study being, latitudinally, approximately
at the median of Maine. Thus values for the New Brunswick lakes are probably

at the median of the range given for the Maine Lakes.

Geological and Geographic Influence on Water Quality of the Lakes

The five lakes are set in a rnumber of geological settirgs -(Figure 1).
St. Patricks La":;e and Bonapafte Lake are set wholly in granitic bedrock. Big
pond is entirely contained in a wlcanic settiné, while Bocabec sits astride a
Sandstone—-limestone contact, and Gibson Lake abuts a granitic and limestone
unit (Cumming, 1964).

The lakes vary considerably in mean elevation above sea level.
Bonaparte Lake is at 49 meters above sea level; Bocabec at 10 meters above sea
level; St. Patricks Lak.e at 75 meters above sea level; Gibson Lake at 3'5'
meters above sea level ard Big'Pond at 5 meters above sea level (data fram
Scott and Medioli, 1980a). | | |

Davis et al. (1978) suggest that the dmenii;stry‘ of the bedrock exerts the

strongest influence on lake water quality, largely determining the total

natural dissolved lcad, much of the mnutrient load, pH and alkalinity. These

effects are direct if the bedrock is exposed or near the surface. The local
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bedrock is still important, even if there is an overburden of glacial till,
since most of the tills in New.Englana anmd the Méritimes are locally derived.

Schindler (1Y974) states that phosphorous is the most important water
gquality parameter in detemining the water quality of lakes, as Na, K, Mg,
Ca, ana C are always present in excess. Fixed nitrogen may sometimes be a
growth limiting factor, but nitrogen fixing blue ¢green algae thrive under
extremely low ambient concentrations. Goldman (1972) and Thurlow et. al.
(1975) state that trace elements such as iron may also be a limiting factor.
However, the major control of trophic state maybe the rate of input and
recycling of phosphoraus in the lake water and underlying sediments.

The geological setting of the lakes in the study area ranges fram
granites to limestone, anmd are poor to rich re‘spe.ctively, in their éupplying
of phosphorous for biolocgical uptake. However, studies of lakes in Maine

(Davis et al, 1978) also indicate that granite underlain lakes can have

relatively high phnosphorcus  levels ana tropnic state. Other parameters like .

lake morphology, flushing rate, and the effects of man may be important.

Limestdne, which uncerlies two of the lakes in the stucy area, i/ields
higher levels of phosphorus, which results fram the solution of apatite
(Cag) (POy)3 (OH) and also fram the solution of CaQ03 which usually has POy
present in solid solution.

Davis et al., (1978) also indicates that the clcose proximity of lakes to
;he ocean may also play a corsidefable rble i.n determining the levels of
dissolvea solias (Nat, k¥, catt, Mg++, CH4,4 'SiO.47, etc.). Cyclical salts

injectea into the atmosphere by sea spray are later precipitated as rain or

i
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;
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snow., These salts may then comnstitute as much as half the dissolved
solid load in coastal lake water.

There is also some evidence that Big Pord may be subject to

marine incursion duriny severe storm corditions.

PREVIOUS WORK

workers primarily confined themselves to taxonamic studies of

‘lacustrine species of Arcellacea fram 1816 to the 1930s. At that time

there was a shift in emphasis towards ecological studies amd to the
taxonany of soil and mesopsammic forms. Only in the last few years
has there been any interest in fossilized ama subfossil material,

despite their cammon appearance in Holocene deposits.,

BIOLUGY

Deflandre (1953) gave a cetailed analysis of the biology of
thecamoebians, with an excellent section on Arcellacea. Other authors
have repérted on the diverse habitats of Arcellacea, which include
lakes, pords, soil moss, treebark, etc., and the distinct assemblages
of each habitat (e.g., Lousier, 1974, Heal, 1964, Bonnet, 1964).

Arcellacea are cosmopolitan and Penara (1902) am Decloitre
(1953) both have suggested ~pcss»ible means of distribution. Their
ability to encyst enabled them, carried by bi:ds feet amd wind, to
colonize the world. Ehrenbérg (1872) reported their presence in muddy
rain fram Naples, thus they.are also able to be tramsported by winds
in the stratosphere.

" Ogden and Hedley (19380) report that arcellaceans reprocduce every

two to eleven days by binary fission. However, Valkanov (1962, a, b,

1966) reports that sexual reproduction occurs rarely as well.
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Appearances in the Geological Record

Arcellaceans are cammonly found in larﬁ;e quantiﬁi% in Holocene
deposits (Scott and Medioli, 1983). There have been many reports of
earlier occurrences, however., Deflardre (1953) <claimed that
Arcellecea species appeared at the base of the Tertiary, and have not
evolved since. He did state that they could be useful fossils, but he
felt that fresh water deposits are not conducive to preservation,
Freugueili (1933) reported seemingly genuine Arcellacea fram the
Miocene. However, Bradley (1931) suggested the oldest Arcellacea as
beiny mid—E.ocene. Vasicek amd Ruzicka (1957) a;s well as Loeblich and
Tappan, (1964), disagree and report the presence of Arcellacean
species fram the Carboniferous. They claim the fossil record of
Arcellacea is poor because no one has looked for them. However, there
is some controversy over these claims (Loeblich ard Tappan, pers.
comm. to Scott & Medioli).A

Scott and Medioli (1983) have carried cut a distributional study
of both recent and fcssil Arcellacea from Holocene deposits in Lake
Erie, This provided firm documentation for the importance of
Arcellacea as iinportanﬁ tools in paleolimnological studies,

Methods of Collection and Preparation

Sediment-water interface- samples were collected at randomly
- chosen stations in the five lakes. Due to the small size of the
lakes, exact station locations were not récorded. -]:ntérface samples
-were collected by D. B. Scott, A. Miller, F. S. Medioli, amd P. Lake
in June 1979. The Gibson Lake core was obtained by Robert Mott in

1970 using a Livingston cover. An Ekman box corer was used for
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interface samples with 1U a3 replicate samples being obtained at each
station ana the water cepth recorded.

The saqale; were sieved usiny a No. 35 mesh (0.5 mm) screen to
retain coarse organics ard shells ard a No. 230 mesh (0.063 mm) screen
to retain the arcellaceans. Fine organic material was removed by
decantation. Care must be taken during this procedure as proceséirg
of arcellaceans is saometimes adifficult, duwe to the fragility of the
test. Although arcellacean tests can stard scCreened water pressure,
they cannot survive any mechanical agitation. | Since their tests are
held together by organic cement, any memical treatment or oxides will
destroy them.

Subsequent to sieviny, a mixture of formalin and Rcse Bergal
stain was adced to the samples to detect specimens living at the time
of collection. After stanaing overnight, the samples were rinsed amd
placed in denatured ethanol.

