
I 

l 

l 

I 

I 

Arcellaceans of several small lakes in southwestern New Brunst.vick~ 
Their Modern Distribution and Stratigraphic Importance 

R. TUnothy Patterson 
oepartment of Geology 
Dalhousie University 
Halifax, Nova Scotia 

Canada B3H 3J5 

Submitted .in partial fulfillment of requirements for an Honors 
Bachelor of Arts Degree at Dalhousie University. 

March 1983 



Author: 

Title: 

DALHOUSIE UNIVERSITY 
Depsrtme~1I of Geology 

Halifax. :-.J.S. Canada B3H 3J5 Telephone (002) 424-2358 Telex: 019-21863 

DALHOUSIE UNIVERSITY, DEP~~TME~T OF GEOLOGY 

B.f!: HONo$s THESIS 

IJ'f'cel/4~"15 o-{ se"en~/ s;,4)/ }4/r;es 

fl/ev 11-r~I?~..,,C,!( j -rJ,e,V. Moder.., 
S .f'rYt. -1- 'J ~p4,· c:.. ;r: ~ po..,..../--4 ncL! 

'"' sov+~ t.vtzsfer'Y} 

'OtSA-.~6vf.,.d.-,. ~~ 

Permission is herewith granted to the Department of Geology, 
Dalhousie University to circulate and have copied for non-commerical 
purposes, at its discretion, the above title at the request of 
individuals or institutions. The quotation of data or conclusions 
in this thesis wi~hin 5 years of the date of completion is p~ohibited 
without permission of the Department of Geology, Dalhousie 
University, or the author. 

The author reserves other publication rights, and neither the 
thesis ~or extensive extracts from it may be printed or otherwise 
reproduced r.;ithout the authors written permission. 

Signature of author 

Date: 

COPYRIGHT 



Distribution License 
DalSpace requires agreement to this non-exclusive distribution license before your item can 
appear on DalSpace. 

 
NON-EXCLUSIVE DISTRIBUTION LICENSE 

 
You (the author(s) or copyright owner) grant to Dalhousie University the non-exclusive right to 
reproduce and distribute your submission worldwide in any medium. 

 
You agree that Dalhousie University may, without changing the content, reformat the submission 
for the purpose of preservation. 

 
You also agree that Dalhousie University may keep more than one copy of this submission for 
purposes of security, back-up and preservation. 

 
You agree that the submission is your original work, and that you have the right to grant the 
rights contained in this license. You also agree that your submission does not, to the best of your 
knowledge, infringe upon anyone's copyright. 

 
If the submission contains material for which you do not hold copyright, you agree that you have 
obtained the unrestricted permission of the copyright owner to grant Dalhousie University the 
rights required by this license, and that such third-party owned material is clearly identified and 
acknowledged within the text or content of the submission. 

 
If the submission is based upon work that has been sponsored or supported by an agency or 
organization other than Dalhousie University, you assert that you have fulfilled any right of 
review or other obligations required by such contract or agreement. 

 
Dalhousie University will clearly identify your name(s) as the author(s) or owner(s) of the 
submission, and will not make any alteration to the content of the files that you have submitted. 

 
If you have questions regarding this license please contact the repository manager at 
dalspace@dal.ca. 

 
Grant the distribution license by signing and dating below. 

 

              

Name of signatory      Date 



1 

I 
I 
I 

Table of Contents 

Page 
Abstract IV 

Intrcx:iuction· •• e ••• , • • • • • • • • • .. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 

General Statement •••••••••••••••••••• , ••••••••••••••••••••• 
Surficial Sediments of These Five New Brunswick Lakes •••••• 
Vegetational and Climatic Changes Since Deglaciation •••••• 

1 
2 
3 

Thermal ard. Seasonal Factors ••••••••••••••••• , • • • • • • • • • • • • .. 4 
GeoloJical ana Geoyraphic Influence on Hater 
Quality of the Lakes. • • • • • • • • • .. • • • • • • • • • • • • • • • • • • • • • • • • • • • • 5 

Previous Vbrk. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • .. • • • • • • • • • • .. • • • • • .. 7 

Biol<l;}y. . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Class if ic:ition ••••••••••••••••••••••••••••••••••••••••••••• 8 
Apr-earances in the Geological Record. .............. -· ...... . 9 

Methods of Collection and Preparation •••••••••••••••••••••••••••• 9 

J:{es ul ts ...................... " ••••••••••••••••••••.• e 0 ............... 1 0 

Interface Samples ........................................... 10 
Livi119 Populations ••••••••••••••••••••••••••••••••••••••••• 11 
~er Islam-Big Pond ••••••••••••••••••••••••••••••••••••••• 11 
St. Patricks Lake ........................................... 12 
B()(::a..be c Lake • • • • • • • • • • • • • • • • • • • • • • • • •· • • • • • • • • • • • • • • • • • • • • • • 12 
Gibson Lake •••••••••••••••••••••••••••••• , ••••••••••••••••• 13 
Bonaparte Lake ••••••••••••••••••••••••••••••••••••••••••••• 13 
Core Resu 1 ts - Gibson Lake ••••••••••••••• , •••••••••••••••• ·.13 

iJiSCl..l.SSion .•••.•••• o ••••••••••••••••••• Q e •••• o •••••••••••• e ••••• 15 

................................ . 15 
Gibson Lake Core ••••••••••••••••.••••••••••••••••••••••. • ••• 17 
Potential in Acid Rain Research ••••••.••••••••••••••••••••• 18 

Conclusions •••••••••••••••••••••••••••••••••••••••••••••••••.••• 21 

Abbreviated Taxonany •••••••• o ............ ., ••••• ~ •••••••••••••• o •• 21 

Centropyxis aculeata (Ehrenoer~, 1832) •••••••.••••••••••••• 22 

Centropyxis constricta (Ehrenberg, 1842} ••••••••••••••••••• 23 

Diffluyia biaens Penard, 1~02 ••••••••.••••••••••••••••••••• 24 

f 

l 
i-



I 
I 
I 
I 
I . 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Diffluyia corona Wallich, 1864 •••••••••• ~ •••••••••••••••••• 24 

Diffluigia globulus (Ehrenberg), 1848 •••••••••••••••••••••• 25 

Diffluyia oblonga (Ehrenberg), 1832 •••••••••••••••••••••••• 26 

Diffluyia protaeiformis Lamarck, 1816 ....................... 27 

Diffluyia tricuspis Carter, 1856 ••••••••••••••••••••••••••• 27 

Diffluyia urceolata Carter, 1864 ••••••••••••••••••••••••••• 28 

Difflugia urnula (Gruber, 1884) •••••••••••••••••••••••••••• 29 

Lagenodifflugia ~(Leidy 1874) ••••••••••••••••••••••••••• 29 

Lecquereusia spiral is (Ehrenberg 1840) ••• _ •••••••• -•••••••••• 30 

Pontiyulasia compressa (Carter 1964) ••••••••••••••••••••••• 31 

Ackno.vledyernents •••••••••••••••••••••••••••••• · •••••••••••••••••• 32 

Plates 1 - 4 ......................•..•.• . · ...................... . 33 

References ........................................................... 42 

Table Capt ions 

Table 1. Percentage occurrences of Arcellacean species fran Big 51 
Pond surface stations. 

Table ~~ Percentage occurrences of Arcellacean species from St. 52 
Patricks Lake surface stations. 

Table 3. Percentage occurrences of Arcellacean sr;ecies fran 53 
Bocatec Lake surface stations. 

Table 4. Percenta~e occurrences of Arcellacean s.r;ecies fran 54 
Gibson Lake surface stations. 

Table 5. Percentage occurrences. of Arcellacean species fran 55 
Bonaparte Lake surface stations. 

Table 6. Percenta~e occurrences of Arcellacean species down 56 
Gibson Lake Core. 

Table 7. f.Vlean total occurrences of Arcellacean sr:;ecies in Five 57 
Lakes of Southwestern New Brunswick. 

