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           The reduction of current biodiversity is one of the major 
challenges faced by society in the current century and it is the 
role of scientists to design conservation plans with a special 
focus on threatened species ( Balmford et al., 2005 ). Effective 
conservation strategies rely on a thorough knowledge of the life 
processes and ecology of threatened species ( Hilmo and Ott, 
2002 ;  Iriondo et al., 2009 ;  Scheidegger and Werth, 2009 ). The 
viability of a population depends on two main factors: (1) popu-
lation size; and (2) individual performance, which are usually 
associated with the habitat quality ( Soulé, 1987 ;  Hilmo and Ott, 
2002 ;  Iriondo et al., 2009 ;  Belinchón et al., 2011 ). At a large 

scale, climatic conditions may infl uence the life cycle and per-
formance of species, thereby shifting the species habitat quality 
requirements at fi ner scales ( Scheidegger and Werth, 2009 ). 
Therefore, it is essential to identify the environmental factors 
that determine the occurrence, abundance, and performance of 
threatened species in a wide range of suitable habitats and at 
different spatial scales. 

 Few previous studies of lichens have used extensive quanti-
tative and demographic datasets over a wide geographical range 
to obtain critical information about the habitat requirements, 
performance, and main threats for a species (but see, for ex-
ample,  Scheidegger and Werth, 2009 ;  Hilmo et al., 2011a ; 
 Schei et al., 2012 ). Based on this type of study, however, two 
lichen species were included as Critically Endangered in the 
International Union for the Conservation of Nature’s World 
Red List of Threatened Species ( www.iucnredlist.org ) because 
of their limited distribution and declining populations, i.e., the 
epiphyte cyanolichen  Erioderma pedicellatum  (Hue) P. M. Jørg 
and the terrestrial  Cladonia perforata  A. Evans ( Scheidegger, 
2003 ;  Yahr, 2003 ). For example, the accurate population analy-
sis, demographic monitoring, and identifi cation of the causes of 
the decline of  E. pedicellatum  (commercial forestry and acid 
rain) ( Cameron et al., 2013 ;  Stehn et al., 2013 ) led to the imple-
mentation of conservation strategies to facilitate its recovery 
and maintenance in Canada, including the avoidance of forestry 
in occupied and potential suitable habitats ( Environment 
Canada, 2007 ). Similarly, detailed knowledge of the environmen-
tal requirements of the endemic species  C. perforata  also led to the 
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  •  Premise of the study:  High-quality information about threatened species is required to prevent current global biodiversity 
losses. Lichens are important components of forest biodiversity and help to maintain ecosystem functioning. The epiphytic cya-
nolichen  Lobarina scrobiculata  is red-listed in Europe and North America, but knowledge of its ecology and distribution in 
Southern Europe is scarce. 

 •  Methods:  We used a multispatial scale design to investigate the effects of macroclimate, forest structure, tree features, and 
microhabitat on the occurrence, abundance, spatial distribution, and performance of  Lobarina scrobiculata  in the Iberian Pen-
insula at plot and tree scales. Generalized linear models and mixed models were used for analysis. 

 •  Key results:  We recorded ca 14 000 individuals of the threatened species  Lobarina scrobiculata  from 22 populations in the 
Iberian Peninsula. Our results suggest that  L. scrobiculata  thrives mainly in oak forests with highly variable annual precipita-
tion levels. At the plot scale, the  L. scrobiculata  abundance increased with annual precipitation and tree density (habitat quan-
tity). At the tree scale, our models highlighted the importance of tree size and bark roughness (habitat quality) as the main 
drivers of species occurrence and abundance. We detected a marked spatial pattern on tree trunks, i.e.,  L. scrobiculata  occurred 
preferentially on north-facing surfaces and close to the ground where humidity is higher. 

 •  Conclusions:  By integrating multiscale modeling, we analyzed a unique large dataset and these results are essential for under-
standing the ecology of this threatened cyanolichen. There is an urgent need to preserve the forests that this species currently 
inhabits as well as potential colonization sites. 

 

  Key words:  Atlantic forest; conservation status; epiphytic lichens;  Lobaria scrobiculata ;  Lobarina scrobiculata ; Mediterra-
nean forest; occupation rate; population size; precipitation. 
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scale (Central Spain). However, there is still a lack of exhaus-
tive demographic data for this species, such as its population 
size and/or population structure, thereby suggesting that there is 
a need for new evidence to reassess the conservation status of 
this species in its current geographic range. 

 As a consequence of its rarity and ecological importance,  Lo-
barina scrobiculata  has been a target species in many ecologi-
cal and population studies in boreal forests (e.g.,  Hallingbäck, 
1989 ;  Hilmo, 2002 ;  Hilmo et al., 2011a ,  2011b ;  Asplund et al., 
2010 ;  Larsson and Gauslaa, 2011 ). However, the macroenvi-
ronmental conditions and forest history in North America and 
Northern Europe differ from those in Southern Europe, where 
the ecology and habitat requirements of this species are poorly 
characterized. Thus, the main aim of the current study was to 
elucidate the environmental factors that modulate the occur-
rence, abundance, spatial distribution, and performance of  L. 
scrobiculata  in the Iberian Peninsula at multiple scales. We ex-
amined representative  L. scrobiculata  populations throughout 
the Iberian Peninsula to identify differences in the performance 
of this species between the Atlantic and Mediterranean biogeo-
graphical regions, with a specifi c focus on the latter. In the 
Mediterranean Basin, the climatic conditions may be particu-
larly harsh for  L. scrobiculata  due to the physiological stress 
caused by low humidity during the long summer drought 
( Valladares et al., 2004 ), and these conditions might become even 
more extreme as a consequence of global warming ( Giménez-
Benavides et al., 2007 ). We hypothesized that the abundance of 
 L. scrobiculata  would increase with annual precipitation, which 
is consistent with the requirements of cyanolichens. Therefore, 
we also expected that  L. scrobiculata  would perform better in 
the Atlantic region in terms of abundance and occupation rate 
because, in addition to the higher macroenvironmental humid-
ity, the forests are older and better preserved ( Blanco et al., 
2005 ), thereby providing a more suitable environment for this 
old-forest cyanolichen. We also discuss the implications of our 
results for the conservation status of  L. scrobiculata  in the study 
region. 

 MATERIALS AND METHODS 

 Target species —    Lobarina scrobiculata  (Scop.) Nyl. ex Cromb. (Lobariaceae) 
was long considered to belong to the genus  Lobaria  but recent phylogenetic 
analyses have placed it clearly in the smaller genus  Lobarina  ( Moncada 
et al., 2013 ). However, in the current study we refer to  Lobaria  sensu lato for 
convenience to place our results in a broader ecological context. 

