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ABSTRACT. Since the discovery of dung-rich alpine ice patches in southwest Y ukon in 1997, continuing multidisciplinary
studies have provided a unique window on the biology, climate, and hunting activity in this region over much of the Holocene.
Aeria surveyshaveidentified 72 ice patches of variable size, and 65 patches have been ground-surveyed for organic remains. Of
these, 35yielded an abundance of biol ogical specimens, including caribou and other rarelargemammal remains, mummified small
mammals and birds, and artifacts spanning 8000 years. The dung provides pollen and plant macrofossils for analysis and
pal eoenvironmental reconstruction, as well as dietary, genetic, and parasitic information. Stratigraphically controlled sampling
of dung within ice layers has yielded a geochronology placing their formation as early as 8300 to 8000 years BP. Ice patch
formation was nearly continuous except for an interval between 6700 and 4700 years BP and another between 1440 and 1030,
when warm or dry conditions (or both) resulted in no net ice accumul ation. Resumption of ice accumulation over the following
500 years likely culminated in the Little Ice Age. The size of the ice patches during this period is made evident by alichen-free
zonethat haloes each patch. Morerecently, interpretation of air photosfrom 1946 to 2001 hasfound asignificant reductioninice
patch dimensions. Daily temperature records for Whitehorse (1942—2001) were used to cal cul ate melting degree-day val uesthat
account for alarge part of the variation inice patch size, indicating that while considerable melting haslikely occurred sincethe
end of the Little Ice Age, the ice patches are highly sensitive to decadal changes in temperature.

Key words: Rangifer tarandus, permanent snowfields, climate change, Holocene mammals, Little Ice Age, paleoenvironment,
caribou diet, pollen, genetics, parasites

RESUME. Depuisladécouvertede plaquesdeglace al pinesrichesen excrémentsd’ animaux dans|e sud-ouest du Y ukon en 1997,
des études multidisciplinaires continues of frent une fenétre unique sur labiologie, le climat et les activités de chasse delarégion
pendant presque toute la période de I’ Holocene. A I’ aide de relevés aériens, il a été possible d’ identifier 72 plagques de glace de
tailles différentes. Des relevés sur le terrain ont été effectués sur 65 de ces plagues pour récupérer des restes organiques, et 18
d entre-elles ont révélé une abondance d’ espéces biologiques et des restes de grands mammiféres rares (y compris le caribou),
des petits mammiféres et des oiseaux momifiés, et des artéfacts datant jusqu’ @ 8000 ans. L es excréments d’ animaLix permettent
d analyser des macrofossiles de pollen et de plantes afin de faire une reconstruction paléoécologique, ainsi que d’ obtenir des
renseignements sur le régime alimentaire, la génétique et les parasites. A I’aide de la géochronologie, I’ échantillonnage des
excréments d animaux controlé par stratigraphie a permis de dater |aformation des excréments aaussi loin que 8300 28000 ans
B.P. Laformation des plagues de glace a été presgue continue, al’ exception d’ une période entre 6700 et 4700 ans B.P. et d’une
autre entre 1440 et 1030, lorsque des conditions chaudes ou seches ou les deux n’ ont pas permis ala glace de s'accumuler. La
reprisedel’ accumulation de glace au coursdes 500 derni éresannées avrai semblablement provoquélepetit ageglaciaire. Lataille
desplaques de glace au cours de cette période est facilement cal culable gréce aux zones sanslichen qui encerclent chaque plaque.
Des études plus récentes de photos aériennes prises entre 1946 et 2001 ont permis de constater une réduction marquée delataille
des plaques de glace. L es données des températures quotidiennes de Whitehorse (de 1942 a 2001) ont été utilisées pour calculer
lavaleur du degré-jour de fonte qui est en grande partie responsable de lavariation delataille des plagques de glace. Ces données
indiquent que méme si le plus gros de lafonte s est produit depuis lafin du petit age glaciaire, les plaques de glace réagissent
beaucoup aux changements de température décennaux.

Mot clés: Rangifer tarandus, champs de neige permanents, changement climatique, mammiféres de I’Holocene, petit age
glaciaire, paléoécologie, régime alimentaire du caribou, pollen, génétique, parasites

Translated by Jean-Francois Roldan, Bureau of French Language Services, Government of Y ukon.

! Department of Environment, Government of Y ukon, Box 2703, Whitehorse, Y ukon, Y 1A 2C6, Canada; Rick.Farnell @gov.yk.ca
2 Department of Tourism and Culture, Government of Y ukon, Box 2703, Whitehorse, Y ukon, Y 1A 2C6, Canada
3 |cefield Instruments Inc., Box 30036, Whitehorse, Yukon Y 1A 5M2, Canada
4 Department of Anthropology, University of Alberta, Edmonton, Alberta T6G 2H4, Canada
5 Champagneand Aishihik First Nations; Canadian Circumpolar I nstitute, University of Alberta; address: 8441 - 118th Street, Edmonton,
Alberta T6G 1T2, Canada
© The Arctic Institute of North America



248+ R. FARNELL et d.

