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Introduction

The silviculture of forests has long been a subject of eco-
nomic and ecological discussions, particularly concerning 
the use of non-native tree species under climate change con-
ditions (Felton et al. 2013; Krumm and Vítková 2016; Pöt-
zelsberger 2018). Generally, the most attractive species for 
commercial forestry are those that produce large volumes 
of high-quality timber within relatively short rotation peri-
ods while exhibiting minimal damage from wind, snow, and 
pathogens (Hanewinkel et al. 2013). Often, those require-
ments are fulfilled by non-native species. In Europe, over 
150 non-native tree species cover approximately 8.5 million 
ha, accounting for 4.0% of the total forest area (Brus et al. 
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Abstract
Sitka spruce (Picea sitchensis [Bong.] Carr.) is one of the most important non-native conifer species in European forestry, 
particularly in Northwest Europe. Originally from the Pacific Northwest of North America, it has been widely introduced 
because of its rapid growth, high quality of timber and adaptability to a range of environmental conditions. This literature 
review examines the silvicultural characteristics, ecological requirements, production potential and environmental impacts 
of Sitka spruce in Europe. The species is valued for its economic benefits, as it contributes significantly to timber produc-
tion and carbon sequestration. On suitable sites, Sitka spruce has the potential to achieve higher timber production than 
native Norway spruce (Picea abies [L.] Karst.). However, the species is highly sensitive to prolonged periods of low soil 
moisture, and future drought-prone conditions under climate change may severely affect its health, growth, and long-term 
productivity. Its widespread planting has raised concerns about biodiversity loss, windthrow susceptibility, and vulner-
ability to pests and diseases, particularly bark beetle outbreaks, which are expected to increase in frequency and severity 
under climate change. Sitka spruce demonstrates a high ecological valence, allowing it to thrive across various soil types 
and climatic conditions, although its resilience to climate change remains a subject of ongoing research. Mixed-species 
management with other conifers and broadleaves is recommended to enhance stand stability, reduce pest vulnerability, 
and improve ecological resilience. This review highlights management strategies, including thinning regimes and mixed-
species stands, to optimize growth while mitigating ecological risks. The study provides a comprehensive evaluation of the 
challenges and opportunities associated with Sitka spruce in modern European forestry and offers insights into evidence-
based and climate-adaptive forest management strategies, particularly for new regions with suitable moisture conditions.
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2019). The two most common non-native conifers in North-
west Europe (United Kingdom, Ireland, Sweden, Denmark, 
Netherlands, Northern France, Germany) are Douglas fir 
(Pseudotsuga menziesii [Mirbel] Franco) with 0.83  mil-
lion ha and Sitka spruce (Picea sitchensis [Bong.] Carr.) 
reaching 1.16 million ha, both originating from the Pacific 
Northwest of North America (Durrant et al. 2016; Brus et 
al. 2019; Nicolescu et al. 2023). Beyond timber production, 
non-native tree species contribute to other ecosystem ser-
vices, such as carbon sequestration, mitigation of climate 
change, habitat provision, soil stabilization, and recreational 
and hydrological purposes (Hasenauer et al. 2017; Burton et 
al. 2018; Vacek et al. 2023a, b).

Sitka spruce is a large evergreen conifer reaching up to 
90 m in height, making it the tallest spruce species and one 
of the largest conifers worldwide (Farjon 2010). The spe-
cies was first described by Archibald Menzies in 1791 and 
formally named Pinus sitchensis in 1832 by August Gustav 
Heinrich von Bongard with reference to its origin from Sitka 
Island, Alaska (Peterson et al. 1997). It was later reclassi-
fied as Picea sitchensis by Elie Carrière in 1855 (Jensen and 
Ross 2005). Sitka spruce was introduced to Europe from the 
Pacific region in 1827, with the first plantings established 
in Scotland in 1831 (Anderson and Taylor 1967). Over the 
past 60 years, it has become the most significant non-native 
tree species in Northwest Europe, particularly in the United 
Kingdom and Ireland (Durrant et al. 2016; Nygaard and 
Øyen 2017), which covers around 50% of the total conifer 
area and 60% of Great Britain timber production (Forestry 
Commission 2020).

This tree species is highly valued in the wood-processing 
industry for its exceptional quality. It is used primarily in 
the production of paper, panels, sawn timber, and musi-
cal instruments (Macdonald and Hubert 2002; Moore et 
al. 2009a). Outside its native range, it is appreciated for its 
rapid growth and adaptability to poor soils. Its fast growth 
allows for high biomass production (Farrelly et al. 2009; 
Skovsgaard 2009), making it a significant contributor to car-
bon sequestration and climate change mitigation. The spe-
cies can accumulate large amounts of carbon throughout its 
lifespan, thereby helping to reduce atmospheric CO2 levels 
(Vacek et al. 2023a, b). Furthermore, Sitka spruce demon-
strates relative resilience to climatic extremes, including 
strong winds and frost, enhancing its stability under chang-
ing conditions (Brabec et al. 2023). It is also capable of 
adapting to a wide range of soils and habitats, making it a 
promising species for future forestry in regions with a suf-
ficient water supply, affected by climate change (Durrant et 
al. 2016). However, Sitka spruce is vulnerable to prolonged 
periods of low soil moisture, indicating that its health and 
productivity may be severely affected under future drought-
prone conditions (Green et al. 2008). These attributes make 

Sitka spruce a vital component of sustainable forestry sys-
tems on suitable sites that address both production and envi-
ronmental objectives.

Although Sitka spruce is well studied in its native range 
in North America (Comeau et al. 2010; Deal et al. 2014) and 
in naturalized areas of Europe (Moore et al. 2009a; Mason 
and Perks 2011), its potential in areas where it is not com-
monly distributed – such as Central and Eastern Europe, 
the Baltics, and Norway – remains poorly understood. In 
the context of climate change, which has led to increas-
ingly large-scale disturbances and widespread decline of 
Norway spruce (Picea abies [L.] Karst.) across Europe, 
there is a growing need to identify alternative tree species 
and implement management strategies that enhance for-
est resilience and increase tree-species diversity (Seidl et 
al. 2017; Vacek et al. 2023a, b). Notably, on suitable sites, 
Sitka spruce has the potential to achieve a higher produc-
tion than native Norway spruce, highlighting its value as 
a productive alternative species in European forestry (Bra-
bec et al. 2023). This review addresses the knowledge gap 
by providing a comprehensive assessment of Sitka spruce 
specifically in Europe, evaluating not only its growth and 
productivity but also its ecological requirements, vulner-
ability to pests and diseases, wood properties, and adaptive 
capacity under projected climate scenarios. By integrating 
information from both native and introduced ranges with a 
critical evaluation of European experiences, this paper aims 
to offer novel insights into the suitability, risks, and man-
agement strategies for Sitka spruce, highlighting where and 
how the species could complement native forests and sup-
port sustainable forestry in Europe.

Materials and methods

The literature review for this manuscript was compiled from 
the Scopus, Web of Science, and Google Scholar databases. 
The search strategy was designed to be transparent and 
reproducible and followed a structured, multi-step approach 
appropriate for a narrative review article. The primary 
search was based on predefined combinations of keywords 
related to Sitka spruce, applied to titles, abstracts, and key-
words. The core search terms included “Picea sitchensis” 
OR “Sitka spruce”, which were combined using Boolean 
operators with thematic terms such as taxonomy, native 
distribution, introduced distribution, ecology, ecologi-
cal requirements, silviculture, growth, production, wood 
properties, pests, diseases, climate change, resilience, and 
adaptation. Example search strings included according 
to chapters: (“Picea sitchensis” AND “ecology”), (“Sitka 
spruce” AND “silviculture”), and (“Picea sitchensis” AND 
“climate change”). Searches were performed iteratively 
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between January and May 2025, and results were refined by 
screening titles and abstracts for thematic relevance.

