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The increasing demands on recreation and an indiferent relation to nature threaten
the quality of vegetation and the recreational environment as a whole. The article
discusses the possibility of using several numerical indices for the evaluation of
recreational impact on the environment on examples of several plant communities
disturbed and more or less undisturbed by recreation.
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The increasing demands on recreation result in expanding pressure on
many a place of natural beauty and conservationists’ interest. People being
given more free time, with growing possibilities of mobility, search for peace,
quietness and beauty in nature not considering the fact that they can be
a potential danger of destruction of what they are looking for.

Therefore one great task emerges before ecologists, conservationists and
managers — to study and to understand processes connected with the
recreational impact to preserve nature at least as it is for the future.

One of the most difficult tasks now is the collection and quantification of
data that could be interpreted and used in practice. There is practically no
place that would not be disturbed by some human activity either directly
or indirectly and these influences are very hard to distinguish.

In this article I would like to show one method of evaluating a decline in
diversity and complexity of vegetation and the degree of anthropogenization
first used by Kosrrowickr (1970).

METHODS

I have applied Kostrowicki’s method on the basis of vegetation relevés comprissing various
natural plant communities from the lowlands to the mountains. Relevés were sampled in areas
relatively undisturbed and disturbed by recreation, but comparable with the former ones. The
habitats were predominantly damaged by trampling and eutrophization. The taxonomic nomen-
clature (where the authors’ names are not given) follows RoTHMALER (1976). Relevés were
recorded by means of ten-numbered scale by Domin, modified by Hadac.

KostroWICKI (l.c.) suggests the following equation for the evaluation of the degree of diversity
and complexity of vegetation:

1 — (1000 p.g)*t + (700 p.g)** + (500 p.g)** + (100 p.g)* + (p-8)°
B ‘ 100 ’

where al, a2, a3, b, ¢ = vegetation layers, p = total coverage of a given layer, g = total number
of species forming a given layer. The multipliers 1000, 700 ete. mark differences in the increment
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Tab. 1. — Plantagini medii-Festucetum rupicolae HADAS et RAaMBoUskovA 1981 — slightly
disturbed (a) near the road Srbsko—Hostim almost against the branch to the quarry of the
Chlum hill and very strongly disturbed (b) on the central strip of the path of Zlaty kun, both
in the Bohemian Karst (anthropophytes A)

Relevé a

Exposition NW

Slope (°) 10

Area (m?2) 8

Number of species Ej 22
Eo 2

Coverage Eji (%) 95

EO

| o

3 [
SO O

E; T (%) T (%)

Achillea millefolium
Agrostis stolonifera
Alyssum alyssoides
Arenaria serpyllifolia
Arrhenatherum elatius
Asperula cynanchica
Carduus acanthoides
Carduus nutans
Centaurea scabiosa
Cerastium arvense
Convolvulus arvensis
Crepis biennis
Dactylis glomerata
Echium vulgare
Euphorbia cyparissias
Festuca rupicola
Fragaria vesca
Galium glaucum
Helianthemum nummularium
Hieractum pilosella
Hypericum perforatum
Knautia arvensis
Lolium perenne
Matricaria maritima subsp. snodora
Medicago lupulina
Pimpinella sazifraga
Plartago lanceolata
Plantago major
Plantago media

Poa annua
Polygonum aviculare
Potentilla arenaria
Potentilla heptaphylla
Salvia verticillata
Sanguisorba minor
Scabiosa ochroleuca
Taraxacum officinale
Teucrium chamaedrys
Thymus pulegioides
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Tab. 1. (contd.)

Eo
Syntrichia ruralis 4 -
Thuidium abietinum 2 —
XTg1 145.5 111.5
I 145.6 .22 ~l_lil*5 .24
00 = 32.0 100 = 26.8
6.5
A Wolds 48 . 11
100 — %3 “Too = 58
6.5.100 48 . 11.100
Ia (9 e R
X} 1455.22 — 09 15,28 2.9

of the organic mass between herbaceous vegetation and shrubs and trees growing at the slowest
rate. The multipliers were taken from the work of BoysEN-JENSEN (1932).
Further Kostrowicki suggests the degree of anthropogenization A as follows:

gA.PA

A= 100 ° where ga = number of anthropophytes for a single layer, ps = coverage

Tab. 2. — Untrampled (a) and trampled (b) community with Festuca rupicola on slopes of the
Sarka gully — Prague (anthropophytes A)

Relevé a b
Exposition S —
Slope (°) 5 0
Area (m2) 10 9
Number of species 13 11
Coverage (9%) 100 95 — 100
T (%) T (%)

