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Abstract
Purpose of Review Ownership patterns and the associated management characteristics are related to forest structures, biodi-
versity patterns, and their conservation worldwide. A literature review on this topic is missing so far. We fill this gap with an 
emphasis on the temperate forests of Europe and North America. Mixed-ownership landscapes are the special focus of the 
analysis. In a first step, historical effects of ownership patterns on forest structure and biodiversity are elucidated. Second, 
connections between present-time forest ownership patterns and both forest structural and biodiversity patterns are analyzed. 
Finally, implications for integrative conservation management are evaluated with a special focus on mixed-ownership forest 
landscapes.
Recent Findings Close linkages between ownership type-specific forest management and particular forest structural and 
biodiversity patterns are identified for past and current forest landscapes. Both in Europe and North America, publicly and 
privately owned forests show comparable lines of historical development but with a time shift. Forest reserves and ancient 
woodland with long ecological continuity appear to be mainly connected with public ownership. A high diversity of manage-
ment approaches and cultural landscape habitats is characteristic of non-industrial small private forests. In mixed-ownership 
landscapes, a more diverse mosaic of habitats has developed than in mono-ownership landscapes.
Summary We conclude that cross-boundary ecosystem management is crucial for effective conservation in present-day 
mixed-ownership landscapes. Integrative forest management that considers biodiversity and social-ecological aspects across 
ownerships is indispensable. We present a framework of implications for conservation management in mixed-ownership 
forest landscapes that build on each other and may enhance cross-boundary ecosystem management.

Keywords Mixed-ownership landscapes · Conservation planning · Forest management · Historical ecology · Ecological 
continuity · Social-ecological systems

Introduction

Nature conservation in forests strongly depends on moti-
vated landowners who support and recognize the aims of 
conservation [1–3]. These conservation aims, however, vary 
among different forest ecosystems and so do the manage-
ment targets of private or public forest landowners [4–6]. 
Forest owners are grouped into different ownership catego-
ries according to legal ownership status and property sizes 
[7, 8], often resulting in particular spatial forest ownership 
patterns at the landscape scale [9–11]. These ownership 
patterns and the related management characteristics are 
generally decisive not only for forest stand structures [9, 
12–14, 15••, 16] but also for forest biodiversity patterns and 
nature conservation planning worldwide [12, 17–20]. This 
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is particularly true for mixed-ownership landscapes, where 
certain ownership mosaics or patterns have been identified 
as significant determinants of forest habitat conditions and 
species assemblages [9, 21].

However, a literature review focusing on the interplay 
of forest ownership patterns, biodiversity, and conservation 
management in mixed-ownership landscapes is missing so 
far. Given the major impacts of landownership policies on 
biodiversity patterns, these relationships require much more 
scientific and practical consideration [19]. This study aims 
to fill this gap with an emphasis on the temperate zones 
in Europe and North America. Here, mixed-ownership for-
est landscapes are very common, whereby the forestland 
belonging to different forest ownership types is spatially 
interwoven in different intensities [9, 22–24].

We are aware that this literature review is a great chal-
lenge and that some aspects may remain unconsidered or 
relationships may deviate at regional scales. But we are 
convinced that our overview sparks scientific interest in the 
often underestimated but important ownership–biodiversity 
interactions and that we present a suitable framework for 
effective conservation management in mixed-ownership for-
est landscapes.

We distinguish three main categories of forest ownership: 
publicly, privately, and commonly owned forests. Within the 
category of publicly owned forests, where public owners 
are institutional bodies that claim to represent the general 
population [7], state-owned forests (res publicae) are the 
most important subtype in most countries. Another common 
subtype of publicly owned forests is municipal or communal 
forest owned by towns, cities, or villages (res communalis). 
When referring to private forest ownership (res privatae), 
the legal status of the proprietor and the size of the for-
est holding are commonly used to differentiate between the 
subtypes. Large private forests, either owned by individu-
als, industrial companies, or institutions like churches, can 
reach sizes between a few hundred and several thousand 
hectares. Small private forests, at the other end of the size 
range, are frequently much smaller than 10 hectares [25••]. 
Also termed non-industrial, smallholder, or family forests 
[26•], small private forests are abundant both in central and 
western Europe and in the USA [25••, 27]. Commonly or 
community-owned forests (res communis) are managed by a 
group of co-owners that have a governance structure respon-
sible for assigning usage and other rights [25••]. Much more 
abundant in some European countries than in North America 
[25••], this ownership type is characterized by a great diver-
sity of specific community forest arrangements [28•].

While recent studies have highlighted the need for 
research in historical ecology to inform the implementation 
of forest conservation today [29, 30, 31••, 32], the role of 
forest ownership patterns in this context has been widely 
neglected [33]. This is surprising because the legacy effects 

of ownership-related historical forest development processes 
can be expected to be crucial for biodiversity patterns and 
conservation efforts in present-day forests. Due to the lon-
gevity of forest ecosystems, specialized woodland plants and 
animal species depending on long-term ecological continu-
ity [32, 34] are most likely to be affected by legacy effects. 
Of particular importance are habitat-shaping forest manage-
ment techniques such as coppicing that have been linked 
with both certain ownership categories and the occurrence 
of specialized woodland species. Coppicing means repeat-
edly felling trees at the base (or stool), and allowing them 
to regrow, in order to provide a sustainable supply of wood 
[35–37].

For these reasons, we first take a historical look at the 
effects of past forest ownership patterns on former forest 
structure and biodiversity, whose legacies are still deci-
sive for present-day forest ecosystems. Thus, this analysis 
sets the scene for the subsequent section, where the main 
connections between present-time forest ownership pat-
terns and both forest structural and biodiversity patterns 
are elucidated. Recent forestry and conservation manage-
ment approaches are considered in this context as well. The 
insights derived from these two sections complement each 
other and meet the need for a holistic view in terms of long-
term forest-landscape development. Based on the previous 
findings and taking into account further ownership-related 
literature on forest conservation and management, we finally 
present and synthesize the main implications for conserva-
tion management in mixed-ownership forest landscapes. By 
implications, we mean a series of measures and strategies 
that build on one another and are intended to improve inte-
grative and effective conservation management. Given this 
background, our literature review addresses three research 
questions:

1. How did the historical development of forest ownership 
patterns shape forest structural and biodiversity patterns?
2. What are the main connections between forest owner-
ship patterns and both forest structural and biodiversity 
patterns in present-time forest landscapes?
3. What are the main implications for conservation man-
agement in mixed-ownership forest landscapes?

