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Conceptual models of forest dynamics ® e
in environmental education and

management: keep it as simple as possible,

but no simpler

Timo Kuuluvainen

Abstract

Background: Conceptual models of forest dynamics are powerful cognitive tools, which are indispensable for
communicating ecological ideas and knowledge, and in developing strategic approaches and setting targets for
forest conservation, restoration and sustainable management. Forest development through time is conventionally
described as a directional, or “linear”, and predictable sequence of stages from “bare ground” to old forest
representing the “climax-state”. However, this simple view is incompatible with the current knowledge and
understanding of intrinsic variability of forest dynamics.

Hypothesis: Overly simple conceptual models of forest dynamics easily become transformed into biased mental
models of how forests naturally develop and what kind of structures they display. To be able to communicate the
essential features and diversity of forest dynamics, comprehensive conceptual models are needed. For this end,
Kuuluvainen (2009) suggested a relatively simple conceptual model of forest dynamics, which separates three major
modes of forest dynamics, and incorporates state changes and transitions between the forest dynamics modes
depending on changes in disturbance regime.

Conclusions: Conceptual models of forest dynamics should be comprehensive enough to incorporate both long-
term directional change and short-term cyclic forest dynamics, as well as transitions from one dynamics mode to
another depending on changes in the driving disturbance regime type. Models that capture such essential features
of forest dynamics are indispensable for educational purposes, in setting reference conditions and in developing
methods in forest conservation, restoration and ecosystem management.

Keywords: Natural forest, Forest succession, Forest disturbance, Forest age structure, Forest conservation, Forest
restoration, Sustainable management

Review Since the formulation of the first concise scientific
theory of plant succession in the early 20" century by

Much of the persistent controversy surrounding Frederick Clements (1916), forest succession has con-
succession stems from the different starting points or ventionally been described as an orderly, directional and
pioneer stages following varied kinds and degrees of well predictable development of vegetation community
disturbance, from which the seral sequence begins. change through time (Mclntosh 1981; Peet 1981; but see
Cowles 1911). Similar to the seral stages in Clements’

Robert McIntosh 1981 theory, successional development of forests has been di-

vided into more or less arbitrarily defined developmental

stages (Bormann and Likens 1979; Oliver 1980). Perhaps

— , - the simplest and most widely used and well known is
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succession into four stages: stand initiation, stem exclu-
sion, understorey re-initiation and old-growth stages.
Over time, several alternative ways to divide stand suc-
cession into contiguous phases have been proposed (for
a review see Franklin et al. 2002).

Although many of the elements of Clements’ original
theory, such as the existence of clearly separable con-
tiguous seral or successional stages and the idea of a
static successional end point, the climatic climax, have
by and large been abandoned (MclIntosh 1981; Pickett et
al. 2008; Christensen 2014), the directional “linear” rep-
resentation of forest succession has been persistent, even
in the leading ecological textbooks (for example Begon
et al. 2006, p. 479-488). Although recent studies have
put more emphasis on the effect of disturbance charac-
teristics and legacies on forest dynamics, and variability of
successional pathways (Glenn-Lewin and van der
Maarel 1992; Pickett et al. 2008; Larsen and Chen
2011; Burton 2013), directional representations of for-
est succession have until recently been dominant in
research literature as well (e.g. Franklin et al. 2002;
Donato et al. 2012).

