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Abstract. The calcareous pine forests have one of the highest species diversity among 
the forest communities in northern Europe. We analysed their classifi cation structure 
and the relationship with principal environmental variables on Gotland Island, South 
East Sweden. There were 14 species recorded in the tree layer, 60 species in the shrub 
layer, including 18 species of tree saplings, 273 species in the fi eld layer and 80 species 
in the moss layer. The former classifi cations of the Gotland’s calcareous pine forests 
are conducted too coarsely or without statistical justifi cation of established commu-
nity types. In the current study the stands were classifi ed into four community types, 
1) Arctostaphylos uva-ursi–Tortella tortuosa type, 2) Brachypodium sylvaticum–Rhytidi-
adelphus triquetrus type, 3) Carex montana–Scleropodium purum type and, 4) Geranium 
sanguineum–Scleropodium purum type. All these community types have signifi cantly 
different species content and they are mutually distinct also by numerous considered 
environmental variables. The species variation in the shrub, fi eld and moss layers was 
related primarily with three rather strongly correlated variables: tree layer height, 
abundance of Picea abies (L.) H.Karst. and soil humus horizon depth. Soils were mainly 
the Sceletic Regosols or Calcaric Gleyic Regosols, but also Rendzic Leptosols.
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Introduction
Gotland Island is famous among the plant 
ecologists due to its peculiar fl ora and veg-
etation (Sterner, 1922; Pettersson, 1958, 
1965). Though the alvar grassland com-
munities have been there the most exciting 
objects for botanists already from the 18th 
century (Linnaeus, 1745; cited by Giming-
ham et al., 1966), the calcareous pine forests 
constitute a major element of the landscape 
covering around 60% of the area (Bjørn-
dalen, 2002). These forests developed on 
shallow calcareous soils, usually having 
sparse and stunted tree layer, and the inso-
lation to the ground is high (Engelmark & 

Hytteborn, 1999). The fl oristic composition 
of Fennoscandian calcareous pine forests is 
complex, containing elements from a va-
riety of fl oristic/ecological species groups 
(Pettersson, 1965; Bjørndalen, 1980, 1985; 
Engelmark & Hytteborn, 1999).

The Scandinavian scientists have used 
several terms for naming these forests – 
calcicolous woods (Pettersson, 1965), ba-
siphilous forests (Bjørndalen, 1980, 1985), 
basicole forests (Engelmark & Hytteborn, 
1999) or forest on calcareous ground 
(Påhls   s on, 1998). In Estonia the respective 
com munities are called as ‘loopealsed met-
sad’ or ‘loometsad’ (Laasimer, 1965, 1975; 
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Paal, 1997; Lõhmus 2004), translated into 
English or Russian as ‘alvar forests’ (e.g. 
Laasimer, 1946, Сепп, 1962; Каар, 1964; 
Paal, 1998). Taking into account that in 
Sweden the term ‘alvar’ is traditionally 
used only for open grass lands on lime-
stone pavements and/or Rendzina soils 
(Albertson, 1946; Hægg ström, 1983, Rosén 
& Borgegård, 1999) we call these commu-
nities in the current paper for avoiding fur-
ther confusion as calcareous pine forests.

Considering that (i) these stands include 
numerous rare and red-listed species and 
present one of the highest species diver-
sity among the forest communities in the 
whole Nordic area (Bjørndalen, 1980) and, 
(ii) these forests are at the same time seri-
ously threatened in many regions (Bjørn -
dalen, 1985, 2002; Nitare, 2009), a more 
detailed analysis of their typology and 
relation ship with habitat conditions will 
en hance also their better management and 
protection practice. Effective conserva tion 
of plant communities cannot be obtained 
without a thorough knowledge of their 
diver sity, representativeness and rarity 
(Margules, 1986; Paal, 1998). From the 
other side, detailed vegetation classifi ca-
tion, mapping and description form the 
basis from which informed and scientifi -
cally defendable decisions can be made 
for infrastructure and management in the 
area (Aleksandrova, 1969; Shimwell, 1971). 
It is also of help in assessment of the an-
thropogenic impact on vegetation and its 
monitoring for protection or development 
purposes.

