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Conservation planning studies at small scales such as forest stands and below are uncommon. However,
for retention forestry, developed during the last two decades and with current wide and increasing appli-
cation in boreal and temperate regions, the need for cost-effective selection of individual trees is evident.
In retention forestry certain trees are left at final harvest to promote flora and fauna. There is also a
scarcity of studies on information costs and how these relate to the cost-effectiveness of conservation.
We addressed both of these issues by studying whether decisions about the retention of aspen Populus
tremula L. trees can be made more cost-effectively by including information about tree characteristics.
We analyzed data from 12 recently harvested stands in middle Sweden containing 131 epiphytic lichen
species (a biodiversity proxy) on 360 aspen trees. We related the presence of lichen species to bark and
stem attributes and used those relationships to prioritize trees for retention. We estimated the value of
using different sets of survey information (lichens, tree characteristics) to select retention trees to achieve
various conservation goals. Depending on species or species groups of interest, and the type of tree
information being collected, the value of collecting the information is up to 20% of the total value of
all potential retention trees, which, given current labor costs, allows up to four hours for planning and
selecting the right trees on an average-sized clearcut. The current practice of almost randomly selecting
aspen trees to retain at final harvest can be improved by adding easily collected information on tree
characteristics, such as black-colored bark, slow tree growth, inclining stems and speckled bark. This
can lead to attainment of a given level of a conservation goal (like maximizing the number of lichen
species of conservation concern) with fewer retention trees. Inventory of tree information often can be
performed quickly, and if part of the gains from using such information to guide tree selection would
be spent on additional conservation efforts, this would benefit biodiversity. Studies on more organism
groups and tree species are needed to increase the applicability of results.

� 2014 The Authors. Published by Elsevier B.V. Open access under CC BY-NC-SA license.
1. Introduction

The importance of cost-effectiveness in conservation planning
and implementation has grown (Bottrill et al. 2008; Ferraro and
Pattanayak 2006; Murdoch et al. 2007), reflecting the current pres-
sures on biodiversity and a realization that all species that require
conservation investments simply cannot be helped with today’s
levels of conservation spending. Since there is a trade-off between
money spent on collecting data and money used for actual
conservation action, finding the appropriate level for biodiversity
surveys is an important step in conservation planning. Hitherto,
conservation planning studies commonly have been made at a
landscape or national scale. Studies at small scales like forest
management units, stands and individual trees are not as common
(but see Perhans et al. 2011).

Conducting biodiversity surveys to decide where and how to in-
vest in different types of conservation actions is normally regarded
as one of the first stages in a systematic conservation planning pro-
cess (Margules and Pressey 2000). Yet, whether or not to survey
and how thorough surveys should be are challenging questions
(Possingham et al. 2007). A few studies address these questions
by comparing survey benefits and costs. Balmford and Gaston
(1999) argue that biodiversity surveys prior to decisions on where
to locate new reserves generally allow the selection of fewer, or
smaller, areas because the survey data allow selection of areas that
complement each other in terms of the conservation features they
contain. The cost-effectiveness of surveys depends on this saving in
protected area in addition to the costs of land acquisition and
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maintenance. They suggest that the break-even survey cost is large
enough in both developed and undeveloped countries to make sur-
veys cost-effective in a wide range of applications. Grantham et al.
(2008), in a simulation study of reserve selection to protect Prote-
aceae plants in the Fynbos biome of South Africa, determine con-
servation returns from spending different amounts on surveys
prior to selecting reserves. For a given investment in protected
area, the incremental gains in species conservation decrease rap-
idly with increasing amount and cost of surveys. Therefore, con-
trary to Balmford and Gaston (1999), they argue that with
diminishing returns from additional survey information, resources
might be better directed toward other conservation actions,
depending on their relative costs and benefits.

