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Identifying refugia— specifically places where species can persist during periods
of regionally unsuitable climate— is increasingly important for conservation
practitioners and land managers charged with protecting biodiversity in a rapidly
warming world. Currently, many researchers assist in this process by building
models to predict areas of refugia using climate data projected into the future
under different climate scenarios; however, the coarse spatial scale of future
climate data can be orders of magnitude larger than the scale of refugia on the
landscape. Conservation paleobiology is an emerging field that can contribute to
the identification of climate refugia by looking at the macrofossil records contained
in sediments to better understand the response of species to past climate change
within a small area, and allows us to ground-truth hypotheses about specific areas
functioning as climate refugia. Here, we present a conservation paleobiology case
study to update vulnerability assessments for subalpine plant species in Acadia
National Park and locate potential future refugia on the landscape. We analyzed
plant macrofossils in a sediment core from Sargent Mountain Pond in Acadia
National Park (Maine, United States) at a fine spatiotemporal resolution to test the
hypothesis that the area served as a past climate refugium for the subalpine species
it currently hosts. We found that, when compared to a pollen record from a forest
hollow core collected on Mount Desert Island, the macrofossils reflect a more
stable presence of subalpine taxa throughout the Holocene Climatic Optimum
(8,000-5,000 BP) than was observed at lower elevations. Our results indicate
the importance of a complementary approach that combines plant macrofossils
and pollen in addition to modeling to identify refugia and better understand the
vulnerability of species and communities to climate change.

macrofossils, conservation paleobiology, subalpine, refugia, climate change
vulnerability assessment

Introduction

Identifying climate refugia with paleobiological data can refine climate change vulnerability
assessments (Dietl and Flessa, 2011; Morelli et al., 2016). Climate refugia are local sites that
support taxa unlikely to survive in the regional climate: these sites may be decoupled or buffered
from regional trends in climate (Rull, 2009; Dobrowski, 2011). In the 20th century,
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paleobiologists developed this concept to describe the survival of
temperate taxa during the last glacial maximum. The southern
Appalachians were refugia supporting taxa that could not survive at
the glacial margin; local persistence through the Pleistocene signaled
these were warm refugia (Barrington and Paris, 2007). Today,
paleobiologists are more interested in refugia for cold-adapted species
in a warming world (Keppel et al., 2015). Dramatic climate change
occurred throughout the late Pleistocene and early Holocene: the
Bolling-Allered warm period’s abrupt onset of warming (14,700 BP),
the abrupt climatic reversal to colder conditions at the onset of the
Younger Dryas (12,800 BP; Petect et al., 1990, 1993), another abrupt
warming period immediately following the Younger Dryas (11,700
BP), and, later, the Holocene Climatic Optimum (8,000-5,000 year
BP). Local persistence of cold-adapted taxa throughout these past
periods of climate change signal potential refugia under present and
future anthropogenic climate change. Identifying and protecting
climate refugia is an important conservation strategy under
anthropogenic climate change: these sites may be buffered from the
most intense warming while protecting rear-edge populations of
species experiencing range shifts (Willis and Birks, 2006; Morelli et al,,
2016). Modeling research suggests that designing conservation
strategies around cool refugia, rather than current biodiversity
hotspots, leads to much higher rates of species conservation in the
future (Nadeau et al., 2022). Paleobiology provides tools to identify
these refugia (Hunter et al., 1988). Relict populations persisting in
place throughout the Holocene against regional patterns of change are
evidence of locally favorable climates for these cold-adapted species
(Schauffler and Jacobson, 2002).

