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J. BRAUN-BLANQUET, 1954 

Drawn from a photograph by Fran(oiu M. Danuu411 
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Braun-Blanquetia 3 (2), 1989 1AVS Symp. Vegetation in Settlements 

Veranderte der Mesolithiker schon die Vegetation? 
Nachweis (Pollenanalyse) von Callunaheiden im Bereich 
eines mesolithischen Fundplatzes im Bremer Blockland 

Schwaar J. 
Niedersiichsisches Landesamt fur Bodenforschung Bodentechn%gisches Institut 
Friedrich MiBler Str. 46/50, 2800 Bremen, Germany. 

Keywords: Callunaheiden, Mesolithikum, anthropogene Waldbrlinde. 

Abstract 

Salix 

Corylus 

;!! 

Caused by buliding measures a mesolithic site we
re carried out in the Blockland, district of Bremen, Fe
deral Republic of Germany. Pollenanalytical investiga
tions provided informations on the relationship between 
mesolithic people and vegetation. The forest fires had 
produced Callulla heath. Natural reasons or results of 
human actions were possible. 

FroxinU 5 ~~~ 

1. Einleitung 

Die neolithische Landnahme laBt sich - wo 
Moore als Archive von Mikrofossilien vorhanden 
sind - durch das Auftreten von Kulturzeigern 
und durch Riickgang der Baumpollenanteile in 
Pollendiagrammen iiberzeugend nachweisen. Auf 
dieselbe Weise werden spatere Zeitintervalle mit 
unterschiedlichen Siedlungsintensitaten deutlich. 

Diesen, seit geraumer Zeit bekannten Tatsa
chen, steht die Frage nach pollenanalytischen 
Beweisen mesolithischen Wildbeutertums ge
geniiber. 

Mesolithische Funde, die beim Bau der Bre
mer Universitats-bibliothek zutage kamen, erlaub
ten es, dieser Frage nachzugehen; denn die nahere 
und weitere Umgebung war vor den umfangrei
chen BaumaBnahmen vermoort und forderte zu 
pollenanalytischen Begleituntersuchungen heraus 
und damit auch zur Klarung der damaligen 
Umweltsituation. 
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CD Landschaftskundlich zahlt der Fundplatz und 
seine Umgebung zum Bremer Blockland , das als 
weitflachige Niederung neben ahnlichen ehemali
ge Sumpfgebieten (Hollerland, Werderland, Nie
dervieland u.a. das Bremer Becken mitpragt. Poli-

Fig . J - PoUendiagrarnm I: Mesolithischer FundplalZ im Bre
mer Blockland (Uniycrsillilsbibliothek). 
* VegeLalionsanderung durch mesolithische lager und Samm-
ler. 
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tisch gehort das Untersuchungsgebiet zur Freien 
Hansestadt Bremen. Es wird heute van der Bre
mer Universitat eingenommen. Der eigentliche 
Fundplatz liegt 200 m westlich der Universitatsbi
bliothek. 

3. Ergebnisse 

3.1 Fruhe Wiirmezeit (Boreal) 

Das Boreal war nach der mitteleuropaischen 
«Pollengrund-sukzession» die Zeit ausgedehnter 
Kiefemwalder und Haselgebiische. Dieses trifft fur 
das Untersuchungsgebiet nur teilweise zu. Zeit
lich kann die Friihe Warmezeit annahernd zwi
schen 7000 und 6000 v. Chr. eingegrenzt werden. 

Pinuswerte van 83 % signalisieren eine Zu
gehorigkeit zu diesem Intervall nacheiszeitlicher 
Klima- und Vegetationsgeschichte. Dagegen war 
die Hasel (Cory/us) nur sparlich vertreten; das ty
pische boreale Haselmaximum fehlte. Tilia erreich
te Pollenfrequenzen von 14%. Dabei muB man 
bedenken, daB diese Art eine Insektenbliitler ist 
und weniger Pollenkomer als die windliitige Kie
fer produziert. Sie erscheint deshalb unterrepra
sentiert. Deshalb muB die Linde neben der Kiefer 
das Landschaftsbild der Fundplatzumgebung im 
Boreal entscheidend mitgepragt haben. Die iibri
gen Baumarten miissen eine untergeordnete Rolle 
gespielt haben. Die wichtigsten Vertreter der 
Krautschicht waren CaLLuna (148%) und Lycopo
dium-Arten (32%), was heiBt, dag wir fUr jene 
Zeit einen lichten Kiefernwald mit Calluna und 
Lycopodium in der Krautschicht anzunehmen ha
ben. Da jegliche Ruderalpflanzen fehlen, kann der 
Fundplatz nicht der Friihen Warmezeit zugeordnet 
werden. Er gehort - wie wir gleich sehen werden 
- der Mittleren Warmezeit (Atlantikum) an. 

3.2 Mitt/ere Wiirmezeit (Atlantikum) 

FUr die Wende Boreal/Atlantikum ist ein Kie
fernriickgang typisch. Hier zeichnet er si ch in ei
ner eigentUmlichen Weise ab, wobei natiirliche 
Ursachen auszuschlieBen sind. Die Pilluswerte 
fallen von 83 auf 1,9% ab. Gleichzeitig fanden sich 
in den dazugehorigen Moorschichten verkohlte 
Reste. Die Calluna-Anteile stiegen bis 338% an. 
Dieses sind Anteile, die erst wieder in Spatmittel
alter und frUher Neuzeit infolge der grogen Wald
zerstorungen in Nordwestdeutschland erreicht 
wurden. Bei Hochmooren konnte dabei an die 
standorteigene Pollenproduktion gedacht werden. 
Hier handelt es sich aber urn Niedermoorschich
ten; demnach mUssen die Pollenkorner von den 

hoheren Kuppen mit niihrstoffarmen Sanden ein
geweht sein. 

Dieses alles spricht fur Wa:ldbrande groBeren 
AusmaBes. Es konnten natiirliche Brande gewesen 
sein, den en der Mesolithiker wegen des leicht be
gehbaren J agdterrains folgte. Eine gezielte Brand
legung ist ebenfalls nicht auszuschlieBen, denn 
die dicht schlieBenden Walder (feuchtes Klima) 
der Mittleren Warmezeit waren schwer begehbar 
und der diirftige Unterwuchs (dichter Kronen
schluB wegen des feuchten Klimas) verminderte 
das Angebot an jagdbarem Wild. Fur eine Zuord
nung zum aufgefundenen mesolithischen Fund
platz sprechen auch die Pollenkom~r von Rudera
larten (Chenopodiaceen), wahrend solche vom 
Getreide-Typ fehlen. 
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Fig. 2 - Pollendiagramm 2: Mesolithischer Fundplatz im Bre-
mer Blockland (Universittitsbibliothek). 
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Fig. 3 - PolJendiagramm 3: Mesolithischei Fundplatz im Bremer Block/and (Universitiitsbibliothek). 
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4. Zusammenfassung 

Callunaheiden diirften alter sein als bisher ange
nommen. Bislang nahm man das Neolithikum als 
friihesten Zeitpunkt an. Nach unseren Untersuchungen 
haben sie aber bereits im Mesolithikum existiert. 
OVERBECK (1975) wunderte sich bereits iiber die 
manchmal hohen vomeolithischen Callunawerte. Den 
SchluB, dafiir natiirliche oder lciinstlich angelegte Brlin
de verantwortlich zu machen, wagte er wohl no ch 
nicht. 

Dieses stellt eine Kurzfassung dar. Die ausfiihrli
che Veroffentlichung wird zusammen mit dem Bremer 
Landesarchaologen Dr. Brandt in den Zeitschrift Ge
schite erscheinen. 
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Remnants of biogenic weathering as a tool for studying palaeoclimates 

Danin A. 
Departmefll of Evolution , Systematics and Ecology, The A. Silbermann Institute of Life Sciences, The Hebrew University 
of Jerusalem, Jerusalem, Israel. 

Keywords: Biogenic weathering , fossil patterns, pits, root grooves, litlloflora, bacteria, fungi, cyanobacteria, lichens, climatic 
changes, 30,000 yr. 

Abstract 

Various organisms growing on limestone leave ty
pical patterns of weathering. Bacteria, cyanobacteria, 
fungi, lichens, roots of trees and shrubs, and land snails 
were used in studies of biogenic weathering in Israel. 
The distribution of weathering patterns caused by these 
organisms was correlated with present day macro- and 
micro-climatic conditions. Rocks and detached stones 
that were uneaerthed in archaeologic and prehistoric si
tes were used to evaluate the climatic conditions of the 
time when the site was built. If the excavated weathe
ring pattern is similar to that of rocks or stones today in 
the vicinity of the archaeological site, it is assumed that 
the climatic conditions of the past were similar to those 
of the present. If a more drought resistant Iithobiont 
community or more mesophytic lithobiont community 
prevailed on the excavated rocks, we assume that the 
climate was accordingly drier or wetter than that of the 
present. 

Stones and boulders found in Neolithic sites in the 
Jordan Valley showed that the climate 9-10,000 years 
ago was wetter than that of the present. This moist cli
mate followed a period with drier climate that prevailed 
some 15-18,000 years B.P. The climatic regime of the 
present started some 6,000 years ago when in many si
tes rocks and stones displayed weathering patterns that 
are similar to those of the present. 

Introduction 

The use of fossils of plant and animal in pa
laeoecology through palaeobotany is an every day 
procedure. The aquatic environments, where best 
preservation of the organisms can be detected, are 
used so widely that it is not necessary to quote 
any specific paper or textbook. We had not found 
many references for in-situ fossils of micro- and 
macro-organisms of continental lithoflora of the 
last dozens of millennia (DANIN et al. 1982). We 
studied some typical weathering patterns that are 
caused on calcareous rocks by: bacteria, cyano
bacteria, fungi, lichens, land snails and roots of 

trees and shrubs (DANIN et a1. 1982; DANIN et 
a1. 1983; DANIN, GARTY 1983; DANIN 1983, 
1985, 1986a, 1986b; HUNGATE et al. 1987). 
Rocks and detached stones that were unearthed in 
archaeologic and prehistoric sites were used to 
evaluate the climatic conditions of the time when 
the site was built. In the present paper our palaeo
climatic research in Israel is reviewed. 

Environment 

Moisture regime seems to be the most impor
tant factor influencing the distribution of litho
bionts on hard limestones and dolomites. We stu
died mainly rocks and detached stones with 
0.5-2.0% water-holding capacity. In-situ rocks 
and detached stones differ remarkably in their 
moisture regime (DANIN, GARTY 1983). Deta
ched stones are cooled during the night at a faster 
rate than in-situ rock and may therefore be sup
plied with considerable amounts of dew. In areas 
where dew is a common event there are marked 
differences in the lithobiont communities of in-si
tu rocks and detached stones (Danin 1985, 
1986a). The distribution of the principal lithobiont 
communities as related to climatic conditions in 
Israel were presented by DANIN (1986a). 

Paterns of weathering caused by Iithobiont 
communities 

The weathering types and the organisms that 
caused them were described in detail and illustra
ted in our previous papers. A shqrt reference to 
these types is listed here. 

Rock varnish on calcareous rocks is associa
ted with the activity of manganese and iron oxidi
zing bacteria (Staley et al. 1983; Hungate et al. 
1988). This life form prevails on calcareous rocks 
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in areas with less than 100 mm mean annual rain
fall and low amounts of dew. 

Microscopic pits on elevated rock and stone 
faces with ascocarps were attributed to unidenti
fied fungi (DANIN 1986a). These fungi from a 
few locations in Israel were recently determined 
as Lichenothelia intermixta Henssen (HENSSEN 
1987, and personal communication). These fungi, 
or related taxa that induce a similar type of 
weathering, occur all over Israel from extreme de
serts with 25 mm mean annual rainfall up to areas 
with more than 1,000 mm mean annual rainfall. 
They occupy specific micro-habitats in each cli
matic zone and can be used as leading fossils 
mainly in deserts. 

Pits, 0.5-3 cm deep, with spongy floor (Fig. 
1) are caused by the activity of coccoid cyanobac
teria and microscopic cyanophilous lichens in dry 
habitats (DANIN et al. 1982; DANIN 1983, 
1986a). In most cases these organisms develop in 

slightly wetter microhabitats than those of the 
fungi and succeed micro-pits that were induced on 
the substratum by Lichenothelia-like fungi. These 
cyanobacteria and cyanophilous lic,hens induce fa
ster weathering rate than the preceding fungi. Un
der desert conditions or on cliffs in wetter areas 
they lead to development of pits in occasional de
pressions. 

Spongy layer of about 0.1 mm prevails on 
rock faces in sub-Mediterranean conditions (150-
350 mm mean annual rainfall) . This layer is for
med by dissolution of clobular microscopic holes 
surrounding coccoid cyanobacteria and cyanophi
lous lichens which are similar to those involved 
with the pits mentioned above. However, under 
conditions that are less extreme than in desert or 
on dry cliffs, they develop all over the rock surfa
ce. The rate of weathering over the rocks is at lea
st similar throughout the rock surface and no pits 
are formed here. 

Fig. J - Scanning electron micrograph of the spongy surface of a rock as in pits' floor or on rock surface under sub-Mediterranean 
conditions. The lower half of the photo is perpendicular to the upper spong face, thus displaying a few globular. organisms in-situ. 
(Bar = 200 ~m). 
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Fig. 2 - Jigsaw-puzzle like pattern on a detached stone from the Negev Highlands near Sede Boqer. The pinhead holes are in place of 
the ascocarps of the endolithic lichens; the micro-grooves are in the meeting zone of two thalli with more efficient dissolution of the 
rock by the fungal component of the lichen. . 

