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Introduction
Red Cedar Woodlands are a Globally Imperiled (G2) to Vulnerable (G3) natural community type
that occurs throughout New England (except Maine and Rhode Island) and in New York,
Pennsylvania and Ontario. In Vermont they vary in composition including sites consistent with
both the Northeast Red Cedar Calcareous Rocky Summit (Juniperus virginiana - Ostrya
virginiana / Carex eburnea Woodland) and the Northeast Red Cedar Circumneutral Rocky
Summit (Juniperus virginiana - Fraxinus americana / Poverty Oatgrass Woodland) Associations
in the National Vegetation Classification (NatureServe 2021). These botanically interesting sites
typically occupy calcareous to circumneutral outcrops, knolls, and cliff brows and have received
attention from ecologists seeking to describe and understand their composition and structure, and
the natural processes that promote their formation and persistence in the landscape (Thompson et
al. 2019; Sperduto and Nichols 2011; Nichols et al. 2018; Edinger et al. 2014). They have also
received attention for their potential to harbor small but very old trees thanks to eastern red
cedar’s (Juniperus virginiana) potential longevity and decay resistance, combined with the lack
of merchantable timber resources or other attributes that attract significant human disturbances to
these sites (Nichols et al. 2018). While such communities do not fit the standard image of ‘old
growth’ as deep, dark woods with massive, tall trees, they can in fact be just that, remnant forests
that pre-date European settlement.
Nichols et al. (2018) documented trees up to an estimated 575 years old in one Red Cedar
Woodland in New Hampshire. However, in Vermont, only limited study of this Very Rare (S1)
natural community type has occurred, primarily focused on documenting its existence, vascular
plant composition, structure, and general condition for purposes of inclusion in the state’s natural
community classification system (Thompson et. al. 2019) and natural heritage database, and for
land management purposes. Vermont’s natural heritage database (VNHI 2021) currently contains
twelve Red Cedar Woodland occurrences spanning about 32 acres, and a few more are known or
suspected but not fully documented (Zaino pers. comm., Marcus pers. comm., Peters
unpublished data). Existing accounts of these sites frequently suggest that the trees appear old;
however, prior to this study, there has been almost no quantitative data confirming this in
Vermont. Thus, more extensive and targeted research was needed to gain a better understanding
of the maximum tree age and frequency of occurrence of these potential pre-European settlement
forest remnants. Additionally, many occurrences in Vermont occupy west-facing promontories
with scenic views that could make them attractive sites for further trail development or view
clearing, especially in today’s climate of heightened demands for new recreational infrastructure.
Thus, it is important that we better understand the age and significance of these sites.
In addition to being potential old growth forests, these communities are frequently known to
support rare vascular plants, with over 50 mapped occurrences of S1 to S3 ranked species;
however, some sites had not been specifically surveyed for rare species and/or had not been
recently visited (VNHI 2021). The bryophyte flora of these woodlands also had not been studied.
While the primary focus of this proposed study was to discover the age of the trees in these
unique places, rare vascular plants were also documented as encountered and limited collection
of bryophytes occurred to enhance understanding of these aspects of Red Cedar Woodlands.
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Methods
Six Red Cedar Woodland sites in Vermont
were selected for sampling on the basis of
ownership, prior data suggesting presence of
gnarly old trees, and a broad geographic
distribution of sites. This led to a focus
primarily on sites owned by The Nature
Conservancy and the State of Vermont,
including Niquette Bay State Park, Snake
Mountain Wildlife Management Area, Snake
Mountain South, Austin Hill and Bald
Mountain in TNC’s Buckner Preserve, and the
Fairlee Palisades, depicted in Figure 1. Each
site was explored on foot to locate and core a
small number (5-12) of the oldest looking red
cedar trees using an increment borer. Trees
were cored as close to the base as possible and
only a single core was removed from each tree,
except in two cases where two cores were taken
from individuals due to heart rot at the base.
Figure 1. Red Cedar Woodland Study Sites.

