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Abstract Species selection for reforestations can be
challenging in habitat protection zones, especially in
human transformed landscapes, where nativeness of some
species is not easily determined and yet is crucial for
knowing whether a species can be used or not. We try to
determine whether Pinus uncinata Ramond ex DC was
present in the Cantabrian Range (Spain) and whether it
could have disappeared recently due to anthropogenic
causes. Plant morphology and needle anatomy were characterized in Pinus sylvestris L. and P. uncinata 2-year-old
seedlings. An analysis of variance was used for selecting
morphological markers capable of discriminating both
species. These markers permit the comparison of seedlings
coming from the highest zone of Puebla de Lillo relict
pinewood (Cantabrian Range) with reference material from
Castillo de Vinuesa (Iberian Range). This comparison
was firstly made with two multivariate methods, a principal component analysis and a multivariate discriminant
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analysis. Subsequently, this was corroborated with the
detection of a species-specific chloroplast DNA marker.
The differences found between both species reflect the
better adaptation of P. uncinata to typical highland environment. Several Puebla de Lillo seedlings had P. uncinata
type morphology and haplotype, suggesting the presence of
this species in the Cantabrian Range until recently. This
discovery changes the current interpretation of the zone’s
vegetation, enhancing the natural presence of highland
open pinewoods. However, human activities (fire and
livestock grazing) have driven them to extinction and have
favoured the contemporary expansion of heathlands. Based
on this P. uncinata case, we discuss how local extinctions can affect management and conservation policies
negatively.
Keywords Highland dynamics  Management practices 
Morphological markers  Natura 2000 network 
Pinus sylvestris  Pinus uncinata

Introduction
A challenge that many foresters and managers encounter is
species selection for reforestations, especially when these
are in habitat protection zones. Within the European Union,
the Habitat and Species Directive (Council Directive
92/43/EEC) established the list of natural habitat types of
community interest for which conservation sites were
established (Natura 2000 network). In these sites, the
defined habitats are to be maintained or, where appropriate,
restored to a favourable conservation status in their natural
range. The Directive’s main objective is pursuing biodiversity conservation; however, some protected sites are
landscapes resulting from human activities (Antrop 2005)
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and are actually degradation stages. Thus, can the environmental restoration imply reforestations in less evolved
ecosystems? Nativeness is a main requirement for
employing a species in protected zones. Therefore, what
happens with historic local extinctions and species selection for reforestations? We will analyse these questions
with a case study in the Cantabrian Range, NW Spain.
The Cantabrian Range landscape has been deeply
transformed by human activities both in prehistoric and
historical times (Jarman et al. 1982; Dı́ez Castillo 1998;
Rubiales et al. 2012). Therefore, it is difficult to interpret
the structure and species composition from former vegetation, especially in the highlands, which have probably
been transformed to grazing lands since Neolithic times
and in several later periods of important livestock economy
(Dı́ez Castillo 1998; Valbuena-Carabaña et al. 2010). The
palaeobotanical and historical records show the persistence
of mountain pinewoods in the southern slopes of the
Cantabrian Range until recent times, and relate their
demise with human activities (Dı́az-Fernández and Gil
1996; Carrión et al. 2010; Jalut et al. 2010; Rubiales et al.
2010). However, due to the difficulties in the taxonomic
differentiation of the palaeoremains, by palynological or
even xylological features, the accuracy in the identification
of these remains rarely reaches the species level (Faegri
et al. 1989; Schweingrüber 1990; Euba 2008). Therefore,
the history of the landscape has often been interpreted on
the basis of Pinus spp. or Pinus gr. sylvestris (which
includes Pinus sylvestris L., Pinus nigra Arnold and Pinus
uncinata Ramond ex DC), and very seldom P. uncinata has
been reported during the late Quaternary at the western
mountains (surroundings of Sanabria Lake: Menéndez
Amor and Ortega Sada 1958; Hannon 1985). However,
several authors consider that P. uncinata could have been
present in some of these recently disappeared Cantabrian
pinewoods (Costa Tenorio et al. 1997; Jalut et al. 2010;
Rubiales et al. 2010).
Puebla de Lillo pinewood, located in the heart of the
Cantabrian Range (NW Spain), may contribute to a better
understanding of pine dynamics in the area, and even in the
whole Mediterranean Basin (which comprises many
strongly human influenced zones, Barbero et al. 1998).
This site has been studied in terms of palaeobotany (Garcı́a
Antón et al. 1997; Sánchez Hernando et al. 1999). However, the presence of scattered individuals with some
P. uncinata-like features in the highest zone of Puebla de
Lillo and the appearance of atypical seedlings with these
features in nursery plantations from this provenance
(Herrero, personal communication) still have not been
explained. P. sylvestris and P. uncinata usually occupy
contiguous altitudinal vegetation zones (being P. uncinata
the species that grows at higher elevations marking the
timberline), and in the contact zones, hybrids, known as
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Pinus x rhaetica Brügger, appear due to their phylogenetic
proximity (Gernandt et al. 2005). Nowadays, heathlands
occupy the vegetation belt that goes from 1,800 m above
sea level (a.s.l.) to the Pico del Pinar (Pinewood Peak,
2,009 m a.s.l.). These heathlands are protected by two
habitat types, alpine-boreal heaths (Community interest
type code 4060) and Erica tetralix L. heaths (Priority type
code 4020). However, could these heathlands have been a
P. uncinata forest until recently? If so, trees that are still
alive could conserve part of P. uncinata gene pool. The
discovery of P. x rhaetica in Puebla de Lillo pinewood
would prove the recent disappearance of P. uncinata in the
Cantabrian Range, probably due to human influence, as
part of the late Holocene decline of mountain pine forests
(Jalut et al. 2010; Rubiales et al. 2011). This would confirm
the native status of this pine in the region, and the management policies of the area should be revised. Reforestations with P. uncinata coming from this seed source
could be considered for improving environmental quality,
especially taking into account the importance of marginal
populations for the conservation of biological diversity
(Channell and Lomolino 2000).
Pinus sylvestris and P. uncinata can be differentiated by
morphological features (Gaussen et al. 1964; Castroviejo
et al. 1986; Boratyńska and Bobowicz 2000, 2001;
Marcysiak and Boratyński 2007; Jasińska et al. 2010). The
comparison of seedlings grown under the same environmental conditions would not only help us achieve a solid
morphological taxonomic characterization for young trees,
but would also allow to infer a genetic origin for the possible differences among both taxa. This characterization
would enable us to detect the potential presence of
P. uncinata features in Puebla de Lillo seedlings. The
chloroplast DNA (cpDNA) molecular markers that distinguish P. uncinata, P. sylvestris and cryptic hybrids between
them (Jasińska et al. 2010) would permit us to confirm
whether these seedlings are actually hybrids. On the other
hand, if morphological differences are found, these are
expected to be related to the adaptation to the contrasting
environmental conditions of their habitats. P. uncinata
grows in open forests at higher altitudes, thus in a more
restricting environment due to lower temperatures, stronger
winds and heavier snow falls. Furthermore, these plausible
adaptations could have a stronger influence during the
seedling stage as establishment is one of the most
restricting periods.
Therefore, this study aims to: (a) characterize seedlings
of P. sylvestris and P. uncinata grown under the same
environmental conditions in order to find morphological
markers that distinguish both species, (b) explain the ecological meaning of these differences and (c) detect the
potential presence of P. uncinata features in Puebla de
Lillo seedlings.
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Materials and methods
Castillo de Vinuesa pinewood
Nowadays, the most western natural population of
P. uncinata is the small (115 ha) relict stand located at
Castillo de Vinuesa (Soria) in the Iberian Range (Martin
Albertos et al. 1998; 42°430 N 2°440 W, Fig. 1). This population exists from 1,800 m a.s.l. to the summit of the peak
of Castillo de Vinuesa at 2,083 m a.s.l., and is totally
surrounded by P. sylvestris that lives in the vegetation belt
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below. Hybrids appear in the contact zone between both
species (1,700–1,850 m a.s.l.). The bedrocks are limestones and quartzite conglomerates, and the soils are acid
and shallow. The climate is continental (annual-average
temperature ca. 2 °C; annual precipitation ca. 1,400 mm).
The abundance of Calluna vulgaris L. can indicate the
conversion of pine woodlands to heathlands (Camarero
et al. 2005). Hence, the Castillo de Vinuesa forest was
selected for collecting the reference material for characterizing the pure species, as it is the closest P. uncinata
natural location to Puebla de Lillo (240 km) and due to the