  Lobarina scrobiculata  is a foliose cyanolichen, which contains the cyano-
bacterium  Nostoc  as its main photobiont. This species occurs in the Northern 
Hemisphere and in oceanic areas of South America, Australia, New Zealand, 
and Africa ( Smith et al., 2009 ;  Nimis, 1993 ). In the Iberian Peninsula, it usually 
inhabits forests in mountain areas and it is relatively frequent in Central Spain, 
common in oceanic areas of the northwest, and increasingly rarer elsewhere, 
because it only occurs in forests with high relative air humidity ( Burgaz and 
Martínez, 1999 ). This species is preferentially epiphytic and grows mainly on 
deciduous trees, but sometimes on mossy siliceous rocks ( Hallingbäck, 1989 ; 
 Burgaz and Martínez, 1999 ). The most frequent mode of reproduction is asex-
ual via soredia (asexual diaspores that contain both symbionts), whereas sexual 
reproduction via apothecia (containing fungal spores) is rather infrequent 
( Burgaz and Martínez, 1999 ;  Smith et al., 2009 ). The size of the individual ap-
pears to be the main factor that drives the onset of asexual reproduction in bo-
real forests (see e.g.,  Larsson and Gauslaa, 2011 ), but the factors that promote 
sexual reproduction are not known yet, although they may include other species-
specifi c and/or environmental factors. 

 Study area —   We selected 22 populations distributed throughout the Iberian 
Peninsula, which were representative of the habitats and regions where  Lobarina 

establishment of habitat protection measures and reintroduc-
tions ( Yahr, 2003 ). 

 Lichens represent an important component of the terrestrial 
biodiversity, especially in forests where they are among the 
dominant epiphytic organisms ( Wein and Speer, 1975 ;  Aragón 
et al., 2010 ), and they have critical roles in ecosystem function-
ing, i.e., water and mineral cycles, shelter for microfauna, and 
food webs (reviewed by  Ellis, 2012 ). Lichens are poikilohydric 
organisms, i.e., they lack specialized mechanisms for regulat-
ing their water content, which is controlled passively by the 
water potential of the environment ( Nash, 2008 ). Thus, the dis-
tribution and performance of lichens are determined greatly by 
the macro- and microclimate conditions, especially water and 
light availability, and their ranges of tolerance for these condi-
tions, as well as other factors (i.e., suitable habitat availability, 
nutrient availability, and/or air pollution) ( Nash, 2008 ;  Ellis 
et al., 2009 ;  Ellis, 2012 ;  Marini et al., 2011 ). Therefore, changes 
in microclimate conditions, such as those induced by forest 
management, affect the diversity of epiphytic lichens, espe-
cially cyanolichens (i.e., lichens with cyanobacteria as the main 
photobiont) ( Gauslaa et al., 2001 ;  Aragón et al., 2010 ;  Ellis, 
2012 ). Cyanolichens are particularly sensitive to humidity be-
cause they require liquid water to activate photosynthesis 
( Lange et al., 1986 ), thus their distribution is generally con-
trolled by the annual precipitation (see  Marini et al., 2011 ). 
Cyanolichens play signifi cant roles in the nutrient cycles in for-
ests because they fi x atmospheric nitrogen ( Nash, 2008 ;  Ellis, 
2012 ). Thus, given the importance of cyanolichens for ecosys-
tem functioning, species-specifi c studies are required to better 
understand their functioning and distribution at different spatial 
scales in the regions where they occur. These studies need to 
address different spatial scales because ecological processes are 
scale-dependent and they may generate different patterns at dif-
ferent spatial scales, which may explain the distribution, abun-
dance, and assembly of species ( Wiens, 1989 ;  McGill, 2010 ; 
 Nascimbene et al., 2013 ). 

 In the current study, we focused on the cyanolichen species 
 Lobarina scrobiculata , which is generally associated with late 
successional epiphytic communities, traditionally referred as to 
 Lobarion  ( Barkman, 1958 ;  James et al., 1977 ;  Burgaz et al., 
1994 ). In general,  L. scrobiculata  has an incomplete circumbo-
real distribution, where it is more frequent on the west and east 
coasts of North America and Europe (http://data.gbif.org). 
However, a wider distribution does not necessarily correlate 
with its local abundance because this species has declined 
greatly in the United States in recent decades, and similar de-
clines are likely in Europe (mean estimates of 10–30% based on 
the loss of locations) ( Sérusiaux, 1989 ;  NatureServe, 2014 ). 
The main causes of these declines are air pollution and habitat 
loss ( Hallingbäck, 1989 ;  Sérusiaux, 1989 ;  Nimis, 1993 ;  Smith 
et al., 2009 ). According to previous studies,  L. scrobiculata  is 
now a rare species in Europe and in some parts of North America. 
A growing awareness of its ongoing decline and increasing 
rareness has resulted in the inclusion of  L. scrobiculata  in nu-
merous American and European Red Lists in different threatened 
categories, ranging from vulnerable to extinct (e.g.,  Sérusiaux, 
1989 ;  Randlane et al., 2008 ;  Gärdenfors, 2010 ;  NatureServe, 
2014 ), based mainly on the loss of locations and/or occupancy 
area contraction. In Mediterranean Spain,  Burgaz et al. (1994)  
suggested that it should be classifi ed as “endangered” based on 
the persistence of the main threats to this species, i.e., forestry 
and agriculture practices. Based on the IUCN criteria,  Martínez 
et al. (2003)  classifi ed it as “vulnerable” at a smaller regional 
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at approximately 50 cm above ground, and the trunk slope respect to the horizontal 
( ° ), which was measured using a clinometer. We also measured the position of each 
 Lobarina scrobiculata  individual on the trunk in terms of the height above ground 
(cm) and orientation ( ° ). 

 Statistical analyses —   To avoid problems of multicollinearity, only uncorre-
lated variables (Pearson’s correlation coeffi cient < 0.7 and  P  > 0.05) were in-
cluded in the models. For two correlated variables, the models included the 
variable that had a stronger biological infl uence on the response of the lichen 
because it explained more variation. Thus, from the original 14 explanatory 
variables, only four were used in the models to examine their effects on the re-
sponse variables at the two scales. The plot-scale explanatory variables were 
annual precipitation and tree density, whereas the tree-scale variables were 
DBH and bark roughness. The response variables at the plot scale were the 
abundance of  Lobarina scrobiculata  and the proportion of occupied trees (i.e., 
occupation rate), while the response variables at the tree scale were the proba-
bility of occurrence and the abundance of  L. scrobiculata . 