Along ecological and phytogeographi-
cal gradients in Fennoscandia numerous 
subtypes of calcareous pine forests can be 
recognized (Bjørndalen, 1980). Still, the 
typo logical variation of these forests in 
Gotland has been treated rather superfi -
cially and ambiguously, or without statis-
tical testing of the established community 
types. In our earlier paper (Paal et al., 2014) 
we compared the Gotland’s calcareous for-
ests with respective forests on Saaremaa 
Island and established their joint typology 

and ecological analysis. In the current pa-
per we aim (i) to perform a detailed analy-
sis of calcareous pine forests only on the 
ground of Gotland’s data, (ii) to establish 
the typology of these forests on the basis 
of multivariate methods and, (iii) to com-
pare our results with the classifi cations of 
former scholars.

Material and Methods

Data collection
Gotland Island is located in the Baltic Sea 
ca 60 km from mainland of southeastern 
Sweden and is formed of highly calcareous 
Cambro-Silurian strata (Pettersson, 1965). 
The majority of calcareous pine forests on 
this island are affected by intensive graz-
ing or of recent cuttings, but our interest 
in the current study was to analyse forests 
without obvious anthropogenic impact. 
Therefore, we carried out fi rst an inventory 
of these forests over the whole island, and 
in the fi nal selection only 34 stands at least 
0.5 ha in area were found suitable for anal-
ysis (Figure 1). Vegetation analyses were 
performed with round sample plots of an 
area of 0.1 ha (radius 17.8 m), which were 
fi tted within homogeneous forest patches.

Tree layer average height and canopy 
closure were evaluated visually. The basal 
area (BA) of trees with a diameter at breast 
height (1.3 m) of 5 cm and larger was mea-
sured by species using the Bitterlich relas-
cope. In every sample plot, the basal area 
measurement was repeated in 4–5 random 
locations and averaged per site. Young 
trees, having a height below 5 m and/or 
a diameter at breast height less than 5 cm 
were considered as saplings. Shrubs and 
saplings were recorded by counting their 
stems on fi ve randomly placed subplots 
with a radius of 2 m. The total projective 
cover of shrub, fi eld and moss layer was 
evaluated visually. For fi eld and moss 
layers a total species list over the 0.1 ha 
sample plot was compiled and their cover-
abundance rating was estimated according 
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to the following scale: 0.1 (single speci-
mens), 1 (average cover ≤ 1%), 2 (1–5%), 3 
(5–10%), 4 (10–25%), 5 (25–50%), 6 (> 50%).

Figure 1.  Location of the sample plots on Gotland 
Island.

Joonis 1.  Proovialade asukohad Gotlandi saarel.

For the morphological description of soils, 
a pit was dug in the middle of each sample 
plot. In the laboratory the following soil 
properties of the humus horizon and of the 
horizon under that were estimated: pHKCl, 
the percentage of organic C content by oxi-
dation of all organic matter with K2Cr2O7 
(according to Vorob’eva, 1998), the per-
centage of total nitrogen by the Kjeldahl 
method (van Reeuwijk, 1995), the percent-
age of free carbonates by titration (ISO 
10693, 1994). Loss on ignition was deter-
mined at 500 °C (Rowell, 1994). All analy-
ses were performed from the fi ne soil frac-
tion with a diameter less than 2 mm. 

The names of vascular plant species are 
taken from Lid & Lid (2005) and Halliday 
& Beadle (1983), names of bryophytes from 
Nationalnyckeln… (2006, 2008). Nomen-
clature of soils follows WRB (2006).

Data processing
Cluster analysis was based on the shrub, 
fi eld and moss layer data. For clustering 
the β-fl exible algorithm (McCune & Mef-
ford, 2011) and the chord distance as the 
measure of dissimilarity were used. Be-
fore the analysis species occurring in data 
less than three times were fi ltered out. The 
clusters (= community types) were estab-
lished on the basis of a dendrogram. The 
objectivity of relevés clustering was tested 
by the multi-response permutation proce-
dure (MRPP) (McCune & Mefford, 2011), 
taking into account the Bonferroni correc-
tion for multiple comparisons. An addi-
tional testing of the cluster analysis quality 
was conducted by the squared Mahalano-
bis distances between the type centroids, 
calculated on the ground of 10 fi rst princi-
pal component scores (Discriminant analy-
sis; StatSoft Inc., 2005).

The indicator values of the species in 
the clusters were calculated by the Dufrêne 
and Legrendre (1997) method included 
into the program package PC-ORD (Mc-
Cune & Mefford, 2011). The statistical sig-
nifi cance of the obtained indicator values 
were evaluated by the Monte Carlo per-
mutation test (N = 499).

Differences in single soil properties be-
tween the established soil types, as well as 
between the vegetation types were evalu-
ated by the univariate ANOVA, post-hoc 
Tukey LSD test and discriminant function 
analysis (StatSoft Inc., 2005).