The simplified conceptualization of forest succession
as a directional deterministic process, starting from
“bare ground” has been particularly persistent concern-
ing the boreal forest, where stand-replacing fire has trad-
itionally been regarded as the ‘norm disturbance’ (Fig. 1,
Payette 1992; Bergeron et al. 2002). However, the accu-
mulated body of research evidence indicates that this
model is not able to incorporate the observed variability
of disturbance-successions cycles documented in un-
managed forests in the circumboreal zone (Kneeshaw et
al. 2011; Kuuluvainen and Aakala 2011; Burton 2013;
Bergeron and Fenton 2012). Use of excessively simple
and therefore unrealistic conceptual models in education
and management can easily lead to distorted views of
how forest ecosystems develop and what kind of struc-
tural variation they naturally display. Such biased
models, if adopted by ecologists, foresters and resource
managers, may have serious and adverse consequences
for efforts aiming at conservation, restoration and sus-
tainable management of forests ecosystems.
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In forest conservation and restoration, simple conceptual
models of forest dynamics based on outdated information
can lead to biased definitions of natural reference condi-
tions (natural range of variation), which are crucial in set-
ting goals and choosing management methods (Landres
et al. 1999; Halme et al. 2013). In forest management, sim-
plified conceptual models can lead to “knowledge lock-ins”,
where outdated views of intrinsic forest structure and dy-
namics are used as a basis and framework of management
actions (Moen et al. 2014). This can in turn lead to failure
in attaining ecological sustainability goals because the tar-
geted habitat conditions deviate much more from natural
reference conditions than realized. For example, conven-
tional even-aged “command-and-control” management ap-
proaches may have been argued to be “nature-based”
(Holling and Meffe 1996; Moen et al. 2014), although they
actually differ drastically from natural forest dynamics
(Gauthier et al. 2009; Kuuluvainen 2009; Puettmann et al.
2008). Therefore, realistic conceptual models are indispens-
able tools for communicating up-to-date ecological know-
ledge concerning intrinsic forest dynamics, for efficient
forest conservation and restoration and for developing
novel strategies of sustainable forest ecosystem manage-
ment (Gauthier et al. 2009; Halme et al. 2013).

In this paper, I review and visualize the main types of
suggested conceptual models of forest dynamics and dis-
cuss and compare their basic properties. Based on this, I
present a relatively simple but comprehensive concep-
tual model, suggested by Kuuluvainen (2009) for boreal
forests, which incorporates both long-term directional
and shorter-term cyclic forest dynamics, as well as tran-
sitions from one forest dynamics mode to another de-
pending on the characteristics of the driving disturbance
regime. Finally, I discuss the stand and landscape level
implications of the reviewed conceptual models for for-
est restoration and ecosystem-based management.

From directional to cyclic conceptual models of forest
dynamics

Over decades, simple directional or “linear” determinis-
tic representation of forest dynamics, starting from ‘bare
ground’ and ending in static “climax” forest, has been

Fig. 1 An illustration of classical directional forest succession of the boreal forest after stand-replacing fire
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Fig. 2 lllustration of the mosaic cycle concept, where different successional stages of forest development are expressed as a cycle. The scale of
dynamics can range from stand-replacement to fine scale gap dynamics (Remmert 1991)

the de facto conceptual model of boreal forest dynamics
(Fig. 1; Payette 1992; Johnson 1996). However, from
1990s onwards it has become increasingly evident from
the accumulated body of research results, that forest dy-
namics is a much more diverse phenomenon. It has been
shown that in addition to stand-replacing disturbances,
small scale and intermediate-severity disturbances and
associated forest dynamics (gap, patch and cohort
dynamics) are prevalent phenomena especially in old
forests across the boreal biome (e.g. Kuuluvainen 1994;
McCarthy 2001; Shorohova et al. 2009; Kneeshaw et al.
2011; Kuuluvainen and Aakala 2011). This, accompanied
by the revelation of the overall ecological importance of
disturbances in forest ecosystems globally (Sprugel and
Bormann 1981; Pickett and White 1985), created a pres-
sure to revise the established simple directional concep-
tual model of forest dynamics. The answer was to
develop new conceptual models that involved distur-
bances and cyclic representations of forest dynamics
(Bormann and Likens 1979). A good example is provided
by the mosaic-cycle concept which has been applied to
temperate and mountain forests of Central Europe
(Fig. 2, Remmert 1991; Podlaski 2008).