Jigsaw-puzzle like pattern (Fig. 2) is induced 
by the activity of a few species of endolithic li
chens. This pattern is found on south-facing slo
pes of rocks in the Mediterranean zone of Israel 
(400-1,000 mm mean annual rainfall) and on deta
ched stones in areas with 80-1,000 mm mean an
nual rainfall and high amounts of dew. Land 
snails grazing on these lichens make their appea
rance more prominent (SHACHAK, GRANOT 
1982; DANIN, GARTY 1983; DANIN 1986a, 
1986b; SHACHAK, JONES, GRANOT 1987). 

Foveolate pattern is formed by a few species 
of endolithic lichens in place of their ascocarps 
(Smith 1921; Danin 1985, Fig. 2). 

Smooth-faced rock surfaces are formed be
low the crust of epilithic lichens. These lichens 
protect therock's surface from the destructing ef
fect of rain drops. Water that passed the lichen 
crust reach the rock gradually and the relatively 
homogeneous complete cover of rock surfaces by 

these lichens leads to the formation of smooth fa
ces. 

Root grooves (Fig. 3) are formed in joints 
and between hard layers of limestones under Me
diterranean conditions by trees or shrubs 
(DANIN, WIEDER, MAGARITZ 1987). Carbo
nate fillings of the root grooves can be analyzed 
and carbon- dated. 

Honeycomb pattern with holes 2-3 cm in dia
meter are formed by land snails (DANIN 1986, 
1986b). This pattern is formed mainly under Me
diterranean conditions with 300-1,000 m mean 
annual rainfall. 

Indications of palaeoc1imates 

Rock outcrops are populated in most places 
by one type of lithobiont community and cause 
simple pattern of weathering. Rocks that are expo-
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Fig. 3 - Root grooves on a joint surface at the Judean Desert of Israel. These are remnants of the activity of trees or shrubs some 
30,00 years ago. 

sed for many thousands of years and «witnessed» 
climatic changes may display these changes on its 
surface as complex weathering pattern. A few ca
se histories are listed below. 

Simple weathering pattern 

Massive limestone near Horvat Medin, north
eastern Dead Sea area, display at present fungal 
micro-pits on elevated faces and pits of cyanobac
teria and cyanophilous lichens in depressions. De
tached stones display there mainly fungal micro
pits. The unearthed fort of the Hellenistic period 
at Horvat Medin is built up of large boulders, a 
few of which display the same pattern as the rocks 
on the slopes . Detached stones that were put 
among the boulders also display micro-pits (Da
nin 1985). 

Rocks in the Negev Highlands support fungi 
in micro-pits and cyanobacteria and cyanophilous 
lichens on their south-facing slope as mentioned 
above for the Dead Sea area. Detached stones are 

covered by endolithic lichens that induce the jig
saw-pattern on their surface. Rocks and detached 
stones buried in the Byzantine period were found 
in a few sites in Nahal Haroa (Danin 1985). The 
weathering patterns on the excavated rocks had 
the same type of weathering as that of these habi
tats at present. This example and its preceding in
dicate that in both cases climate in the past was si
milar to that of the present. 

Complex weathering pattern 

Rocks and boulders in the vicinity of the 
Neolithic site of Netiv Hagdud, Jordan Valley 
(DANIN 1985), are covered at present by cyano
bacteria and cyanophilous lichens that are associa
ted with a spongy layer at the rock surface. Rem
nants of jigsaw pattern can be observed on many 
boulders. No living endolithic lichens that are as
sociated with the latter pattern occur on these 
rocks. This patern of lines and pinhead holes typi
cal for endolithic lichens indicates a period when 
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the area was moister. The jigsaw pattern is situa
ted in a few boulders in pits 1-3 cm deep. These 
were formed presumably when the climate was 
drier than that of the present. Boulders that were 
unearthed in the neighbouring prehistoric site did 
not have spongy pattern on the jigsaw pattern. 
However, the latter was found in a few places on 
pitted micro-relief. This means that the climate 
there in the Neolithic period was wetter than that 
of the present but was preceded by much drier pe
riod. Rock pieces found in a siteI5-18,000 years 
old, not far from Netiv Hagdud, displayed pits and 
micro-pits such as those described above for the 
dry area of the Dead Sea. Consequently the rocks 
near Netiv Hagdud indicate a period wetter than 
that of the present that prevailed in the area just 
before being covered by soil and buried in the si
te. These boulders also displayed a very dry pe
riod that preceded the Neolithic period. 

Rate of weathering 

Each lithobiont community has its own rate 
of establishment, growth and creation of its typi
cal pattern. The rate of pitting by a community of 
cyanobacteria and cyanophilous lichens on lime
stone walls of Jerusalem was found to be 1 
mm/200 yr (DANIN 1983). This rate represents 
the mean rate of pitting over a period of some 
2,600 years. It is the rate of a composite process 
where lithobionts locally dissolve the rock and 
rain drops detach minute rock particles from its 
surface. 

Climatic changes in Israel 

The period covered partly by remnants of 
biogenic weathering patterns starts some 30,000 
years ago. Root grooves found in the Judean De
sert indicate that the wet climate of the Late Plei
stocene terminated then (DANIN, WIEDER, MA
GARITZ, 1987). The drought caused the death of 
the trees and shrubs on slopes of this area. We do 
not have evidence for what happened between 
30,000 and 18,000 yr B.P., but during the latter 
period the climate was drier than that of the pre
sent (DANIN 1987). Between 10,000 and 9,000 
years B.P. the climate was wetter than at present. 
The climate that is similar to that of the present 
started some 6,000 years ago. Our findings agree 
with conclusions from other fields of research, as 
discussed in our articles quoted above. 
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Summary 

Physiological activity of various organisms living 
on or inside limestone rocks and stones lead to accele
rated weathering of the rock near these organisms. 
Long term localized dissolution and splashing of minu
te rock particles by rain drops from the vicinity of cir
cular patches where cyanobacteria and cyanophilous li
chens live lead to the formation of pits with spongy 
floor. Such pits are formed under desert conditions be
cause the organisms can not develop throughout the 
rock surface. Under moister conditions endolithic li
chens develop and induce typical weathering pattern 
that looks either as an assemblage of pinhead holes, 
created by their ascocarps, or as jigsaw puzzle. The lat
ter becomes more prominent after being differentially 
abraded by land snails. Land-snails that obtain from the 
rock, at least, part of the calcium carbonate needed for 
constructing their shell, leave dissolution holes that re
semble honeycomb with deep and wide holes. Trees 
and shrubs, the roots of which penetrate into crevices of 
limestone, lead to the formation of root grooves. Each 
of the organisms mentioned above develop under deter
minable environmental conditions and thus leave typi
cal patterns of weathering that may be associated with 
these conditions. The remnants of biogenic weathering 
may function as leading fossils indicating climates of 
the past. The main events of climatic changes in Israel 
during the last 30,000 years were correlated in the stu
dies under review with weathering patterns found on 
rocks and stones that could be dated. Most dated am
pies were found on building stones that were buried in 
archaeologic or prehistoric sites. Carbonate fillings of 
root grooves were dated using isotopes of carbon. 
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Botanisch-zoologische Beitdige zur historischen StadtOkologie 
- eine Ubersicht -

Brande A., Elvers H. 
Inslilutfiir Okologie TU Berlin, Schmidl - Ott SIr. 1 Berlin 1000 - Germany. 

Keywords: urban ecology, palaeo-ecology. 

Abstract 

A survey of aims, methods and some results of 
landscape history, concerning nora, vegetation, fauna 
and ecotopes of settlement areas, is given in order to 
encourage those studies complementary to urban ecolo
gical research. 

1. Problemstellung 

Innefhalb def Landschaftsokologie hat sich 
durch intensive Forschungen im besiedelten Be
reich die StadtOkologie klar herausgebildet 
(SUKOPP 1987). Entsprechend Jaf3t die Land-

aktuell 

Landschaftsokologie 

1 
Flora, Fauna 
Biozonosen 
Okotop 

Stadto kologi e 

B iotop'kart ie ru ng 
Okochoren- " 

--- Historische 

schaftsgeschichte, soweit sie sich mit def Flofen-, 
Vegetations-, Faunen- und Standortgeschichte als 
historische Okologie vefsteht, Ansatze zu einer 
historischen Stadtokologie erkennen (Abb. 1). 
Wie die Stadtokologie sich weitgehend land
schaftsokologischer Methoden bedient, so sind 
auch die Methoden def historischen StadtOkologie 
zunachst diejenigen der Landschaftsgeschichte 
bzw. historischen Landschaftsokologie. Die Pro
bleme liegen beim zeitlichen Querschnitt fUr die 
Bio- oder Okotop- bzw. Parzellen- und Gebietsge
schichte in der raumlichen Unscharfe besonders 
def Fossilbefunde und beim zeitlichen Langs
schnitt (pro-oder retrogressiv, JAGER 1987) in 

historisch 

Lan dsc haftsgeschichte 

Historische Okologie Fossilien 
Archivalien 
Pedotop 

/ 
Stadtokologi e Bio-IOkotop

geschichte 

Abb. 1 - Ableitung und Funklion der hislOrischen Stadlokologie. Okochorcn (sladlOkologische Raumeinheilen) nach BOCKER & aJ. 
1987. 
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Poltenanalyse Paliio- Ethnobotanik Jahrringanalyse lkonographie Kartographie Flora 

1988 
Archiio-Zoologie Ethnobotanik Fauna 

11 

1 

1500 -

11 

~ 
I, .c 

u 1000 -
.c 

I, 
:;: .. 
2' 
." 

I, 
0 500--Vl 

I, 

o-
I1 

500-
11 

11 

1000 - I 

Abb. 2 - McUl00en dcr hislorischcn Sladltikologie und dcren zciUiche Reichweile und Kontinuital. Stadtgeschichtliche Beispiele in 
Auswahl. 

der oftmals mangelnden zeitlichen KontinuiUit der 
Materialien, besonders im unmittelbaren An
schluB an die Gegenwart als dem entscheidenden 
Bezugssystem. Im Folgenden wird an hand von 
Beispielen eine Ubersicht der Methoden und de
ren Anwendung in stadtischen Siedlungen gege
ben. 

2. Methoden 

Das Methodenspektrum, die methodenspezi
fisch unterschiedliche zeitliche Reichweite und 
die Kombination von Einzelmethoden bestimmen 
Art und Qualitiit der historisch-stadtokologischen 
Information (Abb. 2). 

Die Palynologie liefert einerseits in zeitlicher 
Kontinuitiit den weiteren rHumlichen Hintergrund 
und andererseits in unterschiedlicher Anniiherung 
an die Siedlungen (BEHRE & KUCAN 1986) bis 
hinein in die eigentlichen Kulturschichten zeitlich 
begrenzte Nachweise, beides weit in vorsUidtische 
und vordorfliche Siedlungsperioden zurUckrei
chend bis in die Lagerplatze von Jagern, Fischern, 
Sammlern (BRANDE 1975,1980/81). FUr den er
sten Ansatz ist die Siedlungs- bzw. Stadtlage in 
Niederungen oder an Seen Bedingung wie in Ber
lin (BRANDE 1978179). Der zweite Ansatz ist an 
archaologische Grabungen in Kulturschichten un
terschiedlicher Lage und Beschaffenheit gebun-

den (GREIG 1982, DIMBLEBY 1985, RE
NAULT-MISKOVSKY & al. 1985). In gtinstigen 
Fallen trifft beides zusammen (BEHRE 1986, 
BRANDE & al. 1987b), so daB auch die raumli
che Scharfe zunimmt. 

In der Regel aus archaologischen Grabungen 
und somit zunachst zeitlich diskontinuierlich, aber 
taxonomisch zumeist genauer und somit soziolo
gisch-okologisch weiterreichend als die Pollen
funde sind die Ergebnisse der Palao-Ethnobotanik 
(WASYLIKOWA 1986, WILLERDING 1986a, 
1987). FUr GroBregionen ergeben sie inzwischen 
ein zeitlich ziemlich geschlossenes Bild des Flo
renwandels unter anthropogenen Bedingungen 
(JENSEN 1985, 1987, WILLERDING 1986b), in 
das sich weitere archaobotanische Befunde einfU
gen. Aus gleichartigen Fundzusammenhangen 
stammt der groBte Teil der archaozoologischen 
Daten. So ist die botanisch-zoologische Analyse 
von Kulturschichten aus den in den letzten lahren 
stark zunehmenden stadtarchaolo.gischen Grabun
gen (FRERICHS 1980, ROTTING 1985, 
STEPHAN 1985) eine direkte FortfUhrung 
langjahriger archaobiologischer und palaookolo
gischer Forschungen (BOESSNECK 1969, DIM
BLEBY 1977, SHACKLEY 1981). 

lahrgenaue Aussagen zur Wuchsgeschichte 
von Baumarten im naheren und weiteren Sied
lungsbereich, ulld zwar lUckenlos bis in die Ge
genwart und bis in das Innere der GroBstadte lie-
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fert die okologisch arbeitende Dendrochronologie 
(von LOHRTE 1981, MEYER 1982, SCHWEIN
GRUB ER 1983, BRANDE & a1. 1987b). Sie um
greift damit flir die Standortgeschichte sowohl 
den paHiookologischen Ansatz wie Palynologie 
und PaHio-Ethnobotanik als auch den der histo
risch-archivalischen und aktuell-okologischen 
Floren- und Vegetationsanalyse. 

Eine direkte Erganzung zur Florengeschichte 
aus Fossilanalysen einschlieBlich langlebiger Sa
men in archaologischem Material (0DUM 1965) 
ergibt sich aus vielfach zeit- und z.T. ortsgleichen 
schriftlichen und ikonographischen Zeugnissen 
(WILLERDING 1984, 1986c). Das gilt auch flir 
die Standortgeschichte im besiedelten Bereich un
ter Einbeziehung von Namenkunde (KRAUSCH 
1979) und historischer Kartographie (RIEDEL 
1978, FRANZ & JAGER 1980), zumal als Ergan
zung zu bodenkundlich-stratigraphischen Gelan
debefunden. 