Fiyure Captions 

Fiyure 1. Geoloyical map of Southwestern New Brunswick 58 

Fiyure ~. LittolO:Jy and Biostratigrapf¥ of Gibsort Lake Core. 5~ 



AJ:SSTRACf 

~eaiment-water interface samples fran five small lakes in southNestern 

New Brunswick (Bonaparte Lake, Bocatec Lake, Gibson Lake, St. Patricks Lake 

ard Big Pond [Deer Island]) were quantitatively examinee for the presence of 

arcellaceans. Two major assemblages, with one assemblage (I), being 

sutxtivided into three sub-asserr.blages, Y.ere c::Elineated; all assemblages ~re 

daninated by Difflug ia oblong a. Reduced total ard sr::ecies numbers in the 

~ecorxi, assemblage (II), of Bonaparte Lake may be ·a function of anoxic bot tan 

conditions ana/or acid rain J?)llution. Variatiors in mcst Asse:rrbla~ I 

sub-assernblayes are probably the result of dlance colonization events. 

However, the presence of Difflug ia biaens in Asserrblage Ic seems to be an 

indicator of increased terrigenous input. 

The surface information was also used to p:rfonn a first orc:Er interpre­

tation of a core fran Gibson Lake. Diversity ard total rurrbers generally in­

creased following transition fran marine to freshwater conditions, with a 

decrease in total nt.hllbers in the upp:r part of the core, due to oxidation. 

Oiffluyia oblonga daninatea all" core asserrblages except in the brackish 

freshwater transition zone, where Centropvxis aculeata dominated. 

The results of this study provide further documentation of the value of 

arcellaceans as paleolimnoloical inaicators of the benthic environment. 
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INTROOOCI'ION 

General Statement 

Testate rhizopods, or "tnecarroebians", (Loeblich ard 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 fnpulations in a wide 

variety of freshwater habitats, from moss, soil, peat, and standing water, to 

sewage treatrrent 'WOrks. They are also found worldwide, fran trcpical to I;X>lar 

regions (Oyden and Hedley, 1980). 

However, al trough there is a large mlurne of li terab.lre concernirg the 

yroup, it is scattered ard there have been a number of taxonomic difficul-

ties. Medioli ard Scott (1983) have prepared a taxonanic review for 

Arcellacea fran selected occurrences in eastern Canada. 'Ib date, the only 

known quantitative distributional study of a nodern North lmerican lake, is a 

study of· surficial and fcssil arcellacean distribution in Lake Erie (Scott and 

Medioli, 1983). 

Many freshwater rnicrofcssils, (e.g. ostracodes ard rrolluscs), terrl to 

dissolve in the low Pi sediments of fresh water deposits, hence a::ldi tional 

paleolimnological tools are required. Organic ard silicerus fcssils, 

·(pollen, SI;X>res, ard diatoms) dO not generally reflect con:titions at t.~e 

sedirnent-wa ter interface. Arcellacear:s are agglutinated, ard are t:enthic~ 

hence they resist dissolutin ard are representative of oottom ·cordi tions. 

Their high density populations also provide an adequate statistical base under 

nos t sampling cordi tions (scott ard !"1edioli; 1983) • 

Sediment-water interface samples fran Gibson Lake, Bonaparte Lake, 

Boca.bec Lake, St. Patricks Lake, ard Big Pond (Deer Islan:::l), in southwestern 

New Brunswick have been quantitatively examined to ootermine livirg arcella-

cean surficial distributions (Figure 1). This infonnation was t."len used to 

perfonn a first order interpretation of fossil.assernblage5 from Gibson Lake. 
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These lakes were chosen as a follov up to the Lake Erie study for a 

nurrbe r of reasons: 

1. To canpare the diversity of this inter-lake study of small fresh 

water .txx:ties with the results obtained fran the intra-lake study of 

Lal:<e Erie; a large fresh water body. 

2. These lakes represent raised marine l:asirs. Previous examination 

and cl4 datirg of core fran Gibson Lake has provided an accurate 

date for the energence of the Jpke sill ard hence an acOJrate sea 

level for that time (Scott ana Meaioli, 1978, 1980a). In addition, 

examination of the marine-frestwater trars i tion srould prc:Nide a 

history of the apr:earance ard evolution of arcellacean asserrblages 

under continually freshening conditions. 

3. Lakes in such close proximibJ should display very similar 

distributional assemblages. 

There is no previcus work on arcellacears in these lakes exce~t for 

cursory examination of sane rrarine-fresh water trarsitions in some cores 

(Scott and Nedioli, l97B, 198Ua). 

surficial Sediments of These Five New Brunswick Lakes 

Scott and Medioli (l980a) completed a comprehensive exarrdnation of cores 

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

These lakes, on the Fumy srore of New Brunswick are errerged l:Bsi ns. 

The rraximum rrarine limit in the area was reterminea to te approximately 7 5 

meters above present mean sea level, by G.add ana Lee (in Walton et al., 1961; 
I 

an:t Lowden am Blake, 1~76), am cl4 dated at 13,000 ybp. 
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Gibson Lake is at 36 meters above rrean sea level. A cl4 date fran the 

364-351 an segment was obtained (7~80 + 120 ybp), but this dates the first 

freshwater interval. Data fran another lake indicates sea level fell belON 

this _[X)int at 12,000 ybp (Scott ard t-1eaioli, l~HOa). 

The freshwater p:>rtion of all these lakes is canprised of brown organics 

(yyttJa). This is underlain by an organic, yrey brown silt, depositEC under 

· milaly .brackisn conditions. This is in turn unoorlain by a section of dark 

grey silt with sane organics, deposited under marine estuarine corditiors. A 

grey silt with few organics ~noorlies this, while reworked glacial material is 

found in the base of these cores (Scott ard Medioli, l980a). 

Pest marine sediment thicknesses vary fran 290 an in Bo_cabec Lake to 525 

on in Bonaparte Lake. Sedimentation rates have not teen determined for any of 

these lakes. 

V~etational and Climatic Chanyes Since Deglaciation 

Rotert Mott ( 1~75) examined an:1 radiocarbon datoo lake sedirrent cores 

fran two small lakes in this area. The p:>llen profiles they pr011iaed re­

flected vegetational an:1 climatic changes since deglaciation. However, the 

flora observea prot:ably does not exactly mirror the climate of the time, due 

to migration lag. This would te particularly true if climatic dlange was 

rapid (Bryson ard Wen::ilard, 1967). 

Following deglaciation, a fauna of herbs and shrubs prevailed, indicat­

in:J tundra corditions probably caused, in part, by the proximity of the re-

treatind ice sheet. About 11,300 years acp an increase in p:>llen indicates 

the presence of rrore trees, protably c;:limatically similar to that of north 

central Quebec today. 
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There was another increase in pollen, . particularly pine, about 9,500 

years aJQ. Fran that time on there was an increase in the hardwcx:d canponent, 

a trend which continued until about 1,000 years ago. Since then the climate 

of southwestern New Brunswick has returned to a cooler an::l rrore rroist climate, 

indicated by an increase in spruce pollen, and a decline in hemlock and hard-

wocd pollen. 

Thermal and Seasonal Factors 

one would expect the temperab.lre curve of a lake. to reflect the heat 

elements of solar radiation absorbed by the lake. However, this is not the 

case. Direct stratification is portrayed, with danse cold water lyin;J beneath 

I warmer layers, dividinJ the lake into three regions (Cole, 1979). The upper 

t~rature drops rapidly with increasing depth. 

Cooper ( 1942) studied the relationships between area an::l depth in 118 

r 
I 
I 
I e 

I .. 

