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Effects of nature management practices on the

bryophyte flora of grassland and heathland in

Drenthe, The Netherlands

E. Quené and J.P. Bakker

Vakgroep Plantenoecologie, Biologisch Centrum, Rijksuniversiteit Groningen, Postbus 14, 9750 AA

Haren (Gn), The Netherlands

SUMMARY

A study was carried out on the effects of hay-making, hay-making after

sod removal, and grazing with different intensitieson the bryophyte

flora in a moist grassland dominated by Holcus lanatusand in a very

wet grassland dominatedby Juncus effusus. The effects of grazing and

the abandoning of a heathlandarea were also compared. The

bryophytes were recorded in 1972, 1976 and 1983. In the grazed and

the cut plots in the moist grassland area the average numberof

bryophytes and the degree of cover did not differ, but in the cut plots
the degree of cover of bryophytes characteristic for litterbecame

smaller. In the grazed plots, in which the vascular plant composition

diverged with the grazing intensity, the bryophyte flora did change, but

not diverge. After sod cutting mainly colonist species were present

initially, but after 10 years, the numberof perennials had increased

considerably. In the cut plots in which sods had been removed the

degree of cover of bryophytes, especially colonists, became greater than

in the cut plots in which sods had not been removed. In the grazed and

the cut plots in the very wet grassland area the average numberof

bryophytes did not diverge, but in the cut plots the degree ofcover

became highest and the proportion of litter species became smallest.

The numberof bryophytes remained high in the grazed heathland, but

declined in the abandoned area, whereas the degree of cover decreased

in both areas. Several species characteristic for heathlanddisappeared

in the grazed area, whereas all ‘heathland-species’ disappeared in the

abandoned area, which turned intowoodland.

Key-words: bryophyte flora, grassland, heathland, nature management.

INTRODUCTION

Different managementpractices have been compared with respect to their effects on the

restoration of species-rich grasslands, mainly in The Netherlands(Domes & Mooi 1981,

Willems 1983) and in Germany (Dierschke 1985, Schreiber& Schiefer 1985). These studies

are, however, concerned with the vascular plants and give little information about the

changes in species composition of the bryophyte flora.

In earlier studies, the effects of grazing on the species composition of vascular plants

were recorded in a previously fertilized grassland and also in a fenced-in heathland.
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This study aims to quantify changes in bryophytic species composition in relation to

changes in herbaceousspecies composition under differentmanagementpractices.

MATERIALS AND METHODS

In 1972 a sheep-grazing experiment was initiated in a marginal grassland and heathland

area, the ‘Westerholt’ (6°10'NL, 53°0I'EL) in the province ofDrenthe (The Netherlands).

The fenced-in study area included 3 ha of Calluna vulgaris/Erica tetralix heathland, 2 ha

of deciduous woodland (Betula spp. and Salix spp.) and 6 ha of pasture land which was

originally heathland, but which had been ploughed and sown to grass in the 1950s. The

grassland received fertilizer applications until 1971 and was used for hay production. It

was subsequently grazed by cattle. No fertilizers have been applied since 1971. In

October 1972sheep were introducedto graze the wholearea at an average stocking rate of

3 sheep ha’ 1
. Twenty-five sheep grazed during the period from July to Decemberand 40

between January and July. Since 1980 the area has received a winter rest period from

grazing of 2 months.

The experimental lay-out in the terrain allowed for comparison with a non-grazed area

in the heathland and a hay-making area in the grassland. In May 1973 the sods were

removed in part of the hay-making area. Hay-making was done in July or in August.

Changes in the vegetation were recorded according to the decimal scale (Londo 1975) in

111 permanent plots of4 m
2

each. These plots were arranged into subsets, some of which

are discussed in this study.

In moist grassland (groundwater tables did reach 10-20 cm below soil surface level)

dominated by Holcus lanatus, hay-making (n = 4), hay-making after sod removal (n =2)

and grazing (n = 26) were compared. The grazed plots were arranged into heavily grazed

(n =4), lightly grazed (n = 12) and intermediately grazed (n= 10). Grazing intensitieswere

estimated by the degree of litter cover (Bakker et al. 1984) and the height of the canopy

(Ter Heerdt et al. 1986).
In wet grassland (inundated for 4winter months) hay-making (n =4)and lightly grazing

(n - 8) were compared.