Concerning boreal forests, this development led to an
adoption of a simple dichotomic concept of two distinct
and in space and time alternating cyclic modes of forest
dynamics (Fig. 3). The first one is the ‘large cycle’ mode
driven by infrequent and often large-scale stand-replacing
disturbances, such as caused by high-severity fires or
windstorms, initiating more or less even-aged forest devel-
opment. Such disturbances have also been called Large

Infrequent Disturbances (LIDs, Turner and Dale 1998).
The second forest dynamics mode described was the
‘small cycle, which was described to develop in late-
successional forests and consist of senescence-related fine
scale tree mortality and regeneration dynamics in gaps
(Fig. 3; Forcier 1975; Seymour et al. 2002). Related eco-
logical concepts are those of gap phase dynamics (Pickett
and White 1986) and the shifting-mosaic steady state
(Bormann and Likens 1979), which emphasize the spatial
dimension of forest dynamics.

Large cycle dynamics

Small cycle dynamics
A—

Live biomass

Successional time

Fig. 3 A directional representation of the dichotomic conceptual

model of forest dynamics where two distinct phases may alternate
through time: the ‘large cycle’ of stand-replacing disturbances (e.g.
fire) and the ‘'small cycle’ driven by fine scale disturbances typical in

late-successional forests
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This kind of dichotomic conceptual model could be
applicable to old-growth dominated landscapes driven
predominantly by small scale gap dynamics, which are
punctuated with relatively rare but severe fires or storms
(Syrjanen et al. 1994; Seymour et al. 2002). In such a
case the forest landscape would consist of a combination
of two very different kinds of dynamics, which are
spatially and temporally separated: old gap dynamic for-
est (small cycle) and patches of younger even-aged forest
regenerating after stand-replacing disturbance (large
cycle) (Sirén 1955; Kuuluvainen et al. 1998).

Worrall et al. (2005) suggested, based on their studies
on Picea-Abies forests in New Hampshire, that the two
types of dynamics are not spatio-temporally distinct but
they can operate as mixed both in space and time. The
small scale gap phase cycles would operate as nested dy-
namics within larger scale infrequent non-stand-replacing
disturbance cycles that occur at landscape scale. This kind
of dynamics was also described in Sweden by Fraver et al.
(2008) and by Kuuluvainen et al. (2014) in the primeval
forest of the Archangelsk region in N'W Russia. In this
“nested bicycle” model of Worrall et al. (2005), the large
cycle is driven by a disturbance that is partial and selective
affecting only dominant trees (e.g. wind storms) or one
species (e.g. host-specificity of fungi or insects).

The multi-cohort model of boreal forest dynamics was
developed in eastern boreal Canada. It aims to describe
forest dynamics driven by stand-replacing fire in conifer-
ous and mixed species forests (Bergeron et al. 2002;
Bergeron and Fenton 2012). It divides the directional
successional development following stand-replacing dis-
turbance (fire) into separate successional stages or seres,
which are called structural cohorts (Fig. 4). Here the
term cohort does not refer to tree age cohorts, as usual,
but to the contiguous stages of forest structure in suc-
cession, similar to those presented by Oliver (1981). In
addition to classical directional succession, in late suc-
cessional stages forest dynamics can be driven by cyclic
small scale gap dynamics (Fig. 4). Thus the multi-cohort
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model incorporates the large vs. small cycle idea. Belleau
et al. (2011) refined the multi-cohort approach further
to include the effect of fire severity (i.e. proportion of
living plant biomass destroyed) on tree species compos-
ition in successional development.

The multi-cohort model has also been suggested as a
conceptual basis for forest management that aims to
emulate natural forest disturbances and structures, as
driven by fire, both at stand and landscape scale. The
structural cohorts and their dynamics are emulated
using adapted silvicultural methods such as selection
and group cutting, and by leaving retention trees. The
landscape level target proportions and spatial pattern of
different structural cohorts can be derived for example
from historical disturbance reconstructions of the land-
scapes (Bergeron et al. 2002). It is obvious that the suc-
cess of this approach in creating a functional “coarse
filter” habitat mosaic depends on how realistic is the de-
scription of forest development and how well it can be
emulated in management.

