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Life History

Thuja occidentalis (Arborvitae) is an evergreen tree in the cypress family that has shallow,
spreading roots. The trees may attain heights of 20 meters or more but a prostrate form of the
species has sometimes been found in harsh environments. Typical trees have primary branches
that become shorter as they ascend the trunk, forming a conical shape. The ridged bark is gray-
brown to red-brown and often fibrous. The flattened, scale-like leaves are arranged in rows of
four. Male and female cones are borne on separate branches. The pollen cones are yellow or
reddish and 1-2 mm long, and the seed cones are brown, somewhat bell-shaped, and 0.9-1.4 cm
in length. (See Britton and Brown 1913, Curtis 1946, Fernald 1950, Gleason and Cronquist
1991, Petrides 1998, Chambers 2020).
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Left: Britton and Brown 1913, courtesy USDA NRCS 2025a. Right: Jean-Marc Valliéres, 2021.

The reproductive cones of Thuja occidentalis begin to form during the fall and expand the
following spring. Male cones release their pollen between March and early June in various parts
of the species' range. The female cones develop over a single growing season, ripening from late
summer to early autumn and shedding the majority of their seeds by late autumn or early winter
(Johnston 1990, Miller 1990, Weakley et al. 2024). Clonal reproduction is common in Thuja
occidentalis. 1t frequently occurs when low-hanging branches or fallen trees become embedded
in mossy substrate, develop roots, and form new stems (Curtis 1946, Johnston 1990), but living
branches that are cut and dropped by animals may also take root (Miller 1990). In some 7.
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occidentalis populations vegetative propagation is the primary means of recruitment (Walker
1987, Young 1996, Lamy et al. 1999, Paul et al. 2014, Visnadi et al. 2019).

Thuja occidentalis is generally slow-growing and long-lived. For the first few years the
seedlings only increase in height by an average of about 8 cm (Johnston 1990). Cone
development has occasionally been reported in six-year-old saplings but under normal
circumstances it takes 20—30 years for sexual reproduction to occur on a regular basis (Curtis
1946, Miller 1990). Mature trees can persist for hundreds of years (Miller 1990, Heinrichs
2009). In particularly harsh settings like cliff edge habitats the species develops exceptionally
slowly—relying on a modular growth strategy to replace damaged parts—and some individuals
may attain ages of 1,600—1,900 years (Matthes-Sears and Larson 1999, Larson 2001).

Commercial uses of Thuja occidentalis include timber, horticulture, and medicine. The soft,
decay-resistant wood has been utilized for canoes, fencing, shingles, and other construction
materials. Over 120 ornamental cultivars have been reported (Curtis 1946, Johnston 1990,
Petrides 1998, Chambers 2020). The common name, Arborvitae or "tree of life", dates back to
the 1500s when the French explorer Jacques Cartier and his crew successfully employed an
Iroquois remedy derived from the branches as a cure for scurvy (Durzan 2009). Bioactive
compounds extracted from 7. occidentalis also exhibit a high potential for usage in a assortment
of modern health applications (Baisane et al. 2025).

Pollinator Dvnamics

Like most gymnosperms, Thuja occidentalis is pollinated by wind. As the male cones release
their pollen, the ovules of the female cones exude sticky droplets of liquid known as pollination
drops. The cones and their associated droplets are initially held at an angle that maximizes their
exposure to air currents. Small amounts of pollen may occasionally be brought into contact with
the droplets via rainwater flow. The deposition of conspecific pollen, or that of a closely related
species, triggers drop withdrawal but pollen originating from taxa outside of the cypress family
does not. Compatible pollen sinks into the fluid, which changes its shape and decreases in
volume via evaporation until it is fully absorbed by the ovule. For most species in the
Cupressaceae the withdrawal process takes less than an hour. 7. occidentalis has one of the most
rapid responses, averaging 8 minutes for conspecific pollen and 10 minutes for pollen from
another family member. Later-acting incompatibility mechanisms may also take place within the
ovules. Once fertilized the female cones change their orientation, shifting to an upright position
(Owens et al. 1998, Xing et al. 1999, Gelbart and Aderkas 2002, Dorken and Jagel 2014).