Achillea collina — — 1
Agropyron intermedium 2 2 10
Arrhenatherum elatius 3 3.6 — —
Centaurea stoebe 1 1 — —
Convolvulus arvensis 3 3.5 3 3.6 A
Dianthus carthusianorum 1 1 — —
Eryngium campestre 4 10 i 0.5
Euphorbia cyparissias 4 10 — —
Festuca rupicola 7 41.5 8 62.5
Galium verum 3 3.5 1 1
Koeleria macrantha 1 1 — —
Lolium perenne — — 5 20 A
Medicago falcata 4 10 3 3.6
Salvia nemorosa 1 1 — —
Stachys recta 1 1 — —
Taraxacum officinale — — b 0.5 A
Thymus marschallianus Dom. — — 3 3.5
Trifolium arvense — — 1 1 A

T 89 107

I 11.6 11.8

A 0 1.0

Ia 0 8.5
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Tab. 3. — Untrampled (a) and trampled (b) community Cetrario-Festucetum supinae JENIK 1961
along the tourist path near the Snézné jamy in the KrkonoSe mountains

Relevé a b
Exposition S S
Slope (°) 1 — 3 1T — 2
Area (m?2) 9 9
Number of species E; 6 4
Coverage (%) E1 80 50
Eo 30 0 (not analysed)
T (%) T (%)

Calluna vulgaris 8 62.5 3 3.5
Carex fyllae subsp. nardeticola HoLuB 4 10 — —
Deschampsia flexuosa 6 29 — —
Festuca supina 5 20 i 41.5
Hieractum alpinum 3 3.6 -+ 0.5
Nardus stricta 1 1 -- —
Vaccinium myrtillus — — + 0.6

xT 126 46

I 7.6 1.8

A, I, 0 0

of anthropophytes for a single layer, and the degree of diversity and complexity of anthropo-
phytes I for each layer:

I, — 8a-Pa

(8. p)e
1— 3 for open dune communities, 30— 60 for steppes and meadows, 500— 1000 for pine forests
poor in species, 2500— 5000 for various types of deciduous and mixed forests, 5500— 6500 for
flood plain meadows and forests rich in species, 14000— 25000 for tropical rain forests according
to Kostrowicki (l.c.).

. 100 (%) for herb layer and similarly for other layers. Index I can reach

Tab. 4. — Lolio-Plantaginetum majoris BEGErR 1930 (anthropophytes A) — Zlichov (Prague)

Exposition -
Slope (°) 0
Area (m2) 4
Number of species i
Coverage (%) 55
T (%)

Dactylis glomerata 3 3.5 A
Eryngium campestre + 0.5
Lolium perenne 7 41.5 A
Plantago lanceolata 4 10 A
Plantago media 1 1 A
Taraxacum officinale 1 1 A
Trifolium repens 3 3.5 A

2T 61

I 4.3

A 3.6

Ia 85.0
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Tab. 5. — Acereto-Fraxinetum Krira 1932 (a) along road from the KarlStejn castle to Prague
and ‘“‘Sambuco-Fraxinetum’ (b) changed by eutrophization just under the castle (anthropo-

phytes A)

Relevé

Exposition

Slope (°)

Area (m?2)

Number of species

Coverage (%) Es
Eq
E;
Eo

E3

Acer platanoides
Carpinus betulus
Fagus sylvatica
Fraxinus excelsior
Pinus sylvestris
Ulmus glabra

E;

Acer campestre
Acer platanoides
Acer pseudoplatanus
Carpinus betulus
Cornus mas
Corylus avellana
Evonymus europaea
Fraxinus excelsior
Lonicera xylosteum
Ribes uva-crispa
Sambucus nigra
Ulmus glabra

E

Aegopodium podagraria
Aesculus hippocastanum (juv.)

Alliaria officinalis
Anthriscus sylvestris
Asarum europaeum
Arctium lappa
Ballota nigra

Campanulla trachelium

Clematis vitalba
Epilobium montanumn
Evonymus europaea

Fagopyrum dumetorum SCHREB.

