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* In Sapmi, increased use of continuous cover forestry (CCF) can reduce the frequent conflicts
between forest industry and reindeer herding communities.

* Nordic forestry needs to develop new technical solutions for gentle and lichen-adapted
mechanical site preparation during CCF in Sapmi.

*  Such site preparation technology will promote pioneer tree species’ germination and growth,
and increase the forest industry’s acceptance of CCF.

Abstract

Today, conflicts often occur in northern Fennoscandia (also known as Sapmi) between forestry
and reindeer husbandry. Continuous cover forestry (CCF) is requested by both reindeer herding
communities and the general public and is becoming more common, but the forest industry criti-
cizes CCF for lower wood production. Mechanical site preparation (MSP) increases regeneration
success and, thus, increases wood production in CCF. To reduce the conflict between forestry
and reindeer husbandry, MSP in Sapmi should destroy as little ground lichen as possible. Today,
there are no solutions for gentle and lichen-adapted MSP in CCF. Thus, there is a strong need to
develop and test new technical solutions that increase regeneration success in a lichen-adapted
way during CCF in Sapmi. We suggest that MSP solutions be developed which are gentle, work
selectively and function in shelterwoods, gap cuts, and selection cutting stands. We envision that
these solutions could fill the gap between the desired adaptivity on the part of the reindeer herding
communities and the desired efficiency on the part of the forest industry. Such MSP technology
would contribute to increased acceptance of CCF in the forest industry, higher biodiversity, and
considerably reduce the conflict between forestry and reindeer herding communities.
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1 Background: the conflict between forest industry and reindeer
husbandry

The conflict between the forest industry and reindeer husbandry in northern Fennoscandia (specifi-
cally the Sami homelands, hereafter referred to as Sapmi) has been ongoing since the introduction
of industrial forestry during the 1950s (Sandstrém 2015), or even earlier (Turunen et al. 2020).
The conflict, continually escalating, revolves around how the forestland best be used to fulfil the
needs of both parties, and resources are constantly being invested to solve the issue (Widmark
2018; Berg 2022; Roos et al. 2022; Rikkonen et al. 2023). In addition to the needs advocated by
reindeer herding communities, societal actors and market forces are now pushing for change within
Nordic forestry, with a shift away from clearcutting and towards continuous cover forestry (CCF)
as an important ingredient (Appelqvist et al. 2021). To meet both the demand for less clearcutting
and the strong desire of reindeer herding communities to safeguard and improve conditions on the
last lichen-rich forestlands, there is a great need for new, lichen-friendly yet efficient methods and
equipment for mechanical site preparation (MSP) during CCF.

2 Reindeer husbandry and silviculture

Reindeer (Rangifer tarandus L.) is recognized as a keystone species in the mountain and boreal
landscapes of the reindeer husbandry area of northern Fennoscandia (Fig. 1), as well as elsewhere
in Eurasia (Vors and Boyce 2009). Reindeer are important for biodiversity for several reasons.
Reindeer grazing keeps mountain landscapes open, and by trampling and fertilising through their
dung, reindeer create opportunities for non-competitive plant species to thrive (Tunén and Sjaggo
2012). The importance of reindeer husbandry is pinpointed in the Swedish environmental goal
“Magnificent mountain landscapes” (Naturvardsverket 2019), which specifically addresses the
necessity of grazing-based landscapes. However, since the critical bottleneck in reindeer husbandry
is winter grazing in the forest landscape (Sandstrom et al. 2016), this environmental goal ties directly
into the need of transforming current forestry practices in northern Fennoscandia.

In the culture of the Sami — Europe’s only indigenous people — reindeer husbandry is an essen-
tial part and has been practiced in Sdpmi for millennia. Ground lichen (Cladonia spp. P.Browne)
is the crucial winter food source for reindeer and may constitute up to 50-80% of their diet during
winters (Heggberget et al. 2002). However, traditional MSP during forest regeneration can have a
significant negative impact on ground lichen, leading to decreased reindeer lichen cover (Roturier
and Rou¢ 2009). The amount of forestland rich in ground lichen has declined with 71% from 1955
to 2016 (Sandstrom et al. 2016), and it continues to decrease.

In general, the priority of the forest industry — which is also a large landowner in Sdpmi —is
maximizing wood production with little consideration for maintaining and improving lichen cover
for the reindeer herding communities. Consequently, during reforestation, the focus of MSP is
generally on ensuring seed germination and satisfactory seedling survival and growth (Bergsten
and Sahlén 2013; Karlsson et al. 2017). Hence, MSP increases wood production by shortening
the regeneration phase (Orlander and Gemmel 1989; Fries 1993). However, traditional MSP like
disc-trenching disturbs a large proportion of the ground surface area, often >50% of a clearcut
(Mattsson 2002). This extensive soil disturbance negatively affects the ecosystem and ground
lichen. Moreover, even-aged forestry is currently the dominating forest management system in
Sapmi (Kuuluvainen et al. 2012). Young, dense and homogeneous stands and clearcuts fragment
the forest landscape and reduce the contiguous areas of old forests, which are the best habitats for
arboreal lichens (Bryoria spp. Brodo & D.Hawksw. and/or Alectoria spp. Ach.) (Horstkotte et al.
2011; Sandstrém et al. 2016).
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Fig. 1. Reindeer husbandry areas (in darker grey or yellow with green dots) in the Nordic countries and Russia (Fen-
noscandia). [llustration: Johanna Roto, Nordregio 2015.