Fig. 1 Pinus sylvestris L.
(horizontal line shading;
Euforgen 2009) and P. uncinata
Ramond ex DC (solid grey
shading; Marcysiak and
Boratyński 2007) natural
distribution ranges in Western
Europe, the location of the study
sites, and a detailed map of
Puebla de Lillo pinewood
(diagonal line shading
represents the pinewood and
white circles putative Pinus x
rhaetica Brügger trees)
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analogies between both forests (i.e. isolated stands, in the
south-western limit of the distribution area, completely
surrounded by P. sylvestris, similar altitudinal range).
Puebla de Lillo pinewood
Puebla de Lillo pinewood (León), located on the Southern
slope of the Cantabrian Range, is one of the westernmost
natural P. sylvestris forests in continental Europe, only
exceeded by the tiny stand of Serra do Gerês (Northern
Portugal) (Gaussen et al. 1964; Catalán Bachiller 1991). It is
located at 43°030 N 5°150 W, at the headwater of the Porma
River, with altitudes between 1,200 and 1,700 m a.s.l.
(Fig. 1). The full canopy structure from the lowlands
becomes incomplete at higher altitudes with harder slopes
until 1,700 m a.s.l. From there to the summit of Pico del
Pinar (2,009 m a.s.l.) heathlands dominate, and only a few
scattered pines grow till 1,850 m a.s.l. (photographs in
Online Resource 1). The pines with some P. uncinata-like
features, the putative P. x rhaetica, are among these trees
(Online Resource 1). Cambisols and Luvisols originating
from Silurian quartzites and sandstones are the most common soils. The climate is Atlantic with cold winters and
lower precipitation in summer (annual-average temperature
ca. 6 °C; annual precipitation ca. 1,300 mm; summer precipitation ca. 180 mm). The associated phytoclimatic
subtype is Oroborealoid transitional to nemoral—VIII(VI)
(Allué Andrade 1990). The area is catalogued as a public
utility land (monte n° 485 del Catálogo de Utilidad Pública),
and belongs to the Picos de Europa Regional Park. The
Natura 2000 network considers the pinewood and the upper
heathlands as a Site of Community Interest, and when Erica
tetralix L. is present it is classified as a Priority Habitat
(Council Directive 92/43/EEC). It is also a territory of the
Cantabrian capercaillie (Tetrao urogallus cantabricus), a
bird species at risk of extinction (Obeso 2004).
Materials
In 2005, 20 cones per tree were collected at Castillo de Vinuesa from 30 P. uncinata growing above 1,900 m a.s.l., and
from 30 P. sylvestris from the lowlands (1,300–1,600 m
a.s.l.). The separation among these two groups was over 2 km,
and pines within each group were separated at least 50 m for
minimizing relatedness.
That same year, over 40 cones per tree were collected
from 13 pines with any ‘‘uncinata-like’’ features (very
dense crown, dark needles, dark bark, cones with hooked
and recurved apophysis) located in the highest zone of
Puebla de Lillo pinewood (above 1,650 m a.s.l., Fig. 1,
Online Resource 1).
Seeds were extracted and mixed in three groups: Castillo
de Vinuesa P. uncinata (CVPU), Castillo de Vinuesa
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P. sylvestris (CVPS) and Puebla de Lillo pines (PLP). In
May 2006, seeds from the three groups (400 CVPU, 400
CVPS and 12,500 PLP) were sown and grown together,
under shading, in Forest-Pot 250 containers (1/4 vermiculite and 3/4 peat), at Castilla y León Forestry Service
Nursery in Valladolid (41°360 N 4°450 W, 689 m a.s.l.).
Characterization of 2 years old seedlings
At January 2008, based on the general aspect of the 2-yearold seedlings of Castillo de Vinuesa (CVPS and CVPU),
a subjective selection was carried out for identifying
P. uncinata type seedlings among the Puebla de Lillo pines
(PLP). Thirty-four of the 9,583 (0.35 %) Puebla de Lillo
plants presented features similar to CVPU plants (i.e.
needle colour, height, bud shape). Therefore, in order to
work with the same sample sizes, 34 individuals of each
species were randomly chosen among the reference material (CVPU, CVPS) for defining anatomical and morphological features which present differences between
P. sylvestris and P. uncinata. These reference plants were
studied attending to eight macroscopic morphological
measurements and one coefficient (Table 1): plant height
(H), height to first branch (H1), base diameter (BD),
number of lateral branches (NLB), needle length (NL, one
representative brachyblast from the middle height of the
plant was measured), number of terminal buds (NB), width
and length of the main bud (WB and LB) and the main bud
length/width ratio (BR = LB/WB).
Afterwards, seven secondary leaves from the bottom
third of each plant were immersed in F.A.A. solution (10
parts of formaldehyde, 85 parts of ethanol 70 % and 5 parts
of acetic acid) during 72 h and finally preserved in ethanol
70 % solution (Johansen 1940) until the epidermis and
cross section features were measured.
For evaluating the epidermis features, central needle
fragments—ca. 5 mm long—were boiled in water for
10 min to reduce or eliminate epicuticular waxes. Then, they
were macerated in Schulze reagent (Kerp 1990) and with the
help of a lancet, the mesophyll was removed. Two to six
epidermal preparations were photographed per tree with an
Olympus BX51 light microscope. We measured over 109
magnification photographs: surface stomatal density (SSD,
evaluated over a 0.163 mm 9 0.217 mm rectangle), linear
stomatal density (LSD, measured over several 0.325 mm
segments per sample), minor distance between stomatal
rows (mSR) and major distance between stomatal rows
(MSR). Afterwards, over the 1009 magnification photographs, stomatal length (SL), width (SW) and area (SA)
were measured for seven stomata as average for each tree.
Then, the stomatal length/width ratio (SR = SL/SW) was
calculated (Table 1, Fig. 2). The mean value for each variable and tree was calculated for subsequent analyses.
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Table 1 Morphological variables used to characterize the plants
Units
Macroscopical features
H