Pollen and plant macrofossil records point to potential climate
refugia in the mountains of the northeastern United States. There is a
rich paleobiological record of dynamic plant assemblages shifting
across the lowlands of the northeast since glacial retreat (Davis et al.,
1980; Schauffler and Jacobson, 2002; Oswald et al., 2018). In contrast,
only two sets of sediment cores collected along elevation gradients
reach into the alpine-treeline ecotone with pollen and macrofossil data
(see Figure 1 for all cores referenced in this paper). These records from
New YorK’s Adirondack Mountains (Jackson and Whitehead, 1991) and
New Hampshire’s White Mountains (Spear, 1989; Spear et al., 1994;
Miller and Spear, 1999) reflect a relatively stable vegetation history at
high elevations. In the Adirondacks, lower elevation sites
(approximately 1,000m and below) saw frequent shifts (500 to
4,000-year intervals) in the dominance of tree taxa, while at the highest
elevation site (1,320m) Picea and Betula papyrifera co-dominance
(beginning 8,200years BP) shifted to B. papyrifera dominance
approximately at 7500 BP, then Abies balsamea dominated from
6,200 years BP to present (see Jackson and Whitehead, 1991, Figure 7).
In the White Mountains, four subalpine and alpine lakes (1,140-
1,676 m) record shifts in species’ elevation range and dominance over
much of the 13,000-year record (Spear, 1989). However, during the
post-Younger Dryas warming period (10,300 years BP) these shifts in
community composition were more obvious at lower elevations while
high elevations maintained communities dominated by Abies and Picea
(Spear et al,, 1994, Figure 9). These records from the Adirondack and
White Mountains suggest a persistent presence of subalpine taxa at the
highest elevations throughout the Holocene.

Assessing high elevation refugia in records from the Adirondacks
and White Mountains requires macrofossils. Pollen analysis alone did
not capture the contrast between dynamic lowlands and stable alpine
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sites (Spear, 1989; Jackson and Whitehead, 1991; Spear et al., 1994;
Miller and Spear, 1999). Pollen influx at a regional scale can obscure
the local vegetation signal, and, at sites near treeline, lakes will collect
pollen carried upslope on the wind from forested lowlands (Webb,
1993; Birks and Birks, 2000). Thus, to identify local refugia in the
paleorecord, we must look to proxies that more accurately reflect local
presence. Plant macrofossils such as leaves, twigs, buds, cone scales,
or needles are orders of magnitude larger and heavier than pollen, and
thus tend to settle close to the parent plant, recording vegetation
changes at the spatial scale of alpine refugia (Davis et al., 1980; Birks
and Birks, 2000). Refugia should support a stable presence of cold-
adapted taxa in the macrofossil record despite shifts in regional plant
dominance (as recorded by pollen) in response to climate change
during the Holocene.

Are the mountains of the northeast climate refugia? While
paleobiological records from the alpine-treeline ecotone in the
Adirondacks and White Mountains suggest the persistence of
subalpine taxa throughout the Holocene, these studies were not
designed to assess refugia or support conservation work, and represent
only a few peaks in a region that stretches from upstate New York to
coastal Maine (Spear, 1989; Jackson and Whitehead, 1991; Spear et al.,
1994; Miller and Spear, 1999). The northeast mountains and the
alpine-treeline ecotone support tundra relicts from the late
Pleistocene; these alpine and subalpine plant taxa at the southern edge
of their ranges are isolated by topography, ecology, and management
in the northeast today, and unsurprisingly rank medium to high in
climate change vulnerability assessments (IKimball and Weihrauch,
2000; Norton et al., 2011; Capers et al., 2013; Whitman et al., 2013;
Ulrey et al., 2016). Identifying climate refugia with paleobiology and
macrofossil analysis will help conservation managers refine such
vulnerability assessments. Persistent subalpine macrofossils in local
sediment records throughout the Holocene suggest the presence of a
climate refugia, and indicate that these sites may buffer the
vulnerability of taxa to anthropogenic climate change.

Here, we assess a climate change refugium for the alpine-treeline
ecotone with paleobiological data at one of the lowest elevation sites
supporting subalpine taxa and open ridges in the northeastern
United States. Acadia National Park, located on the coast of Maine, is
both regionally and nationally important (Publicover et al., 2021),
attracting approximately 4 million visitors annually (National Park
Service, 2022). Acadia’s Sargent Mountain is among the shortest peaks
in the northeast to support alpine-treeline ecotone communities.
Sargent Mountain Pond, a kettle hole located on the ridge, may be the
oldest lake in Maine (Norton et al.,, 2011). The topographic complexity
of the park’s summits, as well as Acadia’s proximity to the coast, are
both hallmarks of potential refugia (Schauffler and Jacobson, 2002;
Graae et al,, 2018). The persistent presence of cold-adapted species in
this macrofossil record would indicate that these peaks, and likely
most taller mountains throughout Maine, served as cool climate
refugia throughout the late Pleistocene and Holocene.