Basic descriptive data were collected for each
cored individual including GPS location, photos, core height, diameter at core height (DCH),
diameter at breast height (DBH), total and live circumference at core height, tree height (visual
estimate), and tree sex (based on presence of fruit or male strobili or their attachment scars), as
well as descriptive notes. Following sampling, cores will be prepared in standard fashion (ie. to
dried, mounted into grooved wooden blocks, and sanded smooth for microscopic examination).
To date only preliminary results are available from rough ring counts of unprepared cores under
a dissecting microscope; full core preparation and study is ongoing this winter.
Secondary objectives of the project included documentation of rare vascular plants and collection
of bryophytes to enhance knowledge of these aspects of Red Cedar Woodland communities.
These aspects were pursued on a somewhat ad hoc basis with rare species being documented as
encountered in the course of exploring each site, and bryophytes being selectively sampled at a
few stations across each site, particularly when rare taxa were suspected.
Results
Coring
Obtaining good samples from the best (i.e. oldest looking) candidate trees proved to be a difficult
process due to a variety of constraints. The most promising trees were often at cliff brows and
other precarious or difficult to reach microsites, if not actually down the cliff faces. They also
often had large lower limbs, rocky impingements, highly asymmetrical trunks, narrow strips of
live wood, and other factors that made them physically difficult or impossible to sample well
without unacceptable damage to the tree. Nevertheless, I was able to obtain a total of 52 cores
from 50 trees across the six study sites over the course of seven field days; the number of cores
varied from 5-12 per site depending on the number of suitable candidate trees encountered and
the time available.
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Site
Austin Hill
Bald Mountain
Fairlee Palisades
Niquette Bay State Park
Snake Mountain
Snake Mountain South

Preliminary
ring count
287+
150+
318+
135+
266+
320+

Mean coring height was 30.5cm. Sampled trees
averaged 19.8cm diameter and 63cm circumference at
coring height, with a mean of 73% (range 26-100%)
of the circumference being live wood. Mean tree
height was 4.8m (range 2-11m) and both male and
female trees were present among the sampled ‘oldest
looking’ cohorts (n=29, 18M 11F).
At present only preliminary ring count results are

available from a subset of cores thought to represent
Table 1. Preliminary maximum ring
counts for selected Vermont eastern red the oldest individuals. These cores were examined in
their rough (unprepared) state to provide preliminary
cedar (Juniperus virginiana) samples.
results, with full specimen preparation and more
accurate counts of all samples pending. Table 1
presents the resulting rough ring counts, which can only be considered approximate guides to
tree age. Apart from the potential for inaccuracies from counting unprepared cores, eastern red
cedar is known to have both false and missing rings with some frequency. Such anomalies can
only be fully corrected for through techniques known as cross-dating, which I hope to eventually
achieve through collaboration with other researchers.
With that caveat aside, these preliminary
results are encouraging and appear to
answer, provisionally, the fundamental
question of this study. All six sites host
trees well over a century in age with four
of the sites having trees well over 250
years. The oldest two samples, from the
Fairlee Palisades and Snake Mountain
South sites, appear to be in the vicinity of
320 or more years, placing the origin of
these individual trees around the year 1700
or earlier. Thus, it seems reasonable to
conclude that at least the four older sites,
Snake Mountain, Snake Mountain South,
Austin Hill, and Fairlee Palisades, can be
considered to have old growth trees and
are pre-European settlement communities.
Despite the presence of old trees, all sites
did have some evidence of human
disturbance. Very old cut stumps and/or
ax-felled cedar logs were noted in varying
frequency at most sites. Given the rugged
nature of the sites, ill-suited even to
pasturage, it seems likely that the cedars
were cut for rot resistant fence posts; this
was particularly notable at the Bald
Matthew Peters