The samples were then quanﬁitatively exémined under a bincaular
dissecting microscope, usually at 20X.

Scanniny electron micrographs were taken using the. Cambridge
Stereo Scan 180 Scanniny electron microscope located at the Bedford
Institute of Oceancgraphic Research in Dartmouth, Nova Scotia, usirg

polaroid NP 55 film.

Results- Interface samples
Ten species were observed fram 90 samples (46 statiors); of
these, all species had living representatives at the time of collec-

tion (Tables 1-5). Subsequent examination revealed the presence of

three other species in some samples; Difflugia tricuspis, Difflugia
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globulus, and Leguereusia spiralis. Living populations were generally

small in proportion to total populations, hence total populations were
used to define‘assemblage zones. Total populations include both live
and cead specimens; the latter having accumulated over several years.
However, they have been shown to be good indicators of lorng term; as
opposed to seasonal conditions (Scott amd Medioli, 1980b). Based on

total populations, two main assemblages are recognized, which appear

to be water depth controlled. Assemblage I is further divided into

three subdivisions, which are not controlled by water depth.

Living populations

Liviny populatioins were present in significant proportions in
most of these lakes. This may have been the result of the collectién
time of June, 197Y. There were 9.4% living populations in Deer
Island-Big Poma (Table 1 and 7), 10.9% living in St. Patricks Lake
(Table 2 ana 7), 5.3% living in Bocabec Lake (Table 3 ard 7), 5.7%
livingg in Gibson Lake (Table 4 and 7) and 3.2% living in the Asseun~
blage IA zone of Bonaparte Lake (Table 5 and 7). The A;fs,semblage II
zone of Bonaparte Lake is the only area where the living proportion
was insignificant (Table 5 ama 7). Collection time for this lake was
also June 1479, and it is not qlear why the living proportion aiffers
so much fram the other lakes. Assemblage zones were detemined using
total populations rather than livirg. populations (Scott & Mediol_i,
198ub). |

Deer Islana-Big Pond: Big Pona is dominated by Assemblage IA,

found at all water cepths, fram 3 to 10 meters (Table 1 & 7). The

assemnlage' is characterizea by the dominance of Difflugia oblonga,

with lesser percentages of Pontigulasia compressa and La

genodifflugia
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Total numbers are mocderate in this lake, vand'there is no appreci-
able diftference. between shallow (324-593 specimens/l10 cc in 2 meters)
and deeper water (330-457 specimens/10 cc in 9.5 meters).

Gibson Lake: Wwater depth is fairly constant for all samples (4.5 m
to 5 m) and Assemplage IB, as also fourd in St. Patricks Lake, is pre-

sent (Table 4 and 7). Difflugia oblonga daminates, followed by Lageno-

difflugia vas. Pontigulasia campressa, Difflugia urceolata, and Centro—

pyxis constricta are present in significant proportions. Total

populations range from 59 to 1122 specimens/10 cc in 4.5 to 5 meters
wa‘ter depth.

Bonaparte Lake: The lake is dominated by two depth controlled as-
semblages (Table 5 and 7), Assemblage IA as found in Deer Island-Big

Pond, is founa in water depths of less that 10 meters. It is daminated

by Difflugia oblonga, followed by Pontigulasia compressa and Lagenodif-

fluyia vas.
Assemblage II is found in water depths of 10 to 18 meters. It is

similar to Assemblage I A, ‘B, and C, in that it is dominated by

Difflugia oblonga, followed by Lagenodiftlugia Qas, ard Pontigulasia
campressa. However, diversity is restricted to these three species.
Bonaparte Lake 1is the only lake with water depths greater than 10
meters. Total numbers generally decreased fram shallow water 72-361
specimens/10 cc in 8 to 1lU meters) to deeper water (25-223 specimens/10

cc in 12 to 18 meters.

Core Results

One core was examined fram Gibson lake (Table 6 and Figure 2).

This core was sampled at 10 an. intervals down to 130 cm. Below the 130

an mark samples were examined at 10 to 40 cm intervals, which were
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Total numbers in the upper 50 cmn of the core are relatively low
(20122 specimens/10 cc). The upper 50 cm is dominated by Difflugia

oblonga (Table 6, Figure 1) with a lesser proportion of Lagenodifflugia

vas. All other species occur in percentages less than 16%.
Below the 50 an mark aown to the 214 am mark total numbers fluctu-
ated from YU to 1372/10 cc. The assemblage contirues to be daminated by

Difflugia oblonga, ranging from 27% to 73% of the total number of indi-

viduals per sample. Centropyxis constricta ard Lagenodifflugia vas are

both significant canponents. Difflugia bidens appears at the 60 amn mark

ard is again present fram the 203-214 cm mark. However, the species is
never more abundant than 3% of the total sample.
Framn 214 cm to 314 cm, total numbers contimually decrease fram

81Y specimens/10 cc to 24 specimens/10 cc. Difflugia oblonga continues

to cominate the assemblage, rarging fram 39% to 90% of the samples.

Lagenocdiffluyia vas and Centropyxis constricta continue in significant

numbers, but Centropyxis constricta begins to decrease after 226 cm ard

has disappeared by 293 cm. Its place is taken by Difflugia urceolata.

Difflugia protaeiformis, and Difflugia tricuspis both disappear below

the 245 cm mark. Difflugia urceolata quickly disappears below the 300

cm mark. Centropyxis aculeata becames wore daminant, camprising 50% of

the assemblage by 336 an and 100% of the assemblaye by 356 ar, in the
freshwa{:er-marine transition. All rhizopods disappear beneath 386 cm
when totally mariné sediments appear. Foraminifera are not fournd until
the 416 an mark amvconprise 1008 of the assemblage down to 581 au - the

bottan of the core.
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DISCUSSION

surficial Samples Distinctive patterns of arcellacean distribution

emerye from the data accumulated fram Bocabec Lake, Bonaparte Lake,
Gibson Lake, St. Patricks lake and Big Pond (Deer Island). It appears
that distributions are controlled by water depth, with all assemblages

and subassemblages being daminated by Difflugia oblonga. This is

reasonable cue to the clcse proximity and similarity of the five lakes.
Unfortunately, there have been no known limnological studies of such
things as oxygen saturation values, rutrient distribution etc., for any
of these lakes. The general characteristics have been assumed from
limnoloyical studies carried ocut on small lakes in Maine (Brocks ard
Deevey, 1Y63; Davies et al. 1Y78) ard e‘l.sewhere. (Kuznetsov, 1970).

No physio—ct)ﬁemical parameters were measured at the time of collec—
tion, except for water depth. However, some general remarks on
arcellacean d'i.stribution are applicable.