In the species-rich heathland characterized by Erica tetralix, Dactylorhiza maculata.

Gentiana pneumonanthe, Carex panicea and Arnica montana, lightly grazing (n= 12) and

abandoning (n = 2) were compared.

The procedure resulted in eight subsets in 1972, ninesubsets in 1976 and ninesubsets in

1983. An average releve was composed from the permanent plot data in each subset. The

26 average releves were clustered (a group average clustering) and the resulting clusters

(at 60% dissimilarity) were arranged into a synoptic table.

The bryophytes were recorded in September-October 1972 (unpublished data A.K.

Masselink), in April June 1976 (Hofs 1978) and in the same season in 1983 by the first

Haymaking and sod removal were carried out in the grassland area for comparison,

whereas the grazed heathland was compared to an abandoned area (Bakker et al. 1983,

Bakker et al. 1984, De Leeuw & Bakker 1986). The management practices and local

differences with respect to grazing intensity resulted in different vegetational structures,

namely heavily grazed short turf (including bare soil) and lightly grazed tall stands (with

litter accumulation). In the short turf a great deal of light can reach the soil and colonist

moss species can be found on the bare soil (During 1979). In the tall stands with litter

accumulation, little light can reach the soil and this hampers the performance of many

bryophytes (Magdefrau 1982, Proctor 1982, Willems 1983, Welch 1984).
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author. The dateon phanerophytes was initially recorded by the second authoror derived

from Veldman (1983), De Leeuw& Bakker (1986), Ter Heerdt et al. (1986) and Schutter

et al. (1987).

The nomenclatureof phanerophytes is according to Van der Meijden et al. (1983) and

that ofbryophytes to Margadant & During (1982).

The following attributes were quantified for each subset ofpermanent plots:

(i) the average number of bryophytes in each of the life strategies perennial, shuttle

and colonist species according to During (1979),

(ii) the mean degree of cover of all bryophytes together,

(iii) the relative proportion in the subsets of grassland permanent plots of species

characteristic for a litter substrate (see Furness & Grime 1982a) and for bare soil or

inundatedhabitats using the habitat descriptions mentionedby Landwehr (1966,

1980), Smith (1978) and Watson (1978); and

(iv) the relative proportion of species characteristic for heathland and non-heathland

species (Landwehr 1966, 1980, Smith 1978, Watson 1978).

RESULTS

Grassland

Agrostis capillaris spread a great deal throughout the whole moist grassland, whereas

rosette plant species like Hypochaeris radicata and Leontodonautumnalisonly spread in

the heavily grazed plots. The average number of bryophytes increased significantly in

thoseplots (P< 005). The degree of cover dropped significantly in all the grazing intensity

groups (Fig. 1A-C), which can mainly be attributed to the decrease in Brachythecium
rutabulum (Table 1). Although more litter was found, the proportion of bryophytes
characteristic for litterdecreased significantly in the intermediateand lightly grazed plots

(Fig. 2A-C).

Hay-making in the moist grassland resulted in a community with Anthoxanthum

odoratum, Leontodonautumnalisand Rhinanthusangustifolius and a significant increase in

colonist bryophytes (P<005) like Ceratodon purpureus and Dicranella heteromalla

(Table 1). Both the degree of cover (Fig. ID) and the proportion of bryophytes
characteristic for litter(Fig. 2D) decreased significantly.

Erica tetralix and Calluna vulgaris established after sod removal and many colonist

species were initially found (Ceratodonpurpureus, Polytrichum piliferum), whereas later

the numberofperennial species increased {P< 0 05) (Table 1).
The hardly grazed temporarily inundated grassland area became dominatedby Juncus

ejfusus. A significant decrease in the numberof species ( P <0 05) in particular perennials,

namely Calliergon stramineum (Table 1) was found. The degree of cover also declined

significantly (Fig. 1F). In thecut area, however, Carex nigraand Ranunculusrepens reached

high degrees ofcover. Inthis area thedegree ofcoverofbryophytes remained high (Fig. 1G).
The proportion ofbryophytes characteristic for litterdecreased significantly (Fig. 2G).