Fragaria moschata
Galium aparine
Galium odoratum
Galium sylvaticum

Geranium robertianum

Geum urbanum
Hedera helix
Hepatica nobilis
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Impatiens parviflora — — 6 29 A
Lamium galeobdolon L. 5 20 — -
Lamium maculatum 3 3.5 — —
Lathyrus vernus 2 2 — —
Mercurialis perennis 4 10 — —
Poa nemoralis = = 2 2
Primula veris = — 1 1
Pulmonaria obscura 2 2 — =
Ranunculus auricomus 2 2 — —
Ribes uva-crispa — = 2 2
Sisymbrium strictissimum — — 2 2 A
Stellaria holostea 7 41.5 =0 _
Taraxacum officinale — — 2 2 A
Torilis japonica 2 2 1 1 A
Urtica dioica — — 2 2 A
Veronica chamaedrys 1 1 = —
Veronica hederifolia subsp. hederifolia 9 2 1 1
Viola hirta 1 1 — _
XTgs 79 113
YTge 176.5 46
XTE1 125.5 114.5
I 4821.6 4817.8
Igs 3950,0 4520.0
Ige 841.5 276.0
Ig: 30.1 21.8
Ags 0 0
Ags 0 29.0
Ag1 0.3 9.3
Tans 0 0
IAE2 0 10.5
Tams 0.8 42.7

RESULTS AND DISCUSSION

The following tables give several examples of plant communities of dif-
ferent habitats, and the way of calculation of I, A and 14.

The first example (Tab. 1) is the community Plantagini medii-Festucetum
rupicolae HaDpAC et RamBoUSKOVA 1981 from the Bohemian Karst, re-
presented by one community very slightly disturbed and another one in-
fluenced very heavily. The second example (Tab. 2) is trampled and un-
trampled community with Festuca rupicola in the Sarka gully. 1t is clear that
in both cases index 1 is lower in the Sarka than in the Bohemian Karst, which
seems to be caused by the substratum of the Sarka region poorer in nutrients.
Comparing both relevés within one association the anthropogenic impact
is obvious.

We must take into consideration that theze communities are often develop-
ed on shallow soils in extreme habitats of so called rock steppes and there-
fore they are susceptible to any kind of disturbance. Even worse is the
situation in alpine communities represented by one example (Tab. 3) which
shows again trampled and untrampled communities of the Cetrario-Festu-
cetum supinae JENTK 1961. Extreme conditions of the mountain climate
make it impossible for the common anthropophytes indicating trampling
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Tab. 6. — Tilieto-Aceretum FABER 1933 untrampled (a) and trampled (b) undergrowth (tree
layer not analysed) along the tourist path from the Punkva caves to the Macocha abyss (anthropo-

phytes A)

Relevé a

Exposition W

Slope (°) 45

Area (m?2) 8

Coverage (%) E: 26 — 30
E; 65 — 70

wcmgsw

E;

=)
2
H
o\:

Acer campestre

Acer platanoides

Acer pseudoplatanus
Carpinus betulus
Evonymus verrucosa SCOF.
Fagus sylvatica

Frawxinus excelsior

[

el S
WO N
Ot Ot
|

E;

Acer pseudoplatanus
Brachypodium sylvaticum
Carex digitata

Epipactis helleborine
Evonymus verrucosa Scop.
Fragaria moschata
Galium sylvaticum
Geranium robertianum
Knautia dryneja
Lamium galeobdolon
Mercurialis perennis
Mycelis muralis
Pulmonaria obscura
Viola reichenbachiana

—hvawo T we | wwe

STxs 19.5
3Tgy 79.5
T 136.5
Tizn 9.5
Ap1 0.1
Tam1 (%) 0.5

coocowmo
L

(e.g. Poa annua, Plantago major, Lolium perenne ete.) to grow, so that Jhe
destruction of the vegetation cover leads to a complete denudation of soil
surface and its quick erosion.

Tab. 4 demonstrates one typical trampled community Lolio-Plantaginetum
majoris BrGER 1930 from the Zlichov slopes in Prague. The numerical
indices indicate how poor in species the community is; all of them are
anthropophytes.

Tables 5—9 concern forest communities, both more or less natural ones
(Acereto-Fraxinetum near Karlstejn, 7'ilieto- Aceretum near the Punkva caves
in the Moravian Karst, pine forest near Dvir Kralové and spruce forest near
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Tab. 7. — Cultural spruce forest with pine on the habitat of an autochthonous Querco-Carpinion
Krika 1957 — undisturbed (a) and disturbed (b) by recation — at the Slapy dam near Zivohost
(anthropophytes A)

Relevé a b
Exposition SE SE
Slope (°) 5 5 — 17
Area (m?) 20 35
Number of species 24 18
Coverage (%) Es 55 65
E; 20 30
E; 55 80
Eo 35 0 (not analysed)

E; T (%) T (%)

Alnus glutinosa — —
Betula pendula
Picea abies

Pinus sylvestris
Quercus petraea

41.56
10
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Betula pendula
Carpinus betulus
Corylus avellana
Quercus petraea
Rubus fruticosus L.
Sambucus racemosa
Sorbus aucuparia
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Calamagrostis arundinacea
Carex pallescens
Deschampsia caespitosa
Deschampsia flexuosa
Epilobium angustifolium
Fragaria vesca
Hieracium murorum
Impatiens parviflora
Luzula luzuloides
Luzula pilosa
Moehringia trinervia
Maianthemum bifolium
Mycelis muralis

Oxalis acetosella

Picea abies (juv.)

