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The degradation and loss of suitable habitats are the most 
serious threats to species worldwide (e.g. Millennium Ec-
osystem Assessment 2005). Owing to their morphologi-
cal and dispersal limitations, most bryophytes have very 
narrow habitat ranges and are thus, extremely sensitive to 
changes in the quality of their habitat (Hallingbäck and 
Hodgetts 2000, Vitt and Wieder 2009). 

Springs belong to one of the 16 global key habitat 
groups for bryophytes (Hallingbäck and Hodgetts 2000). 
The physical and chemical properties of emerging ground 
water and the resulting unique semi-aquatic habitat en-
able the existence of a flourishing and distinctive bryo-
phyte community (Eurola et al. 1984, Hallingbäck and 
Hodgetts 2000, Barquín and Scarsbrook 2008). Springs 
have been considered to be stabile habitats which harbour 
stabile communities. According to Warncke (1980), relict 
species in springs indicate long term stability with respect 
to physical and chemical properties. This stability is ex-
pressed as the persistence of species occurrences and the 
stability of the species abundance ratio in the absence of 
disturbance. In today’s vastly changing landscape, springs 

have also been subject to major disturbances. A decline 
in spring and related rich fen bryophytes resulting from 
anthropogenic factors, such as the increase of local human 
disturbance and loss of suitable habitat, have been shown 
to have occurred in several European countries (Kooijman 
1992, Gunnarson et al. 2000, Heino et al. 2005).

My aim here is to analyze the changes in occupancy 
and abundance of bryophyte flora after 50 years in the 
springs of the Salpausselkä ice-edge formation, southeast 
Finland. The level of anthropogenic change has increased 
significantly since the 1950s (Ulvinen 1955, Juutinen 
2007, Juutinen and Kotiaho 2009) and thus, significant 
changes in the occupancy and abundance of bryophytes 
are expected. I also examine the role that the increasing 
degree of human disturbance has in the observed species 
changes. According to the Status Survey and Conservation 
Action Plan for Bryophytes (Hallingbäck and Hodgetts 
2000), a comparison of the bryophyte floras of undis-
turbed and disturbed areas is required in order to identify 
such species which are unable to persist in disturbed areas. 
I will also attempt to identify these species in springs. 

The decrease of rich fen bryophytes in springs as a consequence 
of large-scale environmental loss. A 50-year re-sampling study

Riikka Juutinen

R. Juutinen (rjuutinen@gmail.com), The Centre of Excellence in Evolutionary Research, Dept of Biological and Environmental 
Science, PO Box 35, FI–40014 University of Jyväskylä, Finland. 

As sensitive indicators of environmental change, many bryophytes are particularly threatened by the degradation of 
habitats. A long term re-sampling study of bryophyte flora was conducted in springs in southeast Finland, in which 
the species occupancy and abundance, as well as the degree of human disturbance, of 60 springs were reinvesti-
gated after a period of 50 years. A significant decrease was observed in the spring specialist species’ occupancy and 
abundance, and bryophytes of spring-fed rich fens were found to have become regionally even rarer and locally less 
abundant than other spring specialists. The negative reaction of least concern (LC) species raises concern regarding 
the future of even common spring and rich fen bryophytes. The increase of human disturbance was found to poorly 
explain the observed negative changes and it was inferred that they are mainly caused by the almost total destruction 
of springs with rich fen characteristics. Thus, the protection of groundwater influenced rich fens independent of their 
degree of human disturbance is essential to the future of many specialized spring bryophytes.

© 2011 The Authors. This is an Open Access article.



3

Material and methods

Study area

A baseline for the study was a spring vegetation inventory 
of the boreal outermost Salpausselkä ice-edge formation, 
SE Finland (60–61°N, 26–28°E) from the year 1953 (Ul-
vinen 1955). At that time, the degree of human distur-
bance in the springs varied between completely culturally 
influenced peat excavation sites and pristine springs, the 
majority of the springs being at a natural or semi-natural 
state. After 50 years of conventional forestry, a significant 
increase in the degree of human disturbance, a major 
drop in the species diversity and changes in the commu-
nity composition were observed (Juutinen and Kotiaho 
2009).

