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PREFACE

This work is part of a larger study in
which an attempt has been made to clarify
the ecological effects of recreation on
terrestial ecosystems. The study has been
carried out under the guidance of professor
Antti Haapanen, Head of the Department
of Environmental Conservation, Helsinki
University.

The effects of recreation on ground
vegetation of different types of forest
stands have been dealt with in this study.
The study was carried out at the Forest
Training Station of Helsinki University

with the permission of Dr. Juhani Sarasto,
the Head of the Station. Professor Antti
Haapanen has suggested many beneficial
changes and modifications to the man-
uscript. The study has been financed with
scholarships awarded by the Council of
Man and Biosphere of the Finnish Academy
and the Foundation for Research of Natural
Resources in Finland. The translation from
Finnish into English was carried out by
John Derome, B. Sc.

We wish to thank all those who have
assisted us.

Helsinki 1975
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INTRODUCTION

Deterioration and destruction of the
ground vegetation is perhaps the most
visually evident change caused by the
recreational use of natural areas (e.g.
FRISSEL & DUNCAN 1965; LaPAGE 1967).
Ground cover which has deteriorated
reduces the biological attractiveness of
a recreation area and lowers its aesthetic
value (e.g. GOLDSMITH & al. 1970). A
deteriorated ground cover also indicates
that ecological changes have taken place
in the soil. In the case of a forested area
they can be reflected for instance in tree
growth (DUGGELI 1937; LUTZ 1945; LaPAGE
1962; SETTERGREN & COLE 1970).

Different types of natural and managed
areas are able to withstand recreational use
to a varying degree and in this sense have
a different ecological capacity (e.g. HOLM-
STRÖM 1970). The ecological capasity refers
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Figure 1. Factors effecting on the trampling
tolerance of ground vegetation.

to the physical and biological ability of the
recreation environment to withstand recrea-
tional use. The ecological capacity restricts
the amount and the type of recreation use
for which an area intended for recreation
can be used. It forms one of the premises
of prime importance in the planning and
management of recreation areas (cf. e.g.
WAGAR 1964; JACSMAN 1971).

Trampling tolerance of the ground vegeta-
tion, i. e. its ecological capacity, is a dynamic
concept determined by a variety of different
factors. The factors which have the greatest
effect on the trampling tolerance of the
ground vegetation are depicted in the
following model (Fig. 1). According to the
model, there are two main factors involved
in the deterioration of ground vegetation;
on one hand, the destruction of biomass
resulting from trampling, and on the other
hand the regeneration of biomass (e.g.
HOLMSTRÖM 1970; KELLOMÄKI 1973). The
dynamic relationship between deterioration
and regeneration is affected for instance
by the quality and the quantity of the
trampling and its seasonal time pattern.
The regeneration of the biomass is affected
by many site factors, the most important
ones being the nutrient level, moisture
content and structure of the soil, and the
light and temperature conditions of the site
(e.g. BATES 1935; WAGAR 1964; HOLMSTRÖM
1970). The most important biotic factors
connected with the plant community sub-
jected to trampling, are the morphological,
organological and reproductive character-
istics of the individual plant species, and
the total biomass of the ground vegetation
(BATES 1935; LaPAGE 1967).

It has been found that the coverage and
biomass of ground vegetation subjected
to trampling shows a curvilinear decrease
with an increase in the amount of trampling
(cf. WAGAR 1964; FRISSEL & DUNCAN 1965;
KELLOMÄKI 1973). LaPAGE (1967) observed
that the deterioration of ground vegetation
is usually at its greatest during the initial
stage of the deterioration process (cf. also
HOOGESTEGER 1974). When elucidating the
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trampling tolerance of ground vegetation
in areas which have been in recreational
use for a number of years, it has been
found that the rates of destruction and
regeneration of biomass gradually reach
a state of equilibrium in which resistant
secondary species adapted to the special
conditions have replaced the original
vegetation (e.g. BATES 1935; LaPAGE 1967).
The number of different species in the
new ecological system which develops is
usually smaller than in the original plant
community (GEORGE 1965).