The first inclusion criterion was the language of the 
abstract, which had to be written in English. Eligible pub-
lication types included peer-reviewed research articles, 
review papers, scientific books, and conference proceed-
ings. Technical reports, dissertations, and other grey litera-
ture were included selectively when they provided unique 
data (e.g., provenance trials, long-term experiments, or 
national forestry statistics) not available in peer-reviewed 
journals. Exclusion criteria comprised studies unrelated 
to forestry or ecology (e.g., purely horticultural studies), 
papers lacking species-specific information, and sources 
with insufficient methodological or factual reliability. When 
multiple publications reported overlapping results, priority 
was given to the most comprehensive or most recent source. 
Backwards and forward citation tracking was applied to key 
publications to identify additional relevant literature that 
may not have been captured by database searches alone. 
In the final step, additional references were incorporated 
in response to comments and recommendations from three 
independent reviewers to ensure completeness, balance, and 
factual accuracy of the review. In total, 289 references were 
included in this article, comprising 181 original research 
articles, 9 review articles, 49 books, 14 conference proceed-
ings, and 37 additional sources. The temporal scope of the 
literature search ranged from 1950 to 2025, reflecting both 
foundational studies and the most recent advances. The old-
est cited publication dates from 1953, while the most recent 
sources were published in 2025. The final literature search 
for this review was completed on 9 January 2026 to ensure 
inclusion of the most recent studies, which were system-
atically screened for relevance to Sitka spruce. Trends in 

the development of publications included in this review, 
together with their distribution among individual countries 
based on the affiliation of the first author, are presented in 
Fig. 1.

Species description

Sitka spruce is a tall, fast-growing conifer with a straight, 
cylindrical trunk. It is the tallest and largest of all spruce 
species (Harris 1990; Eckenwalder 2009) and can live up 
to 500 years (Lee et al. 2013). This tree can reach heights 
of nearly 100 m, although in Europe it rarely exceeds 50 m 
(Mitchell 1974; Farjon 2013). Trees taller than 90  m can 
still be found in Pacific Rim National Park and the adjacent 
Carmanah Walbran Provincial Park in British Columbia, as 
well as on Vancouver Island, in Olympic National Park, and 
in Prairie Creek Redwoods State Park in California, where 
two trees exceed 96 m. Near the Queets River in Olympic 
National Park stands the largest Sitka spruce in the world. 
It measures 76 m in height, has a volume of 337 m3, and a 
diameter at breast height of 4,6 m (Van Pelt 2001). Currently, 
the tallest known Sitka spruce reaches a height of 100.2 m 
in its natural range in Redwood National Park, California, 
while the individual with the largest recorded trunk circum-
ference (16.9 m) is located near Lake Quinault, Washing-
ton. In Europe, the tallest recorded Sitka spruce, measuring 
65.9 m, grows near the bank of the River Findhorn in For-
res, Scotland, and the tree with the largest circumference 
(8.7 m) is found in Fairburn, Scotland. For comparison, the 
largest recorded dimensions of the native Norway spruce 
include a maximum height of 62.7 m measured in Ribnica 
na Pohorju, Slovenia, and a maximum circumference of 

Fig. 1  Long-term temporal distribution of references related to Sitka spruce (Picea sitchensis [Bong.] Carr.) included in this review for the period 
1953–2025 and their distribution among individual countries based on the affiliation of the first author
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making them well-suited for wind dispersal (Di-Giovanni 
and Kevan 1991). Studies on pollen dispersal in conifers 
suggest that over 90% of pollen settles within 100 m of the 
source (Wright 1976). However, conifer pollen can remain 
viable for several days, allowing substantial quantities to 
travel long distances (Lindgren et al. 1995; Lindgren and 
Lindgren 1997). Sitka spruce is wind-pollinated and begins 
seed production at the age of 20–25 years (Cottrell and 
White 1995; OECD 2006).

Pollen cones are red and measure 2–4 cm in length (Eck-
enwalder 2009). Seed cones are 5–10 cm long, consisting 
of thin, flexible scales with wavy, irregularly toothed edges. 
They produce seeds 2–3  mm in length with pale brown 
wings approximately 8  mm long (Praciak et al. 2013). 
These seeds are relatively small, with a clean seed weight of 
approximately 2.2 g per 1,000 seeds (Safford 1974; OECD 
2006). Heavy seed years occur at intervals of 3–5 years 
(Malcolm 1987; Philipson 1987). In the northern part of its 
range, intervals between seed years are longer, typically 5–8 
years (Harris 1969). During a productive seed year, a stand 
can produce up to 14.5 kg of seeds per hectare (Peterson et 
al. 1997).

Taxonomy

Sitka spruce belongs to the Pinaceae family, within the 
Picea genus. An analysis of paternal and maternal molec-
ular markers (chloroplast and mitochondrial DNA) of all 
living Picea species has shown that Brewer spruce (Picea 
breweriana S.Watson) and, secondarily, Sitka spruce are 
basal species within the genus, with other species divided 

6.9 m recorded near Gohrersberg, Germany (Monumental 
Trees 2025).

The crown of young trees is broad and conical, but as 
the tree ages, it becomes cylindrical and consists of hori-
zontal branches (Farjon 2010) (Fig.  2). Older trees may 
also lack branches on the lower 30 to 40  m of the trunk. 
Unusually, for a conifer, Sitka spruce can develop epicor-
mic branches along the trunk (Savill 2013). The bark is thin 
and scaly, consisting of small, round plates 5 to 20 centime-
ters wide. The shoots are pale yellow-brown, almost white, 
and glabrous. The needles are thick, sharp, and needle-like, 
measuring 15 to 25 mm in length. They are flattened in a 
cross-section, grayish-blue-green on the upper side with two 
or three rows of stomata, and bluish-white on the lower side 
with two prominent bands of stomata (Farjon 2001).

Sitka spruce is monoecious, and its reproductive struc-
tures develop over a typical two-year cycle (Owens and 
Blake 1985). Bud scales are initiated at the terminal apex, 
with newly initiated axillary apices forming within enlarg-
ing vegetative buds around mid-April (Owens and Molder 
1976a; Cannell and Bowler 1978). By mid-July, shoot elon-
gation ceases, and apices differentiate as vegetative buds, 
pollen cones, or seed cone buds. Pollen cones typically 
develop from small axillary apices on vigorous distal shoots 
or terminal apices on less vigorous proximal shoots. Seed 
cones generally develop on strong shoots or from smaller 
terminal apices on less vigorous shoots (Moir and Fox 1976; 
Owens and Molder 1976b).

Gene flow in Sitka spruce is facilitated by small pollen 
grains measuring 70–85  μm at their widest point (Eisen-
hut 1961). These grains are equipped with sac-like wings, 

Fig. 2  Tree habitus, branch with 
cones, back and face of needle and 
scales with seed of Sitka spruce 
(Picea sitchensis [Bong.] Carr.) 
(author: Josef Macek)
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refugia during the glacial period (Critchfield 1984). Sitka 
spruce probably occupied roughly its current range before 
the glaciation, and its survival at higher elevations on hills 
and mountains, followed by re-colonization of lower areas 
along the long coastal strip in British Columbia and Alaska, 
occurred soon thereafter (Daubenmire 1968; Page and Hol-
lands 1987; OECD 2006).

At present, Sitka spruce occurs along the west coast of 
North America (Fig. 3). Its range extends along the north-
ern Pacific coast from the southern part of Alaska – from 
Kodiak Island to northern California near the town of Fort 
Bragg, covering a distance of 2900 km, i.e., from 61° N lati-
tude in southern-central Alaska to 39° N latitude in northern 
California. Except for the coastal islands, its range extends 
up to 200 km from west to east (Peterson et al. 1997; Ecken-
walder 2009; Praciak et al. 2013).