Figure 2. An approximately 318-year old (rough ring count)
eastern red cedar (Juniperus virginiana), just 2m tall, at the
cliff brow at Fairlee Palisades.
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Mountain site. A few sites
currently have trails through or
along the margins of the Red
Cedar Woodlands, and the
Palisades site has some impacts
related to I-91 rockfall
management at the east end.
Evidence of fires, both old and
recent, was also noted at several
sites, whether these were humancaused or not is unknown.
Each of the visited Red Cedar
Woodlands was remotely mapped
using high resolution colorinfrared imagery, in which cedars
Figure 3. An approximately 287-year old cedar at the Austin Hill site.
have a distinct signature. The
resulting mapping adds about 32
acres to the known extent of the community type in Vermont, effectively doubling its mapped
area.
Rare Species and Bryophytes
Rare vascular plants were encountered at all sites, often in
profusion, underscoring the conservation and biodiversity
value of these sites. In total 103 occurrences (a species at
a site) of 52 species of state-tracked Very Rare to
Uncommon (S1 to S3) vascular plants were documented
during field work for this project. Of these, 57
occurrences of 34 species were new discoveries and
nearly all of the remaining 18 species had new
subpopulations documented. Of the total documented
occurrences about 63 were actually in the Red Cedar
Woodlands, including 29 different species, while the
remaining 40 occurrences, including 23 additional
species, occurred nearby, mainly in closely associated
natural community types such as Temperate Calcareous
Figure 4. An old axe-cut and subsequently
Cliff, Dry Oak-Hickory-Hophornbeam Forest, Dry Oak
charred cedar stump at Snake Mountain
Forest, Open Talus, and others. Appendix 1 presents a list
indicates a variety of past disturbance
events, human and natural, affect the sites.
of all the rare vascular plant species documented. A few
highlights are worth noting. Four new and one relocated
occurrences of Fogg’s goosefoot (Chenopodium foggii) were found (Figure 5); this is a Globally
Imperiled to Vulnerable (G2G3) species that appears to have a previously unrecognized affinity
for the Red Cedar Woodland natural community type, which is not entirely surprising given the
species association with circumneutral cliff and talus settings. Sixteen occurrences of state-listed
Threatened or Endangered species were documented, five of them new, and a total of 36
occurrences of species ranked S2 or rarer were found. A number of historical occurrence records
were also rediscovered, such as nodding stickseed (Hackelia deflexa), last seen at the Palisades
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site in 1925. Not surprisingly, many of the
rare taxa observed have known associations
with calcareous or circumneutral habitats,
often in open or partially shaded, rocky
conditions. Data for all documented
occurrences will be conveyed to the Vermont
Natural Heritage Inventory.
In total, over 60 bryophyte collections were
made for later identification; some (many?)
collections include multiple species.
Specimen determination and curation are
incomplete at this time and will continue
throughout the winter; however, a few
comments can be made. Overall, bryophyte
diversity does not appear to be especially
high. The reason for this is unclear given the
calcareous substrate at most sites, which
might be assumed to support a rich flora.
However, I speculate that the relatively xeric
conditions and lack of heterogeneity in
moisture and substrate result in lower species
diversity, but it is important to note that this
Figure 5. Globally Imperiled to Vulnerable (G2G3) Fogg's
study was by no means a comprehensive in
goosefoot (Chenopodium foggii) in its characteristic habitat
this
regard and further study could alter this
of circumneutral ledges within a Red Cedar Woodland.
preliminary finding. Several species currently
considered rare in Vermont (Allard 2021) were collected, including Grimmia muehlenbeckii, G.
pilifera, Syntrichia ruralis, Andreaea rothii, Thelia asprella, and Dicranum spurium, in fact the
first of these was collected from all six sites, which will likely lead to its down-ranking. (Note
that rarity ranks for bryophytes are generally
more provisional and subject to change, given
the relative paucity of sampling effort.)
Bryophyte records will be entered into the
Consortium of North American Bryophyte
Herbarium (CNABH) observation portal for
access by other researchers.
Preliminary results of this study were
presented at the annual Forest Ecosystem
Monitoring Cooperative (FEMC) Conference
(held virtually) on Dec. 16, 2021. Connections
stemming from that talk may result in more
intensive study of samples gathered in this
effort, hopefully leading to cross-dated ring
chronologies with greater accuracy and greater
potential application beyond the limited intents
of this study.
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Figure 6. The Very Rare (S1) moss Dicranum spurium
on open bedrock within a Red Cedar Woodland.
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Summary
It appears clear from the preliminary results of this study that many, perhaps most, of Vermont’s
Red Cedar Woodland sites are in fact relatively intact ‘old forests’ with at least some individual
trees greater than 150 years old, though the sites are not without some signs of past human
influence. Indeed, four of the six sampled sites have individuals greater than 250 years old and
could be considered pre-European settlement communities. While old trees of most species have
not been systematically searched for in Vermont, the results of this study place eastern red cedar
(Juniperus virginiana) among the oldest known tree species in the state, mirroring overall trends
for eastern North America (Pederson 2021). Unpublished data collated by Cogbill (2008) place
only black gum (Nyssa sylvatica), eastern hemlock (Tsuga canadensis), and red spruce (Picea
rubens) ahead of red cedar in documented age in Vermont, with ages of 435, 419, and 369,
respectively. Further, given the small sample sizes in this study and the inaccessibility of some
trees, it is quite likely that the very oldest red cedars at the study sites remain to be discovered.
While Red Cedar Woodlands in Vermont were already known to support many rare species, this
study further extended that association to a significant degree, and, specifically, added
substantially to our knowledge of the globally rare Chenopodium foggii, in the process. The
abundance of rare species occurrences, in combination with the great age of cedars at these sites,
underscores their importance as hotspots of biodiversity and ecological value that are worthy of
the highest levels of protection. Enhanced mapping of these Red Cedar Woodland occurrences
doubles their known extent in Vermont and provides a spatially explicit basis for protecting
them.