Plant height

cm

H1

Height to first branch

cm

BD

Base diameter

mm

NLB

Number of lateral branches

n°

NL

Needle length

cm

NB

Number of terminal buds

n°

WB

Width of the main bud

mm

LB

Length of the main bud

mm

BR

Main bud length/width ratio

Epidermal features
SSD
Surface stomatal density

n°/mm2

LSD

Linear stomatal density

n°/mm

mSR

Minor distance between stomatal rows

lm

MSR

Major distance between stomatal rows

lm

SL

Stomatal length

lm

SW

Stomatal width

lm

SA

Stomatal area

lm2

SR

Stomatal length/width ratio

Cross section features
MA

Mesophyll area

lm2

TTA

Transfusion tissue area

lm2

AF

Area of the phloem tissue

lm2

AX

Area of the xylem tissue

lm2

DVB

Distance between vascular bundles

lm

THE

Thickness of the epidermis and cuticle

lm

THH
THN

Thickness of the hypodermis
Thickness of the endodermis

lm
lm

NRC

Number of resin canals

n°

DRC

Diameter of the resin canals

lm

Central needle fragments were paraffin-embedded (Johansen 1940) and then cut using a Leitz-Wetzlar microtome for evaluating the cross section features. The cross
sections—20 lm thickness—were bleached with hot
sodium hypochlorite (NaClO 5 %), cleaned and stained
with safranin (Johansen 1940). One cross section was
observed per tree with the Olympus BX51 light microscope, and nine variables were measured with the software Cella 2.6 (Table 1, Fig. 2): mesophyll area (MA),
transfusion tissue area (TTA) and distance between vascular bundles (DVB) at 1009 magnifications, thickness of
epidermis including the cuticle (THE), thickness of
hypodermis (THH), thickness of endodermis (THN), area
of the phloem tissue (AF), area of the xylem tissue (AX),
number of resin canals (NRC) and diameter of the resin
canals (DRC, mean value per sample) at 409 magnification.