Here, we conduct a case study to determine how much time and
money can be spent on gathering information to help foresters pri-
oritize and select retention trees on clearcuts in a boreal forest land-
scape in Sweden. To our knowledge, it is the first conservation
planning study that addresses the small scale level of individual
trees. Retention forestry, which involves leaving trees and dead
wood at forestry operations to benefit biodiversity and ecosystem
functions, is now practiced widely in boreal and temperate
forests, and is increasing in application (Gustafsson et al. 2012;
Lindenmayer et al. 2012). In boreal forests, which comprise about
30% of all forests globally (Hansen et al. 2010), retention forestry
is used to create a more heterogeneous forest landscape that resem-
bles a landscape shaped by natural disturbances of varying intensity
(Lindenmayer and Franklin 2002). Two main approaches are nor-
mally used in parallel: single trees dispersed over the clearcut,
and trees retained in small, undisturbed forest patches (Lõhmus
et al. 2006; Nelson and Halpern 2005). European aspen (Populus
tremula L) is a frequently used tree species for retention in Sweden
(Swedish Forest Agency 2012) since it is a key species for beetles,
birds, lichens and bryophytes, including many declining species
(Angelstam and Mikusinski 1994; Kuusinen 1996; Siitonen and
Martikainen 1994). In Sweden, retention actions are a legal require-
ment with the same prescriptions irrespective of ownership.

Current guidelines at two of the largest Swedish forest compa-
nies (Stora Enso and SCA) for selecting retention trees state that at
least 10 trees of high conservation value should be retained per
hectare, alone or in patches. Large and old trees shall be prioritized,
and in the case of aspens, if there are very few of them, all of them
should be retained. In more aspen-rich stands, only a portion of the
trees need to be retained. The decision on which solitary trees to
retain is normally made by the cutting team, but the guidelines
do not include any information on how much time to spend plan-
ning per hectare or whether planning must be made prior to cut-
ting or successively while cutting. Thus, basic guidelines for tree
selection exist but whether they promote biodiversity better than
a random selection has not been rigorously tested.

The aim of our study is to analyze whether aspens to be re-
tained on clearcuts can be selected more cost-effectively than with
a random selection, by adding information on tree characteristics.
We estimate the value of using different sets of survey information
to prioritize and select retention trees to achieve a given level of
biodiversity conservation. The value of information is the differ-
ence in the cost of a random selection of retention trees without
observing tree attributes and a prioritized selection of retention
trees based on a set of observed tree attributes. The value of infor-
mation provides an upper limit for how much time can be spent
examining tree attributes and prioritizing trees. Our conservation
goal is representation of epiphytic lichens (growing on trees).
There are more than 2400 lichen species in Sweden (Gärdenfors
2010) which are symbiotic associations between a fungus and a
photobiont (green algae or cyanobacteria). It is a species-rich and
well-studied species group with several species considered sensi-
tive to forestry operations (Gärdenfors 2010). Epiphytic species
are often used for measuring biodiversity response to retained
trees (Rosenvald and Lõhmus, 2008).
2. Methods

2.1. Study clearcuts

The fieldwork was carried out in the summer and autumn of
2009 in the eastern part of the counties of Jämtland and Väster-
norrland in boreal mid Sweden. The selection of study clearcuts
was made from all recently cut stands (between 2005 and 2009)
by the forest company SCA and some smaller private forest owners
in the region. We selected 12 clearcuts that were harvested 0–
4 years earlier and had at least 30 retained living aspen trees
(breast height diameter >10 cm) (Table 1). Within each of these
clearcuts, 30 aspens (>5 m apart) were randomly selected (from a
total number often greatly exceeding 30 aspens per clearcut), using
transects with randomly selected starting points, yielding a total of
360 trees. On each tree, all epiphytic lichens on the stem up to a
height of 2 m were recorded (presence only) (for data on lichens,
see Lundström et al. 2013). The following tree attributes were also
recorded on each tree, using a simple and coarse scale from 1 to 3:
diameter at breast height, tree age, bark crevice depth, speckled
appearance of the bark, black-colored bark, cover of epiphytic bry-
ophytes, tree inclination, size and width of tree crown, branch size,
slow tree growth (as evaluated by ocular inspection e.g. of the rela-
tionship between diameter and bark texture), and bark damage.
For calculation of the economic value of each tree, we also mea-
sured the diameter in centimeters, the height of each tree with a
digital clinometer, and the amount of wood rot by coring each tree
with an increment borer. Aspen wood in this region of Sweden is
generally used for pulp, so when calculating the economic value
of each tree we used a current price list for pulpwood from the lo-
cal forest owners association Norrskog, with a price of 236 SEK/m3.
As instructed in the price list, rotten wood was subtracted from the
total stem volume up to a level of 67% rotten wood (measured as
area at breast height), after which point the tree was considered
to have no economic value. No specific permits were required for
the described field studies.
2.2. Data analysis