In particular, many species of grasses
(e.g. LaPAGE 1967; HOLMSTRÖM 1970) and
also some herbaceous plants, for instance
Tri folium sp., Plantago sp. and Taraxacum
sp. (cf. STEINBRENNER 1951) have proved
to be resistant to trampling and able to
take the place of the original vegetation.
BATES (1935) emphasises the significance
of the morphological and reproductive
factors associated with these species when
giving an explanation for the varying
trampling tolerances of different plant
species. In general however, herbaceous
plants as well as lichens have proved to be
sensitive even to small amounts of trampl-
ing (LaPAGE 1967; BURDEN & RANDERSSON
1970; GOLDSMITH & al. 1970; HOLMSTRÖM

1970; WILLARD & MARR 1970). In addition,
the moss and dwarf shrub vegetation in
forest areas is prone to such damage
(e.g. LUTZ 1945; FRISSEL & DUNCAN 1965;
HOLMSTRÖM 1970; KELLOMÄKI 1973). Since
according to BROOKS (1966) the trampling
tolerance of the ground vegetation is
directly dependent on the fertility of the
site, it should be taken into account when
determining the areas which should be
used for different forms of recreation.

The aim of this study is to elucidate the
trampling tolerance of the forest vegetation
and the plants involved when subjected to
recreational use of short duration. The
trampling is simulated by a mechanical
tamp (cf. WAGAR 1964, 1967; KELLOMÄKI
1973). Owing to the research method,
only the effects of trampling on the ground
vegetation can be examined in this study.
Any changes in the tree stock and soil
which may possibly arise as a result of
trampling remain outside the scope of the
study (cf. DUGGELI 1937; BURGER 1940;
LaPAGE 1962; MAGILL 1963; MAGILL &
NORD 1963). In addition, an attempt has
been made to determine whether the trampl-
ing tolerance of the ground vegetation and
the site fertility are directly comparable to
each other (cf. BROOKS 1966).



MATERIAL AND METHODS

Study areas

The study was carried out during 1972
- 7 3 at the Forest Training Station (60°
47' N; 24° 18' E) of Helsinki University.
A group of stands representing different site
types was selected for the study in the
vicinity of the Station. A description of
the stands is presented in Table 1. In
addition, both natural and cultivated areas

of grass were selected for comparison. The
stands used in the study are to be found
in an area where the annual mean tem-
perature is on average — 3.0—h3.5°C,
the effective temperature sum 1 100 — 1 200
dd and the annual mean precipitation
550 — 600 mm (KOLKKI 1966; HELIMÄKI
1967). The study was carried out an areas
1,2 and 3 during 1972, and 4 and 6 during
1973.

Table 1. Description of the study areas.

Soil type
Forest site type

Development class
Tree species ratio

Average age of stand, yrs
Stand density
Stand basal area, ma. ha—1

Average height of stand
Stand volume, m3. h a " 1

Biomass of field layer, g. m~"^
Biomass of bottom layer g.m~"^

Study area

1

Sand,
moraine
Myrtillus
site type

Mature stand
Spruce 80 %
Pine 10 %
Birch 10 %

95
0.9

22
22

230
99
55

2

Sand

Vaccinium
site type

Mature stand
Pine 100 %

85
0.9

20
19

180
147
144

3

Sand,
moraine
Calluna
site type

Middle aged
Pine 100 %

45
0.9

8
9

40
137
289

4

Sand,
moraine
Cultivated
grass area

5

Sand,
moraine
Natural
grass area

Experimental lay-out

The recreational activity and the trampling
of ground vegetation was simulated by
a mechanical tamp. The method was that
developed by WAGAR (1964, 1967), and
subsequently applied to corresponding
problems by, for instance KELLOMÄKI (1973).
The main advantages of the method are
that the experimental conditions can be
exactly controlled and vandalism, commonly
directed at the experimental equipment
in an on-site study, can be avoided.