The Panarchy concept provides perhaps the most gen-
eral cyclic representation for multi- and cross-scale eco-
system dynamics (Holling 2001). This model, which is
not restricted to forests, can be used to explain how eco-
systems maintain their biodiversity and resilience
through cyclic cross-scale dynamics of change and re-
arrangement over time (Gunderson and Holling 2002).
In the Panarchy cycle, disturbances and subsequent suc-
cessions, leading to a reorganization of the ecosystem
through colonization and early development, are crucial
stages of the cycle allowing novel species and genotype
combinations to appear and their viability to be tested
against continuously changing biota and environmental
conditions. This process, fostering resilience and adap-
tive capacity of ecosystems, can be seen as connected to
recent findings concerning eco-evolutionary dynamics
(Schoener 2011). However, being very general or even
metaphorical, the Panarchy concept in its basic form
does not specifically deal with details of ecosystem

Succession after
stand-replacing
Fire disturbance

(Structural cohort 1)

(Structural cohort 2)

Stand-replacing
fire

insects

\ Wind, fungi,

Fig. 4 lllustration of the multi-cohort model of forest dynamics, where directional forest development after stand-replacing disturbance is repre-
sented as structural cohorts (1-4). In late-successional stages forest structure can perpetuate itself through fine scale gap dynamics driven by wind,
fungi and insect disturbances. Stand-replacing disturbance can reset forest development to “bare ground” from any developmental stage
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succession or variability in disturbance characteristics
(Drever et al. 2006). However, the model adequately em-
phasizes the ecological importance of disturbance and
subsequent ecosystem reorganization, as well as long
term cyclic ecosystem dynamics, for ecosystem resiliency
and adaptive capasity.

One obvious shortcoming of the reviewed directional, as
well as simple cyclic models of forest dynamics is that, al-
though they acknowledge disturbance as part of the forest
dynamics, they only pay limited attention to the crucial
role of disturbance properties on ecosystem dynamics
(but see Belleau et al. 2011). Here especially the variability
of disturbance quality and severity, and the resulting di-
versity of disturbance legacies, as well as the existing
species pool of the surrounding landscape, are known
to be crucial factors affecting forest regeneration dy-
namics, successional pathways and reorganization of
the whole biotic community after disturbance (e.g.
Bengtsson et al. 2003; Worrall et al. 2005; Johnstone
and Chapin 2006; Pickett et al. 2008).

Towards a comprehensive conceptual model of boreal
forest dynamics

It has been wisely stated that things should be made as
simple as possible, but no simpler (the Einstein principle).
This also applies to conceptual and visual descriptions of
forest dynamics. A crucial question in formulating a com-
prehensive conceptual model for forest dynamics is how
to incorporate the inherent complexity and variability of
forest structural dynamics in sufficient detail, but at the
same time simplify the phenomenon sufficiently to facili-
tate efficient communication of the main ideas (Bunnell
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and Johnson 1999). In boreal forest management this
“complexity challenge” is related to the accumulating body
of research results documenting the prevalence of small
scale and partial disturbances driving the development of
variable and heterogeneous stand structures (Kuuluvainen
2009; Kuuluvainen et al. 2015). This makes it necessary to
abandon the simple directional models, and the conven-
tional dichotomic ‘large cycle - small cycle’ conceptions,
and to develop novel and more realistic conceptual repre-
sentations of natural forest dynamics.