For ordination of the sample plots and 
environmental variables the detrended 
correspon dence analysis (DCA) was used 
(McCune & Mefford, 2011).

Calcareous pine forests on Gotland, their typology and main soil properties
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Results

In tree layer we recorded altogether 14 spe-
cies, in the shrub layer 60 species, includ-
ing 18 species of tree saplings, in the fi eld 
layer (grasses + herbs + dwarf shrubs) 273 
species and in the moss layer 80 species. 
Soils were mainly the Skeletic Regosols or 
Calcaric Gleyic Regosols, but also Rendzic 
Leptosols. 

The variation in the shrub, fi eld and moss 
layers is determined primarily by three 
mutually rather strongly (r = 0.44–0.66) 
correlated variables: tree layer height, 
abundance of P. abies and soil humus ho-
rizon depth. That is well illustrated on the 
DCA ordination biplot (Figure 2); the fi rst 
DCA ordination axis has the highest cor-
relation with these variables (0.81, 0.74 and 
0.57, respectively). The fi rst ordination axis 

Figure 2.  DCA biplot of species and environmental variables. Notations: A-dep – depth of soil humus ho-
rizon (cm), Piab and Pisy – basal area (m2·ha–1) of Picea abies and Pinus sylvestris, respectively, 
Height – height of tree layer (m), Clos – closure of tree layer canopy, A-N and A-C – nitrogen 
and carbon content in soil humus horizon, respectively, 2-CaCO3  and 2-C/N – free carbonates 
content, and ratio of carbon and nitrogen content in soil horizon just below the humus horizon, 
respectively. Full sepecies names are presented in Appendix 1.

Joonis 2.  Liikide ja keskkonnategurite trendivaba vastavusanalüüsi ordinatsiooniskeem. Tä his tused: A-dep – 
mulla huumushorisondi paksus (cm), Piab ja Pisy – hariliku kuuse ja hariliku männi rinnaspind 
(m2· ha–1), Height – puurinde keskmine kõrgus (m), Clos – puurinde liitus, A-N ja A-C – mulla 
huumushorisondi lämmastiku- ja süsinikusisaldus, 2-CaCO3  ja 2-C/N – vabade karbonaatide sisaldus 
ja süsiniku ning lämmastiku suhe mulla huumushorisondile järgnevas horisondis. Liikide täielikud 
nimetused on esitatud lisas 1.
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describes 61.0% of the species total varia-
tion. Variables correlating mainly with the 
second ordination axis (soil CaCO3, C and 
N content) characterize only 5.7% of the to-
tal variation.

The vascular plant species having the 
stron gest positive relationship with the 
fi rst ordination axis are Mycelis muralis 
(L.) Dumort., Maianthemum bifolium (L.) 
F.W.Schmidt, Corylus avellana L., Aquilegia 
vulgaris L., Crataegus rhipidophylla Gand. and 
of the bryophytes Brachythecium veluti num 
(Hedw.) B., S. et G., Campylium sommerfeltii 
(Myr.) J. Lange and Lophocolea heterophylla 
(Schrad.) Dum. In the opposite end of the 
fi rst ordination axis are situated vascular 
plants such as Antennaria dioica (L.) Gaertn., 
Epipactis atrorubens (Hoffm. ex Bernh.) Bess-
er, Sedum acre L., Erophila verna (L.) Chevall. 
and the bryophytes Campylium chrysophyl-
lum (Brid.) J. Lange and Ditrichum fl exicaule 
(Schwaegr.) Hampe (Figure 2).

The cluster analysis grouped the rele-
vés into four community types (Figure 3) 
all having signifi cantly (p < 0.05) different 
species composition by the MRPP tests, 
even taking into account the rather conser-
vative Bonferroni correction for multiple 
comparisons. The signifi cance of squared 

Mahalanobis distances between the type 
centroids is < 0.005, except between the 
3rd and 4th type: there the p-value is 0.096, 
i.e. exceeds the conventionally accept-
able limit. In conformity with that on the 
ordination biplot (Figure 4) the fi rst three 
community types have all a well distinc-
tive location, only the last type has larger 
variation and is partly overlapping with 
communities of the 3rd type.