Study area

Sargent Mountain Pond (elevation 418 m; 44.334519,
—68.269604) is located in Acadia National Park in Hancock
County, Maine, United States (Figure 2). Sargent Mountain is the
second tallest peak in Acadia and the Sargent South ridge lies to
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FIGURE 1
location of a separate core collected by

( ); Sargent Mountain pond (

Location of all cores referenced in the paper. Red dots are cores referenced in the paper. The yellow star is the location of our core (as well as the
for limnological analyses). Cores include: Lake Tear of the Clouds (
); Kinsman Pond, Deer Lake Bog, Eagle Lake Bog, and Lake of the Clouds (

); Blackwoods
) this study

the west of the pond. The Maine Natural Areas Program classifies
the system as a rocky summit heath ( )s
which is characterized by communities consisting of shrub or
Thuja
occidentalis, Picea rubens, Amelanchier sp., Viburnum nudum, Ilex

sapling Abies balsamea; shrub Betula populifolia,

sp.; dwarf shrubs Rhododendron candense, Rhododendron
groenlandicum, Gaylussacia baccata, Kalmia angustifolia, and
Vaccinium angustifolium; and Sphagnum mosses. The exposed
ridge also supports Sibbaldiopsis tridentata, a common species in
outcrops and alpine ridges, and Vaccinium vitis-idaea, a boreal
species. The kettle hole lake Sargent Mountain Pond, on the
southern ridge of Sargent Mountain was first exposed during
deglaciation, approximately 16,600 years BP ( ).
The pond is mostly fed by precipitation and surface runoff, with
a small amount of groundwater possibly entering through
bedrock joints, and it drains into a fen to the southeast. Thirty-
year climate normals (1991-2020) for Acadia National Park
obtained from NOAA show an average range of 20.9°C in July to
—4.6°C in January, with an average of 55.4in. of precipitation
yearly. Sargent Mountain pond was previously cored in March
2007 for an analysis of nutrient cycling, lake chemistry,
). While nine
pollen samples were analyzed at a coarse resolution spanning

sedimentation, and fire history (

16,600-9,800 BP, there has as yet been no plant macrofossil
record from this site.

Frontiers in

Sediment core acquisition and chronology

We collected two overlapping sediment cores in September 2017
with a modified Livingstone square-rod piston sampler, using a
Bolivia adapter and polycarbonate core tube for soft surface
sediments. Our core was taken from the deepest part of the pond to
avoid boulders and slumping from the pond’s steep slopes. At
approximately 0.75ha, the pond is small enough that even the deepest
part of the basin should contain abundant plant macrofossils. Our
409.5 cm core was built as a composite of these two overlapping cores,
to avoid core gaps or disturbed sediments between drives. The core
was split, imaged, and scanned, at the Continental Scientific Drilling
facility at the University of Minnesota (CSD; formerly LacCore), then
subsampled into 0.5 cm slices. One half of the split core remains at
CSD for archiving, and the working half was transported to the
University of Maine and kept in refrigeration (See for
the full core description).

Six terrestrial plant macrofossils were sent to the W.M. Keck
Carbon Cycle AMS facility at UC Irvine for radiocarbon dating
( ). The R package bacon v 2.5.8 ( )
was used to calibrate the radiocarbon dates and produce a Bayesian
age-depth model for the core (see for further discussion

of our bacon age-depth model). Radiocarbon dates ( ) were
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FIGURE 2

N ™M

Location of the two cores from Mount Desert Island relative to the state of Maine. The star depicts our core, and the red dot depicts a forest hollow
core collected at the Blackwoods campground (Schauffler and Jacobson, 2002).

-68.25

TABLE 1 Radiocarbon ages for Sargent Mountain Pond obtained from
W. M. Keck Carbon Cycle AMS facility at UC Irvine, 2 sigma calendar year
age ranges obtained from CALIB 8.2 (and rounded to the nearest
10years), and the type of material analyzed.

(ch(:rﬁ);h T g rgr?glJZgBeP 2
0.5 230 15 280-306 needle
73.5 1740 70 1,514-1798 wood
133.5 2,510 15 2,497-2,595 twig

217.5 4,505 15 5,051-5,193 leaves
287.5 6,660 60 7,430-7,620 insect
375 11,020 120 12,750-13,120 needles

Calibrations from Keck Carbon Cycle AMS Facility following the conventions of Stuiver and
Polach (1977).

calibrated using CALIB v8.2 (Stuiver and Reimer, 1993). Throughout
the results, we report the median ages (Cal yr. BP) of the fossils as
output by the bacon.hist function.