3 The conflict is solvable

The conflict between the forest industry and reindeer herding communities has been ongoing for
decades. The lack of incentives to turn current silvicultural practices more “reindeer friendly” has
been the main reason for this persistence (Horstkotte and Djupstrom 2021). Nevertheless, research-
ers have argued that it is technically possible to adapt forest management practices to better suit
the needs of reindeer herding communities (Roturier and Bergsten 2009; Eggers et al. 2023). In
addition, society’s increasing awareness of the forests’ social and environmental values is forc-
ing the Swedish forest industry to slowly adapt its forest practices (cf. Holopainen et al. 2014;
Toppinen et al. 2019; Toppinen et al. 2020). In general, CCF is better than even-aged forestry at
protecting several of the social and environmental values of forests (Peura et al. 2018; Diaz-Yanez
et al. 2020; Eyvindson et al. 2021). CCF is thus gaining acceptance in the Nordics, although the
forest industry keeps criticizing CCF’s lower wood production (Lundqvist 2017; Sonesson et al.
2017; Hynynen at al. 2019).

Today, CCF in Sapmi encompasses three general types of management methods (Appelqvist
et al. 2021): shelterwoods, gap cutting, and selection cutting. Berg et al. (2015) evaluated forest
management recommendations made by the National Union of Swedish Sami (SSR 2009). These
recommendations include gentle site preparation and increased use of CCF because these manage-
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ment practices benefit both reindeer husbandry and the growth of ground and arboreal lichens.
Hence, there is a need to actively promote research and technical development of gentle MSP,
which in turn increases the forest industry’s acceptance and implementation of CCF. Gentle MSP
is congruent with the concept of Lean forestry (Rautio et al. 2023), a concept which is in many
ways desirable from several economic, ecological and societal points-of-view.

4 The need for MSP development

In northern Fennoscandia, site preparation is necessary for successful and rapid reforestation, both
by natural and artificial means (Sikstrdm et al. 2020). But for MSP to be compatible with sustain-
able forest management and reindeer husbandry, soil preparation must not be too heavy, deep, nor
be done indiscriminately (Roturier 2009). In addition, the MSP should destroy as little ground
lichen as possible (Fig. 2). In order to be cost-efficient (and thus appealing to the forest industry)
and relevant in CCF, MSP must be able to be carried out: 1) fast; 2) without significant damage
to remaining trees; and 3) on small areas (and/or on few hectares) without expensive relocation
costs making MSP unprofitable.

Wildfire is the main natural determinant of successional stages of ground vegetation in boreal
forests, and most northern Fennoscandia forests have been affected by recurrent fires (Zackrisson
1977; Niklasson and Granstrom 2000). However, during the last century, these forests have been
subjected to fire suppression, which has dramatically reduced fire’s impact on vegetation (Ostlund
et al. 1997). This absence of fire has resulted in an increase of feathermosses and dwarf shrubs
(Wardle et al. 2004). Tree seedling establishment and growth is better in reindeer lichens than in
feather mosses (Steijlen et al. 1995). Thus, there is a greater need for site preparation on microsites
dominated by mosses than on lichen-rich sites and patches.

Fig. 2. A) Conventional, large-scale mechanical site preparation (MSP) has eradicated the ground lichen; B) gentle,
lichen-adapted MSP has sustained the ground lichen cover, hence providing a food source for reindeer year-round.
Photo: Sven Adler, SLU.
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Site preparation became common in the early 1950s (Frolén 2019), and ever since then,
forest management in Sweden has focused on cultivating conifers on clearcuts. Thus, site prepara-
tion development has traditionally been geared towards operating on large clearcuts, and there are
currently no technical solutions for gently and cost-efficiently performing site preparation during
CCF in Sapmi.

However, if we are to site prepare in CCF, it is probably not efficient or even possible to use
the common MSP tools of clearcut forestry (such as disc trenchers and continuously advancing
mounders). What’s more, the market for silvicultural technology is small, and the cost of MSP
development is often high. Furthermore, forest companies do not always recognize an immediate
return from investments in site preparation, as is often the case with the direct cost-recovery from
investments in harvesting-related research and development (R&D).

Examples of previous Swedish attempts at MSP development that were either relatively
selective or gentle include: Prekal (Sundblad 2012; Eriksson and Téljeblad 2022); inverting with
Kicken (Fr6lén 2019) and Kovesen (Bergkvist et al. 2018), HuMinMix (Roturier 2009): HuMax 24
(Andersson 2005); additional-added soil (“pytsning”, Sorensen et al. 2019); MidiFlex (Wallertz
et al. 2018; Persson 2020); KarlOskar (Sundblad 2009; Wallertz et al. 2018) and drag implements
(e.g. shark finned barrels, Edlund 2018). However, these MSP devices were either inefficient and/or
expensive and thus never got past the trial stage or disappeared from the market, or are non-selective,
ungentle, and/or unsuitable for CCF. Hence, MSP development tailored to CCF is necessary.