2.2.1. Tree attributes
Generalized linear models were used to analyze the relationship

between the tree attributes and (1) the total number of lichen spe-
cies on each tree, (2) the number of species of conservation con-
cern on each tree (which in this study included red-listed species
(Gärdenfors 2010) and indicator species, the latter used to indicate
forests of high conservation value in conservation assessments;
(Nitare 2000), (3) presence or absence on each tree of the four most
frequently occurring lichen species of conservation concern
(Collema furfuraceum (Arnold) Du Rietz, Lecanora impudens Degel.,
Leptogium saturninum (Dicks.) Nyl., and Lobaria pulmonaria
L. Hoffm. Species number (1 and 2 above) was modeled with a
Poisson distribution and with an identity link function to the
explanatory variables (tree attributes), while presence or absence
of individual species was modeled with a binomial distribution
and a logit link function (i.e. logistic regression). The choice of dis-
tributions and link functions was based on their fit with the data.
Prior to analysis, all explanatory variables were first checked for
strong correlations (here >0.6 in a bivariate plot). Where correla-
tions were present, we excluded those variables from further anal-
ysis that we judged were of least practical use for identifying
retention trees in the field. Tree age, size of branches, and size
and width of tree crown were thus excluded due to their strong



Table 1
Description of the 12 study clearcuts in the counties of Jämtland and Västernorrland in boreal Sweden.

Name Area
(ha)

Cutting
year

Mean diameter of
surveyed trees (cm)

Mean value of
surveyed trees
(SEK)

Total value of
surveyed trees
(SEK)

Number of
lichen
species

Number of lichen species of conservation
concern (red-listeda; indicator speciesb)

1 Bodmyren 34 2005 33 137 4124 38 6; 6
2 Hällflobrännan 9 2007 32 171 5132 33 3; 5
3 Krogberget 7 2006 36 222 6651 50 4; 4
4 Maskvägen 5 2007 33 213 6394 36 8; 7
5 Ledflon 10 2007 39 139 4169 41 7; 6
6 Hällnäset 21 2007 31 106 3184 46 9; 4
7 Lillgravsberget 19 2009 25 145 4348 62 4; 4
8 Storgravberget 17 2006 33 150 4516 26 4; 8
9 Bockåsen 5.8 2006 47 238 7140 45 6; 6
10 Torråstjärn 13 2006 40 336 10,086 73 8; 8
11 Holkåsen 29 2009 51 344 10,317 43 7; 4
12 Bodsjöberget 4.5 2009 27 81 2426 68 6; 6

a According to the 2010 Red List of Swedish species (Gärdenfors 2010).
b Species presumed to indicate forest areas of high conservation value (Nitare 2000).
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correlation with bark crevices (tree age) and tree diameter (size of
branches and size and width of crown). We detected no overdis-
persion in the Poisson-modeled data.

We used model-averaging to derive parameter estimates for
each explanatory variable (see tree attributes in Table 2), to over-
come the problem with model selection uncertainty. All possible
subsets of models were thus constructed (i.e. 256 models) and
we used the second-order Akaike information criterion AICC

(which penalizes models with many explanatory variables) to cal-
culate relative likelihoods and Akaike weights for all models
(Burnham and Anderson 2002). Akaike weights can be interpreted
as the probability that each model is the best model, given the data
and set of considered candidate models. Model-averaged parame-
ter estimates and associated standard errors and confidence inter-
vals were calculated for all parameters across the models with a
DAICC 6 2 (on average 12 models), which are models that can be
said to have ‘‘substantial support’’ (Burnham and Anderson 2002,
p. 70; Grueber et al. 2011). To reduce bias in parameter estimates,
we denoted the estimate of parameters not included in any given
model within the candidate set to zero and thus averaged param-
eter estimates over all models, not just those containing the
parameter (Burnham and Anderson 2002; Lukacs et al. 2010).
The statistical software package Statistica was used for all model-
ing (StatSoft 2011).