Materials and Methods

Study Area

This review is focused on the cool and cold temperate 
zones in Europe and North America [38], which include 
the majority of European countries, most of the USA, and 
southern Canada. The shares of publicly, privately, and com-
monly owned forests vary considerably among the different 
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continents and countries. In overview statistics, commonly 
owned forests are mostly assigned to one of the two other 
ownership categories (e.g., [25••]). Following this percep-
tion, overall ownership in Europe’s forest area (excluding 
the Russian Federation, which is mainly located in Asia) 
was quite equally split between public (44%) and private 
(56%) ownership in 2015. With regard to the forest area 
of North America (here: Canada and the USA), public 
ownership (68%) exceeded private ownership (32%). Par-
ticularly in Europe, however, there is a wide range behind 
these averages, from 100% public ownership in Georgia or 
Ukraine, through more evenly split ownership in Germany 
(52% public/48% private), Ireland (53%/47%), or Lithuania 
(60%/40%), to countries with prevailing private ownership 
such as Austria (18%/82%), Sweden (26%/74%), or France 
(24%/76%). Overall, small-scale land holdings predominate 
in European private forests, where 88% of all forest holdings 
are smaller than 10 ha. Concerning North America, 37% of 
the forests in the USA are public and 63% private, while in 
Canada publicly owned forests predominate with a share of 
91%. As in Europe, most of the private forestland in the USA 
is owned by individuals and families (64%) with an average 
property size of 14.8 ha. The share of business entities in the 
private forest area is highest in the USA and Sweden (30%), 
followed by Belgium (25%) and France (23%). Private com-
mon ownership is particularly abundant in Slovakia (61%) 
and Switzerland (43%), and tribal or indigenous private for-
est ownership occurs only in Norway (12%) and the USA 
(2%) [25••].

Concerning areas of particular conservation concern, the 
terrestrial protected area coverage of whole Europe amounts 
to 13% [39]. Within the European Union (EU), the Natura 
2000 system, which is the largest coordinated network of 
protected areas worldwide, covers 18% of EU countries’ land 
surface [40]. Half of the area protected within the Natura 
2000 system is forested [41]. Both in the USA and Canada, 
the terrestrial protected area coverage amounts to 12% [42, 
43].

Literature Searches

Literature searches were conducted using the citation and 
abstract database Scopus. The query was last repeated on 
April 30, 2021. The applied search terms are given in Online 
Resource A. No restrictions were made regarding the time 
since publication. We used not only the search term “forest” 
(“forest*” in search term 1), but also the terms “woodland,” 
“wood,” or “woods” (“wood*” in search term 1), since these 
terms are used synonymously in many European studies. 
We are aware, however, that “woodland” and “woods” refer 
to low-density and open forest habitats in North America. 
This terminology was considered when evaluating the litera-
ture. Search term 2 (“owner*” or “tenure”) ensured that only 

studies were included that deal with forest ownership issues. 
Apart from the term “histor*,” which was aimed at identify-
ing historical relationships, the third term of each literature 
database search included important aspects of forest biodi-
versity conservation. Besides species groups of conservation 
concern (e.g., “beetle*” or “bird*”), also structural forest 
attributes that provide important habitat for a variety of taxa 
(e.g., “microhabitat*” or “deadwood”) were considered here.

The titles of the resulting articles were reviewed to evalu-
ate if they generally fit the aims and area of interest of this 
study (step 1). Further evaluation was carried out by reading 
the abstracts of the retained articles (step 2). We then only 
considered studies that focused on the temperate zones in 
Europe and North America. All articles with positively eval-
uated abstracts were read, and additional works cited in the 
reference lists of those articles were analyzed subsequently 
(step 3). Concerning the history of forest ownership patterns 
(research question 1), monographs on forest history were 
considered as well. A Zotero digital bibliographic library 
was compiled to organize the selected references by topics 
and research question.

As for research question 2, a systematic approach was 
used to determine the main connections between forest own-
ership patterns and both forest structural and biodiversity 
patterns in present-time forest landscapes. Eligible studies 
had to be conducted in mixed-ownership landscapes and to 
analyze the effects of both the spatial arrangement and the 
management characteristics of different ownership catego-
ries (i.e., the forest ownership patterns) on biodiversity and 
conservation values. In this way, we obtained 22 core studies 
(Table 1, Online Resource B). Twelve of these core studies 
took place in Europe, and ten had been conducted in North 
America.

To derive the main implications for conservation man-
agement in mixed-ownership forest landscapes (research 
question 3), the selected studies were evaluated in view of 
conservation-related recommendations and strategies. We 
arranged these recommendations into groups and sub-groups 
of related measures and strategies (i.e., implications) and 
compiled a stepwise framework of implications that build 
on one another.

Historical Effects of Ownership Patterns 
on Forest Structural and Biodiversity 
Patterns

Europe

Medieval and Early Modern Periods

Already in ancient times, there were a variety of public and 
private forest ownership types in those parts of Europe that 
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belonged to the Roman Empire. For the regions outside 
the Empire, it can be assumed that forests were regarded 
as common resources that were free to use [44]. Follow-
ing the Migration Period, a century-long process of forest 
ownership development began in most of Europe. From the 
seventh century onwards, sovereigns reserved large parts of 

“ownerless” woodland for their own usage, mostly as hunt-
ing reserves—which is the original meaning of forest (Latin 
forestis, forestum). Also, freemen, monasteries, and settle-
ment communities were able to obtain forestland for their 
purposes either as private tenure or as common property. 
The same applied to forest usage rights [45, 46].

Table 1  Overview of the 22 core studies comparing forest structural and biodiversity patterns among different ownership types in mixed-owner-
ship landscapes (see Online Resource B for more details)

↑ Higher values compared to the other ownership types
↓ Lower values compared to the other ownership types

↔ Similar or intermediate values compared to the other ownership types
To be assessed posi�vely from a nature conserva�on perspec�ve
To be assessed nega�vely from a nature conserva�on perspec�ve
To be assessed neutral from a nature conserva�on perspec�ve
(following the authors of the considered studies)

Ownership types

Publicly owned Privately owned Commonly 
owned

Reference Country Region Research object 
(biodiversity, forest structure)

No 
specifica�on

State/
Country Municipal No 

specifica�on
Large 

private
Small

private

Love�-Doust et al. (2001) [22] Canada Southern Ontario Biodiversity values (vegeta�on types, rare 
plants and birds) ↑ ↓

Maltamo et al. (1997) [77] Finland Central Finland Tree stories, diameter range ↓ ↓ ↑

Larrieu et al. (2017) [36] France Southwestern France Tree-related microhabitats ↑ ↔

