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ABSTRACT 

Surficial sediment samples and cores from both Albro and Penhorn 

Lakes were examined to determine the biostratigraphy of the lakes, based 

on arcellaceans. Considerable morphological variation of species is noted 

and illustrates the taxonomic problems of previous authors. Microfauna! 

assemblages change over time in both total numbers and species diversity. 

An inverse relationship through time seems to exist between Centropyxis 

spp. and species of the genus Difflugia. Results of the arcellacean 

analysis compared with carbon-14 and pollen data indicate an almost 

complete post-glacial record in these lakes. The results indicate that 

arcellaceans are a valuable tool in paleolimnological studies. 
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INTRODUCTION 

Testate rhizopods, which include the protozoan superfamily 

Arcellacea, have been placed into an artificial group known as 

"thecamoebians" (Loeblich and Tappan, 1964). They are amoeboid protozoa 

consisting of a cytoplasmic body enclosed in a test, or shell, with an 

aperture from which fingerlike projections of cytoplasm, the pseudopods, 

are extruded. Most species are thought to be cosmopolitan and are present 

in a wide range of moist and freshwater habitats (Medioli and Scott, 

1983). 

Since the first description of Difflugia in 1816 (LeClerc), hundreds 

of species of Arcellacea have been described, creating a number of 

taxonomic difficulties. These problems have arisen over the criteria used 

to classify thecamoebians, an asexual group, to the species level. A 

taxonomic review of Arcellacea in Eastern Canada has been completed by 

Medioli and Scott (1983) and has alleviated many of the problems present 

in the earlier literature. 

Apparently most thecamoebians have no paleontological importance 

because only a few species of the superfamily Arcellacea are commonly 

found fossilized. The arcellaceans have agglutinated tests, which makes 

them resistant to dissolution or organic breakdown, and are primarily 

benthic, reflecting conditions at the sediment-water interface. 

Many freshwater fossils, such as ostracods and molluscs, tend to 

dissolve after burial in low pH sediments. Microfossils with organic 

shields which are preserved, such as pollen, spores and diatoms, 

generally do not reflect the benthic environment, whereas arcellaceans 

are representative of bottom conditions and may be used as a tool for 
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biostratigraphic analysis of freshwater sediments. 

This project was initially an attempt to correlate observed 

arcellacean assemblages and the pH conditions of the water. The two lakes 

selected for the study were Albro and Penhorn lakes, the former slightly 

acidic and the latter slightly alkaline. Although there are differences 

in the assemblages observed, it became obvious that the sample size was 

too small ( ie. the number of lakes sampled) to make conclusions on the 

effects of pH since other chemical and physical parameters were also 

affecting the lakes. However, the faunal assemblages of these lakes were 

studied to give information on benthic conditions of the lakes throughout 

their history thus contributing to the current study of post-glacial 

history of Atlantic Canada. 

STRATIGRAPHIC RANGE 

Arcellaceans are commonly found in Holocene lacustrine sediments 

although there are reports of their presence in older deposits. Vasicek 

and Ruzicka (1957) report the presence of Arcellaceans in the 

Carboniferous although Medioli and Scott ( 1983) have some reservations 

about these records. Although the stratigraphic range of arcellaceans may 

be short, they have become important tools in paleolimnological studies 

(eg. Scott and Medioli, 1983) due to their cosmopolitan distribution and 

their resistance to dissolution in low pH conditions. 

PREVIOUS WORK 

From 1816 to the 1930's the taxonomy and biology of Arcellaceans had 
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been extensively studied. A review of the literature reveals that the 

taxonomy of this group is chaotic, due to the earlier author's problems 

in delimiting species. The taxonomic review by Medioli and Scott (1983) 

has alleviated many of the problems for the arcellaceans, although 

problems still exist for some species. 

Few quantitative distributional studies have been done on fossil 

material in lakes from North America (Scott and Medioli, 1983) although 

there has been a shift toward ecological studies using arcellaceans as 

paleolimnological indicators. Some of these studies include Scott and 

Medioli ( 1983), Patterson ( 1983), Patterson et al. ( 1985), Kerr ( 1984) 

and McCarthy ( 1984). Honig ( 1984) used arcellaceans as an indicator of 

the transition from marine to freshwater conditions from a sea-level 

study in New Brunswick. 

BIOLOGY 

The biology of thecamoebians has been extensively studied by 

previous authors; Deflandre ( 1953) studied arcellacean biology in some 

detail. The organism consists of a cytoplasmic amoeboid body enclosed in 

a test and extrusions of the cytoplasm outside of the test, the 

pseudopods, are used for locomotion. Thecamoebian reproduction seems to 

take place almost exclusively by binary fission (Ogden and Hedley, 1980). 

Small thecamoebians feed mainly on bacteria, fungi and algae (Ogden and 

Hedley, 1980) while the larger, agglutinated forms tend to prey on other 

protozoans ( Medioli and Scott, in press) • Medioli et al. , (in prep. ) , 

also indicate a large group of arcellaceans appear to be parasitic on 

filamentous algae. 
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Test composition and structure is quite variable in thecamoebians. 

Test composition may be organic or agglutinated and in some cases a 

combination of the two. The test of thecamoebians may be secreted by the 

organism; secreted components are termed idiosomes, and the test is 

referred to as being autogenous. Agglutinated tests are composed of 

foreign particles, referred to as xenosomes, imbedded in autogenous 

cement. These are referred to as xenogenous tests. 

Line drawings (plate 1), are included to show in greater detail than 

observed in the SEM photographs (plate 2), the structure and composition 

of some specimens. 

CHAROPHYTES 

During the study of Arcellaceans, I have observed the remains of 

numerous organisms. Of these, only the remains of Characeae are of any 

paleoentological importance and I shall review them briefly. 

Charophytes belong to the Characeae, a family of upright green plants 

common in ponds, rivers and lakes throughout the world (Wood, 1967). The 

plant is represented in fossil material by the presence of oospores 

(fertilized female cells) which are 500 to 900 microns long, depending on 

the species. The oospores are referred to as charophytes in this paper. 

They may be round to oblong while a distinct spiral pattern is visible on 

the oospore. Classification of charophytes to the species level was not 

attempted in this paper; only their presence or absence was noted in the 

samples observed. 

The family Characeae has been subdivided into two groups, the 

Chareae containing the genus Chara and the Nitelleae to which the genus 
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Nitella belong (Hutchinson, 1975). Species of Nitella are predominantly 

found in acidic waters (pH 5.5 to around 7.1) while the Chara are common 

in alkaline waters (pH > 7.0, Hutchinson, 1975). There is some overlap 

between the two groups in neutral water. The distinction between the two 

groups was not recorded in this paper since the necessary literature was 

not available until after the stratigraphy was determined. 

REASON FOR STUDY 

The purpose of this study was to determine the biostratigraphy, 

based on arcellaceans, of Albro and Penhorn Lakes, as well as the 

paleoecology. The arcellacean assemblages give information on benthic 

conditions of the lake throughout its history. Pollen analysis of Penhorn 

Lake relates terrestrial conditions to the evolution of the lake. 

Carbon-14 dates give absolute age of the events. 

GEOLOGICAL AND GEOGRAPHICAL SETTING 

Albro Lake is located at 44o 41'N, 63o 35'W between 60 and 65 meters 

above sea level; Penhorn Lake is located at 44o 40'N, 630 33'W between 50 

and 55 meters above sea level (fig. 1). Both lakes are located in Halifax 

county in the Cambro-Ordovician Meguma Group; Albro Lake in the 

Goldenville Formation while Penhorn Lake is in the Halifax Formation. 

These lake basins were probably formed as the Pleistocene glaciers 

advanced across the area during the last glacial period. 
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Figure 1. Map of Maritimes sh)wing location of the study area. 
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METHODS OF COLLECTION AND PREPARATION 

Surface samples were collected in June, 1983 from Penhorn Lake and 

in June and September, 1983 from Albro Lake. These samples were collected 

by the author and A. Khanna. Cores from both lakes were collected in 

August, 1984 by the author, T. Duffett, D. Smith and T. LaPierre. 

Surface samples were collected using a Ekman box sampler; at each 

station 1 Occ replicate samples were removed from the sampler and were 

then fixed in formalin. Only enough surface samples were counted to 

determine the general thecamoebian assemblages present at the surface. 

Cores were obtained using a Livingston square-rod sampler (Wright, 1967). 

See figure 2 for sample locations. A 1 em slice (10 cc) was removed from 

the core at 10 em intervals and in other areas of interest along the 

core. 

The samples were wet sieved through a 0. 5 mm screen U/35 mesh) , to 

retain coarse sediment and organics, and a 0.063 mm screen (#230 mesh) to 

retain the arcellaceans. None of the samples were decanted as up to 95 

per cent of the arcellaceans may be present in the decant (McCarthy, 

1984). In the past this fraction has been systematically discarded (eg. 

Scott and Medioli, 1983). Following sieving, a mixture of formalin and 

rose Bengal (a stain used to detect living matter) was added to the 

surface samples and, after standing overnight, samples were rinsed and 

placed in denatured alcohol. Core samples were treated in a similar 

manner but no formalin or rose Bengal were added; after sieving the 

samples were simply placed in denatured ethanol. 

Samples were examined under a binocular microscope, usually at 32x, 

to determine the arcellacean species present. Representative specimens of 
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Figure 2. Bathymetric maps of Albro and Penhorn Lakes. Numbers 
indicate location of surface samples, x marks the sites from which 
cores were obtained. Black spots are islands. 
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each species observed were then photographed using a Cambridge 180 

scanning electron microscope with Polaroid NP 55 film. 

Selected samples from each core were sent to Geochron Laboratories, 

Cambridge, Massachussetts for carbon-14 dating. 

Samples from the Penhorn Lake core were prepared for pollen analysis 

as outlined in Ogden ( 1959) by the author and J. Freeman, and the 

analysis was done by Dr. J. G. Ogden. 

RESULTS 

Surficial Sediment Samoles 

Living representatives from most of the arcellacean species were 

observed in many samples. Living populations were generally small in 

comparision to total populations, hence total populations were used to 

define the assemblages present. Total populations include both live and 

dead specimens that may have accumulated over a few years depending on 

sedimentation rates. Total populations have been shown (Scott and 

Medioli, 1980a) to be good indicators of long term, rather than seasonal 

bottom conditions. 

Albro Lake: Fourteen arcellacean species, were identified in the 

surface material observed (Table 1). The assemblage is dominated by 

Difflugia oblonga and Pontigulasia compressa although Centropyxis 

aculeata and Difflugia corona also occurred in significant numbers. Total 

numbers of organisms are moderately large, up to 1516 individuals I 10 

cc. Charophytes were present in small numbers in some samples. 