The mass of the tamp was 7.0 kg. It was
dropped onto the sample plot from a height
of 50 cm. As the surface area of the tamp
was 2 500 cm2, an energy impulse with
a magnitude of 0.0137 J cm"2 was applied
to the sample plot when the tamp was
dropped. It was presumed that an impulse
of this size corresponds to the energy impulse
which reaches the ground vegetation in
normal recreational trampling (cf. KELLO-
MÄKI 1973).

The experiment was carried out using
a completely randomised design (cf. e.g.



8 Seppo Kellomäki and Varpu-Leena Saastamoinen 1975

MATTILA 1969). At the beginning of the
study, a group of sample plots which were
homogeneous as regards the ground vegeta-
tion and situated on sites level enough
for the tamp was picked from within the
study areas. The sample plots were each
50 x 50 cm in size. The following tramp-
ling levels replicated eight times were
used on the sample plots within the forest
covered study areas: 0, 4, 16, 32, and 64
drops of the tamp per plot per week. The
experimental lay-out used in the grass
covered study areas was essentially the
same except that a trampling level of one
drop of the tamp per week was employed
in addition to the levels described above.
Metal pins fixed at the corners of the
sample plots ensured that the trampling
was directed at the same area of vegetation
every time the treatment was carried out.
Treatment was carried out at equal intervals
during the period 20. 6. — 31. 7. Since most
of the annual growth had taken place
before the start of the trampling, it can
be presumed that growth of the ground
vegetation had a negligible effect on the
results and the ground vegetation was not
at all as sensitive to trampling as at the
beginning of the growth period.

Observations and measurements

Deterioration of the ground vegetation
was studied by means of coverage and
biomass. Coverage analysis of the sample
plots was done both before and after the
trampling treatment. The coverage analysis
was carried out on an area 40 x 40 cm
in size in the center of the sample plot, a 5
cm wide margin being left at the edges
of the sample plot. However, the deteriorat-
ion of the plant cover on the grass covered
study area was determined only by means
of biomass.

The effect of trampling on the biomass
of the ground vegetation was determined
by the harvested quadrat method (cf.
e.g. NEWBOULD 1967). The biomass of
the vegetation on the sample plots before
the trampling was calculated by means of
regression equations developed by KELLO-
MÄKI (1974, 1975), in which the results

of coverage analysis were used as independ-
ent variables. However, in the case of
the grass covered sample plots, the mean
values of the biomass on the untreated
sample plots were used as the basic values
for the biomass of the sample plots which
received the trampling treatment. Both
the coverage and biomass analyses of the
field and bottom layers were carried out
separately.

Quality of the material

In order to obtain a general description
of the complete ground vegetation of the
stands under study, 100 sample plots 20 x
20 cm in size were randomly selected accor-
ding to the method described by KOSONEN
(1969) in each of the stands. The results
of the coverage analyses carried out on
these sample plots are presented in Table
2. The corresponding information for the
sample plots which received the trampling
treatment are also included in this table.

According to the table the variance of
the coverage of different species and species
groups is rather large in respect to the
corresponding mean values. It thus can
be seen that many plant species exhibit
a clear grouping characteristic in which
different plants grow in a mosaic pattern
(cf. GREIG-SMITH 1964, pp. 54 — 93; ODUM
1971, pp. 205 — 207). However, this general-
ization should be treated with reservation
since the effect of the size of the sample
plot on the pattern is not known. Vaccinium
myrtillus is the most noticeable exception
as regards this mosaic growth pattern.

When the plant cover of the trampled
sample plots in different stands is compared
with the overall vegetation of correspond-
ing study areas, it can be seen that the
vegetation on the sample plots is under-
represented, especially as far as the dwarf
shrubs is concerned. Although the variance
for each species is quite large, the differences
cannot however be shown to be statistically
significant, even though they may have
some practical significance when attempts
are made to generalize about the results
which are presented later on in this study.