Heathland

Molinia caerulea spread in the lightly grazed heathland area, whereas the cover of Erica

tetralix and Calluna vulgaris decreased. Hypnum cupressiforme var. ericetorum main-

tained itself with a high degree of cover until 1976, but it had disappeared in 1983

(Table 1). The total number of bryophytes remained high, but the average degree of



E. QUENE AND J. P. BARKER206

cover decreased significantly (Fig. 1H). Although the proportion ofbryophytes character-

istic for heathlanddidnot change, some species did disappear, namely Sphagnum rubellum

and Mylia anomala, whereas others could maintain themselves, namely Pleurozium

schreberi and Odontoschisma sphagni. The abandoned heathland area grew into a Betula

pubescens woodland, which resulted in a significant declinein the average degree of cover

of the bryophytes (Fig. IT) and the disappearance of several species amongst which were

bryophytes characteristic for heathland (Fig. 21 and Table 1).

DISCUSSION

Grazing in grassland

The differences between the management regimes which were imposed on the bryophyte

flora in differentyears are summarized in Table 2. It appeared that prior to the start of the

experiment some differences were found between the subsets of permanent plots in the

grassland area. Moreover, the bryophyte species composition within subsets sometimes

diverged a great deal. This makes it difficult to discuss changes in the level of individual

species. Some general trends with respect to the degree of cover, life strategies and ‘litter’

and ‘heathland’species can nevertheless be discerned.

Fig. I. (Al) The average percentage ofcover (+ SE) of bryophytes during the period 1972-1983 under different

management practices. Different symbols indicate significant differences (/> <005 according to

Student’s (-test). Confer Table 1 for the managementpractices.
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In the grazed moist grassland area the vegetation structure varies with the grazing

intensity. In the heavily grazed area the vegetation structure is more openand shows more

height differences than in the lightly grazed area. The amount of light reaching the soil in

the lightly grazed area is only 20% of that in the heavily grazed area (Hendriks 1984). As a

consequence of the more varied vegetation structure, more different microhabitats for

bryophytes are present in the heavily grazed plots. A greater numberofbryophyte species
and a higher degree of cover is, therefore, expected in the heavily grazed plots compared to

the lightly grazed plots (cf. Watson 1960, Proctor 1982, During & Ter Horst 1983, Willems

1983, Welch 1984, During & Willems 1986). Despite the different vegetation structures no

differences could, however, be recorded with respect to the bryophyte flora. An expla-

nation for this discrepancy couldbe the fact that localitieswith differentgrazing intensities

often alternate in such afine-scaled pattern (Bakker et al. 1984) in the moist grassland that

even in lightly grazed plots often small intensively grazed patches with a short turf are

found. It seems, therefore, reasonable to assume that the structure of the lightly grazed

area(c. 400 gdw litterm~
2

vs. 100 gdw litterm”
2 in the heavily grazed area) (Bakker et al.

1984) does not (yet) resemble that of an abandoned grassland.

Schiefer (1981) compared the effects of grazing and abandoning during 4 years in 11

plant communities in Germany. He found an increase in the coverage and thickness of

litter in eight and no difference in three abandoned sites. The bryophyte coverage was

higher in the grazed than in the abandoned area in four sites, the reverse was true in two

sites and no difference was found in five sites. The percentage of cover was, however.

Fig. 2. (A -I) The proportion of percentages of cover (+ SE) of bryophyte species characteristic for litter

(intermediatelydotted),species characteristic for bare soil or inundated habitats (lightly dotted),species charac-

teristic forheathland (heavilydotted)and non-heathland species (hatched). Different symbols indicate significant
differences (P<0 05 according to Student’s Mest). Confer Table 1 for the managementpractices.
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8/r

20/r

H

P

Sphagnum
tenellum

8/r

23/r

H

P

Sphagnum

compactum

8/r

23/r

H

P

Sphagnum
papillosum

6/r

8/r

17/r

H

P

Sphagnum
rubellum

17/r

H

P

Gymnocolea
inflata

14/r

C

Campylopus
flexuosus

11/r

H

P

Mylia

anomala

9/r

H

C

Campylopus
fragilis

9/r

H

P

Sphagnum
recurvum

8/r

3/r

H

P

Hypnum

imponens

6/r

H

P

Dicranum
spurium

6/r

H

P

Cephalozia
connivens

3/r

3/r

P

Dicranum
bonjeanii

8/r

14/r

50/
+

H

P

Hypnum

cupressiforme

34/a

100/1

var.

ericetorum
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estimatedin June or in July which is not the optimal period for mosses (see Al-Muftiet al.