MSP is needed to solve this three-faceted problem (Fig. 3), but the existing MSP tools/solu-
tions are inadequate. Thus, technical development is necessary; and with this discussion article,
we wish to propose an approach to address this developmental requirement.

Indigenous rights Market & societal
& societal demand demand

X

Reindeer
husbandry

Gentle,
lichen-adapted
MSP

Pioneer tree species’
germination & growth

Forest industry
& societal demand

Fig. 3. Combining i) reindeer husbandry needs, ii) societal demand for Continuous
Cover Forestry (CCF) silviculture, and iii) the desire of both forest industry and society
for volume growth of pioneer tree species requires the development of technology for
gentle, lichen-adapted mechanical site preparation (MSP).
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5 Proposed MSP solutions

We argue that forest owners in Sdpmi need to transition to silvicultural systems that reduce the
ongoing conflict between the forest industry and reindeer husbandry. This transition will be expe-
dited if Nordic forestry develops cost-efficient technologies for lichen-friendly site preparation
tailored to CCF in Sapmi.

Specifically, we propose that Nordic forestry develop solutions for gentle MSP by mounting
new site preparation devices on: i) harvesters used during section cutting (Fig. 4A); ii) forwarders
used during gap cutting (Fig 4B); iii) harvesters and/or forwarders used during shelterwood cut-
ting. We suggest that the forwarder-mounted MSP technology be capable of precision real-time
steering of the scarifying head, and detecting the lichen cover via sensors, image analysis and arti-
ficial intelligence (Al). Based on past research on MSP in Nordic shelterwoods outside of Sapmi
(Fjeld 1994; Suadicani 2003), we postulate that harvester-based MSP technology is more suitable
when shelterwoods are dense and/or lichen is abundant, while forwarder-based MSP technology
is more suitable when the shelterwood and/or lichen is sparse. Notwithstanding, we believe that
any development process must start with the mapping of the specific needs of reindeer herding
communities, and the particular site preparation results requested by reindeer husbandry experts.

Our proposed solutions will help to develop site preparation technology that meet the needs
of both the forest industry and reindeer herders. By lessening Nordic forestry’s negative impact on
lichen resources, reindeer husbandry would be strengthened, thereby helping the Nordic countries
meet national and international obligations to protect indigenous peoples’ rights. Precision MSP
technology may even promote lichen growth in the long run if feathermosses and dwarf shrubs are
removed during site preparation. Moreover, MSP aids pioneer tree species’ regeneration (Gross-
nickle and Ivetic 2017), which many societal actors including reindeer herding communities wish
to see more of in Sapmi (Fig. 3).

Fig. 4. A) Gentle, lichen-adapted mechanical site preparation (MSP) with a harvester in selection cutting; the
MSP is performed using a simple scarifier mounted on the harvester head. B) Gentle, lichen-adapted MSP
with a forwarder in gap cutting; the MSP is performed using image-based precision steering of the scarifying
device to avoid lichen-rich areas. We postulate that the density of lichens and/or shelterwoods dictates whether
harvester-based MSP (A) or forwarder-based MSP (B) is most suitable during shelterwood cutting. Drawings:
Linnea Hansson, Skogforsk.
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Our suggested solutions pertain to several environmental issues related to forestry. When
regeneration success is increased, carbon sequestration increases faster after harvest, which helps
to mitigate carbon emissions and climate change (Lee et al. 2002). Using precision methods for soil
scarification is energy efficient, especially if the MSP is performed using the same machine that is
already present during harvesting (von Hofsten and Nordén 2002; Haavikko et al. 2022). Moreover,
the risk of soil disturbances decreases if fewer machines (no separate machine for MSP) are used
on the site (Labelle et al. 2022). Soil compaction and rutting by forest machinery can increase the
methyl-mercury content of fish in nearby streams (EkI6f et al. 2016, 2018) and soil disturbances
close to water should be avoided to reach environmental goals like the Swedish national goal
“Flourishing lakes and streams”. Less soil disturbance is also positive from a recreational point-
of-view, e.g. for outdoor tourism and berry picking. In addition, increased regeneration efficiency
in CCF is important for increasing the acceptance and implementation of this management system
on larger scale in Sweden and other European and boreal countries.

6 Conclusions

Most likely, gentle and CCF-adapted MSP solutions will help to strengthen reindeer husbandry and
thereby Sami rights and cultural traditions. Moreover, such new MSP solutions are critical for cost-
efficient, sustainable forest management, which is important if society is to fulfil its environmental
goals. Indeed, cost-efficient tools are needed if the forest sector is to willingly increase in Sapmi
the forestlands on which CCF is practiced. Silvicultural methods that maintain wood production
while simultaneously increasing the social and environmental values of Sapmi forests will also
help the Nordic region transition to a bioeconomy, fight climate change, provide employment,
protect biodiversity, and reach many other societal goals.
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