Corresponding coverage analyses were
not carried out on the grass covered study
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Table 2. Ground vegetation of the forested study areas.

Species or group
of species

DWARF SHRUBS
Vaccinium myriillus
Vactinium vitis-idaea
Calluna vulgaris
Empetrum nigrum
Linnaea borealis

GRASSES
Deschampsia flexuosa
Luzula pilosa

HERBS
Melampyrum sp
Maianthetnum bifolium
Goody era repens
Trientalis euvopaea
Oxalis acetosella

MOSSES
Hylocomiitm splendens
Pleurozium schreberi
Dicranum sp
Other mosses

LICHENS
Cladonia sp
Cladina sp

Coverage, %

Study area 1

Sample plots Whole area

24.6 + 23.1 42.8±25.3
3.3 + 3.4 3.8± 4.3

l.o± 1.7 2 M ± 4.3

1.1 ± 2.2 2.1 £ 4.3
<0.1 0.2 + 0.6

0.8± 0.9 0.6± 2.5
2.0 + 2.5 3.1 + 2.9
1.6± 0.6 0.6 + 1.7

<0.1 0.2± 1.3
0.1 + 0.8

15.9 + 29.5 11.0 ±19.4
47.1±35.5 36.9±35.4
19.9±27.l 24.0 + 30.1

<0.l

Study area 2

Sample plots Whole area

0.5± 1.9 0.4+ 0.6
5.7± 3.3 15.6±11.7
6.9±10.5 15.1±17.8
0.6± 2.5 6.1 ± 7.6

1.5± 7.1 1.7± 6.4
65.1 ± 7.1 55.3±35.3
26.2±32.o 31.4±33.9

0.3± 1.2

<0.1

Study area 3

Sample plots Whole area

10.8± 7.0 10.5± 7.4
13.5±15.2 12.2 ±12.6

1.2 ± 4.5

46.4±28.9 44.S±33.1

<0.l <0.i

32.9±21.6 39.3 + 29.4
<0.1

areas as was done on the forested study
areas. The cultivated grass area which
was used in the study consisted mainly of
cultivated grass species e.g. Phleum pratense
etc. Only a few randomly occuring herb-
aceous plants wrere present. The most
important grass species on the natural grass
area were Phleum pratense and different
Poa species. In this case however, herb-
aceous plants were dominant. The most
commonly occuring species were Alchemilla
vulgaris, Vicia cracca, Rhinanthus sp.,
Trifolium repens, Taraxacum officinale,
Prunella vulgaris, Ranunculus acer, Plantago
major, Achillea millefolium, Rumex acetosella,
and Hijpericum maculatum.

It can be seen that the deterioration of
plant species of the bottom layer in partic-
ular is greatly dependent upon the prevail-
ing moisture conditions while the trampling
treatment was being carried out. Since
the material was collected during two
separate growth periods, an attempt was
made to control these factors by taking
9 random samples of vegetation from
each stand when the trampling treatment
was carried out, and immediately deter-
mining their moisture content in the lab-
oratory. According to Fig. 2 there are
clear differences in the moisture content of
samples taken from different sites during
the same growth period. On the Calluna
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Figure 2. Moisture content of bottom layer (per
cents from dry weight) of the study areas.

resulting from recreational use. On the
basis of observations reported in the relevant
literature the relationship between deteriora-
tion of plant cover and trampling is a
curvilinear one (cf. e.g. WAGAR 1964;
LaPAGE 1967; HOLMSTRÖM 1970; KELLO-
MÄKI 1973). Now it can be assumed that
each time the tamp falls on the plant cover
a certain amount of the plant cover under
study is destroyed. The trampling tolerance
is assumed to be specific for each type of
plant species and plant cover. The coverage
and/or biomass of the vegetation falls
from the original level at a rate determined
by the deterioration function shown as a
curve in Fig. 3. This hypothesis can be
expressed in mathematical terms as follows
(KELLOMÄKI 1973):

site type the bottom layer vegetation was
also drier than the corresponding vegetation
on the Myrlillus and Vaccinium site types
throughout almost the whole trampling
period.