An analysis of variance (ANOVA) was run for each
variable (using the mean value for each tree) in order to
select the variables with significant differences between
the two taxa. All dataset accomplished the requirements
of normality and homoscedasticity using the original
values, except the variables plant height (H), height to
first branch (H1), bud ratio (BR), minor distance
between stomatal rows (mSR), stomatal area (SA) and
the number of resin canals (NRC), which were logtransformed. The variables that resulted significantly
different were then measured in the 34 previously
selected Puebla de Lillo seedlings. However, not all these
successful variables were incorporated in the subsequent
multivariate analyses in order to avoid strong correlations.
Two multivariate methods were employed for classifying
these seedlings objectively, only using the variables with
significant differences among the two species. First, a principal component analysis (PCA) was performed for evaluating the contribution of each parameter in the variability of the
whole data set, and to see where the 34 PLP individuals were
located in comparison with the CVPU and CVPS reference
trees. Next, a multiple discriminant analysis (MDA) was
performed on CVPS and CVPU data in order to obtain a
classification function for both taxa. Thereafter, the 34 Puebla
de Lillo plants were evaluated with that function in order to
obtain a second objective classification of the seedlings.
Finally, the trees that were classified as P. uncinata were
submitted to a least significance difference test (LDS) with
CVPU and CVPS pines. The software used for all the statistical analysis was Statgraphics 5.1.

cpDNA haplotype analysis
In 2012, needles were collected from 5 P. uncinata
(CVPU) and 5 P. sylvestris (CVPS) Soria reference seedlings, from the 13 Puebla de Lillo mother trees and from 27
of the selected Puebla de Lillo seedlings (PLP, 7 of the 34
seedlings had died). DNA was extracted from the needles
(ca. 50 mg of fresh material) using Invisorb Spin Plant
Mini kit (Invitek). For the detection of P. sylvestris,
P. uncinata and cryptic hybrids between them, we used a
cpDNA species-specific marker in the trnF-trnL region.
This marker has a restriction site polymorphism to the
enzyme DraI which is detected using PCR-RFLP method
that leads to an undigested PCR product for P. sylvestris
(haplotype S) and a digested one (two bands) for P. uncinata (haplotype M) (Wachowiak et al. 2005a, b; Jasińska
et al. 2010). PCR amplification was carried out in a total
volume of 15 ll containing about 10 ng of template DNA,
2.5 mM MgCl2, 100 lM each of dNTP, 0.2 lM each of
primer and 0.25U Taq polymerase (Fermentas) with the
respective 19 PCR buffer following the cycle profile and
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a

b

mSR

SA
MSR
SW

SL

c

m

rc
vb

d

end
tt

ph
x

THE

THH

e

THE
THH

DRC
DRC

Fig. 2 Microscopic photographs. a P. sylvestris epidermal sample
showing the measurement of the major (MSR) and minor (mSR)
distances between stomatal rows (scale bar 200 lm). b P. sylvestris
stoma showing the measurement of the stomatal length (SL), width
(SW) and area (SA) (scale bar 10 lm). c P. sylvestris needle cross
section showing mesophyll (m), endodermis (ed), transfusion tissue

(tt), phloem tissue (ph), xylem tissue (x), vascular bundle (vb) and
resin canal (rc) (scale bar 200 lm). d, e P. sylvestris and P. uncinata
needle sections indicating the measurements of the diameter of a resin
canal (DRC) and the thickness of the epidermis (THE) and the
hypodermis (THH) (scale bar 50 lm)

primer described by Taberlet et al. (1991). The PCR
products (10 ll) were digested overnight with DraI at
37 °C. Digested products were separated in 2 % agarose