INTRODUCTION

During the warm summer of 1997, extensive deposits of
prehistoric caribou (Rangifer tarandus sp.) dung and a
small fragment of a 4000-year-old hunting dart were col-
lected from a melting alpine ice patch in southern Y ukon
Territory (Kuzyk et al., 1999). Since then, dozens of
Y ukon ice patches containing organic remains dating to
more than 8000 years BP have been identified. An excep-
tional collection of perishable hunting artifacts, mummi-
fied small mammalsand birds, large mammal bones, antler
and horn, feces of herbivore species, and an abundance of
pal eoenvironmental proxy evidence have been recovered.
Theabundance of dung associated with theice patcheswas
unexpected, as only two herds of woodland caribou, the
Aishihik herd of 1500 animals and the Ibex herd of 450,
occupy the study area at present. A large body of First
Nationsoral history indicates, however, that caribou were
far more abundant and widespread asrecently asthe 1930s
(Anne Ned in Cruikshank et al., 1990; elder Jimmy G.
Smith in Champagne and Aishihik First Nations Oral
History Files, n.d.). Caribou are known to seek out ice
patches during hot weather in summer (June to August)
both for thermal regulation and to escape biting insects.
Similar behavior in the past may account for the concen-
trations of dung pelletsintheice patchesand the attraction
that ice patches held for prehistoric hunters.

The ice patch record of extraordinary, well-preserved
perishable materials provides a unique window on the
biology, climate, and hunting activity in the southern
Y ukon over much of the Holocene. With this insight, the
multidisciplinary Ice Patch Research Project was formed
to advance discoveries and researchice patch sites and the
materialsthey contain. Thispaper providesan overview of
the project research; presents preliminary results of radio-
carbon geochronology, ice patch formation, palecenviron-
mental reconstructions, and vertebrate biology; and
discussesfutureresearch anditsimplications. The ethnog-
raphy and archaeol ogy of the southern Y ukon ice patches
arepresentedinthefollowing article (seeHareet al., 2004,
this volume).

ENVIRONMENTAL SETTING

Southern Y ukon occurrences of al pineiceinclude both
glaciersandicepatches. They differinthat glaciersachieve
sufficient mass to cause ice to flow, while ice patches
apparently do not acquire enough mass for flow (Glen,
1955; Paterson, 1981) and therefore may exhibit bands of
caribou dung along exposed ice faces (Fig. 1). The major-
ity of ice patches described here are located in the Haines
Junction—-Whitehorse—Carcross area of southern Y ukon,
within the northerly portion of the Coast Range and adja-
cent Y ukon Plateau. Theareaof ca. 18350 km?liesmainly
within the Yukon Southern Lakes, Ruby Ranges, and
Y ukon-Stikine Highlands ecoregions (Smith et al., 2003)

FIG. 1. The Granger ice patch, showing layers of caribou dung in the exposed
ice face.

(Fig. 2). Mean low elevation temperatures for this region
are similar, with mean annual temperature ca. -3°C, mean
summer temperature ca. 10°C, and mean winter tempera-
ture ca. -17°C. Common winter inversions lead to milder
temperatures at higher elevation. This semiarid region
receives 250—300 mm mean annual precipitation (Wahl et
al., 1987). The lack of moisture limits growth of glaciers
at higher elevations, and it is evident in the open forest
vegetation of the U-shaped and commonly lake-filled
valley bottoms. Lower slopes and valley bottoms are
forested by white (Picea glauca) and black (Picea mariana)
spruce with alder (Alnus crispa), willows (Salix spp.),
birches (Betula papyrifera and B. glandulosa), and
ericaceousshrubs. Black spruce, willow, birch, and mosses
(Sphagnum spp.) are common to poorly drained sites.
Alpine fir (Abies lasiocarpa) occurs in the subalpine
region, often forming the tree line at 1050—1200 m asl.
Alpinecommunitiesincludemountain avens (Dryasspp.),
dwarf willow, shrub birch, ericaceous shrubs, graminoid
species, and mosses (Smith et al., 2003). Large mammals
are moose (Alces alces), caribou, and Dall sheep (Ovis
dalli); principal predators are wolf (Canis lupus), bears,
both brown (Ursus arctos) and black (U. americanus),
lynx (Lynx canadensis), coyote (Canis latrans), and wol-
verine (Gulo gulo). In the last century, about 200 wapiti
(Cervus elaphus) and 400—500 wood bison (Bison bison
athabascae) were introduced into the Aishihik area (R.
Farnell, unpubl. data).

ICE PATCH INVENTORY
Present Distribution

Aeria surveyswere flown within the Coast Range and
Y ukon Plateau from 1998 to 2003, during the period of
maximum melt (from late July to mid August). These
surveysidentified 72 dung-rich ice patches between 1550
and 2075 m asl, but not necessarily on the highest peaks
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FIG. 2. Map of study area, showing distribution of ice patches, sites bearing artifacts, and the three reference sites.

(up to 2709 m). The ice patches are confined to northwest-,
north-, or northeast-facing slopes, often within cirques or
nivation hollows (Washburn, 1979), and they range from
less than 100 m to almost a kilometer in length and from
about 10 m to more than 80 min height. The caribou dung
variesin preservation from firm, well-formed pelletsto a
dark, amorphous organic soil located at the edges of some
ice patches. It appearsthat at a number of patches, dungis
still preserved intheicein situ, while at other patches, the
dung had melted out previously to form a basal soil of
partially decomposed feces. |ce-free sites at lower eleva-
tions may have been ice patch locations in the past, and
dung-rich ice patches may also exist at higher elevations,
where insufficient melting limits observation. It is not
known whether such ice patch phenomena occur else-
where in southern Y ukon, but it is likely they also occur
outside our study area. (Fig. 2).