 To test the effects of annual precipitation and tree density on the abundance 
and occupation rate of  Lobarina scrobiculata  at the plot scale we fi tted general-
ized linear models (GLMs) ( McCullagh and Nelder, 1989 ), where Poisson and 
binomial errors were applied, respectively. At the tree scale, the effects of the 
explanatory variables on the occurrence and abundance of  L. scrobiculata  were 
modeled by fi tting generalized linear mixed models (GLMMs) with a Laplace 
approximation ( Zuur et al., 2009 ). Binomial and Poisson errors were applied to 
the occurrence and abundance models, respectively. We selected this approach 
because our data had an unbalanced and hierarchical structure with trees nested 
within the plots. This data hierarchy suggests that there was a correlation be-
tween the data at the two scales, thereby infl ating the error in the degrees of 
freedom and increasing the possibility of Type I errors. To overcome this prob-
lem, the data were analyzed using a multilevel approach, where we considered 
the variable “plot” as a random factor in the tree-scale model and the explana-
tory variables were introduced at the plot and tree scales as fi xed factors (i.e., 
annual precipitation, tree density, DBH, and bark roughness) ( Zuur et al., 
2009 ). Further details of the GLM and mixed effects modeling approaches can 
be found in  Zuur et al. (2009) . The fi xed factors were examined using Wald 
Z-statistic tests. Signifi cant values with both procedures were estimated using a 
deviance test ( Guisan et al., 2002 ) and variables were excluded if  P  > 0.05. 
Models using the complete data set, i.e., gathered data from the Atlantic and 
Mediterranean regions, are referred as to global data/scale models. 

 We performed similar GLMs and GLMMs separately for the Atlantic and 
the Mediterranean regions to compare the performance of the species between 
regions. The number of populations examined in each region refl ected the area 
of each biogeographical region in the Iberian Peninsula, i.e., 5/22 populations 
were located in the Atlantic region and 17/22 in the Mediterranean region 
( Fig. 1 ). The lower sample size in the Atlantic region meant that we only in-
cluded tree density as an explanatory variable for the GLMs at the plot level in 
this region because it explained more variation than the annual precipitation. 
Finally, all of the models were checked for residual patterns and nonlinear ef-
fects. The statistical analyses were performed using R version 2.15.2 ( R Foundation 
for Statistical Computing, Vienna, Austria ). We used the packages nlme ( Pinheiro 
et al., 2008 ) and lme4 ( Bates et al., 2013 ) for the mixed effect model analyses. 
The mean values  ±  SD (SD) are reported, unless stated otherwise. 

 RESULTS 

 Population characteristics (plot scale) —     Tables 1 and 2  sum-
marize the environmental and forest structure variables for each 
plot. The study area comprised a wide range of different mountain 
systems and there was high environmental heterogeneity. There 
were very high variations in the altitude (290 to 1406 m a.s.l.), an-
nual precipitation (621 to 2050 mm), and mean temperature (7.5 °  
to 18 ° C) ( Table 1 ). As the latitude decreased, the mean annual 
temperature increased and the summer precipitation declined 
( Table 1 ). However, the differences in the annual precipitation 
were not consistent with the latitudinal gradient because some 
southern populations received extremely high precipitation lev-
els due to topographic factors (e.g., plots 21 and 22) ( Table 1 ). 

 In the 22 study populations, a total of 14 tree species were 
recorded, which were distributed mainly among the following 

scrobiculata  occurs ( Fig. 1 ;   see  Burgaz and Martínez, 1999 ). We defi ned a 
population as at least 10 individuals inhabiting a forest. The latitudinal gradient 
where  L. scrobiculata  occurs in the Iberian Peninsula includes two biogeo-
graphical regions with very different climatic conditions: (1) the Atlantic region 
(northern fringe of the Iberian Peninsula) with an oceanic climate; and (2) the 
Mediterranean region (the rest of the Iberian Peninsula), which is characterized 
by a summer drought period that can be quite variable in length ( European 
Environment Agency, 2009 ) ( Fig. 1 ;  Table 1 ).   This latitudinal gradient and the 
topography result in high environmental heterogeneity, thereby leading to high 
forest diversity. In the Atlantic region, the forests are dominated by broad-
leaved and deciduous species (e.g.,  Fagus sylvatica  L.,  Quercus petraea  (Matt.) 
Lieb .,  and  Q. robur  L.), whereas perennial or semideciduous species (e.g.,  Q. 
ilex  L. and  Q. pyrenaica  Willd.) are the dominant forest species in the Mediter-
ranean region ( Blanco et al., 2005 ) ( Fig. 1 ). Iberian forests have been managed 
for centuries, especially in the Mediterranean region (i.e., for timber, fi rewood 
extraction, and livestock) ( Valladares et al., 2004 ;  Blanco et al., 2005 ). Our 
study plots within the Mediterranean region exhibited different signs of low 
intensity management in the past and current livestock activity. However, the 
plots sampled in the Atlantic region had not been subjected to any forestry 
practices for more than 50 years. 

 Experimental design and sampling —   The fi eld data were collected between 
October 2009 and July 2012. We approached this study using a multiscale de-
sign, i.e., plot and tree scales. We established a random 3000 m 2  plot inside a 
forest where the target species was detected. We investigated all living trees 
present in this area and recorded the occurrence and number of  Lobarina scro-
biculata  individuals at a height of up to 2 m on the tree trunks, because  L. 
scrobiculata  occurs rarely above this height on the trunks and branches in the 
study region (e.g.,  Belinchón et al., 2009 ,  2011 ; S. Merinero et al., personal 
observation). We considered “individuals” to be all spatially distinguishable 
lichen entities that were easily differentiated from others. This defi nition is also 
used elsewhere (e.g.,  Hilmo et al., 2011a ;  Schei et al., 2012 ) 

 At the plot scale, we considered the following climatic variables ( Table 1 ): 
(1) annual precipitation (mm); (2) winter precipitation (mm); (3) summer pre-
cipitation (mm); and (4) mean annual temperature ( ° C), which were derived 
using the climate simulation model CLIMOEST (developed for the Iberian 
Peninsula) by inputting the altitude, geographic coordinates, and hydrographic 
basin ( S á�nchez-Palomares et al., 1999 ). The longitude, latitude, and altitude 
were recorded in situ using a GPS device (GPSmap 60CSx, Garmin GPS; Garmin, 
Ltd., Olathe, Kansas, USA). We also measured the following forest structure 
variables: (1) the forest type based on the dominant tree species (oak, beech, or 
mixed); (2) the number of trees per plot (i.e., tree density); and (3) the mean tree 
diameter at breast height based on all trees within the plot (DBH, cm) ( Table 2 ). 
  At the tree scale, we recorded the tree species, DBH (cm), bark roughness (mm), 
which was measured using digital calipers as the depth of a representative crevice 

 Fig. 1. Locations of the 22 populations of  Lobarina scrobiculata  sam-
pled throughout the Iberian Peninsula. The biogeographical regions are 
shown according to the  European Environment Agency (2009) . The details 
of the corresponding localities and plots are shown in  Table 1 . Triangles: 
Oak forests; circles: Beech forests; squares: Mixed species forests.   
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  TABLE  1. Summary of the geographic, topographic, and climatic variables in the areas of the study populations (plots). Atl = Atlantic Biogeographical 
Region; Medit = Mediterranean Biogeographical Region; Coord = coordinates in UTM WGS84; P = Precipitation; Mean T = Mean annual temperature. 