· region, the epilimnion, is th:>rrughly mixed by wirrl to a rrore or less uniform 

temperature. The hypoli..lltlion., the botton region, is canpcsed of colder water 

little affected by wird action an::l usually termed as stcgnant. separatinJ 

these two major regions is the rretalminion, an intermediate zone v.here 

Maine lakes to determine what type of stratification occurs. He found an 

average epilirnnion depth of 5.5 meters for lake areas of 14 to 40 ha, 9.0 

rreters for lake areas greater than 810 ha. The bottoms of rretalimnia avera.Jeci 

12.8 meters, and ranged fran 10.1 meters to 17.5 meters in a study of 17 lakes 

carried out by Davis et. al., (1978). This gives a rough estimate of the min-

i...'tlal depths required by lakes for the presence of an often oxygen starved 

hypolimnion. 
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Davis et al. ( 1978) also indicate that sumrrer stratification begins fran 

late April to mid June, with an average occurrence of early May, after a few 

days to a .rronth of overturn. Stratification then lasts fran four to six 

nonths with the fall overturn teginninJ fran late Octoter to early November 

ard lastinJ one to two rronths. Canplete ice cover occurs fran late November 

through early December lastinJ four to ;five rronths.. Ice cover disapf.ears in 

early May. The lakes in the Maine study were from southern to northern Maine, 

with the lakes of the New Brunswick study teiiYJ, 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 n.urt>er of g:olQJical settirgs (Figure 1). 

St. Patricks Lake and Bonaparte Lake are set woolly in granitic bedrock. Big 

POnd is entirely contained in a volcanic setting, while Bocabec sits astride a 

sandstone-limestone contact, and Gibson Lake abuts a granitic an:i lL"l}estone 

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 Lake at 75 meters above sea level; Gibson Lake at 35 · 

meters above sea level ard Big Pord at 5 meters above sea level (data fran 

Scott and Medioli, l980a). 

Davis et al. ( 1978) suggest that the cnemis try of the redrock exerts the 

strongest influence on lake water quality, largely determinin] the total 

natural dissolved load, much of the rutrient load, pH ard 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 overburoon of ylacial till, 

since nost of the tills in New.EnJlan:t ard the 1'1aritimes are locally oorived. 

Schiooler ( 1~74} states that phosprorous is the mcst irn,[X)rtant water 

quality p3.rameter in cete:r::minin;J the water quality of lakes, as Na, K, £1.J, 

ca, ana C are. always present in excess. Fixed nitr~n may scmetL'Ues t.e a 

grONth limiti~ factor, but nitrcgen fixirg blue green algae thrive under 

extremely low ambient concentrations. Goldman ( 1972) and Thurlo.v et. al. 

(1975} state that trace elements such as iron nay also te a limitirg- factor. 

Havever, the major control of trophic state mayte the rate of irput and 

recyclinJ of phosptorrus in the lake water ard und~rlyin;J sediments. 

The geolo;Jical settiry of the lakes in the. study area ranges fran 

yranites to limestone, ard are p:x:>r to rich resi_:ectively, in their supplyirg 

of phosphorous for biolOJica.l uptake. However, studies of lakes in Maine 

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

relatively high phosphorous. levels aro tr~hic state. Other pararreters like . 

lake rrorpoolo;Jy, flushir:g rate, am the effects of man nay t€ im.fX)rtant. 

Limestone, whid1 unoerlies t~ of the lakes in the study area, yields 

higher levels of poosprorus, Y.hich results fran the rolution of apat~te 

(ca5 ) (.P04 )3 (OH) an::l also fran the solution of CaC03 \J1id1 usually has F04 

present in solid solution. 

Davis et al., (1978} also indicates that the close proximity of lakes to 

the ocean :ray also play a considerable role in ooterminirg the levels of 

dissolved solias (Na+, K+, Ca++, Mg++, CH4, Si04, etc.). Cyclical salts 

injectea into the atrrosphere bY sea spray are later ·precipitatEd. as rain or 
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snow. These salts may then corsti tute as rnud1 as half the dissolved 

solid load in coastal lake water. 

There is also sore evioonce that Big Pord may te subject to 

marine incursion duriry severe stonn con:ti tions. 

PHt.VIUUS ~RK. 

\Vbrkers primarily confined themselves to taxonauic studies of 

·lacustrine sr:;ecies of Arcellacea fran 1816 ·to the 1930s.. At that tiine 

there was a shift in emphasis towardS ecolo;Jical studies aro to the 

taxonany of soil ar:d .fl'esopsa..rmnic forms. Only in the last few years 

has there teen any interest in fc:ss ilize:l aro subfcss il rnateri al, 

despite their carunon appearance in Holocene deposits. 

BIOu.:GY 

Deflandre ( 1953) yave a aetaile::i analysis of the biol~ of 

thecarroebians, with an excellent section on Arcellacea. Other autrors 

have reported on the diverse habitats of Arcellacea, whid1 include 

lakes, fOr.ds, soil noss, treebark, etc., ar.d the distinct assemblages 

of each habitat (e.g._, Loosier, 1974, Heal, 1964, Bonnet, 1964). 

Arcellacea are ccsrropoli tan ard Penard ( 190 2) am Dec loi tre 

( 1953) both have suggested . pcssible means of distribution. Their 

ability to encyst enabled them, carried by birds feet am win:!, to 

colonize the world. Ehrenterg ( 1872) repJrted their presence in muddy 

rain fran Naples, t.~us they are also able to te transp:>rte:l by \virds 

in the stratosphere • 

· Ogden an:i Hedley ( 1980) report that arcellacears reprcduce evert 

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

1966) _reports that sexual repreduction occurs rarely as well • 
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Classification 

There are three orders, under the highly artificial Theca~ebian 

taxananic urrbrella (Deflarrlre, 1953). Arcellacea sr;ecies canprise 

part of one order. 

Altoough Arcellacea sp;cies have been ooscribed in the literature 

since 1816 (Leclerc, 1816), it was often done uncritically, and with 

little reJaro for previous descriptions, or the rules of 

nanenclature. An exception was the work done by Joseph Leidy, 

(187Y). His taxonanic units are basically tlose used by Medioli am 

Scott ( 1983) in their taxonanic study. Suprageneric classifications 

were put forward by oo saecteleer (1934), Deflaoore, (1953), LOeblich 

and Tappan ( 1964), Bovee al)d Jahn ( 1966), Jahn et al., ( 1974), ()]e'en 

and Hedley, (1980), Levine et al., (1980), and Starobcyator in Krjlov 

et al., (1980). These classifications are primarily based on 

pseudopodia! d1aracteristics, which are of little us~ to the fossil 

record. 

Ogden ard Hedley's (1980) l:x::x:)k, based primarily on traditional 

taxonany, is excellent. Ho.-~ever, the microclassification is still 

chaotic. 

Medioli and Scott ( 1983) have prep:1red a taxonanic review of 

srecies occurrirg in eastern North !me rica. This srould alleviate 

many problems for future workers arrl facilitate literature surveys of 

_ previous YK>rk. 



- 9-

Appearances in the Geological Record 

Arcellaceans are caruronly found in large quanti ties in Holocene 

deposits (Scott and Medioli, 1983). There have t.een many re.[X)rts of 

earlier occurrences, oowever. Deflaoore (1953) claimed that 

Arcellecea spacies apf:€ared at the base of the Tertiary, am have not 

evolved since. He did state that they could be useful fossils, but he 

felt that fresh water depcsits are not \:Onduci ve to preservation. 

Freugueili (1933) reported seenirgly genuine Arcellr.icea fran the 

Miocene.. Hcwever, Bradley ( 1931) suggested the oldest Arcellacea as 

bein.J mid-Eocene.. Vasicek an:i Ruzicka ( 1957) as well as Loeblich arrl 

Tappan, ( 1964), disa;rree am report the presence of Arcellacean 

species fran the Carbonifercus. They claim the fossil record of 

Arcellacea is po::>r because no one has looked for them. However, there 

is sane contrOJersy 01er these claims (Loeblich arrl Tapp:1n, pers. 

comm. to Scott & Medioli). 

scott aro Medioli ( 1983) have carried rut a distributional study 

of both recent ·ard fcssil Arcellacea fran Holocene depcsits in Lake 

Erie. This provided firm documentation for the linportance of 
. . 

Arcellacea as im"fX)rtant tools in paleolimnological studies. 

MethOds of Collection and Preparation 

Sedirrent-water interface samples ~re collected at randcmly 

chosen stations in the five. lakes. Due to the small size of the 

lakes, exact statim location? V~ere not recorded. Interface samples 

. were collected by D. B. scott, A. Miller, F. s. Medioli, an:i P. Lake 

in June 1979. The Gibson Lake core was obtained by Rooort i-t ott in 

1970 usin;J a Liviryston cover. An Ekman oox corer '.vas used for 
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interface samples with lU an3 replicate samples· tei~ obtained at each 

station aro the water depth recorded. 