Analysis of the material: the concept of
trampling tolerance and the estimation of
its values

The trampling tolerance of the ground
vegetation can be defined as the ability of
the plant cover to withstand trampling

LEVEL OF COVERAGE AND BIOMASS OF UNTREATED VEGETATION

(1) y = P̂ Xj + e^ where

DESTROYED

PLANT COVER

UNDESTROYED

PLANT COVER

AMOUNT OF TRAMPLING

Figure 3. Theoretical relationship between dete-
rioration of plant cover and trampling.

yj = coverage (or biomass) at the end of
the trampling period

Xj = coverage (or biomass) at the beginning
of the trampling period

P = a parameter which expresses the coverage
(or biomass) after one tramping impulse

j = amount of trampling

ej = error term

Parameter P thus expresses the trampling
tolerance specific for the plant species or
the whole plant cover under study. It
can be quantified by the method of the
least squares (HALD 1952, pp. 207-245)
according to equation (2):

(2) n n

2 (PVy/ - 2 eia
i= l i = l

How well the assumed relationship
between deterioration of ground cover and
trampling corresponds to the real situation
can be tested by comparing the coverage
or biomass values estimated from a model
with the corresponding observed values.
If the results given by the model prove to
be satisfactory, then parameter P can be
used for instance for ranking different
forms of vegetation according to their
trampling tolerance.



RESULTS

The trampling tolerance of different forest
plant species

The trampling tolerance of some of the
most important forest plant species, calcula-
ed from their coverage values, is presented
in Table 3 by plant communities. As
expected, the trampling tolerance of lichens
is lower than that of other plants growing
in the same plant community, and in partic-
ular lower than that of plants growing on
moister sites. In general, it appeared
that the trampling tolerance of the same
species growing on different sites decreased
when moving from moist sites to dry ones.

The only notable exception to this is
Vaccinium vitis-idaea which shows the
greatest trampling tolerance on a site of
the Vaccinium type. This is presumably
due to the fact that this site represents opti-
mal conditions as far as growth of the plant
is concerned. The structure of its foliage is
thus very resistant to trampling. In particular,
the leaves of Vaccinum vitis-idaea plants
which are growing on a site of the Myrtillus
type are rather succulent and more prone
to trampling damage. In general it may be
true that both the external characteristics
of members of a plant community and site
factors, together determine their trampling

Table 3. Trampling tolerance (P-values) of some forest plant species or groups of species, and
correlation between calculated and observed coverage values after trampling treatment.

Forest
site type

Myrtillus
site type

Vaccinium
site type

Calluna
site type

Species or
group of
species

V. myrtillus
V. vitis-idaea
L. borealis
Grasses
Herbs

H. splendens
P. schreberi
Dicranum sp.

V. vitis-idaea
C. vulgar is

P. schreberi
Dicranum sp.

V. vitis-idaea
C. vulgaris

P. schreberi
Dicranum sp.
Lichens

P

.970

.987

.981

.992

.970

.987

.986

.991

.989

.976

.974

.973

.879

.865

.881

.894

.493

Correlation between calculated
and observed coverage values

r

.773

.961

.986

.985

.952

.689

.887

.903

.976

.832

.922

.963

.962

.947

.847

.892

.911

r 2

.597

.923

.972
9.70
.906

.475

.787

.815

.952

.692

.850

.927

.925

.897

.717

.796

.830
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tolerance in such a way that both factors
are strongly dependent upon each other.