Plot Locality Province Region
Coord X 
(UTM)

Coord Y 
(UTM)

Altitude 
(m a.s.l.)

Annual 
P (mm)

Winter 
P (mm)

Summer 
P (mm)

Mean 
T ( ° C)

1 Irati Navarra Atl 30T654582 4761165 965 1615 589 149 8.9
2 Pontón León Atl 30T335853 4774195 1328 1721 552 229 7.8
3 Burón León Atl 30T321674 4771356 1353 1371 368 135 7.5
4 Riaño León Atl 30T335246 4758497 1150 1156 295 117 8.8
5 Brañosera Palencia Atl 30T394739 4754232 1260 946 326 131 8.1
6 Sanabria Zamora Medit 30T198543 4667428 950 1054 384 95 10.3
7 Estrela Guarda Medit 30T116951 4484577 978 2050 865 85 13.5
8 Sicó Coimbra Medit 30T133915 4442826 290 1178 612 41 18.0
9 Santuy Guadalajara Medit 30T462970 4549459 1235 801 252 92 9.7
10 Montejo Madrid Medit 30T458649 4551345 1263 818 258 92 9.5
11 Escorial Madrid Medit 30T402181 4491369 1066 796 272 85 11.2
12 San Pablo Toledo Medit 30T381950 4377721 908 621 239 48 12.8
13 San Vicente Toledo Medit 30T352060 4445771 1239 947 334 68 10.5
14 Risco Paradas Ciudad Real Medit 30T369194 4382836 1165 756 286 54 11.2
15 Cigüeñelas Ciudad Real Medit 30T361629 4372486 797 638 246 45 13.6
16 Gargantilla Ciudad Real Medit 30T362757 4369364 749 656 235 42 13.8
17 Fuencaliente Ciudad Real Medit 30T389768 4256034 881 729 224 49 13.9
18 Robledo Hoyas Ciudad Real Medit 30T382652 4255571 1030 777 248 54 13.2
19 Torca Malojos Albacete Medit 30T545875 4252003 1406 1023 396 77 11.6
20 Cazorla Jaén Medit 30T508204 4202997 738 790 254 42 15.6
21 Sierra Nieves M á�laga Medit 30T314483 4059400 1064 1155 517 23 14.0
22 Grazalema C á�diz Medit 30T284707 4073443 775 1753 734 32 15.4

  TABLE  2. Summary of the forest structure variables and tree features at the plot scale. Absolute and mean  ±  SD values are shown for each plot, all plots, 
and each of the biogeographical region plots. Plots marked with asterisks (*) belong to the Atlantic Biogeographical Region, whereas the remainder 
belong to the Mediterranean region. Substrate: Soil type, C = calcareous; S = siliceous. Forest type: Main dominant species ( Fs  =  Fagus sylvatica ; 
Aa =  Abies alba ;  Qpet  =  Quercus petraea ;  Qpyr  =  Quercus pyrenaica ;  Qfag  =  Quercus faginea ;  Qilex  =  Quercus ilex ;  Apin  =  Abies pinsapo ;  Plat  = 
 Phillyrea latifolia ). No. tree: Tree density (number of trees per plot); DBH = Diameter at breast height; abundance = Number of  Lobarina scrobiculata  
individuals; Occup rate = Proportion of colonized trees by  L. scrobiculata . 

Plot Substrate Forest type No. tree Mean DBH (cm) Mean Bark (mm) Mean Slope ( ° ) Abundance Occup rate (%)

1* C  Fs + Aa 197 28.2  ±  13.7 1.5  ±  1.3 85.1  ±  5.4 129 6.6
2* C  Fs 176 21.6  ±  10.9 1.4  ±  0.7 74.6  ±  15.4 201 21.6
3* C  Fs + Qpet 245 18.7  ±  21.5 1.5  ±  2.0 74.1  ±  14.3 988 6.1
4* C  Qpet 170 20.2  ±  12.8 4.3  ±  2.5 77.6  ±  10.5 1487 19.4
5* S  Qpet+Qpyr 251 22.7  ±  14.0 5.3  ±  3.7 78.5  ±  10 587 8.0
6 S  Qpyr 375 17.0  ±  9.8 6.1  ±  2.3 81.3  ±  8.8 1091 8.0
7 S  Qpyr 385 12.1  ±  4.8 5.0  ±  2.7 80.7  ±  10.2 4063 55.1
8 S  Qfag 137 18.0  ±  13.4 6.3  ±  2.9 75.2  ±  10.9 158 24.8
9 S  Qpyr 355 14.2  ±  7.9 6.0  ±  2.4 84.7  ±  4.9 220 16.9
10 S  Qpyr 207 23.2  ±  12.8 7.2  ±  5.0 81.8  ±  9.0 491 2.4
11 S  Qpyr 299 14.2  ±  7.4 8.3  ±  3.1 79.9  ±  9.0 1758 70.2
12 S  Qpyr 245 18.8  ±  10.3 9.3  ±  2.3 82.7  ±  4.3 11 2.9
13 S  Qpyr 135 24.4  ±  11.0 9.9  ±  2.3 84.3  ±  6.8 273 40.0
14 S  Qpyr 390 10.3  ±  4.5 9.7  ±  2.2 79.4  ±  7.4 169 17.9
15 S  Qpyr 197 18.8  ±  12.2 7.6  ±  3.5 83.2  ±  4.9 510 65.5
16 S  Qpyr 224 16.1  ±  6.6 9.6  ±  2.2 84.4  ±  4.1 203 37.5
17 S  Qpyr 169 13.8  ±  7.7 7.6  ±  2.7 83.4  ±  4.6 725 63.3
18 S  Qpyr 76 21.1  ±  12.4 11.9  ±  4.9 84.8  ±  4.3 491 86.8
19 C  Qpyr 46 49.1  ±  19.7 13.1  ±  1.5 84.8  ±  1.8 49 41.3
20 C  Qfag 144 25.0  ±  11.3 9.2  ±  4.8 77.8  ±  8.8 20 4.9
21 C  Qilex 275 12.5  ±  5.5 4.0  ±  1.5 76.3  ±  9.9 82 10.2
22 S  Qfag + Apin + 