gel, stained with ethidium bromide and analysed under UV
light. The samples were scored as S or M for the presence
of the diagnostic marker.
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Results
Differences between P. sylvestris and P. uncinata
The ANOVA revealed that 18 of the 27 variables studied
presented significant differences between P. sylvestris
(CVPS) and P. uncinata (CVPU) reference material
(Table 2).
All the macroscopic variables presented significant differences between P. sylvestris and P. uncinata, except the
needle length (NL) (Table 2). P. uncinata plants were
smaller than those of P. sylvestris, with 18 % lower base
diameter (BD) and 38 % lower plant height (H). Furthermore, P. uncinata developed less terminal buds (3 vs. 6 for
NB) and lateral branches (2 vs. 3 for NLB) than P. sylvestris. The main bud was more elongated in P. sylvestris
(BR, Fig. 3).
The ANOVA revealed significant differences between
P. sylvestris and P. uncinata in 6 of the 8 epidermal variables. The variables that were not different were the major
and minor distances between stomatal rows (mSR and
MSR). The stomatal density was lower in P. uncinata (both
variables SSD and LSD, Table 2). However, stomatal size
was smaller in P. sylvestris (SL, SW and SA), which
reached 13 % lower values for SA. The stomata of P. sylvestris were more rounded, with stomatal ratio (SR) closer
to 1.
Four of the cross section variables presented significant
differences in the ANOVA (Table 2). The needles of
P. uncinata had less resin canals than P. sylvestris (average
of 2.6 vs. 3.2 for the variable NRC) but with 13 % larger
diameter (DRC). The thickness of the epidermis (THE)
presented 17 % lower values in P. sylvestris and the distance between vascular bundles (DVB) was 17 % lower in
P. uncinata.
Finding Puebla de Lillo plants with P. uncinata type
features
The 18 variables that resulted significantly different in both
taxa were measured in the 34 selected seedlings from
Puebla de Lillo, and 14 of these successful variables were
finally incorporated in the multivariate analyses. The four
parameters included in the stomatal ratio (SL, SW) and bud
ratio (LB, WB) were rejected to avoid strong correlations
with these ratios.
In the principal component analysis (PCA), the first four
principal components had eigenvalues higher than 1, and
explained together the 60.07 % of the variability. The first
component reflected the 31.41 % of the variance and was
strongly directly related with the plant height (H), the
number of terminal buds (NB), the linear stomatal density (LSD) and the base diameter (BD). The second one
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explained the 10.88 % of the variance and presented high
positive contribution from the stomatal density (SSD and
LSD) and high negative contribution from the stomatal size
(SA) and the base diameter (BD). The third component
represented the 8.97 % of the variance, its main positive
contributors were the diameter of the resin canals (DRC)
and the thickness of the epidermis (THE), and the strongest
negative variables were the stomatal ratio (SR) and the
main bud ratio (BR). The fourth one explained the 8.81 %
of the variance and it was strongly influenced by the distance between vascular bundles (DVB), the thickness of the
epidermis (THE) and the number of resin canals (NRC).
The diagram of the individuals represented by their values
in the first and second principal components presented a
clear separation between the two reference groups corresponding to P. sylvestris and P. uncinata (Fig. 4). The first
principal component played the most important role, providing positive values for P. sylvestris and negative values
for P. uncinata. Nevertheless, the 34 individuals from
Puebla de Lillo became dispersed among the points of both
species, with positive and negative values in first and
second principal components.
The discriminant analysis revealed the plant height (H),
the stomatal area (SA), the linear stomatal density (LSD)
and the thickness of the epidermis (THE) as the most
influential variables. The discriminant function presented a
p value lower than 0.001 and a Wilks’ lambda of 0.13
(Table 3). The validation of the discriminant capacity
showed a 100 % rate of correct classification for P. sylvestris and a 97 % rate for P. uncinata. The classification
of the individuals from Puebla de Lillo group by this discriminant function provided 14 plants which were considered as P. uncinata-like individuals (Fig. 5). Twelve of
these fourteen individuals had negative values in the first
principal component, as most of the P. uncinata plants
(Fig. 4). Therefore, from the initial 9,583 Puebla de Lillo
seedlings, 14 (0.15 %) can be considered as P. uncinata.
The pairwise contrast performed with the 14 selected
Puebla de Lillo trees (PLP) and the reference groups from
Castillo de Vinuesa (CVPS and CVPU) confirmed that, as a
group, these selected trees were equal to P. uncinata
(CVPU) for all variables except four (Table 2). The 14 PLP
were intermediate in the bud width (WB) and similar to
P. sylvestris in bud length and shape (LB and BR). The
thickness of the epidermis (THE) was also intermediate for
the 14 PLP as a group, although the p value was 0.0597
(not significant).
cpDNA analysis
The 5 P. uncinata seedlings from Soria had the M plastid
haplotype typical of the species. The 5 P. sylvestris seedlings from Soria and the 13 Puebla de Lillo mother trees
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Table 2 Variables that differentiate significantly P. sylvestris (CVPS) and P. uncinata (CVPU)
Variable