The samples were sieved usin.J a No. 35 mesh ( 0. 5 rrun) screen to 

retain coarse organics and shells and a No. 230 mesh (0.063 mm) screen 

to retain the arcellaceans. Fine organic material was removed by 

decantation. Care rrust re taken durin..J this procedure as processirg 

of arcellaceans is sanetirnes difficult, dt_~ to the fragility of the 

test. Altoough arcellacean tests can stard sereened water pressure, 

they cannot survive any mechanical agitation. Since their tests are 

held together by or~anic cement, any chemical treatment or oxides will 

des troy them. 

Subsequent to sievinJ, a mixture of formalin ard Rose Bergal 

stain was aade::i to the samples to detect sr;:ecimens li vi n.J at the tirre 

of collection.. After stan:linJ OJernight,· the samples were rinsed an:i 

placed in c:Enatured ethanol. 

The samples "~re then quantitatively examined under a binorular 

dissecting microscOf€, usually. at 20X. 

scanninJ electron micrcgraphs "~re taken usirg the. Cambridge 

Stereo Scan 180 Scanniry electron microscore locateci at the Bedford 

Institute of Oceancgraphic Research in Dartrrouth, Nova Scotia, usirg 

fOlaroid NP 55 film. 

Results- Interface ~amples 

Ten SI;ecies were oooerved fran · 90 samples ( 46 stations); of 

these, all species had livi~ representatives at G.~e tirre of collec­

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

ttu..---ee other species in sore samples; Difflug ia tricuspis, Difflugia 
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ylobulus, and Lequereusia spiralis. Livirg popula.tions v.;ere ~nerally 

small in prq)()rtion to total fOpulations, hence total p:>pulations were 

used to define assemblage zones. Total populations include both live 

an:l ooad Sp:!Cimens; the latter havirg accumulated over several years. 

However, they have teen shown to re g:xx1 indicators of lorg tenn; as 

cpposed to seasonal coooi tions (Scott an:::1 Medioli, 198Gb). Based on 

total populations, two main asserrblages are recognized, which apr:ear 

to t:e water oopth controlled. Assemblage I Is further divided into 

three subdivisions, which are not controlled by water depth. 

Livi~ populations 

LivinJ fOPUlations \vere present in significant prcportions in 

moot of these lakes. This may have reen the result of the collection 

time of June, 197~.. There r.vere 9 .. 4%. livin;I r:opulations in Deer 

Island-Big Poru (Table 1 and 7), 10., 9% li virg in St. Patricks Lake 

{Table 2 aoo 7), 5 .,3% li vi~ in Bocabec Lake (Table 3 and 7), 5. 7% 

livin.J in Gibson Lake (Table A and 7) and 3.2% livirg in the .Assen­

blage IA zone of Bonaparte LaKe (Table 5 and 7). The AsseTI'blage II 

zone of Bonaparte Lake is the only area "Where the li virQ proportion 

was insignificant (Table 5 an:::1 7). Collection time for this lal<e was 

also June 1~7~, aoo it is not clear why the livirg pror;ortion Giffers 

so much fran the other lakes .. Assemblage zones were oote:rrninEd. usirg 

total populations rather than livirg populations (Scott & r1edioli, 

19;jUb). 

Deer Island-Big Pond: Big Pooo is daninatro by Asserrblage IA, 

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

assernolaye is characterizoo by the daninance of Difflugia oblon.;a, 

with lesser p~rcent~es of Pontigulasia compressa ard Lagenooifflugia 



- 12-

vas. However, significant proportions of Difflug ia urceolata and 

Centropyxis aculeata are present. A snall prcportion of Centropyxis 

constricta is also present. 

TOtal numbers are generally higher in shallow water (73-2353 spaci-

rnens/10 cc in 3 to 3.5 meters), than in the deepar parts of the lake 

(39-121 specimens/10 cc at 10 meters). 

St. Patricks Lake: This lake is daninated by Asserrblage IB, 

found at all the water cepths sa.'llpled, fran 2 to 5 meters (Table 2 an:i 

7). It differs fran Asserrblage IA in the significant pror;:ortion of Cen­

t~pyxis constricta pres~nt. Difflugia oblonga is dominant with lesser 

percentages of Pontigulasia canpressa, Lagenodifflugia vas, and 

Diffluyia urceolata. Significant proportions of Centropyxis aculeata 

are also observed. 

TOtal rurnbers are node rate in this lake, alt.h::>ugh total ca.mts are 

generally hiyher in shallcw water ( 726-753 specirrens/10 cc in 2 rreters), 

than deeper water ( 65-601 specimen.s/10 cc in 5 ·meters) • 

Bocabec Lake: Asserrblage IC daninates this lake. This asserrblage 

clCEely resembles Assemblage IA of Deer Islam-Big Pond, differirg 

primarily in the presence of Difflugia bidens (Table 3 and 7). 

Diffluyia bidens is not observed in sediment interface sa."Tlples fran the 

other lakes. The asserrblage also differs fran these foun::l in the other 

lakes, by the presenc~ of a significant proportion of Di f f lugia corona. 

The asserrblage is · daninated by Difflugia oblon:,ta ~ however several . 

species have significant parcenta-Je ocrurences - L:lgenodifflugia vas, 

Pontigulasia canpressa, ard Difflugia urceolata. Centropyxis aculeata 

is also relatively oanmon. 

. ~ ' 

j ,' 

i . 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~ 
] 

- 13-

Total numbers are rroderate in this lake, and· there is no appreci­

able aifference. retween shalla.v ( 324-5~3 sr:ecimens/10 cc in 2 meters) 

aoo aeep:r water ( 330-457 s.t;:ecimens/10 cc in 9. 5 rreters) • 

Gibson Lake: Water ~pth is fairly constant for all samples ( 4.5 m 

to 5 m) and Asserrt>lage IB, as also fourd in St. Patricks Lake, is pre­

sent (Table 4 an::i 7). Difflugia onlonga ~ani nates, followed by Lagena-: 

aifflugia ~· Pontigulasia canoressa, Difflugia urceolata, and Centro­

pyxis constricta are present in significant prq:>ortions. Total 

populations range fran 59 to 1122 sr:ecimens/l-0 cc in 4. 5 to 5 rreters 

water depth .. 

Bonap3.rte Lake: The lake is aaninated by two depth controlled as­

semblages (Table 5 an:1 7), Assemblage IA as found in Deer Islard-Big 

Pona,· is fouro in water depths of less that 10 rreters. It is daninated 

by Di~flugia oblonga, followed py 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, aoo C, in that it is daninated by 

Difflugia oblonca, followed by La<;Jenodiftlugia vas, aro · Ponti~-ulasia 

canpressa. However, diversity is restrictEd to these three Sf€Cies. 

Bonaparte Lake is the only lake wib~ water c:Epths greater than 10 

meters. Total numbers generally cecrease::i fran shallcw water 72-361 

s~cimens/10 cc in 8 to lU meters) to c:Eeper water ( 25-223 sr:ecimens/10 

cc in 12 to 18 meters .. 

Core l:<esults 

one core was examined fran Gibson lake (Table 6 an:t Figure 2). 

This core ~.vas sampled at 10 an.. intervals dO\vn to 130_. an.. Bela.v the 130 

an rrark samples \vere examin€d at 10 to 40 em intervals., v.hich Y.ere 
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Total numoers in the upper 50 en of the · core are relatively low 

( 2o-122 specimens/10 cc).. The upr:er 50 an is ctxninated by Difflugia 

oblonya (Table 6, Figure 1) with a lesser proportion of La~enodifflugia 

vas. All other species oca.Ir in 1::ercenta;es less than 16%. 

BelON the 50 an mark aown to the 214 an mark total nul1'\.00rs fluctu­

atoo fran ~u to 1372/10 cc. The assemblage contirues to l:e daninate::l by 

Difflugia oblonga, ranginJ fran 27% to 73% of the total nurnter of indi­

viduals r;er sau1ple. Centropyxis constricta ard Lagenodifflugia vas are 

both significant canponents. Difflugia bidens apr_::ears at the 60 an rrark 

ard is again present fran the 203-214 an rnarr(.. However, the Sf,eCies is 

never rrore abunaant than 3% of the total sample·. 