Plat+ Qilex 
265 14.6  ±  16.8 3.2  ±  2.3 74.8  ±  15.7 102 15.5

Atlantic 1039 22.2  ±  15.8 2.8  ±  2.9 77.9  ±  12.3 3392 11.4
Mediterranean 3924 16.3  ±  11.1 7.9  ±  3.0 81.8  ±  7.0 10 416 29.6
Total 4963 17.5  ±  12.5 6.3  ±  3.9 80.2  ±  9.9 13 808 25.8

three forest types: 17 oak deciduous forests ( Quercus faginea  
Lam.,  Q. petraea , and/or  Q. pyrenaica ), three beech forests 
(dominated by  Fagus sylvatica ), and two forests that comprised 
other mainly perennial species (i.e.,  Quercus ilex  +  Abies pinsapo  

Boiss. +  Phillyrea latifolia  L.) ( Table 2 ). Minor proportions of 
other tree species were present in the three forest categories: 
 Abies alba  Mill. and  Ilex aquifolium  L. in beech forests;  Casta-
nea sativa  Mill.,  Corylus avellana  L.,  Olea europaea  L., and 
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59, and 46 trees, respectively, among the 1282 occupied trees) 
( Fig. 2 )  . Its occurrence was lower on  Abies pinsapo ,  Phillyrea 
latifolia,  and  Crataegus monogyna  ( Fig. 2 ). Only one  Castanea 
sativa  tree (n = 2) and one  Olea europaea  tree ( n  = 2) hosted  L. 
scrobiculata  individuals. No individuals were recorded on  Ab-
ies alba  ( n  = 51),  Ilex aquifolium  ( n  = 48),  Sorbus  sp. (n = 16), 
or  Corylus avellana  ( n  = 5). The bark roughness and DBH were 
not highly correlated when we evaluated all of the trees present 
in both regions, as well as trees from the Atlantic and Mediter-
ranean regions separately, and the three more common tree spe-
cies separately (deciduous  Quercus  sp.,  Fagus sylvatica , and  Q. 
ilex ) (Pearson’s correlation coeffi cients < 0.3,  P  < 0.001). 

 The global GLMMs results ( Table 4 )   showed that certain tree 
features, such as large trunks and rough bark, signifi cantly fa-
vored the probability of  Lobarina scrobiculata  occurrence and 
its abundance. The tree density and annual precipitation did not 
enhance the occurrence or abundance of  L. scrobiculata  at the 
global scale ( Table 4 ). According to the regional GLMMs, the 
pattern obtained for the global dataset was similar in the Medi-
terranean region, although only the bark roughness increased 
the probability of occurrence in this region, where larger trees 
were likely to host more  L. scrobiculata  individuals ( Table 4 ). 
In the Atlantic region, the probability of occurrence was also 
increased by a reduced density of trees, while the abundance of 
 L. scrobiculata  per tree increased signifi cantly with decreasing 
annual precipitation ( Table 4 ). 

 We observed different distribution patterns of  Lobarina 
scrobiculata  individuals (13808) along the height and orienta-
tion ranges ( Figs. 3 and 4 ).     The abundance of individuals de-
creased gradually with increasing height from the ground ( Fig. 
3 ). More than half of the individuals grew at <60 cm and <5% 
at >150 cm. This trend was much stronger in the Mediterranean 
region where nearly 40% of the individuals were located at the 
base of the trunk and only 3.5% grew at >150 cm ( Fig. 3 ). The 
pattern differed greatly in the Atlantic region, where <15% of 
the individuals grew at the base of the trunk and a higher pro-
portion of individuals were found at >150 cm (10%). Almost 
65% of the individuals in this region were located 30–120 cm 
from the ground ( Fig. 3 ). 

 The distributions were also imbalanced in terms of their ori-
entations ( Fig. 4 ). Among all of the individuals, the largest por-
tion (37%) had a northerly orientation, followed by westerly 
and easterly, whereas a much lower number had a southerly 
orientation (16%) ( Fig. 4 ). This trend was most evident in the 
Mediterranean region plots, where half of the individuals had a 
northerly orientation but <7% had a southerly orientation. In 
contrast to the Mediterranean pattern, the proportion of indi-
viduals growing on each orientation was more balanced in the 

 Sorbus sp.  in oak forests; and  Crataegus monogyna  Jacq. in oak 
and other forests ( Table 2 ). 

 In addition to the tree species heterogeneity, all of the forests 
differed greatly in structure where the tree density varied from 
46 to 390 trees per plot ( Table 2 ). This variable had a strong 
negative correlation with the mean DBH (Pearson’s correlation 
coeffi cient   = –0.7,  P  < 0.001), thus a higher tree density indi-
cated a greater number of thinner trees. The mean DBH was 
17.5 cm, but it was highly variable among plots ( Table 2 ). Plot 
14 had the thinnest trees, whereas plot 19 contained four times 
the number of larger trees ( Table 2 ). In the Mediterranean re-
gion, the mean DBH was signifi cantly less than that in the At-
lantic region ( Table 2 ; Kruskal-Wallis  ,  χ  2  = 164.95, df = 1,  P  < 
0.0001). The bark roughness was also highly variable among 
plots ( Table 2 ), where it was signifi cantly lower in beech forests 
and higher in oak forests (Kruskal-Wallis,  χ  2  = 1805.906, df = 2, 
 P  < 0.0001). 

 Among the 22 populations, we recorded 13 808  Lobarina 
scrobiculata  individuals on 1282 trees (from 4963 trees sam-
pled). The abundance was highly variable, i.e., from 11 to 4063 
individuals per plot.  L. scrobiculata  was found mainly in oak 
forests, which had the largest populations ( ≥  1000 individuals) 
( Table 2 ). The occupation rate varied from 2.4 to 86.8% but it 
was not signifi cantly correlated with abundance ( Table 2 ). The 
occupation rate was >50% in fi ve populations and >70% in two 
( Table 2 ). There were clear differences in the  L. scrobiculata  
abundance and occupation rates between the two biogeographi-
cal regions ( Table 2 ). The mean population size was similar in 
both regions (Mann-Whitney  W  = 54, df = 1,  P  = 0.38), al-
though the variability was much higher in the Mediterranean 
region (612.7  ±  997.3 vs. 678.4  ±  567.4 individuals in the At-
lantic region). The mean occupation rate was signifi cantly 
higher in the Mediterranean region than the Atlantic region 
( Table 2 ; Mann-Whitney  W  = 25, df = 1,  P  < 0.01). 

 The global GLMs showed that the species abundance was 
higher with increasing annual precipitation and with a greater 
tree density (i.e., thinner trees) ( Table 3 ).   By contrast, the oc-
cupation rate was independent of precipitation but it was sig-
nifi cantly higher in plots with a lower tree density. According to 
the regional GLMs, in the Mediterranean region the species 
abundance increased with tree density, whereas in the Atlantic 
region tree density did not affect abundance ( Table 3 ). The oc-
cupation rate increased with the annual precipitation in the 
Mediterranean region only ( Table 3 ). 