Group

N

H

CVPS

34

27.65

3.30

19.10

33.70

CVPU

34

17.25

3.79

10.80

32.20

b

PLP

14

18.47

3.78

11.10

23.00

b

CVPS

34

2.29

0.58

1.10

3.30

CVPU

34

1.56

0.47

0.80

2.50

PLP

14

1.69

0.75

0.60

3.20

CVPS

34

4.17

0.39

3.28

4.98

CVPU

34

3.41

0.54

2.44

4.98

b

PLP

14

3.60

0.75

2.66

5.00

b

CVPS

34

2.88

1.07

1

5

CVPU
PLP

34
14

1.88
1.43

1.27
1.09

0
0

5
3

CVPS

34

6.00

1.48

3

11

CVPU

34

2.94

1.87

1

12

PLP

14

3.50

1.70

1

6

CVPS

34

2.99

0.42

1.90

3.91

CVPU

34

3.29

0.42

2.55

4.65

H1

BD

NLB

NB

WB

LB

BR

SSD

LSD

SL

SW

SA

SR

DVB

THE
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Mean

SD

Min

Max

PLP

14

3.11

0.71

2.30

4.56

CVPS

34

8.90

1.20

7.18

12.22

CVPU

34

7.65

1.25

6.27

12.65

PLP

14

9.23

1.89

7.18

14.14

CVPS

34

3.03

0.57

1.99

5.31

CVPU

34

2.35

0.40

1.56

3.33

P value

Pairwise contrast

Significance

0.0000

a

***

0.0000

a

***

b
b
0.0000

0.0008

a

a

***

***

b
b
0.0000

a

***

b
b
0.0041

a

*

b
ab
0.0001

a

***

b
a
0.0000

a

***

b

PLP

14

3.10

0.90

1.95

5.14

CVPS

34

920.91

187.68

448.68

1279.24

a

CVPU

34

684.16

191.25

447.75

1389.14

PLP
CVPS

14
34

746.07
46.70

159.92
4.67

489.13
36.63

1038.72
56.39

CVPU

34

38.49

4.76

28.13

47.91

b

PLP

14

39.99

4.04

35.17

50.77

b

CVPS

34

15.92

0.85

13.64

17.51

CVPU

34

17.64

0.88

14.61

19.12

PLP

14

17.84

0.77

16.34

18.89

CVPS

34

11.71

0.62

10.36

13.11

CVPU

34

12.11

0.79

10.56

13.54

PLP

14

11.81

0.57

10.92

13.08

CVPS

34

156.97

11.22

134.74

179.79

CVPU

34

180.80

16.83

129.16

206.84

PLP

14

174.75

12.23

159.52

193.19

CVPS

34

1.37

0.11

1.16

1.60

CVPU

34

1.46

0.10

1.24

1.70

PLP
CVPS

14
34

1.52
59.38

0.08
13.18

1.43
28.19

1.66
84.02

CVPU

34

49.36

12.62

27.55

73.64

PLP

14

45.88

12.35

29.24

70.36

CVPS

34

3.72

0.74

2.26

5.45

CVPU

34

4.49

0.85

2.89

6.43

b

PLP

14

4.30

2.77

2.72

13.74

ab

0.0000

a

***

b
0.0000

0.0000

b
a

a

***

***

b
b
0.0231

a

***

b
b
0.0000

a

***

b
b
0.0004

a

***

b
0.0021

b
a

***

b
b
0.0002

a

ns
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Table 2 continued
Variable

Group

N

NRC

CVPS

34

3.41

CVPU

34

2.56

PLP

14

CVPS
CVPU
PLP

DRC

Mean

SD

Min

Max

P value

1.02

2

5

0.66

2

4

b

2.79

0.70

2

4

b

34

9.91

1.87

6.77

15.13

34

11.44

1.76

8.61

15.34

b

14

11.35

1.62

9.16

15.26

b

0.0001

0.0009

Pairwise contrast

Significance

a

***

a

**

The p value corresponds to the ANOVA comparison of these two groups. The variables H, H1, BR, SA and NRC were log-transformed to
achieve the ANOVA assumptions, and their provided p values correspond to the analyses performed with the log-transformed data. The 14
Puebla de Lillo Pines (PLP) selected as P. uncinata with the multivariate methods are included for the least significance difference pairwise
contrast at 95 % of confidence (groups not containing the same letter are different; ns not significant, * \ 0.05; ** \ 0.01; *** \ 0.001)

Fig. 3 Characteristic terminal bud types of P. uncinata (left) and P. sylvestris (right) in 2-year-old seedlings (photographs: Daniel Álvarez)

Fig. 4 Scattered points diagram corresponding to the first and second principal component values for the three groups. The haplotypes of Puebla
de Lillo pines are also represented

had the S haplotype typical of P. sylvestris. From the 27
analysed Puebla de Lillo seedlings, 21 carried haplotype S
and 6 had haplotype M, normally diagnostic of P. uncinata.
Out of the 6 Puebla de Lillo seedlings with haplotype M,
5 belonged to the 14 classified as P. uncinata in the discriminant analysis (Fig. 5).

Discussion
The attained taxonomic differentiation between P. sylvestris and P. uncinata seedlings using morphological markers
enables the search for potential hybrid individuals of
P. x rhaetica in Puebla de Lillo pinewood. Most of the
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Table 3 Multiple discriminant analysis performed with the values of the 68 selected plants of reference material (34 P. sylvestris and 34 P.
uncinata) in the 14 selected variables
Number of cases: 68

Number of groups: 2

Discriminant function

Eigenvalue

% variance

Canonical correlation

1

6.56559

100.00

0.93157

Derived functions

Wilks’ lambda

Chi-square

d.f.

Significance

1

0.132177

119.3930

14

0.0000

Fig. 5 Diagram of the classification of the individuals involved in the discriminant analysis. Negative values correspond to trees classified as
P. uncinata type. Puebla de Lillo haplotypes are also represented