Sa!J{.>le 2 3 4 5 
\later depth ( w ) 3. 0 2 • 6 1 0 • 9 3 • 6 2. 4 
Total number of species 1 4 1 3 1 4 1 3 1 1 
Total nuuber of indiviuuals/10 cc 1 2 1 1 1329 1 1 ~ 6 1229 1 51 6 
Qentro~;Dr~c1s aculcata 1 5 1 3 1 3 1 6 1 7 
.c.. QQustricta 3 li 

T 4 5 r.; 
J 

121fflugia Qacilliferc. "' 2 1 1 
Q. QQrona 1 2 1 5 1 3 1 5 9 
Q. oQlonga 1 9 23 26 22 24 
l,L. b1 r o t sa e i f o r rJ i s 2 1 1 ;l: 2 
Q. triQUSQiS 5 4 ~ .. 4 J :J 

Q. urgcolata 'J ") 5 4 .J .) 

Q. urens c: L. 2 
fleleob!era s ;? h Ci i- Ii i -- 1 }~ ,_ 

LaL;e nodi f f 1 UJ~i a vas lJ :J 4 4 6 
LeQquereusia spiralis ', 1: l: j 6 -
!J e be 1 a collaris X X 

Pontit>ulasia couprcssa. 2') 21+ 24 2 1 20 

Charophytes 6 2 3 

Table 1. Percentage occurrences of arcellacean species from Albro Lake and listing 
of charophytes. 
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Penhorn Lake: Fourteen arcellacean species, the same as identified 

in Albro Lake, were also identified in the surface material from Penhorn 

Lake (Table 2). This assemblage is characterized by the dominance of 

Difflugia corona; however significant proportions of Difflugia oblonga 

and Centrooyxis aculeata are present. Total numbers of organisms are very 

high, up to 6955 individuals I 10 cc. In most samples charophytes were 

present in small numbers. 

Biostratigraphy of Albro and Penhorn Lakes 

Albro Lake: Microfaunal assemblages contained in the Albro Lake core 

are summarized in figure 3 and table 3. The total number of individuals 

per sample is never large, ranging from 0 to 154 individuals /10 cc. 

Twelve arcellacean species were identified in this core but only two of 

these, Centropyxis aculeata and Difflugia urens, contributed 

substantially to the total numbers. A single specimen of Trochammina 

inflata, a foraminiferal species found typically in marshes (Scott and 

Medioli, 1980b) , was found at 234-235 em; this specimen was probably 

transported here by the wind or birds. Total numbers of charophytes 

fluctuate widely throughout the core. Basal clay, usually present on 

bedrock or glacial till, was observed at the base of the core, indicating 

that an almost complete history of Albro Lake since de-glaciation is 

recorded here. 

The segment of the core from 273 em to the bottom at 284 em is 

almost barren; only one arcellacean per sample was present and no 

charophytes were observed. The largest populations of arcellaceans occur 



SaLlple 1 2 3 4 
H&ter depth ( lJ ) G. 0 3. 6 6 • 0 0. 8 
Total nuraber of species 1 4 1 3 1 4 1 3 
Total nuu.ber of individuals/10 cc 6761 6 95 5 5240 l~ 9 8 7 
Qeptror2y~is aculcata 1 4 1 9 1 6 1 6 
.Q.. QOn3tricta 4 3 :;.: 1 
0 i f f .l u 1; i a bacillii'era ): 1 X 1 
Q. Qoro:1a 38 39 45 42 
Q. o b 1 o nl;a 1 7 20 1 9 20 
ll_. QrotaeiforJ.Jis 2 1 1 " .... 
D.. tri:QUSQi::; ::- l! 6 3 
.o_. urceolnta :> 2 5 ..) 

Q. uren.s 2 X 2 
IicleoQera S tH1agEi X " 1 X 

La.8e noci iff 1 ur;i a vas 3 1 2 4 
Lecguereusia. spire. lis 5 4 4 3 
lie lJ e 1 a Qollaris X X 

Pontibulasia couprcs.::.;a 4 4 4 

Charophytes ,., 
c.. 

Table 2. Percentage occurrences of arcellacean species from Penhorn Lake and 
listing of charophytes. 
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Figure 3. Lithology and biostratigraphy of Albro Lake core. Horizontal lines 
represent number and percentage values at corresponding levels and vertical lines 
are subjective averaging. 



Dept h. in core (em) 0- 10- 20- 30- 40- 50- 60- 10- 80- 90- 100- 1 10- 120- 130- 140- 150- 160-
1 11 21 31 4 1 51 6 1 71 81 91 101 111 1 21 1 31 1 41 151 16 1 

Total number or species 6 1 6 3 1 3 1 2 2 0 1 0 1 3 0 2 0 
'l'o ta 1 number or individuals/10 cc 35 64 29 , 1 9 1 4 , 3 3 0 1 0 2 1 0 3 0 
c !;i .1 H 2 1n 2' ~ :1 acyleata 6 6 , 1 55 100 64 33 33 100 
.c.. SIQD:Itr1~t.i 2 3 
Il1Uluih ~ 
.Il.. QblQDU 37 25 24 1 4 
.Il.. urs:~r:2lit1 3 5 
.Il.. urs:~r:2liti r. !i:lQDU!.i 3 
.Il.. .Yl:JUL'i 37 44 24 36 29 100 67 67 100 1, 33 
tiS:hQJ.!Hi ahun1 3 
L.us:oQg1Hlus:1i .!..iJi 9 1 , 4 

~ ~2llir1:~ 
E2nt1&uluh CQIDQ[e:l:li , 3 , 7 67 
Ir2S:billlli111li iDfhta 

Charophytes 1 2 57 107 1 9 20 20 74 74 50 11 39 2 2 

Depth in (ctJ) 1 80- 190- 200- 210- 220- 223- 230- 234- 240- 250- 259.5- 265- 270- 273- 280- 283-core 
181 1 91 201 2 11 221 224 231 235 2 4, 251 260.5 266 271 274 2 81 2 84 

Total number or species 3 3 1 0 1 1 1 3 3 3 2 3 4 1 1 1 

Total number of individuals/10 cc 7 1 1 0 1 2 5 24 6 22 60 15 4 37 1 1 1 

C!i:DH21lU1:1 acyluta 100 100 100 88 50 6 4 97 94 86 

_c.. CQD:itr1S:!.i 25 29 1 4 8 27 3 5 8 100 
100 

IlH(he;h ~ 
.Il.. 2bl2DU 
.Il.. urs:~r:2hti 
.Il.. Yl:~f:Qht.i r. s:lQilU!.i 
.Il.. ~ 57 11 100 
l:lf:hQP!i:l:i :!PbHD1 33 
l.iUilQg1f(lygh ~ 100 
~ ~2U11:h 

, 1 

E2nt1s:ulu1i s:oure;su 1 4 14 

Ir2S:bi1111W1Di 1Dfhh 

Charophytes 36 28 1 89 120 55 289 24 7 83 

Table 3. Percentage occurrences of arcellacean species and foraminiferid Trochammina inflata down core 
in Albro Lake core and listing of charophytes. 
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in the interval from 270 to 250 em although species diversity is low. 

Centropyxis aculeata is the dominant species in this assemblage. At the 

bottom of this interval charophytes were present in large numbers 

although they were absent at the top. From 240 to 30 em arcellaceans are 

present in low numbers, some samples are barren, and species diversity is 

low. Centropyxis aculeata and Q. urens are the dominant species in this 

assemblage. Total numbers of charophytes per sample fluctuate widely in 

this interval. In the top 20 em of the core, the total number of 

arcellaceans increases, and the species diversity is higher. Difflugia 

oblonga and .12. urens are the dominant species in this assemblage. The 

number of charophytes decreases rapidly towards the top of the core. The 

top of the core does not match the surface assemblage indicating that the 

upper few centimeters were missed in coring. 

A radiocarbon date of 9550 +/- 215 years B. P. (Lab no. GX-10695) 

was obtained from 221-225 em. 

Penhorn Lake: Microfauna! assemblages contained in the Penhorn Lake 

core are summarized in figure 4 and table 4. The total number of 

individuals per sample is quite variable, ranging from to 1916 

individuals /10 cc. Fifteen arcellacean species were identified in this 

core, although many of these had only a minor contribution to the total 

number of individuals. Charophytes were present in about two thirds of 

the samples; although the numbers were generallY low, large numbers were 

present in some samples. 

From the bot tom of the core to the 3 93 em level, assemblage A, 

reasonably large numbers of arcellaceans were present and six to twelve 

arcellacean species were identified. Centropyxis aculeata and Centropyxis 
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Fi'gure 4. Lithology and biostratigraphy of Penhorn Lake core. 
Horizontal lines represent number and percentage values at corresponding 
levels and vertical lines are subjective averaging. 



Deptb 1 a e ore (cal o- 1 o- 20- 30- •o- 50- 60- 70- eo- 90- 1 oo- 1 1 o- 120- 130- 1'0- 150- 160- 170- 180- 190- 200- 210- 220- 230- 2 35- z•o-1 11 21 31 '1 51 61 71 81 91 10 I Ill 121 131 I" 151 161 171 181 191 20 I 211 221 2 31 2 3 6 2•1 
Total auaber or opec1eo " 

,_ 
9 8 9 9 3 2 6 1 8 8 9 8 12 II 12 12 12 II II 10 7 6 9 3 

To til aua-•r or 1ad1•1duolo/IO I 022 1916 738 1712 1116 6H I 06 7 20 1'7 367 129 623 H9 67 9 625 769 602 966 609 280 1188 2H 5 52 205 29 
Ceptrppyate &J..I.lu.U 15 22 51 91 7 9 50 92 86 •o 10 H 50 2 2 3 2 33 27 2 ' 5 67 '2 90 6 10 '-· IUtAII.C,IS.I I I I 

2 I I I llU..lJt.&.U 'tag 1111 Cera 2 3 ' 10 20 I 0 12 9 I 0 2 3 9 9 I 12 6 I ll· .uu.u 30 22 21 10 3 • 2 3 7 • 2 • 6 5 7 3 9 ' 17 Jl. AlJ.aA&& I 1 I 8 I 0 6 ,_ 25 ., 2 3 12 6 3 22 21 2' 21 22 3' 18 '8 I 0 2 3 q 72 ll· ace1.a1 a Ca.:aa 1 I 2 I I 3 7 Jl. 1LI...IJi.u.l.. 
Jl. au.uJ.a..L.& I 2 

9 5 II 13 a. au.uJ.a..L.& r. J..1AAu.U 
Jl. UUI. 
.l.l...l...aauL .ul.l..ui 
L.1111atU ([lll&il .LU 
Ltopttreuele .I.I..1LIJJ..I 
I.I..UJ...& u..l..W:ia I 

16 ., Pppt t 'M 1 I It I m.R.t.J...I.I.& 26 22 21 ,_ 10 19 19 21 • 9 56 29 30 •2 • 3 19 10 I 1 15 
CboropbTt•• II 13 

Deptll 1a oore ( oal 250- 260- 210- 280- 2 90- 295- 2 99- 31 o- ]20- 330- 335- 3 •o- 350- 360- 36 5- 366- 370- 37 5- 380- 385- 390- 393- 3 9'- 3 99- •o•- •or 251 261 27 I 281 291 296 300 311 321 331 336 ]'I 351 ]61 ]66 367 371 376 ]81 386 391 39' 395 •oo ~05 •o 8 Totol au•ber or apeo1eo • ' 7 5 5 7 6 ' 5 2 2 3 ' 5 I I I 3 I I 3 7 7 6 7 12 Totel •••ber or 1ad1'r1daelo/IO II 65 87 58 59 7 5 261 56 19 19 53 67 299 '7 2 I I I 7 I I H '51 1 •o 297 88 •o6 Ctatrppyaie &J..I.lu.U 18 3 II I 0 2 32 27 86 n 95 92 88 78 65 100 I 00 29 100 I 00 7 9 " 30 2 8 6' 56 '-· IIAIIl.till.l 3 1 •o 5 5 I 0 13 21 13 33 23 1 6 13 18 llU..lJt.&.U llepl 1 l t tere 
1 Jl. , e 12 5 5 7 7 

12 13 
~ 

e 1 69 76 66 '3 21 100 ,. 2 ,, Jl. AlJ.aA&& 55 
.Q.. l.tiS.II I Car: a& I 
.Q.. 1LI...IJi.u.l.. 
Jl. M.LA.UJ..U.& 

H IT 
Jl. M.LA.UJ..U.& r. Ll..aA.u..U 
Jl. UUI. 