Fran 214 an to 314 en, total numbers contirually oocrease fran 

Hl~ specirnens/10 cc to 24 specimens/10 cc. Difflugia oblonga continues 

to coninate the assemblage, ra~ in] fran 3~% to ~0% of the sa'Tlples. 

La~enodiffluyia vas and Centropyxis constricta continue in stgnificant 

numbers, but Centroovxis constricta begins to decrease after 226 ern an:i 

has disapr:eared by 293 an. Its place is taken by Difflug ia urceolata. 

Difflu:;ia protaeiformis, an:i Difflugia. tricuspis both crisapfear ~low 

the 245 an marK. Diffluyia urceolata quickly disapr::ears below the 300 

em mark.. Centropyxis aculeata becomes more dominant, comprising 50% of 

the assermlage by 336 an and 100% of the asserrbla;;e by 356 an, in the 

freshwater-marine transition. All rhizopOO.s disapr:ear teneath 38 6 em 

when totally marine sediments appear. Foraminifera are not found until 

the 416 an rrarJ< aro canprise 100% of the assemblage down to 581 an - the 

bot ton of the core. 



l 
l 

- 15 -

DISCUSSIOO 

Surficial Samples Distinctive patterrs of arcellacean distribution 

_emerge fran the data accumulated fran Bocabec Lake, Bonaparte Lake, 

Gibson Lake, St .. Patricks lake and Big Pon:i (~er Islaoo).. It appears 

that distributions are controlled by water ~pth, with all assemblages 

an::1 subasserrblages teirg daninated by Difflugia oblonga. This is 

reasonable due to the clcse proximity ard similarity of the five lakes. 

pnfortunately, there have been no known limnolOJical studies of such 

thiOJs as oxygen saturat1on values, rutrient distribution etc. , for any 

of these lakes. The general dlaracteristics have teen assume:l fran 

limnolOJ ical studies carrioo · OJt on small lakes in Maine (Brc.x:Ks am 

Deevey, 1~63; Davies et al. 1~78) and elsewhere (Kuznetsov, 1~70). 

No phys io-cfemical parameters were rreasured at the time of collec-

tion, except for water depth.. However, sorre <;eneral rernarks on 

arcellacean d~stribution are applicable. 

In their ba.seline study of arcellacears of Lake Erie, Scott and 

£~tedioli ( l'::J83) ooterrninect that tem};€rature variation api_:ears to have no 

ef feet, although they found that seasonal stability may te a factor in 

the eastern tasin of the lake.. Scott an:::t Med.ioli {1983) also re.;.)ort 

that oxygen levels may te a factor for sane sr:ecies while others like 

Diffluuia oblonga apf€ar unaffected.. This coooition apfears to t:e 

reflected in Asserrblage II of Bonap3.rte Lake, whi.d1 occurs in water 

'depths of yreater than 10 meters. The assemblage is canr_::osed aLrnos t ex­

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

may exhibit a .rreranixis type stratification, with the tottcm water te­

neath a 10 meter therrrocline teirg of lew oxygen content .. 
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Scott arx:i Medioli (1983) also report that of all the p(¥sio-cherni­

cal parameters, nutrient values correlate mcst clcsely with observed 

Lake Erie assemblages an::i total rurrber variations. The data fran this 

new Brunswick study sh<::1N that there is a general increase in total rum­

bers of arcellacea fran ceeper to shallower -water. This prol::ably 

reflects a high productivity in the warn-er surface waters. However, as 

no rutrient rreasurements were taken, any such effects on assemblage 

variations cannot be determined. 

The variations \i'lich canprise assemblage I are prol::ably a local 

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

terface samples fran Bocabec Lake. Aroond 1970 there was a large forest 

fire in the area whim devastated the landscar;e. The geological setting 

of the lake is partly made up of san::istone. This canbination 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 terrigenrus 

input. In t.""le other lakes of the New Brunswick study, sedirrent is pri­

marily of organic origin. 

The reason for the variations in the other assemblage I sub­

divisions ~s unknown, but a pcss ible explanation may lie in one t,.~ese 

creature's rrajor rrode of colonization; . transpJrt on birds feet. Thus 

particular sr;ecies may have reen carried to one lake and not another due 

to d1ance conveyance on the feet of water fowl. 
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Gibson Lake Core 

The rrost marked chan.Jes of rhizopod asserrbla']es in the core 

·occurred in the slightly brackish Section, SUgS:;estinJ a resfOnse to 

freshenirg water corditions by the rhizopod I_X)pulatiors (Figure 2).. The 

brackish water arcellacean, Centropyxis aculeata, Ga:linates the salt/ 

freshwater trarsition.. Significant prcportions c£ uifflugia urceolata 

are' present in the lower portion of the freshtJat.er- section, but de-

·creases rapidly in i.rnp:>rtance up core. This is sbilar to W!at scott 

and Medioli ( 1983) foun:t in the .base of cores arc in eastern basin of 

Lake Erie. They attribute their assemblage to a 1?d level of organics. 

In these southern Nev~ Brunswick Lak~ . it prorr....;:,:..l tr...ct< sore tirre for 

freshwater carnnunities to revelop followinJ =~:-.sition fran rrarine 

conditions. This may have meant that organic i~:-_-:_ -.. i:5 less just after 

these lakes emerged above sea level. 

Total nurnbe rs ana as serrb lage di versi t .. / :.:-.:=-~~ases up core, 

presumab 1 y in res p::>nse to an increase in ors;c..:-...:..: ~coly. - .... Oxidizir.g 

conditions, in the upp?r r:crtion of the core, br-:>~;: .. ~ -:n as a result of 

the core tein:J in storage for many years is pro:c.:.:.~- ~..e reason for the 

decrease in total nurn.ters foun::l there (Figure 2). 

Diffluyia bidens, as found in the surfic:=-=. ~:.:-ents of Bocabec 

Lake, is also fouoo in basal freshwater sedirren~ .:_-::-: :.: .. e core in Gibson 

Lake .. The Si::xlrce vegetative cover of the ::£:.:-.. !:":-cently energea 

top<:XJrapny may have teen very similar to tr.re :.-::-..c:~iors surrounding 

Bocabec Lake tOday, resultirg in high clastic s:_;;_:· _. 
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Potential in Acid Rain Research 

The Canadian House of Conrrons sub canmi ttee on Acid rain ( 1~ 81) 

· reports that Canada is faciO] the greatest environrrental threat in its 

historyo The once "clearnirg rain:; an::l pristine snows" have tecane a 

dangerously acidic and destructive. Acid rain, a tenn unknown a decade 

ayo, has .t:ecane the rrost fervasive ard feared environnental pollutant in 

Nori:.h America. 

Acidic precipitation, which includes rain, sleet, b~il, and snow is 

usually defined as havin] an acidity bela..v pH 5. 6 (Graves, 1980}. Acid 

rain, a technically incorrect but acceptable syno~ for acid precipita-

tion, is Qrimarily the result of sl.)lphur oxides (SOx) and Nitr~"'en 

oxides (NOX) which are trarsfonned into sulphuric acid (H2 so4} aro 

nitric acid, HN03 (Likens, et al., 1~79) resp::ctively, as they are 

traooportec by the atornosphere o.rer distances up to tl"Dusards of 

kiloueters (Bryson, and Hare eds., 1~74)~ 

Researdl carried. out aver many years in:iicates that much of eastern 

Canada is sensitive to acid rain dt..e to a lack of natural bufferirg or 

neutraliziiYJ capaci bJ in the rocks an:i soil. However, bufferirg capaci-

ty is present in areas rich in carbonate material like limestone (Kelly, 

1~~1). In areas of little bufferirg capacity, as ocOJrs in granitic am 

volcanic terrains, an:i particularly in the Precarrbrian Shield areas, 

acid loadi~ will eventually strip _away the tufferirg capacity ard 

runoff water enterin;; lakes ard streams will directly reflect the 

acidity :>f the rainfall. Water todies also have a bufferinJ capacity. 

