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Chrysophyte microfossils record marked
responses to recent environmental changes in
high- and mid-arctic lakes

Alexander P. Wolfe and Bianca B. Perren

Abstract: Rapid stratigraphic changes are recorded in recent assemblages of subfossil Chrysophyceae from the sedi-
ments of two highly contrasted arctic lakes, one situated in the polar desert of west-central Ellesmere Island, and the
other on eastern Baffin Island in the mid-Arctic climatic zone. In Sawtooth Lake on the Fosheim Peninsula, concentra-
tions of chrysophycean stomatocysts increase dramatically in sediments deposited since AD 1920. Only trace abun-
dances of stomatocysts are encountered in older sediments. In Kekerturnak Lake, on the north coast of Cumberland
Peninsula, scales ofMallomonasspp., previously absent from the sediment record, appear suddenly in the upper
5.5 cm of sediment and subsequently become ubiquitous in the top 1.0 cm. These results corroborate diatom strati-
graphic data from other sites in the Canadian Arctic Archipelago, together suggesting that unprecedented ecological
changes are presently occurring across this vast region. In all likelihood, these abrupt algal community shifts reflect the
response of arctic lake ecosystems to well-documented climate warming since the Little Ice Age, with the implications
that recent rates of environmental change are unprecedented in the context of the Holocene.
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Résumé: On enregistre des changements stratigraphiques rapides dans les regroupements récents de Chrysophyceae
subfossiles des sédiments de deux lacs arctiques très différents, l’un situé dans le désert polaire du centre ouest de l’île
d’Ellesmere, et l’autre dans l’est de l’île de Baffin, dans la zone climatique mi-arctique. Au lac Sawtooth sur la pénin-
sule de Fosheim, les concentrations en stomatocystes de Chrysophyceae augmentent fortement dans les sédiments dépo-
sés depuis 1920. Dans les sédiments plus âgés, on ne les trouve qu’à l’état de traces. Au lac Kekerturnak, sur la côte
nord de la péninsule de Cumberland, des couches deMallomonasspp, jusque là absentes de l’observation des sédi-
ments, apparaissent subitement dans les 5,5 cm supérieurs du sédiment et deviennent ubiquistes par la suite dans le 1,0
cm supérieur. Ces résultats corroborent les données stratigraphiques des diatomées de d’autres sites de l’archipel arc-
tique canadien, dont l’ensemble indique que des changements écologiques sans précédent ont présentement lieux sur
l’ensemble de cette région. En toute vraisemblance, ces modifications drastiques des populations d’algues reflètent la
réaction des écosystème lacustres arctiques au réchauffement climatique bien documenté depuis l’âge de la petite gla-
ciation, ce qui implique que les taux récents de changements environnementaux sont sans précédent dans le contexte de
la période Holocène.

Mots clés: Paléolimnologie, lacs arctiques, Chrysophyceae, stomatocystes,Mallomonas.
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Introduction

It is now apparent that the 20th century climate of the
Arctic is warmer than that of the preceding several centuries

(Overpeck et al. 1997), a trend that follows northern hemi-
sphere, and indeed global, patterns (Mann et al. 1998;
Dyurgerov and Meier 2000). This implies that rapid recent
ecological shifts observed in arctic lakes relate to limnologi-
cal changes that are, ultimately, linked to climate warming
(Smol 1988). For example, diatoms have appeared only
within approximately the last 50 years in the sediments of a
polar lake near Alert, northern-most Ellesmere Island, where
the previous (pre-industrial) lake ice regime may have pre-
cluded diatom growth altogether (Doubleday et al. 1995).
Elsewhere in the Queen Elizabeth Islands, diatom commu-
nity structures have diversified abruptly since the end of the
Little Ice Age (ca. AD 1850), as observed at sites on north-
ern Devon (Gajewski et al. 1997) and central Ellesmere
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(Douglas et al. 1994; Wolfe 2000) islands. On northern
Baffin Island, there is also indication of abrupt recent
changes in diatom community structure (Wolfe 1991). The
most plausible explanations for these trends include a pro-
longation of the algal growing season, decreased severity of
lake ice conditions, and expanded littoral habitat availability.
In all of these widespread examples, what is most striking is
that shifts in diatom assemblages during the last 50–150
years appear entirely unprecedented in the context of Holo-
cene natural variability. However, diatoms represent but one
component of algal communities in arctic lakes, and thus it
is important to evaluate whether parallel changes have been
registered by other algal groups. In this report, we demon-
strate marked recent changes in chrysophyte populations
from two limnologically distinct arctic lakes. As with the di-
atoms, chrysophytes are highly sensitive to an array of lim-
nological parameters in addition to producing an exceptional
fossil record owing to the high preservation potential of their
siliceous stomatocysts and scales (Smol 1986, 1995). Al-
though all chrysophytes produce siliceous stomatocysts as
their resting stage, only the families Mallomonadaceae and
Paraphysomonadaceae produce siliceous scales.