Poa nemoralis
Potentilla erecta
Quercus petraea (juv.)
Ranunculus repens
Rubus fruticosus L.
Senecio sylvaticus
Vaccinium myrtillus
Viola reichenbachiana
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2 Trs 51.5 62

2Tge 24 20

2T 146.0 163.5
I 1152.3 3213.1
ITgs 1030.0 3100.0
Igo 96.0 100.0
I 26.3 13.1
Agg 0 3.5
Ag 0 1.3
Iag2 0 3.5
TaE1 0,1 9.7

Spindleriv Mlyn), and cultural one (spruce monoculture near the Slapy
dam).

The first example (Tab. 5) — the community Acereto-Fraxinetum Kriga
1932 from the Bohemian Karst near Karlstejn — is compared with originally
the same community near the castle changed by eutrophization where an
expansion of anthropophytes leads to forming a substitutional community
provisionally called “Sambuco-Frazxinetum’. Indices 1, A, In document
changes in species composition, especially in shrub and herb layers.

Tab. 6 compares two herb layers in the community 7Tilieto-Aceretum Fa-
BER 1933, the first one in its natural state and the other one quite destroyed
as a result of short-cutting switch backs. This leads to the complete de-
struction of the herb layer, damage of tree roots and erosion.

Very interesting results are shown when the cultural spruce forest in an
unnatural habitat near the Slapy dam (Tab. 7) is compared with one
near the camping site at Spindlertv Mlyn (Tab. 8) in its natural habitat.
The long-term use of the Slapy dam for recreational purposes has caused
disturbance of a spruce monoculture and a return of more or less autoch-
thonous species of shrubs and trees, but the herb layer influenced especially
by trampling is poorer in species and a number of anthropophytes are
present.

The last example (Tab. 9) is a pine forest near Dvir Kralové on poor
sandy soil. The recreational impact on such an oligotrophic habitat is more
severe and becomes evident sooner than that in eutrophic habitats. This
fact was also proved by the work of BEARDSLEY et Wacar (1971).

The results show that the herb layer is always changed in the most drastic
way due to recreation. This is understandable for the herb layer is influenced
immediately while the shrub and tree layers suffer especially from the
environmental factors; these changes do not appear at once, but after some
time.

The communities of scree forests on steep slopes, those of pine forests on
poor soils and alpine communities of wind-exposed habitats seem to be quite
vulnerable and susceptible especially to quick changes connected with
trampling. On the other hand some communities, e.g. spruce forest mono-
cultures in their unnatural habitats are enriched, as a result of long-term
recreation, by some species of the natural habitat.
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Tab. 8. — Spruce forest — more or less undisturbed (a) by recreation and disturbed (b) — near
the camping site at Spindlertiv Mlyn (anthropophytes A)

Relevé a b
Exposition w S
Slope (°) : 1 — 4 = 2]
Area (m?2) 200 200
Number of species 18 14
Coverage (%) Es 65 60
E; 10 10
E; 70 30
Eo 20 3 — b (not
analysed
Eq T (%) T (%)
Alnus incana — — 3 3.5
Fagus sylvatica 1 1 — —
Picea abies 8 62.56 8 62.56
Sorbus aucuparia 1 1 — —
Eg
Acer pseudoplatanus - — 2 2
Alnus incana — — 1 1
Fagus sylvatica 1 1 1 1
Picea abies — — -+ 0.5
Rubus idaeus 3 3.5 3 3.5
Sambucus racemosa — — 1 1 A
Sorbus aucuparia 3 3.5 4 10
E,;
Calamagrostis villosa 2 2 5 20
Carex strigosa 2 2 — —
Cicerbita alpina — — 2 2
Deschampsia flexuosa 6 29 4 10
Dryopteris austriaca 7 41.5 1 1
Dryopteris carthusiana 1 1 — —
Qentiana asclepiadea 1 1 = —
Homogyne alpina 1 1 — —
Luzula luzuloides 2 2 4 10
Mainthemum bifolium 1 1 — —
Picea abies (juv.) 1 1 — —
Polygonatum verticillatum — — 4 10
Prenanthes purpurea — — 4 10
Rumex acetosella — — 3 3.6 A
Silene dioica — — 3 3.5 A
Vaccinium myrtillus 8 62.56 3 3.5
YTgs 64.5 65.5
XTge 8 19
YTg1 144 83.5
I 1974.8 1452.2
Igs 1935.0 1310.0
Igo 24.0 133.0
Ik 15.8 9.2
Ags (1] 1
Agp: 0 0.1
T AE2 0 0.7
Tar1 0 1.6
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Tab. 9. — Pine forest — more or less undisturbed (a) by recreation and disturbed (b) — along the
road Dvir Krilové— Praha, near Dvir Krélové (anthropophytes A)