Caribou appear to congregate on ice patches to avoid
insect harassment and for thermal regulation (Downes et
al., 1986; lon and Kershaw, 1989; Anderson and Nilssen,

1998). Some patches may, of course, be too small or steep
to provide suitable relief, and ice patches at higher eleva-
tion may be preferred as there are fewer biting insects.
Casual ice patch use is not likely to be a factor that
determines summer herd movements, such as dispersal at
calving, predator avoidance, and forage selection. Long-
term use of a particular ice patch is indicative of its
persistence on the landscape and central location relative
to the summer habitation for a population. Isolated ice
patches could be alimiting factor on some summer ranges,
for example, the Klaza herd of west-central Yukon is
observed to congregate around a single large ice patch in
itsrange. Use of certain “traditional” ice patches could be
learned behavior, similar to caribou use of specific mineral
licks.

Sixty-five patches have been examined on the ground,
and their ice surfaces and the un-vegetated areas around
the ice patches surveyed for organic remains. While bio-
logical specimens have been found at approximately 35
patches and archaeological artifacts at 18 patches, there
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TABLE 1. Properties of reference ice patches.

Thandlat Granger Friday Creek

Map Coordinates 60°35'50"N 60°32'28"N 60°23'26"N

136°15'18"W 135°1525"W 135°26'30"W
Elevation (m) 1829 1890 1960
Aspect 360° 40° 50°
Length (m) 950 650 720
Height (m) 28.2 14.2 88
Ice Surface Slope 33.0° 37.6° 24.7°

(SD =4.32) (SD =1.14) (SD=0.82)
Exposed Surface (m) 28.2 14.2 88.0

appears to be a strong correlation between the abundance
of artifacts and recovered faunal remains. The most pro-
ductive ice patches (named with reference to nearby geo-
graphical features) are Thandlat, Thulsoo, Gladstone,
Granger, Friday Creek, Alligator, Sandpiper, and Texas
Gulch (Fig. 2). All but ten prehistoric artifactswererecov-
ered from these eight sites. Three sites, the Thandlé&t,
Granger, and Friday Creek ice patches, were selected as
reference sites because of their large size and numerous
dung-rich layers, and these sites received more detailed
description and sampling (Table 1). At each of these sites,
the dung was preserved in situ.

Field and Laboratory Methods

I ce surface slope angles were measured using asurvey-
or’'s clinometer. Vertical measurements of stratigraphy
and samplelocation were made al ong the exposed, sloping
face of theice patches. Blocks of clean and dung-richice
were cut from the ice face with alubricant-free chain saw
and kept frozen until eventual laboratory analysis. All
biological specimenswere stored at -15°C within hours of
collection and kept at thistemperature until distribution to
specialists. Large mammal material was submitted to D.
Balkwill and S. Cumbaa, Canadian Museum of Nature, for
speciesidentification, and 17 caribou mandibleswere sent
tothe ContaminantsUnit, Department of Indian and North-
ern Affairs (Canada), for measurement of pre-industrial
heavy metal contaminationlevels. Small mammal and bird
material was provided to the University of Alaska Mu-
seum Frozen Tissue Collection.

AMS C dates were determined by University of To-
ronto Isotrace Laboratory; Beta Analytic Inc., Miami,
Florida; and Lawrence Livermore National Laboratory,
University of Southern California. All results are ex-
pressed as uncalibrated radiocarbon dates. Pollen and
plant macrofossil analysis was performed by V. Bowyer,
University of Alberta Laboratory for Paleoenvironmental
Studies. Preparation of organic-rich samples followed
standard methods (Moore et al., 1991); ice samples fol-
lowed Bourgeois (2000). Fecal samplesfrom Friday Creek
were particularly easy to collect in volume, and sub-samples
were submitted to three |aboratories. B. Davitt, Washing-
ton State University Wildlife Habitat and Nutrition
Laboratory, performed microhistological diet analysis.

E. Shapiro, Oxford University Ancient Biomol eculesCen-
tre, extracted nuclear and mitochondrial DNA. DNA study
methods followed manufacturer’s instructions for the
QiaGen DNeasy Stool Kit (QiaGen), and to confirm au-
thenticity of the extracted DNA, 250—300 base pairs were
amplified and sequenced as in Barnes et al. (2002).
P.Wallis, Hyperion Research Ltd., MedicineHat, Alberta,
undertook parasite research.

ICE PATCH FORMATION AND
PALEOENVIRONMENTAL RECONSTRUCTION

Ice Patch Formation

The black-and-whitelayering, exposed during the sum-
mer melt and clearly visible from a distance, is the most
distinguishing feature of the ice patches. The discrete and
near-parallel layers of concentrated organic material—
mostly caribou dung, but also windblown detritusand rare
animal remains and artifacts—are exposed across the face
of the melting ice slope. These layers, separated by clean
ice, incline5°-15° downslope, intersecting the slopingice
surface (25—-40°) at a shallow angle. The difference in
slope between the dung layers and the ice surface may
reflect gentler slopes during formation of the ice patch
versus steeper slopes during periods of melting (as at
present). Net accumulation of winter snow followed by
compaction and regel ation of summer melt formed theice
patches. Broadly, only about 100 layers are observed at
any one site, and they are known to pinch out or merge.
This, alongwith **C dates (discussed below), indicatesthat
the layers of dung and detritus are not annual, but concen-
trations of organic material deposited on the ice patch
surface over decades or centuries and then concentrated
during melt periods into “super layers.”

