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Abstract: This paper accounts for photographic surveys of stunted old-growth krummholz pines (Pinus
sylvestris) in the context of climate change and variability since the late 1970s and early 1980s. The study
was conducted within the alpine-tundra ecotone of the southern Swedish Scandes. The life-histories of pines
with this shrubby and stunted growth mode are little studied. They may play some role as dispersal nuclei,
contributing to elevational treeline rise in cases of future climate warming. In contrast to earlier assumptions,
it now appears that pines, growing in open spaces of the subalpine birch forest belt, may regenerate
vegetatively by layering, enabling surprisingly old ages. Having survived the harsh centuries of the Little Age,
they have recently attained tree stature and started to produce offspring in their near vicinity. Thereby they
contribute to ongoing pine treeline rise and transformation of the forest-alpine tundra ecotone.
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1. INTRODUCTION

Currently, concern about future climate change and its consequences for society and biota is
commonplace. In this context, alpine (upper) treelines*and their spatial and compositional dynamiscs
stand out as important proxy indicators of past and recent climate and environmental change
(Behringer 2010). They are basically renowned to reflect heat deficiency, and are in principle
assumed to display straightforward ecological responses to climate dynamics on different spatial and
temporal scales (Aas 1969; Kullman 1979, 1998, 2013, 2014a,b; Smithson et al. 2002, Holtmeier
2009; Holtmeier & Broll 2017a). At the local spatial scale, the detailed mechanisms concerning
treeline change and stability are insufficiently known, depending on idiosyncratic combinations of
species-specific traits and topoclimate characteristics, often related to wind, snow cover, water
availability and human impact (Kullman 1979; Elliott & Kipfmueller 2010; Leonelli et al. 2011;
Holtmeier & Broll 2012; Alatalo & Ferrarini 2017). These circumstances hamper realistic projective
modeling and may lead to unrealistic results (e.g. Moen et al. 2004; Kaplan & New 2006; Bernes 2007).

Reproductional traits are fundamental aspects of treeline responses to altered climatic conditions.
Important treeline species in the Scandes are mountain birch (Betula pubescens ssp. czerepanovii),
Norway spruce (Picea abies) and Scots pine (Pinus sylvestris), with this top-down order of elevational
sequence. The two first-mentioned species are since long known to have the potential of vegetative
regeneration, producing a bank of long-lived clonal multi-stemmed (krummholz) specimens at and
above the current treeline. Notably, most of the treeline rise during the past 100 years was achieved in
this way, i.e. by phenotypic plasticity (Kullman 1986; Kullman & Oberg 2009). In some cases, these
specimens are well-established, millennial-old residuals, originating from relatively warm periods
during the early Holocene (Oberg & Kullman 2011, 2012; Kullman 2013), which have survived the
harsh Little Ice Age, i.e. 14th to 19th centuries (e.g. Lamb 1982; Grove 2004; Ljungqvist 2017).

In cases of climate warming, these species may short-cut the most critical life-history stages, i.e. seed
production, maturation, germination, spread and early growth. As they are already on

Treeline is here narrowly defined as the upper (m a.s.l.) individual of a certain tree species with a
minimum height of 2 m.
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place, they are able to respond quite readily to altered climatic conditions by increased vertical growth
(Kullman 1986, 2015a), faster than seed-generated individuals of other species (cf. Hagedorn et al.
2014). This is a fundamental difference to Pinus, which according to prevailing opinions, is only
exceptionally conceived to possess the same ability (Vesterlund 1900; Kilander 1955; Kallio et al.
1971, Holtmeier 2009). Old-age clonally layering Pinus specimens of the same longevity as displayed
by Picea and Betula are not reported in the literature, although individual ages around 1000 years
have been recorded, as depicted in Figure 4 (Kullman 2011).

In the Swedish Scandes, pine treeline rise during the past century amounts to maximum 225 m in
elevation (Fig. 1), which may be tentatively inferred as the highest position in the past 7000 years or
so. This advance was accomplished predominantly by upslope spread and growth of seed-regenerated
individuals (Kullman 2017). However, a minor proportion of the sparsely spaced pines within the
“advance zone” are old-established krummholz specimens, which existed prior to the onset of the 20th
century climatic amelioration (Fig. 2). These pines predominantly grow in open and wind-exposed
spaces, mainly within the lower birch forest belt, at sites where competition for light and nutrients are
minimal (Franke et al. 2019; Kullman & Oberg 2018). At these elevations, the light-demanding pine
is, in general, excluded primarily by competition from the fairly dense birch stands, prevailing
hereabouts. Given a warmer and drier future climate, the subalpine birch forest may disintegrate,
which opens a broad window for pine advance (Kullman 2020). Preexisting krummholz pines,
transforming into upright trees, may then come to play a progressive role as seed producers and
modulators of the local climate. Thereby they may facilitate the formation of a novel treeline ecotone
(cf. Bekker 2005; Holtmeier & Broll 20174, b, c¢), i.e. subalpine belt predominantly composed of pine
(Kullman 2020). Thus, the life and growth dynamics of old-age krummholz pines needs to be studied
in more detail. That is the main rationale with this paper, which accounts for the continuous
surveillance during the past 40 years of three old-established krummholz specimens in the southern
Swedish Scandes.