Its distribution is closely tied to the occurrence of Pacific 
temperate rainforests; in the southern part of its range, it 
is found only within a few kilometers of the Pacific coast. 
North of Oregon, Sitka spruce is also found in river flood-
plains, but never further inland than 80 km from the coast 
(Harris 1990). It grows from sea level up to 1200 m above 
sea level (Farjon 2013). The temperate rainforest of the 
Pacific Northwest is composed of relatively few tree species 
but has complex horizontal and vertical structures (Frank-
lin and Dyrness 1973; Alaback and Herman 1988; Van Pelt 
2007; Deal et al. 2014). The biomass production, carbon 
storage, and productivity in Sitka spruce forests, along with 
western Hemlock (Tsuga heterophylla Sarg.), are relatively 
high, significantly exceeding the accumulations in forests in 
other regions of the northern temperate zone (Peterson et al. 
1997; Krankina et al. 2014). The coastal temperate rainforest 
of North America shows high species richness and supports 
approximately 350 species of birds and mammals, about 50 
species of amphibians and reptiles, hundreds of fungi and 
lichen species, and thousands of insects, mites, spiders, and 
other soil organisms (Pojar and MacKinnon 1994; Peterson 
et al. 1997; Swanson et al. 2014). In its native range, two 
types of stands were identified within the hemlock-Sitka 
spruce forest types: (1) old stands following catastrophic 
mortality; and (2) multi-aged stands resulting from gradual, 
minor natural disturbances such as windbreaks, blowdowns, 
landslides, and occasional pathogen occurrences (Van Pelt 
2007; Deal et al. 2017).

In terms of introduction, Sitka spruce has become the 
most significant tree species in Western Europe over the last 
60 years (Joyce and O’Carroll 2002; Durrant et al. 2016). It 
was introduced to Europe in the first half of the 19th cen-
tury and is now more widely cultivated in over 16 countries 
worldwide (Deal et al. 2014).

One of the first places where Sitka was introduced was 
the UK in 1831 (Bryan and Pearson 1955). Although the 

into three clusters derived from two episodes of dispersion 
into Eurasia via the Bering Land Bridge. In this phylogeny, 
Engelmann spruce (Picea engelmannii Parry ex Engelm.) 
and white spruce (Picea glauca [Moench] Voss) are equally 
closely related to Sitka spruce, a result consistent with 
hybridization patterns. The other 31 spruce species are 
genetically more derived, which suggests that spruces origi-
nated in North America (Ran et al. 2006).

Phylogenetic relationships within coniferous genera are 
commonly interpreted through studies of species cross-
ability, where it is assumed that the closer two species are 
related, the more easily they can hybridize (Wright 1955; 
Critchfield 1975). Close phylogenetic relationships between 
North American spruces (Sitka, white, and Engelmann’s) 
and the East Asian Yezo spruce (Picea jezoensis [Sieb. et 
Zucc.] Carr.) (Wright 1955; Roche 1975) support this the-
ory, at least for members of the Glaucoides subsection in the 
Omorika section, indicating that speciation occurred after 
they arrived in North America (OECD 2006).

Introgressive hybridization between Sitka spruce and 
white spruce occurs in the northwest of British Columbia 
and Alaska, with the hybrid known as Lutz spruce (Picea 
× lutzii Little) (Copes and Beckwith 1977; Yeh and Arnott 
1986; Woods 1988; Taylor 1993). Analysis of this introgres-
sive zone shows that it was first colonized by Sitka spruce 
during the late Pleistocene deglaciation, followed by intro-
gression when white spruce dispersed from Alaskan or east-
ern Canadian refugia (Hamilton and Aitken 2013).

Introgressive hybridization between white spruce and 
Engelmann spruce is common in western Canada, Montana, 
and Wyoming in the variety Picea glauca var. albertiana 
(S. Brown) Sarg. (Roche 1969; Daubenmire 1974; Rajora 
and Dancik 2000). Sitka spruce hybridizes with Engelmann 
spruce through controlled crosses (Fowler and Roche 1977; 
Kiss 1989; Sutton et al. 1994). Among hybrids between 
Sitka and White spruces, a range of growth forms occurs 
(Sutton et al. 1991a, b, 1994; Coates et al. 1994; Gross-
nickle et al. 1996a, b), some of which are dwarf and used in 
horticulture (Krüssmann 1985; Griffiths 1994).

Distribution area

Historically, Sitka spruce probably originated from the 
periphery of the northern Pacific (Li 1953). Fossil records 
show that the divergence of modern genera within the Pina-
ceae occurred around 135 million years ago during the late 
Jurassic or early Cretaceous period (Florin 1963). Accord-
ing to comparative studies, Prager et al. (1976) report that 
Picea was among the first genera to appear. Fossil records 
of the Picea genus during the Pleistocene era in North 
America are incomplete, but it can be assumed that many 
conifer populations were fragmented and isolated in various 
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Zealand, where it is on the blacklist of species and is even 
found on the sub-Antarctic Campbell Island (OECD 2006).

Habitat and ecology

In its natural range, Sitka spruce is primarily a coastal 
species, but can extend inland (Harris 1990). It predomi-
nantly grows at low elevations and is rarely found above 
500  m. However, it is much less constrained by edaphic 
factors than by climatic ones (Roche and Haddock 1987). 
The natural distribution of Sitka spruce is limited to areas 
with a maritime climate, characterized by abundant mois-
ture year-round, relatively mild winters, and cool summers. 
Annual precipitation is high throughout its range, with 
slightly higher levels in the north, where summer rainfall 
often comes as drizzles and fog. Sitka spruce typically 
requires a minimum of 1000  mm of annual precipitation 
and cannot tolerate the dry Mediterranean climate (Lee et 
al. 2013). This tree species can grow at annual rainfall as 
low as 700–800  mm, provided that soil moisture remains 
sufficient during the growing season, which may be uncer-
tain under future rainfall patterns (Cameron 2015). Summer 
air temperatures in these coastal habitats lack the extremes 
of continental regions, being moderated by the North Pacific 

commercial use of the species started as late as the 20th 
century (Mason 2007a). Most of the planted area is in the 
United Kingdom, where it makes up more than 25% of the 
national forests (Forestry Commission 2014) and is now 
the most widespread conifer there (Peterken 2001; Lee et 
al. 2013). In Ireland, it occupies 52% of the national forest 
area (OECD 2006). It is also significant in Denmark, where 
it constitutes 16% of softwood production (Moore 2011a). 
Sitka spruce was also planted in Iceland at the beginning 
of the 20th century (Kuckuk et al. 2021) and in Norway, 
where it occupies 50,000 hectares (Halldórsson et al. 2003; 
Nygaard and Øyen 2017). Significant commercial harvest-
ing also occurs in France (Durrant et al. 2016). In Northwest 
Europe, it grows on an area of 1.3 million hectares (Nygaard 
and Øyen 2017). Therefore, Sitka spruce has been dispersed 
and naturalized in many areas outside its original range for 
economic reasons. Schmidt-Vogt (1977) lists its occurrence 
in Albania, Austria, Belarus, Bosnia and Herzegovina, Bul-
garia, Croatia, the Czech Republic, Estonia, Finland, France, 
Germany, Greece, Slovenia, Italy, Latvia, Lithuania, North 
Macedonia, Montenegro, Norway, Poland, Romania, Rus-
sia, Serbia, Slovakia, Sweden, Switzerland, and Ukraine. 
Naturalized populations are also found in Belgium, Ireland, 
Denmark, Hungary, Luxembourg, the Netherlands, Spain, 
and the United Kingdom. It has been introduced to New 

Fig. 3  Distribution map of Sitka spruce (Picea sitchensis [Bong.] Carr.) according to native range (green color) in North America (Little and 
Viereck 1971; USGS 2013) and introduction (blue color) in Europe (Durrant et al. 2016)
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hemlock (Tsuga mertensiana [Bongard] Carriére), and sub-
alpine fir (Abies lasiocarpa [Hook.] Nutt.) are limited to 
northern locations and higher elevations (Harris 1978). In 
Alaska and British Columbia, hybrid and pure populations 
of white spruce occur in the valleys of the Skeena, Nass, 
and Bulkley Rivers (Daubenmire 1968; Roche 1969; Gross-
nickle et al. 1997). Pure stands of Sitka spruce are common 
in tidal areas, influenced by salt spray and salinized soils 
(Harris 1990).