Thelack of distortionineventheoldest layersandinthe
shape of the dung pellets, as well as broad agreement
between stratigraphic levels and *C dates, indicates that
little internal movement or associated shear has taken
place in the ice patches over time. The maximum overall
thickness of the ice patches is estimated to be 30—50 m,
which ismarginal for flow (Glen, 1955). The presence of
undisturbed vegetation beneath the Granger ice patch
indicates that the base has not moved. Unfortunately, the
relatively warm ice temperatures suggest re-crystalliza-
tion of the ice and destruction of any ice crystal deforma-
tion needed to demonstrate flow.

Geochronology and Paleoclimate

I ce patch geochronology is provided by 42 AMS dates
on stratigraphically controlled dung pellets and buried
vegetation (Table 2). Paired dates on separate dung pellets
from the same depth indicate the composite nature of the
layers. Even though the majority of dates are in chrono-
logical sequence, one cannot rule out deposition and
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TABLE 2. Uncalibrated AM Sdateson material recoveredin stratigraphiclayersinthe Granger, Thandl &, and Friday Creek ice patch sites.
Stratigraphic distances are measured from the base of each ice patch to the top. Discordant dates were resubmitted for a second analysis

when fecal material sufficed.

Reference Site Location First Conventional Lab No. Second Conventional Lab No.
(m from the base) “C Date “C Date
Thandlat 28.2 1850 + 50 TO-7562
21.7 960 + 50 TO-7560
14.6 1440 + 50 TO-7559
11.6 1670 + 50 TO-7558
7.2 1620 + 50 TO-7557
31 2890 + 50 TO-7556
0 7440 + 60 TO-7555
Mount Granger 14.2 970 £ 50 TO-7563
11.3 1030+ 50 TO-7564
10.3 1600 + 50 TO-7565 1460 + 40 Beta-162356
8.6 1920 + 50 TO-7566 1650 + 40 Beta-140619
7.4 1620 + 40 Beta-140621
6.4 1770 + 60 TO-7567 1980 + 40 Beta-140620
5.3 1910 + 60 TO-7568
4.6 2240 + 40 Beta-140622
37 3850 £ 50 Beta-136360
3.3 Modern Beta-136359 4180 + 40 Beta-140624
29 3030 £ 50 TO-7569 2380+ 40 Beta-162355
2.6 4780 + 80 Beta-136358
2.3 7500 + 60 Beta-136357
15 8330 + 60 Beta-136356 7850 + 50 Beta-140623
0.7 7890 + 80 Beta-136355
0 6730+ 70 TO-7570 7460 + 40 Beta-162357
V egetation 7990 + 70 Beta-136354
Friday Creek 882 460 + 60 Beta-136346
7 1650 + 60 Beta-136347
67" 1660 + 50 Beta-136348
54? 2850 + 50 Beta-136349
40t 3550+ 70 Beta-136350
36! 3830 + 40 Beta-152447
33 4520 £ 50 Beta-136351 4310+ 40 Beta-152448
F? 4410 £ 50 Beta-136352 4440 + 40 Beta-152449
(05 4200 + 80 Beta-136353 4190 £ 40 Beta-152450

! Samples used for caribou dietary analysis.
2 Samples used for parasite studies.

regel ation of contaminating organic matter transported by
present day meltwater along cracks or the organic layers.

Despite the relatively coherent chronological
stratigraphy demonstrated at the ice patches, temporal
gaps are evident. Dates on dung from the base of the
Granger ice patch and vegetation beneath the ice patch
place its formation at 8300 to 8000 years BP (Table 2).
Dated dung at the base of the Thandl&t and Friday Creek
ice patchesplacestheir formation at ca. 7400 yearsBP and
4500 years BP, respectively. Ice patch formation was
nearly continuous except for the interval between 6730
and 4780 years BP (Fig. 3). The base of Thandl&t dates at
7440 + 60 years BP, while the next date, 3.1 m above, is
2890+ 50yearsBP. Thetemporal gap at Granger, from 2.3
to 2.6 m, is between 7500 + 60 and 4780 * 80 years BP.
Significantly, the basal date at Friday Creek indicates
accumulation of ice after 4520 £ 50 years BP. These dates
suggest that no net ice accumulation occurred over amid-
Holocene interval of 1950 years, or that accumulated ice
was condensed during aperiod of intensive melting. How-
ever the lack of evidence for oversteepening of the paleo-
ice surface does not support ice reduction.

The alpine ice patches reflect the sensitive balance
between accumulation and ablation, and while mid-
Holocene ice may yet be dated, the ice patch record
provides a paleoclimatic record for southern Y ukon. Ac-
cumulation of ice at Granger and Thandl&t occurred fol-
lowing a warmer or drier ice-free interval during the late
glacial, early Holocene (Denton and Karlén, 1973). From
6700 to 4700 years BP, increased temperature or reduced
precipitation, or both, resulted in no net ice accumul ation.
This period wasfollowed by nearly 5000 years of reduced
temperatures or increased precipitation, or both, resulting
in significant ice accumulation at all three sites. Accumu-
lation over thelast 2000 yearsis especially noticeable and
may broadly correlate to the Neoglaciation (Denton and
Stuiver, 1967). The interval from 1440 to 1030 BP (AD
510 to 920), when we speculate that ice did not accumu-
late, falls within the Medieval Warm Period (Hughes and
Diaz, 1994). Resumption of iceaccumulation over the past
1000 years likely culminated in the Little Ice Age (LI1A).
Thesize of theice patchesduring the LI A isassumed to be
shown by the bare, light-coloured rock that forms a halo
around the dark, lichen-covered (Umbilicaria sp.) rock of
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FIG. 3. Plot of uncalibrated AMS dates on organic layers in the three reference ice patches.

each ice patch (Fig. 4). Thislichen-free zone (LFZ) marks
the extent of perennial snow and ice cover that prevented
lichen growth and is a proxy for the larger size of ice
patches at the end of the LI1A.