Kuuluvainen (2009) introduced a simple conceptual
model that is based on distinguishing three main cat-
egories or modes of forest dynamics (see also Angelstam
and Kuuluvainen 2004, Fig. 5): (1) Even-aged dynamics,
driven by repeated stand-replacing disturbances, (2) Co-
hort dynamics, driven by partial disturbances, and (3)
Gap dynamics, driven by tree mortality at fine scale. The
prevalence of these modes of boreal forest dynamics in
Fennoscandian research literature was reviewed by
Kuuluvainen and Aakala (2011). They found that, con-
trary to the conventional view of dominance of severe
stand-replacing disturbances in the boreal forest, gap,
patch and partial disturbances were most commonly
reported in the research literature. This highlights the
importance of incorporating the variability of forest
dynamics in conceptual models of forest dynamics
(Kuuluvainen and Aakala 2011).

Figure 5 shows a comprehensive conceptual model of
forest dynamics with three broad modes of dynamics
and their relationships (Kuuluvainen 2009). In this
model a forest can undergo directional succession after
stand-replacing disturbance or remain in any one of the

High
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Scale-limited
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(1) Even-aged dynamics

(2) Cohort dynamics

(3) Fine scale
gap dynamics
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Fig. 5 lllustration of a “comprehensive conceptual model” of forest dynamics proposed by Kuuluvainen (2009), with three main categories or
modes of forest dynamics, each of which is driven by a specific type of disturbance regime: (1) Even-aged dynamics, driven by repeated stand-
replacing disturbances, (2) Cohort dynamics, driven by repeated partial disturbances, and (3) Gap dynamics, driven by tree mortality at a fine scale
(Fig. 5). In directional succession, a forest can go through these modes from even-aged dynamics after stand-replacing disturbance to cohort
dynamics driven by partial disturbances to fine scale gap dynamics in old forests. On the other hand, each of the dynamics can also perpetuate if
the driving disturbance regime type remains, or changed to another dynamics mode if the disturbance regime type changes
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three modes if the driving disturbance type is not chan-
ged. On the other hand, if the driving disturbance re-
gime type changes transition to another forest dynamics
mode is likely to occur (Fig. 5).

The bottom line in Fig. 5 represents the classical direc-
tional successional sequence, from stand-replacing dis-
turbance to gap-dynamic old forest. Stand initiation and
competition driven stem exclusion phases represent
even-aged forest dynamics. The next step is a transition
phase where the oldest tree age cohort starts to die due
to competition and tree senescence-related insect and
fungi damages, and non-stand-replacing windstorms or
fires. As a result, the canopy gradually opens up and a
cohort-type dynamics and tree age distribution and
emerge. Finally, fine scale gap dynamics commences and
a truly uneven-aged forest is developed in the late-
successional phase (Fig. 5; Aakala et al. 2009).

Each of the three dynamics types, stand-replacing, co-
hort or small scale gap dynamics, can be maintained in-
definitely if the driving disturbance regime type remains.
For example, in continental areas of Canada, stand-
replacing fires with relatively short rotation cycles are
common and maintain even-aged forest dynamics over
extensive areas (Payette 1992). On the other hand, in
areas where low-severity partial disturbances are com-
mon, cohort dynamics may dominate. This means that
the forest is composed as a mix of older tree age classes
(cohorts) surviving disturbances, and younger tree co-
horts regenerating after disturbance events. Examples
are provided by Fennoscandian Scots pine forests, which
historically have been characterized by low-intensity sur-
face fires (Lassila 1920). Due to the fire-resistance of
large pine trees, repeated fires combined with other dis-
turbances have historically created and maintained rela-
tively open structurally complex stands consisting of
multiple age cohorts of trees (Kuuluvainen and Aakala
2011). Finally, where major disturbances are absent for
long periods of time, forest dynamics is driven by small
scale gap disturbances related to senescence of trees (Kuu-
luvainen 1994). Examples are provided by nonpyrogenic
old spruce forests in northern Fennoscandia (e.g. Aakala
et al. 2009).
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Key features of the conceptual model illustrated in
Fig. 5 are coverage of a wide range of different kinds of
forest dynamics and flexibility of state changes between
modes of forest dynamics, which can take place when
the driving disturbance regime type changes. For ex-
ample, if an old-growth gap dynamic forest or younger
even-aged forest is hit by partial disturbances (e.g. sur-
face fires, medium-severity windstorms), a cohort type
forest structure and dynamics is likely to result. On the
other hand, a severe disturbance will re-initiate an even
aged directional successional trajectory, but the details will
depend on disturbance legacies and differential species
availability at the time of the event. A comparison of the
properties of the proposed model and the other models is
presented in Table 1.