Due to the variability in site conditions and exposure 
across its range, Sitka spruce is part of various ecological 
associations characterized by differing habitat and nutri-
ent regimes. On mid- to upper slopes of the Queen Char-
lotte Islands, associations of western hemlock–Sitka spruce 
feature abundant Alaska blueberry (Vaccinium alaskaense 
Howell), red huckleberry (Vaccinium parvifolium Sm.), 
oval-leaf blueberry (Vaccinium ovalifolium Sm.), and sev-
eral moss species (Rhytidiadelphus loreus [Hedw.] Warnst., 
Hylocomium splendens [Hedw.] Schimp., and Mnium gla-
brescens Kindb.). Exposed coastal sites are characterized 
by salt-tolerant pure stands of Sitka spruce, often associated 
with Nootka reedgrass (Calamagrostis nutkaensis [J.Presl] 
Steud.) and moss (Stokesiella oregana [Sull.] Robins.). In 
protected alluvial sites, Sitka spruce and associated species 
like western hemlock and red alder grow in understories 
with Trisetum cernuum Trin., Gymnocarpium dryopteris 
(L.) Newman, Hylocomium splendens (Hedw.) Schimp., 
and Leucolepis acanthoneura (Schwaegr.) Lindb. (Roche 
and Haddock 1987; Hanley and Hoel 1996; Hanley and 
Brady 1997). In drier interior valleys and eastern slopes of 
coastal mountains, Sitka spruce hybrids with white spruce 
are common. This drier zone supports mixed coniferous for-
ests with understories dominated by Alaska blueberry, oval-
leaf blueberry, and red huckleberry. In alluvial areas of the 
Skeena and Nass Rivers, western skunk cabbage (Lysichiton 
americanus Hultén et H. St. John) thrives, while the driest 
sites in flatlands are characterized by salmonberry (Rubus 
spectabilis Pursh) (Roche and Haddock 1987; Harris 1990).

Silviculture and production

Sitka spruce seeds exhibit weak dormancy, and thus, the 
rate and overall germination can be enhanced by exposing 
the seeds to low temperatures under moist conditions, i.e., 
cold stratification (Chaisurisri et al. 1992; Jinks and Jones 
1996). In the natural environment, Sitka spruce seeds typi-
cally germinate the following spring when the soil surface is 
sufficiently warm and moist (Jones and Gosling 1990; Jinks 
and Jones 1996). Sitka spruce naturally regenerates on soil 
slips, newly exposed alluvial sites, and clearings created 
by wind (Taylor 1990; Peterson et al. 1997). It germinates 

Ocean Current, and they decrease toward the north (Harris 
1978).

While Sitka spruce grows on soils derived from various 
parent materials, it develops best on deep, moist, well-aer-
ated soils, often podzols (Nielsen et al. 1999). In Ireland, its 
growth is most vigorous on grey-brown podzolic soils, fol-
lowed by podzols and gleys, while lithosols and blanket peat 
soils are much less suitable (Farrelly et al. 2009). Growth is 
also poor in swampy locations but thrives on alluvial soils 
along streams, soils with coarse textures, or those with 
thick organic matter layers. Soils in their natural range are 
acidic, with pH values ranging from 4.0 to 5.7 (Harris 1978; 
Nielsen et al. 1999). In Alaska, Sitka spruce is a pioneer 
species on immature soils exposed by retreating glaciers or 
marine outwash, and it rapidly colonizes disturbed areas, 
such as landslides, dunes, beaches, and deglaciated terrain 
(Harris 1990; Quine and Malcolm 2007; Farjon 2010).

Sitka spruce is relatively nutrient-demanding, especially 
in its early growth stages before stand closure (Miller and 
Miller 1987; Iason et al. 1996; Straw and Green 2001). It 
is most productive on nitrogen-rich soils, but also requires 
relatively high amounts of calcium, magnesium, and phos-
phorus (Krajina 1969; Proe and Millard 1995). Unlike some 
other conifers, it tolerates salt spray in the coastal moisture 
belt (Harris 1990) but is intolerant to air pollution (Crossley 
et al. 1997; Savill 2013). Its needle litter acidifies the soil 
(Wulff et al. 1996; Augusto et al. 2002). In areas such as 
British Columbia and the UK, where nitrogen and phospho-
rus levels are lower, fertilizers may be required for success-
ful plantation establishment (Miller and Miller 1987; Taylor 
1990; Taylor and Tabbush 1990; Prescott 1996).

Sitka spruce is shade-tolerant, especially during its juve-
nile stage, though slightly less so than its frequent associ-
ate, western hemlock. This allows it to regenerate in small 
gaps caused by disturbances (Kobe and Coates 1997). In 
southeastern Alaska, mixed stands of Sitka spruce and west-
ern hemlock are considered a climax forest type (Deal et al. 
1991; Peterson et al. 1997).

Naturally, Sitka spruce most commonly occurs in mixed 
stands, often with western hemlock (Harris and Johnson 
1983). Red alder (Alnus rubra Bong.) and black cottonwood 
(Populus trichocarpa Torr. and A. Gray ex Hook.) form 
associations across the range of Sitka spruce. Depending 
on latitude, it also forms mixtures with Douglas-fir, Lawson 
cypress (Chamaecyparis lawsoniana [A. Murray] Parl.), 
western white pine (Pinus monticola Douglas ex D. Don), 
coast redwood (Sequoia sempervirens [D. Don] Endl.), and 
bigleaf maple (Acer macrophyllum Pursh) in the southern 
part of its range. Mixtures with shore pine (Pinus contorta 
var. contorta Douglas) and western red cedar (Thuja plicata 
Donn ex D. Don) extend into southeastern Alaska, while yel-
low cedar (Chamaecyparis nootkatensis D. Don), mountain 
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analyses of dense natural regeneration indicate that early 
selective respacing to approximately 2,000 trees ha− 1 at a 
height of 2–4 m improves subsequent stand stability and can 
also enhance stem quality (Stokes and Kerr 2013).

However, in the last decade, management using clear-
cutting has become less common, as forest policies in the 
UK aim to diversify plantation forests (Forestry Commis-
sion Scotland 2006; Forestry Commission 2009; Dhubháin 
2010). Current forest policies promote multifunctional man-
agement with increased tree-species and structural diversity, 
with continuous cover forestry representing an alternative 
silvicultural approach (Mason 2015). Silvicultural recom-
mendations have increasingly emphasized the use of mixed 
stands to improve resilience and stability. The suitabil-
ity of secondary species can be evaluated at the first thin-
ning stage (around 20 years), when differences in growth 
and stem quality become apparent, and unsuitable species 
can be removed through thinning (Jacobsen and Thorsen 
2003). The persistence of mixed structures depends on rela-
tive growth rates, with higher proportions of slower-grow-
ing species required to prevent early suppression by Sitka 
spruce (Cameron 2015). From the perspective of stability, 
shelterwood management may be appropriate, although the 
interaction between thinning and wind stability in irregular 
stands remains problematic, and suitable species for mix-
tures with Sitka spruce are limited (Mason 2015). Based on 
its intermediate shade tolerance, an irregular shelterwood 
system with gap sizes of 0.1–0.2  ha was proposed as the 
most suitable approach (Malcolm et al. 2001).

In terms of production, the annual increment of Sitka 
spruce in Scotland is 14 m3 ha− 1 yr− 1 (Mason 2007a), with 
published yield tables suggesting yields of up to 24 m3 ha− 1 
yr− 1 (Edwards and Christie 1981), and even higher yields 
are achievable in Ireland (Joyce and O’Carroll 2002). On 
grey-brown podzolic and podzol sites in Ireland, growth 
reaches up to 32 m3 ha− 1 yr− 1 (Farrelly et al. 2009). The 
highest annual increment was found in Denmark, with val-
ues reaching up to 47 m3 ha− 1 yr− 1 (Skovsgaard 2009). In 
Central Europe, production is significantly lower, and sur-
vival is reduced due to limited moisture availability and 
lower rainfall (Brabec et al. 2023). Nevertheless, this case 
study comparing the production of Norway spruce and 
Sitka spruce documents that Sitka spruce exhibited 17.3% 
higher stand volume in England, 8.11% higher in Slovakia, 
and 7.3% higher in the Czech Republic compared to Nor-
way spruce. In Sweden, Sitka spruce consistentlyexhibited 
higher values; for tands aged 46–55 years, the total mean 
annual increment (MAI) was 3.7 m³ ha− 1 yr− 1, correspond-
ing to an 86.9% higher productivity compared to Norway 
spruce (Reynisson 2011). A review study also confirmed 
that Sitka spruce in the Noric and Baltic regions can grow 
(MAI) up to approximately 40% faster than Norway spruce 

better on soil disturbed by logging than on thick layers of 
raw humus (Harris and Johnson 1983; Weetman and Vyse 
1990). Vegetative reproduction of Sitka spruce is rare in 
natural conditions or plantations, but rooting may occur 
in moist locations (Roche 1975). Rooting is most likely to 
occur when lower branches of mature trees make contact 
with the ground and are covered with soil or organic mate-
rial at the edges of swamps or near forest boundaries (Harris 
1978).