2.2.2. Value of information
We estimated the value of using different sets of information

to prioritize and select retention trees to achieve three different
conservation goals: maximizing the number of lichen species
represented on the retention trees on the clearcut, maximizing
the number of species of conservation concern represented, and
maximizing the probability that a given species of conservation
concern is represented on at least one retention tree on the
clearcut.

For each conservation goal, we simulated tree selection on each
of the 12 clearcuts using different types of information about each
tree: (1) A score based on the most important tree attributes (see
Table 2), (2) tree diameter (using the coarse 1–3 scale) as a proxy
for wood volume and, in turn, economic value of each tree, and
(3) the score divided by the diameter, which is a proxy for the con-
servation return on investment in the tree. To construct the tree
score, the values of tree attributes (on a scale of 1–3) with a posi-
tive influence (confidence interval entirely above zero) on the
lichen species groups were summed, and the values of the attri-
butes with a negative influence (confidence interval entirely below
zero) were then subtracted from this sum.
For each clearcut and conservation goal, we produced three
rankings of the 30 trees using tree score, tree diameter, and score
divided by diameter. Using each ranking, we selected 30 sets of
trees, each set containing a successively increasing number of trees
from 1 to 30 trees. For each set of selected trees, we computed the
performance measure related to the conservation goal as well as
the cost of retaining the trees. Since ties occur in the ranking pro-
cess (e.g. when several trees had the same total score), we repeated
the ranking and selection 10,000 times using a random selection of
trees with the same rank and then computed the average perfor-
mance and cost for each of these sets of retention trees.

In addition to using the three rankings to select trees, we per-
formed an optimal tree selection, which serves as a benchmark
of ‘‘perfect’’ information related to the conservation goal. For the
goals of maximizing the number of lichen species represented or
lichen species of conservation concern represented, the optimal
tree selection was carried out as a maximal covering problem
(Camm et al. 1996; Church et al. 1996). The model objective was
to represent as many lichen species as possible on the clearcut
for a successively increasing budget, and the model was solved
with integer linear programming in Ampl/CPLEX (ILOG 2005). For
the goal of maximizing the probability that a given species of con-
servation concern is represented on at least one retention tree on
the clearcut, the optimal selection was performed by ranking the
trees on each clearcut according to the species’ probability of
occurrence on each tree, divided by the cost of retaining each tree.
The probabilities were derived from the logistic regression equa-
tion for each species, using parameter estimates only for variables
with confidence intervals not including zero and tree attribute val-
ues for each tree. We then selected 1–30 retention trees according
to these values (highest values first).

Finally, as a benchmark of using no information at all, we ran-
domly selected 10,000 sets of a given number of retention trees
for each stand and computed the average performance related to
each conservation goal over these 10,000 sets.

The result of each tree selection strategy (score-based, diame-
ter-based, score/diameter, optimal, and random) was evaluated
as the cumulative number of species represented on the retention
trees on the clearcut per level of cumulative cost. For individual
species it was evaluated as the resulting cumulative probability
of species occurrence on any of the retention trees on the clearcut,
calculated from the model-averaged logistic regression equations.

To determine the maximum value of information, i.e. the upper
limit for how much money (or time, if converted using standard la-
bor costs) that maximally could be spent on surveying, we com-
pared for each clearcut the different tree selection approaches to



Table 2
Relationship between aspen tree attributes and number of lichen species, number of lichen species of conservation concern, and occurrence of four individual lichen species of
conservation concern (tree attributes with confidence intervals of estimates not including zero, indicating an effect on the response variable, are in bold).