Owens et al. (1990) found that Thuja plicata was highly self-compatible and that seems to be the
case for Thuja occidentalis as well. Genetic studies of the latter species recorded low levels of
outcrossing and it appeared that most seed development had resulted from self-fertilization or
gene exchange with near relatives (Perry and Knowles 1990, Lamy et al. 1999). Although the
native ranges of 7. occidentalis and T. plicata do not overlap the two species can hybridize when
they are grown in close proximity (Zielinski et al. 2019).
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Seed Dispersal and Establishment

Thuja occidentalis produces about eight seeds per cone although crop size can vary considerably
from one year to the next (Johnson 1990, Chambers 2020). The seeds are broadly winged
(Fernald 1950), which facilitates wind dispersal. However, they rarely travel more than 60
meters from the parent tree so most distribution is local (Asselin et al. 2001, Cornett et al. 2001,
Forester et al. 2008). Squirrels that consume Thuja seeds may occasionally disperse a few over
greater distances (Miller 1990).

T. occidentalis seeds can germinate without stratification but a short period of exposure to cold
seems to be helpful. Germination usually occurs the first year after dispersal, stimulated by the
alternation of warm days and cool nights. Daytime temperatures of 29-30° C are required, so
germination often takes place in May or June but it may be delayed in years when spring
temperatures remain low (Johnston 1990, Miller 1990, Leopold 2005). Arborvitae does not form
a seed bank in natural settings although the seeds can be maintained in storage for several years.

Johnston (1990) noted that Thuja occidentalis seeds can sprout readily on a variety of moist
substrates but they only establish successfully on a few. In forested habitats 7. occidentalis
seedlings are most often found on decaying logs or other slightly elevated microsites. In flat
spots or slight depressions, germination is inhibited when a thick litter layer is present and
newly emerged seedlings can be overwhelmed by the rapid growth of sphagnum mosses. Young
plants are sensitive to desiccation so a reliable moisture supply is critical, and survival into the
sapling stage is dependent on the availability of sufficient light (Curtis 1946, Scott and Murphy
1987, Miller 1990, Bartlett et al. 1991, Cornett et al. 2000a & 2001, Forester et al. 2008,
Heinrichs 2009, Larouche et al. 2011, Paul et al. 2014, Saucier et al. 2018, Allogio et al. 2021).

Habitat

Thuja occidentalis occurs at elevations of 0-900 meters above sea level, occupying disparate
habitats that range from wet lowlands to cliff tops and faces (Matthes-Sears and Larson 1995,
Young 1996, Grotte et al. 2012, Chambers 2020, Weakley et al. 2024). Arbuscular mycorrhizae
have been documented in the species, and the fungal associations are probably critical in some of
the more challenging habitats utilized by the trees (Matthes-Sears et al. 1992, Wang and Qiu
2006). In the northeastern United States 7. occidentalis is often associated with calcareous
substrates, which typically have pH values of 5.5-6.7 (Fernald 1919, Curtis 1946, Walker 1987,
Ehrenfeld 2011, Johnson and Walz 2013). In other parts of its range soil pH values of 4.0 and
7.5 have been recorded (Beals 1965, Ogle 1989). Arborvitae was formerly found in a cliff-like
setting in New Jersey (Torrey 1819) but the more recently known populations in the state have
been situated in fens (NJNHP 2024). Comparative studies of 7. occidentalis populations found
no broad habitat-related trends that accounted for local differences in productivity, development,
or survival (Musselman et al. 1975, Bartlett and Larson 1990, Matthes-Sears and Larson 1991,
Briand et al. 1992a & 1992b).