Bergès et al. (2013) [19] France Northern France Forest plant species ↑ ↑ ↓

Reise et al. (2019) [24] Germany Whole country Forest bird communi�es ↑ ↑ ↓

Deadwood volume ↑ ↑ ↓

Percentage of mature forests ↑ ↑ ↓

Johann & Schaich (2016) [147] Germany Southwestern Germany Tree-related microhabitats ↓ ↓ ↑

Schaich & Plieninger (2013) [139] Germany Southwestern Germany Structural diversity, dead wood, carbon 
storage capacity ↓ ↓ ↑

Rendenieks et al. (2015) [130] Latvia Northern Latvia Ver�cal canopy structure, tree species 
richness ↓ ↓ ↑

Bujoczek et al. (2021) [129] Poland Whole country Deadwood volume ↑ ↓

Kuemmerle et al. (2009) [92] Poland Southeastern Poland Anthropogenic disturbance ↓ ↑

Żmihorski et al. (2010) [126] Poland Central Poland Tree diameter and basal area ↑ ↓

Share of non-na�ve species ↑ ↓

Torras et al. (2012) [128] Spain Northeastern Spain Biodiversity indicators ↔ ↑

Holmgren et al. (2010) [148] Sweden Central and northern Sweden Biodiversity indicators ↔ ↔ ↔ ↔

Hobart et al. (2019) [21] USA Sierra Nevada, California Benefits to spo�ed owls ↔ ↑

Maslo et al. (2015) [117] USA New Jersey Forest bird species ↑ ↑ ↓

Zheng et al. (2010) [125] USA New England states Forest aboveground biomass ↑ ↓

Landscape fragmenta�on ↓ ↑

Rii�ers et al. (2012) [113] USA Eastern United States Fragmenta�on of forest communi�es ↓ ↑

Kennedy et al. (2008) [127] USA Coastal Oregon Dead wood ↑ ↓

Ohmann et al. (2007) [133] USA Coastal Oregon Late successional and old-growth forest ↑ ↓ ↓

Diversity of forest ages and structures ↑ ↔ ↓
Early-successional forest, mixed hardwood-
conifer forest, legacy down wood ↔ ↑ ↔

Diverse young forest, abundance of 
hardwood trees ↓ ↓ ↑

McComb et al. (2007) [179] USA Coastal Oregon Predicted future bird habitats ↑ ↔ ↔

Stanfield et al. (2002) [9] USA Coastal Oregon Mature forest cover ↑ ↓ ↓

Diversity of cover classes ↓ ↓ ↑

Easterday et al. (2018) [15] USA California Declines in large trees ↔ ↔
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As a result of this development, large forests remained 
reserved for the privileged use of sovereigns or states in 
the medieval and early modern periods (Fig. 1). While 
some of these state-owned or feudal forests were man-
aged in a relatively coordinated manner for centuries 
[47], others in remote and sparsely populated regions 
remained nearly untouched [48, 49]. Woodland in more 
densely populated regions frequently became the inten-
sively used common property of the local population 
[50–55, 56•], the municipal property of cities, or private 
property of the church and the local nobility [35, 50, 
57]. In some cases, however, members of one owner-
ship class had chartered usage rights or usufruct in the 
woodland of other ownership classes. This was the case, 
for example, for fuelwood collection, wood-pasture (of 
livestock), or pannage, which is the practice of releas-
ing domestic pigs into a forest to feast on fallen acorns, 
beechmast, and chestnuts [50–52, 57, 58]. The conse-
quences of these different ownership types for forest 
structure and biodiversity were crucial and dependent on 

the landscape context: While state or feudal ownership in 
remote or inaccessible forest areas frequently preserved 
semi-natural forest communities and high volumes of 
live or dead wood biomass [49, 59], the situation was 
different in more densely populated areas, where multi-
use forests became part of intensively managed cultural 
landscapes [35, 60, 61]. Here, management techniques 
like coppicing, coppicing with standards, and wood pas-
turing created suitable habitats for warmth- and light-
demanding plant and insect species. In particular, oak 
woodland (Quercus robur, Q. petraea) and its associated 
biodiversity benefited from these kinds of management 
that frequently sustained century-long ecological conti-
nuity [34, 35, 57]. However, also the extent of deforesta-
tion, e.g., for settlement and agricultural purposes in the 
medieval period, was frequently determined by the type 
of land ownership. In the German lands, for example, 
sovereigns promoted the systematic colonization of state-
owned woodlands in their ancestral or newly conquered 
territories [49, 62, 63].

Fig. 1  Chronology of important 
developments in western and 
central European forest owner-
ship history
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Rise of Scientific Forestry in the Eighteenth and Nineteenth 
Centuries

When scientific forestry emerged in the eighteenth century 
(Fig. 1), forest ownership and the related woodland struc-
tural and biodiversity patterns were subject to large changes. 
This development was closely connected to the rise of mod-
ern land-use schemes and the emergence of modern thinking 
on forest resource economy [51, 64, 65]. In particular, gov-
ernments introduced efficient management for wood produc-
tion in state-owned forests and strived for quitting the usage 
rights of external persons or institutions [66]. High forest 
management became the new silvicultural standard, conifers 
were introduced in large areas, and century-old multi-use 
forest management techniques were increasingly abandoned 
[65, 67, 68]. Furthermore, changing economic conditions, 
new logging techniques, and the construction of roads and 
forest railways for timber transport accelerated the intensi-
fied utilization of formerly inaccessible and thus unmanaged 
woodland [48, 49, 65]. Since even short periods of deple-
tion or spontaneous land-use changes might cut the tempo-
ral and spatial thread of ecological continuity, forest habitat 
conditions and thereby plant and animal assemblages were 
thus crucially changed. Most notably, the intensification 
and specialization trends of modern post-eighteenth century 
forestry and agriculture led to the extensive loss of both 
transitional woodland habitats and their specialized species 
assemblages [56•, 69, 70]. But also old-growth structures, 
large old trees, and the amount of deadwood were consider-
ably diminished, with negative consequences for saproxylic 
and tree cavity‐dwelling species [49, 71]. On the other hand, 
nature sanctuaries or even systems of nature reserves have 
been established from the late nineteenth century onwards 
preferably in the publicly owned forest [49, 66, 72].