Sitka spruce planting material is traditionally grown as 
bare-rooted stock (2 + 0 or 1 + 1 seedlings) in forest nurs-
eries, but the proportion of containerized planting material 
for reforestation is still growing (Aldhous and Mason 1994; 
Renou-Wilson et al. 2008). Containerized planting stock 
of this tree species had greater root growth than bareroot 
seedlings (Grossnickle and El-Kassaby 2016). Sitka spruce 
seedlings taller than 40  cm generally exhibit better post-
planting performance, particularly when site preparation is 
sub-optimal. Root collar diameter is considered a reliable 
indicator of seedling quality, with planting stock having root 
collar diameters above 7 mm showing higher survival and 
greater root mass compared to smaller seedlings (O’Reilly 
et al. 2002). For the most valuable populations, Sitka spruce 
planting material is produced through vegetative propaga-
tion (Kleinschmit 1992; Lee and Matthews 2004). In a trial 
stand of Sitka spruce established by direct seeding in Scot-
land, it was demonstrated that planted seedlings produce far 
fewer roots compared to individuals from seed (Coutts et 
al. 1990).

In terms of silvicultural interventions, moderate thinning 
from below was recommended for Sitka spruce (Deal and 
Farr 1994). Dense natural regeneration was more frequently 
observed after harvesting the first generation of planted 
stands in the UK, where up to several hundred thousand 
individuals per hectare were recorded, necessitating a pro-
cess of longer natural self-thinning followed by stronger 
thinning from below and combined silvicultural interven-
tions (Nelson 1991; Adam 1996). Increased exposure of 
stems to sunlight during stand management often leads to 
the stimulation of epicormic branching, which affects the 
future wood quality of trees (Farr and Harris 1971). In more 
exposed areas where wind damage risk is high, sparse plant-
ing without stand management is practiced (Mason 2007b), 
but otherwise, two to four thinning applications are per-
formed between canopy closure and final felling (OECD 
2006). Courbet et al. (2002) describe a silvicultural man-
agement approach applied to Sitka spruce stands in Brittany, 
combining low initial planting densities (< 1,350 trees ha− 1) 
with early and intensive thinning regimes, frequently cen-
tered on approximately 250 selected crop trees per hectare, 
to promote rapid diameter growth, reduce height-to-diam-
eter ratios, and enhance individual-tree stability. Similarly, 
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Regarding the cultivation possibilities for Sitka spruce 
and the selection of provenances, it can be stated that plan-
tations established in areas with a strong maritime climate 
will grow faster if seeds are transferred from southern lati-
tudes. Conversely, seed transfers from coastal origins to 
inland planting sites carry a higher risk (Lester et al. 1990; 
Ying and Ebata 1994). Sitka spruce seedlings from British 
Columbia have also been certified under the OECD scheme 
for sale in Europe (Pollard and Portlock 1990; Portlock 
1996). In the UK, southern provenances (south of 47° N) 
grow fastest, but they are prone to spring and autumn frosts 
(Lines 1987a, b). Provenances from the Queen Charlotte 
Islands are generally recommended throughout much of 
the UK, though their origin further south, in Washington, 
is better suited for southwest England, Wales, and parts of 
western Scotland (Fletcher 1992). In northern Germany, 
provenances from Washington are recommended, while 
fast-growing sources from Oregon are considered too frost-
sensitive (Stratmann and Tegeler 1987). These provenances 
are also recommended for use in western and north-western 
France, particularly in Brittany and Normandy, where Sitka 
spruce has been traditionally planted under oceanic climatic 
conditions (Bastien and Lemoine 1986; François 1986; 
Steinmetz 1986). In Denmark, naturalized seed sources 
from the second and later generations grew faster and better 
than trees from seeds imported directly from North America 
(Nielsen 1994; Nielsen and Roulund 1996).

Environmental impacts, ecosystem services and 
cultural value

Sitka spruce is considered one of the leading tree species for 
its utility, both in its native range and in Northwest Europe, 
where it is widely planted (Lee et al. 2013). Many European 
studies report positive effects of Sitka spruce afforestation 
on several species groups, such as wood mice (Apodemus 
sylvaticus L.) (Fernandez et al. 1994), spiders (Smith et al. 
2009; Irwin et al. 2014), bats seed-eating birds (Mckenzie 
et al. 2007; Wilson et al. 2009; Sweeney et al. 2010a, b, 
c), pioneer grasses 5 years after afforestation (Buscardo et 
al. 2009), fungi (Humphrey et al. 2003; O’Hanlon and Har-
rington 2012), and ants (Procter et al. 2015). Additionally, 
the positive impacts reported from the British Isles may be 
explained by differences in silvicultural practices (Malcolm 
1997; Mason 2007a), differences in prior land use and initial 
conditions at reference sites (Smith et al. 2006), and varia-
tions in disturbance regimes (Quine et al. 1999; Díaz-Yáñez 
et al. 2016). Afforestation generally leads to a decline in 
open-habitat species (Anderson 2003), while benefiting for-
est species of birds, such as raptors and seed-eaters, which 
hold high conservation value (Staines et al. 1987; Bibby et 
al. 1989; Sweeney et al. 2010a, b, c; Burton et al. 2018). 

under comparable conditions (Rytter et al. 2016). In both 
the UK and Ireland, current tree breedng programs sup-
ply improved varieties that can provide volume gains of 
21–29% over unbred material (Lee and Matthews 2004). 
A comprehensive review of available publications related 
to Sitka spruce production parameters on suitable sites in 
Europe (introduced) and North America (native) is shown 
in Table 1. In Europe, the average stand volume reaches 608 
m3 ha− 1 with a maximum in Ireland of 935 m3 ha− 1 (Simic 
et al. 2018). In comparison with native regions, Sitka spruce 
can attain substantially higher stand volumes, for example, 
in coastal Oregon, where dominant stands with an admix-
ture of western hemlock reach up to approximately 2,380 
m3 ha− 1 (Burns and Honkala 1990).

Øyen and Nygård (2007) calculated that Sitka spruce 
growth in Norway would peak when trees are between 70 
and 115 years old. The stronger wind climate in Northwest 
Europe suggests that individual Sitka spruces on the British 
Isles have already reached heights of 55–60 m and diame-
ters of 150–200 cm at ages of 130–150 years (The Tree Reg-
ister 2009). Given that the climatic conditions in Northwest 
Europe correspond to cold temperatures with high rainfall, 
which are typical for the original environment of Sitka 
spruce and characteristic of regions with the highest forest 
biomass in the world (Keith et al. 2009)—this introduced 
species is well adapted to play a significant production and 
sustainable role in the forests of this region.