 Occurrence, abundance, and performance of Lobarina 
scrobiculata (tree scale) —     Lobarina scrobiculata  was com-
mon on oaks followed by beech and other tree species (1177, 

  TABLE  3. Results of the generalized linear models used to examine the effects of environmental variables on the abundance and occupation rate (%) at the 
plot scale (global data;  n  = 22) and by region (Atlantic,  n  = 5; Mediterranean,  n  = 17). P = Annual precipitation (mm). No. tree = Tree density (number 
of trees per plot). The data comprise the Wald-type  χ  2 -statistic (Z value), degrees of freedom (df), coeffi cient of the variable in the model (Estimator), 
standard error of the estimator (SE), and signifi cance value ( P ). 

Global Atlantic Region Mediterranean Region

Response Effect df Estimator (SE) Z  P df Estimator (SE) Z  P df Estimator (SE) Z  P 

 Abundance P 21 9  ×  10 −4  (1.77  ×  10 −5 ) 50.71  *** 16 1.07  ×  10 −3  (1.98  ×  10 –5) 54.07  *** 
No. tree 21 5.2  ×  10 −3  (9.60  ×  10 −5 ) 53.83  *** 4 −0.32 (8.60) 0.41 n.s. 16 5.16  ×  10 −3  (1.18  ×  10 –4) 43.63  *** 

 Occupation 
rate (%) 

P 21 2.7  ×  10 −5  (7.70  ×  10 −5 ) 0.36 n.s. 16 4.64  ×  10 −4  (8.36  ×  10 −5 ) 5.55  *** 
No. tree 21 −1.1  ×  10 −3  (3.70  ×  10 −4 ) −2.99  ** 4 −0.02 (3.30  ×  10 −3 ) −5.07  *** 16 −2.94  ×  10 −3  (3.99  ×  10 −4 ) −7.36  *** 

Note: Signifi cance of  P -values: n.s. = nonsignifi cant, *  P  < 0.5, **  P  < 0.01, and ***  P  < 0.001.
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factors that determine its occurrence, abundance, and perfor-
mance at two different spatial scales in this heterogeneous 
region. 

 Plot-scale: Occurrence, distribution, and abundance —    
According to our results,  Lobarina scrobiculata  colonizes a 
wide range of localities, which differ greatly in terms of their 
annual precipitation, mean temperature, altitude, forest type, 
and host tree species. However,  L. scrobiculata  is not a frequent 
species in the Iberian Peninsula ( Burgaz et al., 1994 ;  Burgaz 
and Martínez, 1999 ), although it can be locally abundant in spe-
cifi c areas (e.g., plots 7 and 11). Thus, according to the rarity 
patterns described by  Rabinowitz (1981) , i.e., wide distribution 
with narrow habitat-specifi city and sometimes locally abun-
dant,  L. scrobiculata  can be classifi ed as a rare species in our 
study area. The high differences in abundance among popula-
tions (up to two orders of magnitude) suggest that different fac-
tors and processes might operate at the macro- and microscales. 
Indeed, this situation may also have been affected by historical 
anthropogenic management, which has caused changes in the 
landscape confi guration and forest structure. 

 Our results show that  Lobarina scrobiculata  tends to be more 
abundant in localities that receive more rain. A higher annual 
precipitation provides a humid environment, which is suitable 
for satisfying the liquid water demands of cyanolichens ( Lange 
et al., 1986 ), thus humidity at the macroenvironmental scale 
facilitates the persistence and population development of this 
species. However, there was a surprisingly high frequency of  L. 
scrobiculata  in relatively dry locations (e.g., Central Spain, 
plots 9–18;  Fig. 1 ). According to  Burgaz and Martínez (1999) , 
 L. scrobiculata  is generally considered to belong to the species 
of  Lobaria  s. l., which have greater tolerance of the xeric condi-
tions in the Mediterranean climate. A plausible explanation for 
the occurrence of this cyanolichen in relatively dry forests is that 
the specifi c habitat features may compensate for suboptimal 

Atlantic plots (ca 25% for each cardinal aspect), with no major 
differences between north and south ( Fig. 4 ). 

 DISCUSSION 

 The need to reduce current losses of biodiversity demands 
high-quality information on threatened species to facilitate their 
preservation. We performed the fi rst multiscale evaluation of 
the distribution and population size of  Lobarina scrobiculata  in 
Southern Europe, and our results highlight key environmental 

 Fig. 2. Occupation rate (%) of  Lobarina scrobiculata  on the tree spe-
cies where it occurred most frequently in the Iberian Peninsula. The total 
numbers of trees sampled from each species are shown inside the bars.   

  TABLE  4. Summary of the generalized linear mixed models fi t by a Laplace approximation, which were used to examine the effects of environmental 
factors on the occurrence and abundance of  Lobarina scrobiculata  at the tree scale in all of the plots sampled in the Iberian Peninsula (global), Atlantic 
regions plots, and Mediterranean region plots. P = Annual precipitation (mm); No. tree = Number of trees per plot (tree density); DBH = Tree diameter 
at breast height (cm); Bark = Bark roughness (mm). The data comprise the Wald-type Z-statistic value (Z), coeffi cient of the variable in the model 
(Estimator), standard error of the estimator (SE), signifi cance value ( P ), and random effects standard deviation (SD). 

Global Atlantic Region Mediterranean Region

Response Estimator (SE) Z  P Estimator (SE) Z  P Estimator (SE) Z  P 

 Occurrence   Fixed effects  
P 0.005 (0.008) 0.64 n.s. 0.002 (0.009) 0.24 n.s. 0.009 (0.009) 0.90 n.s.
No. tree −0.001 (0.003) −0.38 n.s. −0.020 (0.007) −2.80  ** −0.002 (0.003) −0.66 n.s.
DBH 0.051 (0.008) 6.41  ***   0.051 (0.008) 6.41  *** −0.005 (0.005) −1.09 n.s.
Bark 0.136 (0.050) 2.69  *** 0.136 (0.050) 2.69  *** 1.161 (0.018) 9.02  *** 

  Random effects  SD SD SD
Plot 2.06 0.15 2.27
Residual 1.44 0.38 1.51

 Abundance   Fixed effects  
P 0.006 (0.008) 0.73 n.s. −0.022 (0.002) −8.84  *** 0.007 (0.009) 0.80 n.s.
No. tree 0.002 (0.003) 0.78 n.s. −0.028 (0.002) −14.07  *** 0.002 (0.003) 0.67 n.s.
DBH 0.041 (0.006) 76.67  ***   0.035 (0.001)   39.63  *** 0.036 (0.001) 40.41  *** 
Bark 0.067 (0.002) 35.21  ***   1.199 (0.007)   28.00  *** 0.056 (0.002) 25.41  *** 

  Random effects  SD SD SD
Plot 2.03 0.01 2.12
Residual 1.42 0.12 1.46

Note: Signifi cance of  P -values: n.s. = nonsignifi cant, *  P  < 0.5, **  P  < 0.01, and ***  P  < 0.001.
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compared with sympatric cephalo- and chlorolichens, thereby 
suggesting that cyanolichens might be better adapted to long 
hydration-desiccation cycles. 

