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ABSTRACT

Thecamoebian (testate amoeba) communities appear to respond to a variety of
chemical parameters in aquatic ecosystems impacted by oil sands operations. A sea-
sonal study, conducted over four seasons from May 2008 to March 2009 (spring, sum-
mer, fall and winter) in a constructed aquatic environment at the Mildred Lake site of
Syncrude Canada Ltd. in northeastern Alberta, identified species and strain-level varia-
tion among living (i.e., Rose Bengal-stained) thecamoebians. The changes in this
epibenthic community appeared to reflect seasonal and micro-environmental changes,
as little change in the porewater chemistry, composition of sediments or bottom waters
was observed over the study interval. The total (living + dead) thecamoebian test
assemblage remained relatively constant over the course of the study, suggesting that
the fossil assemblage reflects time-averaged conditions. Some variability was, how-
ever, observed among the species composing the difflugiid population. In addition, the
speed at which they respond to environmental changes emphasizes their potential
usefulness as environmental indicators. This has important implications for the use of
thecamoebians as paleoenvironmental indicators. The difference between living and
total assemblages reflects taphonomic skewing presumably resulting from variations in
preservation potential and/or selective predation of species and strains. 
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INTRODUCTION

Thecamoebians (also called testate amoe-

bae) are protists that form a diverse and important
component of the microbial trophic level within the
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benthic community of lakes and wetlands, and play
a critical role in food webs as the intermediate
between bacterial and benthic invertebrate com-
munities (Patterson and Kumar, 2000; Beyens and
Meisterfeld, 2001). These epifaunal/shallow infau-
nal benthic protozoans, particularly those belong-
ing to the Superfamily Arcellacea, produce a
fossilizable test of pseudo-chitinous material that is
variably agglutinated in different species (Medioli
and Scott, 1983). Their fossilized tests are found in
all freshwater aquatic and moist terrestrial sedi-
ments, although the preservation potential varies
between species, with some rarely reported as fos-
sils (e.g., Difflugia amphora Wallich, 1864), even
though they may be common in community studies
of surface sediments (Boudreau et al., 2005; Pat-
terson and Kumar, 2002). Thecamoebians display
a rapid generation time and a high degree of sensi-
tivity to environmental conditions at the sediment-
water interface and epibenthic zone, and their fos-
sil remains preserve a record of their populations
over time (Boudreau et al., 2005; Patterson et al.,
2002; McCarthy et al., 1995). Unlike most micro-
fossil groups, thecamoebians do not dissolve in
low pH environments, and in comparison to other
microfossil types with shells that preserve well
(e.g., diatoms, spores and pollen) thecamoebians
reflect depositional conditions at the sediment/
water interface of lacustrine freshwater and peat
environments (Patterson et al., 1985). 

Thecamoebians have recently been used to
investigate the impact of sulphide mining in acid-
sensitive lakes in Ontario (Patterson et al., 1996;
Reinhardt et al., 1998; Kumar and Patterson, 2000;
Patterson and Kumar, 2002), the impact of road
salt runoff (Roe et al., 2010) and reclamation
options in the oil sands constructed wetlands in
Northeastern Alberta (McCarthy et al. 2008; Nev-
ille, 2010). As part of the oil sands study, it was
demonstrated that thecamoebians can be used as
proxies to monitor varying degrees of impact of oil
sands constituents (Neville, 2010). To better apply
this tool, an understanding of the natural variability
of the population was required. This included
investigating thecamoebian assemblages in natu-
ral lakes in Northeastern Alberta, as well as identi-
fying their population response characteristics in
relation to seasonal environmental changes. The
families Centropyxidae and Difflugiidae were found
to exhibit different degrees of sensitivity to the
major by-products of oil sands mining activity in the
Suncor Wetlands, with most difflugiid taxa exhibit-
ing high sensitivity and lower tolerance to oil sands
constituents, whereas centropyxid taxa appeared

to thrive in all but the most highly impacted sites.
Major byproducts created during the extraction and
processing of oil sands in Alberta include naph-
thenic acids and elevated levels of conductivity,
both of which are leached from the oil sands during
processing (Harris, 2007). Naphthenic acids (NAs),
a family of low molecular weight, naturally occur-
ring carboxylic acid surfactants are released from
the bitumen into water under the elevated pH con-
ditions used in the oil-sand extraction process.
They are important because in process waters they
have been shown to be responsible for most of the
acute toxicity to aquatic organisms (MacKinnon
and Boerger, 1986; Han et al., 2009). Oil sands
process-affected water (OSPW) also contains ele-
vated levels of ions relative to regional water bod-
ies. Salt leaching from the oil sand during
processing and addition of process chemicals adds
to the ion load, so that conductivity in OSPW
ranges from about 1000 to 5000 S/cm, with the
primary ions being Na, Cl, HCO3 and SO4 (FTFC,
1995). 

The study of thecamoebian response in the
Suncor Wetlands did not isolate environmental
parameters and only focused on water chemistry of
the test systems (Neville, 2010). Recognizing that
these protists respond to physical as well as chem-
ical aspects of their environment, a study to assess
the response of thecamoebians to seasonal envi-
ronmental variations (temperature, dissolved oxy-
gen (DO), nutrients) under consistent chemical
conditions (salinity, NAs) was undertaken. The
majority of seasonality studies have been con-
ducted using foraminiferal populations (Murray,
1973; Boltovskoy and Wright, 1976). The first
investigation of seasonality using living vs. total
populations was conducted by Scott and Medioli
(1980). Much less research, however, has been
conducted using thecamoebians, the only studies
of seasonality to date were conducted on peat-
lands by Heal (1964) and Warner et al. (2007).