1977, Furness & Grime 1982b, Pegtel 1987). It should be kept in mind that the degree of

cover ofbryophytes can also vary according to the degreeof humidity. Littlevalueshould,

therefore, be attached to small changes in percentages ofcover. The numberof bryophyte

species was highest in the grazed area in foursites, the reverse was true in five sites, whereas

no differencewas found in two sites (Schiefer 1981). Differences in the numberof species

were, however, very small like in the present study.

In the lightly grazed verywet grassland area the numberof bryophyte species in a plot

and the degree of cover of bryophytes have decreased very strongly. In this very wet and

sometimes inundated area Juncus effusus, which was ungrazed, became dominant and

litter accumulated (up to 2000 gdw.m"
2). It is expected that only a few species, like the

‘litter’ species Brachythecium rutabulum and Calliergon cordifolium, can maintain them-

selves on such substrata. Van Tooren et al. (1987) described a similar situation for aban-

doned chalk grassland, in which bryophytes are almost absent. They ascribed this to the

very high degree of cover of tall grasses in combinationwith the accumulation of huge

amounts of litter.

>: first regime larger than second regime (P<0 05), >: idem (/'<001 according to Student’s /-test): 0: not

significant; ■: does not apply.

Table 2. Comparison of different pairs of management regimes with respect to several criteria

concerning the bryophyte flora in 1972, 1976and 1983
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With respect to the ‘litter’ species, it should be noted that the descriptions in the

literatureare not always in agreement. This is especially the case for species that grow on

banks of ponds or are submerged. Not too much value should, therefore, be attached to

severe changes in the proportion of ‘litter’ species on the ground of one single species

(which is the case in the very wet grassland subsets).

Hay-making and sod removal

In the moist grassland hay-making did result in an increase in the numberof species, in

particular colonists, but the degree of cover decreased, mainly due to the decline in the

‘litter’ species Brachythecium rutabulum. The increase in the number of colonists and

shuttle species conforms to the expectation that the removal of litter during hay-making

results in gaps with possibilities for the establishment of colonists and shuttle species

(Miles 1973, Hofs 1978, During 1979). The very high degree ofcover of bryophytes in the

very wet grassland under hay-making may be due to the fact that the mosses are not

hampered by vascular plants which start growing late in such awet and cold environment.

The growth of many mosses is, however, optimal at the relatively low temperature con-

ditionsof the winter and spring period (Al-Mufti el al. 1977,Richardson 1981, Furness &

Grime 1982b).

The removal of sods has lead to an invasion of colonists followed by the emergence

of perennial species. This is in agreement with records from Miles (1973), Southern

(1977), Gimingham (1978), Hobbs et al. (1984), and Forgeard & Tallur (1986) for

recolonizationof soil after sod removal and burning.

Heathland

The decline in the number and degree of cover of bryophyte species, amongst which

species characteristic for heathland, was most marked in the abandonedheathland, which

became overgrown with Betulapubescens and to a lesser degree in the grazed heathland,

which became overgrown with grasses. Gimingham (1978) and Welch (1984) have found

similarresults in heathlandwhich was becoming overgrown by grasses and they attributed

this phenomenon to reduced light supply to the soil and the greater competitive ability of

some of the species present amongst others Brachythecium rutabulum, Eurhynchium

praelongum and Pleurozium schreberi.

Comparison ofmanagementregimes

In this study species-richness was highest in areas in which the sods were removed. This is,

however, a transitional phase. Hay-making and grazing create habitats in which gaps can

also be present for colonists and shuttle species provided a frequent hay-making regime

and, at least locally, a high grazing intensity exists. During & Willems (1986) prefer

grazing to hay-making and abandoning for chalk grasslands because ofthe higher species-

richness in grazed areas. The differences between grazing and hay-making are, however,

small (Willems 1983).