Abolition of Commons and Privatization of Common 
Woodland

Furthermore, European state authorities promoted or even 
forced the abolition of commons and the privatization of 
common woodland from the eighteenth century onwards 
(Fig. 1). Beginning with the enclosure movement in Great 
Britain [58], woodland held in common for centuries was 
changed to private land and thereby divided among the com-
moners and other institutions or persons who held usage 
rights in the commons. Prominent examples of this proce-
dure are to be found in France [73], Denmark [51], and the 
German lands [74]. This development was a consequence of 
an intellectual current that later became known as “agrarian 
individualism”. Private property was henceforth regarded 
as an essential prerequisite for efficient management and 
thus increased yields in agriculture and forestry [50, 51, 
56•, 58, 73, 74]. In many regions, the result was an extreme 

parcelization of forest ownerships in the late eighteenth 
and early nineteenth century with property sizes of only a 
few hectares. Additionally, the recurrent division of estates 
among the heirs [75] and the abolishment of feudalism with 
subsequent division of former feudal estates [76] increased 
forest ownership parcelization. In contrast to arable land, 
land consolidation was not systematically conducted in these 
private woodlands, so that the parcelization of small pri-
vate forests frequently persisted until present times. In many 
regions, woodland privatization and parcelization resulted in 
an elevated diversity of management approaches, manage-
ment intensities, and tree species, and thereby forest habitats, 
but also in deforestation and landscape fragmentation [56•, 
76–79]. Historical management techniques like coppicing, 
coppicing with standards, and wood pasturing lasted longer 
in small private forests than in state-owned forests [55, 80]. 
In some regions, however, the institutional structures of 
commonly owned forests persisted until present times [28•, 
53, 54, 61]. The same is true for the application of historical 
management techniques also in these forests, particularly 
coppicing [61] or pollarding. This pruning system involves 
the periodic removal of the upper branches of a tree and is 
aimed at producing fuelwood and fodder to feed livestock 
[81].

Municipal and Larger Private Forests

With regard to municipal forests and larger private forest 
estates that were often owned by the nobility, the develop-
ment of modern forestry from the late eighteenth century 
onwards varied among regions and according to individual 
management targets. In general, municipal forests often 
showed a long ownership and management continuity that 
was aimed at the enduring welfare of the community [82, 
83]. For these reasons, long ecological and structural con-
tinuity can be assumed for most municipal forests. Large 
private woodland estates tended to be managed intensively 
for high profits, including forest clearing for agricultural 
land, but there were also cases of cautious management or 
even the establishment of nature reserves in the nineteenth 
century [84–86]. Therefore, although negative influences on 
ecological continuity and woodland habitat specialist species 
can generally be assumed for large private woodland estates, 
regional conditions and societal developments must always 
be taken into account.

Countries with Socialist Governments

In the mid-twentieth century (Fig. 1), forest ownership pat-
terns and thereby ownership continuity underwent large 
changes caused by collectivization in those European 
countries with socialist governments [75, 87–89]. Further-
more, expropriation after the Second World War resulted 
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in widespread nationalization of forests and natural old-
field succession on abandoned former private farmland [63, 
90, 91]. In particular, centralized and intensified forestry 
in socialist countries caused homogenization of both stand 
structures and tree species composition, the latter with an 
emphasis on conifers [87–89]. Furthermore, collectiviza-
tion and increased forest management intensity resulted in 
severe interruptions of ecological continuity, for example, 
in Romanian old-growth beech forests [89]. Small private 
forest ownership, however, remained intact in some coun-
tries even during socialist times [75, 92]. Reprivatization 
and institutional instability in the post-socialist transition 
time finally led to increased anthropogenic disturbance rates 
[89, 92]. These were, for example, in southeastern Polish 
private forests about five times higher than on adjacent pub-
lic lands and negatively affected ecological continuity [92]. 
Currently, the development of forest ownership patterns 
in former socialist countries and the related structural and 
socio-ecological changes are the focus of several research 
activities [88, 93••].

North America

Forest Use by Native Americans

The vast forests of North America were shaped by Native 
Americans for millennia [94, 95]. Land was considered a 
common resource and private property rights in forests and 
other landscape components did not exist before European 
settlement, since population densities were too low to war-
rant the development of such rights. When conflicts occurred 
between neighboring tribes over the use of natural resources, 
these conflicts were not sufficient to overcome the transac-
tion costs associated with private ownership of land [96]. 
The main tool of the Native Americans for modifying the 
forests was fire. They had become experts in using fire for 
various purposes to enhance their food supply and improve 
the quality of their lives [97]. For example, fire was used to 
encourage fruit and berry production, to create and maintain 
open woodlands, or to expose acorns and chestnuts for col-
lection. By skillfully using fire as a powerful tool, Native 
Americans made extensive modifications to the vegetation 
over most of North America [94, 97, 98].

Forest Exploitation in the Nineteenth Century

Following the European settlement from the seventeenth 
century onwards, the forests of North America were exposed 
to dramatic changes. Early settlers and homesteaders con-
sidered the forests an obstacle to be overcome [99]. Espe-
cially in the nineteenth century, intensive forest exploitation 
and deforestation moved increasingly westward. Despite the 
gradual development of public and private forest ownership 

structures that were comparable to European conditions, 
there was no national policy on forestry and no practice 
of planned forestry until the 1880s [94, 99, 100]. Already 
in 1819, the French botanist François André Michaux 
(1770–1855) compared the forest ownership structures 
between Europe and North America and critically pointed 
out [101]:

It may not be improper to observe that the Europe-
ans have great advantages over the Americans in the 
management of woods. The principal forests are in 
the hands of the governments, which watch over their 
preservation with a solicitude dictated by imperious 
necessity. Experience has amply demonstrated that no 
dependence can be placed, for the public service or the 
general supply, upon forests that are private property: 
falling sooner or later into the hands of persons eager 
to enjoy their price, they disappear and give place to 
tillage. In America, on the contrary, neither the fed-
eral government nor the several states have reserved 
forests. An alarming destruction of the trees proper 
for building has been the consequence – an evil which 
is increasing and which will continue to increase with 
the increase of population.