METHODS AND MATERIALS

A study of thecamoebian assemblages was
conducted on samples collected during the spring,
summer, fall and winter from the Syncrude Demo
Pond (Figure 1), a large-scale test pond on the Mil-
dred Lake site (458352E, 6326665N) in northeast-
ern Alberta. Demo Pond was chosen for this study
because there has been relatively little change in
its chemical constituents since its construction. It
was constructed in 1993 in an excavation within
the local clay overburden materials, with no
recharge or discharge of either surface or ground
2
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FIGURE 1. Satellite photos showing the location of the Demo Pond on Syncrude property in the Athabasca Oil Sands
(Google Earth, 2009). The yellow dot in Demo Pond indicates the sampling location (floating dock). 
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waters. The small 4-Ha pond was originally filled
with a soft tailings slurry, known as mature fine tails
(MFT consisting of about 30 wt% solids and 1.5
wt% hydrocarbon), to a depth of up to 12 m, and
then capped with about 3 m of non-process runoff
water from the surrounding muskeg. In this typi-
cally steady state system impacts from NAs, salin-
ity and oxygen demand maintain the benthic
community under stress, but below the threshold
for acute toxicity. The seasonal effects on this
water body follow the seasonal cycle of a northern
environment. The ice-cover period extends from
November to April (ice thickness of 80-110 cm).
Other than at the surface DO levels are low
enough for the system to be anoxic, and DO levels
within 5-10 cm of water are classified as anaerobic.
This system provided an opportunity to test the-
camoebian community response in a slightly
stressed habitat to a range of seasonal environ-
mental changes from climate factors, while main-
taining a stable chemical environment. It has been
argued that if seasonal changes are not significant
in smaller aquatic environments that are subject to
greater climate extremes, then they are not likely to
be significant under more stable lacustrine environ-
ments (c.f., Scott and Medioli, 1980). 

Samples from the sediment to water interface
in Syncrude’s Demo Pond were collected on May
21st, July 22nd, August 19th, September 30th 2008
and again on March 12th 2009 by employees of
Syncrude Canada Ltd. Four replicates were col-
lected in May and July, and three replicates were
collected in August, September and March. The
samples were taken using an Ekman grab or a
corer, from a floating dock located in an area of the
pond that was underlain by the MFT zone (Figure
2), water depths averaged 2.65 m. During each
month of sampling, 2 surface samples (0-2 cm)
were collected and the remaining samples were
collected from between 5-15 cm in the core. The
sediment samples were transferred to glass jars
and were stored at 4°C prior to shipping to Brock
University. At the same time, water samples from
above the sediment were collected and transported
to Syncrude Canada Ltd. (SCL) Edmonton
Research facility. Water analysis was performed
using SCL standard protocols (Syncrude, 2005). In
addition, substrate samples were analyzed for sol-
ids, bitumen and particle size distribution using
SCL methods. 

Samples were prepared for thecamoebian
analysis following the standard micropaleontologi-
cal methods described in Scott et al. (2001). Sub-
samples of 5cc were sieved through 500, 63 and

45m mesh. Samples were stained with Rose Ben-
gal to determine the presence of cytoplasm in tests
(Scott and Medioli, 1980; Bernhard, 2000). The
assumption that tests stained using this method
were living at the time of collection has been called
into question (Bernhard et al., 2006). Since the
Demo Pond has only existed since 1993, the prob-
lem of spuriously old stained tests is minimal, so
the new technique proposed by Bernhard was not
employed. For quantitative analysis, the samples
were placed in a gridded Petri dish and wet
counted using a dissecting binocular microscope.
Thecamoebians were identified primarily using the
key by Kumar and Dalby (1998), although refer-
ence was also made to photoplates and descrip-
tions in various publications, notably Medioli and
Scott (1983). Specimens were identified and spe-
cies diversity was calculated using strains,
because strains have been found to convey useful
information on aquatic subenvironments (Kumar
and Patterson, 2000; Kauppila et al., 2006). 

Species diversity was calculated using the
Shannon-Weaver Diversity index (SDI) (Shannon
and Weaver, 1949). Harsh, unfavorable environ-
mental conditions are normally characterized with
an SDI between 0.5 - 1.5, intermediate conditions
rage from 1.5 - 2.5 and favorable/stable conditions
have an SDI >2.5 (Patterson and Kumar, 2002).
The SDI was calculated using the following for-
mula, where S is the species richness for each
sample:

FIGURE 2. Exact sample location and example of core
method of sampling. An abbreviated taxonomy of the
species can be found in the Appendix.
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The relative fractional abundance (Fi) was calcu-
lated for each taxonomic unit using:

where Ci is the species count, and Ni is the number
of individuals (total population) in the sample (Pat-
terson and Fishbein, 1989).

Data analysis was preformed using the com-
puter program Minitab version 15 (Minitab Inc.
USA). To examine the factors that influence the-
camoebian taxon richness, linear regression analy-
sis was preformed between the environmental
variables and the independents (% difflugiid and %
living) (Table 1). Lower P-values indicate a higher
degree of influence by the given variable on the
independent. Canonical Corrrespondence Analysis
(CCA) was used to examine the population rela-
tionships between thecamoebian taxa and the
measured environmental variables. 

The coefficient of variance (CV) was used to
calculate the variance among each parameter
recorded for each month of study (Table 1), where

s is the standard deviation and  is the mean. The
coefficient of variance is a dimensionless measure
of variability expressed as a fraction of the mean.
When comparing between data sets with different
units or widely different means the coefficient of
variation generates comparable values unlike stan-
dard deviation. Similarity among a data set is
expressed by lower covariant values (Davis, 2002).