Historisch-floristische Untersuchungen nach 
Literatur- und Herbarbelegen der letzten 2 
lahrhunderte und teilweise darliber hinaus ma
chen die Veranderungen und ihre Dynamik in 
Abhangigkeit von der Stadt- und Standort
entwicklung und dem Artenzugang deutlich 
(SUDNIK-WOICIKOWSKA 1987). Ahnliches 
betrifft den Faunenwandel in jlingeren Zeit und 
die Verstadterung von Tieren (WEND LAND 
1971. BEZZEL 1982, KLAUSNlTZER 1988), 
Vorgange. die in glinstigen Fallen an archaozoolo
gische Befunde aus stadtischen Siedlungen ansch
lieBen (MALTBY 1979. WILLERDING 1985, 
REICHSTEIN 1987) . Auch Datensammlungen 
zum Floren- und Faunenwandel stadtischer Teil
gebiete wie in Gewassern lassen die Auswirkun
gen zunehmenden GroBstadteinflusses erkennen 
(SUKOPP & BRANDE 1984/85). Flir die jling
sten lahrzehnte kommen auch in Stadten flori
stisch-vegetationskundliche Wiederholungs
kartierungen und sukzessionsdynamische Beoba
chtungen hinzu (SUKOPP 1971 , KOWARIK 
1986) sowie planmaBige Faunenbeobachtungen, 
etwa bei Vogeln (WITT 1984). 

Das heutige Verbreitungsmuster der Flora im 
besiedelten Bereich. insbesondere die Beziehung 
der Arten zu historischen Stadtstrukturen wie 
Stadtkernen. Befestigungsanlagen, Verkehrsfla
chen. Parks und Garten besteht oftmals nicht in 
unmittelbarer zeitlicher Kontinuitat, sondern ist 
vielfach durch Nutzungs- und Standortentwick
lung sowie artspezifische Ausbreitungs- und Na
turalisationsdynamik gepragt. wie Vergleichsun
tersuchungen alter SiedlungspIatze zeigen konnen 
(LOHMEYER 1984). Darin die historische Kom
ponente zu ermitteln wie flir verwilderte Nutz-
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pflanzen und and ere Synanthropen bedarf ein
gehender Spezialuntersuchungen (SUKOPP & 
SCHOLZ 1965. 1966, 1968, KOWARIK & 
BOCKER 1984). 

3. Anwendungsbeispiele 

Jede derartige historisch-okologische Unter
suchung liefert einen zeitlichen Ausschnitt der 
Hemerobieprozesse unter stiidtischen Bedingun
gen, bei manchen Methoden unter Einbeziehung 
des nichtstadtischen Umlandes. Diese Vorgange 
sind auch nach einem Siedlungsabbruch durch 
Zerstorung, Verlagerung etc. bedeutungsvoll. Ge
rade an so1chen archiiologischen Objekten hat sich 
das palaookologische Interesse an Siedlungen 
entwickelt. 

Flir das Imperium Romanum trifft das z.B. 
auf Pompeji mit seinen ikonographischen, schri
ftlichen, archaologischen, palao-ethnobotanischen 
und palynologischen Zeugnissen von Pflanzenkul
turen und ihrer Begleitflora in den stadtischen 
Garten, den Feldern und dem Griinland zu (JA
SHEMSKI 1977, 1979, MEYER 1987, GRDGER 
in Vorber.). Ahnlich erbrachten palynologische Da
ten im Gebiet des antiken Narona die romerzeit
liche Einfiihrung, Kultivierung und z.T. spatere 
Verwilderung von iuglans, Castanea, Platanus, 
Punica, die Kultur der einheimischen Frucht
geholze Olea und Vitis, bei nur geringem Getrei
deanbau, das Auftreten von Ruderalvegetation mit 
Xanthium sowie Walddegradation durch Holz
und Weidewirtschaft mit Ausbildung entsprechen
der ErsatzgeseIIschaften der Sibljak- und Garigue
Formation im Umkreis der Stadt (BRANDE 1973, 
1976). Aus der Germania Romana bieten haupt
sachlich palao-ethnobotanische Analysen von Mi
litarlagern und ihrem Einzugsgebiet, also den 
KeimzeIIen mancher spateren Stadt, reichlich flo
ris tisch -vegetationskundliches Datenmaterial 
(KNORZER 1970, KORBER-GROHNE & al. 
1983). 

Ansatze mittelalterlicher Stadtentwicklung 
aus befestigten Anlagen im slawischen und wikin
gischen Siedlungsgebiet waren schon mehrfach 
Gegenstand palao-ethnobotanischer und palynolo
gischer Untersuchungen (OPRAVIL 1978, WA
SYLIKOWA 1978, BEHRE 1983, LANGE 1986, 
BRANDE & a1. 1987b), ahnlich wie in anderen 
SiedJungsgebieten Mitteleuropas (z.B. KORBER
GROHNE 1979). Doch nehmen so1che Untersu
chungen derzeit besonders in stadtarchaologi
schen Grabungen heutiger Stadtzentren zu 
(KORBER-GROHNE 1978, WIESEROWA 1978, 
KNORZER 1984, WILLERDING 1985, JENSEN 
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1986), irn Einzelfall rnit sehr urnfassender histo
risch-okologischer und quellenkundlicher Au
swertung (WILLERDING 1986c) einschlieBlich 
des Vergleichs rnit Florenverzeichnissen seit dern 
17. lahrhundert bis zur heutigen Stadtflora 
(MATTHIES 1986). Uber rnehrere lahrhunderte 
bis in die Neuzeit (urn 1700) sind in Turku durch 
vielseitige paliiookologische Analysen die Aus
wirkungen der Stadtentwicklung auf den zentral 
gelegenen Stadtsee und seine Umgebung verfolgt 
worden (PIHLMAN & al. 1985) einschlieBlich 
des Keimerfolges von nahezu 300 lahre altem Sa
men von Vicia tetrasperma. 

Methodisch umfassende historisch-okologi
sche Untersuchungen heutiger Stadtgebiete sind 
besonders in Parks vielversprechend, da hier die 
historische QueUenlage oftmals besonders gut ist, 
z .T. rnit alten Pflanzenlisten (HANDKE & al. 
1987), tiberkommenen Vegetationsstrukturen 
(BRANDE & al. 1988), kleinriiumig faBbarem 
Nutzungs- und Standortwandel und der Mogli
chkeit gartenarchiiologischer Grabungen (SElLER 
1985). Zudern sind hier die historischen Zeigerar
ten oftmals sicherer zu ermitteln (SUKOPP 1968, 
1981, NATH-ESSER 1986). ledoch soUte ein ge
zielter Einsatz rnoglichst vieler historisch-okolo
gischer Methoden auch auf anderen stadtisch
en Teilfliichen unterschiedlicher Grof3e und 
Geschichte erprobt werden. 

Summary 

Historical urban ecology, as defined in Fig. 1, has 
the chance to develop in respect to intensive and com
parative studies on urban ecology since the last few de
cades. Palynology, palaeo-ethnobiology, dendrochrono
logy and documentary evidence, inclusive carto- and 
iconography, provide main tools with different scales in 
time, space and taxonomic level, to be focused on ur
ban settlements (Fig. 2) . Methodologil:al aspects as 
well as examples of studies in the urban nature deve
lopment, going back to Roman times, are quoted by se
lected citations. 
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Native orchids in the main archaeological sites in Rome 

Rossi W. 
Department of Plant Biology, University of Florence, P.le delle Cascine 28 - 50144 Firenze, Italy. 

Keywords: Native Orchids, Archaeological Sites, Rome. 

Abstract 

Recent field research within the city of Rome has 
revealed the presence of an unespectedly high number 
of native orchids belonging to 33 different taxa. T~o 
large archaeological sites, the Palatine Hill and Old Ap
pian Way, were found to be very rich in species and 
specimens. In the first site, which lays near the cent er 
of Rome, orchids belonging to 12 different taxa have 
been observed. In the second site, at the periphery of 
the city, the observed taxa were 13, 7 of which in com
mon with the Palatine area. Among these orchids it is 
worth mentioning the presence of three rare natural hy
brids (Ophrys x hoepplleri Ruppert, O. x grampillii 
Cortesi, O. x nlGcchialii Cam us) and of Ophrys ciliata 
Biv., which is a very uncommon species in the Italian 
peninsula. 

The city of Rome still hosts a surprisingly 
high number of native orchids, both as species 
and as specimens CROSSI & LIPPOLIS, 1984). 
This is mainly due to the presence within the city 
of ancient patrician villas and extensive archaeo
logical sites. Among the latter, the Palatine Hill 
and the Archaeological Park of the Old Appian 
Way are the largest and also the richest in native 
orchids. 

The evocative Palatine Hill lies near the city 
center. Orchids are still relatively abundant here 
amid the Roman ruins on the highest portion of 
the hill, inside the so called Diocletian's Hippo
drome and the areas surrounding the Domus Fla
via. In this archaeological site the following enti
ties have been observed: Ophrys bombyliflora 
Link, O. x hoeppneri Ruppert, O. incuhacea Bian
ca, O. sphegodes Miller, O. tenthredinifera Willd., 
Orchis coriophora L., O. morio L., O. papiliona
cea L., Serapias lingua L., S. parviflora Parl., S. 
vomeracea (Burm. fil.) Briq., Spiranlhes spiralis 
(L.) Chevall. The most interesting of these twelve 
orchids is undoubtly Ophrys x hoeppneri, a natu
ral cross between O. homhyliflora and O. sphego
des: as many as 22 plants of this very uncommon 
hybrid have been found inside Diocletian's Hip
podrome, an area luckily not open to the public. 

The Archaeological Park of the Old Appian 
Way begins inside Rome, but extends quite some 
distance from the city; for this research only that 
portion inside the city's ring road was considered. 
The 13 entities reported below have been found 
there, 7 of which have been mentioned already 
above, dealing with the Palatine Hill: Ophrys api
fera Huds., O. ciliata Biv., O. garganica E. Nel
son ex O. & E. Danesch, O. x grampinii Cortesi, 
O. incubacea Bianca, O. x macchiatii Camus, O. 
sphegodes Miller, O. tenthredinifera Willd., Or
chis coriophora L., O. laxiflora Lam., O. papilio
nacea L., Serapias vomeracea (Burn. fil.) Briq., 
Spiranthes spiralis (L.) Chevall. Three of these 
orchids are very interesting: Ophrys ciliata is a 
very uncommon species in the peninsular portion 
of Italy; O. x macchiatii, a natural hybrid between 
O. ciliata and O. sphegodes, was described upon a 
single specimen found in Sardinia in 1908 and has 
not been found again until now (it was however 
obtained artificially); finally, the interest of O. x 
grampinii lies in the fact that this uncommon 
natural cross between O. sphegodes and O. tenthre
dinifera was originally described from specimens 
found on the roadsides of the Old Appian Way 
(CORTESI, 1904). 

The presence of wild orchids in a city of over 
three milion people obviously poses serious con
servation problems. On the Palatine Hill, for 
example, in recent years a drastic clean-up of the 
vegetation around the monuments has been car
ried out: this might even be auspicable, but it has 
obviously caused the rarefaction of certain species 
of orchids, one of which may have disappeared 
(Serapias vomeracea). To partially prevent this 
inconvenience those in charge of the archaeologi
cal site agreed to set aside two small areas near 
the Domus Flavia very rich in orchids. In these 
«orchid reserves» signboards were set up indica
ting the species present there and their flowering 
period. Unfortunately this praiseworthy initiative, 
which aroused curiosity and interest among the 
numerous visitors, had a short life. Luckily up to 
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now herbicides have not been used. In Greece these 
chemicals have already caused the disappearance 
of a very rich assortment of native orchids from 
some of the equally famous archaeological sites in 
Athens. 

The conservation problems of the orchids of 
the Old Appian Way are different. The greatest 
damage there comes from trampling by the very 
nume~ous. tourists, from flower collecting by Sun
day plc-nikers and, above all, from «orchid lov
ers», chiefly middle-europeans, who dig up the 
most rare and interesting plants complete with 
their underground parts. The latter practice is the 
worst threat: it suffices to remenber that on one 
occasion someone dug up three specimens of 
Ophrys ciliata, more or less half of all the speci
mens known in Latium. If we wish to preserve 
within the Eternal City this very peculiar and inte
resting natural inheritance, which has come down 
to us thanks to these archaeological areas, meas
ures will have to be taken which will reconcile the 
conservation problems with the much more im
portant historical and cultural aspects of this sites. 
The brief but succesful experiment on the Palatine 
Hill indicates one of the possible solutions. 

Riassunto 

Recenti ricerche effettuate all'interno della citta di 
Roma hanno permesso di accertare la presenza di un 
elevato numero di orchidee spontanee appartenenti a 33 
differenti entita. I due siti archeoIogici piu vasti, il 
complesso del Colle Palatino ed il Parco ArcheoIogico 
dell a Appia Antica, sono risultati moIto ricchi sia di 
specie che di esemplari. Nel primo dei due siti sono sta
te rinvenute orchidee appartenenti a 12 taxa, mentre nel 
secondo le entita accertate sono 13, 7 delle quaIi in co
mu ne con il Palatino. 

Tra queste orchidee meritano particolare menzio
ne tre ibridi naturali moIto rari (Ophrys x hoeppneri 
Ruppert, o. x grampinii Cortesi, o. x macchiatii Ca
mus) ed anche Ophrys ciliata Biv., una specie tra le 
menD comuni nella penisola. 
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Ostia Antica and its Vegetation 
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Abstract 

A brief outline of flora and vegetation of the ar
chaeological area of Ostia Antica and a historical inter
lude are given. Life fonns of the flora and of the main 
vegetation types, chorology and seasonal changes in 
plant cover and species combination of a 3sqm surface 
with vegetation belonging to the Lolio-Plantaginetum 
are discussed in detail. Hints on correct management 
maintaining the aesthetic effect plants may offer within 
an archaeological area are given. 