Study sites

Sawtooth Lake, Ellesmere Island(79°20′N, 83°51′W)
Sawtooth Lake is a large and deep lake situated at 275 m

above sea level (a.s.l.) in a col bisecting the Sawtooth Moun-
tains on the southwestern Fosheim Peninsula, west-central
Ellesmere Island (Fig.1). It is a nonglacial lake that receives
large volumes of mineral sediment derived from the erosion
of poorly consolidated local bedrock of the Eureka Sound
Group, which includes sandstone, siltstone, shale, and coal
(Miall 1991). Catchment geology also accounts for the rela-
tively high electrical conductivity and calcium and magne-
sium concentrations of the lake’s waters (Table 1). Seasonal
pulses of sediment result in the deposition of annual laminae
(varves), which enable the development of well-dated, high-
resolution paleoenvironmental records. Although most of the
catchment is unvegetated, the lowlands adjacent to the lake
support an enriched prostrate shrub flora. Mean annual tem-
perature in the region is about –20°C, summer temperature
(June–July–August) averages 5.5°C, and mean annual precipi-
tation is 68 mm (Edlund and Alt 1989). Despite relatively
warm summer temperatures for this latitude, Sawtooth Lake
retains its ice cover throughout the summer in most years. Av-
erage lake ice thickness, including multiyear ice, is 2 m.

Kekerturnak Lake, Baffin Island(67°53′N, 64°50′W)
Kekerturnak Lake occupies a small glacially scoured basin

120 m a.s.l. on an island in outer Quajon Fiord, eastern Baffin
Island (Fig.1). The catchment is composed of bedrock
(Archaean granites and gneisses) and sparse glacial deposits
of local origin. The site was deglaciated approximately 9000
years before present (BP), based on radiocarbon dating of the
basal sediments in a percussion core from the lake (Steig et
al. 1998). Local vegetation is a sparse heath tundra dominated
by Cassiope tetragona(L.) D. Don andEmpetrum nigrumL.
At Broughton Island, the nearest meteorological station
35 km to the south, mean annual temperature is –11.3°C,
mean summer temperature is 2.6°C, and annual precipitation

is 288 mm (Jacobs et al. 1985). Although lake ice thickness
on Kekerturnak Lake may reach 2 m, at present the lake be-
comes annually ice free, albeit for less than 6 weeks during
the late summer. Additional limnological information is pre-
sented in Table 1.

Methods

Gravity cores preserving the mud–water interface intact were re-
trieved from both Sawtooth and Kekerturnak lakes using a modi-
fied Kajak-Brinkhurst apparatus (Glew 1989). The 34-cm core
from Sawtooth Lake was returned to the laboratory unopened.
Thereafter, the core was split longitudinally, and samples for sili-
ceous microfossil analyses were taken at increments varying from
0.1 to 1.0 cm apart. The top of the core was more intensely ana-
lyzed, with 26 levels being sampled from the uppermost 5.0 cm of
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Fig. 1. Location map of the investigated lakes.