The Concepts of Forest Conservation and Preservation

With the ongoing spread of forest destruction, first voices 
were raised in favor of forest conservation and sustainable 
forest management [99]. Among these voices, George Per-
kins Marsh (1801–1882) was of particular concern, since 
he skillfully highlighted the importance of different owner-
ship types for forest conservation in the USA. In his seminal 
book Man and Nature, Marsh reflected not only experiences 
from Europe but also the USA and highlighted, like already 
Michaux [101], the great importance and benefits of public 
forest ownership [82]: “Fortunately, some of the American 
states, as well as the governments of many European colo-
nies, still retain the ownership of great tracts of primitive 
woodland.” Therefore Marsh deemed it a “great misfortune 
to the American Union that the State Governments have so 
generally disposed of their original domain to private citi-
zens.” He supported proposals that the state should declare 
the remaining forest the inalienable property of the com-
monwealth and considered it “desirable that some large and 
easily accessible region of American soil should remain, as 
far as possible, in its primitive condition, at once a museum 
for the instruction of the student, a garden for the recreation 
of the lover of nature, and an asylum where indigenous tree, 
and humble plant that loves the shade, and fish and fowl and 
four-footed beast, may dwell and perpetuate their kind, in 
the enjoyment of such imperfect protection as the laws of 
a people jealous of restraint can afford them.” Concerning 
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possible financial losses that the public treasury incurs from 
not selling forestland, Marsh emphasized that “the forest 
alone, economically managed, would, without injury, and 
even with benefit to its permanence and growth, soon yield 
a regular income larger than the present value of the fee.”

Such considerations provided the impetus for the compet-
ing preservationist and utilitarian philosophies in the late 
nineteenth century USA, when the protection of the envi-
ronment from human impacts (preservation; John Muir’s 
approach) was faced with the sustainable use of natural 
resources for human benefits (conservation; Gifford Pin-
chot’s approach). In the historical view, these opinions of 
preservation and conservation resulted in divergent and 
sometimes conflicting policies affecting public lands: While 
national parks (preservation) were designated on the one 
hand, federal forest reserves and national forests were com-
mitted to multiple-purpose management (conservation) on 
the other both in the USA [102, 103] and in Canada [104]. 
In contrast to Europe, modern forestry, silviculture, and 
forestry education in the USA did not begin on federal or 
national lands but in the state lands and particularly on pri-
vate lands. The federal government, however, recognized 
the need for sustainable forest management and well-trained 
forestry staff, given the overcutting of timber on many pri-
vate lands [99, 105].

Forest Management and Conservation After the Second 
World War

The economic boom following the Second World War put 
particular pressure on publicly owned forests and their bio-
diversity: Before the war, national forests were used as a 
timber reserve and wood was mainly harvested from private 
lands. After the widespread depletion of those private timber 
resources, harvesting rates on publicly owned forestlands 
began to increase significantly [15••, 102, 106, 107]. In 
California, for example, the legacies of this management 
intensification are still visible in today’s forest structure and 
vary among ownership classes. Among other differences, 
private timberland, national forests, and present-day national 
parks and wilderness areas showed consistent and more pro-
nounced structural changes (loss of large trees and basal 
area, increase in small trees and total trees) in the twentieth 
century than private protected forestland or forests in state 
and regional parks [15••]. Concerning the Oregon Coast 
Range, Kennedy and Spies [106] concluded that large and 
very large conifers today primarily occur in publicly owned 
forests that are managed by the US Forest Service, since 
these forests exhibit a shorter history of intensive use than 
privately owned forestland, where logging already began in 
the late nineteenth century.

After the United Nations Conference on the Human 
Environment (held in 1972), forest conservation and 

integrative forest management became increasingly impor-
tant issues worldwide [107, 108]. In the publicly owned 
forests of the Pacific Northwest, variable retention har-
vesting was developed as an important forest management 
technique to maintain wildlife habitat and other important 
forest functions [107]. The 1992 Convention on Biological 
Diversity was another key stimulus for increased conser-
vation. Retention forestry became a successful element of 
integrative forest management and widespread worldwide 
since then, with specific adaptations for different forest 
ecosystems [109].

Specific Developments in Eastern North America

As in Europe, specific historical effects of forest ownership 
patterns on forest structure and biodiversity were found 
on the regional scale. This is particularly true for eastern 
North America with its long history of European settle-
ment and its historically greater settlement density. Most 
forests in the northeastern USA are under private individ-
ual ownership since European settlement, and this owner-
ship pattern has affected forest change more than natural 
disturbances [110]. The consequences for ecological conti-
nuity were crucial as the percentage of known primary for-
ests is proportionately higher on public lands than on pri-
vate lands both in the eastern USA and in eastern Canada 
[111, 112]. Forests that remained intact mainly in remote 
or steep locations had become publicly owned because of 
their inaccessibility [113]. This is another good example of 
the interaction between the physical environment and land 
ownership patterns [114]. Regarding ecological continuity 
in private lands, Davis [111] pointed out that “huge indus-
trial forests, fragmented private ownerships, and a myriad 
of owner preferences practically exclude the possibility of 
long-term, large-area dedication to old-growth on private 
lands.” Private forest estates in this region were, moreover, 
frequently subject to high ownership turnover and thereby 
lacked forest management or even woodland cover conti-
nuity from the eighteenth century onwards [82, 100]. On 
the contrary, there are rare cases when long-term fam-
ily ownership successfully sustained tracts of old-growth 
forest for generations even on private land [111]. Most 
notably, many private forests feature woodland continuity 
only since the late nineteenth or even the early twentieth 
century, since they originated from natural old-field suc-
cession on abandoned farmland [27, 100, 110, 112, 115]. 
These historical processes in connection with forest frag-
mentation and ongoing parcelization of private forestland 
are major drivers of tree species composition, forest struc-
ture, successional stage, and thereby the composition of 
plant and animal assemblages in eastern North American 
forests [110, 113, 115–118].
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Parcelization of Private Forest Lands in the Twentieth 
Century

In a remarkable congruence to Europe, but with a time 
shift of about 100–150 years, forest fragmentation and the 
parcelization of private forestland into smaller ownerships 
became major issues throughout the USA from the early 
twentieth century onwards [27, 110, 116, 119–121]. Impor-
tant driving forces behind this development were property 
divisions among the heirs of deceased forest owners, inse-
curity about property rights, rural and suburban sprawl, and 
nature-oriented lifestyles with people who strive for their 
own woodland lot [120, 122]. The ecological consequences 
of this development appeared to be manifold and range 
from the loss of wildlife habitat to settlements and roads 
[110, 116, 120] over the viability reduction of local animal 
populations [115, 116, 120] to a decrease in early succes-
sional vertebrate habitats [115]. The parcelization of large 
private forest ownerships into numerous smaller ones may 
also impede the efficient use of silviculture to manage the 
forest for wildlife resources [110, 123]. Long-term public 
forest ownership, on the other hand, appeared to constrain 
forest fragmentation [113, 117], regardless of the percentage 
of wilderness [124].