Introduction 

In the Mediterranean Basin there are many 
archaeological areas, for instance in Greece, 
Southern Italy, Western Asia, Egypt etc. These ar
chaeological sites present very special ecological 
conditions because of the abundance of stony sub
strates, excavation activities, heavy foot traffic 
arid many other forms of human disturbance. In 
addition exotic species are introduced by man for 
aesthetic purpose or regreening of certain surfa
ces. Flora and vegetation consequently have some 
special features but until now very few investiga
tions have been carried out on this subject. An ar
chaeological area is indeed a very particular field 
of investigation for a botanist who besides the dis
coveries of its flora and vegetation will be con
stantly aware of the past with great respect and re
verence. 

Since the 19th century a few floristic lists of 
famous archaeological sites have been published 
(e.g. of the Colosseum in Rome and others): an
thropogenous elements are prevailing in such arti
ficial environments and natural vegetation is al
most lacking (DEAKIN, 1855; FIORINI MAZ
ZANTI,1875-78). 

Special phytosociological investigations have 
been published by RIVAS MARTINEZ (1978). 

Our study was partly carried out as a thesis 
by the junior author during the years 1984-1986. 

The aim of it was to describe flora and vegetation 
of a large archaeological area and analyze some 
specific ecological factors of this very particular 
environment. 

A historical interlude 

Ostia Antica is a huge archaeological area 
about 23 km southwest of Rome which covers a 
surface of some 34 ha near the mouth and 
lefthand-bank of the Tiber on sandy, Holocene al
luvial soils with high groundwater level. Today it 
is about 3 km from the coast of the Tyrrhenian 
Sea. Its name derives from Ostium (= mouth); by 
the way after the tradition (see Vergil: Aeneis) the 
mythical hero Aeneas is said to have landed there. 

The foundation of Ostia Antica is ascribed by 
ancient Roman writers to Ancus Martius, a mythic 
King of Rome (7th cent. BC), and some evidences 
support this hypothesis. A matter of fact is that a 
fortified quadrangular citadel (125 by 193 m) was 
built during the 4th cent. BC, probably in 338, a 
so-called Castrum, with the aim to control the 
coast, the surrounding salt-works (saline) and the 
fluvial traffic on the Tiber. Remnants of the origi
nal wall of the Castrum can still be found in the 
centre of the archaeological complex. 

From this strategically important port of the 
Roman Empire many a naval enterprise was star
ted (for example in 211 BC P. Cornelius Scipio 
weighed the anchors for Spain with 30 quinquere
mes). At the beginning Ostia Antica mostly ser
ved for defence and as a bulwark, soon it was 
used as a port of arrival for the wheat supply of 
Rome. By and by Ostia Antica changed its role 
and became an important commercial centre for 
the whole Mediterranean area. The Castrum was 
now too small, consequently it was transfOl.ned 
into Municipium in the 3rd cent. BC and grew to 
become about thirty times as big a~ it had been at 
the beginning. New walls of tufa were built under 
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Sulla with 3 entrances (Porta Romana to and from 
Rome, Porta Marina towards the sea, Porta Lau
rentina towards the settlement Laurentum, the 
area where today Castelporziano is situated). 

The main road, in direction E-W, called De
cumanus maximus, connected Rome with Ostia 
Antica, crossing the whole urban area from Porta 
Romana to Porta Marina, about 1.2 km long and 
the continuation of the via Ostiensis. Another im
portant but shorter road, in direction N-S, was the 
Cardo maximus which crossed the latter connec
ting Laurentum with the harbour. Outside the waI
ls - as this was the rule - the necropolis. 

With the increasing commerce the number of 
public institutions of Ostia Antica was growing: 
grain- warehouses (Horrea), shops, taverns, hou
sing for the poor, and villas for the rich showing an 
intersting urban phenomenon that sounds very mo
dern indeed: vertical development instead of a hori
zontal one started mostly along the Decumanus 
maximus. Complexes of houses (Insulae, Fig. 1) 
connected by common courtyards were constructed 
which show some features similar to modern archi
tecture and express the typical way of living of the 
labourers and the lower middle classes. Under Ti
berius an aqueduct was built, closed sewers under 
the Decumanus maximus even sooner. Opulent vil
las in the Pompeiian style are rather rare. 

Fig. 1 - Rcconstruction of highcr buildings (Insulae) along 
Decumanus Maximus (aftcr Carcopino). 

After a description in Pliny the Elder, lerome 
Carcopino writes about the Insulae of Ostia Anti
ca: «Fast alle Fenster schmiickten Topfblumen, 

sie bildeten die kleinen Garten, von denen Plinius 
d. Altere erzahlt... Aus Ostia wissen wir, dass am 
Ende des 4. lahrhunderts auch bescheidene Her
bergen mit schattenspendenden Gebiischen um
pflanzt wurden ... » and again further on the same 
author writes «Die wesentlich altere Casa dei Di
pinti scheint von allen Seiten bis zum First mit 
Blumen umrankt gewesen zu sein ... Die Rekon
struktion unter Beriicksichtigung aller Anhalts
punkte erweckt das Bild einer Gartensiedlung ... 
wie sie heute fUr die Handwerker und Kleinburger 
unserer grossen Stadte geschaffen werden ... » 

Ostia Antica is an example of the way how 
the artisans, craftsmen, labourers, clerks, police
and firemen, guards, merchants and slaves lived 
during the Roman era. In the flourishing period 
about 100 BC to 100 AD some 50.000 people 
were living here, among them also many forei
gners, mostly oriental people; consequently many 
different religions such as the cults of Isis and 
Osiris, Ceres, Cybele, Attis, Serapis, Mitra etc. 
were represented. The Mitra cult is proved by the 
remnants of 16 Mitrei. Also one synagogue and 
the first Christian temples can be identified in the 
area. 

The harbour by and by became insufficient 
and due to accumulation of sand inadapt, conse
quently a new one was built in the north under 
Claudius (42 AD) and Trajan (100-106). Claudius' 
try failed somehow but Trajan had built a hexago
nal basin that offered shelter to cargo ships again
st seawinds and pirates and was connected with 
the sea and the Tiber by a channel. The harbour of 
Trajan is situated 4-5 km north of Ostia Antica, 
close to the site of the present airport of Fiumici
no. Ostia Antica was connected to the new har
bour by a new road crossing the so-called Insula 
sacra that became also a large necropolis. 

During the 3rd cent. the importance of Ostia 
Antica faded by and by, and another settlement 
near the new harbour, simply called Portus, rose. 
During the 4th cent. AD most of the houses of 
Ostia Antica were falling into decay. The area was 
gradually abandoned, delinquency and malaria 
spread. In the 5th cent. AD it is not much more 
than a heap of ruins, and the natural vegetation of 
the surroundings invades the whole area. Proco
pios writes in 540 AD that «the via Ostiensis is 
untidy and woody and the Tiber without ships». 

Ostia Antica by and by after a few centuries 
is covered by 5, 10, 12, 15 m of aeolian sand 
and completely buried. The first excavation star
ted at the end of the 18th cent., but it was badly 
organized and a lot was ruined. Most of the im
portant excavations were done systematically 
between 1938-1942 and are still going on. Today 

C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 



only half of the whole area of Ostia Antica has 
been excavated and explored. 

Material and methods 

In the area of Ostia Antica flora and vegeta
tion have been investigated. The plant associa
tions were analyzed with the phytosociological 
method. Ecological observations have been car
ried out with field measures. Nomenclature, life 
forms and chorotypes after PIGNATTI (1982). 
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Results 

A) Flora and vegetation 

After the archaeological areas were discove
red the natural vegetation started taking over 
again, at least about 50 years ago. Where did the 
plants come from? Mostly from the immediate 
surroundings, from fields, meadows, vineyards 
and from open woodlands. Measures were taken 
by the authorities of the archaeological area to 
keep natural vegetation from invading the ruins 
and cleaning took place periodically. Nevertheless 

Fig. 2 - Main vegetation types within the archaeological area of Ostia Antiea: Ad - Adianlelum. Trent - Subunit inside cisterns, Mitra 
temples etc. on humid walls with Trel/lepohlia sp., Lepraria il/Cllrva. Marchalllia polymorph a etc. Par-C - Parielario-Cymbalarie
lum muralis. Mi - Micromeria microphylla-subunit. L-Pol - Lolio-Polygonelum arenaslri. Poa - Brachypodioll phoellicoidis with fir
st colonizers like Poa bulbosa. Barbula cOl/voluta, Tortula fIlllralis etc. V - Xeric meadows with dominating Vulpia liguslica and 
Brachypodiufll dislachyullI. Das - Dense meadows with dominating Dasypyrum villosullI etc. Hcd and Rosa - Naturally occurring 
climbers like Hedera helix and wild or naturalized roses. (Drawing by Dr. Fabrizio Martini). 
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there is a seminatural flora and vegetatian about 
which we shall talk briefly. 

The flora is composed by 258 indigenaus 
species and 34 introduced ones. Life farms and 
chorotypes have been investigated (see chapter 
B). 

The most important habitats for the vegeta
tion are walls, mortar, slates, bricks, crevices, 
cobbled pavements and the sandy soil around the 
ruins. The walls consist mostly of bricks and in 
some cases of tufa or marble. The pavements are 
constructed by volcanic stones. The vegetation is 
mainly composed by 4 vegetation types (Fig. 2): 

1) Adiantetum (Ad) - dense papulations of 
Adiantum capillus veneris are localized on shady, 
damp walls, mainly near the base, on the vaults of 
the cisterns and in the Mitra temples where there 
is usually dripping of water. Trentepohlia sp. , Le
praria incurva and Marchantia polymorpha 
usually cover the surface with a dense light- to 
dark-green stratum (Trent). This vegetation is 
widespread in warm-temperate regions of the Old 
Warld but until now relatively little investigated. 
The aspects in Ostia Antica are not typical anes 
because of the manmade substrate. 

2) Parietario-Cymbalarietum muralis (Par
C) - on vertical parts of walls and stanes in slight
ly humid conditions but without dripping of water. 
The plants root in crevices with sometimes nitra
te-rich soils manured by birds. This association is 
widespread all around the Mediterranean Sea (RI
VAS MARTINEZ, 1978). Mostly an and between 
bricks and between staircases, on samewhat dryer 
habitats the recently discavered Micromeria mi
crophylla, new for the province of Latium, may 
represent a particular subunit (Mi). 

3) Lolio-Polygonetum arenastri (L-Pol) - the 
vegetation on and between cobbled pavements is 
the most typical for all the paved roads within the 
archaeological area. Being constantly walked on 
by visitors it can hardly develop further and diffe
rentiate. The community occupies the free spaces 
in between basaltic paving for more than 1 km on 
the Decumanus maximus and on smaller side
streets. This vegetation was described by BLASI 

and PIGNATTI (1984) for similar pavements in 
the city of Rome. The species composition is typi
cal for habitats with heavy foot traffic. Lolium pe
renne, Polygonum arenastrum, Poa annua, Poly
carpon tetraphyllum and a few elements deriving 
from the neighbouring meadows such as Trifolium 
sp. pI., Lophochloa cristata etc. are common here. 

4) Brachypodion phoenicoidis - sandy surfa
ces are at first colonized by Poa bulbosa and xeric 
mosses like Barbula convoluta and Tortula mura
lis (Poa): this is a short-lived plant-community in 
which Therophytes and small cushion-like mosses 
are dominant. The succession on deeper sandy 
soils leads to dry meadows with Vu/pia ligustica 
and Brachypodium distachyum (V) and further
more to a dense meadow with Dasypyrum villo
sum, Plantago lanceolata, Avena barbata, Papa
ver rhoeas, etc. (Das). Such meadows are mown 
from time to time, sometimes even seeds of fod
derplants are sown in additian. Consequently we 
cannot consider such a mixture as a distinct assa
ciation. Species of the Brachypodion phoenicoidis 
alliance are dominant. Generally all grass lands of 
the Campagna Romana can be included into the 
Brachypodion phoenicoidis; (the Arrhenatherion 
is limited to montane areas) . 

B) Floristic analysis 

Percentages of life forms are given for the 
whole flora and separately for species growing on 
walls, pavements and in meadaws (Tab. 1). 

The life forms' distribution differs strongly 
in the various plant associations. On pavements 
there is a remarkable prevalence of Therophytes 
which corresponds to the particular ecological 
conditions of the habitat. In meadows the fre
quency of Thero- and Hemicryptophytes is similar 
to the whole flora; in meadows, of course, Phane
rophytes are quite lacking. On walls, on the con
trary, Therophytes are in the minority and Hemi
cryptophytes become rather abundant. This is the 
anly vegetation type within the archaeological 
area with a considerable number of Phanerophytes 

Tab. 1 - Percentage of life fonus 

all species walls pavements meadows 

Therophytes 48.9 18.8 62.9 42.1 
Hydrophytes 1.5 
Geophytes 10.0 9.4 2.0 
Hemicryptophytes 34.6 57.7 37.1 53.5 
Chamaephytes 2.3 4.7 2.2 
Phanerophytes 2.7 8.7 0.1 
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as far as they are allowed to grow under a control
led management. 

Naturally occurring Phanerophytes in the 
area are: Hedera helix (Hed), Ficus carica, Lau
rus nobilis, Pyrus amygdaliformis, Cercis siliqua
strum, Euonymus europaeus, Corn us sanguinea, 
Salix alba, Ulmus minor, Crataegus monogyna, 
Rhamnus alaternus, Viburnum tinus, Sambucus 
nigra. Such spontaneous woody species should be 
maintained wherever possible within the archaeo
logical area. 

The following species were introduced by 
man on aesthetic purpose. Some of them are 
without doubt badly chosen and do not fit in this 
environment at all: Eucalyptus globulus, Pittospo
rum tobira, Platanus hybrida, Cupressus semper
virens , Thuja orienta/is, Taxus baccata, flex 
aquifo/ium, Tamarix africana, Rosa sp. pI. (Rosa), 
Robinia pseudacacia, Nerium oleander, Lonicera 
japonica , Ligustrum japonicum, Parthenocissus 
quinquefolia , Punica granatum, lasminum humile. 