RESULTS

Parameters such as average sediment to
water interface temperature, air temperature, total
precipitation, and stained tests versus unstained
tests (% living) varied (coefficient of variance val-
ues all <0.58) over the study period from May-Sep-
tember 2008 and March 2009 (Table 1).
Parameters such as naphthenic acid concentra-
tion, conductivity, pH and dissolved oxygen content
(DO), species diversity index (SDI) and the percent
of difflugiid taxa composing the overall population
remained relatively consistent, in contrast (coeffi-
cient of variance values all >0.17). Neither SDI or

percent difflugiid changed by more than 10% over
the course of the study period, while the percent of
the sample living at the time of collection (repre-
sented by stained tests) varied substantially, with
the greatest fraction of stained (living) tests during
July and August, the wettest and warmest months
(Table 1, Figure 3). The thecamoebian population
remained relatively consistent between samples
collected within the same month (P-values <0.05). 

The dominant centropyxid taxon in May and
July was Centropyxis constricta (Ehrenberg, 1843),
whereas Centropyxis aculeata (Ehrenberg, 1832)
increased in abundance during August and Sep-
tember (Figure 3). Arcella vulgaris Ehrenberg,
1830 was present in low numbers in May and
increased in numbers in September. Cucurbitella
tricuspis (Carter) Medioli et al., 1987 remained an
important component of the thecamoebian popula-
tion from May to August. In August the highest pro-
portion of the C. tricuspis population was alive,
while in September its numbers decreased signifi-
cantly. 

The relative abundance of difflugiid (vs. cen-
tropyxid) thecamoebians comprising the monthly
populations remained relatively consistent over the
course of the study (ranging from 74.6 to 87.8%)
(Table 1 and Figure 3). However, the thecamoe-
bian taxa composing the difflugiid population varied
greatly, with P-values > 0.05.

Difflugia oblonga Ehrenberg, 1832 remained
relatively ubiquitous throughout the study (Fig 3),
its living population peaked during the warmest
months of July and August, then its total numbers
decreased significantly in September. Difflugia
urceolata (Carter, 1864) was present (stained and
empty tests) during both May and September but
was virtually absent in July and August. Substantial
increases of both D. urceolata and Pontigulasia
compressa (Carter, 1864) occur in the month of
September (Figure 3). 

The thecamoebians composing the group
“Others” in Figure 3 are Lagenodifflugia vas (Leidy,
1874), Difflugia protaeifomis Lamarck, 1816, Difflu-
gia bidens Penard, 1902, Diffligia corona Wallich,
1864, Difflugia bacillaliarum Perty, 1849 and Difflu-
gia globula (Ehrenberg, 1848). The proportion of
the species grouped as “Others” remains relatively
consistent throughout the study, except for the
month of July. An increase in the number of “Oth-
ers” in July is due to an increase in the number of
living D.globula. The dominant thecamoebian in
July was D. amphora. 

The thecamoebian taxa observed in the
month of March are common species observed in
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the fossil record with very few stained tests (Bou-
dreau et al., 2005; McCarthy et al., 1995) (Figure
3). The majority of the population observed in
March was composed of encysted thecamoebians

DISCUSSION

Seasonal variations of the living (stained) the-
camoebian populations and variations among the
species composing the difflugiid population can be
related to environmental changes (temperature
and precipitation) (Table 1 and 2, Figure 3). The
monthly consistency of the total assemblage com-
position in terms of difflugiids to centropyxids can
be attributed to water chemistry, as the proportion
of difflugiids (vs. centropyxids) did not change with
changing environmental parameters (Table 1, Fig-
ure 3). Scott and Medioli (1980) observed similar
results while conducting a seasonality study using
foraminiferal populations. Their results indicated a
highly variable living foraminiferal population with
insignificant changes to the total assemblage
(Scott and Medioli, 1980). 

The warmer spring and summer months of
May to August harbored high numbers of C. tricus-
pis, D. oblong, D. amphora and D. globula (Figure
3). The substantial increase in D.globula in July
appears to be an anomaly because D.globula is
typically considered an indicator of cool to cold cli-
mates (Collins et al., 1990). C. tricuspis is a com-

mon taxon recorded in most freshwater
environments, due in part to the unusual ecology of
this species, which has a planktonic phase in its life
cycle (Schonborn, 1984; Medioli et al., 1987). It is
possible that September does not harbor a suffi-
cient amount of algal food source to support its
planktonic phase. The high presence of D. oblonga
in the warmer summer months suggests that it can
somewhat tolerate climate extremes (Collins et al.,
1990; McCarthy et al., 1995), but it lives in higher
numbers in temperatures above 10ºC (Table 1). 

During the cooler month of September a
change in the dominant species composing the
thecamoebian population is observed in relation to
species tolerances. In response to a change in
environmental parameters an increase in A. vul-
garis, D. urceolata and P. compressa is observed.
D. urceolata was also present during May, its
absence in July and August, may be due to preda-
tion or because it prefers to live in lower tempera-
tures (Collins et al., 1990; McCarthy et al., 1995)
than those averaging 16ºC as were observed in the
mid summer months. A. vulgaris is typically consid-
ered an indicator of a drop in water body pH (Pat-
terson and Kumar, 2000) or consistently low pH
conditions (Boudreau et al., 2005; Kumar and Pat-
terson, 2000). In this study, however, the increase
of A. vulgaris in September coincides with the high-
est pH values recorded (pH=8.31), which is
unusual as Patterson and Kumar (2000) and Bou-

TABLE 1. Average naphthenic acid, conductivity, pH, dissolved oxygen (DO) and temperature at the sediment water
interface (Temp 1), air temperature (Temp 2) and precipitation for each month. As well as thecamoebian population
specific information, such as average species diversity (SDI), percent of the population composed of difflugiids and per-
cent of the population composed of living (stained by Rose Bengal at time of collection) tests. The coefficient of varia-
tion indicates similarity among each parameter, and P-values indicate the degree of influence each parameter
(variable) had on the independents. 