Parameter and units Sawtooth Lake Kekerturnak Lake

Elevation (m a.s.l.) 275 120
Area (ha) 260 22
Maximum depth (m) 90 15
pH 8.0 5.82
Conductivity (µS·cm–1) 119.4 12.9
Na+ (mg·L–1) 2.16 2.66
K+ (mg·L–1) 0.78 0.28
Mg2+ (mg·L–1) 4.32 0.29
Ca2+ (mg·L–1) 19.40 0.39
Si (mg·L–1) 0.51 1.52

Table 1. Morphometric and limnological data for the investigated
lakes.
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the core. A preliminary timescale for the Sawtooth Lake core,
combining varve counts and the activities of sediment210Pb and
137Cs, places the year AD 1926 at 5.3 cm.

For the Kekerturnak Lake core, the upper 20 cm were extruded
in the field in continuous 0.5 cm increments, and each of these
samples was analyzed. Three accelerator mass spectrometry
(AMS) radiocarbon dates constrain the chronology of this core.
Because of the lack of macrofossils,14C measurements were made
on humic acids extracted from sediment, producing the following
result: 1190 ± 50 BP from 6.5 cm (CAMS-44438); 2250 ± 50 BP
from 13.5 cm (CAMS-44439); and 3110 ± 60 BP from 20.5 cm
(CAMS-44440). Thereafter, the dates were first corrected by sub-
tracting 300 years, which is the average lag time for terrestrial
humic acid sequestration into Baffin Island lakes (Miller et al.
1999), and then calibrated to calendric years (Stuiver and Reimer
1993).

From both sites, sediment samples were prepared for the exami-
nation of siliceous microfossils using standard oxidative techniques
for the removal of organic matter (Battarbee 1986). Dilute slurries
were evaporated onto coverslips at room temperature, mounted to
slides with Naphrax® medium (refractive index = 1.65), and in-
spected at 1000× under oil immersion objectives. Chrysophyte
microfossils (stomatocysts and mallomonadacean scales) were enu-
merated from each prepared slide and thereafter expressed as either
their absolute abundance per unit mass sediment (Battarbee 1973) or
as proportions relative to the number of diatom valves encountered
during the counting effort, typically at least 500 valves (Smol 1985).

Results and discussion

Stomatocysts are the only chrysophyte microfossil present
in the sediments of Sawtooth Lake. However, their strati-
graphic distribution is remarkable (Fig. 2). Below 6 cm in
the gravity core, cysts are either absent or very rare. Above
5.0 cm, concentrations commonly exceed 1.0 × 106 cysts/g;
two peaks, centered on 3.0 cm and at the surface, have con-
centrations greater than 8.0 × 106 cysts/g. Because the cysts
show no evidence of dissolution, such as corroded surfaces
or pitting, the stratigraphic record is interpreted as an eco-
logical, rather than taphonomic, signal. Furthermore, stoma-
tocysts are rare throughout a 4.6-m vibracore that, based on
varve counting, represents at least the last 2500 years
(Perren 2001). This implies that only in the last 80 years
have chrysophytes been significant components of the algal
flora in Sawtooth Lake.

In the Kekerturnak Lake core, chrysophyte microfossils
are consistently more abundant than diatoms (Fig. 3). At
5.5 cm in the core, scales of siliceous loricate Mallomona-
daceae begin to appear infrequently. Between 3.0 and 1.0 cm
in the core, scale numbers represent between 5 and 10% of
the diatom sum, and thereafter their relative abundance in-
creases markedly to 14% and 38% in the 0.5–1.0 and 0.0–
0.5 cm core increments, respectively. The vast majority of
scales (>95%) belong toMallomonas allorgei(Deflandre)
Conrad (Figs. 4–11). The remaining scales are attributable to
either Mallomonas pseudocoronataPrescott orMallomonas
crassisquama(Asmund) Fott (Fig. 12). The latter two spe-
cies are difficult to distinguish in the fossil state because the
diagnostic winglet on the distal end of scales of
M. pseudocoronatais often broken (Smol et al. 1984).
Again, progressive downcore silica dissolution is unlikely to
account for the stratigraphic trend in scales (Fig. 3), given
that M. allorgei scales are at least as thickly silicified as the

diatoms present in the core, which show no evidence of dis-
solution whatsoever.