Field methods

I was able to locate 60 springs out of the original 77, with 
the remaining 17 springs being designated as destroyed. 
During the study in summer 2006 I reinvestigated the 
degree of human disturbance and bryophyte flora of the 
springs, strictly repeating the methods of Ulvinen (1955) 
whenever possible. The degree of human disturbance was 
assessed prior to the bryophyte sampling, using a four-
class division modified from Ulvinen (1955): 1) com-
pletely at a natural state, 2) somewhat at a natural state, 3) 
somewhat culturally influenced and 4) completely cultur-
ally influenced. I considered the amount and effect of the 
ditches, the effect of forestry operations, the clearing of 
spring pools/brooks etc. and developed strict applicable 
criteria for assessing the degree of human disturbance of 
springs (Juutinen and Kotiaho 2009, 2011). For example, 
a site where the ground water influence was solely visible 
in ditches obtained a degree of human disturbance 4 and 
a mildly ditched site where a majority of the spring (over 
2/3) was in pristine state and the surrounding forest was 
natural, obtained 2. The destruction of springs I defined 
through the absence of spring specialist bryophytes. This 
pragmatic definition was essential and related to the fact 
that mere physical factors (i.e. cold running spring water) 
are not adequate for identifying even natural state seeping 
springs in the field. I acknowledge, though, that a down-
fall in my definition is that springs with no spring special-
ist bryophytes are never recognized as springs. 

Bryophyte flora (Bryophyta and Marchantiophyta) 
were sampled in 2006 using five, and in 1953 zero to six, 
haphazardly assembled 1 × 1 m quadrates per spring. The 
cover of each species was assessed to the nearest 1% and 
averaged to represent the whole spring. In addition, all 
of the spring bryophyte species which were living outside 
the quadrates within the spring influenced area were re-
corded in both years. Taxonomical units were equalized 

after sampling for subsequent comparisons between the 
years. For example, Rhizomnium magnifolium (Koponen 
1968) has been distinguished at a species level only after 
Ulvinen’s (1955) study. Some species groups (e.g. Scorpid-
ium cossoni – S. revolvens) were treated collectively. A total 
of 88 bryophyte taxa were found in 2006. In addition to 
taxonomical combinations, some highly sporadic species 
and generalists, which were not considered to have been 
recorded thoroughly either year, were not included, leav-
ing 52 taxa for statistical analyses. 

To aid the interpretation of results, I divided the bryo-
phytes into three species groups, according to Eurola et 
al. (1984) and Ulvinen et al. (2002): Spring bryophytes, 
spring – rich fen bryophytes and other bryophytes. The 
group of spring bryophytes consists of spring specialist 
bryophytes not confined to springs occurring in rich open 
mires, spring – rich fen bryophytes are species found from 
groundwater influenced rich fens, while the other bryo-
phytes are species of spruce and pine mires, swamps and 
fens. Nomenclature and Red-List status follows Ulvinen 
et al. (2002), Ulvinen and Syrjänen (2009). 

Statistics

The change of species occupancy was tested using non-
parametric sign test. The occupancy was defined as a 
relative frequency of occupancy. The bryophyte flora of 
destroyed springs was not recorded, but spring bryophytes 
were thoroughly searched for and by definition, no spring 
bryophytes were allowed to be found in springs to be as-
signed as destroyed. Accordingly, changes of occupancy 
were examined, including all (spring bryophytes) or all 
but the destroyed (spring – rich fen bryophytes and other 
bryophytes) springs. The significance of the differences 
between the bryophyte groups in the direction of occu-
pancy change was tested using χ2-test. 

Changes of abundance were tested using Mann–Whit-
ney U-test. A test of two independent samples, instead 
of a paired samples test, was used as the overall trends in 
abundance were of more interest here rather than site spe-
cific changes. In this paper, abundance refers to the average 
cover in the quadrates of a spring. Due to the less intensive 
quadrate mapping in 1953, the abundance data only con-
sists of 24 springs compared to the 60 or 77 springs of oc-
cupancy data. The significance of the differences between 
the bryophyte groups in the direction of abundance change 
was tested using χ2-test. The effect of the changing degree 
of human disturbance on the abundance of individual spe-
cies was tested by calculating Spearman correlation coeffi-
cient between each species’ spring-wise abundance change 
and the degree of human disturbance change (–4…+4). 
The dependence of this correlation on the species group 
was then tested with Kruskal–Wallis test. 