Thisrecord is somewhat at variance with other paleo-
climate sequencesfor southern Y ukon that suggest awarm
and wet “thermal maximum” from 8000 to 2500 years BP
(Miller and Anderson, 1974) and cooler and moister con-
ditions at about 6000 years BP (Cwynar and Spear, 1995).

The three reference ice patch sites have similar north-
ward aspects that range from 360° to 50° and elevations
that range from 1829 to 1960 m asl, while the slopes and
therefore the size of their exposed ice faces differ (Table 1).
Consequently, Friday Creek has the greatest exposure to
solar radiation, which makesit the most vulnerableto total
ablation during warm climatic periods.

Recent Climate Change

Vertical air photos of the reference sites (including the
Alligator icepatch, adjacent to Friday Creek) from 1946 to
1995 were obtained from the National Air Photo Library
and used to determine reduction of ice patch size and the
rate of melt. Dimensions of the LFZ and ice patch sizein
2001 were quantified onthe ground using differential GPS
mapping (Global Tremble 3 Pathfinder Office). Persistent

snow cover and photographic overexposure of snow and
ice limited precise determination of ice patch perimeters
and therefore their areal extents. Significant reduction in
icepatcheshasoccurred since 1946 (Table 3). Granger had
almost disappeared by 1995, having been reduced to less
than a hectare, or only 6% of itsLFZ. Thandl&t, Alligator,
and Friday Creek were reduced to 19%, 14%, and 11%,
respectively, of their LIA dimensions. Equilibrium or
accumulation occurred ca. 1960 to 1980 and 2000 to 2001,
when sizeabl e snow apronsformed around theice patches.

The melting trend for ice patches in the past century
appears to relate to general patternsin recorded tempera-
ture change. Daily temperature records for Whitehorse
(1942-2001) were used to calculate M el ting Degree Days
(MDD) for May to September (Fig. 5). These were ad-
justed to 1830 m agl, the elevation of most dung-bearing
ice patches, using a 0.65°C/100 m lapse rate (Eley and
Findlay, 1977), as follows:

> May—Sept. {Z Min {(Daily Max Temp +
Daily Min Temp)/2 - Lapse rate correction, 0} }

The melting degree value for agiven day is the number of
degrees by which the average daily temperature exceeds
freezing (or is equal to zero if the average temperature
is below freezing). We estimated temperatures at the



FIG. 4. Granger ice patch, clearly showing the associated lichen-free zone
(LFZ).

TABLE 3. Estimatesof areal extent of icepatchesand L FZ between
1946 and 2001. Calculated as area of horizontal surface.

SITE Y ear Size Size
(ha) (% relative to LFZ)
Thandlat LFZ 40.19 100
1948 11.75 29
1972 10.02 25
1988 10.02 25
2001 7.54 19
Granger LFzZ 13.26 100
1946 2.95 22
19662 8.50 64°
1995 0.83 6
20014 4.28 32
Alligator® LFZ 26.05 100
1946 6.05 23
1966 9.90 38
1987 5.83 22
1995 3.62 14
2001 541 21
Friday Creek LFZ 25.09 100
1946 -6
1966 7.82 31
1987 —
1995 2.83 11
2001 4.48 21

1 Two pieces.

2 Once piece remaining.

3 Sincetheice patch appears to exceed the perimeter of the LFZ,
webelievethat thereexistsawide, and perhapstemporary, snow
apron.

4 2001 data were collected with GPS. Both 2000 and 2001 were
years of net accumulation.

5 TheFriday site consistsof two adjacent patches, Alligator tothe
north and Friday Creek to the south.

5 No coverage due to flight path.

7 Too much snow.

approximate elevation of the ice patches (1830 m) by
correcting temperatures measured at Whitehorse (eleva-
tion 625 m), using alapse correction of 0.65°C per 100 m
of elevation. Thus, the lapse rate correction to 1830 mis
calculated as 7.8°C = (1830 m — 625 m)/100 m x 0.65.
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From 1942 to 2001, the adjusted average MDD was
highest during the decades of the 1950sand 1990s (Fig. 5):
10.6% and 11.3%, respectively, above the 1942—99 aver-
age of 541 MDD per year. Cooler and less variable tem-
peratures occurred from 1959 to 1989. The decades of the
1960s, 1970s, and 1980s were 3.9%, 13.7%, and 6.9%,
respectively, bel ow the 1942 —99 averages, with minimum
MDD valuessetin 1970 and 1973. Thedecade of the 1980s
iscloser to earlier decadesif the exceptionally warm 1989
valueiseliminated. These MDD variations are consistent
with the changes in area and volume of the reference ice
patches. Considerablemeltinglikely occurred at theend of
the LIA and continued through the 1950s, after which
Granger and Alligator increased and Thandl&t stabilized.
Renewed melting began after 1988 at Thandl& and some-
time after 1966 at Granger, Alligator, and Friday Creek.
Thesethree patches al so recorded slight growth during the
cool summers of 2000 and 2001. Adjusted MDD values
account for alargepart of thevariationinicepatchsizeand
indicate that the ice patch size is highly sensitive to
decadal changes in temperature.