In a few places Thuja occidentalis is the most prominent component of the canopy but it is much
more likely to be found growing in mixed stands as a non-dominant species (Johnston 1990,
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Bergeron et al. 2004). It is often associated with other conifers such as Abies, Larix, Picea,
Pinus, or Tsuga but it also co-occurs with deciduous trees including Acer, Betula, Fraxinus,
Carya, and Quercus species (Beals 1965, Breden et al. 2001, Quinn 2004, Grotte 2007,
Heinrichs 2009, Ehrenfeld 2011, Grotte et al. 2012). T. occidentalis is shade tolerant at maturity
but requires a relatively high amount of light during the seedling and sapling stages (Cornett et
al. 2001, Weakley et al. 2024). Established populations generally lack juvenile Arborvitae plants
in the understory unless they have experienced periodic canopy disturbances (Grotte et al. 2012,
Kincaid 2016, Fraver et al. 2020, Allogio et al. 2021).

Wetland Indicator Status

Thuja occidentalis is a facultative wetland species, meaning that it usually occurs in wetlands but
may occur in nonwetlands (U. S. Army Corps of Engineers 2022).

USDA Plants Code (USDA., NRCS 2025b)

THOC2

Coefficient of Conservancy (Walz et al. 2020)

CoC = 10. Ceriteria for a value of 9 to 10: Native with a narrow range of ecological tolerances,
high fidelity to particular habitat conditions, and sensitive to anthropogenic disturbance (Faber-
Langendoen 2018).

Distribution and Range

The native range of Thuja occidentalis is restricted to eastern and central North America. The
tree is also widely planted throughout that region, and it has been introduced into a number of
Asian and European countries as well (Chambers 2020, POWO 2025). The map in Figure 1
depicts the extent of the species in the United States and Canada.

The USDA PLANTS Database (2025b) shows records of Thuja occidentalis in five New Jersey
counties: Bergen, Hudson, Monmouth, Sussex, and Warren (Figure 2). It was also reported in
Burlington, Camden, Essex, Mercer, Salem, and Somerset counties (Mid-Atlantic Herbaria
2025), although some records were probably based on specimens obtained from planted trees.
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State distribution map of Thuja occidentalis - Eastern Arborvitae
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Figure 1. Distribution of T. occidentalis in North America, adapted from BONAP (Kartesz
2015).
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Figure 2. County records of T. occidentalis in New Jersey and vicinity (USDA NRCS 2025b).
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Conservation Status

Thuja occidentalis is considered globally secure. The G5 rank means the species has a very low
risk of extinction or collapse due to a very extensive range, abundant populations or occurrences,
and little to no concern from declines or threats (NatureServe 2025). The map below (Figure 3)
illustrates the conservation status of 7. occidentalis in North America. The tree is vulnerable
(moderate risk of extinction) in three states and one province, imperiled (high risk of extinction)
in three states and one province, and critically imperiled (very high risk of extinction) in four
states. In the north-central part of its range Arborvitae is generally secure, apparently secure, or
unranked. In two states near the center of its range (Delaware and Pennsylvania) only a few
occurrences have been recorded and the species is considered non-native but not invasive
(Rhoads and Block 2007, Delaware Trees 2025). According to Weakley et al. (2024), records of
T. occidentalis from North Carolina are questionable and it has not recently been observed in that
state.
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Figure 3. Conservation status of T. occidentalis in North America (NatureServe 2025).

Thuja occidentalis is critically imperiled (S1) in New Jersey (NJNHP 2024). The rank signifies
five or fewer occurrences in the state. A species with an S1 rank is typically either restricted to
specialized habitats, geographically limited to a small area of the state, or significantly reduced
in number from its previous status. 7. occidentalis is also listed as an endangered species (E) in
New Jersey, meaning that without intervention it has a high likelihood of extinction in the state.
Although the presence of endangered flora may restrict development in certain communities such
as wetlands or coastal habitats, being listed does not currently provide broad statewide protection
for the plants. Additional regional status codes assigned to the tree signify that the species is
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eligible for protection under the jurisdictions of the Highlands Preservation Area (HL) and the
New Jersey Pinelands (LP) (NJNHP 2010).