Land Tenure and Biodiversity Patterns 
in Present‑Time Forest Landscapes

Differences Between Publicly and Privately Owned 
Forests

Our literature selection yielded 22 core studies that linked 
land tenure with patterns of biodiversity and forest struc-
ture (see Table 1 and Online Resource B for an overview). 
Publicly owned forests generally appeared to be character-
ized by more pronounced old-growth or ancient woodland 
structures, a higher abundance of typical forest species, and 
less landscape fragmentation than privately owned forests 
(when holding sizes are not considered). In particular, this is 
true for forest bird species in Central Europe [24] and east-
ern North America [22, 117], the amount of growing stock 
in eastern North America [125] and central Europe [126], 
the degree of landscape fragmentation in northern Europe 
[77] and eastern North America [113], and the amounts of 
deadwood or large-diameter trees in western North America 
[127] and Western and Central Europe [24, 128, 129].

The differences between publicly and privately owned 
forests cannot be explained solely by recent forestry and 
conservation management decisions, but also by the legacy 
effects of past management and the characteristics of the 
physical environment. However, current management is indi-
rectly affected by the historical development of forests. As 

stated above, continuous tracts of natural or semi-natural 
forests are mostly associated with long-term public owner-
ship. Furthermore, these areas often stand out as old-growth 
or ancient woodland and are therefore characterized by 
long-term ecological continuity that makes them suitable 
for protected area designations. Consequently, large nature 
reserves, national parks, and other conservation areas are 
mostly associated with long-term public ownership both in 
Europe and in Northern America [24, 49, 125, 129–131]. 
Furthermore, the establishment of protected areas tends to 
be easier in publicly owned forests than in private land if the 
policy supports such efforts. The same is true for modern 
concepts of integrative multifunctional forest management 
and retention forestry, which are particularly implemented 
under public ownership [4, 19, 22, 36, 125, 128, 130]. For 
these reasons, the occurrence of species that are linked to 
old-growth structures and long-term ecological continuity is 
frequently associated with ancient, natural or semi-natural, 
publicly owned woodland under conservation-oriented forest 
management [19, 24, 132]. It has to be kept in mind, how-
ever, that regional distinctions and historical developments 
can lead to deviations from these general relationships [15••, 
86], most particularly in those European countries with for-
mer socialist governments.

Characteristics of Large Private Forests

When considering private property sizes, most of the con-
servation values appear to be linked to smaller rather than 
larger property sizes (Table 1, Online Resource B). This 
is related to forest management intensity that appeared to 
be generally higher in larger private forests (ranging from 
a few hundred to several thousand hectares). Such forests 
may be owned by industrial companies, and the respective 
forest management plans particularly target high economic 
viability. Clear-felling, a tendency towards conifer planta-
tions, and short rotation cycles are more abundant in such 
large privately owned forests than in most public forests 
both in North America [9, 24, 125, 133] and in Europe [24]. 
Concerning the post-wildfire forest regeneration of mixed-
conifer forests in the Sierra Nevada (California), the silvi-
cultural treatments in private industrial forests were more 
intensive and uniform than those on public forestland [134]. 
Conservation-oriented silviculture and the retention of old-
growth structures are less common in large private forests 
or depend on financial compensation or guidelines set by 
conservation plans and certification schemes [36, 135]. In 
this regard, Larrieu et al. [36] found that both the density 
and diversity of tree-related microhabitats after harvesting 
operations tended to be lower in private stands without any 
(conservation) management plan than in public and private 
forests with formal management plans.
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However, large private forests are not generally lacking 
conservation values. Even if particular species that depend 
on old-growth structures and long ecological continuity may 
be absent, appropriate habitats for early-successional forest 
species of conservation concern or large amounts of legacy 
woody debris may occur [115, 133]. It has to be kept in 
mind, though, that young forest plantations do not provide 
the ecological diversity that develops after stand‐replacing 
or partial natural disturbances such as fire and wind [136]. In 
this regard, open forest management for early successional 
birds has been identified as an important conservation objec-
tive in the eastern USA [137].

Characteristics of Small Private Forests

In contrast to large private forests, small private forests are 
frequently characterized by lower or highly varying manage-
ment intensities as compared to other forest ownership types 
that follow formal forest management plans [27, 77, 133, 
138, 139]. Besides possible negative effects of forest frag-
mentation on the landscape level (as highlighted in the “his-
torical effects” section above [77, 80, 110]), several positive 
implications of this particular management are characteriz-
ing the importance of small private forests for biodiversity 
conservation both in Europe and western North America. 
Owing to diverse management targets or even non-targets 
[140, 141], which range from natural forest development 
over occasional firewood cutting or coppicing to regular high 
forest management, a very diverse mosaic of habitats has 
developed in these woodlands [77, 80, 130, 133, 142, 143]. 
In accordance with the environmental heterogeneity hypoth-
esis [144], a positive relationship between the pronounced 
management and structural diversity in small private forests 
and forest biodiversity patterns has been observed [80, 143, 
145]. Most notably, historical management practices such 
as coppicing, wood pasture (of livestock), or litter-racking 
(fallen leaves or needles were used as stable litter), which 
have been abandoned in European public or large private 
forests many decades ago, have persisted in small private 
forests much longer. The same is true for structural rem-
nants of these management practices, e.g., stored coppices, 
deadwood-rich coppice stools, or “candelabra-like” trees 
that were once pollarded (Fig. 2). Therefore, small private 
forests can be regarded as a kind of “time capsules”. All 
these structures provide suitable habitats for a variety of 
species that are linked with cultural landscapes and mani-
fold human activities [37, 55, 145, 146]. Concerning the 
herb-layer vegetation, however, these conditions can also 
lead to a more nutrient- and light-demanding, urbanophilic 
species composition as compared to publicly owned forests 
with a higher share of ancient-woodland species [19]. On 
the other hand, decades-long low management intensities in 
European small private forests have been found to result in 

higher levels of structural diversity, more deadwood, greater 
carbon storage capacity [139], and a higher density of tree-
related microhabitats [147] as compared to adjacent public-
ity owned and more intensively managed forests. It has been 
observed that an initial increase in the structural diversity of 
small private forests occurs quite quickly after management 
cessation [128, 130].

Commonly Owned Forests

Only one study by Holmgren et al. [148] included com-
monly owned forests into an ownership-type comparison. 
This study concluded that commonly owned forests in Swe-
den did not differ from the other forest ownership catego-
ries in terms of biodiversity indicators such as deadwood 
volume and the proportion of stands older than 140 years. 
Surprisingly, commonly owned forests have not been con-
sidered by more comparative studies in terms of owner-
ship effects, since current research supports the idea that 

Fig. 2  Forest ownership shapes forest structure: Both beech (Fagus 
sylvatica) forest stands are growing on similar sites in close vicinity, 
but the coppice stand (a) is small private forest, and the high forest 
stand (b) is state forest. Teutoburg Forest, northwest Germany. Pho-
tos: Andreas Mölder
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community-based management can hold useful insights for 
the maintenance of diverse ecosystems with great impor-
tance for biodiversity conservation [56•, 149].