In their baseline study of arcellaceans ‘of' Lake Erie, Scott and
Medioli (1983) detemined that temperature variation appears to have no
etfect, although they found that seasonal stability may be a factor in
the eastern basin of the lake. Scott and Medioli (1983) also report
that oxygen levels may be a factor for some species while others like

Difflugia oblonga appear unaffected. This condition Zppears to be

reflected in Assemblaye II of Bonaparte Lake, which occurs in water

«depths of yreater than 10U meters. The assemblage is camposed almost ex-—

clusively of three species, with Difflugia oblonga daminating. The lake

may exhibit a merauixis type stratification, with the bottom water be-

neath a 10 meter thermocline being of low oxygen content.
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Scott ard Medioli (1983) also report that of all the physio-chemi-
cal pérameters, nutrient wvalues correlate most closely with observed
Lake Erie assemblages and total mumber variations. The data fram this
new answi;:k study show that there is a general increase in total num-—
bers of arcellacea fram deeper to shallower water. This probably
reflécts a high productivity in the warmer surface waters. Howewver, as
no nutrient measurements were taken, any such effects on assemblage
variations cannot be determined.

The variations which ccr_lprise assemblage I are probably a local

response to a specific condition. Difflugia bidens is only found in in-

terface samples fram Bocabec Lake. Around 1970 there was a large forest
fire in the area which devastated the landscape. The geological setting
of the lake is partly made up'of sardstone. This cambination of cordi-

tions has probably resulted in an increase in erosion and clastic terri-

genous inflow to the lake. Difflugia bidens was also found in similar
proportions in Lake Erie, which also has a high clastic terrigencus

input. In the cther lakes of the New Brunswick study, sediment is pri-

. marily of organic origin.

The reason for the wvariations in the other assemblage I sub-
divisions is unknown, but a possible explanation may lie in one these
creature's major mode of colonization; transport on birds feet., Thus

particular species may have been carried to one lake and not another due

to chance conveyance on the feet of water fowl.
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Gibson Lake Core

The most marked changes of rhizopod assemblages in the core
‘occurred in the slightly brackish section, suggesting a response to
freshening water conditions by the rhizopod populatinrs (Figure 2). The

brackish water arcellacean, Centropyxis aculeata, “aiinates the salt/

freshwater transition. Significant proportions cf Difflugia urceolata

are’ present in the lower portion of the freshwater section, but ce-
‘creases rapidly in importance up core. This is similar to what Scott
and Medioli (1983) founa in the base of cores arc in eastern basin of
Lake Erie. Théy attribute their assemblage tO a lmw level of organ-ics.
In tnesé southern New Brunswick Lakes it probazl; ook same time. for
freshwater cammunities to aevelop following w=zrsirion fran marine
conditions. This may have meant that organié irgit wzs less just after

these lakes emeryea above sea level.

Total numbers and assemblage diversity I-zrsases up core,
presumably in response to an increése in orzarniz sugply. Oxidizing
conditions, in the upper portion of the core, tro.r= =n as a result of
the core being in storage for many years is proiz=’+ --e reason for the

decrease in total numpers found there (Figure 2).

Difflugia bidens, as found in the surficiz. z=ci-ents of Bocabec
Lake, is also founa in basal freshwater sediment == =<-s core in Gibson
Lake. The sparce vegetative cover of the =—=- recently emergea

' topoyraphy may have been very similar to the ==r—=-iss surrounding

Bocabec Lake today, resulting in high clastic sizc’.,
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' Potential in Acid Rain Research

The Canadian House of Canmons sub caumittee on Acid rain (1Y81)
‘repofts that Canada is facing the greatest envircnmental threat in its
" history. The once "cleansing rains and pristine snows" have becamne a
oangerousiy acidic amd destructive. Acid rain, a temm unknown a deéade
ayo, has became the most pervasive amd feared envirommental pollutant in

North America.

Acidic precipitation, which includes rain, sleet, hail, amd snow is

usually defined as having an acidity below pH 5.6 (Graves, 1980). Acid
rain, a technically incorrect but acceptable synonym for acid precipita
tion, is primarily the resﬁlt of sulphur oxides (SOx} and WNitrogen
oxides (NOx) which are trarsfommed into sulphuric acid (Hy SO4) ard

nitric acia, HNO3 (Likens, et al., 1Y79) respectively, as they are

transported by the atomosphere over distances up tO thousards of

kilometers (Bryson, and Hare eds., 1974).

Research carried out over many years indicates that much of eastern

g Canada is sensitive to acid rain due to a lack of natural buffering or

neutralizing capacity in the rocks ard soil. However, bufferirg capaci-
g ~ ty is present in areas rich in carbonate material like limestone (Kelly, ‘
g 198l). 1In areas of little buffering capacity, as occurs in granitic and E

volcanic terrains, and particularly in the Precambrian Shield areas,
acid loading will eventually strip away the buffering capacity amd
runoff water enteriny lakes arnd streams will directly reflect the
acidity of the rainfall. Water bodies also have a buffering capacity.
As woulda be expecteq, the buffering capacity of these boaies generally

reflects the alkalinity of the geolcgical setting., Over time,
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continued acid loading can exhaust the buffering. capacities of sensitive
geological zones, both on land and in the water. The water bodies are
then assaulted not only by the acid rain directly, but by the acidic
runoff water framn the de-buffered soils ard rocks in the watershed.
These lakes became more and more acidic over time, deleteriously affect-
ing the floras and faunas of these lakes. For example, most fish popu-

lations disappear when pi falls below 4.5 (Watt, 1981). The average

'precipitatibn falling on New Brunswick has a pH of 4.6 while the average

for Nova Scotia is marginally higher at pH 4.7.
An important component of the overall research program on acid rain
is the continuous and systematic monitoring of acid depostion, The sup-

camittee on acid rain (198l) received evidence frm ssveral witnesses

that monitoring of acidic depocsition and of subseguert environmental

damage in Canada needs to be improved. There is oo siostantial dis-

agreement amorg reputable scientists that the Canzacian environment is

being damaged by acid rain. Amongst the missirg i~fsmation is a

detailed body of data on historical trends in acid decesi=isng ang a pre-

cise guantitative assessment of acid rain darage zm@c rztzs - aCldifica- |
tion in areas of differing sensitivity.