In the moist grassland area the degree of cover of bryophytes did not diverge under a

grazing and a hay-making regime in this study, whereas in the very wet grassland area hay-

making resulted in a much higher cover than a grazing regime (Fig. 1 and Table2). Also in

chalk grassland under hay-making the degree of cover of bryophytes was higher than

under a grazing regime; the differences were, however, small (Van Tooren et al. 1987,

Willems 1983). Probably, hay-making offers better chances for bryophytes, due to the

higher light intensity in the winter(growing) season.
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The present study shows that in agrassland area both grazing and hay-making can lead

to a vegetation with a varied bryophyte composition and that local differences in grazing

intensity do not (yet) lead to diverging bryophyte floras after 11 years. In the heathland

area only in the grazed plots bryophyte species characteristic for heathland can maintain

themselves. From earlier studies (Ter Heerdt et al. 1986, Schutter el al. 1987) it appears

that the same applies to the vascular plants.

ACKNOWLEDGEMENTS

We thank Dr B.O. van Zanten for his help in determining the bryophytes, E. Leeuwinga

for preparing the figures. Mrs J. Purdell-Lewis corrected the English text, which is also

gratefully acknowledged.

REFERENCES

Al-Mufti, M.M., Sydes, C.L., Furness, S.B.,

Grime, J.P. & Bend, S.R. (1977): A quantitative

analysis of shoot phenology and dominance in

herbaceous vegetation.J. Ecol. 65:759-791.

Bakker, J.P., De Bie, S,, Dallinga, J.H., Tjaden, P. &

De Vries, Y. (1983): Sheep-grazing as a manage-

ment tool for heathland conservation and regen-

eration in the Netherlands. J. Appl. Ecol. 20:

541-560.

—, De Leeuw, J. & Van Wieren, S.E. (1984): Micro-

patters in grassland vegetation created and sus-

tained by sheep-grazing. Vegetatio. 55: 153-161.

De Leeuw, J. & Bakker, J.P. (1986): Sheep-grazing

with different foraging efficiencies in aDutch mixed

grassland. J. Appl. Ecol. 23: 781-793.

Dierschke, H. (1965): ExperimentelleUntersuchungen

zurBestandesdynamikvonKalkmagerrasen (Meso-

bromion) I. Vegetationsentwicklung auf Dauer-

flachen 1972-1984. In: Schreiber, K.F. (Ed.):

Sukzession auf Griinlandbrachen. pp. 9 24.

Miintersche Geogr. Arb. 20.

During, H.J. (1979): Life strategies of bryophytes: a

preliminaryreview. Lindbergia 5: 2-18.

—
& Ter Horst, B.(1983): The diaspore bank ofbryo-

phytes and ferns in chalk grassland. Lindbergia 9:

57-64,

—& Willems,J.H. (1986): The impoverishment ofthe

bryophyta and lichen flora ofthe Dutch chalk grass-

lands in the 30 years 1953-1983. Biol. Conservation

36:143-158.

Forgeard, F. & Tallur, B. (1986): La recolonisation

vegetale dans une lande incendiee: Etude de revo-

lution de la structure de la vegetation.Acta Oecol./

Oecol. Plant. 7: 15 30.

Furness, S.B. & Grime, J.P. (1982a): Growth rate and

temperatureresponses in bryophytes. I. An investi-

gation of Brachythecium rutabulum. J. Ecol. 70:

513-523.

—
&

— (1982b): Growth rate and temperature

responses in bryophytes. II. A comparativestudy of

species ofcontrasted ecology. J. Ecol. 70: 525-536.

Gimingham,C.H. (1978): Calluna and its associated

species: some aspects of co-existence in communi-

ties. Vegetatio 36: 179-186.

Hendriks, A. (1984): Het effect vande slrucluur vande

vegetatie op kieming en vestiging bij 15 kunstmatig

geintroduceerdeplanlensoorten op het Westerholt.

Internal Report, Dept, of Plant Ecology, University

Groningen/Research Institute for Nature Manage-

ment, Leersum (mimeo).

Hobbs, R.J., Mallik, A.U. & Gimingham, C.H.

(1984): Studies on fire in Scottish heathland com-

munities. III. Vital attributes of the species. J. Ecol.

72: 963-976.

Hofs, H.B. (1978): Het effect van beheersexperimen-

ten op raosvegetatie van heide en grasland in N.O.-

Drenthe. Lindbergia 4: 311-318.

Landwehr, J. (1966): Atlas van de Nederlandse

bladmossen. K.N.N.V., Amsterdam.