Distinctness of community types estab-
lished by their species content is similar 
also by the considered environmental vari-
ables: the signifi cance of squared Mahala-
nobis distances between the type centroids 
is in all cases < 0.005 except the 3rd and 4th 
type where the respective value is 0.230. At 
the same time numerous environmental 
variables appeared to be signifi cantly dif-
ferent for established community types not 
only by the ANOVA but also by the dis-
criminant analysis (Table 1).

The fraction of dendrogram represent-
ing the 4th cluster includes in fact three 
„branches“, alluding to the potentiality of 
further splitting that cluster to three sepa-
rate community types or subtypes; still on 
the basis of current data set distinguishing 
of these subclusters appeared statistically 

Figure 3. Cluster analysis dendrogram.

Joonis 3. Klasteranalüüsi dendrogramm.
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Table 1.  Community structure characteristics and soil properties in the established community types. No-
tations: X – arithmetical mean, SD – standard deviation, ANOVA – one way analysis of variance, 
DA – backward stepwise discriminant analysis, F – F-criterion, p – signifi cance level; Height – 
height of tree layer (m), Closure – closure of tree layer canopy, Piab – basal area (m2·ha-1) of 
Picea abies, Pisy – basal area of Pinus sylvestris; Shrub, Field, Moss – projective cover of shrub, 
fi eld and moss layers, respectively; A – soil humus horizon, 2 – soil horizon just below the humus 
horizon, A-depth – depth of soil humus horizon (cm), pH – soil pH measured in KCl solution, N, C 
and CaCO3 – nitrogen, carbon and free carbonates content (%), C/N – ratio of carbon and nitrogen 
content, LOI – loss on ignition (%). In each row, different superscript letters denote signifi cant 
differences between the community types by Tukey Unequal N HSD test.

Tabel 1.  Kooslusetüüpide taimkatte struktuuri ise loomustavad karakteristikud ning mulla omadused. Tähistu-
sed: X – aritmeetiline keskmine, SD – standardhälve, ANOVA – ühefaktoriline disprsioopnanalüüsi 
tulemused, DA – tunnuste sammuviisilise väljajätuga diskriminantanalüüsi tulemused, F – F-kri-
teerium, p – olulisustõenäosus; Height – puurinde keskmine kõrgus (m), Closure – puurinde liitus, 
Piab – hariliku kuuse rinnaspind (m2·ha-1), Pisy – hariliku männi rinnaspind; Shrub, Field, Moss – 
vastavalt põõsa-, puhma-rohu- ja samblarinde üldkatvus; A – mulla huumushorisont, 2 – huumusho-
risondile järgnev mulla  horisont. A-depth – huumushorisondi paksus (cm), pH – pH KCl lahuses, N, C 
and CaCO3 – vastavalt lämmastiku, süsiniku ja vabade karbonaatide sisaldus (%), C/N – süsiniku ja 
lämmastikusisalduse suhe, LOI – kuumutuskadu (%). Tabeli igas reas on täheliste ülaindeksitega tä-
histatud kooslusetüüpidele omased oluliselt erinevad väärtused Tukey ebavõrdse N HSD testi põhjal.