Discussion

Conceptual and visualized models of forest dynamics are
powerful cognitive tools that can be used — or misused -
in communicating ecological ideas and knowledge in
education and training of ecologists and foresters, and in
forest management (McInerny et al. 2014). In many in-
stances conceptual models can undoubtedly be more in-
fluential in directing human thinking and action than,
for example, complicated mathematical and simulation
models, which of course have their scientific and prac-
tical merits. Therefore, conceptual models, which are
able to capture and demonstrate the essential features
of forest dynamics, are indispensable for educational
purposes, in setting goals and developing methods of
forest conservation, restoration and ecosystem-based
management (Bergeron et al. 2002; Kuuluvainen 2009;
Kuuluvainen et al. 2015).

Regarding boreal forests, the conception of simple dir-
ectional and deterministic forest development, starting
from ‘bare ground’ and ending in static old-growth
“climax” state, has by and large been the ‘norm model,
which is underlying the contemporary forest manage-
ment paradigm and practices. However, the original rea-
son why this conception received a dominant position
was not the lack of realization that more complex forest
structures and dynamics are naturally common, but

Table 1 Comparison of the properties of the different proposed conceptual models of forest dynamics and the comprehensive

model proposed in this paper

Conceptual model Temporal representation

Spatial representation

Transitions between modes
of forest dynamics

Cross-scale interactions

Classical directional model Directional

Large vs. small cycle model Directional and cyclic

Unspecified (stand)

Large and small scale

Not considered Not considered

Not considered Considered

Mosaic cycle model Cyclic Patch/stand scale Not considered Not considered
Panarchy Cyclic Multiple scales Considered Not considered
Comprehensive model Directional and cyclic Multiple scales Considered Considered

References for the models: Classical directional model: Clements (1916), Begon et al. (2006). Large vs. small cycle model: Sirén (1955), Seymour et al. (2002).
Mosaic cycle model: Remmert (1991). Panarchy: Holling (2001). Comprehensive model: Kuuluvainen (2009)
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rather the necessity to adopt a sufficiently simple con-
ceptual model that could be used to organize rational
forest management and for example to construct forest
yield tables to predict forest growth. It was only after-
wards that the conception of even-aged forest develop-
ment was canonized as a ‘natural model of boreal
forest dynamics. Hence, virtue was made out of neces-
sity. As a result this history, the assumption that the dir-
ectional model of even-aged forest development
adequately represents intrinsic boreal forest dynamics has
become deeply rooted in the mindset of forestry profes-
sionals and has therefore also profoundly influenced the
adoption and development of silvicultural and forest man-
agement methods. What is worse, the adoption of this sim-
plified conception has created “knowledge lock-ins” among
professionals, which have seriously impeded the application
of ecological knowledge in forest management (Puettmann
et al. 2008; Moen et al. 2014).

For example, in Finland in the early 20™ century, silvi-
cultural methods were outlined by leading forest author-
ities and researchers based on the premise that even-aged
fully stocked stands represent the idealized ‘normal forest'.
In reality the motivation to promote this simple even-aged
conceptual model was that it was a prerequisite for con-
structing yield tables that would also fit the adopted site
type classification system developed by Cajander (1926).
However, it was later admitted that such idealized even-
aged ‘normal forests’ forests were extremely difficult to
find in naturally dynamic forests (Ilvessalo 1937).