Tree attributes Model-averaged estimate Model-averaged SE Lower CI (90%) Upper CI (90%)

All species
(Intercept) 0.496 1.164 �1.414 2.405
Diameter 0.840 0.249 0.432 1.248
Bark crevices �0.123 0.228 �0.497 0.250
Speckled bark 1.938 0.341 1.378 2.497
Black bark 0.917 0.249 0.509 1.325
Bryophyte cover �1.572 0.543 �2.462 �0.682
Tree inclination 1.997 0.328 1.459 2.535
Slow-growing trees 2.178 0.374 1.565 2.790
Bark damages �0.483 0.354 �1.064 0.097

Species of conservation concern
(Intercept) �0.110 0.555 �1.019 0.800
Diameter 0.174 0.151 �0.074 0.423
Bark crevices 0.148 0.190 �0.164 0.460
Speckled bark 0.331 0.175 0.043 0.618
Black bark 0.304 0.127 0.096 0.512
Bryophyte cover �0.136 0.254 �0.553 0.280
Tree inclination 0.428 0.163 0.160 0.696
Slow-growing trees 0.386 0.198 0.061 0.711
Bark damages �0.102 0.143 �0.337 0.132

Collema furfuraceum
(Intercept) 0.132 1.262 �1.938 2.203
Diameter 0.001 0.003 �0.004 0.007
Bark crevices �0.121 0.212 �0.469 0.227
Speckled bark 0.000 0.000 0.000 0.000
Black bark 0.104 0.168 �0.172 0.380
Bryophyte cover �1.862 1.036 �3.561 �0.163
Tree inclination �0.292 0.325 �0.826 0.241
Slow-growing trees 0.537 0.257 0.115 0.959
Bark damages �0.011 0.034 �0.066 0.044

Lecanora impudens
(Intercept) �1.347 0.967 �2.933 0.239
Diameter �0.188 0.233 �0.571 0.194
Bark crevices 0.192 0.297 �0.295 0.678
Speckled bark 0.029 0.075 �0.095 0.153
Black bark 0.860 0.216 0.505 1.215
Bryophyte cover �0.269 0.441 �0.993 0.454
Tree inclination �0.066 0.136 �0.288 0.156
Slow-growing trees 0.033 0.076 �0.093 0.158
Bark damages �1.173 0.463 �1.932 �0.413

Leptogium saturninum
(Intercept) 0.501 0.737 �0.708 1.710
Diameter �0.002 0.009 �0.017 0.013
Bark crevices �0.128 0.208 �0.469 0.213
Speckled bark 0.405 0.300 �0.088 0.897
Black bark 0.443 0.208 0.102 0.785
Bryophyte cover �0.065 0.143 �0.299 0.169
Tree inclination �0.002 0.012 �0.023 0.018
Slow-growing trees �0.062 0.122 �0.262 0.137
Bark damages �0.097 0.167 �0.372 0.177

Lobaria pulmonaria
(Intercept) �3.132 0.830 �4.493 �1.771
Diameter 0.091 0.139 �0.137 0.319
Bark crevices 0.764 0.278 0.308 1.219
Speckled bark 0.046 0.114 �0.141 0.234
Black bark �0.433 0.187 �0.739 �0.127
Bryophyte cover 0.012 0.044 �0.060 0.084
Tree inclination 0.651 0.221 0.288 1.014
Slow-growing trees 0.713 0.249 0.304 1.121
Bark damages �0.195 0.269 �0.636 0.245
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the random selection of trees. As the starting point for comparison,
we used the number of species, or cumulative level of probability,
respectively, reached when half of the trees (15 trees) were ran-
domly selected, and we also computed the corresponding total cost
of the 15 retained trees. We then computed the total cost and the
number of trees needed to attain the same level of species repre-
sentation, or cumulative probability of occurrence, with the other
tree selection approaches. The difference in cost can thus be said
to be the economic value of each type of information, and thus,
spending more than this amount on surveying and selecting trees
would not be cost-effective relative to a random selection of reten-
tion trees. The value of information was also converted to maxi-
mum surveying time per clearcut and per hectare, in this case
assuming a labor cost of 350 SEK/h (1 SEK = 0.11 EUR or 0.14
USD, January 2014) and an average size of a clearcut of 14 ha, as
in this study.
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3. Results