Native occurrences of Thuja occidentalis have always been rare in New Jersey. Torrey (1819)
indicated that Arborvitae could be found on rocky banks along both sides of the lower Hudson
River, and it was collected in Bergen and Warren counties during the 1800s (Willis 1877, Britton
1889). The species was subsequently documented in Sussex County (Taylor 1915), and by the
1980s that was the only county where it was extant (Hough 1983, Snyder 1989). T. occidentalis
was one of the earliest plants to be identified as threatened, and then listed as endangered, in the
state (NJONLM 1984, 1990). A Sussex County population that was extant at the turn of the
century (Breden et al. 2006) has since disappeared. A single tree discovered by David Snyder at
another site during 2022 appears to be the last naturally occurring example of the species in New
Jersey (NJNHP 2024).

Threats

Thuja occidentalis is rare or extirpated at numerous sites in the southeastern portion of its range
(Chambers 2020), and the extensive losses may have led to a genetic decline in some of the
populations that remain (Pandey and Rajora 2012). A New Jersey population first discovered in
1965 was still extant in 2018, when it consisted of 18 plants that were under two meters in
height. Just four years later no Arborvitae could be found at the site although it was searched
twice, and the reason for the rapid decline of that occurrence is not known. No imminent threats
were noted to the sole extant tree that was documented at another location (NJNHP 2024).
However, that individual was situated in a calcareous fen, a community type that faces an
assortment of threats in the state and is particularly susceptible to changes in hydrology and
water quality (Johnson and Walz 2013).

Thuja occidentalis is vulnerable to both dehydration and inundation. Drying can limit tree
growth, inhibit seedling establishment, and facilitate the introduction of more competitive
species while excessively wet soils can cause the shallowly-rooted trees to topple more readily.
Flooding by beavers or humans can wipe out entire stands, although some trees may persist
vegetatively following inundation depending on local conditions (Beals 1965, Walker 1987,
Johnston 1990, Miller 1990, Denneler et al. 2000a & 2000b, Kincaid 2016). Runoff that
contains road salts has a detrimental effect on 7. occidentalis vigor, reproduction, and survival
(Johnson et al. 2022, Janssen et al. 2024). In places where Arborvitae grows on cliff faces and
edges the inadvertent destruction of young plants by hikers and climbers takes a toll on the
populations (Larson 1990). T. occidentalis is also highly susceptible to fire: The thin, oil-rich
bark is flammable, carrying flames up to treetops, and even light ground fires can damage the
roots. Burning is usually fatal for the trees and without a nearby seed source regeneration is
unlikely once a population has been destroyed (Johnston 1990, Miller 1990, Carey 1993).

Red Squirrels (Tamiasciurus hudsonicus) and an assortment of birds that feed on the seeds of
coniferous species can reduce the reproductive potential of mature Thuja occidentalis trees
(Johnston 1990, Hilty 2020), but one of the most frequently noted impediments to regeneration is
browsing by mammals. Moose (4lces alces), Snowshoe Hares (Lepus americanus), and
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Porcupines (Erethizon dorsatum) all contribute to the problem in some parts of the tree's range
but the greatest offenders are White-tailed Deer (Odocoileus virginianus). T. occidentalis is a
very important winter food source for deer—the animals often use 7. occidentalis stands for both
shelter and browse during the winter months (Curtis 1946, Miller 1990), and Ozaga and Verme
(1970) found that a herd could subsist on a diet made up entirely of Arborvitae from January
through March. The loss of seedlings and saplings to deer herbivory has repeatedly been
identified as a significant barrier to the maintenance of 7. occidentalis populations (Johnston
1990, Cornett et al. 2000b, Rooney et al. 2002, Forester et al. 2008, Larouche et al. 2011, Saucier
et al. 2018, Allogio et al. 2021, VanderMolen and Webster 2021). One exception was noted a
site in Quebec where T. occidentalis appeared to benefit from the preferential browsing of more
competitive plants (deBlois and Bouchard 1995).

Thuja occidentalis is relatively free of serious diseases or insect pests: Most pose little threat to
natural populations and are mainly problematic in terms of lumber value or cosmetic damage to
ornamental plantings. Even as older trees decay internally they can continue to maintain a
vigorous crown (Curtis 1946, Johnston 1990, Miller 1990, Fraver et al. 2020).