The effect of human disturbance changes on individ-
ual species’ abundance changes was tested with Kruskal–
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Wallis independent samples test. The dominance values 
provided by Dufrêne and Legendre (1997) indicator 
species analysis were explored in order to locate taxa that 
are only frequent and abundant in culturally influenced 
springs (degree of human disturbance 3–4) and on the 
other hand, taxa that never occur in these sites. Indicator 
values were not calculated since the occupancy in relation 
to the degree of human disturbance, irrespective of the 
abundance of occupancy, rather than the indicator value 
of species was of interest.

Univariate tests were performed with the SPSS for 
Windows version 15.0 and indicator species analysis (Du-
frêne and Legendre 1997) with PC-ORD ver. 5.18 (Mc-
Cune and Mefford 2006).

Results

A significant decrease of occupancy was observed in 14 
taxa (Table 1). Three of these are spring bryophytes and 
nine are spring – rich fen taxa. In the year 1953, the most 
frequent species observed was Sphagnum teres. By 2006, 
the species’ frequency had decreased by nearly 50%. All 
but one taxon of those which had become significantly 
more frequent were other than spring bryophytes. Only 
three species had statistically significantly changed in fre-
quency against this clear and significant (χ2 = 14.64, DF = 
2, p = 0.001) distinction between the spring, spring – rich 
fen and other bryophytes (Table 2). 

Nearly all of the significant changes of abundance in 
spring and spring – rich fen groups were negative (Ta-
ble 1). Again, a decreasing abundance was found to have 
occurred amongst spring and especially spring – rich fen 
bryophytes (Table 3). The differences in the positive and 
negative changes between bryophyte groups is significant 
(χ2 = 8.77, DF = 2, p = 0.012). Individual species’ correla-
tion coefficients between abundance change and degree of 
human disturbance change did not depend on the species 
group (Kruskal–Wallis χ2 = 0.465, DF = 2, p = 0.792). 
Of the individual species, only Plagiomnium medium (rs = 
–0.41, DF = 24, p = 0.049) was found to have reacted in a 
significantly negative way to the increase of human distur-
bance and none were found to have reacted positively. 

The correlation between the abundance and the oc-
cupancy of bryophytes was found to be positive (Table 
4). However, the correlation between the change of abun-
dance and the change of occupancy was not quite statisti-
cally significant. When splitting the data with the species 
groups, it was observed that, in spring – rich fen species, 
this correlation is significantly positive and almost signifi-
cantly positive in other bryophytes, whereas it is not sta-
tistically significant in spring bryophytes.

Very few abundant species were completely absent 
from either the culturally influenced (degree of human 
disturbance 3–4) or natural (degree of human disturbance 
1–2) springs. Only some of the highly sporadic species 

were found solely on culturally influenced (e.g. Atrichum 
tenellum, Blasia pusilla, Brachythecium salebrosum, Bryum 
pallens, Lophocolea heterophylla, Polytrichastrum longise-
tum, Sciuro-hypnum oedipodium, S. reflexum, Sphagnum 
capillifolium and Thuidium tamariscinum) or from natu-
ral or semi-natural springs (e.g. Meesia longiseta, Philonotis 
seriata, Plagiomnium undulatum, Sphagnum pulchrum and 
Warnstorfia procera). Almost all of the species only occur-
ring in natural or semi-natural springs are either regionally 
or nationally endangered in Finland.

Discussion

Despite of the difficulties of re-sampling studies in re-
peating the sampling and partially inadequate informa-
tion on the baseline study design, I was able to reveal a 
clear pattern of change: a decrease in the occupancy and 
abundance of several spring and rich fen bryophytes. Due 
to the almost complete disappearance of rich fens in the 
studied area (Juutinen and Kotiaho 2009), the decrease 
has been even more drastic in spring – rich fen taxa than in 
pure spring taxa. All of the decreased taxa are in the IUCN 
category of least concern (LC) in the latest Finnish Red 
Data Book (Rassi et al. 2001). The decrease of these least 
concern species tells a brutal tale about the state and future 
of even common spring and rich fen bryophytes. 