I 22 
57 3 

.l.l...l...aauL .ul.l..ui 
I.IIAIAIII ((11111 .LU. 
bepgyereyaia .I.LLt.&l.1..a 
I.I..UJ...& .ulla.cJ..a 
, A It t I I 1 I I t • .aa.aa.t.J..U.. II 

CbaropllJt•• 77 13 21 6 9 72 I 0 181 18 1) n 32 ,, 32 

Table 4. Penhorn Lake arcellacean distribution expressed as percentages of total count and 1; sting-of charophytes, x=less than 1%. 
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constricta were the dominant species in this segment of the core, 

although high percentages of Difflugia urceolata forma elongata and 

Difflugia urens were also present together with moderate numbers of 

charophytes. Directly above the 3 93 em level, assemblage B is defined, 

and is a 28 em unit which is almost barren. Assemblage C characterizes 

the next 25 em, where initial high numbers decrease upcore. There is a 

decrease in species diversity although not as distinct as the change in 

total numbers. Centropyxis aculeata is the dominant species although high 

percentages of Centropyxis constricta were also observed. The next 25 em 

is characterized by an assemblage very similar to assemblage B. Total 

numbers and diversity are low with the dominant member being Centropyxis 

aculeata. Assemblage C seems to be repeated over the next 20 em. The 

microfauna! assemblage is similar to that present in assemblage C, 

although there was a higher percentage of Difflugia oblonga observed at 

the top of the section. Assemblage D occurs over the next 35 em, and is 

characterized by moderate numbers and diversity with Difflugia oblonga 

being the dominant member. An inverse relationship seems to exist between 

Centropyxis aculeata and Difflugia oblonga, and this relationship can 

also be observed in other sections of the core. The next 20 em, 

assemblage E, is characterized by low numbers, although Difflugia oblonga 

is the dominant species in this assemblage. The number of charophytes per 

sample also varies greatly throughout these assemblages. Assemblage F, 

over the next 160 em is characterized by high diversity, being strongly 

co-dominated by Difflugia oblonga, Pontigulasia compressa and Difflugia 

bacillifera, all of which display an inverse relationship with 

Centropyxis aculeata, which is the dominant species at some intervals. 

This is the only interval in which Difflugia bacillifera is present in 
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significant numbers. Together, these four species comprise 73 to 91 per 

cent of each sample. Charophytes are absent or in very low numbers 

throughout this interval. Assemblage G is recognized in the interval from 

80 to 60 em and is characterized by low populations and species diversity 

while Centropyxis aculeata is the dominant member. From 60 em to the top 

of the core, assemblage H, populations and diversity are very high, with 

the greatest number of individuals observed in this material. Centropyxis 

aculeata dominates the assemblage to 20 em, above which an inverse 

relationship exists with it and other co-dominant species such as 

Difflugia oblonga, Difflugia corona and Pontigulasia compressa. 

Charophytes are present in low numbers throughout this interval. The 

upper assemblage again does not match the surficial distribution 

indicating we have missed the upper few em. 

Radiocarbon dates of 9035 +/- 350 years B. P. (Lab no. GX-10693) 

were obtained from 270-273 em and 11,730 +/- 440 years B. P. (Lab no. 

GX-10694) from 399-430 em. 

Results of the pollen analysis are summarized in tables 5,6,and 7. 

The density of pollen grains per sample varies throughout the core, with 

a dramatic decrease below 289 em. Birch is the most common pollen type 

but there are varying quanti ties of pine, hemlock, spruce and oak as 

well. The appearance of beech occurs late in the Penhorn Lake record. 

Below the 289 em level of the core, the pollen spectrum reflects an 

area of open vegetation with few trees present in the vicinity of the 

deposit, and climatic conditions were probably similar to that of Baffin 

Island today (Ogden, pers. comm., 1985). The tree pollen was poorly 

preserved (Ogden, pers. comm., 1985) indicating the source was probably 

not local. Climatic conditions then improve and closed forests were 



RAtl POLLEN DATA FOR 22 SA~PLES 
ID DEP AB LAR PIC PIN TSU ACR BET CRP CRY FAG FRX JUG POP !WE TIL ULM AUI COR SAL ERI COM CYP 6RS SPH 

P-1 ~. 

P-1 ~. 

P-1 19 7. 
P-1 39 •. 
P-1 7!3 1. 
P-1 99 1. 
P-1 119 5. 
P-1 149 0. 
P-1 159 I. 
P-1 179 0. 
P-1 199 1. 
P-1 239 l. 
P-1 259 3. 
P-1 279 6. 
P-1 289 3. 
P-1 309 0. 
P-1 329 0. 
P-1 3~9 0. 
P-1 369 0. 
P-1 3B9 0. 
P-1 398 0. 
P-1 406 0. 

LEGEND 

3. 9. 10. 9. 
0. 16. lB. 10. 
0. 12. 22. 20. 
3. B. 19. 24. 
5. 0. 26. 32. 
0. 2. 33. 15. 
4, 6. 41. 7. 
0. 3. 30. 37. 
2. 0. 38. 33. 
0. 5. 51. lB. 
6. 4 51. 23. 
0. 4. 8B. 13. 
6. 10. 59. I. 
2. 20. 16. o. 
I. 8. 13. o. 
2. 4, II. 0. 
3. 10. 11. 0. 
0. 0. 1. 0. 
0. 1. I. 0. 
0. 0. 2. 0. 
1. 1. ( 0. 
0. 3. 12. 0. 

OEP- Depth in em 
AB- Fir 
LAR- Larch 
PIC- Spruce 
PIN- Pine 
TSU- Hemlock 
ACR--Map 1 e 
BET- Birch 
CRP- Hornbeam 
CYR- Hickory 
FAG- Beech 
FRX- Ash 
JUG- Walnut 

0. 57. 8. 0. 7. 
0. 38. 7. 0. 6. 
2. 62. 3. 
2. 70. 11. 
2. B2. 12. 

1. 11. 
o. 2•. 
0. 6. 

0. 67. 2. 
l. 62. 9. 
2. 53. 3. 
o. 26. 8. 
1. 17. 0. 
3. 26. 6. 
I. 28. 2. 
1. 23. 6. 
1. 6B. 14, 
1. 64., JA., 

0. 9. o. 
0. 15. I. 
0. 0. 0. 
o. 0. 0. 
0. 1. 0. 
0. 1. 0. 
0. 10. 2. 

o. 
0. 
0. 
0. 
0. 
1. 
0. 
0. 
0. 
o. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

POP- Poplar 
QUE- Oak 
TIL- Basswood 
ULM- Elm 
ALN- A 1 der 
COR- Bayberry 
SAL- Willow 

., ... 
0. 
0. 
0. 
0. 
0. 
o. 
o. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

2. 
0. 
1. 
1. 
2. 
0. 
I. 
2. 
0. 
0. 
I. 
I. 
0. 
0. 
2. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
I. 
o. 
0. 
0. 
0. 
0. 
0. 
0. 

ERI- Heath Family 
COM- Composite Family 
CYP- Sedge 
GRS- Grass 
SPH- Hicrosphcres 

o. 6. 
1. 10. 
1. 16. 
0. 5. 
o. 17. 
o. 19. 
1. 18. 
0. 11. 
0. 7. 
o. 5. 
1. 13. 
0. lB. 
0. 6. 
I. 7. 
1. 7. 
o. 1. 
1. 0. 
o. 0. 
0. 0" 
0. 0. 
0. 0. 
0. 0. 

0. 
0. 
0. 
0. 
0. 
0 • 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
o. 
0. 
0. 
0. 
0. 

o. 
0. 
0. 
1. 
o. 
I. 
0. 
I. 
0. 
0. 
1. 
0. 
2. 
0. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

Table 5. Raw pollen data from Penhorn Lake core. 

B. 7. 
6. 4. 

6. 8. 
8. I. 
3. 2. 
3. 3. 
~. 0. 
3. 10. 
5. 1. 
• . 3. 
3. 5. 
2. 3. 
9. 3. 
~. 7. 
5. I. 
0. 2. 
0. 2. 
0. 0. 
0. 0. 
0. 0. 
0. I. 
3. 3. 

o. 
I. 
1. 
1. 
0. 
0. 
1. 
o. 
o. 
1. 
I. 
o. 
o. 
1. 
1. 
2. 
1. 
0. 
0. ., ... 
1. 
0. 

2. 
1. 
0. 
I. 
2. 
0. 
o. 
o. 
o. 
o. 
1. 
0. 
I. 
o. 
o. 
I. 
I. 
0. 
0. 
0. 
2. 
0. 

1. 
0. 
4. 

I. 
I. ., 
'-· 
I. 
0. 
o. 
0. 
0. 
0. 
0. 
1. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 
!. 

1. 
2. 
., 
/.., 

2. 
1. 
c. 
2. 
1. 
2. 
1. 
1. 
I. 
2. 
0. 
2. 
6. 
2. 
5. 
1. 
I. 
0. 
s. 

4, 54, 

1. 19. 
4. 104., 
3. 111. 
I. 7.t. 

70. 
I. 87. 
3. 110. 
I. 92. 
0. 24. 
1. 39. 
0. 20. 
1. 42. 
0. 44, 

1. 41. 
3. 41. 
1. 55. 
0. 37. 
0. 23. 
1. 38. 
1. 49. 
5. 27. 



------------------------------------------------------------------------------------------------------------------
PERCENTAGES FOR 22 POLLEN SAiiPLES 