Macrofossil analysis

We sieved one approximately 5cm? core slice every 2.5cm for
macrofossils. For this study, we focused on the bottom half of the core,
which covers early- to mid-Holocene warming during the Holocene
Climatic Optimum (~8,000-5,000 BP). Each sub-sample was placed
in a beaker and mechanically disaggregated with DI water. The slurry
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was poured into a 250 pm sieve over a beaker, and DI water was used
to break up any large clumps. The contents of the sieve were
transferred to a petri dish, and DI water was added to cover the
bottom of the dish in a thin layer of water and sediment. The petri dish
was placed under a dissecting scope and systematically searched for
plant fragments using 10x magnification (see Figure 3 for examples of
macrofossils). As fossils were found, they were placed into 1/2 dram
glass shell vials using a fine-tipped nylon paintbrush. Each plant
macrofossil was identified using the reference collection at the
University of Maine and CSD’s online TMI database (TMI ImageSieve,
n.d.). Then the sediment was swirled and searched again under 20 x
magnification. The process was repeated until all plant macrofossils
were removed and identified. Vials were dried in an oven at 25°C until
no water was present and then moved to a refrigerator for long-term
storage or subsequent radiocarbon dating. In total, we analyzed 74
subsections of the core spanning 13,290-4,660 BP.

Results

A total of 108 terrestrial plant fossils were identified from this
interval (Figure 4). These fossils are representative of plants currently
found on the peak of Sargent Mountain or generally found in Acadia
National Park. The oldest parts of the core (375.5-408.5 cm) consisted
primarily of clay and glacial till containing no fossils. The oldest
macrofossil identified for this analysis was the sporangia of a
leptosporangiate fern dated at 13,090 BP. By 12,880 BP the plant
macrofossils indicate that ferns, Alnus, Picea, and Abies were all
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1cm

FIGURE 3
Photos of macrofossils from the Sargent Mountain Pond core, with the depth found included in parentheses: (A) Cyperaceae achene (287.5cm),
(B) Betula sp. seed (260cm), (C) Picea sp. needle (375cm), and (D) Betula sp. catkin scale (272.5cm).

Macrofossil abundance in composite Sargent Mountain Pond core
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FIGURE 4

Plant macrofossil abundance from 13,290 BP to 4,660 BP (390-200cm). Blue shaded graphs show counts of macrofossils of universal cold-loving
species, green shaded graphs show counts of macrofossils that are potential cold indicators, pink shaded graphs show counts of macrofossils from
warm indicator species, and yellow shaded graphs show counts of other, non -indicator species. Unidentifiable fragments of leaves and twigs were
also collected in this core but, as they had no diagnostic characteristics, are not included in the stratigraphy. We also found evidence of Daphnia and
Chara as well as other aquatic organisms, but the aquatic community in the lake is beyond the scope of this paper. We used the R package rioja
(Juggins, 2020) to make this diagram.
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present at the site. Ferns were still present in 12,750 BP alongside some
unidentifiable leaf and stem tissues. 12,640 BP marks the first
appearance of Juniperus in our record, most likely Juniperus communis.
By 12,470 BP Betula was present at the site alongside Picea and Abies
macrofossils. One Acer seed macrofossil co-occurs in the record at
12,320 BP with Abies needles. Acer was reported in the Mount Desert
Island forest hollow pollen analysis and is commonly found in the
park, but is not currently found on the Sargent Mountain ridge. Alnus,
another taxa that is not restricted to alpine habitat in the park appears
again at 11,990 BP. From 11,320 BP to 7,560 BP, the plant macrofossils
observed were restricted to Abies, Betula, Juniperus, and Picea. At
7,560 BP we recorded a Cyperaceae achene. Cyperaceae does not
appear again in the rest of our record. From 7,560 to 4,880 BP, the only
macrofossils we recorded were from Abies, Betula, Juniperus, and
Picea. The last fern sporangia in our record also occurred at the
latter date.