Date
Naphthenic 

Acids
(mg/L)

Conductivity 
(S/cm)

pH DO
Temp 
1 (Cº)

Temp 
2 (Cº)

Precipitation 
(mm)

Thecamoebian 
Species 

Diversity (SDI)

% 
Difflugiid

% 
Living

May, 08 38.4 1825 7.8 <0.6 12.5 10.1 7.8 2.22 80.6 43.3

July, 08 37.5 2266 7.92 <0.5 17.9 16.2 56.6 2.32 85.9 76.0

August, 08 26 2060 8.25 <0.4 17.8 15.9 137.6 2.03 74.6 71.0

September, 
08

34 1810 8.31 <0.4 9.5 9.8 27.4 2.21 84.1 32.8

March, 09 20 1680 8.45 <0.5 1.3 -0.9 19.8 2.35 87.8 7.63

Coefficient 
of variance 

0.206 0.101 0.034 0.169 0.583 0.587 1.048 0.056 0.063 0.611

P-values comparing parameters to % difflugiid

0.210 0.745 0.791 0.655 0.674 - 0.568

P-values comparing parameters to % living

0.702 0.068 0.335 0.783 0.002 - 0.014
6
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dreau et al., (2005) suggest A. vulgaris is an indi-
cator of a low pH environment. Typically
P.compressa appears to tolerate climate extremes
(McCarthy et al., 1995), and is often found in high
numbers where other species, more sensitive to
climate conditions, can’t thrive. It is common in all

ponds except those undergoing eutrophication
(Collins et al., 1990). This may explain its signifi-
cant increase in total and living numbers during
September, when we observe the lowest propor-
tion of C. tricuspis. 
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FIGURE 3. Thecamoebian population composition for May, July, August, September 2008 and March 2009, with
associated bar graphs representing proportions of stained versus unstained test. 
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Similar to the findings of Heal (1964), we
observed maximum numbers of both the total (liv-
ing + dead) and the living (stained) thecamoebians
from spring to fall, after which time total numbers
decreased as the organisms encysted in prepara-
tion for winter (Heal, 1964).

The species variation observed within the diffl-
ugiid population reflects seasonal changes in envi-
ronmental parameters, as there was insignificant
(P-values <0.05) fluctuation in chemical parame-
ters during the study period (Table 1, Figure 3).
Predation may be in part responsible for the
monthly variations of the dominant difflugiid spe-

cies, as certain thecamoebians may be more sus-
ceptible to predation due to their test composition
(Kumar and Dalby, 1998; Medioli and Scott, 1983).
It is also possible that chemical composition of the
water body imposes one level of constraint (one
controlling factor) on the thecamoebian population.
Water chemistry influences the overall proportions
of the thecamoebian populations in terms of pro-
portions of centropyxids to difflugiids (Figure 4).
Naphthenic acids have the greatest influence on
population distribution, with the lowest P-value in
comparison to the other variables (Table 1 and Fig-
ure 4). Temperature, precipitation and interesting

TABLE 2. Percent abundance (% A), standard error (Error), tests per cc and sum of thecamoebians observed for each
month of study.

Sample May July Aug Sept March

Sum 692 677 365 440 468

Individuals/cc 35 34 24 29 23

% A Error % A Error % A Error % A Error % A Error

Arcella vulgaris (Av) 0.14 0.28 - - - - 0.45 0.63 - -

Centropyxis aculeate (Ca) 0.43 0.49 0.74 0.64 0.55 0.76 0.68 0.77 - -

Centorpyxis aculeata "discoides" (Cad) 5.64 1.72 3.25 1.34 7.40 2.69 6.14 2.24 1.50 1.10

Centropyxis constricta "aerophila"(Caa) 11.85 2.41 7.98 2.04 9.86 3.06 7.27 2.43 1.92 1.24

Centropyxis constricta "constricta" (Ccc) 0.29 0.40 1.92 1.03 0.82 0.93 - - - -

Centropyxis constricta "spinosa" (Ccs) 0.58 0.56 0.15 0.29 - - - - - -

Lesquereusia spiralis (Ls) 0.43 0.49 - - - - 1.59 1.17 0.43 0.59

Pontigulasia compressa (Pc) 8.53 2.08 4.87 1.62 17.81 3.92 29.55 4.26 2.35 1.37

Cucurbitella tricuspis (Ct) 21.97 3.08 14.77 2.67 10.41 3.13 5.45 2.12 6.20 2.18

Lagenodifflugia vas (Lv) 0.43 0.49 - - - - - - - -

Difflugia protaeiformis "claviformis"(Dpc) 4.91 1.61 7.53 1.99 2.19 1.50 5.68 2.16 0.64 0.72

Difflugia protaeiformis "acuminata" (Dpa) 6.65 1.86 12.56 2.50 - - 2.05 1.32 0.21 0.42

Difflugia bidens (Db) 1.01 0.75 1.18 0.81 0.82 0.93 2.27 1.39 - -

Difflugia corona (Dc) 0.43 0.49 1.18 0.81 6.58 2.54 3.64 1.75 0.43 0.59

Difflugia bacillaliarum (Db2) 0.58 0.56 0.30 0.41 - - - - 1.07 0.93

Difflugia urens (Du) - - - - - - 0.23 0.44 0.43 0.59

Difflugia urceolata "urceolata" (Duu) - - 0.15 0.29 1.37 1.19 - - 0.21 0.42

Difflugia urceloata "elongata" (Due) 9.10 2.14 0.30 0.41 1.92 1.41 14.77 3.32 3.63 1.70