ID DEP AB LAR PIC PIN TSU ACR BET CRP CRY FAG FRX JUG POP GUE TIL UUI ALN COR SAL ERI COli CYP GRS SPH 
--------------------------------------------------------------------------------------------------------
P-1 2 2.9 2.2 6.5 7.2 6.5 0.0 41.3 5.8 0.0 5.1 1.4 0.0 0.0 4.3 0.0 0.0 5.8 5.1 0.0 1.4 • 7 • 7 2.9 
P-1 9 3.2 0.0 12.8 14.4 8.0 0.0 30.4 5.6 0.0 4.8 0.0 0.0 .8 8.0 0.0 0.0 4.8 3.2 .8 .8 0.0 1.6 .8 
P-1 19 3.8 0.0 6.6 12.0 10.9 1.1 33.9 1.6 .5 6.0 .5 0.0 .5 8. 7 0.0 0.0 3.3 4,4 .5 0.0 2.2 1.1 2.2 
P-1 39 2.1 1.6 4.2 10.1 12.7 1.1 37.0 5.8 0.0 12.7 .5 0.0 0.0 2.6 0.0 .5 4.2 .5 .5 .5 .5 1.1 1.6 
P-1 79 .5 2.6 0.0 13.3 16.4 1.0 42.1 6.2 0.0 3.1 1.0 0.0 0.0 8. 7 0.0 0.0 1.5 1.0 o.o 1.0 .5 .5 .5 
P-1 99 .6 0.0 1.3 21.4 9. 7 0.0 43.5 1.3 0.0 1.3 0.0 0.0 0.0 12.3 0.0 .6 1.9 1.9 0.0 0.0 1.3 0.0 2.6 
P-1 119 3.0 2.4 3. 7 25.0 4,3 .6 37.8 5.5 0.0 0.0 .6 0.0 .6 11.0 0.0 0.0 2.4 0.0 .6 0.0 .6 1.2 .6 
P-1 149 0.0 0.0 1.9 18.9 23.3 1.3 33.3 1.9 0.0 0.0 1.3 0.0 0.0 6.9 0.0 .6 1.9 6.3 0.0 0.0 0.0 .6 1.9 
P-1 159 .8 1.6 0.0 30.6 26.6 0.0 21.0 6.5 0.0 0.0 0.0 0.0 0.0 5.6 0.0 0.0 4.0 .8 0.0 0.0 0.0 1.6 .8 
P-1 179 0.0 0.0 4,7 48.1 17.0 .9 16.0 0.0 0.0 0.0 0.0 0.0 0.0 l, 7 0.0 0.0 3.8 2.8 .9 0.0 0.0 .9 0.0 
P-1 199 • 7 4,0 z. 7 34.2 15.4 2.0 17.4 4,0 . 7 0.0 . 7 0.0 . 7 8. 7 0.0 . 7 z.o 3.4 • 7 • 7 0.0 .7 • 7 
P-1 239 .6 0.0 2.5 ~.3 8.0 .6 17.3 1.2 0.0 0.0 .6 0.0 0.0 11.1 0.0 0.0 1.2 1.9 0.0 0.0 0.0 .6 0.0 
P-1 259 2.3 4.5 7.5 44,4 .8 .8 17.3 4,5 0.0 0.0 0.0 0.0 0.0 4.5 0.0 1.5 6.8 2.3 0.0 .8 0.0 1.5 .8 
P-1 279 4,1 1.4 13.5 10.8 0.0 . 7 45.9 9.5 0.0 0.0 0.0 0.0 .7 4, 7 0.0 0.0 2. 7 4. 7 • 7 0.0 • 7 0.0 o.o 
P-1 289 2.4 .8 6.3 10.2 0.0 .8 50.4 11.0 0.0 0.0 1.6 .8 .8 5.5 0.0 .8 3.9 .8 .8 0.0 .8 1.6 .8 
P-1 309 o.o 4,9 9.8 26.8 0.0 0.0 22.0 0.0 0.0 0.0 0.0 0.0 0.0 Z.4 0.0 0.0 0.0 4.9 4.9 2.4 0.0 14.6 7.3 
P-1 329 0.0 6.3 20.8 22.9 0.0 0.0 31.3 2.1 0.0 0.0 0.0 0.0 2.1 0.0 0.0 0.0 0.0 4.2 2.1 2.1 0.0 4.2 2.1 
P-1 349 0.0 0.0 0.0 16.7 o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 83.3 0.0 
P-1 369 0.0 0 .o 33.3 33.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 33.3 0.0 
P-1 389 0.0 0.0 0.0 28.6 0.0 0.0 14.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 28.6 0.0 0.0 14.3 14.3 
P-1 398 0.0 8.3 8.3 33.3 0.0 0.0 8.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.3 8.3 16.7 0.0 0.0 8.3 
P-1 406 0.0 0.0 6.8 27.3 0.0 0.0 22.7 4,5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.8 6.8 0.0 0.0 2.3 11.4 11.4 
-----------------------------------------------------------------------------------------------------------------------------

LEGEND 

DEP- Depth in em POP- Pop 1 a r 
AB- Fir QUE- Oak 
LAR- Larch TIL- Basswood 
PIC- Spruce ULM- Elm 
PIN- Pine ALN- Alder 
TSU- Hemlock COR- Bayberry 
ACR--Map l e SAL- Willow 
BET- Birch ERI- Heath Family 
CRP- Hornbeam COM- Composite Family 
CYR- Hickory CYP- Sedge 
FAG- Beech GRS- Grass 
FRX- Ash SAH- Microspheres 
JUG- Walnut 

Table 6. Percentage pollen data from Penhorn Lake core. 



.. 

PW.EN TOT Al.S FOR 22SMPLES 
IIOT D£PTH SUMP SUI'ISAP SUfiNAP TQTPOl PCTAP PCTSAP PCTNAP 

P-1 2 115. 17. 6. 138. 83.3 12.3 4.3 
P-1 9 110. 12. 3. 125. 88.0 9.6 2.4 
P-1 19 158. 15. 10. 183. 86.3 8.2 5.5 
P-1 39 172. 11. 6. 189. 91.0 5.8 3.2 
P-1 79 185. 7. 3. 195. S.C.9 3.6 1.5 
P-1 99 142. 6. 6. 15l. 92.2 3.9 3.9 
P-1 119 155. 5. 4. 1~. S.C.5 3.0 2.4 
P-1 149 142. 13. •• 159. 89.3 8.2 2.5 
P-1 159 115. 6. 3. 124. 92.7 4.8 2.4 
P-1 179 97. 8. 1. 106. 91.5 7.5 .9 
P-1 199 137. 10. 2. 149. 91.9 6. 7 1.3 
P-1 239 156. 5. 1. 162. 96.3 3.1 .6 
P-1 259 117. 13. 3. 133. 88.0 9.8 2.3 
P-1 279 135. 12. 1. 148. 91.2 8.1 • 7 
P-1 289 116. 7. 4, 127. 91.3 5.5 3.1 
P-1 JOS 27. 5. 9. 41. 65.9 12.2 22.0 
P-1 329 41. 4. 3. 48. 85.4 8.3 6.3 
P-1 :M9 1. 0. 5. 6. 16.7 0.0 83.3 
P-1 369 2. 0. 1. 3. 66.7 0.0 33.3 
P-1 38S 3. 2. 2. 7. 42.9 28.6 28.6 
P-1 398 7. 4. 1. 12. 58.3 33.3 8.3 
P-1 406 27. 6. 11. 44. 61.4 13.6 25.0 

-------------------------------------

LEGEND 

DEPTH- em 
SUMAP- Sum Abo rea 1 (Tree) Pollen= AP 
SUHSAP- Sum sub-Abo rea 1 (Shrub) Pollen= SAP 
SUMNAP- Sum non-Abo rea 1 (Herb) Pollen= NAP 
TOTPOL- Sum AP+SAP+NAP (Terrestrial pollen only) 
PCTAP- Percent AP 
PCTSAP- Percent SAP 
PCTNAP- Percent NAP 

Table 7. Sunmary of pollen data from 
Pen horn Lake core. 
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developing around 9800 years ago (329 em level) which is indicated by the 

higher percentage of tree pollen. The appearance of fir pollen, which has 

a very large pollen grain and cannot be transported far by wind, confirms 

that the forest vegetation was established in the vicinity of the site. 

DISCUSSION 

Albro Lake: A radiocarbon date of 9550 +/- 215 years B. P. at the 

221-225 level gives an average sedimentation rate of 0.23 mm /yr since 

that time. If the sedimentation rate had been constant since the 

formation of the lake (which is unlikely ), the 59 em of sediment below 

this interval would represent another 2500 years. These approximate 

values suggest that the lake was formed in the late Pleistocene and most 

of the post-glacial history of the area is recorded in the core. 

Arcellaceans were present in low numbers throughout most of the 

core; usually numbers present were too small to be statistically 

significant. The bottom 10 em of the core is almost barren while directly 

above this section Centropyxis spp. are relatively abundant over a 20 em 

interval. The total population then sharply declines until the 20 em 

level in the core. This indicates that the conditions were initially 

favorable for the colonization of arcellaceans, although the sudden drop 

in population size means that there must have been some change in 

environmental conditions that was unfavorable for the continued growth of 

the arcellacean population. 

Although the total number of arcellaceans is small in the interval 

from 240 to 30 em, Centropyxis aculeata and Difflugia urens are the 

dominant species, and show an inverse relationship throughout this 
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section of the core. From 20 em to the top of the core, populations and 

species diversity increase indicating conditions were again favorable to 

establish a stable arcellacean population. The moderately high numbers of 

arcellaceans found in the surface samples show that arcellaceans are 

suited to the present environmental conditions of Albro Lake. 

It is interesting to note that the inverse relationship between 

Centropyxis aculeata and Difflugia urens is observed in the top 20 em of 

the core, although Pontigulasia compressa and Difflugia oblonga are also 

dominant members of this assemblage. Difflugia oblonga and Pontigulasia 

compressa dominate the surface samples although there are also high 

percentages of Centropyxis aculeata and Difflugia corona; Difflugia urens 

is present in low numbers in the surface samples. The differences in the 

assemblage types from the top of the core and the surface samples 

indicate that the uppermost part of the core containing the transition 

zone is missing. It also indicates some kind of significant environmental 

change in the recent past. The presence of Difflugia urens just below the 

surface, but not in the surface, is similar to patterns observed in other 

N. s. lakes (Patterson, et al., 1985). 

Charophytes were present in most sections of the core, which 

indicate aquatic conditions were favorable for the growth of the plants 

(eg. water pH > 5.5) since soon after the lake formed. 

The pollen record, although not determined, should be very similar 

to Penhorn Lake at corresponding absolute time intervals since the two 

lakes are close to each other. 

Penhorn Lake: The sediment core from Penhorn Lake differs from the 

Albro Lake core in a number of ways. Total numbers and species diversity 



-14-

are considerably higher in the Penhorn core, while numbers present in the 

Penhorn Lake surface samples are greater by an order of magnitude than 

observed in Albro Lake surface samples. The morphological variation of 

species observed in the Penhorn core was greater than that observed in 

the Albro Lake core; this may have been due to the greater number of 

specimens present in the Penhorn Lake samples. 

The sediment column in Penhorn Lake is also much longer than in 

Albro Lake; four meters of sediment represent 11,730 +/- 440 years B. P. 

and there is at least another meter of sediment that could not be 

obtained during the coring procedure due to problems encountered. The 

radiocarbon dates reveal that the sedimentation rates have not been 

constant. The approximate rate for the past 9000 years is 0. 30 mm/yr 

while the 2700 years prior to that had an approximate rate of 0.50 mm/yr. 

Eight broad types of assemblages are observed in this core, stable 

over various time periods, and the transition between the assemblage 

types occurs over a relatively short time period. 

The assemblage present in the lower 18 em of the core is 

characterized by reasonably high numbers and species diversity. Species 

diversity is very high in the basal core sample, although the next 

appearance of many of these species is much higher up in the core. The 

morphotypes of most species in this assemblage were much smaller than 

observed throughout the remainder of the core; consistently small test 

size may be an expression of environmental conditions at that time. Two 

possible situations may account for the small test size. Conditions may 

have been unfavorable for thecamoebians, food being scarce, resulting in 

the organism having little cytoplasm. When the organism divides the new 

individuals would be smaller than the parent, and the expression of this 
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would be an organism with a small test. This has been shown in clonal 

lineages by Hegner (1919 and 1920). The other possibility is that 

conditions were extremely favorable for thecamoebians and the organisms 

divide so often they never get very large. This has been demonstrated 

with foraminifera (Bradshaw, 1961). 

The sediment types correspond well to the repeated B and C 

assemblages. Dark brown, mottled silty mud was the sediment type 

assemblage B was observed in, while the similar microfauna! assemblage 

further upcore was also observed in this sediment type. Assemblage C was 

observed in another sediment type, but where the microfauna! assemblage 

was repeated, the corresponding sediment type was observed. This 

indicates cyclic events where depositional and environmental conditions 

return to what they had been previously, after a period of varying 

conditions. 

The abundance of assemblages present over short intervals, in the 

section of the core from 240 to 408 em, representing a relatively short 

time period (about 2000 years), indicates environmental conditions may 

not have been stable over this period and microfossil assemblages reflect 

this. The pollen profile indicates a warming trend during this time which 

may be affecting the composition of assemblages although other factors 

such as food supply and sedimentation rates probably also affect them. 