Discussion

The Sargent Mountain Pond macrofossil record provides a proof-
of-concept case study for conservation paleobiology research testing
hypothesized refugia in partnership with conservation practitioners.
Our results reveal that Sargent Mountain was a refugium for cold
adapted taxa throughout the early Holocene and the Holocene
Climatic Optimum. The persistence of macrofossils from these taxa
through past rapid warming events suggests that this site—and taller
mountains in Maine—may be buffered from current climate change
(Dobrowski, 2011; Morelli et al., 2016). Climate change vulnerability
assessments for Maine (Whitman et al,, 2013; MCC STS, 2020;
Publicover et al., 2021) are already considering paleobiological data:
for example, Climate Change and Biodiversity in Maine: Vulnerability
of Habitats and Priority Species cites Miller and Spear (1999) in its
assessment of alpine habitat vulnerability. But, until now there have
been no Maine-based records for vegetation at or above treeline
through the early Holocene. Importantly, we co-produced our Sargent
Mountain Pond work with Acadia National Park as part of a Smith
Conservation Research Fellowship (Aslan et al, 2014) and an
undergraduate capstone. Our research questions were designed to
support park management priorities and broader efforts to understand
climate change refugia (Smetzer and Morelli, 2019). Acadia National
Park’s mountains support the lowest treeline in Maine. Across the state
and region, researchers and managers are actively collaborating to
assess and manage alpine-treeline ecotones scattered across ridges
under the conservation management of federal and state agencies and
NGOs (Nelson et al., 2022). Paleobiology work, especially research
grounded in macrofossil analysis (Birks and Birks, 2000), will continue
to support these efforts and help us refine climate change
vulnerability assessments.

Macrofossils from Sargent Mountain Pond reveal that this site
was a refugium for cold-adapted plant taxa throughout two
Holocene warming periods, and suggest that the low, open ridges
of Acadia National Park serve as climate refugia for subalpine
plant communities today. Abies, Juniperus, and Picea macrofossils
appear throughout the sediment record from 12,880 to 5,170
BP. Juniperus communis is common on Acadia’s cliffs, balds, and
ledges todays; it is an indicator of open habitats like the alpine-
treeline ecotone (Mittelhauser et al., 2010). Juniperus communis
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is a widespread, circumboreal species that extends from
Greenland throughout Canada and Alaska, down as far as
Georgia where it grows on isolated mountaintops (Tirmenstein,
1999). Abies and Picea are two of the characteristic canopy trees
in the Fir-Heart-leaved Birch subalpine forest community
(Gawler and Cutko, 2010). Abies currently extends from Virginia
to Hudson Bay, and Picea rubens, the dominant spruce in Acadia,
ranges from North Carolina to Hudson Bay, although three types
of spruce—black, red, and white—are currently found in the
park. Betula seeds also appear in our record, but we were unable
to identify these macrofossils to species and not all birches are
indicators of cool climates and subalpine plant communities.
Four species of Betula are present in the park today. Betula
alleghaniensis extends from Georgia to Hudson Bay; Betula
cordifolia (which some indicate as a variety of B. papyrifera)
extends from North Carolina to Hudson Bay, but is absent in New
Jersey, Delaware, and Maryland; Betula papyrifera is present from
North Carolina to Hudson Bay, extending across the plains and
up into Alaska; finally, Betula populifolia is found in North
Carolina to Hudson Bay. Cold adapted taxa are never completely
replaced by warm adapted taxa in our macrofossil record. The
persistent presence of cold-adapted macrofossils from taxa still
found on Sargent Mountain ridge today illustrate local resistance
to regional climatic changes.

The persistent presence of cold-adapted macrofossils on
Sargent Mountain contrasts with evidence of a dynamic forest
history in the early Holocene at low elevations on Mount Desert
Island. Pollen analysis representing stand-scale dynamics from a
low elevation (30 m) wet depression at Blackwoods, a site a few
kilometers to the southeast of Sargent Mountain Pond, features
taxa peaking and declining throughout the late Pleistocene and
Holocene (Schauffler and Jacobson, 2002). We do not expect the
Blackwoods and Sargent Mountain pond source areas to overlap,
as the pollen from the forest hollow below a closed canopy should
come from 50m to a maximum of a few hundred meters. At
Blackwoods, Pinus pollen jumps to peaks around 9,000 BP and
7,000 BP; Pinus does not appear in our macrofossil record. Taxa
associated with warmer microclimates including Acer and
Quercus appear throughout the Blackwoods pollen record; in
contrast we found just a single Acer seed at 12,320 BP, and it
co-occurs with Abies needles. Pollen in lake sediments is a
regional record (Jackson and Whitehead, 1991; Webb, 1993); the
pollen in forest hollows like Blackwoods is more local, recording
stand-level taxa within a few hundred meters (Schauffler and
Jacobson, 2002). Macrofossils reflect the local flora at a finer
spatial scale; while pollen can easily be transferred from below
treeline and deposited in sediments above treeline, the source
area for macrofossils is much more limited (Birks and Birks,
2000). Together, pollen and macrofossil analyses on Mount
Desert Island describe a dynamic history of cold-adapted and
warm-adapted taxa shifting in abundance around a low elevation
forest hollow (Schauffler and Jacobson, 2002, Figure 4C), while
higher elevation sites like Sargent Mountain Pond supported
stable cold-adapted plant communities throughout the first half
of the Holocene.