— (1980): Atlas Nederlandse levermossen. K.N.N.V.,

Amsterdam.

Londo, G. (1975): The decimal scale for releves of

permanent quadrats. Vegetatio 33:61-64.

Magdefrau,K. (1982): Life-forms of Bryophytes. In;

A.J.E. Smith (Ed.): Bryophyle Ecology, pp. 45-58.

Chapman& Hall, London/NewYork.

Margadant, W.D. & During, H.J. (1982); Beknople

flora van Nederlandse bladen levermossen. Thieme,

Zutphen.

Miles, J. (1973): Natural recolonization ofexperimen-

tally bared soil in Callunetum in North-east

Scotland. J. Ecol. 61: 399-412.

Domes, M.J.M. & Mooi, H, (1981): The effect of

cutting and fertilizing on the floristic composition
and production of an Arrhenatherion elatioris

grassland. Vegetalio47: 233-239.



EFFECTS OF GRASSLAND/HEATHLAND MANAGEMENT ON BRYOPHYTES 213

Pegtel,D.M. (1987): Soil fertility and the composition

of semi-natural grassland. In: Van Andel, J.,

Bakker, J.P. & Snaydon, R.W. (Eds): Disturbance

in Grasslands. Causes, Effects and Processes, pp

37 50. Junk, Dordrecht.

Proctor, M.C.F. (1982): Physiological ecology: water

relations, light and temperatureresponses, carbon

balance. In: Smith, A.J.E. (ed.). Bryophyte Ecology,

pp. 333-381.Chapman& Hall, London/NewYork.

Richardson, D.H.S. (1981): The Biology of Mosses.

Blackwell Scientific Publications,Oxford.

Schiefer, J. (1981): Bracheversuche in Baden-

Wiirttenberg. Vegetations-und Standortsentwick-

lung auf 16 verschiedene Versuchsflachen mil

unterschiedlichen Behandlungen. Beih. Veroff.

Naturschutz Landschaflspflege Bad.-Wurtl. 22:

1-325.

Schreiber, K.F. & Schiefer, J. (1985): Vegetations-und

Stoffdynamik in Griinlandbrachen —10 Jahre Bra-

cheversuche in Baden-Wiirttenberg. In: Schreiber,

K.F. (ed.) Sukzession auf Griinlandbrachen, pp.

111153. Miinstersche Geogr. Arb. 20.

Schutter, A., Ter Heerdt, G.N.J. & Bakker, J.P.

(1987): Het Westerholt VIII. Veranderingen in de

heidevegetatie na 10 jaar beweiden. De Levende

Natuur 88: 72-77.

Smith, A.J.E. (1978): The Moss Flora of Britain and

Ireland. Cambridge University Press, Cambridge.

Southern, A.L.D. (1977): Bryophyte recolonization

of burnt ground with particular reference to

Funaria hygrometrica. J. Bryol. 9: 361-373.

Ter Heerdt, G.N.J., Schutter, A. & Bakker, J.P,

(1986) Het Westerholt VII. Veranderingen in de

graslandvegetatiena 10 jaar beweiden. De Levende

Natuur 87: 145-149.

Van Tooren, B.F., Den Hartog, J. & Verhaar, J.

(1987) The role of bryophytes in chalk grassland

ecosystem. Symposia Bioiogica Hungarica 35:

665-675.

Van der Meijden, R., Weeda, E.J., Adema,F.A.C.B.

& De Jonckheere,G.J. (1983): Flora van Nederland.

Wolters-Noordhoff, Groningen.

Veldman, D. (1983): De invloed van verschillende

beheersmaatregelen op de grasland- en heidevege-

tatie van heI Westerholt. Internal Report Dept, of

Plant Ecology, University Groningen (mimeo).

Watson, E.V. (1960): A quantitativestudy of the bryo-

phytes ofchalk grassland. J. Ecol. 48: 397-414.

— (1978): British Mosses and Liverworts. Cambridge

University Press, Cambridge.

Welch, D. (1984): Studies in the grazing of heather

moorland in North-east Scotland. III.Floristics. J.

Appl. Ecol. 21: 209-225.

Willems, J.H. (1983): Species composition and above

groundphytomass in chalk grassland with different

management.Vegelalio52: 171-180.