Paleoenvironmental Reconstruction

Preserved dung and ice samples provide arich reposi-
tory of micro- and macrobotanical remains that record
different aspects of the past environment compared to lake
sediment records. Whilethelatter captureregional vegeta-
tion over atemporal scale of decades, centuries, or millen-
nia, asingledung pellet, in contrast, may represent the diet
of asingle caribou spanning up to several days(cf. van der
Knapp, 1989; Gajewski et al., 1995). However, the com-
posite paleobotanical record from ice patches can test and
complement previous interpretations of southwestern
Y ukon vegetation histories based on sediment cores from
lakes and bogs (cf., Rampton, 1971; Cwynar, 1988; Stuart
et al., 1989; Wang and Guerts, 1991a, b; Keenan and
Cwynar, 1992; Cwynar and Spear, 1995; Lacourse and
Gajewski, 2000).

Samplesfrom theice patches consist of well-preserved
individual caribou dung pellets, bulk “dirty” ice samples
with amixture of organic debris, and “clean” ice (with no
visible organics). Combinations of windblown pollen,
plants consumed by caribou and defecated onto the ice,
and pollen attached to those plants (possibly for atime of
several months) may contribute to the vegetation record
contained within the ice patches. It must also be assumed
that fossil ice patch assemblages likely include material
redeposited during periods of thaw, when younger mate-
rial accumulated with older material to form one organic
layer. Taphonomic factors that influence the composition
of micro- and macrobotanical assemblages in caribou
dung and ice samples must be identified, as they will
influence the record and subsequent interpretations (cf.
Moe, 1983; van der Knapp, 1989; Bourgeois, 1990, 2000;
Rasmussen, 1993; Gajewski et al., 1995; Zutter, 1999). To
address this issue, modern caribou dung from the study
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FIG. 5. Accumulated Melting Degree Days (MDD) corrected for lapse rate to 1830 m. Heavy lineillustrates five-year running average.

region has been collected to document seasonal differ-
ences (V. Bowyer, unpubl. data). These data make it
possible to investigate environmental factors that influ-
ence pollen assemblages in caribou dung (cf. van der
Knapp, 1989).

Preliminary analysis of pollen from the reference sites
reveal ed evidence of spruce, pine, fir, alder, willow, birch,
Cyperaceae (sedge), Artemisia (sage), Poaceae (grass),
Ericaceae, Rosaceae, high and low spine Asteraceae,
Equisetum (horsetail) and avariety of unknowns. Spruce,
birch, willow, sedges, horsetail, and Artemisia are the
most ubiquitous taxa found in fecal pellets and organic-
rich ice samples. Overall, thereis greater diversity of taxa
in dung and bulk organic-rich samplesthaninbulk “ clean”
ice samples, which are dominated by spruce and pine.
Relatively high taxonomic diversity from ancient dung
material may reflect spring or summer diet coincident with
the pollination period, when caribou consume flowering
plantsand buds. In contrast, the limited diversity of pollen
inicesamplesmight suggest early winter deposition, when
pollen productionislow (cf. Janzon, 1981; Haeberli et al.,
1983; Bourgeois, 2000).

Paleoenvironmental records from Granger and Friday
Creek ice patches exhibit an absence or very low occurrence
of pine pollen until 1900 yearsago, after which pinefrequen-
cies significantly increase (Bowyer and Schweger, 2001).
Variable preservation suggests that some of the pollen may
have been redeposited, possibly by water percolating
through layers during summer melting. Nevertheless, these
preliminary findings are in agreement with regional studies

indicating that pine migrated into the region, reaching its
northern range limits in south-central Y ukon during the late
Holocene (MacDonald and Cwynar, 1985, 1991; Cwynar,
1988). Additional sampling and analysis will refine the
history of pine and further develop our understanding of the
vegetation history of southwest Y ukon.

PRELIMINARY RESULTS OF BIOLOGICAL
INVESTIGATIONS

Mammal Remains

More than 100 mummified small mammal and bird re-
mains have been recovered from southern Y ukonicepatches.
Preliminary identifications indicate that the majority are
likely local alpine species, except for a duck and a muskrat
(Ondatra zibethicus spatulatus). Nine AMS #C dates were
determined on identified species common in the study area
(Banfield, 1974). Three were modern (1950), while six were
dated between 5320 and 500 years BP (Table 4).

Approximately 600 large mammal remains, including
postcranial and cranial skeletal elements, antler, antler vel-
vet, and horn sheaths, have been recovered from southwest
Y ukon ice patches. Caribou remains dominate, but isolated
elements of wood bison, moose, sheep, wapiti, and goat
(Oreamnos americanus) have also been identified to this
point (D. Bakwill and S. Cumbaa, Canadian Museum of
Nature, pers. comm. 2001). Ten identified specimens date
from 7510 years BP to modern times (Table 4).
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TABLE 4. Speciesidentification and uncalibrated radiometric data for selected small and large mammals.