  Lobarina scrobiculata  was more abundant in forests with a 
high tree density and relatively thinner trees. In this forest struc-
ture, which is typical of relatively young/managed forests, there 
is probably more potential habitat available for lichen coloniza-
tion and propagation at the plot scale. Thus, the higher fre-
quency of  L. scrobiculata  in forests with relatively thin trees 
instead of large trees suggests that  L. scrobiculata  exhibits 
slightly different performance compared with  Lobaria pulmo-
naria  (L.) Hoffm. in our study area (e.g.,  Belinchón et al., 2009 , 
 2011 ). Both are considered to be old-forest lichen species that 
are highly dependent on large trees and the microenvironments 
created by old-forest canopies ( Barkman, 1958 ;  James et al., 
1977 ). However, recent studies in boreal forests also suggest 
that  L. scrobiculata  performs well in young forests, as well as 
old forests ( Hilmo, 2002 ;  Hilmo and Ott, 2002 ;  Hilmo et al., 
2011a ,  2011b ). Our results agree with these fi ndings because  L. 
scrobiculata  was more abundant in the Mediterranean region, 
where the tree densities are generally higher but thinner trees 
are present, which is probably a consequence of the forest man-
agement history ( Blanco et al., 2005 ). 

 This result was unexpected because the climatic conditions 
are more favorable in the Atlantic region (constant macroenvi-
romental high humidity), where the forests are also older and 
less intensively managed ( Valladares et al., 2004 ;  Blanco et al., 
2005 ). However, the old-forest dependency may vary along 
ecological gradients ( Scheidegger and Werth, 2009 ). Thus,  Lo-
barina scrobiculata  occurred in old forests but its abundance 
appeared to be enhanced in relatively young oak forests in the 
studied area. It is important to note that population size has 
been used as an indicator of environmental quality for threat-
ened species (e.g.,  Carrascal and Seoane, 2009 ;  Belinchón 
et al., 2011 ;  Stehn et al., 2013 ). However, other factors such as 
the genetic diversity or population structure should be assessed 
to confi rm this relationship in our case because a high abun-
dance need not correlate with the optimum environmental con-
ditions. For example,  Larsson and Gauslaa (2011)  suggested 
that lichens often experience suboptimal environmental fi eld 
conditions even where the species are abundant. Nevertheless, 
the risk of local population extinction increases with decreasing 
population size ( Soulé, 1987 ;  Iriondo et al., 2009 ), thus special 
attention must be paid to very small populations (e.g., plots 12, 
19, and 20;  Table 2 ). 

 In addition to the population size, the spatial distribution of 
individuals within the plot, i.e., occupation rate, is a factor that 
may determine population persistence. The likelihood of local 
extinction is probably lower with a high occupation rate 
( Öckinger and Nilsson, 2010 ) because stochastic events (e.g., 
climatic extreme events, cattle activity, or tree falls) are less 
likely to cause major variations in the population size. The 
mean occupation rate in the study populations was close to 
30%, but most of the populations had a strikingly low occupa-
tion rate ( Table 2 ), thereby implying a highly aggregated spatial 
pattern, which may be a consequence of the following two fac-
tors. First, the populations might be young and a result of rela-
tively recent colonization events, so these populations may 
expand over time (e.g.,  Kalwij et al., 2005 ). This may be con-
sistent with our results, which showed that the occupation rate 
decreased with increasing tree density, and higher tree densities 
may be related to relatively young forests. Second, they could 
be declining populations that might become extinct (see  Rolstad 

climatic conditions (e.g.,  Ellis et al., 2009 ). The deciduous for-
ests canopies where  L. scrobiculata  is found mainly are rela-
tively dense in late spring and summer, which probably 
maintains the humidity and provides the light conditions that 
this species requires. However, during the defoliated seasons, 
other species-specifi c traits may be more important for species 
persistence, i.e.,  L. scrobiculata  has a high thallus water-holding 
capacity ( Merinero et al., 2014 ) and it contains usnic acid, 
which is a sun-screening secondary compound ( Culberson, 
1969 ;  McEvoy et al., 2007 ). Thus, the habitat conditions and 
these species-specifi c features may enhance the performance of 
this lichen in dry conditions. Indeed,  Gauslaa et al. (2012)  dem-
onstrated that some old-forest cyanolichens (including  L. scro-
biculata ) had better resistance to higher irradiance when desiccated 

 Fig. 3. Height distribution of  Lobarina scrobiculata  individuals (%) 
on the tree trunks based on the global data (all plots) ( n  = 13 808), Atlantic 
region plots ( n  = 3392), and Mediterranean region plots ( n  = 10 416). The 
height ranges were measured from the ground.   

 Fig. 4. Proportion of  Lobarina scrobiculata  individuals (%) distrib-
uted on the tree trunks in each orientation range: (1) north (311 ° –45 ° ); (2) 
south (136 ° –225 ° ); (3) east (46 ° –135 ° ); and (4) west (226 ° –310 ° ). The 
results are shown for the global data (all plots) ( n  = 13 808), Atlantic region 
plots ( n  = 3392), and Mediterranean region plots ( n  = 10 416).   
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the fact that  L. scrobiculata  mostly colonizes oak trees, which 
have rough bark even when young ( Fig. 2 ;  Belinchón et al., 
2009 ,  2011 ). In the Atlantic region, the probability of  L. scro-
biculata  being abundant on each tree was also higher in forests 
that received less precipitation and with lower tree densities, 
which could have been related to the type of forest, because oak 
forests are found in slightly drier locations and they have a rela-
tively more open canopy than beech forests. 

 Therefore, our results suggest that the distribution of  Lobarina 
scrobiculata  throughout the Iberian Peninsula is highly depen-
dent on the availability of suitable host trees in favorable oak 
forests. However,  L. scrobiculata  occurs on different types of 
broadleaf and coniferous species in other regions ( Hallingbäck, 
1989 ;  Rolstad et al., 2001 ;  Hilmo et al., 2011a ;  Smith et al., 
2009 ;  Schei et al., 2012 ). 