Charophytes were present throughout this section of the core so 

conditions must have been favorable for the growth of aquatic plants. 

Population size is relatively constant over the interval assemblage 

F is observed in, and implies a period of stable conditions. This was the 

only interval in which Difflugia bacillifera is present in significant 

numbers and although this species was not reported by Scott and Medioli 
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(1983) or Patterson et al. (1985), it has been observed in Newfoundland 

lakes (Kerr, 1984). Very few charophytes were observed over this interval 

which suggests that, although conditions were favorable for the 

establishment of a stable arcellacean population, this period was not 

favorable for the growth of aquatic plants. 

From 60 em to the top of the core, populations and diversity are 

very high, with the greatest number of individuals observed in this 

material. Centropyxis aculeata is the dominant species at some intervals, 

declining rapidly towards the top of the core, and an inverse 

relationship is observed with other co-dominant species such as Difflugia 

oblonga, Difflugia corona and Pontigulasia compressa. Charophytes were 

observed in low numbers which indicates conditions were again favorable 

for the growth of aquatic plants, although probably not as favorable as 

in the segment of the core below 240 em. 

It is interesting to note that there are two distinct clones of 

Difflugia corona in the upper 60 em of the core and in the surface 

material, the smaller (pl. 2, fig. 7) being the major contributor to the 

population. There is no other record of Difflugia corona being the 

dominant member in observed modern assemblages from other areas, so there 

must be some unique environmental or chemical conditions present in 

Penhorn Lake today favorable for the dominance of Difflugia corona. 

Pollen analysis is done on lake cores since the pollen profiles 

reflect vegetational and climatic changes since deglaciation. Low 

abundances of pollen are indicative of glacial conditions while an 

abundance of tree pollen indicates warmer periods. 

Mott (1975), analyzed sediment cores from two small lakes in 

southwestern New Brunswick and defined a zone where hemlock pollen 
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increased until about 5120 years ago and then abruptly declined in 

abundance. A sharp increase in beech pollen was also observed as hemlock 

decreased until about 3000 years ago when there was again an increase in 

hemlock. This period is known as the post-glacial "warm-dry maximum" 

(Ogden, 1971). This bimodal hemlock-beech-hemlock distribution was not 

observed in the Penhorn Lake core although a bimodal hemlock-oak-hemlock 

distribution was observed at approximately the corresponding time 

interval. Beech pollen was not present in the Penhorn Lake core until 

after the re-establishment of hemlock, so the establishment of beech in 

this part of Nova Scotia must have occurred later than in New Brunswick. 

Livingston (1968), analyzed a core from Bluff Lake, N. s., about 35 

km from Penhorn Lake, and the hemlock-oak-hemlock bimodal distribution, 

as well as the late arrival of beech were also observed in this core. 

Decloitre (1953), suggested that Centropyxis spp. were tolerant to 

brackish conditions and this has been observed in cores by Patterson 

( 1983), Honig ( 1984), and McCarthy ( 1984). Kerr ( 1984) relates 

Centropyxis aculeata to interglacial periods. There is no evidence from 

this study to indicate that the dominance of Centropyxis aculeata in many 

intervals of the core is related to brackish conditions. The observations 

do show that an inverse relationship exists between the genus Centropyxis 

and the genera Difflugia and Pontigulasia. Centropyxis aculeata is 

observed almost exclusively in zones where total populations are very 

low, assumed to be times of adverse environmental conditions, therefore 

it seems to be a very hardy species and indicative of all harsh 

environments, not only brackish conditions. It also seems to be a poor 

competitor with most Difflugia species and Pontigulasia compressa which 

is indicated by the inverse relationship with these species once their 
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population has been established. 

In the 18 em segment at the bottom of the core, Difflugia spp. are 

present with Difflugia urceolata f. elongata having the highest 

percentages. The inverse relationship with Centropyxis aculeata is also 

observed. The pollen analysis indicates conditions were cold at that 

interval and the higher percentage of this Difflugia species may be 

indicative of cold, stable conditions although this is speculative due to 

the few samples available from this zone. This species is observed in 

both core and surface assemblages of New Brunswick lakes (Patterson, et. 

al., 1985) but has not been linked with an environmental factor except 

that it is not a cold water indicator in N. B. 

Significant percentages of Difflugia bacillifera were observed in 

the period determined from the pollen analysis to be the post-glacial 

warm-dry maximum, and high percentages of this species may be an 

indicator of warmer conditions. Kerr ( 1984), recognized higher 

percentages of this species at approximately the same time interval in a 

core from Newfoundland. 

CONCLUSIONS 

Arcellacean assemblages in lakes from the same general area may be 

quite variable. Climatic conditions at corresponding time intervals can 

be the same and the variation in the assemblages must be the result of 

other environmental or chemical factors specific to the lake. These could 

include food supply, sedimentation rates, pH or varying concentrations of 

other ions and minerals present in the water. The low populations 

observed in the Albro Lake core cannot be related to the paleoclimate 
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since high numbers of arcellaceans were observed in the Penhorn Lake core 

at the same time. 

Assemblages within a lake change with time in species dominance and 

in total numbers. Centropyxis aculeata appears to be dominant in harsh 

environments, although it is a poor competitor with species of the genus 

Difflugia and Pontigulasia compressa, which are successful 

environmental conditions. Significant percentages of 

in stable 

Difflugia 

bacillifera in an assemblage may be an indicator of warmer paleoclimates. 

Therefore, arcellaceans may reflect environmental conditions and be 

useful tools in paleoecological analysis since deglaciation. 

Presently, both Albro and Penhorn Lakes are favorable environments 

for the colonization of arcellaceans. The dominance of Difflugia corona 

in surface material from Penhorn Lake may be an expression of alkaline 

conditions of the lake, or it may be related to some other chemical 

factor. 

The pollen analysis revealed that the post-glacial warm-dry maximum 

is recorded in Nova Scotia by a bimodal hemlock-oak-hemlock distribution, 

and the migration of beech to Nova Scotia occured later than in New 

Brunswick. 
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ABBREVIATED TAXONOMY 

This paper is not taxonomic in nature. Descriptions of Difflugia 

bacillifera and Nebela collaris are detailed since these species were not 

dealt with by Medioli and Scott (1983) in their major revisory study on 

arcellaceans from eastern Canada. That paper was the primary reference 

used for species identification. The original reference and the most 

recent have been listed for most species. Some synonyms have also been 

listed for those species for which taxonomic problems have been 

particularily severe. 

Illustrations representing typical specimens observed are included. 

This iconography does not illustrate the total variability present in 

each taxon. 

Centropyxis aculeata (Ehrenberg,1832) 

ab Ehrenberg, 1830 

pl. 2, fig. 1. 

Arcella aculea ta EHRENBERG, 1832, ( ab Ehrenberg, 1 830, p. 60, nomen 

nudum), p. 91. 

Centropyxis aculeata (Ehrenberg). STEIN, 1859, p. 43, MEDIOLI and SCOTT, 

1983, p. 39, pl. 7, figs. 10-19. 

Description: The test is yellow to brown in color, ovoid or circular, 

and depressed. The anterior slope is large with a small anterior angle, 

which Medioli and Scott (1983) report to be 15 to 40 degrees in material 

from Lake Erie. Medioli and Scott ( 1983) also reported a low height to 



-21-

length ratio of 0.4 to 0.5 from material they examined. The aperture is 

usually subcentral, commonly slightly anterior, and invaginated. Spines, 

when present, are variable in number and are usually concentrated along 

the posterior margin. Although the test is largely organic, many of the 

specimens I observed were completely covered with minute silica grains 

giving the test a grey color. These specimens had no spines, were 

generally circular in dorsal view and had variable apertural shapes. Many 

specimens from the Penhorn Lake core showed intergradations with 

Centropyxis constricta. 

Centropyxis constricta (Ehrenberg,1843) 

pl. 2, fig. 2 

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

1 • 

Difflugia constricta (Ehrenberg). LEIDY, 1879, p. 120, pl. 18, figs. 

8-55. 

Centropyxis constricta (Ehrenberg). DEFLANDRE, 1929, p. 340, text-figs. 

60-67. MEDIOLI and SCOTT, 1983, p. 41, pl. 7, figs. 1-9. 

Description: The test is yellow to brown and may be chitinous but it is 

usually covered with minute silica grains. The test is much less 

depressed than in Centropyxis aculeata and usually elliptical in dorsal 

view. Medioli and Scott (1983) report a height to length ratio of 0.5 to 

1.1. The aperture is invaginated to varying degrees, circular or oval and 

is in the antero-marginal position. One or more spines may be present at 
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the fundus although none were present on any chitinous tests observed 

here. Intergradations with ~. aculeata were observed. 

Difflugia bacillifera Penard, 1890. 

pl. 1, figs. 1-2; pl. 2, figs. 3-5 

Difflugia bacillifera PENARD, 1890, p. 146, pl. 4. figs. 61-66; 1893, p. 

1079; 1899, p. 257; 1902, p. 230, figs. 1-4 (p. 231). (?) RHUMBLER, 1895, 

p. 76, pl. 4, fig. 20. CASH and HOPKINSON, 190 9, p. 17, pl. 10, fig. 1 • 

GROSPEITSCH, 1958, p. 44-45, Abb. 38, fig. C. OGDEN and HEDLEY, 1980, p. 

124, pl. 51. KERR, 1984, p. 29, pl. 1, figs. 4-7. 

Difflugia pyriformis LEIDY {pars) 1879, p. 108, text fig. 22. 

Difflugia pyriformis var bacillifera LEVANDER 1895, p. 14. 

Difflugia septentrionalis var bacillifera AVERINTZEV 1906, p. 209. 

Description: The test is largely xenogenous; the matrix usually fine 

grained and brown. Xenosomes are represented by more or less large clasts 

of quartz or other minerals and/or diatom frustules. The diatom frustules 

often obscure, because of their large size, the real shape of the test 

underneath. The test is elongate, ovoid on the fundus side tapering into 

a narrow, often cylindrical neck. In some specimens a lip at the end of 

the neck is visible. The shell may be slightly twisted. The aperture is 

small and subcircular. 

Discussion: Medioli and Scott ( 1983) had tentively suggested that Jl. 

bacillifera could be a junior synonym of Difflugia oblonga. Possibly part 

of the forms that they listed as junior synonyms of Q. bacillifera are 

genuine junior synonyms of Q. oblonga. The problem with this species is 
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represented by the large diatom frustules that obscure the shape of the 

test. Since the Medioli and Scott paper (1983), abundant new material has 

been dealt with and the decision has been reached that there is now 

sufficient evidence to suggest that some of the forms that Medioli and 

Scott (1983) listed under Q. bacillifera probably do represent an 

independent taxon. Kerr (1984) considered Q. bacillifera as a valid 

species. Some doubts still exist but I decided to keep this species 

separated from Q. oblonga at least until new evidence becomes available. 

The differentiation of Q. bacillifera from Q. oblonga is seldom an 

easy one. The overall shape of most pyriform Q. oblonga specimens and the 

normal shape of most Q. bacillifera (except for the deformation caused by 

the large diatom frust ules) are almost identical. .D... bacillifera, is 

often characterized by a well organized apertural lip which is commonly 

missing on Q. oblonga in which, at best, the aperture is surrounded by a 

row of well oriented quartz grains. It is conceivable that when the 

diatom frustules are not present as xenosomes, the two species are 

systematically confused when the apertural lip, for some reason is 

missing from Q. bacillifera. 