macroscopic morphological variables were successful in
the distinction between P. sylvestris and P. uncinata,
including the plant height, the height until the first branch,
the base diameter, the number of branches, the number of
buds and the main bud ratio. The seedlings of P. uncinata
seem to be better adapted to snow falls in the usually open
forests of the highest lands. The shorter size and the lower
number of branches (and buds) reduce the risk of being
damaged by the weight of the snow in combination with
the wind. In addition, the chance of being covered by snow
during the first winters could be a great advantage, as it
might protect the seedlings from extremely low temperatures and winds. The shorter size of P. uncinata seedlings
could also be related to the trade-off between growth and
construction of more resistant structures, in order to better
support snow, winds and frost. The shape of the buds
of P. uncinata—more rounded—may be a sign of their
stronger protection, but also a consequence of the formation of sturdier branches.
The needle length of both species was the same, in
contrast to what is expected as P. uncinata usually has
longer ones. Both groups provided lower values than those
usually recorded in the literature (Gaussen et al. 1964;
Castroviejo et al. 1986; Galera 1993; Boratyńska and
Bobowicz 2000, Boratyńska et al. 2008). This discrepancy
is probably due to the environmental conditions as well as
the age of the plants, because all these studies, with the
exception of one, analysed adult trees, while the plants of
this experiment were only 2 years old and grown together.
Differences in several anatomical characteristics among
needles from seedlings and adult tress have been documented. Moreover, the needles of young individuals of
Pinus uliginosa Neumann (3–4 years old), another taxon of
P. mugo complex, were more similar to needles from
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P. sylvestris than from adult P. uliginosa individuals
(Boratyńska et al. 2008). The stomatal density, stomatal
size and shape, distance between vascular bundles, thickness of the epidermis and the number and the size of the
resin canals presented significant differences. However, the
arrangement of the subsidiary cells in the stomatal complex
was similar in both groups, in contrast to other works
(Garcı́a Álvarez et al. 2009; Garcı́a Álvarez 2010).
The stomatal density has often been related to atmospheric concentration of CO2 and other environmental
parameters (Lin et al. 2001). Likewise, the size of the
stomata is considered to be environmentally dependent in
most plants (Tichá 1982), and has been linked with nursery
conditions in Pinus species (Woo et al. 2002). In the
present study, however, all plants were grown together
under the same treatments and procedures, so the differences found in these variables can be attributed to a genetic
origin. The values obtained for the stomatal density are
significantly lower in P. uncinata, while the stomatal size is
significantly higher, and the epidermis is significantly
thicker. The presence of a thicker epidermis and less stomata in the needles of P. uncinata has been reported in
previous works (Boratyńska and Bobowicz 2001), although
the absolute values of the variables differ from the literature, probably due to the different environmental conditions and age of the analysed plants (Boratyńska and
Bobowicz 2001; Stružková 2002; Sweeney 2004;
Boratyńska and Boratyński 2007; Boratyńska et al. 2008;
Garcı́a Álvarez 2010). All these features provide a better
defence against water loss in the needle of P. uncinata, and
could be interpreted as an adaptation to frost drought and
freeze-thaw events that affect alpine timberline conifers,
causing xylem disfunctions by winter embolism (Mayr
et al. 2006). Another alpine pine, Pinus cembra L., avoids
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critical water potentials that cause xylem cavitation by
having low cuticular transpiration when stomata are closed
(Mayr et al. 2003). Therefore, the thicker epidermis in
P. uncinata might result in lower cuticular transpiration
than in P. sylvestris. Finally, if bigger stomata allow faster
gas exchange, the larger size could partially compensate
for the lower number of stomata. In this way, the size of the
epistomatal chamber of P. uncinata and related taxa has
also been described as being larger than the P. sylvestris
one (Stružková 2002; Garcı́a Álvarez et al. 2009; Garcı́a
Álvarez 2010), but physiology studies should be performed
in order to demonstrate or refute these ideas.
The number of resin canals is a highly variable characteristic between several populations of P. uncinata, but
also a good characteristic to differentiate it from other
close taxa including P. sylvestris according to Boratyńska
and Bobowicz (2000, 2001), as occurs in our study. The
lower distance between vascular bundles detected in
P. uncinata makes possible a more centred location of the
vascular tissues inside the needle, providing stronger
resistance to freezing for these important tissues. This
could be an adaptation to cooler temperatures. On the other
hand, other tissues had similar areas in cross section (areas
of the mesophyll, transfusion tissue, phloem and xylem and
thickness of the hypodermis and the endodermis). The
presence of ‘softer’ sclerenchyma cells in P. uncinata has
also been marked by Boratyńska and Boratyński (2007).
The presence of Puebla de Lillo pine seedlings with
unexpected morphology (not typical P. sylvestris type) has
been noticed before in nursery plantations (Herrero, personal communication), although this is the first systematic
experiment carried out on this material. The multivariate
discriminant analysis detected 14 individuals from Puebla
de Lillo which presented P. uncinata morphological features, and 5 of these seedlings had P. uncinata haplotype
M. Chloroplast DNA is paternally inherited in pines.
Therefore, the seedlings were pollinated by P. uncinata
trees that have not been detected, or more likely they were
pollinated by hybrids carrying this haplotype. The location
of the mother trees makes the fecundation with pollen
coming from P. uncinata afforestations of the zone highly
improbable. They grow very far from the place, the geomorphology provides physical obstacles, the lowland
Puebla de Lillo pinewood produces large pollen clouds,
and most of the afforestations are too young to produce
enough pollen to compete with them (Mapa Forestal de
España 1:50.000, MFE50). Therefore, the most probable