3.1. Lichen species and value of trees

We found a total of 131 lichen species on the 360 aspen trees in
all 12 clearcuts (see also Table 1). Of these, 11 were red-listed spe-
cies and 12 were indicator species, summing to 22 species of con-
servation concern (one species (L. pulmonaria) belonged to both
groups). The mean total species number per tree was 8.9, of which
2.2 were species of conservation concern. The corresponding
figures per clearcut were 46.8 and 10.7. The four most common
species of conservation concern, C. furfuraceum, L. impudens,
L. saturninum, L. pulmonaria, analyzed separately in this study,
were present on 17.8%, 19.2%, 76.7%, and 36.7% of the 360 trees
in the study, respectively. With a random selection of retention
trees among the 30 aspens on each clearcut, on average 17, 28, 2,
and 7 trees, respectively, would be needed to be 95% sure to repre-
sent each of the four species on at least one tree on the clearcut,
reflecting their relative rareness and spatial distribution. To repre-
sent 95% of the total number of lichen species present on each
clearcut, on average 26 trees would be needed with a random
selection of trees, while 25 trees would be needed for species of
conservation concern. The mean diameter of the aspen trees was
36.3 cm and the mean economic value 190 SEK. The proportion
of trees with more wood rot than 67%, and thus without any
economic value, was 12%.
3.2. Tree attributes and tree scores

The tree scores used as an indication of the total number of li-
chen species were composed of tree diameter, speckled bark, black
bark, tree inclination, slow-growing trees (of which all had a posi-
tive effect) and bryophyte cover (negative effect; Table 2). For the
number of species of conservation concern, the score was similar
and composed of speckled bark, black bark, tree inclination, and
slow-growing trees (positive effect). For C. furfuraceum, slow-
growing-trees (positive effect) and bryophyte cover (negative
effect) made up the score, while for L. impudens, it was black bark
(positive effect) and bark damages (negative effect). For
L. saturninum, only black bark constituted the score (positive
effect), while for L. pulmonaria, bark crevices, tree inclination,
slow-growing trees (all positive effect) and black bark (negative
effect) were part of the score.
3.3. Value of information

Selecting trees based on the tree attribute score produced
mixed results compared with selecting trees randomly. For two
species of conservation concern, C. furfuraceum and L. pulmonaria,
as well as for species of conservation concern as a group, selecting
trees based on tree score produced an average (across the 12 clear-
cuts) economic saving (or value of information) of 730–810 SEK
per clearcut, or 14–16% of the total economic value of all 30 trees
on the clearcut (Fig. 1 and Table 3). For the total number of species
and for L. impudens, however, the result from the score-based
selection was similar to a random selection of trees. Selecting trees
based on their diameter (smallest first, as a proxy for their eco-
nomic value) always gave a better result than a random selection
(except for L. saturninum) and resulted in an average saving of
520–1480 SEK per clearcut, or 13–26% of the total economic value
of trees. Score-based selection was only better than diameter-
based selection for species of conservation concern as a group
and for L. pulmonaria. Using score divided by diameter improved
the result for the total number of species, species of conservation
concern, and slightly for C. furfuraceum and L. pulmonaria,
compared to only using the best of either of them alone. For
L. saturninum, using any kind of information never improved the
result compared to a random selection at the level of 15 selected
trees because L. saturninum is present on most (77%) of the trees.

Across both lichen species groups and the four individual spe-
cies of conservation concern, slightly (on average 2.8 and 1.5 per
clearcut) fewer trees were required to reach the same number of
species or probability of species occurrence, respectively, with
the score-based or the combined approach than with the random
selection of 15 trees. In contrast, the diameter-based selection re-
quired on average 0.3 more trees than the random selection.