Specimen Site I.D. Number Lab. Number 14C Date
Lemmus trimucronatus Alligator AF42781 Beta-154425 107.4+ 0.5 pMC
Microtus oeconomus Marmot AF42780 Beta-154424 109.2 £ 0.5 pMC
Lemmus trimucronatus Sandpiper AF42761 Beta-154423 109.6 + 0.5 pMC
Microtus sp. Friday Creek AF32134 Beta-154421 490 + 40 BP
Clethrionomys rutilus Texas Gulch AF32127 Beta-154420 910 + 40 BP
Microtus longicaudus Friday Creek AF32105 Beta-154418 1120 + 40 BP
Clethrionomys rutilus Friday Creek AF32153 Beta-154422 3220 + 40 BP
Lemmus trimucronatus Friday Creek AF32107 Beta-154419 4760 £ 50 BP
Spermophilus parryii Alligator YHB-01-35 Beta—162660 3120+ 50 BP
Alces Sandpiper Jova2 Beta-164994 121.5+ 0.6 pMC
Alces Whitehorse YHB-01-17 Beta-162883 5720 + 50 BP
Ovisdalli Granger YHB-01-60 Beta-165099 670+ 40 BP
Oreamnos americanus Sandpiper YHB-01-31 Beta-164993 2510+ 40 BP
Cervus Whitehorse YHB-01-27 Beta- 162358 1540 + 40 BP
Cervus Ibex YHB-01-30 Beta-164992 2690 + 40 BP
Bison b. Dung Friday Creek YHB-01-56 Beta-165096 2840 + 60 BP
Bison b. Dung Friday Creek FRI-99-19 Beta-162359 3500 + 60 BP
Ovisdalli Sandpiper 3 YHB-01-58 Beta-165098 3570+ 40 BP
Rangifer Friday Creek YHB-01-55 Beta-164995 3650 + 50 BP
Bison b. Sandpiper Jova-2 Beta-152446 4660 + 40 BP
Bison b.t Mt Granger GRA-99-12 Beta-135361 7510 + 90 BP

! First reported in Stephenson et al. (2001).

Ice patch bison remains are of particular interest to
wildlife managers following the 1986 successful reintro-
duction of wood bison to southwest Y ukon. The four ice
patch bison dates (Table 4) combined with those (N = 24)
from other Y ukon sites (Stephenson et al., 2001: Table 1;
Harington, 2003) support the widespread occurrence of
the speciesin the Y ukon through the Holoceneto aslate as
370 BP (Harington, 2003). The occurrence of bison re-
mains in ice patches extends the species’ summer habitat
useto high elevations. The extant herd isknown to use the
uplands from June through August (M. Oakley, Y ukon
Department of Environment, unpubl. data), to aggregatein
the immediate vicinity of ice patches and to wallow in
ancient dung at the Thulsoo ice patch (Fig. 2). These
findings point to the cosmopolitan nature of the species,
with its ability to exist in upland as well as low-€levation
meadow habitats in the north. Two bison dung samples
from Friday Creek, dating 2840 + 60 and 3500 * 60 years
BP, yielded diet composition typical for the average bison
diet (Reynolds et al., 1978): grasses (59.3%), sedges
(29.1%), forbs (4.2%), shrubs (2.8%), lichens (3.0%), and
mosses (0.9%). Comparing these samples to the composi-
tion of modern dung collected from the Y ukon herd in
2000 and 2001, wefound that forbs (2.4%), lichen (4.3%),
and moss (2.0%) are correspondingly represented, while
shrubs (7.2%), grasses (24.2%) and sedges (60.1%) were
significantly different (Student’ st-test p<.01). Continued
monitoring of the modern bison diet will be important to
evaluate the present-day habitat suitability for this once
extirpated species and its long-term significance to other
plant and animal resources.

Wapiti ispoorly documentedin the Y ukon, soitspresence
at the Ibex ice patch (Fig. 2) at 2690 + 40 years BP (Table 4)
is important for reconstructing the past large mammal

community. The only other reliably dated occurrence in the
study area (from an antler found near Whitehorse) is more
recent, dated at 1540 + 40 years BP. Although wapiti was
reintroduced into southern Yukon in the 1950s, it has not
appreciably extended its range or expanded its present num-
bers of about 200. Environmental conditions that apparently
favoured the animal in the past do not appear to occur in the
present boreal forest (Florkiewicz, 1994). Present herds re-
main largely confined to areas of recent burn and grassy,
south-facing slopes.

Mountain goat from the Sandpiper ice patch (dated at
2510 £ 40 years BP; Table 4) provides the only date on
goat fromtheY ukon. Sandpiperisonly slightly outsidethe
present range of the species (30 km south across Kusawa
Lake) (Fig. 2). The 3570 £ 40 years BP date on sheep from
Sandpiper 3 (Table4) indicates that these two species may
have been distributed sympatrically in thiscoastal ecotone
area for the last 2500 years.

A moose humerus from the Sandpiper ice patch dated
modern (Table 4). Other dates (N = 13) place moosein the
Yukon from mid to late Holocene. For the study area,
moose remains from Whitehorse have been dated at 5720
+50yearsBP, andthosefrom Aishihik Lake, at 2900+ 130
years BP (Workman, 1978). Moose have expanded in
western North America since the LIA (Kelsall, 1972;
Kelsall and Telfer, 1974; LeResche, 1974; LeRescheet al .,
1974; Coady, 1980; Y esner, 1989; Spalding, 1990; Kay,
1997), coincidentally with apparent decreases in wood-
land caribou populations (Seip and Cichowski, 1996;
Spaulding, 2000; this study) as forage composition and
habitat areaschanged. These changeslikely affected preda-
tor/prey dynamics as well (Bergerud and Elliot, 1998).

Eighteen non-artifactua caribou elementsweredated from
the ice patches: a scapula dated at 3650 + 50 BP, and 17
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mandi bl essampled for contaminantsdated between 6320 and
360 years BP (P. Roach, Contaminants Unit of Indian and
Northern Affairs Canada, Whitehorse, unpubl. data).

