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Effects of the White River Ash Event and Climate Change on Aquatic

Ecosystems in the Southwest Yukon

by Joan Bunbury

INTRODUCTION

FRESHWATER LAKE ENVIRONMENTS ARE AFFECTED by
disturbances on several scales that influence the
composition of biological communities. A volcanic

eruption is an abrupt and severe disturbance, and evidence
of its impact is seen in lake sediments and soils as a layer
of ash. These volcanic deposits affect aquatic ecosystems in
lakes: large volumes of tephra can literally smother organ-
isms living at the sediment-water interface (Edmondson,
1984), though the thinner layers of ash deposited farther
from the source may have more subtle impacts. A less
catastrophic, more gradual disturbance affecting aquatic
ecosystems is climate change. Variations in temperature
and precipitation over time indirectly influence the aquatic
environment and have the potential to alter species compo-
sition and abundance (Rouse et al., 1997).

The White River Ash event was the eruption of a
stratovolcano (Mount Churchill, Alaska) in the St. Elias
Mountains 25 km west of the Yukon border. This massive
explosion deposited an enormous volume of tephra over
the southern Yukon 1147 years BP (Clague et al., 1995;
Robinson, 2001; West and Donaldson, 2002). An ash layer
ranging from 1 mm to .5 m in thickness has been observed
in lake sediments. Where this layer is thicker, the event
must have been catastrophic for the aquatic ecosystem.

Although we cannot directly measure the aquatic eco-
system that existed in the past, we can infer what it was like
through the analysis of subfossil organisms and sediment
parameters that have been preserved in lake sediments
(Birks and Birks, 1980).

This research will use ostracodes and chironomids, two
widely used biological proxies, to reconstruct environ-
mental change (Griffiths and Holmes, 2000; Porinchu and
MacDonald, 2003). Ostracodes are small, bivalved crusta-
ceans with a shell that preserves well in lake sediments.
Chironomids are the larval stage of non-biting midges, the
head capsule of which is made of chitin and is also well
preserved in lake sediments. Both of these organisms live
at the sediment-water interface, consume organic detritus,
and have parts that fossilize and can be identified to genus,
or in many instances, to species. The ecological require-
ments of individual species are then used to infer the type

of environment in which the ostracode and chironomid
community once lived.

Two sediment parameters that represent past aquatic
production are organic content and biogenic silica content.
Organic matter found in lake sediments, which is either
transported to the lake from the surrounding basin or
produced within the lake, is a good measure of total
ecosystem production (Delcourt and Delcourt, 1991). In
freshwater environments, biogenic silica comes primarily
from diatoms (unicellular algae; Wetzel, 2001), and an
increase in its concentration suggests greater primary
production. From a paleolimnological perspective, these
sediment parameters represent the base of the food web,
whereas ostracodes and chironomids are consumers that
rely on primary production as a food source. Therefore,
evidence of both primary producers and consumers is
available in lake sediments to provide information about
the past aquatic ecosystem.

My research, focused around understanding ecosystem
response to two different stressors, has these goals: 1) to
assess the impact that the White River ash had on aquatic
ecosystems in the southwest Yukon; 2) to determine how
aquatic ecosystems have responded to climate change over

Soil section along the Aishihik Road, showing a layer of White
River Ash (just above knife) covered by soil. (Photo: K.
Gajewski)
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the past 2000 years in the southwest Yukon; and 3) more
generally, to infer whether aquatic ecosystems in the
southwest Yukon respond in a similar manner to different
environmental stressors, particularly the impact of the
White River Ash event and climate change.

METHODS

This is a paleolimnological study that will use a high-
resolution multi-proxy (e.g., ostracodes, chironomids, sedi-
ment organic content, and biogenic silica content) approach
to measure the impacts of the White River tephra on
aquatic ecosystems and to evaluate climatic changes over
the past two centuries. Multi-proxy analyses are critical to
separating the effects of the different stresses on these
systems.

Lake sediment cores have been collected from four sites
in the southwest Yukon at different distances from the
volcanic source. Lead-210 dating is being used to date the
uppermost sediment layers (~150 years) in the cores, and
radiocarbon dating to develop a chronology for the re-
mainder of the cores. These two dating approaches can be
combined to determine sediment accumulation rates and
assign ages to the sediment layers. This age assignment is

essential to establish how long it took for the ecosystem to
return to similar conditions that existed prior to the vol-
canic eruption.

Sediment cores are being subsampled at high resolution
(i.e., 0.25 – 0.5 cm increments) for ostracodes, chironomids,
and sediment parameters. Ostracode and chironomid
subfossils are being identified from above and below the
ash layer at the different sites to quantify both changes in
the population and the trophic status of the lakes before
and after the event. Standard methods are used to extract
the fossils from the sediment (Smol et al., 2001) and the
organisms are identified at a microscope.

The paleoclimate inferences developed from these fos-
sil records will be compared to the recent Mount Logan ice
core record (Fisher et al., 2008) and other lake sediment
records in the region (Anderson et al., 2005) to distinguish
climate change from other factors that cause ecosystem
change. By quantifying changes over time in the ostracode
and chironomid assemblages and the sediment parameters
and evaluating the statistical significance of those changes,
we can measure the impact of the tephra (Lotter and Birks,
1993; Lotter et al., 1995). The analysis will aid in

White River Ash in a lake sediment core from Donjek Kettle.
(Photo: B. O’Neil)

Joan Bunbury on a Yukon lake. (Photo: B. O’Neil)

Sediment-water interface of a core from Donjek Kettle. A live
chironomid is circled on the image. (Photo: B. O’Neil)
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reconstructing the effects of the White River Ash event
and climate change over the last 2000 years on freshwater
ecology in the southwest Yukon.

SIGNIFICANCE

An important question in ecology is how ecosystems
respond to and recover from different environmental
stressors, which include both extreme events such as vol-
canic eruptions and environmental fluctuations such as
climate change. Ecological studies generally focus only on
short-term scales (i.e., 10 – 20 years), whereas paleo-
limnological approaches can assess the response and recov-
ery of aquatic ecosystems over longer time scales (i.e.,
hundreds to thousands of years). With such approaches,
therefore, we can better understand how these different
environmental stressors affected lakes in the region. This
research will increase our knowledge of how aquatic eco-
systems respond to different environmental stressors and
how long they take to recover, as well as contribute to the
prediction of climate change impacts in northern regions.
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