Although certain chrysophyte genera are very common in
the Canadian Arctic (e.g.,OchromonasandDinobryon; Smol
1983; Douglas and Smol 1995), representatives of the
Mallomonadaceae are comparatively rare, and consequently
their scales have not been widely reported from sediments.
For example, the most detailed investigation to date of
chrysophyte microfossils from Baffin Island did not encoun-
ter any mallomonadacean taxa (Duff and Smol 1989). Simi-
larly, the Mallomonasspecies from Kekerturnak Lake were
not reported during the taxonomic survey of Sheath and
Steinman (1982). In thorough examinations of material col-
lected from west Greenland lakes, Jacobsen (1985) and
Kristiansen (1992, 1994) collectively report no less than 25
Mallomonas taxa, althoughM. allorgei and M. pseudo-
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Fig. 2. Stratigraphic profile of chrysophyte stomatocyst concen-
trations from the upper 34 cm of the gravity core from Sawtooth
Lake.
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coronataare not part of these assemblages. In general, the
latter two taxa are considered more typical of lakes in the
boreal forest than the arctic tundra. In Fennoscandia, for ex-
ample,M. allorgei is characteristic of lakes with high dis-
solved organic carbon concentrations derived from forest
soils (Cumming et al. 1991). Ecologically and bio-
geographically it is therefore striking that a group of boreal
chrysophytes has rapidly colonized and expanded within the
algal community of this arctic lake. The chronology of this
event is tentative at this stage and it remains possible that
the Kekerturnak Lake core has undergone some degree of
bioturbation, given its uniform visual appearance upon col-
lection and observations of living chironomid larvae during
extrusion of the upper 5 cm. However, the pronounced in-
crease ofMallomonasscales in the upper 1.0 cm of the core
almost certainly occurred within the latter part of the 20th
century.

These new observations have several implications. The
stratigraphic data from chrysophyte microfossils substantiate
existing data from diatoms, which suggest that unprece-
dented ecological changes are currently taking place in arc-
tic lakes. These changes were initiated within the last
century or perhaps slightly earlier, but have clearly intensi-
fied in recent decades. The paleoclimatic record from both
high and low arctic regions (Bradley 1990; Overpeck et al.
1997; Hughen et al. 2000) demonstrates that the post-1920
period corresponds to the most pronounced warming of at
least the last four centuries, in all likelihood resulting from
the synergism between natural warming following the Little
Ice Age and anthropogenic greenhouse gas forcing. In our
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Figs. 4–12.Representative mallomonadacean scales from the sur-
face sediments of Kekerturnak Lake. Scale bars represent 5µm.
Figs. 4–11.Mallomonas allorgei. Figs. 7–9. Apical scales.
Fig. 11. Lateral view. Fig. 12.M. pseudocoronata/M.
crassisquamascale.
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opinion, the coincidence between paleoclimatic and paleo-
ecological records is significant and we suggest that a causal
relationship exists between recent warming and observed
rapid changes in algal populations from arctic lakes. When
coupled to the diatom evidence from sites across the Cana-
dian Arctic Archipelago (Douglas et al. 1994; Doubleday et
al. 1995; Gajewski et al. 1997; Wolfe 1991, 2000), the ob-
served trends in chrysophytes imply that recent biological
changes are pervasive throughout different algal groups, al-
though detailed studies of the soft-bodied algae are required
to further test this notion. We further suggest that these phe-
nomena may represent the first stages of ecosystem-scale
responses to climate change, expressed over a vast geo-
graphical region. We note that northward range expansions
in response to arctic climate warming are beginning to be
expressed by other groups of aquatic organisms (Babaluk et
al. 2000). Our conclusion echoes that of Douglas et al.
(1994), in that arctic lakes should no longer be considered
undisturbed given that accelerated biological changes, at
least partially in response to anthropogenic forcing, have al-
ready been initiated. If this interpretation is correct, our data
contribute to a growing body of research that underscores
the vulnerability of arctic ecosystems to climate change.
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