Several species showed a simultaneous significant de-
crease in occupancy and abundance. The observed nega-
tive frequency and abundance changes can serve as an 
early warning signal of future endangerment (Gaston et 
al. 2000, Löbel et al. 2006). This is based on the assump-
tion of a positive occupancy – abundance relationship. Of 
the spring – rich fen species, Bryum pseudotriquetrum is in 
danger of decreasing in occupancy in the future. On the 
other hand, a local decrease in abundance is to be expected 
in species with a decreased frequency of occupancy. A de-
crease in abundance can in turn lead to an increasing risk 
of local extinction and a future loss of occupied sites. The 
species in danger are Campylium stellatum, Dicranum bon-
jeanii, Helodium blandowii, Paludella squarrosa, Sphagnum 
subsecundum (s.lat), S. teres and Tomentypnum nitens. 

The correlation between the change of abundance 
and the change of occupancy was only significant in the 
spring – rich fen species group. Since, overall, the abun-
dance and occupancy in this data are strongly linked, it 
is possible that spring bryophytes are in extinction debt 
(Tilman et. al. 1994) and that future endangerment is to 
be expected. 

In general, my results are in concordance with the re-
sults of Heino et al. (2005) from the springs of eastern 
Finland. Their conclusion that the declined abundances of 
spring bryophytes were paralleled by an increase in more 
generalist species is similar to mine. There is however, only 
a very limited overlap in the benefited or suffered species 
between the studies. 
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Table 1. The change of proportional frequency of occupancy and median cover of evaluated species between 1953 and 2006.

1953
Freq.

2006
Freq. p 1953

Cover
2006
Cover p

Spring bryophytes

Brachythecium rivulare Schimp. 0.51 0.81 + 10.0 3.01 – *

Breidleria pratensis (C.D.J. Koch ex Spruce) Loeske LC/RT 0.05 0 – 0.03 0 –

Bryum weigelii Spreng. 0.28 0.18 – * 5.00 0.40 – *

Calliergon giganteum (Schimp.) Kindb. 0.22 0.26 + 0.18 4.00 +

Calliergon richardsonii (Mitt.) Kindb. 0.05 0.02 – 0.10 3.00 +

Calliergonella cuspidata (Hedw.) Loeske 0.53 0.55 + 1.10 3.20 +

Chiloscyphus polyanthos (L.) Corda 0.52 0.69 + 0.70 0.62 –

Harpanthus flotovianus (Nees) Nees 0.06 0.02 – 0.10 0.40 +

Marchantia polymorpha L. 0.14 0.27 + * 8.33 0.60 –

Philonotis fontana s.lat. (incl. Philonotis fontana (Hedw.) 
Brid., P. tomentella Molendo)

0.53 0.48 – * 1.30 0.40 –

Plagiomnium undulatum (Hedw.) T.J. Kop. LC/RT 0.06 0.06 7.75 0.65 –

Rhizomnium magnifolium (Horik.) T.J. Kop., R. punctatum 
(Hedw.) T.J. Kop.

0.57 0.92 + 5.00 2.22 –

Rhizomnium pseudopunctatum (Bruch & Schimp.) T.J. Kop. 0.13 0.16 + 3.33 0.20 –

Riccardia multifida (L.) Gray LC/RT 0.30 0.03 – *** 0.10 0.06 –

Scapania irrigua (Nees) Nees 0.20 0.15 – 0.10 0.10

Scapania paludicola Loeske & Müll.Frib. 0.03 0 – 0 0

Scapania undulata (L.) Dumort. 0.01 0.03 + 0 0.25 +

Trichocolea tomentella (Ehrh.) Dumort. VU 0.20 0.18 – 0.63 1.80 +

Warnstorfia exannulata (Schimp.) Loeske 0.46 0.40 – 2.50 0.40 –

Spring – rich fen bryophytes

Aneura pinguis (L.) Dumort. 0.51 0.26 – *** 1.00 0.10 – **

Bryum pseudotriquetrum (Hedw.) P. Gaertn. et al. 0.56 0.42 – 2.26 0.40 – **

Campylium stellatum (Hedw.) Lange & C.E.O. Jensen 0.22 0.05 – ** 0.10 0.10

Dicranum bonjeanii De Not. 0.16 0 – ** 0.10 0 –

Fissidens adianthoides Hedw. 0.10 0.03 – 1.00 0.11 –

Hamatocaulis vernicosus (Mitt.) Hedenäs VU 0.05 0 – 0 0

Helodium blandowii (F. Weber & D. Mohr) Warnst. 0.37 0.10 – *** 0.50 0.10 –

Paludella squarrosa (Hedw.) Brid. 0.22 0.03 – *** 1.33 0.10 –

Scorpidium revolvens s. lat. (incl. Scorpidium cossonii 
(Schimp.) Hedenäs, S. revolvens (Sw. ex anon.) Rubers)