Variable /
Tunnus

Community type / Kooslusetüüp ANOVA DA

1 2 3 4
F p F p

X SD X SD X SD X SD

Height 8.5c 1.3 20.2a 4.1 14.7b 3.2 13.7b 3.4 9.32 <0.001 0.40 0.753

Closure 0.5ab 0.2 0.6a 0.1 0.4b 0.1 0.4b 0.1 4.17 0.014 0.96 0.431

Piab 0.0b 0.0 8.9a 9.6 1.3b 1.8 1.6b 2.3 5.35 0.005 12.83 <0.001

Pisy 17.4 3.4 11.5 8.5 15.4 1.8 16.1 3.6 1.81 0.168 0.17 0.917

Shrub 17.0 17.1 43.0 28.2 27.0 6.7 37.0 11.9 3.27 0.035 1.75 0.190

Field 40.0b 14.1 52.0ab 23.9 72.0a 14.0 51.3b 20.7 3.93 0.018 2.44 0.094

Moss 33.8 28.1 59.0 27.5 51.0 19.7 57.2 23.7 1.07 0.376 0.55 0.652

A-depth 1.5b 1.0 12.2a 4.0 7.7a 3.8 7.2ab 4.8 5.17 0.006 0.37 0.774

A-pH 6.3 1.1 6.0 1.0 6.6 0.5 6.4 0.5 0.97 0.423 7.56 0.001

A-N 1.2a 0.2 0.9ab 0.4 0.4c 0.2 0.6bc 0.4 7.93 0.001 5.67 0.005

A-C 32.7a 6.0 19.6ab 10.9 6.2c 2.4 11.4bc 9.3 11.91 <0.001 6.69 0.002

A-LOI 65.6a 30.3 65.0a 17.5 20.0b 6.3 33.4ab 28.2 6.50 0.002 18.84 <0.001

A-CaCO3 7.9a 2.3 4.8ab 2.8 2.8b 1.8 3.7b 2.9 4.11 0.015 0.09 0.964

A-C/N 27.3a 3.4 19.5ab 5.0 17.4b 3.8 18.6b 4.4 5.32 0.005 4.36 0.015

2-pH 7.2 0.1 7.1 0.3 7.2 0.3 7.2 0.3 0.12 0.947 2.27 0.112

2-N 0.7 0.2 0.6 0.6 0.2 0.1 0.4 0.3 2.63 0.069 15.50 <0.001

2-C 15.2a 4.1 10.1ab 9.6 3.5b 1.8 6.3b 5.1 5.33 0.005 13.19 <0.001

2-LOI 39.6 19.0 28.8 27.8 15.3 4.6 19.5 14.8 2.59 0.072 13.72 <0.001

2-CaCO3 17.8a 3.3 9.3ab 5.3 7.7b 4.6 7.5b 5.4 4.50 0.010 0.19 0.902

2-C/N 23.0a 4.2 15.5b 3.1 14.0b 2.1 15.3b 2.4 11.36 <0.001 0.59 0.632

J. Paal, E. Rajandu
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unfounded. Considering the dominant 
and/or indicator species (Appendix 1), the 
community types can be labeled as: 1) Arc-
tostaphylos uva-ursi–Tortella tortuosa type, 
2) Brachypodium sylvaticum–Rhytidiadelphus 
triquetrus type, 3) Carex montana–Sclero-
podium purum type and, 4) Geranium san-
guineum–Scleropodium purum type.

In the communities of Arctostaphylos 
uva-ursi–Tortella tortuosa type the tree layer 
is very stunted with an average height of 
8.5 m and includes only Pinus sylvestris L. 
(Table 1). The projective cover of shrub, 
fi eld and moss layer is comparatively ten-
ous (17%, 40% and 34%, respectively), and 

the species number in fi eld and shrub lay-
ers is lower than in other community types. 
The shrub layer is formed mainly by Juni-
perus communis L. and Sorbus aucuparia L. 
In the fi eld layer additionally species such 
as Vaccinium vitis-idaea L., Melampyrum 
pratense L. and Festuca ovina L. should be 
mentioned, in moss layer Rhytidiadelphus 
triquetrus (Hedw.) Warnst. and Hypnum 
cupressiforme Hedw. var. lacunosum Brid. 
(Appendix 1). Besides the title species, sig-
nifi cant indicators in the fi eld layer are E. 
atrorubens, A. dioica and Pilosella offi cinarum 
(Mérat) F.W.Schultz et Sch.Bip. ssp. pele-
teriana, in the moss layer D. fl exicaule and 

Figure 4.  DCA biplot of sample plots and environmental variables. Notations: Stot, Sshrub and Sfi eld – total 
number of species, number of shrub layer and fi eld layer species, respectively, Moss – total cover 
of moss layer. Other notations as in Figure 2.

Joonis 4.  Proovialade ja keskkonnategurite trendivaba vastavusanalüüsi ordinatsiooniskeem. Tähistused: Stot, 
Sshrub ja Sfi eld – liikide koguarv, põõsarinde liikide arv ja puhma-rohu rinde liikide arv, Moss – samb-
larinde üldkatvus. Muud tähistused nagu joonisel 2.
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H. cupressiforme var. lacunosum. The soils of 
these communities have a very shallow hu-
mus horizon (ca 1.5 cm). The C and CaCO3 
content and the N/C ratio in the humus 
horizon but also in the horizon below are 
the highest among the studied samples 
(Table 1). Communities of the Arctosta-
phylos uva-ursi–Tortella tortuosa type were 
found in the northern and eastern Gotland 
(Figure 1).