Climate Change Vulnerability

An assessment of the potential effects of climate change on selected plants determined that Thuja
occidentalis was moderately vulnerable in New Jersey (Ring et al. 2013). As the climate
continues to warm plant communities in the state are progressively being exposed to higher
temperatures, while shifting precipitation patterns have increased the frequency and intensity of
both droughts and floods (Hill et al. 2020).

Thuja occidentalis is well-adapted to a cool climate and a short growing season (Johnston 1990).
The species' vigor and productivity do not appear to be greatly influenced by temperature (Paul
et al. 2014) and an analysis of the fossil record suggests that Arborvitae has exhibited a limited
response to environmentally-induced stresses (Stein et al. 2019). The most direct climate-related
threats to 7. occidentalis in New Jersey will probably be associated with extended periods of
drought, which could curb growth and reproduction and increase the risk of wildfires (Walker
1987, Bergeron et al. 2004, Housset et al. 2015, Visnadi et al. 2019). Projections by Iverson et
al. (2005) indicated that the amount suitable habitat for 7. occidentalis in the eastern United
States is likely to decrease in the future.

Management Summary and Recommendations

The primary conservation strategies for Thuja occidentalis throughout its range generally focus
on creating conditions that will increase its opportunities to reproduce from seed. Selective,
small-scale canopy disturbances are frequently recommended in order to promote seedling
establishment, and the importance of preserving mature trees as seed sources during the course
of forest management activities is emphasized. Management of local deer populations or
safeguarding young plants from herbivory is also essential throughout the seedling and sapling
stages (Walker 1987, Asselin et al. 2001, Larouche et al. 2011, Kincaid 2016, Saucier et al. 2018,
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Fraver et al. 2020). Allogio et al. (2021) suggested using techniques that maintain a diverse
microtopography to provide safe germination sites. The utilization of fire in 7. occidentalis
habitats is generally inadvisable, although small, low-intensity burns that create open patches in
the vicinity of mature, reproductive trees may be effective in some situations (Bergeron et al.
2004, Paul et al. 2014).

Since the New Jersey occurrence consists of a single mature tree in a shrubby fen, habitat
preparation should be adapted from the guidelines cited by Miller (1990), which entail clearing
narrow (20 meter) strips or small (1,000 m?) patches downwind from the seed source. It will
also be necessary to protect seedlings and saplings from browsing. According to Villemaire-
Coté et al. (2017), the exclusion of mammalian herbivores for a nine-year period should be
sufficient to allow the trees to attain heights of three meters or more.

Synonyms

The accepted botanical name of the species is Thuja occidentalis L. A selection of orthographic
variants, synonyms, and common names are listed below (ITIS 2025, POWO 2025, USDA
NRCS 2025b).

Botanical Synonyms Common Names
Thuja occidentalis var. fastigiata H. Jaeger Arborvitae

Thuja occidentalis f. malonyana C. K. Schneid. Arbor Vitae

Thuja occidentalis var. nigra L. H. Bailey Northern White-cedar
Thuja occidentalis var. pyramidalis Zederb. Eastern White Cedar

Cupressus arborvitae O. Targ. Tozz.
Cupressus nobleana (Beissn.) Lavallée
Juniperus ericoides Mast.

Retinispora devriesiana Mast.
Retinispora dubia Carriére
Retinispora ellwangeriana Carricre
Retinispora glaucescens Hochst. ex Beissn.
Retinispora keteleeri Beissn.
Retinispora meldensis Carriére
Retinispora nobleana Beissn.
Retinispora pygmaea Beissn.
Retinispora troubetzkoyana Mast.
Thuja bodmeri Beissn.

Thuja canadensis K. Koch

Thuja caucasica Gordon

Thuja compacta Standish ex Gordon
Thuja ellwangeriana Carricre

Thuja ericoides Gordon

Thuja globosa Beissn.

Thuja hoveyi Gordon
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Thuja obtusa Moench

Thuja odorata Marshall

Thuja recurvata-nana Stelzner

Thuja sibirica Gordon

Thuja tatarica Gordon

Thuja triangularis Defresne ex Beer
Thuja variegata Marshall

Thuja vervaeneana Van Geert ex Gordon
Thuja wareana var. lutea Van Geert
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