0.28 0.18 – 0.10 0.10

Scorpidium scorpioides (Hedw.) Limpr. 0.14 0.03 – 0 8.45 +

Sphagnum subsecundum coll. (incl. Sphagnum 
subsecundum Nees, S . contortum Schultz)

0.29 0 – *** 2.00 0 –

Sphagnum teres (Schimp.) Ångstr. 0.92 0.48 – *** 3.25 0.60 –

Sphagnum warnstorfii Russow 0.76 0.52 – *** 7.50 0.45 – **

Tomentypnum nitens (Hedw.) Loeske 0.20 0.02 – *** 0.22 0.10 –
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In re-sampling studies like this, changes of the abun-
dance of red-listed or near threatened species are harder 
to observe reliably than changes in common species. In 
order to be estimated properly, sparse populations of rare 
species require more intensive sampling than is necessary 
for abundant species (McCune and Lesica 1992, Philippi 
2005). Instead, a decrease in occurrences, though only 

statistically significant in the former, was observed in Ric-
cardia multifida (NT) and Trichocolea tomentella (VU). 

I was somewhat successful in identifying the taxa 
unable to persist in disturbed springs. All of the species 
avoiding disturbed springs were non-frequent and most 
of them were regionally or nationally endangered. It seems 
that a part of the spring bryophyte flora cannot persist 

1953
Freq.

2006
Freq. p 1953

Cover
2006
Cover p

Other bryophytes

Calliergon cordifolium (Hedw.) Kindb. 0.25 0.63 + *** 0.10 0.24 +

Fontinalis antipyretica Hedw. 0.05 0.16 + 0.10 11.00 +

Hylocomiastrum umbratum (Hedw.) M. Fleisch. LC/RT 0.04 0.05 + 0 1.60 +

Pellia spp. 0.37 0.61 + * 0.10 0.21 + *

Plagiomnium ellipticum (Brid.) T.J. Kop. 0.61 0.74 + 5.00 0.91 – **

Plagiomnium medium (Bruch & Schimp.) T.J. Kop. 0.03 0.32 + *** 0.10 1.00 +

Plagiothecium denticulatum (Hedw,) Schimp. var. undulatum 
R.Ruthe ex Geh.

0.09 0.13 + 0.10 0.15 +

Pseudobryum cinclidioides (Huebener) T.J.Kop. 0.25 0.45 + 3.0 3.0

Sphagnum centrale C.E.O. Jensen 0.37 0.29 – 0.10 0.15 +

Sphagnum girgensohnii Russow 0.03 0.42 + *** 3.00 1.00 –

Sphagnum obtusum Warnst. 0.06 0.02 – 20.00 0.10 –

Sphagnum recurvum P. Beauv. coll. 0.34 0.11 – *** 0.67 0.20 –

Sphagnum riparium Ångstr. 0.05 0.02 – 0.10 0.02 –

Sphagnum squarrosum Crome 0.19 0.66 + *** 0.10 0.42 + *

Sphagnum wulfianum Girg. 0.01 0.13 + * 0 0.10 +

Straminergon stramineum (Dicks. ex Brid.) Hedenäs 0.47 0.27 – * 0.88 0.10 –

Thuidium recognitum (Hedw.) Lindb. RT/LC 0.05 0.02 – 0 0

Warnstorfia procera (Renauld & Arnell) Tuom. 0.05 0 – 10.00 0 –

Warnstorfia trichophylla (Warnst.) Tuom. & T.J. Kop. 0 0.08 + 0 1.40 +

The significance of among-year differences in frequency was tested using the sign test (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001) and dif-
ferences in cover using the Mann–Whitney U-test (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001). Nomenclature follows Ulvinen and Syrjänen 
(2009) and Finnish Red List status Ulvinen et al. (2002) (VU nationally vulnerable, LC/RT nationally least concern, but regionally 
endangered in the area, blank: LC species not RT).