The Brachypodium sylvaticum–Rhytidi-
adelphus triquetrus type communities have 
the highest tree layer and the basal area of 
P. sylvestris and P. abies is almost equal, but 
some Betula pendula Roth and Quercus robur 
L. are represented as well (Appendix 1). 
These stands have the most dense canopy. 
In the shrub layer C. avellana and Sorbus in-
termedia (Ehrh.) Pers. are characteristic, in 
the fi eld layer, in addition to Brachypodium 
sylvaticum (Huds.) P.Beauv. species such as 
Anemone nemorosa L., Convallaria majalis L. 
and Hepatica nobilis Mill. grow abundantly. 
Among essential indicator species also Lis-
tera ovata (L.) R.Brown, M. muralis, Paris 
quadrifolia L. and Rubus caesius L. are note-
worthy (Appendix 1). Soils in these com-
munities have the thickest humus horizon, 
their pH is comparatively low, whereas the 
N content and humus content have high 
values, almost equal to soils of the previ-
ous community type (Table 1). The Brachy-
podium sylvaticum–Rhytidiadelphus trique-
trus type communities are represented in 
various parts of the island (Figure 1).

The tree layer of the Carex montana–
Scleropodium purum type communities has 
average height, comprises beside P. sylves-
tris only some single P. abies trees and its clo-
sure usually does not exceed 0.4. The shrub 
layer is rich in J. communis but includes nu-
merous other species, e.g. Berberis vulgaris 
L., Cotoneaster scandinavicus B.Hylmö, C. 
canescens Vestergr. ex B.Hylmö, Prunus cer-
asus L., Rosa mollis Sm. etc. The fi eld layer is 
well developed, its mean coverage is over 
70%. Together with the title species prevail 
Brachypodium pinnatum (L.) P.Beauv., Carex 
fl acca Schreb., F. ovina, Calluna vulgaris (L.) 

Hull, Galium boreale L., Scorzonera humilis L. 
and Sesleria caerulea (L.) Ard. (Appendix 1). 
The pH of the humus horizon is subneu-
tral (6.6), whereas the N, C, CaCO3 content 
and the C/N ratio have the lowest value 
among the compared samples (Table 1). 
Substantial participation in fi eld layer of C. 
fl acca and S. caerulea indicates that soils are 
to some degree gleyed. The Carex montana–
Scleropodium purum type communities are 
situated in eastern part of island in the sur-
roundings of Slite but also in the central 
part of Gotland (Figure 1).

In the analysed data the Geranium san-
guineum–Scleropodium purum type is repre-
sented with the largest number of relevés. 
Tree and shrub layers are quite similar 
with the communities of the previous type 
but the ground vegetation of these com-
munities contains the largest number of 
species. The signifi cant indicator species 
for this type are also Filipendula vulgaris 
Moench, Briza media L., Helianthemum num-
mularium (L.) Mill. non Grosser and J. com-
munis, but to some extent the latter species 
are represented in all studied communities 
(Appendix 1). Moreover, relatively rather 
abundant are species such as B. sylvaticum, 
B. pinnatum, C. fl acca, F. ovina, Fragaria vesca 
L., S. caerulea and H. nobilis. The soil prop-
erties of these communities have medium 
value, and like the soils of the 3rd com-
munity type, by the frequncy of S. caeru-
lea and C. fl acca, here also some gleying is 
observable. The communities of Geranium 
sanguineum–Scleropodium purum type occur 
mainly in northern Gotland (Figure 1).

Discussion

The majority of authors have charaterized 
the typological variation of the Gotland 
calcareous pine forests just casually or on a 
rather generalized level. According to Ser-
nander (1894), the calcareous pine forests 
on Gotland can be defi ned as pinetum her-
bidum. Hesselman (1908) has pointed out 
that the Arctostaphylos uva-ursi (L.) Spreng. 
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pinewoods are typical to the northern Got-
land, whereas herb-rich pinewoods (pineta 
herbida) occupy larger areas in other parts 
of the island. Marker (1969) has mentioned 
that in Gotland communities of Peucedano–
Pinetum and Melico–Pinetum occur, and Ki-
elland-Lund (1981) claims that Gotland’s 
pine forests belong solely to the Melico–
Piceetum pinetosum subassociation of the 
Melico nutantis–Piceetum abietis association. 
Påhlsson (1998) referred in general the re-
spective forests to pine forests on calcare-
ous ground. 