Difflugia globula (Dg) - - 3.10 1.31 0.82 0.93 0.45 0.63 0.85 0.83

Difflugia oblonga “glans” (Dog) 8.67 2.10 18.76 2.94 23.84 4.37 9.77 2.77 5.13 2.00

Difflugia oblonga "lanceolata" (Dol) 3.18 1.31 0.74 0.64 6.03 2.44 0.45 0.63 2.78 1.49

Difflugia oblonga "bryophila" (Dob) 1.01 0.75 0.15 0.29 2.19 1.50 - - 0.21 0.42

Difflugia oblonga "tenuis" (Dot) 5.49 1.70 4.43 1.55 - - 3.18 1.64 0.43 0.59

Difflugia amphora (Da) 8.67 2.10 15.95 2.76 7.40 2.69% 6.36 2.28 - -

Thecamoebian cysts - - - - - - - - 71.58 4.09
8
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conductivity have the strongest influence on the liv-
ing (stained) proportion of the thecamoebian popu-
lation (Table 1 and Figure 5). P-values indicate with
greater than 95% confidence that precipitation
(P=0.014) and mainly water temperature (P=0.002)
influence the living population, conductively is
directly related to precipitation in a closed system
such as Demo Pond. 

Water chemistry influences the distribution of
the total (living + dead) populations, in terms of the
proportions of difflugiids to centropyxids while envi-
ronmental factors such as temperature and precipi-
tation influence the living population. The relative
abundance of living (stained) thecamoebians is
positively correlated with temperature and precipi-
tation (Table 1), although the impact of these cli-
matic parameters on benthic protists is probably
indirect, possibly related to bio-productivity and the
availability of food (Burbidge and Schroder-Adams,
1998). Environmental factors also influence the
dominant species within the thecamoebian popula-
tion and cause monthly taxon shifts within the diffl-
ugiid population (Figure 3) even though the
proportion of the difflugiid population in relation to

the centropyxid population remains relatively con-
sistent. This is consistent with the observation that
difflugiid taxa are very sensitive to environmental
parameters (Collins et al., 1990). Neither Heal
(1964) nor Warner et al., (2007) attributed sea-
sonal changes they observed in testate amoebae
communities directly to seasonal changes in envi-
ronmental conditions. Heal (1964) considered
changes in light conditions affecting symbiotic
zoochlorellae in organisms to be one of the main
driving factors in seasonal taxon shifts. 

The literature suggests that D. amphora is
typically found in eutrophic environments (Ellison,
1995), consistent with its increased presence dur-
ing the summer months. D. amphora is not typically
found in fossil records, probably because it has a
low preservation potential. Typically when D.
amphora is present it is observed as a stained (liv-
ing) test. In May, July and August (the spring and
summer months) we observe a higher frequency of
stained in comparison to unstained tests, while in
March D. amphora is completely absent both
stained and unstained. This data strengthens the
argument that D. amphora has a low preservation
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FIGURE 4. Canonical Correspondence Analysis (CCA) species-environment bi-plot. W Temp=water temperature,
Precip=precipitation, DO=dissolved oxygen, Con=conductivity, NA=naphthenic acids. Species name abbreviations
can be found in Table 2. 
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potential, as it is mainly observed as a living
(stained) tests and very rarely as an empty
unstained test.

The few stained tests observed in March are
the species Difflugia oblonga “glans”. The staining
of this test could possibly be attributed to the lon-
gevity error associated with Rose Bengal (Bern-
hard et al., 2006), or it could indicate that this strain
of D. oblonga is particularly tolerant to cold condi-
tions. Interestingly, in March we mainly find
encysted thecamoebians (Table 2 and Figure 6).
Thecamoebians contract their protoplasm and sur-
round themselves within a spherical solid enclo-
sure (cyst) as a means as a means of rest,
dormancy or defense (Ogden and Hedley, 1980).
Thecamoebian cysts are rarely reported in studies
of fossil thecamoebians, possibly because this
phase is relatively short-lived, and may result in
encystment prior to fossilization. Their abundance
(72% of the total population) in Demo Pond in
March, but their absence from samples collected
during the other months, suggests that conditions
at the sediment-water interface were inhospitable,
resulting in encystment. This may be a result of

changes at the sediment water interface in
response to surface icing. It does not appear to
result from high impact of chemical constituents
associated with OSPW, as no cysts were docu-
mented during the study of thecamoebian
response to varying levels of oil sands by-products
in a previous study where OPSW character of the
exposure waters ranged from 0 to 100% (Neville,
2010). 
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FIGURE 6. Thecamoebian cysts observed in March
2009. Images captured using a Leica MZ 12.5 image
capture system.
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In terms of strain level variability it does
appear that some strains prefer certain conditions
(Table 2). Among centropyxiids, it appears that
Centropyxis aculeata “discoides” and Centropyxis
constricta “aerophila” are the most opportunistic,
more tolerant of climate extremes than other cen-
tropyxiids observed during the course of this study,
as only the above mentioned were present in
March. Difflugia urceolata “urceolata” appears to
be more sensitive to cold in comparison to Difflugia
urceolata “elongata” as D. urceolata “urceolata”
was only present during the summer months when
water temperatures were <17 C. D. urceolata
“urceolata” was present in March but only as a
member of the fossil record. 

CONCLUSIONS

The variations observed over the study period
(May, July, August, September and March) suggest
that thecamoebians respond rapidly to seasonal
variables such as temperature, light penetration,
primary production and precipitation. Little variation
in the relative abundance of total difflugiid vs. cen-
tropyxid thecamoebians was observed during the
annual seasonal cycle, validating the use of this
metric as an aquatic environment monitoring tool.
However, the relative abundance of living the-
camoebians (stained tests) and the species com-
position (particularly within the difflugiid taxa)
varied substantially throughout the study. Depend-
ing on the time of year, some thecamoebian spe-
cies appear to be more susceptible to predation or
to have a low preservation potential as they were
mainly observed as stained (live) tests. Paleoeco-
logical studies using thecamoebians should focus
on the species with high preservation potential,
however finding a thecamoebian with low preser-
vation potential in the fossil record would be an
indicator of a very specific environment.