As would te expected, the bufferirg capacity of these boC1ies i.)er.erally 

reflects the alkalinity of the geolOJical settinJ. OVer time, 
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continued acid loading can exhaust the buffering. capacities of sensitive 

geolo;Jical zones, .both on lard an:l in the· water. The water bodies are 

then assaulted not only by the acid rain directly, but by the acidic 

runoff water fran the oo-buffered roils ard rocks in the watershed. 

These lakes become more and more acidic over time, deleteriously affect­

irYJ the floras aoo faunas of these lakes, For example, rros t fish f:X)pu­

lations disapfear when pH falls below 4 .. 5 (Watt, 1981). The average 

precipitation fallin;J on New Brunswick has a pH of 4.6 tNl'-dle the avera:Je 

for Nova Scotia is marginally higher at pH 4.7. 

An i:rn.r;x:>rtant canp::>nent Of the <Jilerall researd1 pr~Tam on acid rain 

is the continuoos aiXl systematic rronitoriOJ of acid de;x:stion. The s~ 

canmi ttee on acid rain ( 1981) received evidence fr:n se·;eral witnesses 

that rro~itorin] of acidic depcsition ard of subse;1..:e::t enviroi1.I!Ental 

carnage in Cana::la nee:ls to te improved. There is :--.o s..:bstantial dis­

agreement arrorg reputable scientists that t.'"le Can~C.:.~"1 ~:1~Jiron.rrent is 

beirxJ d:unaged by a:id rain. .ArronJst the r!lissi;r; L-=::.r:nation is· a 

detailed body of data on historical trends in acid ,:e;:cs:. :.:-:n and a pre-

cise quantitative asscssrrent of acid rain dar..a;;e a...--c !"::.t-=s C~f acidifica-

tion in areas of differing sensitivity. 

A sil')dle J;H sensitive limnolqJical tool ~:!Cb=-~ i- :e:.:r::inirg pre­

sent lake conditions as well as those over a. p2:-ix __::: :.:..-:e i:1 3. sin_;;le 

sampliny would be very useful.. Traditional. t:)c:S :..:._~= -..::=-:::- SG::?les are 

unacceptable since they provire no historical 1::~:::::-c:.::c:. 2cwever, 

arcellaceans, which have alrea:ly teen srown 'W :e ...:....~:-:....::. ~ a:1 or~an:c 

content indicator in Lake Erie, (Scott and ~·!eC.io:..:., =.._;,~-. :::taJ fill the 

abcwe prerequisites • 
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The lakes in the study area are in a variety of ~ological set-

tinJs (Figure 1). St. Patricks Lake am Bonparte Lake are both located 

in a highly acid rain sensitive acidic granitic terrain. Big Pond (Deer 

Islan:i) is located in a mlcanic settirYJ of unkno.m alkalinicy, vtlile 

mcst of Gibson and Bocarec ~es are located in a highly buffering li...Ttle-

stone settirld of protably noonal alkalinibJ. A clear dichotany exists 

oot\veen the restricted asserrblage of rhizo_p:xjs fourrl in Bonar:arte Lake 

aoo the assemblages found in Gibson Lake ard Bocabec Lake Wiich nay 

partially oo a response to a low pH valuec However, St Patricks Lake 

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

closer to that of the lLTtlestone cloistered lakes. A pcssible explaina-

.tion rcay lie in the small size of these lakes an::l the prc:portionately 

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

tion. The assemblage in St. Patricks Lake may oo the result of \Bry 

local conditions, e.g., local Pleistocene or organic overburoon wit.'1 a 

high bJfferirg capacity (Davis et al., 1978). f:b\.Jever, at this pJint 

an equally plausible possibility is that arcellaceans are indifferent to 

pH variations, with the assemblage diversity a function of s:>me other 

factor(s) e 

Until actual f*:I and Eh rreasurements have teen made in tl1ese lakes a 

true detennination of the effects of pH on · rhizop:d assemlages cannot 

be ootennined.. Nonetheless, if a link can t:e establishec1 l::et.veen a 

la.'<e 's level of alkalinity,. and the rl1 izop:xi asserrblage ( s) found there, 

a retailed analysis of historical acid ooposition will te r:ossible 

through quantitative analysis of core for arcellaceans. 
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CDNCLUSIONS 

Definite spatial asserrblages occur in Bocabec Lake, Gibson Lake, 

Bonaparte Lake, St. Patricks Lake, and Big Pon::i (ceer Islarrl). In 

Gibson Lake these assemblages have teen traced temt;XJrarily. The simple 

preparation techniques, relatively high abundance and good preservation 

facilitates tJ~eir use. This study canplements Scott ard Hedioli 's 

( 1983) baseline Lake Erie effort, ard provides further evid=nce of the 

value of arcellacears as p:UeolimnolOJical in::iica tors of the tenthic 

environment. 

ABBREVIATED TAXONOMY 

This pa~r is not taxonanic in nature.. _ Medioli and Scott ( 19 83) 

have canpleted a major taxonanic study of Arcellacea fran eastern 

Canada. Only the original species reference is presented; where 

taxonanic problems have teen :t:articularly severe, s:)me cannon sr:ecies 

names have teen listed .. 

Generic names are in accordance with Loeblich an::i Tappan ( 19 64) an:i 

most sr:ecies are similar to those used by Leidy ( 1879). Illustrations 

have teen included but they oo not cover the total variabili t_y st:ectrum 

present in the taxa. _ 
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Centropyxis aculeata (Ehrenterg, 1832) 

ab Ehrenterg, 18305 

pl. 4, figs. 1-7 

· Arcella aculeata Ehrenterg 1832, ab. Ehrenterg, 1830, p. 60, 

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

Description: The test is yellcw or_ brown, ovoid or circular, and 

depressed. The largely organic test is ustally rcugh ard cc:were::i with 

saoo grains, ttJhile the ai;Brtural region is srcooth. The anterior slcpe 

is large with a small anterior a.n;Jle, v.tlich Med.ioli ard Scott ( 1983) 

re~rt to be 15 to 40 degrees fran material they examined. The 

posterior slope is fXX)rly cefined ard practically absent, fusin;J into 

the fundus at the pc:sterior. The ·height to length ratio is quite low. 

Medioli ar.d Scott (1983) reported a ratio of 0.4 to 0.5 fran material 

they examinede The ar:erture is invaginated, subcentral an:i slightly 

anterior. Spines rray, or may not te present, ard are usU3.lly 

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 (Ehrenber~ 1843). Leidy, 1879, p. 120, pl. 18, 

fiys. 8-55 (not 1-7) 

centropyxis constricta (Ehrenberg 1843), _Deflandre, 1929, p. 340, 

text figs. 60-67. 

urnulina compressa Cushman, 1930, p. 15, pl. 1, figs. 2a, b. 

Description: The test is yellON an::i usually elliptical in dorsal view, 

aoo much less oopressed than C. aculeata. The test is usually srrooth on 

the apertural surface an::i rough at the atoral region. The ar:;erture has 

a variable degree of tilt, fran alm:::>s t rorizontal to, a ventral 

configuration, very sLLlilar to that found in C. aculeata. The ar:;ertural 

rim is semicircular with varyin;J oogrees of invagination. There are 

usually three spines extendirg fran the fundus although there is sorre 

variation in this. number. 
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Difflugia bidens Penard, 1902 

ple 2, figSe 13, 14e 

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

Description: The test is ~qt.oe, regularly o;oid ard laterally 

canpressed. The fundus is rounded with two to three blunt spines. 

~1edioli an:l Scott (1983) report that the shell is canfOSed of well 

sorted quartz grains gi vinJ st:ecirnens a very snooth appearance. The 

a,t;:erture is rcund ard well oofine::i, ard there is no external neck. 