explanation for this finding is that the trees with intermediate phenotypes from Puebla de Lillo highlands are
actually P. uncinata x P. sylvestris hybrids. Considering
that unidirectional hybridization towards P. sylvestris has
been suggested (Jasińska et al. 2010), that backcrosses with
P. sylvestris and F1 P. mugo complex hybrids have been
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described (Wachowiak and Prus-Głowacki 2008) and that
all mother trees presented haplotype S, we assume that the
mother trees are F2 or successive generation hybrids. Thus,
the extremely low percentage of P. uncinata type seedlings
found (0.15 %) is due to the low P. uncinata heritage in the
mother trees and to fecundation by pollen from the
P. sylvestris forest. The percentage is also lower because of
cryptic hybrids with P. sylvestris phenotype, such as the
seedling with haplotype M that was classified as
P. sylvestris.
The zone is located close to important passes (Las
Señales and San Isidro) which needed large pastures to
support the transhumant livestock. As a result, already in
AD 1,683, all the surroundings of the Puebla de Lillo
pinewood were deforested and transformed to pasture lands
(Rubiales et al. 2012). Therefore, P. uncinata and the trees
above 1,700 m a.s.l. probably disappeared more than three
centuries ago. Nowadays, the scattered trees are a regeneration that has established in the last 100 years from seeds
from the edge of the forest—the limit between P. sylvestris
and the hybrid belt—when livestock pressure disappeared.
Therefore, only hybrids remain in the area, especially
because high levels of grazing pressure have been associated with difficulties in P. uncinata recruitment in marginal
stands such as Castillo de Vinuesa (Camarero and
Gutiérrez 2007); and, once the heathers have occupied the
ground, their shadow prevents pine regeneration.
Nowadays, vegetation above the Puebla de Lillo relict
forest is mainly composed by heathlands, but the environmental conditions can support mountain pinewoods, as
shown by the presence of a suitable high altitudinal gap
between the forest and the summit, as well as the regional
Cantabrian phytoclimatic subtypes (Allué Andrade 1990;
Gonzalo 2010). However, the latter has to be considered
with precaution, as the local climatological descriptions are
based on interpolated data since few (or none) climatic
stations exist at high elevations.
In the light of all this data, the presence of a pine belt
with P. uncinata individuals in the upper part of Puebla de
Lillo pinewood until three or four centuries ago, could then
be considered a viable hypothesis to explain the finding of
the P. x rhaetica individuals. This is in accordance with the
opinion of several authors who refer to the possibility of
the presence of P. uncinata in some of the recently disappeared Cantabrian pinewoods (e.g. Costa Tenorio et al.
1997; Jalut et al. 2010; Rubiales et al. 2011). Furthermore,
the name Pico del Pinar reinforces the idea of the presence
of a pine forest in the surroundings of the highest peak, and
P. uncinata could be an even more plausible hypothesis
than P. sylvestris at the summit conditions. The cone
morphology of the 14 selected seedlings could be extremely helpful in future to complement this study. Cones
include some of the characters used to define the taxon
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P. uncinata (Gaussen et al. 1964; Castroviejo et al. 1986),
because their morphology is very different from P. sylvestris (Galera 1993), and very homogeneous among
Iberian populations (Marcysiak and Boratyński 2007).
Accordingly, the management of the higher lands of
Puebla de Lillo and the surroundings should bear this new
approach in mind. P. uncinata could not be used in reforestations in protected areas of the Cantabrian Range as it is
considered an allochthonous species. However, P. uncinata
became extinct recently in the Cantabrian Range due to
anthropogenic disturbances that favoured pastures and
scrubland for livestock. Therefore, we consider it should be
a species taken into account for habitat restoration. The
establishment of tessellated slopes with some pine patches
in the heathlands would increase structural and functional
diversity, as they would bridge together alpine-boreal
heathers and tree covered points. Furthermore, the presence
of mountain pines in the Cantabrian Range has been discussed as a resource that could improve conditions for the
Cantabrian capercaillie, a bird species endangered with
extinction (Rubiales et al. 2008; Gómez-Manzanedo et al.
2009). A policy to help the establishment of pine patches
with seedlings coming from the detected P. x rhaetica
individuals will probably find several obstacles, but it
makes sense in terms of biodiversity conservation. If the
expansion of n-generation P. uncinata descendants is
fomented in the higher zones, those seedlings with a higher
percentage of P. uncinata features will be fitter and
therefore, over time, selection will help recover this species. Subsequently, the main types of habitats to protect in
this zone should be not only the alpine-boreal heaths (code
4060) as Community interest type and E. tetralix heaths
(code 4020) as priority type, but also a particular kind of
P. uncinata forests (code 9430) as Community interest
type. Nevertheless, this pinewood deforestation process has
not only occurred in Puebla de Lillo surroundings, it has
also taken place in other areas of the southern slopes of the
Cantabrian Range. Therefore, management programmes
intended to preserve the biodiversity and increase the
environmental quality of these areas should take into
consideration the possibility of using P. uncinata for
reforesting the higher slopes.

Conclusions
Widespread tree species are frequently not taken into
consideration when protection zones and habitats are
established, due to historic local extinctions. This has
important implications on management, because if these
species are not considered native to an area, they are not
used for restorations neither reforestations. This has been
the case of P. uncinata in the Cantabrian Range. However,
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seedlings from Puebla de Lillo pinewood suggest the recent
disappearance of this species, and could be the base for the
recovery of the species in the region.
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(2011) Negative responses of highland pines to anthropogenic
activities in inland Spain: a palaeoecological perspective. Veg
Hist Archaeobot. doi:10.1007/s00334-011-0330-2
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