Difflugia corona Wallich,1864 

pl. 1, figs. 3-4; pl. 2, figs. 6-7 

Difflugia proteiformis (sic) (Ehrenberg) subspecies Q. globularis 

(Dujarin) var. Q. corona (Wallich). WALLICH, 1864, p. 244, pl. 15, figs. 

4b, ?4a, ?4c; pl. 16, figs. 19, 20. 

Difflugia corona Wallich. MEDIOLI and SCOTT, 1983, p. 22, pl. 1, figs. 

6-14. 
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Description: The test is opaque, ovoid to spherical, quite variable in 

size and although composed of angular quartz grains has a smooth 

appearance. Two distinct morphotypes were observed in the samples 

studied. Both had a large, central, circular aperture and the larger 

morphotype had a variable number of spines and a crenulated apertural 

collar (pl. 2, fig. 6). The smaller morpho type had a smooth a pert ural 

collar that was thicker than the one present in the larger morphotype. No 

spines were observed on these tests (pl. 2, fig. 7). 

Difflugia oblonga Ehrenberg, 1832 

pl. 2' fig. 8 

Difflugia oblonga EHRENBERG, 1832, p. 90. MEDIOLI and SCOTT, 1983, p. 25, 

pl. 2, figs. 1-17, 24-26. 

Difflugia pyriformis PERTY, 1849, p. 168. 

Description: The test is brown, extremely variable in size and shape, 

typically oblong or pear-shaped, with a rounded fundus or may be expanded 

into one or more blunt spines. The test is composed of fine to coarse 

quartz grains. The neck is subcylindrical and tapers to a round or 

slightly oval aperture. Some of the specimens I observed exhibited a 

single blunt spine in the central fundal position while generally most 

were without spines. 

Difflugia protaeiformis Lamarck,1816 

pl. 2, fig. 9 
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Difflugia protaeiformis LAMARCK, 1816, p. 95, figures in LeClerc, 1816, 

pl. 17, figs. 1-5. MEDIOLI and SCOTT, 1983, p. 17, figs. 15-20. 

Difflugia acuminata EHRENBERG, 1830, p. 95. 

Description: The test is yellow to brown, shape is extremely variable, 

especially with regard to neck length, and is composed of various sized 

quartz grains and diatom frusules may also be present. The fundus is 

tapering and sometimes prolonged into one or more blunt spine processes. 

The transition from test to spine is a smoother curve than observed in Q. 

oblonga. The aperture is large, almost circular and terminal. One spine 

was usually present at the periphery of the fundus on specimens from my 

samples. 

Difflugia tricuspis Carter,1856 

pl. 1 , fig. 5; pl. 2, figs. 1 0-11 

Difflugia tricuspis CARTER, 1856, p. 221, pl. 7, fig. 80. MEDIOLI and 

SCOTT, 1983, p. 28, pl. 4, figs. 5-19. 

Difflugia lobostoma LEIDY, 1874a , p. 79. 

Description: The test is opaque or grey, variable in shape, from 

subspherical to oval, with no neck. The aperture is small, deeply 

indented by three to six or more lobes. The test has a smooth appearance 

and is generally composed of fine quartz grains although diatom or other 

organic material may be incorporated into the test. Medioli and 

Scott ( 1983) suspect that in many cases the test is wholly autogenous 
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which could put this species outside of the genus Difflugia as it is 

presently defined. Part of the definition for the genus Difflugia is that 

the test be made out of hard organic matter and entirely covered with 

siliceous xenosomes of mineral and/or biological origin (Medioli and 

Scott, 1983). The specimen (pl. 2, fig. 11) appears to have an autogenous 

test so it may not actually be a test of Q. tricuspis according to the 

above definition. This, and other similar specimens, were identified as 

Q. tricuspis since the problem of proper classification has not yet been 

resolved. 

Difflugia urceolata Carter,1864 

pl. 2, fig. 12 

Difflugia urceolata CARTER, 1864, p. 27, pl. 1, fig. 7. MEDIOLI and 

SCOTT, 1983, p. 31, pl. 3, figs. 1-23; pl. 2, figs. 1-4. 

Description: The test is opaque, ovoid to spherical, large and composed 

of medium to fine sand grains and has a smooth appearance. The fundus is 

rounded with blunt proturbances in some specimens. A short neck 

terminates in a straight or recurved collar variable in size and shape. 

The apperture is quite large and circular. 

Difflugia urceolata forma elongata Penard,1902 

pl. 1 , fig. 6; pl. 2, figs. 13-14 

Difflugia urceolata forma elongata PENARD, 1902, p. 270, text figs. 1-4. 

PATTERSON et al., p. 135, pl. 1, figs. 1-3. 
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Description: The test is opaque, spherical, very small and composed of 

coarse to fine sand grains. Under very high magnification the test has a 

rough appearance. The fundus is rounded and no blunt proturbances were 

observed, these may be masked by the coarse grainsize. A short neck 

terminates in a recurved, thick apertural collar variable in size and 

shape. The aperture is large and circular. This form is very similar to 

Q. urceolata except for 1) the size of the test, 2) grainsize of material 

incorporated into the test, and 3) no proturbances were observed at the 

fundus of any Q. urceolata f. elongata. Therefore, there seems to be 

little taxonomic significance in separating Q. urceolata f. elongata from 

Q. urceolata although I have done so in this paper. 

Difflugia urens Patterson, MacKinnon, Scott and Medioli, 1985. 

pl. 1 , fig. 7; pl. 2' fig. 15 

Difflugia urnula (Gruber,1884). PATTERSON, 1983, p. 25, pl. 3, figs. 

5-14. 

Difflugia urens PATTERSON et al., 1985, p. 135, pl. 3, figs. 5-14. 

Description: The test is brown and composed of sand or silica fragments 

of various grainsizes. Diatom frustules and other biological material are 

also included in most specimens from my material. The shape is 

subspherical, with a narrow circular aperture, and an outward expanded 

flanged collar of variable width boardering the aperture. A diaphram, 

partial or complete, may or may not cross the aperture. In many specimens 

I observed, such as the one illustrated here (pl. 2, fig. 15), the 



aperture was partially or completely obscured. 

Heleopera sphagni (Leidy,1874b). 

pl. 1' fig. 8; pl. 2, fig. 16 

Difflugia (Nebela) sphagni Leidy, 1874b, p. 157. 
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Heleopera sphagni (Leidy). CASH and HOPKINSON, 1909, p. 143, pl. 30, 

figs. 4-9. MEDIOLI and SCOTT, 1983, p. 37, pl. 6, figs. 15-18. 

Description: The test is brown to pinkish brown in color, ovoid and 

laterally compressed with a narrow oval to slit-like aperture. The test 

is composed of fine grains near the aperture becoming coarser at the 

fundus with an overall smooth appearance in general. The test may be 

xenosomic or composed of scaly siliceous idiosomes (Deflandre, 1953). 

Lagenodifflugia vas (Leidy,1874b). 

pl. 2 ' fig. 17 

Difflugiia .Y.SA LEIDY, 1874b, p. 155 (binomen used for a variety of 

Difflugia pyriformis Perty, 1849), p. 99, pl. 12, figs. 2-9. 

Pontigulasia .Y.§A (Leidy). SCHOUTEDEN, 1906, p. 338, footnote. 

Lagenodifflugia .Y.SA (Leidy). MEDIOLI and SCOTT, 1983, p. 33, pl. 2, figs. 

18-23' 27' 28. 

Description: The test is brown and composed of sand grains and in some 

cases organic fragments may be incorporated into the test. The main part 

of the test is ovoid, and a constriction is present at the base of the 
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neck. The aperture is slightly oval and present at the extremity of the 

neck. In my samples the constriction is not always distinct and the 

specimens display an intergradatiion with Jl. oblonga as reported by 

Patterson (1983) and Kerr (1984). 

Lecguereusia spiralis (Ehrenberg,1840). 

pl. 2, figs. 18-20 

Difflugia spiralis EHRENBERG, 1840, p. 199. 

Lecguereusia spiralis (Ehrenberg). PENARD, 1902, p. 326, text figs. 1-10. 

Description: The test is practically colorless, ovoid with an 

asymmetrical neck and a constriction at the base of the neck where it 

meets the body. Medioli and Scott (1983) report that this constriction 

corresponds to an internal diaphram and the neck is often asymmetrical 

because of the assymetrical position of the diaphram. The internal 

diaphram is shown in pl. 1, fig. 20, indicated by the arrow. The test is 

composed of various sizes of quartz grains and the siliceous idiosomes 

shaped like curved rods typical of Lecguereusia were not noted in any of 

my samples. Medioli and Scott (1983) suggest an intergradation between~. 

spiralis and Pontigulasia compressa and this was also observed in my 

material. 

Nebela collaris (Ehrenberg,1848a). 

pl. 1, fig.9; pl. 2, fig. 21 

Difflugia collaris EHRENBERG, 1848a, p. 218; (?) EHRENBERG, 1872, p. 143, 

pl. 2, fig. 27. 
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Difflugia reticulata EHRENBERG, 1848a, p. 218; EHRENBERG, 1854, p. 331; 

(?) EHRENBERG, 1872, p. 143, pl. 2, Die terrestrischen Arcellinen sect., 

fig. 26. 

Difflugia cancellatta EHRENBERG, 1848b, p. 379; EHRENBERG, 1854, p. 331; 

EHRENBERG, 1872, p. 145, pl. 2, Die terrestrischen Arcellinen sect., fig. 

3. 

Difflugia Carpio EHRENBERG, 1854, p. 331; EHRENBERG, 1872, p. 146, pl. 2, 

Die terrestrischen Arcellinen sect., figs. 27a,b. 

Difflugia carinata ARCHER, 1867, p. 178. 

Difflugia purpurescens EHRENBERG, 1872, p. 145, pl. 2, fig. 24. 

Difflugia binodis EHRENBERG, 1872, p. 145, pl. 2, figs. 22, 23. 

Difflugia (Nebela) equi-calceus LEIDY, 1874b, p.156; LEIDY, 1876, p. 118, 

figs. 12, 13; CASH and HOPKINSON, 1909, pl. 3, fig. 94. 

Difflugia (Nebela) numata LEIDY, 1874b, p. 157. 

Nebela numata LEIDY, 1876, p. 116, figs. 1-5. 

Nebela carinata (Archer), LEIDY, 1876, p. 118, figs. 10,11; LEIDY, 1879, 

p. 154, pl. 24, figs. 1-10; SCHOUTEDEN, 1906, p. 354-355, fig. 26 

Nebela collaris (Ehrenberg), LEIDY 1879 (pars), p. 145, pl. 22, figs. 

1-20; pl. 23 , figs. 1-7; pl. 24 , figs. 11 , 12. CERTES, 1 889 , p. 11-1 3 , 

pl. 2, figs. 2-5. PENARD, 1890, p. 157, pl. 6, figs. 21-24. PENARD, 1902, 

p. 347, figs. 1-7. SCHOUTEDEN, 1906, p. 354-356, fig. 27. 

Nebela dentistomata PENARD, 1890,p. 162, pl. 6, figs. 98-100; pl. 7, 

figs. 1-5. 

Nebela galeata PENARD, 1890, p. 161, pl. 6, figs. 78-84. 

Nebela tubulosa PENARD, 1890, p. 159. 