Implications for Conservation Management 
in Mixed‑Ownership Forest Landscapes

Based on the findings of the two previous sections and tak-
ing into account further ownership-related studies identi-
fied by the literature review, we synthesize the main rec-
ommendations for conservation management and strategies 
in mixed-ownership forest landscapes. We have arranged 
these recommendations into four main groups (A–D) and 
six sub-groups (A.1–C.2) of related measures and strategies 
(i.e., implications) and compiled a stepwise framework of 
implications that build on one another (Fig. 3).

Landscape-wide forest conservation planning requires 
in most cases the consideration of more than a single for-
est ownership type. Mixed-ownership forest landscapes 
predominate in the temperate zones of Europe and North 
America, whereby the forestland belonging to different 
forest ownership types is spatially interwoven in different 

intensities [9, 22–24]. Therefore, cross-boundary ecosystem 
management (implication group A) is of crucial importance 
for addressing large-scale ecological issues in forested land-
scapes [133, 150, 151, 152•]. In this context, we refer to the 
boundaries between the different ownership types.

Our literature review identified close linkages between 
ownership type-specific forest management and particular 
forest structural and biodiversity patterns in past and current 
times. According to these findings, mixed-ownership land-
scapes cover a more diverse mosaic of habitats compared to 
just one type of ownership. Such landscapes are typically 
lacking a wilderness-like degree of naturalness, but they are 
rich in a great variety of woodland habitats that are linked 
with cultural landscapes and manifold human activities. The 
management of these human-modified lands as “working 
landscapes” for the benefits of both people and biodiversity 
is a great challenge [153].

Given a landscape matrix of publicly owned and large 
and small private forests, management-related spatial com-
plementary effects are to be expected since every ownership 
type contributes a distinct set of habitats and species to over-
all landscape biodiversity [20, 21, 117, 154]. In particular, 
forest types linked to private ownership, for example, diverse 

Fig. 3  Schematic representation of the 10 identified implications for conservation management in mixed-ownership forest landscapes that build 
on each other and may enhance cross-boundary ecosystem management. Filled blue boxes: summary implications that depend on previous steps

205Current Forestry Reports (2021) 7:195–213



1 3

young forests in North America [117, 133] or coppice for-
ests in Europe [37, 55], can be frequently absent or poorly 
represented in public land. Vice versa, forest reserves and 
ancient woodland sites with a long continuity of consistent 
forest management appeared to be predominantly connected 
with public ownership [113, 125, 130]. Therefore, conser-
vation planning and management at the landscape scale 
requires integrative forest management (implication group 
B) that considers biodiversity and both social-ecological 
and economic aspects across ownerships [133]. The sim-
ple fact that forest habitats do not necessarily follow hold-
ing borders further emphasizes such need [23]. Integrative 
forest management, however, must take those habitat types 
and species of conservation concern into account that are 
specific for certain ownership types. Uniform management 
guidelines across ownership types should be prevented since 
they would result in both landscape homogenization and 
habitat loss and therefore counteract the above-mentioned 
spatial complementary effects. Additionally, the manifold 
objectives of forest owners are important sources and driv-
ers for selecting the best (future) management approaches 
and should therefore be maintained—see the section on 
novel forestry management approaches below. Above all, 
an important requirement for both sustainable forestry and 
effective forest conservation management is tenure security 
and stability [155, 156].

In recent years, systematic conservation planning (impli-
cation group C) became a research field of its own that 
increasingly gained practical implementation in mixed-
ownership forest landscapes as well [157•]. It can be applied 
to identify biodiversity hotspots, optimize the connection of 
otherwise fragmented habitats or endangered species popu-
lations, or perform representativity analyses of protected 
areas or habitat types within multi-ownership landscapes 
[157•, 158]. Advances in multivariate modeling allow iden-
tifying the best possible pathways to protect biodiversity, 
while at the same time minimizing costs [159••]. For these 
reasons, systematic conservation planning has great poten-
tial for promoting both integrative and effective conservation 
management in mixed-ownership forest landscapes [157•, 
160, 161]. In this context, continued social-ecological 
research (implication sub-group C.1) that considers both 
the evolution and the physical and social dynamics of multi-
tenure reserve networks will inform improved conserva-
tion planning at the landscape scale [162]. The patterns of 
outdoor recreation have to be considered in this context as 
well [163]. For the successful implementation of system-
atic conservation planning, forestry and environmental data 
of comparable quality are required for all ownership types. 
This includes, in particular, data on species occurrences, 
conservation-relevant forest structures, and habitat distri-
butions [78, 138, 164]. While these conservation-related 
data are available for most publicly owned or large private 

forests due to periodic inventories, they are often lacking for 
small private forests, given their small-sized structure and 
diverse owner objectives. For these reasons, case studies 
found higher conservation values than generally expected 
most notably in small private forests [55, 139, 143]. Con-
sequently, more conservation-related data (implication 
sub-group C.2) from private land and better public access 
to existing forestry data are needed for effective conserva-
tion planning in mixed-ownership landscapes [150, 165]. 
It has been highlighted, though, that publicly owned sites 
are essential elements of every conservation network [22] 
and that any removal of conservation measures on public 
land, for example, due to a policy change, could not be com-
pensated by the current level of conservation efforts on pri-
vate land [135]. Developing sustainability units of ecologi-
cal continuity [34] or evidence-based improvement of the 
reserve network [154, 159••] are exemplary approaches of 
how to generate concrete systematic conservation planning 
outcomes in mixed-ownership landscapes. Increased retention 
forestry [160] and the development of networks of unmanaged 
micro-reserves for the conservation of saproxylic species that 
are connected by corridors of habitat trees and deadwood 
[158, 166] are additional application areas for systematic 
conservation planning. Such approaches to increased habitat 
connectivity (implication sub-group B.1) that promote the 
movement of organisms, natural processes, and ecosystem 
services are crucial for effective conservation management 
in working landscapes [141, 153, 160].