Fig. 1. The predominant mode of current pine treeline advance is upslope spread of seed- generated individuals.
This specimen represents advance by 225 altitudinal meters since the early 20th century. Mt. Molnet (Dalarna
province), 1100 m &.h. Photo: 2017-07-03.
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Fig. 2. Old-age krummholz pine in wind-exposed terrain, somewhat below the local treeline. It transformed into
tree size by release of vertical stems from wind-stressed modes, concurrent with climate warming in recent time.
Observations of this kind highlight the possible role of analogous pine responses to ongoing treeline
adjustmenst to climate warming, i.e. the main focus of this study.Mt. Storsnasen 635 m a.s.l. Photo: 2016-07-29.

2. FOCAL SITES AND SPECIMENS

The study was carried out in the southern Swedish Scandes (Jamtland province), within the Handdlan
Valley (Fig. 3). This valley trends north to south, with surrounding mountain peaks reaching 1400-
1500 m a.s.l. The mountain floor and lower slopes are covered with mountain birch forest and widely

scattered pines and spruces. The treeline elevation of birch varies between 900 and ¢.1100 m a.s.l.,
depending on local site conditions.
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Fig. 3. Location of the study sites (arrows), within the Handdlan Valley. The hatched line denotes the limit of
more or less coniferous forest. Shaded areas beyond are mountain birch forest with scattered pines and spruces.
The lighter areas are treeless alpine tundra.
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Climate evolution (1901-2019) is taken from the meteorological station Storlien/Visjévalen, 642 m
a.s.l. and ca. 20 km to the northwest of the study objects. Summer (June to August) and winter
(December to February) temperature increased by 1.6 and 1.5 ° C, respectively (Kullman in 2020).

Three representative krummholz pines (1, 2 and 3) have been photographically surveilled (summer
and winter) annually since the late 1970s and early 1980s. Particular focus has been on maximum
height, winter needle and shoot injuries and emergence of saplings in the nearest surroundings.

1. The west-facing slope of Mt. Taljstensvalen, 745 m 6.h. (63° 14, 548' N; 12° 27, 191' E). The site
is severely wind-stressed, with frequent open wind-scars in the surrounding heaths with
predominant Empetrum hermaphroditum. The location is about 20 m below the treelines of pine,
spruce and birch, which all linger close to the summit of this low mountain (780 m a.s.l.).

2. Close to the valley floor on the east-facing slope of Mt. Storsnasen, 685 m a.s.l. (63° 13,505' N;
12° 24, 945' E). The local treelines of birch, spruce and pine are 925, 865 and 800 m as.l.,
respectively. The site is a widely open and windswept part of the landscape, with extensive
treeless mires and scattered groves of birch forest and solitary pines and spruces on drier ground.

3. Northeast-facing slope of Mt. Storsnasen, 635 m a.s.l. (63° 15,065' N, 12° 25,502' E). The local
treelines are the same as given for pine no. 2. This pine grows on an open mire with a sparse snow
cover during most winters.

3. RESULTS

Under this heading, photos of the three pines, specifically focused in this study, are displayed as the
main results of this study. The images are complemented with some comments and metrics,
quantifying possible change overthe past 40 years or so.

PINE 1

Fig. 4. Wind-exposed, old-age krummholz pine with a wind/snow and ice blast scar on the w-facing part of the
fairly stout main stem. The highest leader is 0.6 m. Rotten remains of the main stem were radiocarbon-dated to
about 1000 years before the present day (Kullman 2011). Photo: 1981-06-10.
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Fig. 5. Since the early 1970s, stature and density of the pine has increased. The maximum height is 2.1 m in
2019, which means that this a tree, according the adopted definition. Notably, also the sheltered birch in the
background has gained in height. Photo: 2017-06-11.

Fig. 6. Between 2017 (Fig. 5) and 2019, the pine has suffered some winter-desiccation injuries to shoots
projecting above the snow cover. This is a kind of “bonsai” mechanism which has conserved the shape and
longevity of this specific life-form. Photo: 2019-07-23.

Fig. 7. Height has its maximum, 2.1 m, at the east-facing and least wind-exposed part of the wedge-formed
krummholz pine. Here in the vicinity (foreground), saplings have become established during the past decade,
which conforms to a general pattern of enhanced pine reproduction in the treeline ecotone (Kullman 2018).
Reasonably, these juvenils are the progeny of this pine. Photo: 2019-04-26.
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Fig. 8. The pine is largely protected by snow for long periods during the winter. Shoots protruding above the
snow surface suffer winter-desication Photo: 2008-03-22.
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Fig. 9. Pine sapling established in a dense matrix of Calluna vulgaris in shelter of the krummholz pine. Photo:
2019-04-26.