  Lobarina scrobiculata  was more frequent on lower parts of 
the trunks with northerly orientation ( Figs. 3 and 4 ). This sug-
gests that its distribution is related to the gradients of light, tem-
perature, and water availability along the trunk. The humidity 
increases with greater proximity to the ground ( Geiger, 1950 ) 
and the light availability varies with the aspect on the tree 
( Gauslaa et al., 2001 ). Therefore, the pattern detected is consis-
tent with a strong humidity demand at the microhabitat scale, 
which avoids extreme direct sunlight and wind exposure (i.e., 
higher desiccation). This trend was stronger in the Mediterra-
nean region where the desiccation risk is higher. By contrast, 
the individual distribution was not orientation-dependent in the 
Atlantic region where all sides of the trunk appeared to be 
equally favorable for  L. scrobiculata  establishment and growth. 
In addition, it is interesting to note that the proportion of indi-
viduals growing close to the ground was much lower in this 
region compared with the Mediterranean region ( Fig. 3 ). This 
could be attributable to factors other than humidity and light, 
which may infl uence the height distribution on the trunk. For 
example, we did not evaluate the effect of gastropod grazing 
but previous studies suggest that the proximity to the ground 
increases the risk and severity of herbivory for  L. scrobiculata  
( Asplund et al., 2010 ). This factor is probably important in 
the Atlantic region, which is a very humid and generally calcar-
eous habitat, thus the activity of gastropods may be favored 
( Gärdenfors et al., 1995 ). 

 Conclusions —    This study contributes greatly to defi ning 
the ecological niche of the threatened species  Lobarina scro-
biculata  in two contrasting biogeographical regions of the 
Iberian Peninsula.  L. scrobiculata  is a rare species in this area 
but it was locally abundant in rainy locations. However, the 
occurrence of  L. scrobiculata  in numerous forests with rela-
tively low water availability might be explained by compen-
sating factors, such as forest structural features and/or its high 
thallus water-holding capacity. Given the low occupation 
rates in most of the populations, we consider that the status of 
 L. scrobiculata  remains uncertain in the Iberian Peninsula be-
cause the extinction risk increases with a low occupation rate. 
Our hypothesis that  L. scrobiculata  would perform better in 
the Atlantic region was not supported because the abundance 
and occupation rates were generally lower than those in the 
Mediterranean region. 

 The abundance was higher in locations with more but thinner 
trees. Thus, although it is widely accepted that  Lobarina scro-
biculata  belongs to mature epiphytic communities, relatively 
young and/or slightly managed forests hosted more abundant 
and vital populations of this species. Therefore, conservation 

et al., 2001 ;  Belinchón et al., 2011 ;  Schei et al., 2012 ). However, 
the fate of these populations is dependent on the colonization-
extinction dynamics because the successful colonization of new 
trees relies on the dispersal of propagules and the success of 
establishment. This process is probably constrained by: (a) re-
productive limitations due to the low production of diaspores 
(e.g., a lack of reproductive individuals) ( Scheidegger, 1995 ); 
(b) unsuccessful establishment of new individuals due to the 
low availability of suitable microhabitats ( Hedenås et al., 2003 ); 
or (c) the microenvironments are suitable for establishment but 
they limit the growth rate ( Hilmo et al., 2011b ). 

 The dispersal effi ciency of lichens has been shown to be af-
fected by the propagule size, which depends on the type of re-
production, where asexual symbiotic diaspores are much 
heavier and usually reach shorter distances than sexual fungal 
spores ( Johansson and Ehrlén, 2003 ;  Hedenås et al., 2003 ; but 
see  Schei et al., 2012 ). According to  Hedenås et al. (2003) , 
asexual dispersal is effi cient at a local scale (150 m  ×  150 m 
plots) where it results in a homogeneous distribution of epi-
phytes. Therefore, a high number of colonized trees may indi-
cate effective dispersal within the plot ( Johansson and Ehrlén, 
2003 ;  Schei et al., 2012 ). In the populations of  Lobarina scro-
biculata  that we studied, soredia production did not appear to 
be a limitation ( Burgaz and Martínez, 1999 ; S. Merinero et al., 
unpublished data). Thus, assuming that  L. scrobiculata  dis-
perses effectively at the local scale (but not at the landscape 
scale; see  Hilmo, 2002 ), we suggest that the high number of 
noncolonized trees we found might be explained by: (a) limited 
time for colonization and population expansion within the plot, 
and/or (b) the lack of a suitable quality microhabitat for the lo-
cal establishment of  L. scrobiculata.  The latter reason agrees 
with other studies at a similar spatial scale, which reported the 
limited distribution and abundance of epiphytic lichens due to 
environmental fi ltering, usually in combination with limitations 
on local dispersal ( Öckinger et al., 2005 ;  Belinchón et al., 2011 ; 
 Schei et al., 2012 ;  Nascimbene et al., 2013 ). However, biotic 
interactions that operate at the tree scale (e.g., competition with 
other epiphytes) might also infl uence the distribution and abun-
dance of  L. scrobiculata  at the plot scale. 

 Tree-scale: Occurrence, abundance, and distribution of 
individuals —    The abundance of  Lobarina scrobiculata  was 
higher at the plot scale where the trees had a relatively thin 
DBH but, at this fi ner scale, both the probability of occurrence 
and abundance increased with the tree DBH. This result agrees 
with numerous studies (e.g.,  Hedenås et al., 2003 ;  Ranius et al., 
2008 ;  Belinchón et al., 2011 ) because the tree diameter is gen-
erally correlated with tree age ( Ranius et al., 2008 ;  Öckinger 
and Nilsson, 2010 ) and larger trees have a greater surface area 
that has been available for colonization for a longer time, while 
they generally provide a more suitable microhabitat for propa-
gule establishment (i.e., the bark chemistry and roughness may 
be more suitable) ( Barkman, 1958 ;  Belinchón et al., 2011 ). Our 
results also highlight the importance of bark roughness, inde-
pendent of the tree size, as an essential microhabitat quality fac-
tor that increases the probability of occurrence and abundance 
for  L. scrobiculata . Bark fi ssures with a greater depth and thick-
ness enhance bark moisture retention ( Barkman, 1958 ;  Ranius 
et al., 2008 ), which may provide suitable conditions for lichen 
propagule establishment and development, especially in the 
dry macroclimatic conditions of the Mediterranean region 
( Barkman, 1958 ;  Hilmo and Ott, 2002 ;  Belinchón et al., 2009 , 
 2011 ). The strong effect of bark roughness is probably due to 
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strategies should be directed toward the preservation of known 
populations, as well as uncolonized and nearby forests, which 
may be potential areas for population expansion. 

 Multiscale fi eld measurements are required because environ-
mental variables may affect the performance of a species in dif-
ferent ways depending on the scale (e.g., the differences in 
the importance of DBH or annual precipitation at the plot and 
tree scales). Our fi ndings are important for extending the 
knowledge of the environmental requirements of  Lobarina 
scrobiculata , which are critical for implementing conservation 
measures. Many questions are still unanswered but new hy-
potheses arise from these interesting results. For example, the 
fi ne-scale demographic population structure related to forest 
management, long-term population monitoring, and genetic 
population structure have not been determined but they are 
needed to assess the current conservation status of  L. scrobicu-
lata  in this heterogeneous region. 
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