From a silvicultural perspective, the selection of appro-
priate provenances is a key factor determining the growth 
performance, adaptability, and risk profile of Sitka spruce 
stands. In 1969/70, extensive sampling of seed sources from 
the entire range of Sitka spruce was organized by IUFRO. 
Ten of these sources were widely cultivated in field trials in 
North America and many European countries (O’Driscoll 
1978). Southern coastal provenances are up to 100% taller 
than northern inland sources (Cannell and Willett 1975, 
1976). While southern sources grow faster, they are more 
susceptible to frost damage, especially in forest nurseries 
(Magnesen 1986; Lines 1987b; McKay 1994). Provenance 
trials in the Federal Republic of Germany demonstrated 
a pronounced south-north clinal pattern in growth perfor-
mance of Sitka spruce, primarily expressed in height and 
volume growth, with latitude explaining more than 80% of 
the observed variation among provenances (Kleinschmit 
1992). Results from a 19 years provenance trial in Ireland 
showed that the most productive Sitka spruce provenances 
for mild coastal conditions in Ireland come from southern 
Washington and northern Oregon (Thompson and Pfeifer 
1995; Thompson 2013). Ecotypic variation related to bio-
climatic and physiographic factors of provenance was dem-
onstrated for seed and cone traits (Falkenhagen 1977).
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a Christmas tree compared to the popular Norway spruce 
(Durrant et al. 2016).

In the past, sharp needles were believed to give the tree 
protective powers against evil thoughts. For the Tlingit First 
Nation, the tree held profound significance, forming the 
basis of spiritual relationships, artistic expression, and prac-
tical daily use (Tittensor 2016). Various indigenous peoples 
of the northwest coast consumed the inner bark or young 
shoots, which are excellent sources of vitamin C. The resin 
was chewed for enjoyment and as a remedy for skin irrita-
tions. Roots, peeled, split, and dried, were used to create 
woven, waterproof hats and baskets. In the 21st century, the 
main dietary or medicinal use of Sitka spruce is in brewing 
beer, which is actually a very old idea; for instance, Captain 
Cook gave his crews spruce beer to prevent scurvy during 
his 18th-century Pacific explorations (Pojar and MacKinnon 
1994).

Wood properties and utilization

Sitka spruce wood is identified as softwood (conifer) with 
barely visible heartwood occurrence. Sitka wood is char-
acterized by cream/white to yellow color, while heartwood 
can be pinkish red or light reddish brown. Although the 
edge between sapwood and heartwood is not clearly visible. 
Sitka spruce wood has a big impact on the timber market 
in the United Kingdom and Ireland, but also in France and 
Denmark (Lee et al. 2013). Wood of Sitka spruce is present 
in many areas of the wood industry, from paper production 
(Farjon 2013), panel production to sawn timber (McIntosh 
1997) for the construction, packing, and fencing sectors 
(McIntosh 1997; Moore 2011a). Historically, it was exten-
sively used in aircraft construction. According to Moore 
(2011b) the first aircraft made by the Wright brothers was 
manufactured using Sitka spruce wood. From 1917 to 1919, 
the U.S. Army operated the “Spruce Production Division,” 
which, at its peak, employed nearly 30,000 men to produce 
lumber for military aircraft (Tonsfeldt 2013). Sitka spruce 
continued to be widely used in aircraft manufacturing until 
aluminium became affordable and readily available. How-
ever, it remains an important material for constructing cer-
tain experimental and hobby aircraft. Sitka wood is excellent 
for making ladders and is popular in shipbuilding, where it is 
used for masts, spars, and oars (Harris 1990). It is also suit-
able for structural timber, fencing, pallets, panel products, 
pulp, and biomass for energy (Macdonald and Hubert 2002; 
Moore et al. 2009a). Additionally, due to the fiber length 
and its excellent conductor of sound, it is highly prized for 
use in soundboards for pianos and various stringed instru-
ments, such as guitars and violins (Schelleng 1973; Yano 
1990; Askenfelt 2010; Phillips and Lessard 2011; Auty et 

Several studies have shown that structural heterogeneity 
increases the diversity of various species groups (Ferris et 
al. 2000; O’Halloran et al. 2011). Therefore, management 
strategies in Sitka spruce stands can be used as a tool to 
enhance selected biodiversity (Staines et al. 1987; Hum-
phrey et al. 2003; Sweeney et al. 2010a, b, c). On the other 
hand, some studies report exclusively negative effects of 
Sitka spruce planting on biodiversity in the context of light 
conditions, particularly for vascular plants and epiphytic 
lichens (Hill 1979; Halldorson et al. 2008; Irwin et al. 2014; 
Pedley et al. 2014).

With respect to litterfall impacts on soil, afforestation 
with Sitka spruce results in substantial carbon accumulation 
in the organic layer through needle litter decomposition, 
while soil nutrient chemistry exhibits fluctuations driven by 
interactions among litter input, decomposition, and acid–
base dynamics. Nitrogen inputs from litterfall and aphid 
outbreaks influence N transformations, and long-term litter 
decomposition releases nutrients such as P and K back into 
the soil (Titus and Malcolm 1999). Compared with Norway 
spruce, Sitka spruce shows lower nitrogen concentrations in 
litterfall and reduced base-cation fluxes, whereas Norway 
spruce exhibits persistently higher litterfall and nutrient 
losses under environmental stress (Pedersen et al. 1999). In 
comparison with Scots pine, Sitka spruce litter demonstrates 
higher carbon mineralization, increased nitrogen availabil-
ity, particularly as nitrate, and promotes enchytraeid activ-
ity, indicating faster nutrient release and stronger litter–soil 
interactions, whereas pine litter is characterized by fungal 
dominance and lower rates of microbial-mediated decom-
position (Williams and Alexander 1991).

Due to its majestic appearance, symmetrical crown, sil-
very-blue-green needles, and rapid growth, Sitka spruce is 
also valued as an ornamental tree in parks, arboreta, and 
public or private spaces. In Europe, it was introduced pri-
marily in the UK and Ireland, where it is used not only for 
forestry purposes but also for plantings in historical parks 
and gardens for aesthetic design. In arboreta (e.g., the Royal 
Botanic Garden Edinburgh), it has become an essential part 
of exotic conifer collections (Harris 1990; Savill 2013). 
Sitka spruce also has excellent properties for stabilizing 
disturbed sites and reclaiming degraded areas, making it an 
important tool in ecological management and soil conser-
vation. Its root system reinforces slopes, dunes, and other 
erosion-prone sites, helping prevent further landslides or 
substrate loss. For example, in Iceland, Sitka spruce stands 
improve degraded lands and reduce soil erosion by increas-
ing vegetation cover and enhancing soil quality (Duong et 
al. 2024). In the UK, it has been frequently used for restor-
ing degraded areas, such as after peat extraction (Harris 
1990). However, its sharp needles make it less suitable as 
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Threats and diseases

In terms of biotic pests, white pine weevil (Pissodes strobe 
Say) is the most severe pest affecting young Sitka spruce 
stands in North America (Alfaro and Ying 1990; Tomlin and 
Borden 1997; Hulme and Kenis 2001), but it is currently not 
present in Europe. The green spruce aphid (Elatobium abi-
etinum Walker) can also cause significant damage through 
heavy defoliation of needles (Straw and Green 2001; OECD 
2006; Straw et al. 2011; Kuckuk et al. 2021). The large pine 
weevil (Hylobius abietis L.) is one of the most serious pests 
attacking young Sitka spruce in Europe (Kennedy et al. 
2006; Wallertz et al. 2014; Barredo et al. 2015). Addition-
ally, significant damage in Sitka spruce stands can be caused 
locally by deer browsing (Iason et al. 1996; Duncan et al. 
2001). Most species that could form stable mixtures with 
Sitka spruce are even more vulnerable to herbivore brows-
ing, so the costs of protection in mixed stands are likely to 
be higher than in pure spruce plantations (Cameron 2015).