Fig. 10. The pine is composed of an intricate and dense network of interconnected stems, with adventitious roots
and more less covered by plant debris.A large and entirely plant-free hollow appears in the center, where a
bear could comfortably hibernate. In most respects, it mimics the mode of spruce vegetative regeneration.
Photo: 2019-07-23.
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PINE 2

Fig. 11. This pine with its stout and prostrate main stem displays an extension of 3x3 m and a maximum living
height of 0.5 m. One dead leader has been slightly more than 1 m high. Tree-ring counting indicates that the
age is at least 350 years. Photo: 1977-05-06.

Fig. 12. The winter 1980 was fairly cold and snow poor. Major parts of the canopy was exposed above the snow
surface, which was predisposed for winter desiccation of the foliage. Photo: 1980-02-26.

Fig. 13. By the early summer, the injuries from the winter are manifested as browning of the most exposed
shoots. Photo: 1980-07-13.
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Fig. 14. The injured foliage, highlighted in Fig. 13 still prevailed two years later. Notably, the greenish
Empetrum-carpets seen in 1980 (above) have suffered winter-dieback and the Photo: 1982-06-09.

Fig. 15. Following the mid-1990s, winter dieback of the foliage has been insignificant and the appearance of the
pine has improved significantly. The maximum height increased to 1.3 m. In addition, the former sparse ground
cover of mainly Empetrum hermaphroditun and Kalmia procumbens has massively changed to dense carpets of
Calluna vulgaris. Photo: 2013-05-11.
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Fig. 16. Another severe winter imposed extensive needle desiccation and set back of canopy expansion. Photo:
1994-02-05.
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Fig. 17. During the first two decades of the new millennium, winter stress has declined and the maximum height

has increased to 1.8 m, soon reaching tree-size. Compared earlier images, the canopy has become fresher and
lusher. Photo: 2019-02-20.
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Fig. 18. Summer view of the concerned pine, to be compared with the initial image (Fig. 11), showing
progressive transformation into near-tree stature. The total change of the ground cover since the early-1980s is
eclatant. Photo: 2019-06-07.

Fig. 19. In recent years, also this pine has produced some progeny (arrow) in its near circumference. Photo:
2017-06-10.
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PINE 3

landscape. No offspring is recorded in the near circumference. The age is at least 350 years, although a rotten
center precludes absolute dating. Photo: 1978-03-22.

Fig. 22. Detailed view of the basal parts of the stem oldest stem, and a centrifugally spreading edging of
layering stems with adventitious rots at a distance of 1-1.5 m. Compared to most of the stems, the oldest part of
this clonal pine specimen is disproportionally thick.
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4. DISCUSSION AND CONCLUSION

Like most other important tree species forming elevational treelines in the Scandes, Pinus sylvestris
may perform with long-lived layering clonal specimens around its elevational treeline. Due to the
shade-intolerance of Pinus, individuals of this category are quite infrequent, as the treeline infiltrates
the lower reaches of the still mainly dense and competitive subalpine birch forest belt. Hereabouts,
pines rarely become established, and if so, they often fail to attain reproductive maturity. At these
elevations, pine may establish primarily in wind-exposed glades, which imposes the striking wind-
trimmed physiognomy, displayed in this study. Obviously, there is an inverse relationship between
birch and pine histories in the treeline ecotone (Kullman & Oberg 2009; Kullman 2013).

Accordingly, it appears that in the case of continued climate warming and associated drought-induced
birch stand-level dieback, pine individuals of the concerned kind may eventually turn into
reproductive tree-size and make a contribution to the ongoing “pinification”, elevational rise and
compositional shift of the treeline ecotone (cf. Kullman 2014b, 2020, in press; Bognounou et al.
2018). Thereby they act as seed sources, dispersal nodes and advance bridgeheads, enabling extensive
expansion into an eventually regressing birch forest. Projections of this trend into the future may
possibly lead to a zonation pattern analogous to the situation prevailing during the Medieval Climate
Optimum during the 10th to 14th centuries A.D. (Lamb 1982; Ljungqvist 2017), or even to the all-
time-high early Holocene thermal peak, more than 7000 before the present (Kullman 2013, 2015b).

Apparently, the concerned growth forms of Pinus sylvestris represent environmentally “dwarfed”
specimens. According to the terminology discussed by Holtmeier (1981), this category of individuals
should be termed “cripple trees”. In agreement with observed tendencies towards climatically
changing growth forms and the more general use in the literature, we prefer the term “krummholz”.
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