The average value of information associated with ranking and
selecting 15 trees based on their score divided by diameter to at-
tain the maximum number of lichen species represented across
the 12 clearcuts was 1339 SEK. Assuming a labor cost of 350 SEK/
h, spending up to 3.8 h per clearcut surveying to select the right
set of 15 trees would pay off. For the goal of maximizing represen-
tation of species of conservation concern, the corresponding figure
was 2.8 h per clearcut. To maximize the probability of presence of
each of the four species that we analyzed individually, the time
that could maximally spent on each clearcut varied from 0 (L. sat-
urninum) up to 4.4 h (C. furfuraceum). Note that the maximal time
increases as species’ rarity increases (L. saturninum is present on
77% of the trees while C. furfuraceum is present on 17% of the trees).
For all six species or species groups analyzed in the study, and sur-
veying to get information about both scores and diameter of trees,
the average maximum time to spend per clearcut was 2.7 h, or
19 min per hectare, assuming an average clearcut size of 14 ha
and selection of 15 retention trees. For information about tree
attribute scores alone, on average up to 1.3 h per clearcut can be
spent, while 2.4 h can be spent collecting information about the
diameter of trees. To get ‘‘perfect’’ information on actual species
occurrences and economic values of trees, on average 4.7 h per
clearcut could be spent, or 33.6 min per hectare.
4. Discussion

Our study shows that the scope for improvement of the cost-
effectiveness when selecting retention aspens for biodiversity con-
servation often may be quite large. In our case, depending on spe-
cies or species group of interest and what type of tree information
is being collected and used, the value of information is as much as
20% of the total budget for retaining trees, which, given current la-
bor costs, means almost four hours on an average-sized clearcut
can be spent on planning and selecting the right trees. Inventory
of tree information can most likely often be performed quicker
than that, and given a certain budget for conservation action (plan-
ning and retaining trees), part or all of these savings could be in-
vested in more retained trees or other conservation efforts, to the
benefit of our study group of epiphytic lichens.

For all lichen species taken together, the value of information
about tree attribute scores is very low (even slightly negative),
and does not follow the same pattern as for species of conservation
concern. This is caused by two factors. First, the variability in all
species among trees in the score-based selection is lower than
the variability in economic values (analysis not shown here) mak-
ing the economic values stronger drivers of the cost-effectiveness.
Second, because their correlation (scores-cost) is positive, trees in a
score-based selection have economic values higher than average,
an effect of diameter being part of the score (see also Babcock
et al. 1997).

Although retention approaches in forestry were introduced only
a few decades ago (Gustafsson et al. 2012), a large number of eco-
logical studies have been performed in relation to this practice
(Lindenmayer et al. 2012). Reviews of results have also been made,



Fig. 1. Cost-effectiveness (averaged over 12 clearcuts) of selecting among 30 candidate retention aspens based on different types of survey information to maximize (a) the
total number of lichen species, (b) the number of lichen species of conservation concern; or the probability of presence of (c) Collema furfuraceum, (d) Lecanora impudens,
(e) Leptogium saturninum, (f) Lobaria pulmonaria on any tree on the clearcut. Note that for all species and for species of conservation concern, the optimal selection could not
be averaged between clearcuts as the tree selection was not based on a step-wise increasing tree number; but see Figs. S1 and S2 in Supplementary data for individual plots
for each clearcut.

Table 3
Value of information (VOI) about different types of survey data: tree score, tree diameter, score and diameter combined, as well as value of ‘‘perfect’’ information, for each lichen
species group or individual lichen species, averaged over the 12 clearcuts.

Score-based selection Diameter-based selection Score/diameter-based selection Optimal selection

VOI (SEK) VOI (%)a Treesb VOI (SEK) VOI (%)a Treesb VOI (SEK) VOI (%)a Treesb VOI (SEK) VOI (%)a Treesb

All species 89 �0.7 �3.5 1050 19.8 0.8 1339 25.0 �1.3 2459 43.4 �9.4
Species of conservation concern 813 14.1 �3.5 523 12.5 2.6 997 19.0 0.6 2509 44.7 �10.8
Collema furfuraceum 803 16.1 �2.5 1479 26.2 �1.7 1557 27.9 �2.3 1935 34.7 �2.6
Lecanora impudens 199 0.7 �1.6 1224 21.2 0.4 820 12.9 �1.7 1807 32.0 �1.5
Leptogium saturninum 0 0 0 0 0 0 0 0 0 0 0 0
Lobaria pulmonariac 732 16.2 �6 691 14.4 �0.5 870 18.6 �4.5 1092 22.5 �3