This example from Finland demonstrates more gener-
ally the case of boreal forests, where the adoption of the
compartment-wise even-aged management system has
been motivated by overly simplified ideas about forest
structure and dynamics (Puettmann et al. 2008). Although
it is currently widely recognized that forest dynamics are
naturally more complex, including small scale gap and
patch dynamics, and partial disturbances (Kuuluvainen
and Aakala 2011; Taylor and Chen 2011), forest manage-
ment continues to be predominantly grounded on the
even-aged management approach. However, as expecta-
tions of ecological sustainability and provisioning of differ-
ent ecosystem services from forests are growing (Burton
et al. 2010), problems related to even-aged management
are becoming more and more evident (e.g. Kuuluvainen et
al. 2012). As a consequence, there is increasing interest in
management approaches based on emulation of natural
forest dynamics (Bergeron et al. 2002; Kuuluvainen et al.
2012), including continuous cover forestry utilizing single
tree or group selection harvesting. Although such man-
agement approaches have traditionally been considered
economically less profitable compared with even-aged
management, this prejudgment has been questioned by
recent research (Kuuluvainen et al. 2012; Riamé and
Tahvonen 2014; Pukkala 2016).
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Assumptions concerning forest dynamics are funda-
mentally important for setting reference forest conditions
not only at stand scale but also at the landscape scale. This
is because they affect what kind of landscape forest age
structure and composition is considered as natural and
desirable from the forest management, restoration or con-
servation point of view (Kuuluvainen et al. 2015). Theoret-
ically, following the negative exponential distribution
model of landscape forest age structure (Johnsson 1996),
and assuming a random occurrence stand replacing dis-
turbances on one percent of forest area with a 100 year
fire cycle, 37 % of the landscape would be covered by for-
est older than 100 years (Bergeron et al. 2002). However,
in most cases this is not a realistic assumption about
forest dynamics, because it ignores the prevalence of non-
stand-replacing disturbances and associated forest dy-
namics, like gap and cohort dynamics. Compared to
stand-replacing disturbances, these disturbance types
support a continuous presence of much higher cover-
age of old forest in the landscape (Pennanen 2002;
Kuuluvainen 2009; Kuuluvainen and Aakala 2011).

Thus the assumptions behind models of forest dynam-
ics can drastically affect the setting of forest conserva-
tion and restoration targets and implementation of
forest management. In particular, simplistic assumptions
of the dominance of stand replacing disturbances and
uncritical use of the negative exponential model of forest
age distribution can lead to seriously biased estimation
of reference landscape conditions, and hence need of
restoration and conservations of different kinds of forest
habitat types (e.g. Angelstam and Andersson 2001; Loh-
mus et al. 2004). This in turn may easily lead to failure
in attaining the goals of forest restoration or sustainable
management, including maintenance of biodiversity and
natural variability of ecosystem types.

Conclusions
Conceptual models of forest dynamics are powerful and
indispensable cognitive tools for communicating eco-
logical knowledge and ideas. They can be used — or
misused - in developing methods and setting goals of for-
est conservation, restoration and sustainable management.
In particular, excessively simple and hence misleading
models of forest dynamics can lead to seriously biased as-
sessment of targets for forest conservation, restoration
and management both at local and landscape scales. This
in turn can result in failure in achieving the desired state
of forest ecosystems from the point of view of forest con-
servation, restoration or sustainable management.
Particularly in boreal forest management, forest dynam-
ics has mostly been viewed through the lens of overly sim-
ple conceptual models of directional even-aged dynamics.
However, the revealed variability in forest dynamics, and
particularly the obvious prevalence of small scale and
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partial non-stand-replacing disturbances, call for more
comprehensive models, which would adequately reflect
the state of scientific understanding of forest dynamics. It
is suggested that more comprehensive but relatively sim-
ple conceptual models, as that introduced by Kuuluvainen
(2009) and discussed in this paper, are needed. Such
models should be able to incorporate and visualize both
long-term directional forest development as well as
shorter-term cyclic forest dynamics of different kinds.
Such models should also incorporate state changes and
transitions from one dynamics type to another depending
on changes in driving disturbance regime.
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