A single pH sensitive limnological tool cazabls = Elzrmining pre-
sent lake conditions as well as those over a. perice £ <
sampling would be very useful. Traditional tools - 4z wmear samples are
unacceptable since they provu.da no hlStOI‘l:a‘. 1nftm=ation, However,
arcellacears, which have already been shown © 2e == 25 zn orjanic
content indicator in Lake Erie, (Scott and ¥edioll, 333 may £i1] the

above prereguisites.
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The lakes in the study area are in a variety of geological set-
tings (Figure 1). St. Patricks Lake ard éonparte Lake are both located
in a highly acid rain sensitive acidic granitic terrain. Big Pond (Deer
Island) is located in a wolcanic setting of unknown alkalinity, while
most of Gibson and Bocabec Lakes are located in a highly buffering lime-

stone setting of probably nomal alkalinity. A clear dichotomy exists

between the restricted assemblage of rhizopods found in Bonaparte Lake

and the assemblages found in Gibson Lake and Bocahec Lake which may
partially be a response to a low pH value. However, St Patricks Lake

located in the same acidic setting as Bonaparte Lake has an assemblage

closer to that of the limestone cloistered lakes. A possible eXplaina—-

tion may lie in the small size of these lakes and the proportionately

- small drainage basins (Figure 1) which results in their effective isola-

tion. The assemblage in St. Patricks Lake may be the result of wry
local conditions, e.g., local Pleistocene or organic overburden with a
high buffering capacity (Davis et al., 1978). However, at t;his éoint
an equally plausible possibility is that arcellaceans are indifferent to
pH variations, with the assemblage diversity a function of some other
factor(s).

Until actual pH and Eh measurements have been made in these lakes a
true determination of the ;affects of pd on rhizopod assemblages cannot
be determmined. Nonetheless, if a link can be establishea between a
lake's level of alkalinity, and the rhizopod assenblége(s) found there,
a odetailed analyéis of historical acid deposition will be possible

through guantitative analysis of core for arcellaceans.
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CONCLUSIONS

Definite spatial assemblages occur in Bocabec Lake, Gibson Lake,
Bonaparte Lake, St. Patricks Lake, and Big Pond (Deer Island). 1In
Gibson Lake these assemblages have been traced temporarily. The simple
preparation techniques, relatively high abundance and good preservation
facilitates their -use. 'i‘his study conplemeﬁts Scott ard Medioli's
(1983) baseline Lake Erie effort, and provides: further evidence of the
value of arcellaceafs as paleolimological irdicators of the benthic

environment.

ABBREVIATED TAXONOMY

This paper is not taxonamic in nature. Medioli and Scoctt (1983)
have completed a major taxonamic study of Arcellacea fran eastern
Canada. Only the original &speci% reference 1is presented; where
taxonamic problems have been particularly severe, some canmon  species
names have been listed. |

Generic names are in accordance with Loeblich ard Tappan (1964) ard
most species are similar to those used by Leidy (1879). Illustrations
have been included bui: they do not cover the total variability spectrum

present in the taxa.
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Centropyxis aculeata (Ehrenbergy, 1832)

ab Ehrenberg, 1830.

Plc 4’ figS. 1-7

* Arcella aculeata Ehrenberg 1832, ab. Ehrenberg, 1830, p. 60,

Centropyxis aculeata (Ehrenberg 1832). Stein, 1859, p. 43.

Description: The test is yellow or brown, ovoid or circular, and

depressed. The largely organic test is usually rough ard covered with
sand grains, while the apertural region is smooth. The anterior slope
is large with a small anterior argle, which Medioli and Scott (1983)
report to be 15 to 40 degrees fram material they examined. The
posterior slope is poorly cefined and practically absent, fusing into
the fundus at the posterior. The height to length ratio is quite low,
Medioli and Scott (1983) reported a ratio of 0.4 to 0.5 fram material
they examined. The aperture is invaginated, subcentral and slightly
anterior. Spines may, or may not be présent, ard are usually

concentrated along the posterior margin.
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“ Centropyxis constricta (Ehrenberg, 1842)

pl. 4, figs. 8-14

Arcella constricta Ehrenberg 1843, p. 410, pl. 4, fig. 35, pl. 5,

fig. 1.

Difflugia constricta (Ehrenbery 1843). Leidy, 1879, p. 120, pl. 18,

figs. 8-55 (not 1-7)

Centropyxis constricta (Ehrenberg 1843), Deflandre, 1929, p. 340,

text figs. 60-67.

Urnulina compressa Custman, 1930, p. 15, pl. 1, figs. 2a, b.

Description: The test is yellow and usually elliptical in dorsal view,

and much less depressed than C. aculeata. The test is usually smooth on

the apertural surface and rough at the aboral region. The aperture has
a variable degree of tilt, framn almost horizontal t», a wventral

configuration, very similar to that found in C. aculeata. The apertural

rim is semicircular with varying degrees of invagination. There are
usually three spines extendingy fram the fundus although there is some

 variation in this rumber.
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Difflugia bidens Penard, 1902

pl. 2, figs. 13, 14.

Difflugia bidens Penard, 1902, p. 264, text-figs. 1-8 on p. 265.

Description: Tﬁe test is opague, regularly ovoid amd laterally
compressed. The fundus is rounded with two to thrée blunt spines.
Medioli amd Scott v(l983)'report that the shell is caonposed of well
sorted guartz grains giving specimens a very'srrooth appearance. The

aperture is round and well defined, ard there is no external neck.

Difflugia corona Wallich, 1804

plo 2-, fiQSQ 1—60'

Difflugia corona Wallich 1864, p. 244, pl. 15, figs. 4b, ?4a, ?4c,

pl. 16, figs. 19, 20 [binomen D. corona used for a var of D. globularis,

itself sub sp. of D. protaeiformis (misspelled proteiformis)

Description: The ‘teust is yellow and was observed to be wery swoth,
despite being camposed of angular q\.xartz grains. The aperture truncates
the shell, with an é.pertural lip which is crerulated. These rarge in
number from 4, in my material, to 16 reported by Medioli and Scott'
(1983). The fundus is rdmded with a variable rumber of spines. A

diaphragm may be present in the aperture (pl. 1, fig. 6).
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Difflugia globulus (Ehrenbergh), 1848

pl 1., figs. 1-3

Difflugia globulus (Ehrenberg 1848) Cash & Hopkinson, 1909, p. 33,

text-figs. 52-54, pl. 21, figs. 5-9. .

Difflugia globularis Wallich, 1864 [as subspecies of species D.

pfotaeiformis Lamarck 1818, misspelled D. proteiformis], p. 241, p 1,

15, fig. 4h, pl. 16, figs. 1, 2, 2a, 17, 2l.

Description: The ;(:est is brown, spherical or hemispherical, and usually
canposed of large quartz fragments. There are reports in the literature
(Medioli ard Scott, 1983) that diatom frustules may occasionally be
present. The aperture in observed specimens is usually large although
Medioli and Scott (1983) report that it can be as little as 1/4 of the

maximum width. It is readily distinguished fram D. urceolata by the

lack of a pronounced collar and by its rough appearance.
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Difflugia oblonyga (Ehrenbery) 1832

pl 1., figs. 4-12

Difflugia oblonga Ehrenbery, 1832 b, p. 90.