The phytogeographic composition (Tab. 2) of 
this flora is characterized by the dominance of 
mediterranean elements: Stenomediterranean (i.e. 
bound to the series of the Quercetum i/icis) and 
Eurymediterranean (towards the north reaching 
the border of the Quercetum pubescentis). On 
walls only a few stenomediterranean species can 
be observed; in correspondence there is an increa
se of pantropical species (ferns, chiefly Adiantum 
capillus-veneris) . 

A second important group are cosmopolitan 
species which can be regarded as introduced and 
naturalized. Species of this group may reach 30% 
on walls, pavements and meadows. instead in the 
whole flora only 22.8%; this means that they are 
particularly bound to manmade habitats . All the 
other groups are less represented, particularly the 
eurasiatic and paleotemperate elements which are 
the natural stock of the European flora (below 
20%, on walls only 4%). This distribution of phy-
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togeographic elements may affirm the opinion 
that the here discussed vegetation is of mediterra
nean origin and probably was not much different 
in ancient times except that the archaeological 
area offers since the excavation time free space 
for introduced species. 

C) Synecology and periodicity 

A surface of 3 sqm of the Decumanus maxi
mus in Piazza Vittoria (at the beginning of the ar
chaeological area, near the visitors entrance) has 
been kept under constant observation by the ju
nior author: its vegetation was studied and map
ped over distinct periods, the microclimatic condi
tions were compared (moisture, evaporation, 
rainfall and temperature), in addition to the ma
croclimate already given. As a result seasonal 
changes in species density from February to July 
have been observed with growing ~over of Hemi
cryptophytes, decreasing values of Therophytes. 

Microclima: during a standard day of spring 
(4-21-1985) temperature in the meadow reaches 
its maximum between 10.30-12.30 with 20°C; at 
the same time on cobbled pavements temperature 
increases up to 25°C. The relative humidity in the 
meadow varies from 80-86% (except for a sudden 
and short dropping down at 10.30 because of a li
ght breeze). The corresponding values on the pa
vement are 66-76%. The vegetation between pa
vements shows almost the same values as those of 
the stones: temperature is about 5°C higher, there 
are 10% less humidity. During the warmest hours 
of the day evaporation was registered 1.3-1.8 
mm/hour and 1.5-2.5 mm/hour on the pavement 
and in the vegetation walked on by people. These 
data give already an idea of the severe conditions 
for the growing vegetation. Besides the conti
nuous mechanical action of treading and tram
pling, water stress has to be supported around 
noon. These measures date back to the month of 
April, but of course, conditions will be still much 
severer in the middle of summer. 

Tab. 2 . Percentage of chorotypes 

all species walls pavements meadows 

Medit.·monl. + Endem. 0.4 6.0 4.9 1.7 
Stenomediterranean 20.8 11.4 17.4 20.2 
Eurymediterranean 23.5 23.5 21.5 18.3 
Eurasial. + Paleotemp. 17.8 4.0 19.6 18.5 
Medil.-Atlantic 3.5 2.0 5.7 4.9 
Boreal 4.6 5.4 0.8 6.1 
Pantropical 6.2 14.1 0.0 0.0 
Cosmopolitan 22.78 33.6 30.2 30.4 
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Variations: changes in presence and cover of 
species are indicated in Tab. 3. Species composi
tion differs slightly from the typical one of the Lo
lio-Plantaginetum in which Cynodon dactylon. a 
rhizome-geophyte, and a few other accompanying 
species normally are absent but as a whole many 
other species present which are lacking within the 
3 m2 observed and cannot be considered as a com
plete relevee. 

The total number of species in the investiga
ted surface is 20; at the end of the winter the reco
gnizable species are only 9, species number in
creases up to a maximum in June and again 
decreases to 8 species in summer. These varia
tions can be interpreted as changes in diversity 
and detected applying Shannon's formula. The da
ta plotted in Fig. 3 show that diversity is increa
sing during spring and drops in summer, con se-

Tab. 3 - Percentage of cover 

Date .. . 2-16-86 

H Lolium perenne 53 .80 
H Trifolium glomeratum 38.40 
H Malva sylvestris 1.81 
H Plantago lanceolata 0.55 
H Trifoliumfragiferum 
G Convolvulus arvensis 
T Crepis sancta 2.70 
T Lophochloa cristata 
T Polycarpon rerraphyllum 
T Crepis setosa 
T Veronica persica 1.67 
H Trifolium repens 0.83 
H Scabiosa maririma 0.18 
T Senecio vulgaris 0.06 
T VUlpia ligustica 
T Sherardia arvensis 
T Capsella rubella 
T Trifolium resupinatum 
T Trifolium campesrre 
T ElIphorbia maculata 
Number of species .. . 9 .. . 

Fig . 3 - Variations in diversity of the vegetation on pave
ments during the period from February to July. Data are ex
pressed as percentages of the maximum entropy (evenness). 

4-21-86 6-8-86 7-7-86 

52.07 55.87 62.35 
33.96 9.00 12.81 

1.47 1.83 0.70 
0.38 0.24 
1.70 22.01 16.92 
0.24 1.77 2.73 
0.57 

3.09 2.15 
2.01 2.14 
0.27 0.11 

6.69 
2.63 
0.29 

3.22 
0.69 
0.09 

10 ... 12 ... 8 ... 

quently spring can be regarded as the season with 
maximal development of the vegetation on pave
ments. The result is expressed in percentage 
(evenness). These seasonal changes are probably 
regular variations and fluctuations, due to the ap
pearing or disappearing of Therophytes, while 
Hemicryptophytes remain more or less stable, ex
cept that there are strong differences in cover. The 
annual Trifolium glomera turn (Fig. 4) is co-domi
nant during the cooler months of spring and disap
pears after June, the perennial Trifolium fragife
rum is relatively rare at the beginning of spring, 
but is spreading later on very vigorously. 

The data of this investigation can be conside
red as a brief survey on the actual situation of the 
main subspontaneous vegetation types on walls, 
between cobbles, and in meadows within the ar
chaeological area. No trace of the original vegeta
tion is left and vegetation had to start growing 
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Fig. 4 - Variations in cover of the dominant species in the ve
getation on pavements: Lolium perenlle remains relatively 
constant whereas Trifolium glomeratum expands in early 
spring and is later substituted by Trifoliumfragiferum. 

right from the beginning where excavations were 
finished. How the vegetation and species compo
sition might have been 2000 years ago we can 
only guess but we are inclined to affirm that, ha
ving the general features of the climate not chan
ged to a great degree since then, the surrounding 
vegetation can be supposed to have been more or 
less similar. But this is only a hypothesis which 
cannot be proved. A lucky discovery was made in 
the archaeological area of Oplontis, about 20 km 
south of Naples where a bundle of hay was found 
well-preserved by the volcanic ash of Mt. Vesu
vius in 79 AD; it was analyzed by RICCIARDI, 
APRILI (1978). 111 taxa were identified, a total 
of 88 determined to the species level, representing 
69 genera and 26 families, 13 items to genus level 
and 10 without identification. Most of the repor
ted species are still growing in the local flora 
(such as Polycarpon tetraphyllum, Rumex bu
cephalophorus, Papaver rhoeas, Potentilla rep
tans, Daucus carota, Cynodon dactylon, 
Anthoxanthum odoratum, Sherardia arvensis, 
Quercus robur s.l., Vitis vinifera, Olea europaea 
etc. etc.). They all may grow presently even in 
Ostia Antica. Thus it seems that 1900 years ago 
the wildgrowing species and even some cultivated 
ones like Vitis and Olea were very much the same 
near Naples and probably around Rome. 

We know that there were beautiful gardens in 
Pompeii with ornamental and partly introduced 
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species (JASHEMSKI, 1979); we know also after 
a description of Pliny the Elder that there were 
houses with gardens in Ostia Antica. 

In Saint Augustine's «Confessions» the won
derful dialogue he had with his mother in Ostia 
Antica a few days before she faded away is de
scribed. This dialogue - a masterpiece of Chri
stian mystic literature - took place in front of a 
window that opened on an inner garden of the 
house where they were staying. The first senten
ces (in German version) are these: «Als nun der 
Tag herannahte, an dem sie aus diesem Leben 
scheiden sollte - Du kanntest ihn, wir kannten ihn 
nicht - da traf sich's, wie Du auf Deine geheime 
Weise es wohl geftigt, dass wir beide, ich und sie, 
allein an ein Fenster gelehnt dastanden. Es schau
te auf den inneren Garten des uns beherbergenden 
Hauses, dort bei Ostia am Tiber, wo wir fern vom 
Menschenschwarm uns von der Mtihe der langen 
Reise erholten und auf die Seefahrt rtisteten. Da 
ftihrten wir miteinander Aug in Auge ein herzer
quickendes Gesprach, vergessend, was dahinter ist 
und ausgerichtet zu dem, das da vorne ist, fragten 
wir uns vor Dir, der Du die Wahrheit bist, wie 
wohl das ewige Leben der Heiligen sein werde, 
das kein Auge gesehen, kein Ohr geh6rt und das 
in keines Menschen Herz gekommen ist! Durstig 
Offneten wir unseres Herzens Mund den hoch 
daherstr6menden Wassern Deiner Quelle, der 
Quelle des Lebens, die bei Dir ist, auf dass wir 
von ihr getrankt, soweit uns verg6nnt, das hohe 
Ziel mit sinnenden Gedanken erreichen m6ch
ten ... ». This dialogue took place in 387 AD, 1600 
years ago. Today a humble inscription on a mar
ble plate commemorates St. Monica's death half 
way the Decumanus maximus. 

Conclusion 

The flora of the archaeological area of Ostia 
Antica is chiefly composed by mediterranean ele
ments (both steno- and eurymediterranean) with a 
high percentage of cosmopolitan; many of them 
are naturalized. Generally this flora appears relati
vely similar to the surrounding one, also the vege
tation, but nitrophilous and ruderal associations 
are mostly lacking within the archaeological area. 

The flora contains a high percentage of an
nuals, only on walls and in meadows perennial 
species can become dominant. Hemicryptophytes 
are well represented, Geophytes are rare or 
lacking except in meadows, Chamaephytes are al
so not frequent and Phanerophytes are mostly 
controlled by man and their number and growth 
are artificially reduced. 
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The vegetation of the surrounding tends to 
invade the inner part of the archaeological area 
which may cause some problems for the manage
ment. 

It is somehow possible to built up a hypothe
sis on the vegetation of former times. We can as
sume that the vegetation was similar to the pre
sent one but without many introduced species 
from other continents. In future introduced spe
cies should be more carefully chosen and a few of 
them excluded such as Eucalyptus globulus, Pitto
sporum tobira, Robinia pseudacacia, Ligustrum 
japonicum etc. because they really do not fit in; 
Parthenocissus quinquefolia should be at least 
controlled. An open problem is still to be seen in a 
correct management of the whole surface which 
has to remain an example of a well preserved ar
chaeological area. 

Zusammenfassung 

Flora und Vegetation von Ostia Antica werden in 
dieser Arbeit ertsmalig zusammengefasst. Nach einem 
kurzen historischen Exkurs werden die wichtigsten 
Standorte und Pflanzengesellschaften, ferner Okologie 
und Mikroklima, Fluktuationen wlihrend der Hauptve
getationsperiode und Diversitat der Florula einer klei
nen Untersuchsflache erortert. Das Problem der Land
schaftspflege und des Erhaltens einiger asthetisch 
wichtiger Arten innerhalb der archaologischen Zone 
wird erwahnt. 
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Abstract 

The epiphytic lichen vegetation of the city of Ro
me has been studied on the basis of 127 phytosociolo
gical releves, carried out in 1982. The data have been 
analyzed by multivariate methods. The epiphytic lichen 
flora of the city of Rome consists of 34 species. The 
number of species tends to increase and the incidence 
of acidophytic species to decrease from the center to 
the perifery of the city. The lichen vegetation mostly 
belongs to the Xanthorion-alliance: two main releve 
groups may be distinguished: the first, with more pro
nounced suboceanic affmities, is limited to the western 
part of the survey area, the other occupies the eastern 
part; this suggests the existence of a phytoclimatical 
border running through the town, separating a western 
part, still under maritime influence, from a drier eastern 
part. The lichen desert, plus the areas with dominant 
Lecanora conizaeoides. extend from the center south
and northeastwards, in correspondence with the two 
main winds blowing upon the city . 

Introduction 

The lichen flora and vegetation of the Latium 
region (Central Italy) are far to be exhaustively 
known. Only four studies have been published in 
recent times. Two of them deal, respectively, with 
the epiphytic lichen vegetation (NIMIS & 
SCHIAVON, 1986) and the total lichen flora (NI
MIS, 1988) of the Castelporziano Estate, a few ki
lometres SW of Rome; one is devoted to a mono
graphic treatment of the epilithic lichen flora and 
vegetation of archaeological areas (NIMIS & al. 
1987), and the fourth (NIMIS & TRETIACH, 
1987) is a short note on the lichens of Rome itself. 
Altogether, the area surrounding Rome is the part 
of Latium which is best known from the floristical 
point of view, with of more than 350 species. 

This paper is the third of a series devoted to 
the study of epiphytic lichen vegetation in Italian 
urban environments. The first two papers dealed 
with the towns of Trieste (NIMIS, 1985) and Udi
ne (NIMIS, 1986) in north eastern Italy. The pre
sent study is devoted to the city of Rome. The 

aims of this series are simply the analysis of the 
distribution of epiphytic species, the description 
of lichen vegetation, and its ecological interpreta
tion. The study of the influence of air pollution on 
epiphytic lichens lies outside of the scopes of the 
series, although this factor is often taken into con
sideration in the interpretation of the results. The 
reason for this choice is that the main aim of this 
series is to provide a basis for further studies on 
the effects of air pollution on lichens in Italian 
towns. 