a Expressed as proportion of the total value of all 30 trees on the clearcut.
b Difference in number of selected trees compared to a random selection of 15 trees.
c The difference in number of selected trees is only based on clearcuts where the probability of occurrence at 15 trees random was <1.
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indicating overall positive effects to biodiversity (Gustafsson et al.
2010; Rosenvald and Lõhmus 2008; Vanderwel et al. 2007). Still,
the knowledge on links between specific tree properties and
tree-associated plants and animals are scarce for retention trees.
Our study shows that for aspen, black-colored bark and slow tree
growth as well as other features related to tree form and bark tex-
ture, are important for the epiphytic lichen flora. Stem shape and
bark properties have also been found to be important in other
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studies on lichen epiphytes in different environments, although
their relative importance vary (e.g. Fritz et al. 2009; Ranius et al.
2008). Mechanisms behind the influence of the tree properties
seem related to factors like bark chemistry and water-holding
capacity (Ellis 2011).

Balmford and Gaston (1999) suggest that the savings in the
amount of land to protect that comes from a more efficient, com-
plementarity-based site selection is commonly at least 5%. In our
score-based selection, with representation of all species or all spe-
cies of conservation concern as the conservation goal, 3.5 fewer
trees (11.7% of all trees) were needed, supporting their suggestion.
Making a selection of the cheapest trees, by prioritizing small
diameters, led to more trees, but with lower economic value. Thus,
this type of selection, which has been demonstrated also in other
studies (see e.g. (Juutinen et al. 2004; Moore et al. 2004; Perhans
et al. 2008) could be an alternative strategy. But, it is opposite to
current, field-based knowledge from biologists and researchers,
who usually view large aspen trees as having special value to epi-
phytic lichens (e.g. Nitare 2000; Gärdenfors 2010). Importance of
large-diameter trees for lichens has been found also for other tree
species (e.g. Aragon et al. 2010; Johansson et al. 2007; Thor et al.
2010). Thus, we caution against applying this strategy until more
studies have been made on the link between aspen diameter and
the epiphytic lichen flora.

Occupancy or representation on the clearcut is a baseline start-
ing point. However, the relationship between occupancy and long-
term viability in the landscape is the ultimate response variable or
target for conservation, but beyond what could be studied with
this dataset. Studies on temporal development of biodiversity re-
lated to retained trees are few, which is not surprising since the
retention practice was recently introduced. One of few studies
was made by Lundström et al. (2013) who found, using an ex-
tended version of the dataset analyzed by us, that there was a high-
er number of aspen-dependent lichen species on retained aspens in
stands harvested 10–16 years ago than in stands harvested 0–
4 years ago.

It would be interesting to devise a selection procedure that
avoids the cumbersome process of first scoring and ranking all
the potential retention trees before selecting which ones to retain.
For example, each time a potential retention tree is encountered,
the forester could calculate its score and decide whether to retain
the tree or cut it. This decision may be based on the number and
attributes of trees previously selected for retention, and is made
to maximize a conservation goal such as the probability of occur-
rence of a species of conservation concern subject to a cost con-
straint. Storage of data on tree characteristics could be made in a
hand-computer in which logistic equations for a list of key species
are stored. The decision to stop accepting more trees for retention
could be based on a threshold, e.g. when the probability of occur-
rence of a species has reached 95%. McDonald-Madden et al. (2008)
develop an analogous procedure for dynamic reserve site selection
in which the decision maker quickly decides whether to purchase
or reject a parcel as it comes on the market.

4.1. Practical implications and ways forward

Our results suggest that a change in current practice from selec-
tion of aspens in a more or less random way to a systematic selec-
tion based on identification of tree characteristics will benefit
epiphytic lichens of conservation concern. Tree variables like
black-colored bark, slow tree growth, low cover of epiphytic bryo-
phytes, inclining stems and speckled appearance may then be
especially important to measure. The rapidly evolving remote
sensing techniques are likely to offer tools that will speed up loca-
tion of certain tree species like aspen in stands, which would
imply shorter inventory times, and thus further increase the
cost-effectiveness of this approach. We studied only one organism
group and more investigations need to be made on other organism
groups in order to increase the generality for biodiversity. To
extend the application further, studies on other tree species are
also necessary.
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