Current environmental conditions should be
gauged based only on the living population during
time of collection. Looking at the total population is
useful for paleoenvironmentalists who are typically
interested in the overall marine lacustrine environ-
ment and not as interested in seasonal perturba-
tions. The total population is a more accurate
indicator of the general environmental conditions. 

ACKNOWLEDGMENTS

We thank Syncrude Canada Limited for allow-
ing us access to the wetlands and analytical
resources, P. Marlow (Golder Associates) for pro-

viding information on the wetlands, M. Lozon
(Brock University) for his graphic designs, B.
Calvert for his statistical insight and D. Christie for
collecting samples in March. 

REFERENCES

Bernhard, J. M. 2000. Distinguishing live from dead fora-
minifera: methods review and proper applications:
Micropaleontology 46: Supplement 1, 38-46]

Bernhard, J.M., Ostermann, D.R., Williams, D.S., and
Blanks, J.K. 2006. Comparison of two methods to
identify live benthic foraminifera: A test between
Rose Bengal and CellTracker Green with implica-
tions for stable isotope paleoreconstructions. Pale-
oceanography, 21:1-8. 

Beyens, L. and Meisterfeld, R. 2001. ‘Protozoa: Testate
amoebae’. p. 121-153. In Smol, J.P., Birks, H.J.B.,
and Last, W.M. (eds). Tracking Environmental
Change Using Lake Sediments. Volume 3: Terres-
trial, Algal, and Siliceous Indicators. Kluwer Aca-
demic Publishers. The Netherlands.

Boltovskoy, E., and Wright, R. 1976. Recent Foramin-
ifera. The Haugue, p. 515. 

Boudreau, E.A., Galloway, J.M., Patterson, R.T., Kumar,
A., and Michel, F.A. 2005. A paleolimnological record
of Holocene climate and environmental change in the
Temagami region, northeastern Ontario. Journal of
Paleolimnology, 33:445- 461.

Burbidge, S.M., and Schroder-Adams, C.J. 1998. The-
camoebians in Lake Winnipeg: a tool for Holocene
paleolimnology. Journal of Paleolimnology, 19:309-
328.

Carpenter, W.B. 1861. On the systematic arrangement of
the Rhizopoda. Natural History Reviews 1:456-472.

Carter, H.J. 1856. Notes on the freshwater Infusoria of
the island of Bombay. No. 1. Organization. Annals
and Magazine of Natural History, series. 2,
18(105):221-249.

Carter, H.J. 1864. On freshwater Rhizopoda of England
and India. Annals and Magazine of Natural History,
series 3, 13:18-39.

Collins, E.S., McCarthy, F.M.G., Medioli, F.S., Scott, D.B.,
and Honig, C.A. 1990. Biogeographic distribution of
modern thecamoebians in a transect along the East-
ern North American coast. p. 783-792. In C. Hemle-
ben et al. (eds). Paleoecology, Biostratigraphy,
Paleoceanography and Taxonomy of Agglutinated
Foraminifera Kluwer Academic Publishers. Amster-
dam. 

Davis, J.C. 2002. Statistics and Data Analysis in Geol-
ogy, third edition. John Wiley & sons Inc. New York. 

Deflandre, G. 1953. Ordres des Testaceolobosa (De
Saedeleer, 1934), Testaceofilosa (De Saedeleer,
1934), Thalamia (Haeckel, 1862) ou Thecamoabians
(Auct.) (Rhizopoda Testacea), in Grassa, P., ed.,
Traite de Zoologie, Tome I, fasc.2, p. 97-148, pl 1;
Masson Paris. 
11



NEVILLE, MCCARTHY, & MACKINNON: THECAMOEBIAN SEASONALITY 
de Saedeleer, H. 1934. Beitrag zur Kenntnisder
Rhizopoden: morphologische und systematische
Untersuchungen und ein Klassifikationsversuch:
M6m. Museum Roy. d'Hist. Nat. Belgique, No. 60, p.
1-112, pls. 1-8.

Dujardin, F. 1835. Observations nouvelles sur les
pr6tendus Cephalopodes microscopiques: Ann. Sci.
Nat., ser. 2, 3:312-314. 

Ehrenberg, C.G. 1830. Organisation, Systematik und
geographisches Verhältnis der Infusionsthierchen.
Druckerei der Königliche Akademie der Wissen-
schaften, Berlin.

Ehrenberg, C.G. 1832. Über die Entwicklung und Leb-
ensdauer der Infusionsthiere, nebst ferneren Beiträ-
gen zu einer Vergleichung ihrer organischen
Systeme. Königliche Akademie der Wissenschaften
zu Berlin Physikalische Abhandlungen, 1831, 1-154.

Ehrenberg, C.G. 1840. Das grössere Infusorienwerke.
Königliche Preussischen Akademie der Wissen-
schaften zu Berlin Bericht, 198-219.

Ehrenberg, C.G. 1843. Verbreitung und Einfluss des mik-
roskopischen Lebens in Süd-und Nord Amerika.
Königliche Akademie der Wissenschaften zu Berlin
Physikalische Abhandlungen, 1841:291-446.

Ehrenberg, C.G. 1848. Uber eigenthumliche auf den
Bamen des Urwaldes in SU-Amerika zahlreich leb-
end mikroskopische oft kieselschalige Organismen.
Königliche Akademie der Wissenschaften zu Berlin
Nonatsber. 213-220.