Difflugia pyriformis Perty, 1849 b, p. 168.

Difflugia capreolata Penard, 1902, p. 222, text-figs. 1-6, p. 223,

tex_figo 6' p' 213.

Difflugia longicollis Gassowsky, 1936, Ogden & Hedley, 1980, p.

144, pl. 6l.

Description: In my samples the test is yellbw, ard canposed of fine
guartz grains. The test 1s extremely variable in shape ard size, fram
pyriform to campressed and flask shaped. The fundus is rcunded or
expanded into one or more blunt processes; some imdividuals in the
material I‘examined had upwards of 20 processes. The subcylindrical
neck tapers to a round ard clearly cefined gperture. In my material it

is noteworthy that of D. oblonga specimens from Bocabec Lake and Gibson

Lake, most aisplay a single blunt, rounded conical process protruding

fran the fundus. The extreme variability observed in this species
makes it easy to uncerstand the taxonamic confusion in the literature.

¢




Difflugia protaeiformis Lamarck, 1816

pl. 3, figs. 3,4.

Diffluyia protaeiformis Lamarck 1816, p 95, figured in Leclerc

1816, pl. 17 figs. 1-5.

Difflugia acuminata Ehrenbery, 13830, p 95.

Difflugia curvicaulis Penard 1849, p 36, pl. 3, figs 2-6.

Description: The test is brown, and canposed of quartz particles in my
material. There are reports in the literature (Meaioli & Scott, 1983)
that diatom fragments may also occasionally be part of the shell. The
shape of specimens observed is extremely variable, fram amphora-like,
pyriform to cylindroconical; however, the latter configuration was most
camon. The fundus is rounded to tapering, ama although not observed in
my material, Medioli amd Scott (1983) report that one or more blunt

processes may protruce. - The neck usually tapers but D. protaeiformis is

readily distinguished fram D. oblonga by the higher aperture to maximum

diameter ratio.

Diffluyia tricuspis Carter, 1856

‘ pl, 2, figs. 15, 16, pl. 3 figs. 1,2.

Lifflugia tricuspis Carter, 1856, p. 221, pl. 7, fig. 80.

Difflugia tuberculata wallich, 1864, p. 241, pl. 15, fig. 4g, pl.

l6, fig. 18 [binaren D. tuberculata usea for a var. of D.




globularis, itself subsp. of D. protaeiformis (misspelled

proteiformis)]

Difflugia lobostoma Leidy, 1874b, p. 79

Difflugia labiosa Walles, 1919, p. 39, pl. 51, fig. 1ll.

Description: The test is opaque to yellow. Specimens in my material
are oval vin shape with no neck. The aperture is deeplv indented and is
trilopated in my samples although Medioli and Scott (1983) reported more
variability. in the number of lobes (up to 6). 'The surface of the test
is smooth and camposed of quartz grains although the literature (Medioli -
and Scott, 1983) claims that the test is rough and covered with sand

grains.

Difflugia urceolata (Carter 1864)

pl, 2 , figs. 11, 12

Difflugia urceolata Carter, 1864, p. 27, pl. 1, fig. 7

Lagunculina sp(??') Parketgt;ﬂ., 1953, p. 10, pl. 1, fig. 2.

Description: The test is opague to brown, ovcﬁd to spherical, with a
general amphora to cauldron-like appearanée. The fundus is rounded with
a short néck terminating in a pronounced apical rim or collar, which may
be straight or recurved, ard is of variable shape ard size. The test
is camposed of samd grains of varying coarseness. Encysted forms are

very caumon in some samples.




Difflugia urnula (Gruber 1884)

pl. 3, figs. 5-14

Ovulina urnula Gruber 1834, p. 497-499, pl. 2, fig. 19, 20.

Description: The test is brown and canposed of quartz fragments. The
shape is subspherical, with a narrow circular aperture, bordered by an
outward expanded flanged collar of variable 'width. A canplete or
partial diapnragm acrcss the aperture may, or may not, be present.
Gruber based his generic name on the type of pseudopodia present in
the species. However, Medioli and Scott (1983) have proven that
pseudopodia ty?e is not a valid taxonamic va;iable. In fact, several
types of pseudopodia have been observed in the same species (Medioli and
Scott, 1983). The characteristics of the species indicate that the
species shéuld be placea in the genus Difflugia ama the genus nare
Ovulina discarded. edioli amd Scott (1983) did not figure this species

in their taxonamic stuady.

Lagenodifflugia vas (Leidy 1874)

ple la ’ figSo 13—'16-

Difflugia vas Leiay 1874, p. 155

pontigulasia vas (Leidy) Schouteden, 1406, p. 338, footncte.

Difflugia pyriformis Perty 1849, Eamonson, 1906, p. 12 (partim),

pl. 2, fig. 12 not figs. 8-Y,
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Lagenodifflugia vas (Leidy). Medioli and Scott, 1983, p. 58-60, p.

2, fig. 18-23,-27-28.

Description: The test is yellow and camposed of fine quartz grains.
The shell is generally pyriform, divided into a bulbous main part and a
neck. Medioli and Scott (1983) report that these sections are separated
by an internal digphragm, pierced by a single, central, usually large
6rifice. The surface of the test generally denotes the diephragm, by
the presence of a constriction at the base of the neck. In my material

there is an integration between L. vas and D. oblonga.

Lecquereusia spiralis (Ehrenberg 1840)

pl. 2., figs. 9, 10.

Difflugia spiralis Ehrenberg 1840, p. 199.

Lecquereusia spiralis Rhumbler 1895, pl. 4 no. l. Lageheim 1901,

p. 514, pars (?)

Description: The test is yellow, and ovoid to pyrifom in shape. L.

spiralis is similar to P. compressa in that there is a corstriction at

the base of the neck which, according to Medioli »a'nd Scott (1983) corre-
- sponds to an internal diaphragm with two of more openirrjs. The neck is
~asymmetrical, presumably in relation to the asymmetrical internal posi-
tioning of the diagphragm. Medioli and Scott (1983) report a morpholagi-

cal integration between L. spiralis and P. campressa forms. This was

not observed in my material, possibly due to the scarcity of L. spiralis

specimens.
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pontigulasia compressa (Carter 1864)

plc 2., figS. 7’ 8e

Difflugia compressa Carter, 1864, p. 22, pl. 1, figs. 5-6.

Péntquulasia canpressa (Carter 1864) Averintsev, 1906, p. 169.