A significant potential threat to Sitka spruce is the eight-
toothed spruce bark beetle (Ips typographus L.) (Webb et 
al. 2025), which has caused extensive damage to Norway 
spruce forests across Europe in recent years (Šimůnek et al. 
2025). Under laboratory conditions, this bark beetle selected 
and colonized cut Sitka spruce as readily as Norway spruce; 
moreover, odors from aged wood of both species were 
equally attractive, while fresh Sitka spruce was even more 
attractive than fresh Norway spruce (Inward et al. 2025). 
A similar risk may also be posed by double-spined spruce 
bark beetle (Ips duplicatus Sahlberg), a species that has 
expanded its distribution in Europe over recent decades and 
is increasingly regarded as a serious threat to spruce stands, 
particularly under conditions of site drying and tree stress 
associated with climate change (Davídková et al. 2023).

al. 2018). The main wood parameter which is used for esti-
mating wood quality is its density. As this physical property 
has an influence on mechanical wood properties, it is often 
presented in relationship with modulus of rupture (MOR), 
modulus of elasticity (MOE), and compression strength. 
According to the literature from the UK and Ireland (Savill 
and Sandels 1983; Petty et al. 1990; Moore et al. 2009b), 
the basic wood density of Sitka spruce varies from 272 to 
431 kg m-3 and is decreasing from pith to bark direction. 
When it comes to wood properties at 12% of moisture 
content, the wood density varies from 390 to 420 kg m-3, 
when MOR was from 57 to 76 MPa, and MOE around 8.50 
GPa, ranging from 6.00 to 11.03 GPa (Mclean 2008; Moore 
2011a; Meier 2015; McLean et al. 2016). In comparison to 
other native and non-native spruces, wood density obtained 
in cited manuscripts is lower than in the case of Norway, 
black (Picea mariana [Mill. ] Britt., Sterns, et Poggenburg), 
Serbian (Picea omorika [Pančić] Purk.) and blue spruces 
(Picea pungens Engelm.) cultivated in the Czech Repub-
lic (Zeidler et al. 2024a). However, they are comparable to 
the results obtained in Poland by Jelonek et al. (2024) for 
Norway spruce. In terms of MOR and MOE, Sitka spruce 
exhibited superior values compared to blue spruce and pon-
derosa pine (Pinus ponderosa Douglas ex C.Lawson), while 
other tree species showed similar mechanical properties, 
with the highest values observed in Douglas-fir, European 
larch (Larix decidua Mill.), and Serbian spruce (Table 2). 
However, the results of such a comparison might be affected 
by many factors, including habitats, age, location, and oth-
ers. Krajnc et al. (2019) compared wood quality parameters 
(wood density, MOR and MOE) of Sitka and Norway spruce 
in thinned and unthinned forest stands. Thinned stands of 
Sitka exhibited superior parameters compared with Norway 
spruce, whereas in unthinned stands, Norway spruce outper-
formed Sitka.

Species Density 
12%
(kg m− 3)

MOR
(MPa)

MOE
(GPa)

Reference

Picea sitchensis 390–420 57.0–76.0 6.00–11.03 Mclean 2008; Moore 2011a; Meir 
2015; McLean et al. 2016

Picea abies 341–517 52.0–84.6 5.84–8.76 Cukor et al. 2020; Zeidler et al. 2024a
Picea mariana 450–468 57.2–65.7 5.11–10.50 Meier 2015; Zeidler et al. 2024a
Picea omorika 508–534 69.2–95.1 6.67–12.16 Petrović et al. 2021; Zeidler et al. 

2024a
Picea pungens 450–476 54.8 4.86 Vacek et al. 2023a, b; Zeidler et al. 

2024a
Pinus sylvestris 451–458 57.0–80.7 5.74–7.95 Zeidler et al. 2024b, 2025
Pinus nigra 441–480 64.4–73.9 6.26–10.81 Meier 2015; Zeidler et al. 2024b
Pinus ponderosa 425–450 50.8–64.8 2.89–8.90 Zeidler et al. 2024b
Pinus concorta 425–470 64.8–74.5 7.14–9.24 Meier 2015; Zeidler et al. 2024b
Pseudotsuga 
menziesii

510–581 86.2–88.0 8.88–12.17 Meier 2015; Zeidler et al. 2025

Larix decidua 511–583 79.0–90.0 7.91–11.80 Meier 2015; Cukor et al. 2020

Table 2  Selected mechani-
cal properties of Sitka spruce 
(Picea sitchensis [Bong.] Carr.) 
wood and their comparison with 
selected coniferous tree species

MOR, the modulus of rupture, 
MOE, modulus of elasticity
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western hemlock, Lutz spruce, maritime pine (Pinus pinaster 
Ait.), Lawson cypress, Scots pine, Douglas-fir, and western 
red cedar remain viable options under changing conditions 
(Stokes et al. 2023). In Central Europe (Czechia, Slovakia), 
on suitable sites, Sitka spruce showed lower sensitivity of 
growth to monthly precipitation than Norway spruce (Brabec 
et al. 2023). Genetic variation in drought tolerance among 
full-sibling families of Sitka spruce is limited, so planting 
the most productive material maximizes gains under optimal 
conditions but offers little advantage under drought (Grant 
and O’Reilly 2017; Grant et al. 2018).

While Sitka spruce is among the least fire-resistant species 
in coastal forests, wildfires are not a primary cause of dam-
age within its natural range (Minore 1979; Agee 1990). On 
the other hand, Sitka spruce regenerates well on burned sites 
(Hawkes et al. 1990; Otchere-Boateng and Herring 1990). 
Strong wind impacts can cause severe damage, particularly 
to containerized planting stock established on finer-textured 
soils (Shaw et al. 1987; Goulet 1995). Autumn early frost 
poses a challenge in the UK, where faster-growing south-
ern provenances are particularly susceptible (Lines 1987a; 
Nicoll et al. 1996).

Resilience and adaptability to climate change

This species is often grown in parts of Europe with an oceanic 
climate for relatively safe production, fast growth, and the 
ability to produce high-quality wood (Moore 2011b). How-
ever, its cultivation is strongly limited in several regions of 
continental Europe, including much of lowland Poland, the 
Pyrenees, Italy, and the Balkan Peninsula, where increasing 
drought frequency and rising air temperatures under pro-
jected climate change substantially reduce site suitability for 
this moisture-demanding species (Durrant et al. 2016; Vacek 
et al. 2023a, b). Research based on a study with 150 bore 
cores comparing the growth of Sitka spruce and Norway 
spruce in relation to climate shows that Sitka spruce grows 
significantly better in Western than in Eastern Europe, and 
is also more resilient to climate change compared to Norway 
spruce (Brabec et al. 2023). Under conditions of environmen-
tal stress in Denmark, Norway spruce exhibited a more pro-
nounced and long-lasting decline in tree health and needle 
loss driven by a combination of drought, sea-salt stress, and 
elevated transpiration, whereas Sitka spruce responded pri-
marily with short-term, reversible needle loss, mainly associ-
ated with aphid infestations, indicating a comparatively more 
resilient physiological response (Pedersen et al. 1999).

However, due to considerable uncertainty regarding the 
potential long-term impacts of climate change, experience 
from the United Kingdom suggests that Sitka spruce forests 
be established in mixtures to spread future risks of dam-
age. Three potentially compatible introduced species with 

Population differences in Sitka spruce susceptibility to 
insect attack have been demonstrated. Provenances from 
Kitwanga (Skeena River, inland) and Big Qualicum (south-
east Vancouver Island) experience less damage (Alfaro and 
Ying 1990; Ying and Ebata 1994; Tomlin and Borden 1994). 
The density of green spruce aphid infestations in prove-
nances in Northern Ireland was correlated with the latitude 
of seed origin, with southern provenances being particularly 
susceptible (Day 1984). Adequate lignin content in spruce 
bark is considered an important physical defense against 
insects and fungi, and lignin levels in bark increase with 
latitude (Wainhouse and Ashburner 1996).

Many abiotic factors interact with Sitka spruce in both 
natural and planted forests, and some can cause significant 
damage. Wind is likely the most serious damaging agent, 
particularly in plantations (OECD 2006). Sitka spruce plan-
tations in the UK, established on unfavorable soils and expo-
sures, often developed shallow root systems, making them 
prone to instability in strong winds (Miller 1986; Coutts and 
Philipson 1987; Mason and Quine 1995; Malcolm 1997; 
Dhubhain et al. 2001). Elsewhere in Europe, Sitka spruce 
plantations have suffered considerable wind damage, but the 
species has shown greater wind resistance than other coni-
fers, such as Norway spruce, firs (Abies sp.), and Scots pine 
(Pinus sylvestris L.), for example, in France (de Champs et 
al. 1983; Touzet 1983), Denmark (Neckelmann 1981), and 
Norway (Lohmander and Helles 1987). In North America, 
Sitka spruce is considered less wind-resistant than Douglas 
fir and western red cedar but more resistant than western 
hemlock and Pacific silver fir Abies amabilis (Douglas ex J. 
Forbes) (Minore 1979).