Table 1. Continued.

Table 2. The number of increased and decreased occupancy in 
species of different bryophyte groups.

Positive 
changes

Negative 
changes

Total

Spring bryophytes 8 10 18

Spring – rich fen bryophytes 0 14 14

Other bryophytes 12 7 19

Total 20 31 51

Table 3. The number of increased and decreased abundance in 
species of different bryophyte groups.

Positive 
changes

Negative 
changes

Total

Spring bryophytes 6 11 18

Spring – rich fen bryophytes 1 11 12

Other bryophytes 10 7 17

Total 17 30 47
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in disturbed springs, even though the bulk of the species 
seem to survive – a result which is also apparent in the 
community level results from the same data set (Juutinen 
and Kotiaho 2009). There we noticed that the degree of 
human disturbance is a poor indicator of spring bryophyte 
community structure. Of the decreased taxa, none were 
confined to the more natural springs, and overall, the 
change in degree of human disturbance poorly explains 
the observed abundance changes. This is probably due 
to the vast heterogeneity of springs resulting in the low 
explaining ability of degree of human disturbance on the 
results. It seems likely, though, that the increase of degree 
of human disturbance per se is not the reason for the de-
crease of these species, but the almost total destruction 
of certain types of springs, i.e. the loss of spring habitat 
diversity. Unpublished results (Juutinen and Kotiaho un-
publ.) show a substantial decrease in rich fen and spruce 
fen species community characteristics of the same springs. 

Kaakinen et al. (2008) define all types of rich fens as criti-
cally endangered (CR) in southern Finland.

The increase of certain taxa, mainly those growing more 
indiscriminately in wetlands and swamps, is a worrying 
sign: the unique bryophyte flora of springs is about to be 
replaced by indiscriminate generalist bryophytes. Several of 
the increased taxa are also noted previously for benefiting 
from anthropogenic change (Ulvinen et al. 2002). Con-
trary to prior knowledge (Ulvinen et al. 2002, Heino et al. 
2005), the Pellia species had benefited from ditching and 
were frequently observed growing on ditch slopes. Heino et 
al. (2005) found that the Sphagnum species had increased 
in abundance in the springs of eastern Finland. No such 
change was observed in Salpausselkä (Juutinen unpubl.), 
but changes from more demanding rich fen and spring in-
fluenced spruce mire species (S. warnstorfii, S. teres, S. sub-
secundum s.lat.) to more generalist spruce mire and swamp 
species (S. girgensohnii, S. squarrosum) have occurred.

Table 4. A correlation table of abundance and occupancy (rs Spearman correlation coefficient).

Occupancy 1953 Occupancy 2006 Occupancy change

All bryophytes (n = 52)

Abundance 1953 rs = 0.52
p < 0.001

Abundance 2006 rs = 0.60
p < 0.001

Abundance change rs = 0.26
p = 0.060

Spring bryophytes

Abundance 1953 rs = 0.54
p = 0.016

Abundance 2006 rs = 0.61
p = 0.006

Abundance change rs = –0.13
p = 0.586

Spring – rich fen bryophytes

Abundance 1953 rs = 0.78
p = 0.001

Abundance 2006 rs = 0.69
p = 0.006

Abundance change rs = 0.66
p = 0.010

Other bryophytes

Abundance 1953 rs = 0.45
p = 0.056

Abundance 2006 rs = 0.50
p = 0.031

Abundance change rs = 0.40
p = 0.091
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Conclusions

The results of my study are in good accordance with 
earlier understanding, concerning the present state of 
spring and rich fen bryophytes. The level of the decrease, 
however, is found to be greater than previously thought 
and even species which are considered to be in the least 
concern category may be at risk in the near future. The 
intense destruction of springs with rich fen characteristics 
as a consequence of land use changes has caused, and will 
cause serious negative effects to the bryophytes which are 
dependent on them. If the endangerment of the spring 
and rich fen species is desired to be slowed down, imme-
diate action is required. The protection of the remaining 
spring-fed rich fens of southern Finland, irrespective of 
the degree of human disturbance, is critical for the survival 
of these species. 
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