Proteonina hancocki Cushman & McCulloch, 1948, p. 76.

Description: The test is yellow, and ovoid to pyriform in shape, with a

short neck that joins the body in a w-shaped wedge. Medioli and Scott
(1983) report that the constiction delineated by this wedge, is a doubly
perforated‘ internal diaphragm. The aperture at the erd of the well
defined tapering neck is generally narrow and elliptical in cross
section. The neck has a smoother appearance than the rest of the tesyt:,

due to the arrangement of the constituent fine quartz grains,
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Plate 1

Difflugia globulus (Ehrenbery), 1848

1. Side view of typical specimen x 270; 2 . Side view x

305; 3. Apertural view of specimen of figure 2. x 260.

Difflugia oblonga Ehrenberg, 1832

4, Side view of specimen displaying a bifurcated
neck x 133; 5. sice view of laterally flattened specimen
with many small spines x 134; 6. side view of specimen
with wice neck and coarse agglutination x 223; 7.
Apertural view of spec-ir‘nen of rfigure 6 x 223; 8., side
view of laterally canpressed specimen x 155; 9. side
view of laterally campressed specimen with lateral
spines x 250; 10. side view of typical specimen with
spine x 223; 1ll. side view of. typical specimen x 160;
12, side view of specimen with coarse agglutination in

neck, terding towards Lagenodifflugia vas x 143.

Lagenodifflugia vas (Leidy, 1374)

13. side view of specimen with praminent constricticn x
133; 14. side view of typical specimen x 154; 15. sice
view of specimen with narrow neck x 184; 16. side view

of specimen with pronaunced constriction amd narrcw neck

. X 167,






Figures 1-6

Figures 7, 8

Figures 9,10

Figures 11, 12
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Plate 2

Difflugia corona Wallich, 1864

1. Side view of specimen with several spines x 266; 2.
apertural view of specimen frdn figure 1 with 3
crenulations x 227; 3. apertural view of specimen with
4 vcrenulatiors X 265; 4. apertural view of specimen with
5 crerulations x 220; 5. apertural view of specimen ﬁth
13 crenulations x 330; 6. apertural view of specimen with

13 crerulations ard diaphragm x 270.

Pontigulasia compressa (Carter, 1864)

7. side view of specimen with typical v-constriction at
base of neck x 198; 8. qjert_ural view of specimen fram

figure 7 x 243.

Lecquereusia spiralis (Ehrenberg, 13840)

A9.,' side view of specimen with short neck x 336; 10. side

view of typical specimen x 520.

Difflugia urceolata Carter, 1864

11. side view of specimen with well developed apertural
lip x 152; 12. sice view of encysted specimen (test broken

open) x 135.




Figures 13, 14

Figures ‘15, 16

- 36 =

Plate 2

Difflugia bidens Penard, 1902

13. side view of typical specimen x 167; 1l4. side view of

specimen with slightly developed neck x 170.

Difflugia tricuspis Carter, 1856

15. side view of typical specimen x 510; 16. apertural view

of specimen fram figure 15 x 620.







Figures 1, 2

Figures 3,4

Figures 5-14

Plate 3

Difflugia tricuspis Carter, 1856

1. side view of specimen with slightly developed apertural
lip x 460; 2. apertural view of specimen with well developed

apertural lip x 520.

Difflugia protaeiformis Lamarck, 1816

3. sice view of specimen with coarse agglutination x 184; 4.

sice view of autogencus (Scott and Medioli, 1983) specimen x

252.

Difflugia urnula Gruker, 1884

5. side viéw of specimen with coarse agyglutination x 249Y; 3.
apertural view of specimen frcn figure 5 showing apez.;tural
lip development x 265 7. side view of specimen with
diaphragm x 255; 3. apertural \}iew of specimen fram figure 7
x 277; Y. side view of specimen with well developed apertural
lip x 201; 10. side view of specimen x 235; il. apertural
view of specimen fram figure 10 with diaphragm partly

blocking aperture x 206; 12. apertural vie{v_of specimen x

. 263; 13. side view of specimen fram figure 12 with thickened

apertural lip x 194; l4. side view of specimen with wide neck

terding towards Difflugia urceolata x 236.
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Table 1, Percentage occurrences of Arcellacean species from BIG POND surface stat:'om_-;,
L = Living, T = Total, X = 1%. All total numbers are per unit sample. (l.e. 10 cm’)

[STATION NUMUER 1A J1B [ 2a [ 28 | 3a [38 [aa JT4s [sa [ o8 [ ea 63__4
VTR DRI (M) 5 5| 10| o} 4.5.] 4.5 | 3.5 | 3.5 3 31 10| 10 .
TOLAL NUMBER L 8 6 2 3 7 4 3 3 6 4 3 5
OF sPeClEs T 9 9 5 7 9 6 7 5 9 9 8 8
TUTAL NIMIER OF L 46 42 4 0 186 49 12 8 192 32 Y 10
INDIVIDUALS/10ML T | 465 6306 39 121 1138 200 144 13 12358 976 72 78
Centropyxis L
aculca)il;a T 2 X 7 22 1 X X 2]
C. L | 20 8 ) 67 '
constricta ‘€ 2 2 3 X X 1 2 2 1 4 w
Difflugia bhidens L -
e
—_— — 0
D. coruna 1. 50 100 13 6 25
T X X X 1 1 X 3 1
[D. eblonja L| 10 71 0}t 1wl 13| 16 6 | 10 g 51 19 8
T 34 46 51 35 35 41 03 58 58 56 44 46
D. _ L 11| 1 8| 22| . . y 33
protacifomis T 2 X 10 - 2 2 X X X 1 4
. urccolata L 11 11 7 27 60 22 25
‘ T 8 7 3 12 4 3 1 4 10 10 6 9
D. urrula I. 33 ‘ 50
. T X X X X 1
Lagenodittlugia vas L 7 17 40 10 23 14 25 5 2 23
. T 13 8 13 7 10 7 10 5 24 27 11 17
Pontigulasia L 10 2 32 15 13 3 22
canpressa ‘T 39 36 26 11 46 47 23 32 3 3 13 17




Table 2. Percentage occurrences of Arcellacean species fran ST. PALRICKS [AKE surface stations.