According to the synchorological clas-
sifi cation carried out by Bjørndalen (1980), 
these communities in Gotland are present-
ed by the Baltic association of Seslerio–Pi-
netum. Later, in a more refi ned classifi ca-
tion system Bjørndalen (1985) divided the 
so-called true basidophilous forests of the 
Convallario–Pinetum association into three 
main types distinguished by moisture con-
ditions, and further into several geograph-
ical races. Gotlands race of xerophilous 
forests group includes species-rich forests 
where numerous southeastern species oc-
cur. A prevailing species is A. uva-ursi, typ-
ical are also Calamagrostis varia (Schrad.) 
Host, Galium triandrum Hyl., H. nummu-
larium, S. caerulea and Vincetoxicum hirun-
dinaria Medik. Forests of the Gotland’s race 
of herb-rich (mesic) type are even richer 
in species and several of them can have a 
dominating position, e.g. B. pinnatum, B. 
sylvaticum, C. varia, C. majalis, F. vulgaris, 
Geranium sanguineum L., S. caerulea and V. 
hirundinaria. Forests belonging to the sea-
sonal hygrophilous type are found in the 
southernmost part of Gotland. In these 
communities Inula salicina L. and calciphi-
lous/hygrophilous species are more prom-
inent.

The most detailed classifi cation of Got-
land forests has been published by Du Rietz 
(1925). He described altogether nine P. syl-
vestris dominated associations on more or 
less calcareous mineral soils: 1) Pinus sylves-
tris–Arctostaphylos uva-ursi association with 
four variants – (i) pure, on shingle, (ii) nor-

mal, (iii) grass-rich and, (iv) moss-rich; char-
acteristic for the association are also Campan-
ula persicifolia L., Lathyrus vernus (L.) Bernh. 
and S. humilis; 2) herb-rich variant of Pinus 
sylvestris–Calluna vulgaris–Hylocomium asso-
ciation on till covered rocks; 3) Pinus sylves-
tris–Festuca ovina association on talus slopes 
of the klint; 4) Pinus sylvestris–Asperula tinc-
toria association on shallow soils where also 
G. sanguineum, Globularia vulgaris L. and F. 
ovina occur, and what has certain similarity 
with communities of the fi rst association; 5) 
Pinus sylvestris–Hepatica nobilis association, 
affi ne with previous association; 6) Pinus 
sylvestris–Anemone nemorosa association on 
soils with thicker layer of moraine on bed-
rock; 7) Pinus sylvestris–Crataegus–Anemone 
nemorosa association, comprising the most 
species-rich and lush pine forests on Got-
land; 8) Pinus sylvestris–Melica nutans as-
sociation in habitats where the bedrock is 
covered with moraine of variuous thickness 
and, 9) Pinus sylvestris–Sesleria caerulea as-
sociation in habitats with nearly stagnant 
water. Still, with these community types we 
must consider that each of them has been 
established according to the state of art on 
the ground of a very scanty number of rele-
vés and, therefore, from the statistical point 
of view they are not reliable.

Nevertheless, the Arctostaphylos uva-
ursi–Tortella tortuosa type delimited in the 
current analysis has certain similarity with 
the grass-rich and moss-rich variants of 
the Pinus sylvestris–Arctostaphylos uva-ursi 
association established by Du Rietz (1925), 
but C. persicifolia and L. vernus had a very 
low frequency in all our sample, and S. hu-
milis appeared instead to be an indicator 
species of the Carex montana–Scleropodium 
purum type.

Our communities of the Brachypodium 
sylvaticum–Rhytidiadelphus triquetrus type 
have fi rst of all a high affi nity with the 
Pinus sylvestris–Anemone nemorosa asso-
ciation, and partly with the Pinus sylves-
tris–Hepatica nobilis association of Du Rietz 
(1925). According to Bjørndalen (1985), 
these communities belong to the Gotland’s 

Calcareous pine forests on Gotland, their typology and main soil properties
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race of herb-rich (mesic) type of the Conval-
lario–Pinetum association.

The present Carex montana–Scleropodi-
um purum type does not have an analogue 
among Du Rietz’ (1925) associations; no 
type is presented there where Carex mon-
tana L. or B. pinnatum have a dominating 
po sition. By Bjørndalen (1985) this forest 
type is also embraced by the Gotlands race 
of herb-rich (mesic) type of the Convallario–
Pinetum association.

The Geranium sanguineum–Scleropodium 
purum type is characterized by the largest 
internal variation, therefore it does not cor-
respond well with any classifi cation unit of 
the previous authors. A certain similarity 
can be followed by Du Rietz’ (1925) associa-
tions of Pinus sylvestris–Crataegus–Anemone 
nemorosa, Pinus sylvestris–Anemone nemoro-
sa, Pinus sylvestris–Hepatica nobilis, but also 
by Pinus sylvestris–Sesleria coerulea. Due to 
the locally occuring coherence with gleyic 
soils, communities of the considered type 
have partly an affi nity with Gotland’s race 
of seasonal hygrophilous basiphilous pine 
forests characterized by Bjørndalen (1985).