Nebela militaris PENARD, 1890, p. 164, pl. 7, figs. 16-22. 
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Description: The test is pale yellow; the outline is quite variable but 

essentially pyriform in broadside view and more or less elongated. It is 

always laterally compressed with the lateral border, usually, expanded 

into a keel that varies from broad and ill-defined to sharp edged. The 

test is pseudo-autogenous, often made of idiosomes of various shapes 

derived from other thecamoebians on which Nebela preys. Occasionally, but 

not often, it agglutinates xenosomes of mineral nature. Dimensions are 

quite variable, from 0.06 mm to 0.20 mm in length; 0.04 mm to 0.12 mm in 

breadth and from 0.008 mm to 0.06 mm in thickness although larger 

dimensions have been reported in the literature. The aperture varies from 

a simple elongated oval shape and sometimes convex downward. In narrow 

side view this often results in a notched appearance of the final part of 

the neck. 

Discussion: This species is highly variable and different morpho types 

have been separated in the literature under specific names. The shell is 

basically compressed pyriform, longer than broad but the relative 

porportions can vary exceedingly. The neck is attached to the main body 

either with convex lines or with nearly straight lines. Leidy (1879) had 

already noticed the extraordinary variety of xenosomes used by the 

organism to form the test. He had also noticed that the size of what he 

considered as idiosomes had no relationships with the size of the shell 

itself ( ie. often the smaller test had the larger xenosomes). He also 

noticed that the elements composing the shell were of variable shapes and 

occasionally were substituted by quartz particles, diatom frust ules and 

sponge spicules. Leidy (1879) elaborated on the origin of the supposed 

idiosomes but could not come up with an explanation. We know today that 
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these xenosomes are derived from idiosomes of other thecamoebians. 

Nebela collaris was orginally described by Ehrenberg ( 1848) under 

the name Difflugia collaris. His Difflugia reticulata, Difflugia Carpio, 

Difflugia cancellata, Difflugia binodis and Difflugia purpurescens are 

all synonoms of lf.. collaris. Probably Ehrenbergs Difflugia annulata, 

Difflugia laxa and Difflugia cellulifera are also synonoms. In 1872, 

Ehrenberg rearranged most of the nominal species in a trinomial system in 

which they fell under the category Difflugia reticella which is split 

into an edentate subgroup (allodictya) and a dentate one (odontodictya). 

The taxonomic value of these names vis a vis the binomial system is 

rather obscure. If they were taken as subgeneric groups then the entire 

taxonomy of thecamoebians would have to be rearranged. Nobody has used 

these names for the last century and a half and therefore I legitimately 

consider them as nomina oblita (International Code of Zoological 

Nomenclature, article, 23b; Stoll, 1964). 

In 1874, Leidy created the new species Difflugia numata which he put 

into the subgenus Nebela. In 1876, the subgenus Nebela was apparently 

elevated to the genus rank by the same author. In 1879, Leidy admitted 

that his Nebela numata was a junior synonom of Nebela collaris. 

In my list of synonyms I have not even attempted to list all the 

cases in which the various binomena have been used by the various 

authors, nor have I listed all the nominal species that were obviously 

junior synonyms or that have been considered junior synonyms by other 

authors. I have limited the list of synonyms to the nominal species that 

have been used more frequently, or to those very old ones that are more 

likely to affect the name of the species. Under the name Nebela collaris 

(Ehrenberg, 1848a), Ogden and Hedley figure a form which is distinctly 
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wider than the form figured by Ehrenberg (1872) under the name Difflugia 

Reticella collaris which, in Ehrenberg's oppinion, was a synonym of his 

own (1848a) Q. collaris. In the same paper the two authors differentiate, 

on what appears too be very questionable criteria, this species and 

Nebela carinata (Archer, 1867), Nebela dentistoma Penard 1890, Nebela 

galeata Penard 1890, Nebela militaris Penard 1890, and Nebela tubulosa 

Penard 1890. All these species appear to me to belong together under the 

name H. collaris. 

The complete treatment of this species, which is one of the 

commonest in nature, and as such one of the most widely split in the 

literature, is a very major taxonomic problem that exceeds the limits of 

an honours thesis and cannot possibly be dealt with at this time. 

Pontigulasia compressa (Carter, 1864). 

pl. 2' fig. 22 

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

Pontigulasia compressa (Carter) • AVERINTSEV, 1 906 , p. 16 9. MEDIOLI and 

SCOTT, 1983, p. 35, pl. 6, fiigs. 5-14. 

Description: The test is brown, usually large, laterally compressed with 

a well defined neck of variable length joining the body in a v-shaped 

wedge. The junction between the neck and the test is marked by a visible 

constriction which Medioli and Scott (1983) report to be the location of 

a doubly perforated internal diaphram. The aperture, located at the end 

of the tapering neck, is rounded or elliptical in cross section. The test 

is composed of fine grained silica particles. Intergradation between this 
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species and Lecquereusia soiralis was observed in some specimens as 

reported by Medioli and Scott (1983) and McCarthy (1984). 



PLATE 1 

Drawings courtesy of F. s. Medioli 

Note: bar scales present below each drawing 

Figures 1,2 

Figures 3,4 

Figure 5 

Figure 6 

Figure 7 

Difflugia bacillifera Penard, 1890 

1. side view of fine grained specimen with xenosomes 

of diatoms: note apertural lip 

2. side view of specimen with coarse xenosomes 

although fine xenosomes at the aperture 

Difflugia corona Wallich, 1864 

3. side view of specimen with spines and crenulated 

apertural collar 

4. side view of specimen with a smooth, thick 

apertural collar 

Difflugia tricuspis Carter, 1856 

5. side view of specimen with poorly developed 

lobes at the aperture 

Difflugia urceolata f. elongata Penard, 1902 

6. side view of specimen with coarse xenosomes 

and a short neck 

Difflugia urens Patterson et al., 1985 

-35-



Figure 8 

Figure 9 

7. side view of specimen with xenosomes of various 

sizes and composition 

Heleopera sphagni (Leidy, 1874) 

8. side view of specimen; note grainsize increase 

at fundus 

Nebela collaris (Ehrenberg, 1848a) 

9. side view of pseudo-autogenous test; note keel 

on lateral border 
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PLATE 2 

Note: bar scales present below each photograph 

Figure 1 

Figure 2 

Figures 3-5 

Figures 6,7 

Figure 8 

Centropyxis aculeata (Ehrenberg, 1830) 

1. ventral view of specimen without spines 

Centropyxis constricta (Ehrenberg, 1843) 

2. side view of specimen with two spines 

Difflugia bacillifera Penard, 1890 

3. side view of large specimen with variable 

xenosome composition 

4. side view of specimen with coarse xenosomes 

although finer at the aperture 

5. side view of fine grained specimen with a 

well developed apertural lip 

Difflugia corona Wallich, 1864 

6. side view of specimen with spines and 

and crenulated apertural collar 

7. side view of specimen with coarse xenosomes 

and a smooth, thick apertural collar 

Difflugia oblonga Ehrenberg, 1832 

8. side view of typical specimen 
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Figure 9 

Figures 10,11 

Figure 12 

Figures 13,14 

Figure 15 

Figure 16 

Difflugia protaeiformis Lamarck, 1816 

9. side view of specimen with a broken aperture: 

fundus tapers to a blunt spine 

Difflugia tricuspis Carter, 1856 

10. side view of xenogenous specimen with 

poorly developed apertural lobes 

11. side view of autogenous specimen with 

well developed apertural lobes 

Difflugia urceolata Carter, 1864 

12. side view of specimen with a recurved apertural 

collar and blunt proturbances at the fundus 

Difflugia urceolata f. elongata Penard, 1902 

13. side view of specimen with xenosomes of various 

sizes and a recurved apertural collar 

14. side view of typical specimen 

Difflugia urens Patterson et al., 1985 

15. side view of specimen with xenosomes of various 

sizes and composition: arrow indicates location 

of aperture which is completely obscured by a 

diaphram at the opening 

Heleopera sphagni (Leidy, 1874) 

16. side view of laterally compressed specimen: 
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Figure 17 

Figures 18-20 

Figure 21 

Figure 22 

note grainsize increase at fundus 

Lagenodifflugia vas (Leidy, 1874) 

17. side view of specimen with a slight constriction 

at the base of the neck 

Lecquereusia spiralis (Ehrenberg, 1840) 

18. side view of typical specimen 

19. side view of typical specimen 

20. apertural view of specimen with coarse xenosomes: 

arrow indicates the location of an internal 

diaphram 

Nebela collaris (Ehrenberg, 1848a) 

21. side view of specimen that collapsed slightly 

at the base of the neck: note keel on lateral 

border 

Pontigulasia compressa (Carter, 1864) 

22. side view of typical specimen with 

v-constriction at base of the neck 

-39-



L 



-40-

I would like to thank my supervisors, Drs. D. B. Scott and F. s. 

Medioli for their interest, time and help throughout the duration of this 

study. I would especially like to thank Dr. Medioli for preparing line 

drawings of some specimens, his assistance, especially with the taxonomic 

review, and his ideas and encouragement, and Dr. Scott for invaluable 

technical advice and information and putting up with continued 

interruptions of his work when I needed assistance. I also thank Dr. J. 

G. Ogden for completing the pollen analysis on very short notice and his 

help with interpretations; Chloe Younger for her assistance with core 

handling and sample preparation; Kathy MacKinnon for her assistance while 

learning the species; B. Deonarine for taking the SEM photos; John 

Robinson for his help with the word processor and the people who helped 

in collecting the samples. 



-41-

REFERENCES 

Archer, W., 1867. Quarterly Journal of Microscopical Science, new ser., 

v. 7' p. 177-179. 

Averintzev, S, 1906. Rhizopoda presnykh vod. Imperatorskoe 

Sankt-Peterburgskoe Obshchestvo Estestvoispytatelei Trudy, v. 36 no. 2, 

p. 1-346, pls. 1-5. 

Bradshaw, J. s., 1961. Laboratory experiments on the ecology of 

foraminifera: Contributions from the Cushman Foundation for 

Foraminiferal Research, v. 12, pt. 3, p. 87-106. 

Carter, H. J., 1856. Notes on the freshwater Infusoria of the island of 

Bombay: No. 1. Organization: Annals and Magazine of Natural History, 

ser. 2, v. 18, no. 105, p. 221-249, pls. 5-7. 

Carter, H. J., 1864. On freshwater Rhizopoda of England and India: 

Annals and Magazine of Natural History, ser. 3, v. 13, p. 18-39, pls. 1, 

2. 

Cash, J., and Hopkinson, J., 1909. The British freshwater Rhizopoda and 

Heliozoa. Vol. II: Rhizopoda, Part II: Ray Society, London, p. 1-166, 

pls. 17-22. 

Certes, A., 1889. Protozoaires, in Mission scientifique du Cap Horn. 

1882-1883. Tome VI, Zoologie, 3e partie: p. L3-L43, pls. 1-6: 



-42-

Gauthier-Villars, Paris. 

Decloitre, L., 1953. Recherches sur les Rhizopodes Thecamoebiens 

d'A.O.F.: Memoires de l'Institut Francais d'Afrique Noire, no. 31, p. 

1-249. 

Deflandre, G. , 1929. Le genre Centropyxis Stein: Archiv fur 

Protistenkunde, v. 67, p. 322-375. 

Deflandre, G., 1953. Ordres des Testaceolobosa (De Saedeleer, 1934), 

Testaceofilosa (De Saedeleer, 1934), Thalamia (Haeckel, 1862) ou 

Thecamoebiens (Auct.) (Rhizopoda Testacea), in Grasse, P. P., ed., 

Traite de Zoologie, Tome I, fasc. 2, p. 97-148, pl. 1; Masson, Paris. 