Ellison, R.L. 1995. Paleolimnological analysis of Ullswa-
ter using testate amoebae. Journal of Paleolimnol-
ogy, 13:1-63. 

Fine Tailings Fundamentals Consortium (FTFC). 1995.
Fine Tailings. In: Advances in Oil Sands Tailings
Research, Alberta Department of Energy, Oil Sands
and Research Division, Publisher. 

Google Earth. 2009. Athabasca Oil Sands, Suncor Sites.
Neville L.A. Google Earth, http://earth.google.com/
(generated March 2009).

Haeckel, E.H. 1862. Die Radiolarien (Rhizopoda Radi-
aria), Pt. 1; Berlin, 1-572.

Han, X., MacKinnon, M.D., and Martin, J.W. 2009. Esti-
mating the in situ biodegradation of naphthenic acids
in oil sands process waters by HPLC/HRMS. Chemo-
sphere, 76:63-70.

Harris, M.L. 2007. Guideline for wetland establishment
on reclaimed oil sands leases (revised second edi-
tion). Prepared by Lorax Environmental for CEMA
Wetlands and Aquatics Subgroup of the Reclamation
Working Group, Fort McMurray, AB. Feb/07.  

Heal, O.W. 1964. Observations on the seasonal and
spatial distribution of testacea (Protozoa:
Rhizopoda): samples from peat. Holocene, 7:199-
205. 

Hempel, A. 1898. A list of the Protozoa and Rotifera
found in the Illinois River and adjacent lakes at
Havana, Ill. Illinois State Laboratory of Natural His-
tory Bulletin, 5:301-388.

Kauppila, T., Kihlman, S., and Makinen, J. 2006. Distri-
bution of Arcellaceans (tesate amoebae) in the sedi-
ments of a mine water impacted bay of lake Retunen,
Finland. Water, Air, and Soil Pollution, 172:337-358. 

Kumar, A. and Dalby, A.P. 1998. Identification Key for
Holocene Lacustrine Arcellacean (Thecamoebian)
Taxa. Paleontological Society.

Kumar, A. and Patterson, R.T. 2000. Arcellaceans (the-
camoebians): new tools for monitoring long- and
short-term changes in lake bottom acidity. Environ-
mental Geology, 39:689-697. 

Lamarck, J.B. 1816. Histoire naturelle des animaux sans
vertebres. Verdiere, Paris, 2:1-568.

Leidy, J. 1874. Notice of some new fresh-water rhizo-
pods. Proceedings of the Academy of Natural Sci-
ences of Philadelphia, series 3:77-79.

Leidy, J. 1879. Fresh water rhizopods of North America.
United States Geological Survey of the Territories
Report, 12:-324.

MacKinnon, M., H. Boerger. 1986. Description of two
treatment methods for detoxifying oil sands tailings
pond water. Water Pollution Research Journal of
Canada, 21: 496-512.

McCarthy, F.M.G., Collins, E.S., McAndrews, J.H., Kerr,
H.A., Scott, D.B., and Medioli, F.S. 1995. A compari-
son of postglacial Arcellacean (“Thecamoebian”) and
pollen succession in Atlantic Canada, illustrating the
potential of arcellaceans for paleoclimatic reconstruc-
tion. 1995. Journal of Paleontology, 69:980-993.

McCarthy, F.M.G., Neville, L.A., and MacKinnon, M.D.
2008. Annual variations in the Suncor Experimental
Wetlands and seasonal variations in thecamoebian
assemblages in Syncrude’s BPIT test site: implica-
tions for biomonitoring. Report prepared for Syn-
crude,Canada Ltd., 35 p.

Medioli, F.S. and Scott, D.B. 1983. Holocene Arcellacea
(Thecamoebians) from Eastern Canada. Cushman
Foundation for Foraminiferal Research, Special Pub-
lication No. 21. 

Medioli, F.S., Scott, D.B., and Abbott, B.H., 1987, A case
study of protozoan interclonal variability: taxonomic
implications: Journal of Foraminiferal Research, v.
17, p. 28-47. 

Milne-Edwards, H. and Haime, J. 1850. A monograph of
the British fossil corals, Pt. I. - Palaeontograph. Soc.
London, I-XXVfl-71. 

Murray, J.W. 1973. Distribution and Ecology of Living
Benthic Foraminiferids. Crane, Russak, New York, p.
274. 

Neville, L.A. 2010. Investigating the Potential of The-
camoebians (Testate Amoeba) as Bio-indicators of
Impact of Oil Sands Mining Operations on Freshwa-
ter Environments in Northeastern Alberta, Canada.
MSc thesis, Brock University, St. Catharines, ON. 

Ogden, C.G. and Hedley, R.H. 1980. An Atlas of Fresh-
water testate amoebae. British Museum (Natural His-
tory). Oxford University Press, p. 1-222.
12



PALAEO-ELECTRONICA.ORG
Patterson, R.T. and Fishbein, E. 1989. Re-Examination
of the statistical methods used to determine the num-
ber of point counts needed for micropaleontological
quantitative research. Journal of Paleontology,
63:245-248. 

Patterson, R.T. and Kumar, A. 2000. Use of Arcellacea
(Thecamoebians) to Gauge Levels of Contamination
and Remediation in Industrially Pollutes Lakes, p.
257-278. In Martin, R.E. (ed.). Environmental Micro-
paleontology, The Application of Microfossils to Envi-
ronmental Geology, Kluwer Academic/ Plenum
Publishers, New York, Boston, Dordrecht, London,
Moscow. 

Patterson, R.T. and Kumar, A. 2002. A review of current
testate rhizopod (thecamoebian) research in Can-
ada. Palaeogeography, Palaeecolimatology, Palaeo-
ecology, 180:225-251.