DNA Sudies

Mitochondrial and nuclear DNA were successfully ex-
tracted from well-preserved caribou dung pellets. Five of
eight pelletsexamined to this point produced microsatellite
sequences, raising the possibility of positively correlating
the ancient dung—and therefore use of a specific ice
patch—with genotyped Y ukon caribou herds (Zittlau et
al., 2000). Ice patch dung stratigraphy may eventually
provide arecord of ice patch use by specific caribou herds
through much of the Holocene and identify changes in
ranging patterns traceable to specific environmental and
ecological conditions, such as moisture and temperature
fluctuations, changesinfloral composition, and predation.
In addition, DNA extracted from dung should help clarify
caribou systematics and help identify postglacial distant
ancestry of specific populations.

Knowledge of past genotypes and habitat use has sig-
nificant implications for present caribou management be-
cause it documents natural populations and ecological
changes. In recent years, some small caribou herdsin the
Yukon and Alaska have declined towards extirpation
(Farnell and Gardner, 2003), and the choice must be made
to intervene and reverse declines or to allow population
declines to run their course. More specifically, manage-
ment of the Ibex and Aishihik herds, no longer present in
much of southwest Y ukon, depends upon whether the
herds had time depth in the region or represent the most
recent appearance of a series of herd genotypes.

Caribou Diet

Caribou dung from the Friday Creek ice patch provides
dietary information for the past 4500 years (Table 2). For
comparison, modern late summer samples from the same
snow-covered ice patch and immediate tundra surface
were also analyzed, along with dung from the Ibex herd’s
winter range. Little difference in average dietary compo-
sition is evident between the ice patch Holocene diets and
the summer diet of thelbex herd. Both diets are dominated
by shrubs (36% ice patch and 37% Ibex), with smaller
proportions of lichens (26% and 26%, respectively) and
graminoids(18% and 24%, respectively). Only forbs(2.7%
and 7.3%, respectively) were significantly different (Stu-
dent’s t-test p < 0.009). In contrast, the ice patch diet
differed markedly from the modern winter diet, which is
dominated by 86% lichens. Similar resultsarereported for
other herds wintering on lichen-rich ranges (Russell and
Martell, 1984). These analyses indicate that the ice patch
dung was deposited during the summer, when caribou seek
out ice patches, and that this behaviour has persisted for
most of the Holocene.

Parasite Sudies

Three Friday Creek dung samples spanning the last
4500 years, aswell as bulk samples collected from theice
patch margins, were examined for parasites. A sample
from near the top of the patch tested negative, one from
mid-slope yielded a single nematode of unknown species,
and a lower sample (corresponding to 4410-4200 BP)
contained a Giardia cyst, likely the earliest record of this
parasite. The small parasite loads indicated by these sam-
ples, and in particular the bulk dung samples, may be the
result of taphonomic processes, such asthe multiplefreeze-
thaw cycles, that the dung has endured. Techniques of
molecular identification may yield further qualitative re-
sults, but quantitative results through the ice patch
stratigraphy appear unlikely.

SUMMARY

Thispaper providesan overview of research undertaken
by the Ice Patch Research Project, with preliminary re-
sults. Ice patches, defined by the presence of layers of
caribou dung pellets exposed during the height of summer
melt, occur in alpine settings of southwest Y ukon between
1550 and 2075 m asl on north-facing slopes or in nivation
hollows. Approximately 72 ice patches appear to contain
significant accumulations of caribou dung. Of these, 65
have been ground-checked, and 35 yielded mummified
animal remains, bone, and antler in addition to dung.
Eighteen patches of this latter group have also yielded
evidence of prehistoric hunting activity. There appearsto
be a strong correlation between the abundance of artifacts
and recovered faunal remains, suggesting that faunal re-
mains may be byproducts of human hunting activity.

Forty radiocarbon dates on dung and animal remains
provide arecord of net ice accumulation spanning the past
8000 years. Dates from three reference ice patch sites,
Thandlat, Granger, and Friday Creek, indicate a mid-
Holocene hiatusinice accumulation between ca. 6730 and
4780 BP that likely reflects increased temperatures, de-
creased precipitation, or both. Changes in ice patch size
over the past 60 yearscorrelate over decadal intervalswith
the Whitehorse record of annual mean summer tempera-
tures (expressed as MDD).

Pollen and plant macrof ossilshavebeenrecovered from
fecal pelletsand from bulk samples of “dirty” and “clean”
ice. Organic-rich ice samples and dung contain numerous
taxa that reflect various taphonomic pathways. Clean ice
samples are dominated by spruce and pine pollen. Pine
became an element in the vegetation of southern Y ukon
after 1900 years ago. Analysis of Holocene and modern
caribou dung will help to distinguish seasonal differences
in diet and further document seasonal use of the ice
patches. Development of a pollen diagram based on
stratigraphically controlled and dated ice patch samples
will complement records derived from lake and bog sedi-



ment coresto further our understanding of southern'Y ukon
vegetation history. Theice patch pollen records combined
with other data sets will greatly aid our understanding of
ice patch development and pal aeoclimate.

Studies of the preserved dung and animal remains are
beginning to provide insight into large mammal
paleobiology and community development during the
Holocene. The discovery of bison and elk remains is of
particular interest to Yukon wildlife managers and, to-
gether with other ice patch data, could assist in developing
future management strategies. Especially importantinthis
regard is the extraction of caribou mitochondrial and
nuclear DNA, asthese datawill enable wildlife managers
to document past herd affiliation and range use. Parasitol-
ogy of thedungindicateslow parasiteloads, although poor
preservation cannot be ruled out.
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