The proposed curvilinear relationship
between deterioration of the plant cover
and trampling appears to correspond to the
real situation, since the correlations between
the calculated and observed coverage values
of the plant species studied are relatively
high. The most important exceptions are
Vaccinium myrtillus and Hylocomium
splendens growing on a site of the Myrtillus
type. The rate of deterioration for these
species may be faster than would be presum-
ed from the proposed curvilinear relationship
between deterioration and trampling.
However, whether or not the supposed
linear relationship between deterioration and
trampling would have given better results
has not been studied more closely. Since the
material used in this study is rather small,
a number of random factors such as
observation errors and exceptional strong
trampling caused by the unevenness of
the sample plots can also distort the results.

In order to test the statistical significance
of the differences observed in the trampling
tolerance between plant species, the tramp-
ling tolerances for each plant species on

each sample plot was estimated and used
to calculate the values of the test variable.
The test was carried out using a t-test, and
the results are presented in Tables 4 and 5.
Comparisons have been made within the
same forest site type and between different
forest site types.

The trampling tolerance of different plant
communitis

The trampling tolerance for those forest
plant communities studied, calculated on
the basis of coverage, are presented in
Table 6. The first thing that these results
show is that the vegetation of the bottom
layer has been, especially on a site of the
Myrtillus type, more resistant than any
other type of vegetation studied. The
bottom layer vegetation which has been
damaged to the greatest extent has been
found on a site of the Calluna type. The
reason for the fast rate of deterioration in
this case lies, apart from in the moisture
content of the soil prevailing during the
trampling, also in the quality of the plant

Taple 4. Statistical significance1) of the differences between trampling tolerance of some forest plant
species according to coverage. Field layer.

Forest
site type

Myrtillus
site type

Vaccinium
site type

Calluna
site type

Species or group
of species

V. myrtillus (1)
V. vitis-idaea (2)
L. borealis (3)
Grasses (4)
Herbs (5)

V. vitis-idaea (6)
C. vulgaris (7)

V. vitis-idaea (8)
C. vulgaris (9)

(1)

**

(2)

*
*

*

(3)

***
***

(4)

*

**

***
***

(5) (6)

**
***

(7)

**

(8) (9)

*: P<0.05
**: P<O.oi
***: P < O.ooi
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Table 5. Statistical significance1) of the differences between trampling tolerance of some forest plant
species according to coverage. Botton layer.

Forest
site type

Myrtillus
site type

Vaccinium
site type

Calluna
site type

Species or groups of
species

H. splendens (1)
P. schreberi (2)
Dicranum sp. (3)

P. schreberi (4)
Dicranum sp. (5)

P. schreberi (6)
Dicranum sp. (7)
Lichens (8)

(1)

**

**

(2)

* • *

* * *

(3)

*
*

**

(4)

***

***

(5)

**
*

***

(6) (7)

*

(8)

»J P < 0.05
**: P < 0.01
***: P < 0.001

cover. For this reason the abundance
of lichen vegetation on this site should be
kept in mind. As had been expected a
lichen cover proved to be rather susceptile
to trampling (cf. HOLMSTRÖM 1970;
WILLARD & MARR 1970).

The vegetation typical of the Calluna
site type, as far as the field layer is concern-
ed, was also damaged to a greater extent
than the other types of forest vegetation

studied. On the other hand, the vegetation
typical of the Vaccinium site type proved,
contrary to what had been hypothesised,
to be more resistant than the plant cover
typical of the Myrtillus type. Since the
tolerance values were estimated in this
case on the basis of the coverage, it seems
likely that the differences are due to the
differences in the trampling tolerance of
Vaccinium myrtillus and Vaccinium vitis-

Table 6. Trampling tolerance (P-values) of field and bottom layers of different forest site types, and
correlation between calculated and observed coverage values after trampling treatment.

Forest
site type

Myrtillus
site type

Vaccinium
site type

Calluna
site type

Horizontal
strata

Field layer
Bottom layer

Field layer
Bottom layer

Field layer
Bottom layer

P

.974

.987

.982

.973

.835

.818

Correlation between calculated
and observed coverage values

r

.865

.885

.983

.952

.936

.739

r 2

.748

.783

.968

.907

.877

.546