Ehrenberg, G. c., 1830. Organisation, Systematik und geographisches 

Verhaltnis der Infusionsthierchen. Berlin: Druckerei der Koniglichen 

Akademie der Wissenschaften, p. 1-108, pls. 1-8. 

Ehrenberg, G. c., 1832. Uber die Entwicklung und Lebensdauer der 

Infusionsthiere, nebst ferneren Bei tragen zu einer Vergleichung ihrer 

organischen Systeme: Konigliche Akademie der Wissenschaften zu Berlin 

Abhandlungen, 1831, Physikalische Abhandlungen, pp. 1-154, pls. 1-4. 

Ehrenberg, G. c., 1840. (No title): Konigliche Preussische Academie der 

Wissenschaften zu Berlin Bericht, 1840, p. 197-210. 

Ehrenberg, G. C., 1843. Verbreitung und Einfluss des mikroskopischen 



-43-

Lebens in Sud und Nord Amerika: Konigliche Akademie der Wissenschaften 

zu Berlin Abhandl ungen, 1 841 , Physikalische Abhandl ungen, p. 291-446, 

pls. 1-4. 

Ehrenberg, G. c., 1848a. Ueber eigenthumliche auf den Baumen des 

Urwaldes in Sud- Amerika zahlreich lebende mikroskopische oft 

kieselschalige Organismen: Bericht uber die zur Bekanntmachung 

geeigneten Verhandlungen der Koniglichen Preussischen Akademie der 

Wissenschaften zu Berlin, v. 13, p. 213-220. 

Ehrenberg, G. C., 1848b. Fortgesetzte Beobachtungen uber jetzt 

herrschende atmospharische mikroskopische Verhaltnisse: Bericht uber die 

zur Bekanntmachung geeigneten Verhandlungen der Koniglichen Preussischen 

Akademie der Wissenschaften zu Berlin, v. 13, p. 370-381. 

Ehrenberg, G. c., 1854. Mikrogeologie. Das Erden und Felsen schaffende 

Wirken der unsichtbar kleinen selbstandigen Lebens auf der Erde. 

Leipzig: Leopold Voss: 2vols, p. I-XXVIII, 1-374. 

Ehrenberg, G. c., 1872. Ubersicht der seit 1847 fortgesetzten 

Untersuchungen uber das von der Atmosphare unsichtbar getragene reiche 

organische Leben: Physikalische Abhandlungen der Koniglichen Akademie 

der Wissenschaften zu Berlin, aus dem Jahre 1871, p. 1-150, pl. 1,2. 

Grospeitsch, T., 1958. Wechseltierchen (Rhizopoden): Kosmos-Gesellschaft 

der Naturfreunde & Franckh'sche Verlagshandlung (Stuttgart), p. 1-82, 

pls. 1-4. 



-44-

Gruber, A., 1884. Die Protozoen des Hafens von Genua: Nova Acta 

Academiae Cesareae Leopoldino-Carolinae Germanicae Nature Curiosorum, V. 

66, no. 4, p. 473-539, pls. 7-11. 

Hegner, R. W., 1919. Quantitative relations between chromatin and 

cytoplasm in the genus Arcella, with their relations to external 

characters: National Academy of Science, Proceedings, v. 5, p. 19-22. 

Hegner, R. W., 1920. The relation between the nuclear number, chromatin 

mass, cytoplasm mass, and shell characteristics in four pieces (sic!) of 

the genus Arcella: Journal of Experimental Zoology, v. 30, p. 1-95, 

textfigs. 1-47. 

Honig, C. A., 1984. Postglacial stratigraphy of southwestern New 

Brunswick: St. Patrick's Lake and Big Pond: Honours Thesis, Dalhousie 

University, Halifax, N. s. 

Hutchinson, G. E., 1975. A treatise on limnology: John Wiley & Sons, New 

York, v. 3, p. 1-660. 

Kerr, H. A., 1984. Arcellaceans in Eastern Canada: selected 

biostratigraphic and biological studies: Honours Thesis, Dalhousie 

University, Halifax, N. S. 

Lamarck, J. B. , 1816. Histoire na turelle des animaux sans vertebres: 

Verdiere, Paris, tome 2, p. 1-568. 



-45-

LeClerc, L., 1816. Note sur la Difflugie, nouveau genre de Polype 

amorphe: Musee d'Histoire Naturelle, Paris, Memoires, v. 2, p. 474-478, 

pl. 17. 

Leidy, J., 1874a. Notice of some new fresh-water Rhizopods: Academy of 

Natural Sciences of Philadelphia Proceedings, ser. 3, 1874, p. 77-79. 

Leidy, J., 1874b. Notice of some Rhizopods: Academy of Natural Sciences 

of Philadelphia Proceedings, ser. 3, 1874, p. 155-157. 

Leidy, J., 1876. Remarks on the rhizopod genus Nebela: Academy of 

Natural Sciences of Philadelphia Proceedings, ser. 3, 1876, p. 115-119. 

Leidy, J., 1879. Fresh-water Rhizopods of North America: United States 

Geological Survey of the Territories Report, v. 12, p. 1-324, pls. 1-48. 

Levander, K. M., 1894. Materialien zur Kenntniss der Wasserfauna in der 

Umgebung von Helsingfors. Acta Soc. Fauna Flora fenn, v. 12, no. 2, p. 

1-115, pls. 1-3 

Livingston, D. A., 1968. Some interstadial and postglacial pollen 

diagrams from eastern Canada: Ecological Monographs, v. 38, p. 87-125. 

Loeblich, A. R., Jr., and Tappan, H., 1964, Sarcodina, chiefly 

"Thecamoebians" and Foraminiferida, in Moore, R. c., ed., Treatise on 

Invertebrate Paleontology, Part C, Protista2, v. 1, p. i-xxxi, C1-510a: 



-46-

Geological Society of America and University of Kansas Press. 

McCarthy, F.' 1984. Infraspecific variation in Arcellacea 

(Thecamoebians) from Eastern Canada and a selected biostratigraphic 

study. Honours Thesis, Dalhousie University, Halifax, N. s. 

Medioli, F. s., and 

(Thecamoebians) from 

Scott, D. B. , 

Eastern Canada: 

1983. Holocene Arcellacea 

Cushman Foundation for 

Foraminiferal Research, Special Publication no. 21, 63p. 

Medioli, F. s., and Scott, D. B., (in press). Lacustrine Thecamoebians 

(mainly Arcellaceans) as potential tools for paleolimnological 

interpretations: Paleogeography, Paleoclimatology, Paleoecology, 

Elsevier, Amsterdam. 

Medioli, F. s., Scott, D. B., and Abbott, B. H., (in prep.). 

Cucurbitella tricuspis; experiment on test formation, analysis of the 

mode of life and Taxonomic revision. 

Mott, R. J., 1975. Palynological studies of lake sediment profiles from 

southwestern New Brunswick: Canadian Journal of Earth Sciences, v. 12, 

pt. 1, p. 273-288. 

Ogden, J. G. III, 1959. A late-glacial pollen sequence from Martha's 

Vineyard, Massachusetts: American Journal of Science, v. 257, pp. 

366-381. 



-47-

Ogden, J. G. III, 1971. Postglacial vegetation and climate: Encyclopedia 

of Science and Technology, McGraw-Hill Book Company, Inc., New York. 

Ogden, c. G., and Hedley, R. H., 1980. An atlas of Freshwater Testate 

Amoebae: British Museum (Natural History), London and Oxford University 

Press, Oxford, 222p. 

Patterson, R. T., 1983. Arcellaceans of several small lakes in 

southwestern New Brunswick; their modern distribution and stratigraphic 

importance. Honours Thesis, Dalhousie University, Halifax, N. s. 

Patterson, R. T., MacKinnon, K. D., Scott, D. B., and Medioli, F. s., 

1985. Arcellaceans ("Thecamoebians") in small lakes of New Brunswick and 

Nova Scotia: modern distribution and Holocene stratigraphic changes: 

Journal of Foraminiferal Research, v. 15, no. 1, p. 24-37. 

Penard, E., 1890. Etudes sur les Rhizopodes d'eau douce: Memoires de la 

Societe de Physique et d'Histoire Naturelle de Geneve, v. 31, no. 2, p. 

1-230, pls. 1-11. 

Penard, E., 1893. Pelomyxa palustris et quelques autres organismes 

inferieurs: Bibliotheque Universelle, Archives des Sciences Physiques et 

Naturelles, s. 3, v. 29, no. 2, p. 161-180, pl. 3. 

Penard, E., 1899. Les Rhizopods de faune profonde dans le lac Leman: 

Revue Suisse de Zoologie, v. 7, p. 1-142, pls. 1-9. 



-48-

Penard, E., 1902. Faune rhizopodique du bassin du Leman: Henry Kundig, 

Genere, 714 p. 

Perty, M., 1849. Mikroskopische Organismen der Alpen und der 

italienischen Schweiz: Naturforschende Gesellschaft in Bern 

Mittheilungen, 1849, p. 153-176. 

Rhumbler, L., 1895. Beitrage zur Kenntnis der Rhizopoden. (Beitrag III, 

IV und V): Zeitschrift fur wissenschaftliche Zoologie, v. 61, no. 1, p. 

38-110, pls. 4, 5. 

Schouteden, H., 1906. Les Rhizopodes testaces d' eau douce d' apres la 

Monographie du Prof. A. Awerintzew: Annales de Biologie Lacustre, v. 1, 

no. 3, p. 327-382, pl. 1,2. 

Scott, D. B., and Medioli, F. s., 1980a. Living vs. total foraminiferal 

populations: their relative usefulness in paleoecology: Journal of 

Paleontology, v. 54, no. 4, p. 814-831. 

Scott, D. B., and Medioli, F. s., 1980b. Quantitative studies of marsh 

foraminiferal distributions in Nova Scotia: implications for sea level 

studies: Cushman Foundation for Foraminiferal Research, Special 

Publication, no. 21, 57p. 

Scott, D. B., and Medioli, F. s., 1983. Agglutinated rhizopods in Lake 

Erie: modern distribution and stratigraphic implications: Journal of 

Paleontology, v. 57, no. 4, p. 809-820. 



-49-

Stein, S. F. N. von, 1859. Uber die ihm aus eigener Untersuchung bekannt 

gewordenen Susswasser-Rhizopoden: Konigliche Bohmische Gesellschaft der 

Wissenschaften Abhandlungen, ser. 5, v. 10, Bericht der Sectionen, p. 

41-43. 

Stoll, N. R., ED., 1964, International Code of Zoological Nomenclature 

adopted by the XV International Congress of Zoology. 2nd ed.: 

International Trust for Zoological Nomenclature (London), p. i-xix, 

1-175. 

Vasicek, M., and Ruzicka, B., 1957. Namurian Thecamoebina from the 

Ostrava-Karvina coal district: Sbornik Naradniho Musea v Praze, Rada B; 

Prirodni Vedy-Acta Musei Nationalis Pragae, ser. B; Historia Naturalis, 

v. 13, no. 5, p. 333-340, pls. 40, 41. 

Wallich, G. c., 1864. On the extent, and some of the principal causes, 

of structural variation among the difflugian rhizopods: Annals and 

Magazine of Natural History, ser. 3, v. 13, p. 215-245, pls. 15, 16. 

Wood, R. D., 1967. Charophytes of North America: Stella's Printing, West 

Kingston, Rhode Island. 

Wright, H. E. Jr., 1967. A square-rod piston sampler for lake sediments: 

Journal of Sedimentary Petrology, v. 37, p. 975-976. 


	undefined: 
	undefined_2: 