Patterson, R.T., Barker, T., and Burbidge, S.M. 1996.
Arcellaceans (Thecamoebians) as Proxies of Arsenic
and Mercury Contamination in Northeastern Ontario
Lakes. Journal of Foraminiferal Research, 26:172-
183. 

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, 15:114-
137. 

Patterson, R.T., Dalby, A., Kumar, A., Henderson, L.A.,
Boudreau, R.E.A. 2002. Arcellaceans (thecamoebi-
ans) as indicators of land-use change: settlement
history of the Swan Lake area, Ontario as a case
study. Journal of Paleolimnology 28: 297-316.

Penard, E. 1902. Faune Rhizopodique du Bassin du
Lèman. Henry Kundig, Geneve.

Perty, M. 1849. Über vertikale Verbreitung mikrosko-
pischer Lebensformen. Naturforschende Gesell-
schaft in Bern Mittheilungen, 153-176.

Reinhardt, E.G., Dalby, P.A., Kumar, A., and Patterson, T.
1998. Arcellaceans as Pollution Indicators in Mine
Tailing Contaminated Lakes near Cobalt, Ontario,
Canada. Micropaleontology, 44:131-148. 

Rhumbler, L. 1895. Beitraege zur Kenntnis der
Rhizopoden. (Beitrag III, IV und V): Zeitschrift fur wis-
senschaftliche Zoologie, 61:38-10, pls. 4,5.

Roe, H.M., Patterson, R.T., and Swindles, G.T. 2010.
Controls on the contemporary distribution of lake the-
camoebians (testate amoebae) within the Greater
Toronto Area and their potential as water quality indi-
cators. Journal of Paleolimnology, 43:955-975.

Schlumberger, P., 1845. Observations sur quelques nou-
velles especes d’Infusoires de la famille des Rhizop-
odes: Annales des Sciences Naturelles, Zoologie,
3:254-256. 

Schonborn, W.S., 1984. Studies on remains of Testacea
in cores of the Great Woryty Lake (NE-Poland): Lim-
nologica (Berlin), 16:185-190.

Schulze, F.E. 1877. Rhizopodenstudien VI: Archiv fuer
Mikroskopische Anatomie, 13: 9-30, pls. 2, 3. 

Scott, D.B. and Medioli, F.S. 1980. Living vs. total fora-
miniferal populations: their relative usefulness in
paleoecology. Journal of Paleontology, 4:814-831. 

Scott, B.D., Medioli, F.S., and Schafer, C.T. 2001. Moni-
toring in coastal environments using foraminifera and
thecamoebian indicators. Cambridge University
Press. Cambridge, 177 p. 

Shannon, C.E. and Weaver, W. 1949. The Mathematical
Theory of Communication: University of Illinois
Press, Urbana, 55 p. 

Syncrude Canada Ltd. 2005. Syncrude Analytical Meth-
ods: Updated 2006. Syncrude Edmonton Centre.

von Stein, S.F.N. 1859. Ueber die ihm aus eigener Unter-
suchung bekannt gewordenen Suesswasser-
Rhizopoden: Koenigliche Boehmische Gesellschaft
der Wissenschaften Abhandlungen, ser. 5, v.10, Ber-
ichte der Sectionen, p. 41-43. 

Wallich, G.C. 1864. On the extent, and some of the prin-
cipal causes, of structural variation among the difflu-
gian rhizopods: Annals and Magazine of Natural
History, series 3, 13:215-245.

Warner, B.G., Asada, T., and Quinn, N.P. 2007. Seasonal
Influences on the Ecology of Testate Amoebae (Pro-
tozoa) in a Small Sphagnum peatland in Southern
Ontario, Canada. Micobial Ecology, 54: 91-100.
13



NEVILLE, MCCARTHY, & MACKINNON: THECAMOEBIAN SEASONALITY 
ABBREVIATED SYSTEMATIC TAXONOMY

Phylum Sarcodaria Milne-Edwards,1850

Superclass Rhizopoda Dujardin, 1835

Class Lobosa Carpenter, 1861

Subclass Testacealobosa de Saedeleer, 1934

Order Thecolobosa Haeckel, 1878 (=Arcellinida
auctorum)

Superfamily Arcellacea Ehrenberg, 1830

Family Difflugidae Stein, 1859

Genus Cucurbitella (Carter, 1856)

Cucurbitella tricuspis (Carter) Medioli et al., 1987

Genus Difflugia Leclerc in Lamarck, 1816

Difflugia amphora Wallich, 1864

Difflugia bacillariarum Perty, 1849

Difflugia bidens Penard, 1902

Difflugia corona Wallich, 1864

Difflugia fragosa Hampel, 1898

Difflugia globulus (Ehrenberg, 1848)

Difflugia oblonga Ehrenberg, 1832

Difflugia protaeiformis Lamarck, 1816

Difflugia urceolata Carter, 1864

Genus Lagenodifflugia (Leidy, 1874)

Lagenodifflugia vas (Leidy, 1874)

Genus Lesquereusia (Schlumberger, 1845) 

Lesquereusia spiralis (Ehrenberg, 1840)

Genus Pontigulasia Rhumbler, 1895

Pontigulasia compressa (Carter, 1864)

Family Centropyxididae Deflandre, 1953

Genus Centropyxis Stein, 1859

Centropyxis aculeata (Ehrenberg, 1832)

Centropyxis constricta (Ehrenberg, 1843)

Family Arcellidae Ehrenberg, 1830

Genus Arcella Ehrenberg, 1830

Arcella vulgaris Ehrenberg, 1930

Family Hyalospheniidae Schulze, 1877

Genus Heleopera Leidy, 1879

Heleopera sphagni (Leidy, 1874)
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