Many small-scale private forest owners increasingly 
focus their management on other (cultural) ecosystem ser-
vices than only wood production [93••, 140, 141, 167]. This 
paradigm shift is an opportunity to implement integrative 
novel forestry management approaches (implication sub-
group B.2) that consider the motivations, attitudes, and 
behaviors of the new forest owner types. Such approaches 
include management for non-timber products and services, 
measures for maintaining stable forest stands at low costs, 
or new types of cooperative forestry [93••]. As illustrated 
above, conservation values in small private forests particu-
larly depend on stand structures and habitat mosaics that are 
caused by a diversity of management approaches and inten-
sities. Hence, a wide range of novel forestry management 
approaches offers a great chance to maintain such habitat 
mosaics in the future. It has to be kept in mind, however, 
that changes in ecosystem services and biodiversity resulting 
from forest landowners’ climate adaptation behavior may 
occur [168, 169].

Particularly in mixed-ownership landscapes, effective 
conservation management depends on motivated landowners 
who support and recognize the aims of conservation [26•]. 
In addition to trustful cooperation between the different 
types of forest owners and both conservation and forestry 
agencies [103, 152•, 170, 171], tailored monetary incentives 
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(implication sub-group A.1) for conservation efforts such 
as habitat-tree retention, the re-establishment of historical 
forest management techniques, or natural forest develop-
ment are necessary. Payment schemes that are targeting 
cross-boundary ecosystem management and are adapted to 
the different ownership types seem necessary. For private 
forests, for instance, contract-based nature conservation is a 
suitable approach [103, 172, 173].

To maintain local management approaches and mosa-
ics that shape forest structures and habitats of conservation 
concern, the integration of traditional and local ecological 
knowledge (implication sub-group A.2) into the conserva-
tion management of mixed-ownership forest landscapes is 
necessary. Such efforts are most likely to be successful if 
the knowledge holders are directly engaged as active partici-
pants [131, 141, 174]. For example, the traditional expertise 
of European local farmers on coppice management can pro-
vide a suitable base for the re-establishment of this forest 
management technique [61]. Concerning North America, 
traditional knowledge of Native Americans provides impor-
tant information for managing forest habitats of conservation 
concern [175, 176]. Given these considerations, the designa-
tion of Biosphere Reserves (implication group D) provides 
a possible framework for holistically integrating effective 
conservation management in mixed-ownership landscapes. 
Biosphere Reserves are a mechanism within the UNESCO 
Man and the Biosphere Program (MAB) providing an 
approach to land management that harmonizes interactions 
between people and nature. The conceptual model behind 
the Biosphere Reserves idea is based on integrated manage-
ment across a landscape through an approach to zonation of 
core, buffer, and transition zones to harmonize conserva-
tion and development [177]. Concerning the core studies 
listed in Table 1 and Online Resource B, those by Schaich 
and Plieninger [139], Johann and Schaich [147], and Lovett-
Doust and Kuntz [22] have been conducted in Biosphere 
Reserves in Germany and Canada, respectively. However, 
not every region with mixed-ownership forest landscapes 
is suitable to be designated as a Biosphere Reserve, and an 
expansion of this conservation scheme to all forests is unre-
alistic, particularly in densely populated working landscapes. 
Again, it is systematic conservation planning that provides 
suitable methods for decision-making.

Conclusions

As stated in the introduction, we are aware that a literature 
review on the interplay of forest ownership patterns, biodi-
versity, and conservation management is a great challenge 
and that some aspects remained unconsidered or relation-
ships may deviate at regional scales. Particularly due to 
the limited number of 22 studies that have analyzed the 

relationships between forest ownership patterns and both 
forest structural and biodiversity patterns in present mixed-
ownership landscapes, geographic variation within Europe 
and North America may not be sufficiently considered.

Despite these limitations, however, we were able to point 
out close linkages between ownership type-specific forest 
management and particular forest structural and biodiver-
sity patterns in past and current forest landscapes. Both in 
Europe and North America, publicly and privately owned 
forests showed comparable lines of development in the late 
modern period. This is particularly true concerning well-
defined management plans in the state and large private 
forests and both fragmentation and a high diversity of man-
agement approaches in small private forests. There were, 
however, time shifts concerning the onset of these develop-
ments: Scientific forestry was introduced to North America 
at the end of the nineteenth century, around 150 years later 
than in Europe. Forest fragmentation and the parcelization 
of private forest ownership into even smaller ownerships 
became significant issues in North America from the early 
twentieth century onwards and about 100 to 150 years later 
than in Europe. We think that these results provide an impe-
tus for further research on ownership–biodiversity interac-
tions also in other parts of the world. Such future studies 
should also closely consider the effects of the physical envi-
ronment on the development of ownership structures and the 
related forest structural and biodiversity patterns.

Our review confirmed that forest reserves and ancient 
woodland sites with both a pronounced ecological continu-
ity and a long continuity of consistent forest management 
appear to be predominantly connected with public owner-
ship. Vice versa, forest types and habitats linked to private 
ownership are absent or poorly represented in public land, 
for example, diverse young forests in western North Amer-
ica. Remnants of historical forest management practices, 
such as coppicing, also have a close connection to small-
scale private forest ownership in Europe and are typically 
scant in publicly owned forests.

Following these findings, a more diverse mosaic of habi-
tats has developed in many mixed-ownership landscapes 
than would be the case with just one type of ownership. 
This is particularly true for a great variety of forest habitats 
that are linked with cultural landscapes and manifold human 
activities. However, our review revealed the relative scarcity 
of studies that analyze the relationships between ownership-
related effects and both forest structural and biodiversity 
patterns in mixed-ownership landscapes. We would like 
to encourage researchers to conduct further studies on this 
topic in a variety of regions, also in consideration of com-
mon, tribal, or indigenous forest ownership. The diversity 
of community forest arrangements in Europe [28•] provides 
many possibilities for studies that compare their structures 
and conservation values with forests held by other ownership 
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types. Furthermore, also the analysis of ownership-related 
effects on the distribution of endangered or invasive plant 
and animal species would be useful. The same is true for 
studying the relationships between ownership patterns and 
natural disturbances such as wildfires [134, 178], especially 
concerning the effects of climate change.

Ecosystem management across ownership boundaries 
is of crucial importance concerning effective conservation 
schemes in present-day mixed-ownership landscapes. Such 
far-sighted conservation planning at the landscape scale 
requires integrative management that considers biodiver-
sity and both social-ecological and economic aspects across 
ownership types. Integrative forest management, however, 
must take those habitat types and species of conservation 
concern into account that are specific for certain ownership 
types. Uniform management guidelines across ownership 
types should be prevented since they would result in both 
landscape homogenization and habitat loss. Hence, further 
studies are needed that develop appropriate novel forestry 
management approaches for mixed-ownership landscapes, 
especially in view of new forest owner types and climate 
change effects.
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