Sargent Mountain Pond is an extraordinarily low elevation
refugium for subalpine plant taxa. Our macrofossil record at
Sargent Mountain Pond is consistent with macrofossil records
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from the highest elevation sites in the Adirondack (1,320 m) and
White Mountains (1,676 m) of the northeast. In New York’s
Adirondack Mountains, forest composition was never steady for
longer than 2,000years—except at 1,320m where Abies
macrofossils anchored the 8,000 year record with Picea and Betula
papyrifera consistently also appearing (Jackson and Whitehead,
1991). Cold-adapted taxa persisted at this high elevation site
throughout the Holocene. In New Hampshire’s White Mountains,
pollen and macrofossil evidence supports a relatively stable
location for treeline from 10,000 BP to present (Spear et al., 1994).
Abies and Picea dominate the subalpine forest below treeline over
the last 9,000 years (Spear, 1989), and sediments at the highest
elevation site include macrofossils of open-habitat herbs and
mosses, suggesting that it has never supported a closed canopy
forest (Miller and Spear, 1999). We found similar persistent
records of cold-adapted and open-habitat taxa at Sargent
Mountain Pond throughout the first half of the Holocene. If this
small peak (at only 418 m) was able to support subalpine taxa
through the Holocene, taller mountains with more surface area
above treeline across Maine may also be refugia. Sargent Mountain
is not just considerably smaller than the other mountains
supporting alpine habitats in Maine, it is also located on the coast.
The coastal influence on the climate of Maine’s islands seems to
have sustained cool refugia for spruce throughout the Holocene,
and may have also supported subalpine refugia on island peaks
(Schauffler and Jacobson, 2002). However, throughout the
Anthropocene the Gulf of Maine has warmed, with accelerated
warming recorded in the last decade; 2015-2020 was the warmest
5-year period in the instrumental record and average temperatures
are expected to increase 1.1-2.4°C by 2050 (Pershing et al., 2021;
Seidov et al., 2021). The influence of the Gulf of Maine and the
effect of warming water temperatures on Mount Desert Island’s
mountain microclimates are not fully understood. But,
recognizing Sargent Mountain Pond as a refugium for subalpine
and alpine-treeline ecotone taxa throughout the Holocene should
shift how conservation practitioners assess and manage the
climate change vulnerability of these plant communities (Hunter
et al., 1988; Dietl and Flessa, 2011; Morelli et al., 2016).

Conclusion

Understanding and identifying climate refugia is a top priority for
conservationists and managers currently working to protect alpine
and subalpine systems in the northeastern United States. Refugia
provide suitable habitat for in situ conservation under anthropogenic
climate change (Keppel and Wardell-Johnson, 2012; Morelli et al.,
2016). Macrofossil evidence shows the ridge around Sargent Mountain
Pond consistently supported cold adapted plant taxa throughout
warm climates during the first half of the Holocene, at the same time
pollen data reflects dynamic vegetation changes at lower elevations at
the scale of Mount Desert Island. Our macrofossil analysis indicates
that plant communities at treeline in Acadia National Park may be less
vulnerable than expected to climate change due to this refugium. The
Sargent Mountain macrofossil record could thus provide critically
timed data to support managers at Acadia National Park as they
grapple with conserving and prioritizing management actions for
important cultural and ecological landscapes in the face of ongoing
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climate change. Across the United States, National Parks are among
the landscapes most exposed to climate change with high latitudes,
high altitudes, and coastal locations facing dramatic impacts of climate
change (Gonzalez et al, 2018). Acadia National Park and its
low-elevation subalpine refugia indicate that some plant taxa may
be more resilient to climate change than previously thought, though
as warming extends beyond the range of the Holocene, many
uncertainties remain. Our results support a growing body of
conservation paleobiology literature illustrating how paleorecords can
broaden our understanding of how at-risk organisms respond to rapid
climatic changes, in support of their ongoing management in a
warming world (Dietl and Flessa, 2011).
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