L = Living, T = Total, X = 1%, All total numbers are per unit sample. (i.e. 10 can3)
STATION NUMUER I 1 [2a [28 [3a [36 [4a [4n [5a [s8 [en Jen |74 | 7u 8A| 88 ] 9A | 93 | 10Aa] 108
WATER DEPTH (M) 2 2| 4.5 | 4.5 5 5| 4.5 | 4.5 5 5| 4.5 [ 4.5 | 4.5 | 4.5 4 4 4 ) 4
TUTAL NIMLER L 7 ] 6 5 8 5 2 3 3 1 1 2 5 7 6 3 3 3 6
OF SPECLES . T 8 8 8 3 9 3 B 3 7 d 9 6 7 9 9 8 8 8 9 d
TUIAL MIMieR OF L2120} a0 | 16| 97] 12 5 5| 13 2 2| 15| 48| 23 6 3 6] 25
INDIVIDUALS/10ML T | 753 | 726 | 247 | 270 | 509 | 601 | 343 | 119 | 207 | 65| 2001 | 69 | 215 | 310 | 332 | 234 | 226 | 223 | 414 | 253 ,
CenLropyxis [ as | 12| 30 R ] 17 100 22
aculeata U 7 4 3 2 2 X 3 X 8 2 6 3 2 2 X 6 2 5 1 w
- nN
C. constricta L 25 38 25 22 4 6 6 6 15
T 1 7 4 3 4 S 6] 1| 13 9 4 2 g 10| 11 7] 14) 1 gl 16 .
Difflugia bidens lf ) T . - i
. corona L 43 33 T 50 ) -
T x| 2 1 X X X < 2 X X 2 X
D. oblorga L | 30 71 21 71 1w | 2 3P w | oy 3| X 5 11 2 2 2| 12
T 36 ) 20 ) 3a) a5 ) 47| 42| 42| 40| 4l 350 M) 33) 50 4b) 27 ) 4L) 36| a3 ) 32| %
D. protacifoonis L ' T T ) ' .
, T ) X < X 1 X 3 3 4 1 3 1 2 2 3 2
{b. urccolata L | 11 19 | 20 2| 4 2| 131 14 9 3 2| 6
T 35] 25| 1 1| o o1 13 10 6| 14| 22 9 18 200 13) 1w 23} 20
D. urnula L 89 67
T 1 X X X X X X X X X X
Lagenodifflugia vas L | 2L | 16 | 20 3 19 X 46 | 12 . 4 9 1 5 4
T4 o1 el o113 13].1) 14 1 23| 34 9| 20| 15 91 14 9| 10 11| 10 9
pontigulasia L | 36| 21| 20 7| 17 1 9 3 5 9 5 6
campressa T 14 Y6 | Yo 1| 15| 14 16 Y 9 30 26| 17| 14| | 24] 20] 18 9yl 15| 12




Table 3. Percentage occurrences of Arcellacean species fran BOCAREC LAKE surface stat;.}t))rs.

L = Living, T = Total, X = 1%. ALl total aumbers are per unit sample. (i.e. 10 on

[STATTON NUMWER A s T 2a 20 [ 3a 36 [ 4a T4 Tsa s [ 6a e | 7a | 78 BA] o8] 9A ] 98 | 1oa] 108
WATER LEPTH (M) 2 21 3.5 | 3.5 6 6| 9.5 ] 9.5 | 8.5 | 8.5 3 3 4 4] 2.5] 2.5 2 2| 3.5} 3.5
UL IR L e | 7 4 5 5 7 6 € 4 6 3 5 2 2 7 3 2 5 3 3
OF SPECIES T 9 91 10 91 10| 10 9 9 9] 10 9 9 91 1w/ 10 3] 10 8 9 9
TOTAL NIHER OF L 7 |54 | 20| 11| 41| 65| 541 =9 6| 50| 10| 52| 2 4| 21 3 2| 1 s 13
[NOIVIDUALS/10ML T | 324 | 420 | 454 | 301 | 975 | 682 | 330 | 457 | sul | 9i7 | 396 | 327 | 135 | 208 | 635 | 114 | 593 | 340 | 376 | 313
centropyxis L s i T . !
aculeata T 12 8 3 7 2 3 1 3 3 8 3| 32 12 8 7 3 3 -
C. corstricta L 1 20 25 x| 10 ) 20 | 100 N

T 1 3 3 3 2 2 3 2 X 5 6 1 3 X ) 2 X 6 3 \
Ditflugia bidens L ; RV A )

T 1 X 2 2 3 5 4 4 X X
D. corona L I R T e N s T T T3 4

T 5 3 4 2 X X X X X X X 4 2 32 24 12 Y
D. oblonya L 9 3| 4 1 12 13 - s 3 13f 2V 2] 2 6| X @ X 7

tf 30 22| 37 19 15 11| a3 4s| 3 32| 3381 a3| 3w | 41 91 14 39 37| 3|
L. protaciformis L | 40 | 13 5 6 ' 13 25

T 1, 2 X 1 2 2 X 2 X X X 4 1 X X 1 X X
D. urceolata L 3|11 9 1 61 15| 17 X 5 2 9 4 12 6 7 2 3

T 31 a2 | 26| 38 70 151 W] 12| 23} ) w6 | 17| 20 9 1) 24} 13 20| 2a} 25
D. urtula L | 17 | a2 8 - 43

T 2 1 4 X X 2 1 3 2 3 7 1 4 X X X
Lagenodifflugia vas L 10 3 51 3 X 8 26 A 5 X 7 4

T 11 2 9 14| 61| s8f 19| 16| 17 9 | 14 8] 11} 16 6] 14| 18 17 17| 17
Pontigulasia L X | 35 3 5 2| 39| 36 T 5 24 g 8 3 5
canpreéssa T 71 12 3| 18 6 s 13f 18| 1wma{ 23] 15| 15| 13} w6} 16] 11 3 8| 10| 11




‘Table 4. Percentaje occurrences of Arcellacean species fran GIBSON LAKE surface statiqns,
L = Living, T = Total, X = 1%. All total numdcers are per unit sample., (i.e. 10 cm®)
STATION NUMHER 1A 1B J2a |28 [3a |38 Jaa J4B [J5A [ s8 Jea Jes | 7a 8A ] 88| wa o T 10aT] 10w
- -

VATER LEPTH (M) 5 5 5 5 5 5] 4.5 | 4.5 4 ) 5 5 5 5 5 5 5] 4.5 4.5
TUTAL NUMER L| 3 3 2 3 5 1 3 2 7 6 5 6 4 3 5 5 5 2 2
OF SPECIES T 8 7 9 9 9 9 8 7 8 8 2 9 8 8 9 9 9 8 4
TOTAL NUMAR OF L{ 11} 14 6| 10| 6| 14 8 21124 88| 32| aa| 17 4| 54| 741 201 32| 16
INDIVIDUALS/1OML T | 308 | 343 | 2083 | 658 | 724 | 544 | 219 54 |1122 | 540 | 968 | 546 | 258 | 280 |1550 | 718 | 858 | 105 | 39
Centropyxis ‘L ) 6 B 71 & 7 i
aculcata T 2 5 2 1 4 2 5 12 6 2 2 4 4 3 3 4 Ul
C. constricta L 3 20 10 v X 4 33 A