Difflugia corona Wallich, 1804 

pl. 2., figs. l-6e 

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

ple 16, figs. 19, 20 [binOQen D. corona used for a var of Q· globularis, 

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

Description: The test is yellow ard was observed to be very smoth, 

despite t:eing canposed of angular quartz grains. The aperture truncates 

the shell, with an apertural lip which is crenula te:::l. These rarlJe in 

m .. nnb:r from 4, in II¥ material, to 16 rer;:orted by Medio1i and Scott 

(1983). The fundus is ra.mded with a variable rumber of spines. A 

diaphragm may t:e present in the a~rture (pl. 1, fig. 6). 
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Difflugia globulus {Ehrenbergh), 1848 

pl 1 .. , figs. 1-3 

Difflugia g1obu1us {Ehrenberg 1848) Cash & Hopkinson, 1909, p. 33, 

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

Difflugia g1obularis \vallich, 1864 [as subspecies of species D. 

protaeiformis LamarcK 1818, misspelled D. proteiformis], p. 241, p 1, 

15, fig. 4h, pl. 16, figs .. 1, 2, 2a, 17, 21. 

Description: The test is brown, spherical or hemispherical, and usually 

canpose:::t of large quartz fragments.. There are refX)rts in the literature 

(Medio1i an:t Scott, 1983) that diatcm frustules nay occasionally i:::e 

present.. The ar.;erture in observed ·specimens is usually large although 

Medioli ard Scott (1983) report that it can te as little as 1/4 of the 

maximum width. 

lack of a 

It is readily distinsJuishe:::t fran D. urceolata by the 

pronrunced collar arc by its rOJgh apr:earance. 

!' 
i 
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Difflugia oblonya (Ehrenberg) 1832 

pl 1., figs. 4-12 

Diffluyia oblonga Ehrenberg, 1832 b, p. 90 • 

. Difflugia pyriformis Perty, 1849 b, p. 168. 

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

tex-fig. 6, p. 213. 

Difflugia longicol1is Gassowsky, 1936, Q;Jden & Hedley, 19 80, p. 

144, pl .. 61 .. 

Description: In rey samples the test is yellow, ard canpcsro of fine 

quartz grairs. The test is extremely variable in shape ard size, fran 

pyriform to conpressed aoo flask shaped. The fundus is rounded or 

expan::led into one or rrore blunt processes; sane in:ii vi duals in the 

material I examined had up.vards of 20 processes.. The subcylindrical 

neck tapers to a rcund ard clearly aefined aperture. In my material it 

is noteworthy that of D. oblonga SJ?=Cimens from Bocabec Lake and Gibson 

Lake, most aisplay a sirgle blunt, rrunded conical process protrudirg 

fran the fuoous e The extrerre variability onservoo in this sp::cies 

rnakes it easy to unaerstan:i the taxonanic confusion in the 1i terature. 
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Difflugia protaeiforrrds Lamarck, 1816 

pl. 3, figs. 3,4. 

Uiffluy-ia protaeiformis I...am.3.rcl< 1~16, p 95,. figure:1 in Leclerc 

1816, pl. 17 figs. 1-5. 

Uiffluwia acuminata Ehrenbery, 1830, p 95. 

Diffluyia curvicaulis Penard 18~9, p 36, pl. 3, figs 2-6. 

Description: The test is bro.vn, an:i canposed of quartz p3.rticles in my 

material. There are reports in the literature (Medioli & Scott, 1~83) 

that diatom fragments rray also occasionally te part of the shell. The 

sha~ of s:pecimens observe:1 is extremely variable, fran amprora-like, 

pyriform to OJlirdroconical; however, the latter configuration was rrost 

camnon. The furx:tus is rounded to tar:;erin;J, an::l although not observed in 

my material, r-ledioli an:1 Scott ( 1983) report that one or rrore blunt 

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

readily distinguished from D. ob1onga by the higher aperture to rraximum 

diameter ratio. 

Diffluyia tricuspis Carter, 1~56 

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

Uifflugia tricuspis Carter, 1856, p. 221, pl. 7, fig. ~Oo 

Difflugia tu.berculata Wallich, 1864, p. 241, pl. 15, fig. 4g, pl. 

16, fig. 18 [binamen D. tuberculata used for a var. of D. 
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ylobularis, itself subsp. of D. protaeiformis (rnissr:elled 

protei formis ) ] 

Difflugia lobostoma Leidy, 1874b, p. 79 

Difflugia labiosa Walles, 1919, p. 39, pl. 51, fig. 11. 

~scription: The test is cpaque to yellvN'. S~cimens in IT¥ naterial 

are oval in shape with no neck. The a~rture is ~eplv inoonted and is 

trilopa ted in IT¥ samples al trough Medioli ard Scott ( 19 83 ) reported rrcre 

variabilicy in the ~r of lobes (up to 6)., The surface of t.'1e test 

is srrooth an::1 canposed of quartz grains a! trough the literature (l'1edioli · 

and scott, 1983) claims that the test is rrugh aoo 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(??) Parker et al., 1953, p. 10, pl. 1, fig. 2. 

Description: The test is opaque to brown, ovoid to spherical, with a 

general ampoora to cauldron-like ap~arance. The fundus is roonded with 

a short neck terminating in a pronounced apical rim or collar, which may 

be straight or recurved, an::i is of variable shape ard size. The test 

is canposed of sard grains of varyin;] coarseness. Encysted forms are 

very caruron in some samples • 
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Difflugia urnula (Gruber 1d84) 

pl. 3, figs. 5-14 

Ovulina urnula Gruber 1884, p. 4~7-499, pl. 2, fig. 19, 20. 

Description: The test is brown ard canp:Jsed of quartz fragrrents. The 

shar:;e is subspherical, with a narrow circular ar:erture, borcered by an 

outward ex.I:;Bn:ted flan;ed collar of variable ·width~ A canplete or 

partial diaphra~m acroos the aferture may, or may not, be present. 

Gruter tased his generi~ name on the type of pseudopcx:lia present in 

the species.. However, Hedioli and Scott (1983) have proven that 

p5eudopcdia type is rot a valid taxonanic variable.. In fact, several 

types of pseudopodia have teen observed in the sa."tle species (Medioli and 

Scott, 1~83). The dl.aracteristics of the species iroicate that the 

species should t:e placed in the genus Difflugia aro the genus· narre 

Ovulina discarded. Nedioli ard Scott ( 1~ tD) did not figure this sp:=ci es 

in tneir taxonomic study. 

Lagenodifflugia vas (Leidy 1874) 

pl .. 1., figs .. 13-16. 

Difflugia vas Leiay 1874, p. 155 

Ponti~ulasia vas (Leidy) Schouteden, 1~06, p. 338~ footnote. 

Difflugia i?Yriformis Perty 1849. EdrrOnson, 1~06, , p. 12 ( :p:lrtim), 

pl. 2, fig. 12 not figs. 8-~. 
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Lagenodifflugia vas (Leidy)c Medioli and Scott, 1933, p. 58-60, p. 

2, fig. 18-23, ·27-28. 

Description: The test is yell ON ard canposed of fine quartz grains. 

The shell is generally pyrifonn, divided into a bulbrus rrain part arrl a 

neck. Medioli and Scott (1983) report that these sections are separated 

by an internal diaphragm, pierced by a sirx.Jle, central, usually large 

orifice. The surface of the test generally denotes the diaphrcgm, by 

the presence of a constriction at the tase of the neck. In my material 

there is an integration bet~en h vas and .!?.!. oblonga. 

Lecquereusia spiralis (Ehrenberg 1840) 

pl. 2., figs. 9, 10. 

Difflugia spiralis Ehrenberg 1840, p. 199. 

Lecquereusia spiralis Rhumbler 1895, pl. 4 no. 1. Lageheim 1901, 

p. 514, pars (?) 

Description: The test is yellow, an:1 ovoid to pyrifonn in shar_::e. L. 

spiral is is similar to P. compress a in that there is a constrict ion at 

the base of the neck which, a~cording to Hedioli and Scott ( 19 83) corre­

sponds to an internal diaphragm with two or rrore openirgs. The neck is 

_ asyrmnetrical, presumably in relation to the asymmetrical internal pcsi­

tioninJ of the diaprx-agm.. Medioli aro Scott ( 1933) report a rrorpholo:Ji­

cal integration bet\..een L. spiralis and P. canpressa forms.. This ·.vas 

not observed in my material, fX)Ssibly due to the scarci t:y ot _h spiral is 

specimens. 
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Pantigulasia compressa (Carter 1864) 

pl. 2., figs. 7, 8. 