The community types described in 
the current paper are in good conformity 
with the respective types established in 
our previous paper dealing with compari-
son of calcareous pine forests in Saaremaa 
and Gotland Islands (Paal et al., 2014). De-
spite of a larger sample, the difference is 
expressed only by the importance of some 
bryo pytes as indicator species: instead of 
Tortella tortuosa (Hedw.) Limpr. in the cur-
rent Arctostaphylos uva ursi–Tortella tortuosa 
type the H. cupressiforme var. lacunosum. 
has higher indicator value, and in Gera-
nium sanguineum–Scleropodium purum type 
the T. tortuosa is more prominent.

By reference to the analysis presented 
above we can conclude that the calcareous 
forests in Gotland are classifi ed by former 
scholars whether too roughly, interpreting 
them all representing only one (Sernander, 
1894; Hesselman, 1908; Kielland-Lund, 
1981; Påhlsson, 1998) or two (Marker, 1969) 
typo     logical units, or splitting them into 

many small associations (Du Rietz, 1925) 
whereby the statistical validity of estab-
lished typological units has not been tested 
by anybody. We hope that the current pa-
per will provoke in future more throrough 
studies of the peculiar calcareous forests in 
Gotland including aspects of their dynam-
ics due to the anthropogenic factors.

Our results confi rm the extraordinary 
species richness of calcareous pine forests 
among the nordic forest types. These for-
ests surely need special attention in respect 
of biodiversity preservation (cf. Bjørn-
dalen, 2002; Nitare, 2009). Similarly to the 
alvar meadows, the present calcareous 
pine forest on Gotland have been formed 
just due to the long-time human impact 
(Sernander, 1894; Pettersson, 1950, 1958, 
1965; Nitare, 2009). A large part of these 
forests is continuously used for grazing 
but also for felling. If the grazing will be 
stopped, the stands with rather open can-
opy will develop towards higher closure 
and many heliophilous plant species will 
be outcompeted as it happens with over-
groving of alvar meadows by shrubs (e.g. 
Rosén, 1982; Hæggström, 1983; Rosén & 
Borgegård, 1999). Therefore the total cessa-
tion of human activities does not seem to 
be the best practice here.
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Gotlandi kaltsifi ilsed männikud; nende tüpoloogia ja 
muldade peamised omadused

Jaanus Paal ja Elle Rajandu

Kokkuvõte

Kaltsifi ilsed männikud on ühed Põhja-
Euroopa liigirikkaimad metsakooslused. 
Töös käsitletakse nende metsade klassifi -
katsioonistruktuuri ja seost peamiste mul-
laomadustega Rootsi kauguosas paikneval 
Gotlandi saarel. Metsade puurindes tuvas-
tati kokku 14 liiki, põõsarindes koos noorte 
puudega 60 liiki, puhma-rohurindes 273 
liiki ning samblarindes 80 liiki taimi. Vara-
semate uurijate poolt on Gotlandi kaltsifi il-
seid männikuid käsitletud kas kuuluvate-
na ühte või kahte klassifi katsiooniüksusse, 
või siis on eristatud hulk väikesemahulisi 
assotsiatsioone, kusjuures ühelgi juhul ei 
ole testitud eristatud üksuste statistilist 
põhjendatust. Käesolevas töös klassifi tsee-
riti käsitletud metsakooslused nelja tüüpi: 
1) Arctostaphylos uva-ursi–Tortella tortuosa 

tüüp, 2) Brachypodium sylvaticum–Rhytidia-
delphus triquetrus tüüp, 3) Carex montana–
Scleropodium purum tüüp ja 4) Geranium 
sanguineum–Scleropodium purum tüüp. Kõi   -
gile kooslusetüüpide liigiline koosseis on 
statistiliselt oluliselt erinev, samuti eri-
nevad nad oluliselt paljude keskkonnapa-
rameetrite osas. Põõsa-, puhma-rohu ning 
samblarinde liigiline koosseis ning liikide-
vahelised ohtrussuhted sõltuvad peami -
selt kolmest omavahel üsna tugevalt kor-
releeritud keskkonnategurist: puurinde 
kõrgusest, kuuse ohtrusest puurindes ning 
mulla huumushorisondi sügavusest. Mul-
lad on enamasti rähksed rendsiinad või 
gleistunud rähksed rendsiinad, harvem 
paepealsed mullad.
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