Survey area, data and methods 

The survey area includes the city of Rome 
and its immediate surroundings (Fig. O. The cli
mate of the area is intermediate between the subo
ceanic and the mediterranean climate-types, and is 
characterized by a generally high degree of air hu
midity. For further details on the climate of Rome 
see NIMIS & SCHIAVON (1986). 

A reference grid has been superimposed to 
the map of Rome: the squares are the reference 
for drawing maps concerning the distribution of 
lichens, and each square has been visited to record 
lichen vegetation. As phorophytes, trees were se
lected whose bark is primarily acid. These are (in 
order of frequency): Quercus ilex. Tilia spp., 
Quercus suber. Releves were taken at the north 
and south sides of the boles, at the base and at 1.5 
m, within squares of 50 cm. A releve consists in a 
complete species list, with cover values according 
to BRAUN-BLANQUET (1964). Sampling was 
carried out during 1982. Altogether, 127 releves 
were carried out. 

The matrix of species and releves was sub
mitted to multivariate analysis; the classification 
of releves was based on binary data, using eucli
dean distance, with complete linkage clustering 
(Anderberg, 1973). Reciprocal ordering of species 
and releves has been obtained by transforming the 
original data by deviation from expectation, and 
performing PCA on a cross product matrix, with 

C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 



280 

i\ 
L ~~. ·2 

1· ( ""'3 ~~ 

~~ ·5 \ 6~ ~ 
""V 

~ 1\ ~ ~ 7 1~ 
8~ ~ 

= 

l ~ 9. 10. 

11~ V 12 ~ ...... 
• ~ 

14 
13 ~ 15~ • \ l ~ 1 • I 17e I 

-~ I 

./ 1~. 

/1 ~ ~I' F~ 
, 

I 
"'" 2~· ~ 

Fig. 1 - Reference map of the study area. I : Stadio Olirnpico, 
2: Castel de ' Pazzi, 3: Villa Ada, 4: Valle dell ' Inferno, 5: M. 
Mario, 6: Villa Borghese, 7: Verano, 8: Vatic3.JJo, 9: Colos
seo, 10: Prenestina, 11 : Villa Doria, 12: Tor Pignattara, 13: 
F.te Bravetta, 14: P.ta Ardeatina, 15: S. Carnillo, 16: Circo 
Massirno, 17: Cinecitta, 18: Forte Ardeatino, 19: Tor di Valle, 
20: E.U.R., Pal. Sport, 21 : Capannelle. 

the package of programs by WILDI & ORLOCI 
(1983). 

A further data source, utilized for the ecolo
gical interpretation of rei eve groups, are the eco
logical indices assigned to each species by WJRTH 
(1980). They concern: pH, nitrophytism and hy
grophytism. The matrices reporting the relative 
occupancies, in each rei eve group, of the species 
in the various index-classes have been analyzed 
by Canonical Analysis (FEOLI & ORLOCI, 
1979). The same analysis has been applied to the 
matrix of the releve groups and Operational Geo
graphic Units (OGUs) obtained from the range 
diagnoses given by Wirth (1980). For further de
tails on the elaboration of ecological indices and 
ofOGUs, see NIMIS & SCHIAVON (1986). 

Results 

The classification of the matrix of species 
and releves produced 5 main releve groups (Fig. 
2). Tab. 1 reports the frequency of each species in 
the 5 releve groups. The releve groups No. 1 and 
No. 4 represent a relatively rich epiphytic vegeta
tion, which in both cases is dominated by Xantho-

234 5 

Fig. 2 - Dendrograrn of the releve groups. 

rion-species such as Hyperphyscia adglutinata, 
Parmelia subrudecta, Physcia adscendens, Phy
scia biziana, Physcia orbicularis, Physconia gri
sea, Xanthoria parietina. Releve group No. 1 is 
characterized by a higher incidence of relatively 
aerohygrophytic species, such as Heterodermia 
obscurata , CoLLema nigrescens, Diploicia cane
scens, Evernia prunastri, Parmelia caperata, Par-

Tab. 1 - Percent frequency of the 34 species 
in the 5 reieve groups 

RELEVE GROUP No. 

Lecania cyrtella 12 . 5 
Parmelia sulcata 12 . 5 
Collema nigrescens 12.5 
Heteroder mia obscurata 25.0 
Parmelia ti liacea 50 . 0 10.0 
Lepraria incana 12.5 10 . 0 
Cladon ia fimbriata 12.5 20.0 
Parmelia caperata 25.0 20 . 0 
Cladonia coniocraea 12.5 10 . 0 
Lecanora hagenii 4.0 7.7 
Caloplaca holocarpa 7.7 
Caloplaca cerina 7 . 7 
Lecidella elaeochroma 4.0 69.2 
Candelaria concolor 12.0 53 . 8 
Xanthoria parietina 25.0 12 . 0 92.3 
Physcia aipoUa 12.5 8.0 38.4 
Caloplaca sp . 12.5 7.7 
Candelariella xanthostigma 25.0 7.7 

Arthopyrenia punctiforrnis 4.0 15.3 
Lecanora chlarotera 12.5 15.3 
Physcia biziana 12.5 10 . 0 30.7 
Physconia grisea 87.5 9 . 0 38.4 
Usnea sp . 7.7 
Physconia perisidiosa 7 . 7 
Arthonia radiata 7.7 
Hyperphyscia adglutinata 12.5 30 . 7 
Eve r nia prunastri 25 . 0 7 . 7 
Buellia punctata 12.5 10 . 0 28.0 30 . 4 
Physcia orbicularis 75 . 0 20 . 0 56 . 0 53.8 
Parmelia subrudecta 37 . 5 20 .0 23 . 0 
Physcia adscendens 100.0 48 . 0 76 . 9 
Lecanora conizaeoides 5 . 0 16 . 0 7.7 

Scoliciosporum chlorococcum 20 . 0 20.0 
Diploicia canescens 22.5 10 . 0 30.7 

13 . 2 
6.6 

6 . 6 

100 . 0 
33 . 3 
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melia tiliacea, Physconia grisea (which often oc
curs only at the base of the trunks). 

Considering the topology of the dendrogram 
(Fig. 3) and the floristic composition, the releve 
groups no. 2 and 3 may be considered as impove
rished facies of, respectively, releve groups no. 1 
and 4. 

The releve group no. 5 is species-poor, and is 
characterized by the constant presence of Lecano
ra conizaeoides, sometimes associated with Scoli
ciosporum chlorococcum and Buel/ia punctata. 

Fig. 3 a-d shows the distribution of releve 
groups 1-4 within the survey area: the groups no. 
1 and 2 have mainly a western distribution, whe
reas the groups no. 3 and 4 are most frequent in 
the eastern part of the city. Fig. 3e reports both the 
areas with lichen desert and those with epiphytic 
vegetation belonging to releve group no. 5: these 
areas, that have the scarcest lichen vegetation, ex-
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c 

E 

Fig. 3 - Distribution of the releve groups in the survey area. 
a) Group I, b) Group 2, c) Group 3, d) Group 4, e) Group 5, 
plus quadrants with lichen desert. 
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XANTHORIA PARIETINA . 

• PHYSCIA ADSCENDENS 

• LECANORA CONIZAEOIDES 
• BUELLIA PUNCTATA 

• PHYSCIA ORBICULARIS 

• SCOLI C IOSPORUM CHLOROCOCCUM 

tend asymmetrically, in respect with the city cen
tre, both southwards and northeastwards. '\ 

The results of the reciprocal ordering of the 
releves and the species are shown in Fig. 4a (re
leves) and 4b (species). In Fig. 4a the groups ob
tained by classification are still recognizable: the 
first canonical variate reflects a poleophoby gra
dient, from releve group no. 5 (negative extreme) 
to releve groups no. 1 and 4. The second variate 
separates rei eve groups no. 1 and 2 from no. 3 and 
4. Fig. 5 shows the relation between the po
leophoby axis and the number of species in each 
releve, which clearly tends to increase from the 
central to the peripheral areas. In the ordination of 
species (Fig. 4b) those species which are most si
gnificantly associated with the poleophoby gra
dient have high scores on the first canonical varia
te. They can be ordered on a poleophoby scale as 
follows (from the less to the most poleophobic): 
Lecanora conizaeoides, Physcia orbicularis, Sco
iiciosporum chlorococcum, Physcia adscendens, 
Buellia punctata, Xanthoria parietina, Physconia 

11 

B 

• PHYSCIA BIZIANA 
~ CANDELAR I A CONCOLOR 

• LECIDELLA ELAEOCHROMA 

• HYPERPHYSCIA 
ADGLUTINA TA 

I 

• PARMELIA CAPERATA 

• PARMELI NA TI LI ACEA 

• PARMELIA SUBRUDECTA 
• BUELLIA CANESCENS 

• PHYSCONIA GRISEA 

Fig. 4 - Reciprocal ordering of releves (a) and species (b). In Fig. 4b only those species are named, which have high scores on the 
two fIrst canonical variates (see text). 
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Fig. 5 - Relation between the scores of the releves on the first 
canonical variate of reciprocal ordering (x-axis, see Fig. 4a) 
and number of species per releve (y-axis). 

grisea, Parmelia tiliaeea, Physeia biziana, Par
melia eaperata, Parmelia subrudeeta, Lecidella 
elaeoehroma, Candelaria coneolor, Hyperphyscia 
adglutinata, Diploieia eanescens. 

Tab. 2 reports, for the 5 releve groups, the re
lative frequencies in each class of the ecological 
indexes. The data relative to pH, nitrophytism and 
hygrophytism have been submitted to canonical 
analysis. The results are shown in Fig. 6 (pH), 
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I 
I 
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\ -0 
\ , 

e57- 7.0 

'" 
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Fig . 6 - Scatter diagram relative to AOC, carried out on the 
pH data of Tab. 2. The numbers refer to the releve groups. 

Tab. 2 - Relative frequencies (calculated as percents of the total occupancies) 
of species with a given ecological index in the releve groups 

RELEVE GROUP No. 1 2 3 4 5 

pH 

3.4-4.0 31.3 8.3 9.0 21.4 89.4 
4.1-4.8 33.3 28.6 40.9 45.2 89.4 
4.9-5.6 92.1 80.9 97.7 100.0 100.0 
5.7-6.9 68.6 86.9 93.1 71.4 10.5 
7.0 66.6 54.7 38.6 9.5 10.5 
7.1-8.5 56.8 29.7 31.8 9.5 10.5 

hygrophytism 

very hygrophytic 6.8 2.4 
rather hygrophytic 19.6 16.6 40.9 45.2 38.9 
moderately hygrophytic 50.9 46.4 61.3 50.0 89.4 
mesophytic 94.1 85.7 70.4 50.0 100.0 
rather xerophytic 100.0 82.1 70.4 69.0 100.0 
xerophytic 41.1 25.0 36.3 64.2 84.2 

nitrophytism 

very nitrophytic 58.8 20.2 31.8 19.0 10.5 
rather nitrophytic 98.0 71.4 79.5 73.8 47.3 
moderately nitrophytic 74.5 85.7 77.2 64.7 94.7 
non nitrophytic 35.2 29.7 27.2 40.4 89.4 

C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 



284 

• NITA. 

.MO D 
NITR. 

11 

SLIGHTLY 
-NITR. 

ANITR . . 

Fig. 7 - Scatter diagram relative to AOe carried out on the 
nitrophytism data of Tab. 2. The number; refer to the reieve 
groups. 

Fig. 7 (nit~ophytism) and Fig. 8 (hygrophytism). 
On the baSIS of these results, the five releve groups 
may be ecologically characterized as follows. 

Releve group no. 1: subneutrophytic, mode
rately nitrophytic, fairly hygrophytic. 

Releve group no. 2: subacidophytic, rather 
mesophytic-rather xerophytic. 

Rel~ve group no. 3: basiphytic, nitrophytic, 
xerophytlC. 

. Rele:ve group no. 4: subneutrophytic, slightly 
rutrophytlc, xerophytic. 
. Releve group .no. 5: acidophytic, anitrophy

tIC, rather xerophytlC. It should be noted that with 

Tab. 3 - Relative frequencies of species in the OGUs 
subdivided by releve groups, calculated as percents of ilie 

total occupancies in each oau. Further explanations in text 

RELEVE CROUP No . 2 3 4 5 

BOR 26.5 46 . 0 83 . 0 1.1 16 . 6 
S' BOR 34 . 6 50 . 0 98 . 1 81.8 100 . 0 
S-BOR . SUBATL 8 .1 4 . 0 
MIEUR 87 . 7 80 . 0 100 . 0 90 . 9 100.0 
MIEUR . SUBATL 12 . 2 20 . 0 9 . 1 
S 'MIEUR 77 .5 80.0 81.1 89 . 7 83.3 
S' MIEVR . SUBATL 12 . 2 29 . 0 9 .1 
SMED 77 . 5 78 . 0 81.1 88 . 6 16 . 6 
SMED. SUBATL 12 . 2 16 . 0 9 . 1 
MED 85.7 96.0 81. 1 93 . 1 16 . 6 

FAIRLY 
° HYGR. 

·0 
° RATHER 

XEROPH . 

·0 11 

MESOP 

XEROPH. 

·FAIRLY 
XEROPI-h 

0\V 

Fig. 8 - Scatter diagran1 relative to AOe, carried out on the 
hygrophytism data of Tab. 2. The numbers refer to the releve 
groups. 

increasing poleophoby the degree of acidophytism 
tends to decrease, which suggests an acidifying 
effect of urban pollutants on tree bark. 