T 5 6| 17| 13 10 7 B8 2 3 7 18 7 9 9 13 g 12 o '
. bidens ’ll“ Ty I o T -
L. corona L ’ - { ‘ B T 100 100

T X X X 2 X. X! X . X 1 1 2 .
D. oblonya I. 4 4 4 2 3 4 5 4 5 16 3 8 8 2 5 14 5 35 »

T{ s0| 47} 4u 5] 46| 57 36| su | 47| 44| 43 ) as 54 4 45) 50 46 3 53
D. protacifoomis L | 33 ' T 00 ) B o TR

1 X{ x 2 X X X X 2 X X 2 3 2 N

J ——e

D. urceolata L 8 38 5 22 22 14 16 4 S 5 14 16

T 3 5 5 6 51 7 9 11 31 19 5 9 11 7 6 11 12 11 14
D. urnula L » 50 50 ’ 50 Troa |

T X X X X X X X 4 X X X 2 X X C 2 -4
Lajenodittlugia vas L 2 | 2 2 4 T2 w3 21 8 3 3 2| 33| 50

T 31 321 10) 14 23] 22| 32| 22 10 8 15 21 15 19 14 11 11 23 20
Pontigulasia L 6 3 1 10 23 4 i 5 3 14
canprassa T 8 91 12 71 11 31 1 9 4 1001 11| 10 9 12} 13| 13| 12} 13 8




Table 5. Percentage occurrences of Arcellacean species fram BONAPARTE LAKE surface st

tions.
L = Living, T = Total, X = 1%. All total numbers are per unit sawple. (i.e. 10 cmg)

forvrion mezr . 1A Jae V2a T2 Tsa T3 T an T an Toa  su T aa e 724 T 78 V7 eaT a6 9a | ron| 108)
ViR TEPTH (M) 3 8 10 10| 13 130 w5 151 12| 12| 18 18 13 13 8 8 ] 131 13
“ FYOTAL NURiaER L 1 i | 3 3 2 T T 3 3 Z
OF SPRCLES T 7 o 5 3 4 3 3 3 3 3 3 3 3 4 5 5 3 3 ]
TULAL NISIER OF L 1| 15| 25 6 3 1 T N 7
INOIVIUALS/10ML T | 361 | 233 | 128 | 227 | 223 1 183 | 98 ) 60| 67§ 33 251 34 | ss 1 3221 83y 77} e8] o3
Centropyxis L T
constricta T X 1
C. aculeata L B - i
T X X 2 X 1
0., bidens I. i
i
D. corona L - _—
L
D. oblongya L ‘ 8 20 2 ) 5 . 8 3
T| s7| 43 66) 75| 6l s3] 46 ) s2 | 46| el a8 ) 47| sz @ 591 64 59 4o ] 41

D. protaciformis [1:

1 X

n. urccolata 1 T8

g\ 4 5 X X 1 1 3
D. urnula L - . i

' ‘T

Lagonodiftlugla vas L 1 a | 26 3 7 ) ) 16

T 20 31 21 14 19 23 1 13 12 6 12 29 22 11 20 22 14 Y L
Fontigulasia L 7 3 4 5 11 3
camprissa T 17 19 10 10 20 24 39 35 42 33 40 21 26 0 20 10 27 45 S0

- 66,




Teble 6. Rercertay ocaxrenes of Arcel lacean specics dowy GIFSON TAKE QORE
' x= 1% - All tctal nabers are er wnit saple (i.e., 10 o)

(01 IN Q1R (O) [0 [30 T4 50 J60 [0 7w To oo [in ol mwmilm oalznlalzs el i)
145 | 155 | w4 | 209 | 204 | 233|226 | 245 274 | 24 } BI ] 34

1CAL # OF SIALIES 6| 6] 9| 8| 8| 9} 8] s 1) 9| 7] 9f 8] 8] o] w} 1wy 7| 7] 8 f""' - 4] 4 5J

'u/‘]u";t’,ﬂa o IDIVILAS|10S | 20 | 74 [ 122103 | 36 | 394 [ 418 | 317 | 470 | 556 | 463 | 498 | 90 | Gu9 | 411 1372 | 619 | w0 | 140] 105] 102 | D | 18| 24

Cotmyxs auleata | 3] 10 8] 2 3 4y x| 8| 3| 21 a1 T x| =T 1713 x| X 4

C. antricta 120 15| wi 2| 221 36| 2] 21 24 237} 301 220 23| 3] 10 5T ] 1] 15 0 2

T}—i—f—ﬂuﬁa Lidus X 3 X B

D, aaraa 3 T X X )

. i 3 X " X - A

0. CtLxip 1| 3| 22| 36| st m| s2| o) b| a2] 46| 44| 32] B] 65| 65| 52| 43] s1| 44 31| 87] w| »|[ w

D, (e ilomis 12 3 x| x| 4 s 1 3] 3 3 3 15T 3] al x| e 2|

O, Wi 12 5 X X 2 X 1 1 X 2 S

0. toalita al 4 1] 1| 3] 3] x| x| 1| 5 x| x| 3| 3] 9 5] 2 2] &

D. wrula X X

ypoditOujiawes | 24] 30| 22 14| 9| e 13| 22| 12| 23} 12] 15} 23| 12| 10 6| 15| 22| 21) 23] 31| s| 8] 331 4

Lo peruisia spiralis 5 X 1

Forf ks ia ooq 1w 8| | 9] 8| 4| 8] 11| 6] 7} 0| 12] e} 11| 9| 8| 6| 3 2] 3 4
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' Figure . 2. Lithology and biostratigraphy of Gibson lake core. Horizon-
- tal lines represent number and ‘percentage. values at correspond-
ing levels; vertical lines are subjective averaging .
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The foliowing is a breakdown of the approximate time spent
in the preparation of this thesis.

Item Time Svent (EBrs.)

Arcellacean Identification 130
and Counting. ‘
Sample Preparation . 2
Tables and Diegrams | 320
Freparation of Photographic | 12
Plates
Research and Writing : . 55

Total Time 229

Figure 1. EaSemap cartography by the Geographical Survey (1
which has been rearranged, with additions, by the author. Dr
was executed professionally,

Figure 2. Diagram was prepared oy the author and drafted profession-
ally.

Tables 1-7. These were prepared by the author and typed profess-
icrally on a word processor.

SEM photography was carried out by Frank Thomas with assis

ta
by David Smith, David Scott, and the author in developing pr

ct D

ne
ints.

?hotographic plates were compiled by the author zand Tracy FcXenzie,
tut were reproduced professionally.
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