Relevé a b
Exposition — —
Slope (°) 0 0
Area (m?2) 90 90
Number of species 6 7
Coverage (%) Es 50 40
Es» 10 3
E; 85 10
Eo 40 1 (not analysed)
Eg T (%) T (%)
Betula pendula 3 3.6 — —
Picea abies 3 3.6 — —
Pinus sylvestris 8 62.5 8 62.5
E,
Betula pendula 3 3.6 — -
Picea abies 3 3.6 — -
Sorbus aucuparia — — + 0.5
E;
Calluna vulgaris — — 1 1
Deschampsia flexuosa 7 41.5 4 10
Pinus sylvestris (juv.) — — 2 2
Poa annua — — 1 1 A
Vaccinium myrtillus 8 62.5 1 1
Vaccinium vitis-idaea 3 3.6 1 1
2XTgs 69.5 62.6
XTge 7.0 0.5
XTE1 107.56 16
I 2102.2 626.5
Igs 2085.0 625.0
Iga 14.0 0.5
Ig: 3.2 1.0
Ap1 0 0
Tag1 0 1.0

The results obtained during one single season cannot be generalized, never-
theless they are in accordance with some investigations made abroad (see
e.g. SEIBERT 1974).
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SOUHRN

Clének se zabyvé vyuZitim ndkterych numerickych indexti, navrZenych Kostrowickym
{KosTrOowWICKI 1970) pfi hodnoceni vlivu rekreace na vegetaci. Kostrowicki navrhl tzv. index
diverzity a komplexity vegetace
_ (1000 p.g)** + (700 p.g)*2 + (500 p.g)23 + (100 p.g)® + (p.g)°
- 100 '

al, a2, a3, b, ¢ = jednotlivid patra, p = celkovd pokryvnost patra, g = celkovy poéet druhu
v patfe, konstanty 1000, 700 atd. jsou pfevzaty z price BovsEN-JENSEN (1932) k vyjddfeni

I
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rozdiltt v biomase mezi jednotlivymi patry. Déale Kostrowicki uzivé stupné antropogenizace A:

= g_Al,;)_(];’ﬁ , ga = pocet antropofyt v daném patfe, pa = pokryvnost antropofyt v daném

patie, a stupné diverzity a komplexity antropofyt Ia:

_8A-Pa
(p-.ge°

Na podkladé téchto indext bylo provedeno hodnoceni v nékolika typech spolecenstev od
teplomilnych travinnych a drevinnych spolecenstev Ceského a Moravského krasu pies vétSinou
kulturni lesni spolecenstva stiednich nadmoiskych vysek ke hiebenovym spolecenstviim Krko-
nos. Snimky dokumentuji spolecenstva jednak rekreaci vice méné nenarusend a jednak ovliv-
nénd rekreaci, hlavné seslapem a eutrofizaci.

Nejvétsi zmény nastavaji zdsadnd v bylinném patie. Zejména spole¢enstva sutovych lestt na
svazich, spolecenstva bort na chudych padach a horské travinnd spole¢enstva exponovanych
stanovist velmi trpi vysokou frekvenci nédvstévniki.

Néktera spoletenstva, napt. smrkové monokultury kolem Slap, jsou naopak ,,zasluhou‘’
dlouhodobé rekreace obohacovéna o druhy pavodnich spolecenstev.

Travnatd spoletenstva okoli Prahy zfejmé nejsou zatim ohrozena uplnou devastaci, 1 kdyz
zde uréité poroste navstévnost. Indexy I v naruseném a nenaruseném typu vegetace nejsou prilig
rozdilné, ale dulezité je jednak druhové ochuzeni, pfi ¢emz se rozrustaji vuci seslapu odolnéjsi
druhy a do spolec¢enstva vstupuji antropofyta, coz se projevuje zvysenim indexu A a koneénd
1Ia.

Vysledky jedné sezény neopravinuji k predéasnym zavértun, ale jisté by bylo vhodné ve snadno
zranitelnych oblastech rekreaci co nejvice usmérnovat.

Ia . 100 (%) pro bylinné patro a obdobné pro ostatni patra.
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