Figure 7. A Red Cedar Woodland at Austin Hill, West Haven, VT.
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Appendix 1: State tracked Very Rare to Uncommon (S1-S3) species documented during
this study of Red Cedar Woodlands at 6 sites in Vermont. Note: only those species indicated
by shading occurred in the Red Cedar Woodlands themselves. Bold text indicates species with at
least one newly documented occurrence. RCW= Red Cedar Woodland, T=Threatened,
E=Endangered.

Species
Arabidopsis lyrata
Asclepias exaltata
Aureolaria pedicularia
Boechera stricta
Borodinia missouriensis
Brachyelytrum erectum
Bromus kalmii
Cardamine parviflora
Carex backii
Carex davisii
Carex formosa
Carex hitchcockiana
Carex laxiculmis
Carex merritt-fernaldii
Carex muehlenbergii var. enervis
Carex siccata
Cerastium nutans
Chenopodium foggii
Conopholis americana
Crocanthemum canadense
Cyperus houghtonii
Desmodium paniculatum
Dichanthelium dichotomiflorum
Dichanthelium xanthophysum
Drymocallis arguta
Elymus trachycaulus
Eupatorium purpureum
Geranium bicknellii
Glyceria septentrionalis
Hackelia deflexa
Juncus secundus
Lilium philadelphicum
Muhlenbergia tenuiflora
Matthew Peters

VT
S Rank
S2
S3
S1
S1S2
S1
S2S3
S2
S2
S3
S1
S3
S3
S3
S1
S1
S1
S1
S1
S3
S2S3
S2
S3
S3
S3
S3
S3
S3
S3
S2
S2
S1
S3
S3

VT
Status
T

E

T
E

T

T
E

# of
sites
2
2
1
4
2
1
1
5
6
1
1
1
1
1
1
1
1
5
2
1
1
2
1
1
4
6
1
1
1
1
1
1
2
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# in
RCW
2

2
2
1
4
4

1
1
1
4

1
1
1
3
5
1

1
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Species
Myosotis verna
Panax quinquefolius
Peltandra virginica
Phegopteris hexagonoptera
Piptatheropsis pungens
Polygala senega
Polygonum douglasii
Quercus muehlenbergii
Rhus aromatica
Sanicula canadensis var. canadensis
Selaginella rupestris
Solidago squarrosa
Spiranthes lacera var. lacera
Symphoricarpos albus var. albus
Triodanis perfoliata
Triosteum aurantiacum
Viburnum rafinesquianum
Vulpia octoflora
Woodsia obtusa
Total occurrences
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VT
S Rank
S1S2
S3
S2S3
S2S3
S2
S2S3
S2
S3
S3
S2S3
S3
S2S3
S3
S3
S2S3
S3
S3
S1
S3

VT
Status

T
E

E
16

# of
sites
2
2
1
1
2
3
2
2
2
1
6
2
1
2
3
2
4
1
1
103
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# in
RCW
2

2
2
2
2
5
1
1
2
3
2
4

63
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