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

Pontiyulasia campressa (Carter 1864) Averintsev, 1906, p. 169. 

Proteonina hancocki Cushman & McCulloch, 1948, ~· 76. 

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

soort neck that joins the · bcdy in a v-shaped wedg:.. Medioli an::l Scott 

(1983) report that the cons~iction delineated by this wedge, is a doubly 

perforated internal diaphragm. The aperture at the en::l of b1.e 'M:ll 

defined tai;erirg neck is generally narrcw and elliptical in cress 

section. The neck has a srroother apr:earance than the rest of the test, 

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

Uifflugia globulus (Ehrenberg), 1848 

1. Side view of t¥pical specimen x 270; 2 • Side view x 

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

Fiyures 4-12 Diffluyia oblonga Ehrenberg, 1832 

4. Side view of SJ?=cimen displayirg a bifurcated 

neck x 13d; 5. sioo view of laterally flattened sr.:ecirren 

with many small spines x 134;. 6.. side view of sp::cimen 

with wioo neck ard coarse agglutination x 223; 7. 

Apartural view of sr:ecimen of figure 6 x 223; 8. side 

view of laterally canpressed · specirren x 155; 9. side 

view of laterally canpressed specimen \vith lateral 

spines x 250; 10.. sioo view of cypical sp3cirren with 

spine x 223; 11. side view of typical sr::ecimen x 16 0; 

12 .. side view of specirren with coarse agglutination in 

neck, ten::iin:J towards Lagenodifflugia vas x 143. 

Figures 13-16 Layenodifflugia vas (Leidy, 1874) 

13 .. sire view of specimen with praninent con:::;"triction x 

133; 14. side view of typical st=ecimen x 154; 15. side 

view of specirren with narrow neck x 184; 16. sic:E vie..; 

of sr:ecimen with pronrunced constrict ion an::i narrcw necK 

X 167 .. 





Figures 1-6 

Figures 7, 8 

Figures 9,10 

Figures 11, 12 

- 35-

Plate 2 

Difflugia corona Wallich, 1864 

le Side view of s~cirnen with several spines x 266; 2. 

apertural view of specimen from figure 1 with 3 

crenula tions X 227; 3. apertural view of s.r;:ecime n with 

4 crenulations X 265; 4. apertural view of specirren with 

5 crerula tions X 220; 5. apertural view of s.r;:ecirnen with 

13 crenulations X 330; 6. at;ertural view of sp:cirren with 

13 crerulations ard diaphragm x 27 0. 

Pontigulasia compressa (Carter, 1864) 

7 r; side view of s.r;:eci..Ttlen with typical v-constriction at 

base of neck· x 198; 8. apertural view of specimen fran 

figure 7 x 243. 

Lecquereusia spiralis (Ehrenberg, 1840) 

9., side view of specimen with smrt neck x 336; 10. side 

view of typical specimen x 520. 

Difflugia urceolata Carter, 1864 

11. side view of sr:ecimen with well ~velcped apertural 

lip x 152; 12. sice view of encysted s.r;:ecirnen (test broken 

open) x 135. 
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Plate 2 

Figures 13, 14 Difflugia bidens Penard, 1902 

Figures 15, 16 

13. side view of typical s:pacimen x 167; 14. side view of 

spectrnen with slightly developed neck x 170. 

Difflugia tricuspis Carter, 1856 

15. side view of cypical sr;ecimen x 510; 16. apertural vi eN 

of specimen from figure 15 x 620. 





Figures 1, 2 

Figures 3,4 

Figures 5-14 
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Plate 3 

Difflugia tricuspis Carter, 1856 

1. side view of sr:ecimen with_ slightly oovelcped apertural 

lip x 460; 2. ar.;ertural view of specimen with well develo.r;:eci 

a~rtural lip x 520. 

Difflugia protaeiforrrds Lamarck, 1816 

3. sioe view of sr;:::ecimen with coarse agglutination x 184; 4. 

siae view of aut<::>genoos (Scott ard Medioli, 1983) s1_:ecimen x 

252. 

Difflugia urnula Gruber, 1884 

5. side view of specimen with coarse agglutination x 24Y; 6. 

apartural view of sr:ecimen fran figure 5 showirg apert.ural 

lip <:Evelcpment x 265; 7., side view of s1_:ecimen with 

diaphragm x 255; 8., a~rtural view of sr;::ecirren fran figure 7 

x 277; ~ .. side view of sp:cimen with well deve1qJed apertural 

lip x 201; 10. si<:E view of sp:cirren x 235; 11. a~rtural 

view of specimen fran figure 10 with diaphragm p:irtly 

blockirg aperture x 206; 12.. ap=rtural view of ·sr_:ecirren x 

263; 13. side view of Si.~cimen fran fiyure 12 with thickenEd 

apertural lip x 1~4; 14., side view of specimen with wide neck 

ten:tiry towards Difflugia urceo1ata x 236. 
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Figures .1-7 

Figures !:3-14 
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Plate 4 

Centropyxis aculeata (Ehrenberg, 1832) 

1. dorsal view of specimen with a l'l.lltt>er of spines exten:iirg 

farther anteriorly than usual, x 181; 2. dorsal view of 

sr;ecimen with 6 spines an:i little cgglutination x 205; 3. 

anterior view of specimen in figure 2 showing the high angle 

of the spines to the t:orizontal x 303; 4. anterial- ventral 

view of broken sp:cimen x 310; 5. ventral view of broken 

sr;ecimen in figure 6 showing b~oken spines x 272; 6. side 

view of agglutinated specimen with an antedor depression x 

263; 7. dorsal view of specimen in figure 6, which is almost 

circular x 217. 

Centropyxis constricta (Ehrenberg, 1843) 

8. ventral view of specimen with broken spines, x 291; 9. 

ventral view of multispined sr:;ecirren x 256; 10. ventral view 

of specimen with 7 spines x 290; 11. cpertural view of 

specimen in figure 10, not invaginated ar-erture x 440; 12. 

anterior view of specimen in figure 8, x 410; 13. ventral 

view of sr:;ecimen with 5 spines and slightly inclined 

aperture, x 237; 14. apertural view of specimen in figure 13, 

showing a ventral flattenirg rrore pronounced than usual x 

302. 
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'fable 3. PercentatJe o.:cut·renccls of At.-cellac•}an s~c.les fron !.YJCAl!-~C IAKE surface stat!ons. 
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Table 4. Perccntaqe occurrences of Arcel.laeean species fran GIBSON U\Kg ·surface stati~ns. 
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Table 5. Percentaue occurrences of Arcellacean st~cies fron HON.'\PARTE t.AKE·surface stjtions .. 
L = Living, T = Total, X = 1%. All totc~ll nurrd.x~rs are ~r unit samplQ. ( i. .a. 10 em ) 
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Figure I. 

Geology of tl'le Passamaquoddy Boy reg ron' Charlotte county I New erunswick' 
Cooodo, and Washmgton county, Matne, US A. 
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Figure.2. l~ithology and biostratigraphy· of Gibson lake core. Horizon­
tal Jines repr~sent number and percentage.values at correspond­
ing levels; vertical lines are subjective averaging 
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The following is a breakdown of the approximate time spent 
in the preparation of this thesis. 

Item Time Snent (Hrs.) 

P .. rcellacean Identification 
and Counting. 

130 

Sample Preparation 2 

Tables and Diagrams 30 

Preparation of 
Plates 

Photographic 12 

Research and Writing 55 
Total Time 229 

Figure 1. Basemap cartography by the Geographical Survey (1966), 
which has been rearranged, with additions,by the author. Drafting 
was executed professionally. 

Figure 2. Diagram was prepared by the author and drafted 
ally. nrofession-- . 

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

SEM photography was carried out by Frank Thomas with assistance 
by David Smith, David Scott, and the author in developing prints. 

Photographic plates were compiled by the author and Tracy ~cKenzie, 
but were reproduced professionally. 
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