On drier sites, the moisture-demanding Sitka spruce is 
increasingly vulnerable to drought stress in the vegetation 
season, exacerbated by the rising frequency and severity 
of drought events under climate change (Green et al. 2008; 
Vacek et al. 2023a, b). Signs of drought-induced stress are 
evident, particularly on shallow or poorly drained soils that 
may experience winter waterlogging followed by summer 
drought (Ray 2008; Cameron 2015). Elevated temperatures 
and drought also increase susceptibility to pests such as Den-
droctonus spp. (Ray et al. 2008). Monospecific Sitka spruce 
stands can be more resilient to spring drought than mix-
tures with Scots pine, yet pronounced stress may necessitate 
more drought-tolerant species such as Pinus spp. or Tsuga 
spp. (Petr et al. 2014; Cameron 2015; Ovenden et al. 2022). 
Despite this, Sitka spruce can show good post-drought recov-
ery, Scots pine indicating higher resilience and resistance 
(Ovenden et al. 2022). Assessments of potential alternative 
species in relation to climate change and drought in the UK 
suggest that no species consistently exceeds Sitka spruce in 
maximum mean annual increment, although grand fir (Abies 
grandis [Lamb.] Lindl.), noble fir (Abies procera Rehder), 
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(Øyen and Nygård 2007; Mason and Perks 2011). Modeling 
studies (Dewar and Cannell 1992) based on yield tables for 
even-aged stands predicted that carbon stocks during the rota-
tion period would vary depending on thinning regimes and 
site productivity, ranging from 85 t C ha− 1 for thinned stands 
with lower site productivity to 220 t C ha− 1 for unthinned 
stands on very productive sites. These predictions are sup-
ported by field studies in the UK and Ireland in Sitka spruce 
stands managed with intensive forestry, which provided esti-
mates of maximum carbon sequestration rates of 6–9 t C ha− 1 
yr− 1 and total tree carbon stocks around 150–210 t C ha− 1 at 
rotation age (Clement et al. 2003; Jarvis and Linder 2007; 
Magnani et al. 2007; Black et al. 2009). These higher val-
ues suggest the importance of Sitka spruce for maximizing 
carbon sequestration in Atlantic forests. This indicates that, 
on suitable sites, assuming sufficient forest management and 
no wind disturbances, Sitka spruce stands should achieve 
more than 350 t C ha− 1. These stands could develop into 
“old-growth” type structures (Deal et al. 2002; Bauhus et al. 
2009), improving long-term carbon storage on the site. Simi-
lar stands have been reported in the Pacific Northwest, where 
total live biomass in old mixed Sitka spruce and western hem-
lock stands is reported to be 568–794 t C ha− 1 for stands aged 
150–300 years (Smithwick et al. 2002; Keith et al. 2009).

Conclusion

Sitka spruce is an economically important tree species native 
to the coastal areas of the Pacific Northwest in North America, 
where it grows in the specific ecosystem of the northern tem-
perate rainforests. Due to its rapid growth, high-quality wood, 
and substantial carbon sequestration potential, Sitka spruce 
has been widely introduced in Northwest Europe, where it 
forms a central component of plantation forestry and contrib-
utes significantly to regional timber economies. However, 
Sitka spruce is highly sensitive to prolonged periods of low 
soil moisture, and the projected increase in the frequency and 
intensity of droughts under climate change may severely com-
promise its health, growth, and long-term productivity. On 
suitable sites, Sitka spruce demonstrates a production poten-
tial exceeding that of the currently widespread but declining 
native Norway spruce across Europe, highlighting its value as 
a highly productive alternative species. This potential, how-
ever, is counterbalanced by significant risks: climate change 
is expected to increase both the incidence and severity of bark 
beetle outbreaks, representing a major threat to stand stabil-
ity. To mitigate these risks and ensure sustainable production, 
Sitka spruce should primarily be cultivated in mixed stands, 
combined with other coniferous and broadleaf species. Such 
mixtures enhance mechanical stability, reduce susceptibility 
to pests, and improve ecological resilience under variable 

Sitka spruce are western hemlock, grand fir, and Douglas 
fir, which form natural mixtures in their native range in 
North America. The expected windier climate will require 
a range of management interventions, such as early felling 
of extraction racks, shortening rotation periods, and early 
selective thinning applications to improve mechanical stand 
stability (Cameron 2015). In response to changing environ-
mental conditions, there is also growing interest in imple-
menting continuous cover forestry aimed at developing 
irregular stand structures without the use of clear cuts. The 
increased occurrence of natural regeneration in older Sitka 
spruce stands, and the greater use of mixed stands are also 
proposed measures for adapting forests to climate change 
(Mason 2008; Ray 2008). Diversification of Sitka spruce 
stands (e.g. small blocks of single tree species) with native 
broad-leaved and conifer species such as sessile oak (Quer-
cus petraea [Matt.] Liebl.), pedunculate oak (Quercus robur 
L.), sycamore maple (Acer pseudoplatanus L.), Scots pine, 
silver birch (Betula pendula Roth), European beech (Fagus 
sylvatica L.), and Norway spruce can enhance biodiversity 
and accelerate nutrient cycling and litter decomposition (in 
terms of broad-leaved), while also potentially improving 
resilience and ecosystem function under changing climate 
conditions (Mitchell et al. 2025).

Afforestation with Sitka spruce can help address climate 
change by carbon sequestration and mitigating biodiver-
sity loss, for instance, in Iceland at extreme locations at 
high latitudes in the context of increasing air temperatures 
(Duong et al. 2024). Generally, regardless of tree species, 
in terms of forest adaptation to climate change, supporting 
diversity is important (Vacek et al. 2023a, b). Many stud-
ies have shown that plantation forests increase biodiversity 
at the landscape level, where natural or semi-natural for-
ests are rare (Carnus et al. 2006; Brockerhoff et al. 2008). 
Sitka spruce plantations provide suitable habitats for a wide 
range of forest species, including protected species (Red 
List species) and also commonly occurring wildlife, such 
as birds and mammals (Ratcliffe and Petty 1986; Staines et 
al. 1987; Weir et al. 1996; Humphrey et al. 2000; Quine and 
Humphrey 2010; Irwin et al. 2014). Different taxa vary in 
their response to afforestation, and while species richness in 
forest plantations can be as high as in semi-natural forests, 
these two forest types may support different species assem-
blages in various growth stages of the forest, with species 
turnover often mentioned (Palfner et al. 2005; Arroyo and 
Bolger 2007; Fuller et al. 2008; Arroyo et al. 2010; Irwin 
et al. 2014; Burton et al. 2018). On the other hand, Sitka 
spruce is on the blacklist in several countries due to its inva-
sive spread (Nygaard and Oyen 2017), which may be sig-
nificantly influenced by climate change.

The use of Sitka spruce is also recognized as an effective 
tool for carbon sequestration and climate change mitigation 
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environmental conditions. Forest management should also 
incorporate adaptive strategies, including careful site selec-
tion with emphasis on adequate moisture availability, appro-
priately timed thinning application, continuous monitoring, 
and consideration of future climatic stresses to optimize 
growth and minimize vulnerability. While Sitka spruce is 
relatively widespread in parts of Northwest Europe, its cul-
tivation could be expanded in regions with suitable moisture 
conditions, including Central Europe, the Baltic states, and 
other appropriate areas, providing opportunities for diversify-
ing forest systems and strengthening climate change mitiga-
tion strategies. Overall, it is essential to approach Sitka spruce 
cultivation in a balanced and evidence-based manner, consid-
ering both its high productivity and economic value, as well 
as the ecological and climatic risks that may limit its long-
term suitability.
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