!ab .. 3 ~eports, for the five releve groups, the 
rel~tlve mCldence in the OGUs defined by the 
mam European vegetation zones_ The results of 
AOC, performed on the data of Tab. 3, are shown 
in Fig. 9: the fist canonical variate separates the 
western OGUs (those with subatlantic affinites) 
from the others, the second variate orders the 
OGUs according to latitude; the first variate re
flects the water factor, the second the temperature 
factor. The releve groups no. 1 and 2 confirm their 
western and southern afinity, whereas releve 
group no. 5 includes species which extend up to 
the boreal zone. 

Discussion and conclusion 

Fig. 10 presents a synthesis of the distribu
t~on of epiphytic lichens in the city of Rome: the 
lichen desert (including the areas with vegetation 
corresponding to releve group no. 5) has an exten
sion which is well in accordance with the two 
main winds blowing upon the city of Rome: the 
Tramontana and the Ponentino, which, respecti
vely, carry the gaseous pollutants towards the 
sout~, and towards north-east. A rather surprising 
fact IS the presence of a west-east differentiation 
in the lichen vegetation: the western part of the 
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Fig. 9 - Scatter diagram relative to AOC, carried out on the 
phytogeographical data of Tab. 3. The numbers refer to the 
releve groups. 

city hosts a number of lichens with more pronun
ced suboceanic affinities. Probably this reflects 
the existence of a phytoclimatic border running 
through the city of Rome, which separates the we
stern part, still under the influence of the humid 
western winds blowing from the Tyrrhenian Sea, 
from the eastern part, with a more subcontinental 
climate. 

In the lichen herbarium of the University of 
Rome (RO) there are several samples collected 
during the last century within the limits of the sur
vey area. Among the most interesting species the 
following may be cited: RarnaLina lacera (Villa 
Borghese), Rarnalina farinacea (Villa Borghese), 
Parrnotrerna chinense (Orto Botanico, Villa Doria 
Pamphili, Valle dell'Inferno), Parrnotrerna reticu
laturn (Villa Doria Pamphili) Parrnolrerna hypo
leucinurn (Orto Botanico, Valle dell'lnferno). All 
of these species are now absent fro;f\ the survey 
area. Some of them are bound to a suboceanic cli
mate, and are still present in the Presidential Esta
te of Castelporziano (NIMIS, 1988), ca. 20 km 
Sw of Rome, and in few relict sites along the 
Tyrrhenian coasts of Central Italy (NIMIS & 
SCHIAVON,1986). 

It is probable that in the last century the 
epiphytic lichen flora of the city of Rome was si
milar to the one present today at Castelporziano. 
The latter amounts at ca. 150 species. It follows 
that in the last 100-150 years the epiphytic lichen 
flora of Rome has probably lost ca. 80% of its 
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Fig. J 0 - Synthetic rapresentation of the distribution of lichens 
in the city of Rome. White area: lichen desert or areas with 
Lecanora coni:aeoides. Vertical stripes: lichen vegetation of 
groups I (thick lines) and 2 (thin lines). Horizontal stripes: li
chen vegetation of groups 3 (thin lines) and 4 (thick lines). 
The thickness of the lines represents an increase in species rich
ness. For further comments see text. 

species, mainly as a consequence of climatic 
changes brought about by urbanization, and of in
creasing air pollution. 

Riassunto 

La vegetazione lichenica epifita dell a citta di Ro
ma, all' interno del raccordo anulare, e stata studiata 
sulla base di 127 rilievi fitosociologici, effettuati nel 
1982. La matrice delle specie e dei rilievi e stata analiz
zata tramite pIOgrammi di analisi multivariata (classifi
cazione ed ordinamento). La florula lichenica epifita 
della citta di Roma consiste di 34 specie. Dalla periferia 
al centIO della citta il numeIO delle specie tende a dimi
nuire, e l'incidenza di specie acidofitiche ad aumentare. 
La vegetazione lichenica in gran, parte appartiene all' al
leanza Xallthorioll parietillae. E possibile distinguere 
due gruppi principali di rilievi: il primo, con una mag
giore incidenza di specie aeIOigrofitiche ad affmita su
boceaniche, occupa la parte occidentale dell'area di stu
dio, il secondo prevale nella parte orientale; cib 
suggerisce l'esistenza di un confine bioclimatico che 
decorre all'interno dell'area urbana di Roma, separante 
una porzione occidentale, ancora sotto l'influsso marit
timo, da una porzione orientale, piu arida. II deserto li
chenico, che occupa le parti centrali della citta, si esten
de verso sud e verso nord-est, in corrispondenza dei 
due venti principali che spirano sulla citta di Roma. 
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A hypogean algal association 
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Abstract 

The algal association present on some frescoes of 
the Domus aurea in Rome (Italy) was studied during 
four years in order to control the deterioration proces
ses, as well as to observe the possible changes in the al
gal composition. Analysis of the pigment content, LM, 
SEM and TEM investigations were carried out on the 
algal community. The results showed that the filamen
tous cyanophytes LeptolYllgbya gracillima and Lep
tolYllgbya hollerbachiana were dominant in the asso
ciation, while some changes occurred in the species 
composition of the community during the period consi
dered. Variations were also observed in the pigment 
content of the samples, particularly phycobiliproteins, 
after the exposure of the frescoes to different light con
ditions. 

Introduction 

The presence of more than 10.000 m2 of fre
scoed and stuccoed walls in the Domus aurea in 
Rome (Italy) compelled the Istituto Centrale del 
Restauro (LC.R.) of Rome in the last years to start 
a conservative project in order to stop and prevent 
the damages to this hypogean archeological re
main (MARTINES 1986). 

Together with the physical and chemical fac
tors which affect the integrity of the monument, 
different biological agents contribute to the pro
gressive deterioration of the frescoes (GIACOBI
NI et a1. 1986). Among the microorganisms the 
presence of algae has been previously observed in 
some rooms of the Domus aurea. Algal associa
tions expecially developed after 1950, when the 
monument had been opened to visitors, and artifi
cial lights had been employed to illuminate the 
frescoes. The presence, particularly near the light 
sources, of crusts of phototrophic microorganisms 
which covered the frescoes became so serious a 
problem that in 1981 the illumination has been 
stopped. 

After that time, an algal community, that re
mained on the frescoes and on the walls of the 

85th room without any artificial illumination, has 
been investigated in order to identify and charac
terize the algal components (ALBERTANO, 
GRILLI CAIOLA 1985, 1988; GRILLI CAIOLA, 
ALBERTANO 1986; GRILL! CAIOLA et al. 
1987). The algal species found in the association 
together with moss protonemata indicated the ad
vanced stage of colonization of the environment 
and represented at the same time the result of the 
selective conditions. 

Considering the peculiarities of the algal 
composition, the physical characters of the envi
ronment with very high humidity and very low li
ght levels, we continued our researches in the 
85th room of the Domus aurea, in order to follow 
the possible changes in the algal composition and 
to study if, on the basis of the previous results, a 
further evolution of the association could be ex
pected (DUPUY et a1. 1975). 

Moreover, since the illumination represents 
on of the serious problems in the deterioration of 
hypogean works of art by algae, there is the ne
cessity to find a solution to the contrast arising 
from the use of illumination for visitors and the 
control of the algal growth that that is favoured by 
visible light. For these reasons, the 1.c.R. install a
ted new experimental lamps in the Domus aurea 
in the autumn 1987. The lamps, chosen on the ba
sis of their particular emission spectra (SERRA
LERCHENTAL 1986), were successively swit
ched on for technical works, and the 85th room 
was illuminated for about three months. The latter 
circumstance let us to check the effects of a pe
riod of illumination on the association, so we have 
to consider the changes occurred in the algal com
position after seven monhs of dark and about th
ree months of lighting. Light intensities were 
measured inside the 85th room of the Domus au
rea, and samples collected in different years were 
studied by light microscopy, epifluorescence, 
electron microscopy and pigment analyses. 
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Material and Methods 

Samples were collected on the north-eastern 
wall of the 85th room of the Domus aurea at the 
left (sample S) and right (sample D) of the point 
where the old lamp was installated. After the first 
sampling in April 1985, controls of the algal flora 
and light intensities on the frescoes were done in 
April 1986, April 1987 and January 1988. 

The relative humidity (about 95%) and tem
perature (approximately 18°C) were rather con
stant during these years. The light conditions in 
the room varied from natural light coming throu
gh holes in the ceiling of the neighbouring rooms 
until the autumn 1987, to about 6 hours artificial 
light provided by a Osram Tungsten-Halogenic 
70W lamp experimentally installated by the 
I.C.R .. Light intensities (lux) and photosynthetic 
active radiation (PAR) were recorded by a Li-Cor 
Quantum/ Radiometer LI-185 during sunlight 
mornings. 

The samples freshly collected were divided 
in three aliquots: the first was observed with a 
Zeiss stereomicroscope and with a Leitz Ortho
plan microscope equipped with a mercury lamp 
(excitation filter 546 nm and barrier filter 580 
nm). For light microscopy and epifluorescence, 

six preparations from the same sample were ex a
minated to approximately evaluate the quantitati
ve presence of each algal species. 

Part of the second aliquot was fixed for scan
ning electron microscopy (SEM) in glutaraldehy
de 3% in cacodylate buffer 0.1 M pH 6.9, post
fixed in 1 % osmium tetroxide, dehydrated, 
crytical point dried, gold coated and observed by 
a Jeol JSM-35CF. The remaining part was fixed 
for transmission electron microscopy (TEM) in 
6% glutaraldehyde in phosphate buffer 0.2 M pH 
7.2 with NaEDTA 2.5%, post-fixed in osmium te
troxide 1 %, dehydrated and embedded in Epon. 
Ultrathin sections were double stained with uranyl 
acetate and lead citrate and observed by a Philips 
EM 300 at 60 kY. 

Pigment content analyses were done using 
the third aliquot of the sample: chlorophylls were 
extracted in absolute methanol for 2h in the dark 
and their concentrations calculated according to 
MAC KINNEY (1941). Phycobiliproteins (PBP) 
were extracted in 0.05 M phosphate buffer pH 6.7 
after repeated freezing and thawing and sonica
tion; the concentrations of c-phycocyanin (PC), 
allophycocyanin (APC) and c-phycoerythrin (PE) 
were determined according to BENNET, BOGO
RAD (1973). 

Tab . 1 - LiSl of the algal species observed in the samples S and D during the last four years 

1985 1986 1987 1988 

S D S D S D S D 

Chroococcus sp. 0 0 0 

Leptolyngbya hollerbachiana • • • • • • • • 
Leptolyngbya gracillima • • • • • • • • 
Leptolyngbya sp. 0 () 

Chlorococcum sp. 0 0 0 0 () () 

Chlorella sp. () 0 0 0 () () 

Pseudococcomyxa simplex 0 0 0 0 () () () () 

Stichococcus bacil] aris 0 

Pseudopleurococcus printzii 0 0 0 0 () 0 () () 

Pseudopleurococcus sp. 0 () () 

Fragilaria pinn~ta 0 0 0 0 0 

• more than 200 cells (or filaments) for each field observed. 
() less than 40 cells " " " " " 
0 less than 5 cells " " " " " " 
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Results 

During the period 1985-1987, the light inten
sity inside the 85th room of the Domus aurea was 
less than 10 lux in the center of the room, and ap
proaching 0 lux on the frescoed wall, where sam
ples have been collected. The PAR value at the sa
me level resulted about 0.01 f.!E • m -2 .. S- I. At the 
beginning of 1988, the values recorded on the fre
scoes were 35 lux on sample Sand 40 lux on sam
ple D, both corresponding to 0.5 IlE • m-2 . • S-1 

PAR. 
The stereomicroscopical observations of the 

samples revealed the presence of various coloured 
colonies among and on the fragments of the fre
scoes. In each sample blue-green and olive-green 
filamentous colonies were clearly distinguishable 
from the substrata. The epifluorescence allowed 
the first screening to determine the quantitave pre-
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sence of cyanophytes in the samples. The light 
microscopy confirmed the constant presence in 
the association of abundant filamentous non-hete
rocystous cyanophytes belonging to Leptolyngbya 
gracillima Komarek et Anagnostidis (= Lyngbya 
parva Hoffmann) and Leptolyngbya hollerbachia
na Komarek et Anagnostidis (= Lyngbya pseudo
ramosa Hoffman). The chlorophytes Pseudococ
comyxa simplex (Mainx) Fott, and 
Pseudopleurococcus printzii Vischer were also 
present. The other taxa identified in samples of 
different years are reported in table 1. Lep
tolyngbya sp. characterized by a red pigmentation 
(ALBERTANO, GRILL! CAIOLA 1985, 1988) 
was not observed in samples from 1986, as well 
as Stichococcus bacillaris Nageli. The cyanophyte 
Chroococcus sp., the chlorophytes Chlorococcum 
sp., Chlorella sp. and Pseudopleurococcus sp., 
and the diatome Fragi/aria pinnata var. robusta 

Figs. 1, 2 - SEM micrographs of samples. 

Fig. 1 - Sample COllected in 1987. Bundle of cyanophytes and 
actinomycetes with other bacteria (arrows) attached to the fi
laments. 

Fig. 2 - Sample collected in 1988. Various vegetative cells 
and sporangia of coccal chlorophytes are visible over the fLla
mcnts and the empty cyanophyte sheaths (arrows). One dia
tom is also present among the mineral fragments of the fre-
scoes. 
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3 • 

Fig. 3 . TEM micrograph of the sample cOllected on the left side (S) of the frescoes in 1986. Longitudinal and transverse section of 
tilaments of Leptolyngbya. The lrichomes appear surrounded by thick sheaths (arrows). Several empty cyanophyte filaments (e) and 
many bacteria (b) are present. 

All scale bars = 10 Iilll. 

(Manguin) Perou appeared in the association after 
1986. The presence of chlorophytes became more 
conspicuous in 1988. Furthermore, moss spores 
and protonemata, rare in the samples up to 1987, 
increased their presence in 1988, when also some 
moss plantlets were observed. 

SEM observations evidenced the presence of 
bundles of filamentous cyanophytes frequently 
twisted with filamentous bacteria, probably acty
nomicetes, and different types of bacteria (Fig. 1). 
Vegetative cells and sporangia of the various chlo
rophytes were mixed with the mineral fragments 
of the substrata (Fig. 2). 

TEM investigations showed numerous cya
nophyte filaments pressed each others (Fig. 3). 
Actinomycetes and coccoid bacteria were abun
dant among the cyanophytes. The trichomes of the 
two Leptolyngbya species were surrounded by 
very thick and structured fibrillar sheaths, that of-

ten appeared empty of trichomes. The Lep
tolyngbya showed the gram-negative cell wall, the 
thylakoids arranged parallel; to the cell wall at the 
cell periphery and a central nucleoplasm. 

The pigment contents determined in the sam
ples Sand D in different years are reported in ta
ble 2. The results indicate a decrease in chlo
rophyll a and b in all samples since 1985, whereas 
the amounts of phycobiliprotein varied from hi
gher values in 1986 to lesser ones in 1987, but 
greatly increased in the samples of 1988. 

Discussion 

Without any artificial illumination, the algal 
composition of the association present on the fre
scoes of the 85th room of the .Domus aurea 
showed to be relatively constant. The dominance 
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Tab. 2 - Pigment content of the samples colleted on the left (S) and on the right (D) of the north-eastern wall of the 85th room 
of the Domus aurea. Chlorophylls (Chi a, Chi b) and phycobiliproteins (PC phycocyanin, APC allophycocyanin, PE phycoerythrin) 

have been determined in different years and expressed as !lll/g of sample 

Sample year Chl a Chl b PC APC PE 

1985 158.59 37.31 10.70* 12.18* 4.48* 

1986 37.62 
S 

1987 37.29 

1988 10.41 

1985 81. 92 

1986 51.20 
D 

1987 27.35 

1988 5.73 

* extracted without sonication 
ND not determined 

of Leptolyngbya grocillina and L. hollerbachiana 
over the other algae of the community was confir
med. Two chlorophytes were also continuously 
present in the samples, in spite of their limited 
number. Five new species appeared in the years 
1986-1987, and two were not more observed. 

After the short period of illumination in 
1988, the filamentous cyanophytes were still do
minant, but the five species of chlorophytes 
markedly increased the total presence of green al
gae in the association. 

The changes observed between 1985 and 
1988 in the chlorophyll contents of samples, only 
partially agree with the microscopical observa
tions. The small amounts of ChI a found in sam
ples of 1988 appear of difficult explanation. Ana
logously, no increase was detected in the amounts 
of ChI b, possibly due to the more abundant pre
sence of chlorophytes in 1988. However, similar 
results were obtained from cultures of the samples 
collected in 1987, after three months of illumina
tion provided by the same lamp installed in the 
Domus aurea (ALBERTANO et al. 1990). It is 
conceivable that the extremely low light in the en
vironment greatly reduced the photosynthetic acti
vity of the cyanophytes in the samples collected 
before 1988. Thus, the two Leptolyngbya species 
dominant in the association could change from 
phototrophic to heterotrophic metabolism 

14.14 59.80 76.50 47.97 

15.49 20.32 21.78 11.69 

11.12 10 8,.30 135'. 74 85,. 62 

10.27 9.20* 12.51* 6.57* 

ND 35.87 129_98 49.50 

13.95 15.22 18.34 11.11 

7.16 208 '. 98 249 '.30 85 ·.80 

(SMITH 1982), with a possible decrease in chlo
rophylls and phycobiliproteins contents. On the 
other hand, the increase of phycobiliproteins, due 
to the artificial illumination in 1988, can be cau
sed by the emission spectrum of the lamp em
ployed (ALBERTANO, GRILL! CAIOLA 1988; 
BENNETT, BOGORAD 1973). 'Nevertheless, 
further investigations on the pigment composition 
on the algae present on the frescoes would be ne
cessary to confirm the data obtained. 

The changes occurred in the algal composi
tion, in the period between the first and last sam
pling, are probably due to the out-door coming of 
algal spores, that is favoured by the absence of 
doors in the room 85th, and to the competition 
among the organisms present on the frescoes 
(WRIGHT et al. 1985). Therefore, the changes 
observed must be considered as not occasional be
cause of the peculiarity of the environment which 
probably acts as a strong selective factor. 

In conclusions, the dominant Leptolyngbya 
species are characterized by the presence of very 
thick sheath, that can facilitate the growth of the 
organism in the environment (i.e. adherence to the 
substrata, uptake of water, etc.), but in the same 
time increase the deterioration of the frescoes. In 
fact, the presence of the sheaths can favourish the 
sticking of other microorganisms, and a greater 
development of heterotrophic bacterial popula-
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tions on organic substrata (CANEVA, SALVADO
RI 1988), as well as the establishment of bacte
ria/cyanophyte mutualistic associations (PAERL 
1982). 

Thus, the advanced stage of colonization due 
to the presence of the algal association is confir
med (GRILL! CAIOLA et a1. 1987), and becomes 
more evident because of the high number of the 
taxa interested and of their structural characters. 
Moreover, the presence of chlorophytes and mos
ses that considerably increase when more light is 
available, indicated the need of a constant control 
of the changes caused by light in this hypogean 
association. 

Summary 

L'associazione alga le presente su aIcuni affreschi 
delIa Domus aurea aRoma, e stata studiata nel corso di 
quattro anni col proposito di controlIame 10 sviluppo e le 
eventuali variazioni della composizione algale. I risultati 
ottenuti hanno evidenziato la presenza dominante di due 
specie di cianofita appartenenti al genere Leptolyngbya, 
mentre sono state osservate variazioni nelIa presenza del
le altre specie componenti I'associazione e neHe quantita 
di pigmenti fotosintetici dei vari campioni. 
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Abstract 

Geobotanical studies related to knowledge and 
conservation of archaeological sites are described, both 
from the literature and original work. 

From the ecological analysis of the present vege
tation it is possible to establish correlations with envi
ronmental factors and determine the dynamic series 
both in the past and for the future. Single species and 
phytocoenosis can be used as bioindicators of the more 
important environmental factors in the site (e.g. soil hu
midity, salinity, presence of undergound walls, 
amounts of organic material). By reconstructing past 
dynamic series it is possible to determine past habitats. 
This contributes to paleobotanical studies through e.g. a 
division of botanical finds into autochthonous and allo
chthonous groups, on the basis of their compatibility 
with the dynamic series. It is also possible to use the 
dynamic series for predicting natural changes as well as 
the results of human intervention. 

The negative (e.g. the problem of root growth) or 
. positive (e.g. influence on the microclimate or on the 

water table) influences of vegetation on the conserva
tion of archaeological sites are then described. 

Some examples of applications to archaeological 
areas in Italy and the Middle East are given. 

Introduction 

The potential contributions of geobotanical 
investigations to archaeological problems are both 
numerous and diverse. 

Such studies can in fact provide extremely 
important information both in the analysis stage 
of the biotic community that characterizes the si
te, and in the application stage entailed in mana
ging the area. 

Useful information concerning the past situa
tion of archaeological sites, and that predictive of 
future trends , is yielded by suitably designed geo
botanical studies based on correlations between 
vegetation and abiotic environment, which recon-

struct the evolutionary dynamics in regressive and 
progressive senses. 

We thus analyze the contributions of geobo
tany as applied to archaeology in terms of infor
mation, of application contributing to the conser
vation of these areas, and fmally in terms of the 
planning phase for establishing an archaeological 
park. 

The possible relations between the phases of 
the information level and the applied level are 
summarized in Fig. 1. 

1. Contributions 
for the characterization of the site 

We hold the interpretation of synecology of 
the plant community to be essential to the correct 
intervention in archaeological areas, in addition to 
the identification of the dynamic series in terms of 
the variation of certain both natural and induced 
environmental parameters. 

As concerns the aims of the interpretation of 
an archaeological site, geobotanical investigations 
contribute both to the interpretations of the spe
cies or the plant associations as bioindicators, and 
to the possible reconstruction of the paleoenviron
mental context of the site, by analyzing 
backwards the dynamic series of the vegetation. 

1.1 The use of bioindicators for superficial 
archaeological exploration 

The potential utility of vegetation as an indi
cator of buried archaeological remains has been 
known for a long time, the first observations da
ting to the sixteenth century. 

They started from the observation of anoma
lies in the growth of herbaceous cultivated plants 
(e.g. wheat). Indeed, these plants, when in proxi
mity to very superficial stoneworks, generally 
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INDIVIDUALIZATION OF BIOINDICATORS FOR 
ARCHAEOLOGICAL SURFACE EXPLORATION 

t 
GEOBOTANICAL INVESTIGATION OF THE 

AREA 

CONSERVATION PROBLEMS OF THE 
ARCHAEOLOGICAL SITE 

CONTRIDUTIONS TO THE 
CONSERVATION OF THE 
ARCHAEOLOGICAL SITE 

I 
POSITIVE 

ROLE 

\ 
NEGATIVE 

ROLE 

grow fast at first, but then tend later to yellow and 
wither, or in any case show greater difficulty in 
growth. The explanation lies in the different hy
dric capacity of these soils with shallow un
derlying stoneworks and floors. 

In effect, this phenomenon, which can be 
clearly interpreted scientifically, is particularly 
evident in more humid climatic conditions and 
has several times been confirmed by excavation. 

In later observations it was found that, in the 
case of an area occupied by pasture, the vegeta
tion develops more rapidly near the ancient dit
ches, and with greater difficulty above sto
neworks. 

This is shown in aerial photographs by the 
darker colour in the first case and lighter one in 
the second (cropmarks), varying in relation to the 
hydric capacity of the subsoil, the depth of the ar
chaeological remains, the season and the type of 
plants. 

Fig.} 

CONTRIDUTIONS TO THE PALEOBOTANY 

t 
RECONSTRUCTION OF PALEO· 

ENVIRONMENTS 

t 
DYNAMISM OF THE VEGETATION 

CONTRIDUTIONS TO THE PLANNING 
OF RESTORATION AND MANAGEMENT 

CONTRIBUTIONS TO THE PLANNING 
OF AN ARCHAEOLOGICAL PARK 

It was found that, even in the case of pasture
land, these traces can also be documented in aerial 
photographs (grass-weed mark), although general
ly with less clarity. 

The effect is in any case clearer in situation 
of homogeneity of vegetation, and so clearest in 
agricultural settings. 

However, it must be stressed that the infor
mation derived from the analysis of agricultural 
settings, in which the vegetation is artificial, can 
indicate discontinuities in the subsoil only in 
terms of colour changes, or variations in biomass. 

In natural situations, or semi-natural ones, 
the indications provided by vegetation do not 
only relate to possible conditions. of physiologi
cal stress (indeed, unsuited plants would simply 
disappear), or to greater or lesser abundance. In
stead, indications are provided above all by qua
litative and quantitative changes in the vegeta
tion. 
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As suggested above, the reason for such 
changes must be relate to the presence of under
ground stoneworks, of foundations or floors, 
which causes situations of local discontinuity. 

Indeed, one can find increases in the saline 
concentration in proximity of stoneworks, owing 
to the greater rise of mineral salts through capil
lary action along the construction. 

In other cases one can, for example, find si
tuations of asphyxia, owing to excessive water re
tention caused by the presence of impermeable 
structures such as a floor or a layer of clay. The
refore a plant distribution is observed which can
not be explained in terms of natural paramaters 
alone. Indeed, apparently non-natural line of ha
lophyte or hydrophyte species can often be obser
ved. 

Sometimes it is the absence of certain types 
of vegetation which must be explained. 

Thus changes in floristic and vegetational 
composition can, in expert hands, be used as a 
way of «reading» the subsoil. 

As an example of plant species used as bioin
dicators, we consider the case of the archaeologi
cal site of Moen Jo Daro (Pakistan), in which a 
link was observed between Capparis decidua and 
the presence of superficial stoneworks. This cor
relation later made it possible to discover the ali
gnment of hidden constructions by examining the 
distribution of this plant. 

Another example is the case of many ar
chaeological sites in the Iranian Sistan, where 
owing to soil profile, brought about by climatic 
and geological factors, there was an accumulation 
of salt in the superficial stoneworks. 

These salt efflorescences became all the more 
considerable with the greater occurrence of sto
neworks in the subsoil which facilitated the rise of 
the salts and their crystallization at the surface. 

A different saline outcropping in this case 
therefore constitutes a physical indicator of these 
constructions in the subsoil, and it is quite easy to 
achieve a «reading» of their alignements using ae
rial photographs. 

It is, however, equally easy to achieve this 
«reading» at the ground level by observing the 
specific distribution of relatively more halophi
lous plants. 

Based on the hypothesis of the utility of 
bioindicators in this sector, the possibility is 
being examined of using them to identify the 
presence of underground floors in certain areas 
of the Domus Aurea (Rome). In these contexts 
one can observe a non-homogeneous distribution 
of hydrophyte plants and not as a function of 
shade gradients, such as to render plausible the 
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hypothese of deductively identifying the occur
rence or the greater outcropping of underground 
floors. 

This fact is of clear archaeological interest 
since it can guide the choice of where to excavate. 

Finally, in some cases even the absence of 
vegetation can be used as a bioindicator of speci
fic characteristics of the subsoil. Even this has 
been verified in the archaeological site of Moen 
Jo Daro, where the occurrence in a zone without 
vegetation was such that it could be related to the 
greater outcropping of clay platforms placed at 
the foundation of the riverside town, which assu
red a degree of impermeability. 

The superficiality of these clay platforms in 
fact created conditions of asphyxia in the rainy 
period, and of extreme aridity in the dry period, 
thus blocking the presence of hydrophyte and xe
rophyte species. 

1.2 Use of dynamic lines for the reconstruction 
of paleoenvironments 

The study of paleoenvironments is normally 
achieved through the identification of the micro
and macro-remains collected in the site and then 
interpreting its significance. 

Geobotany can make a significant contribu
tion to paleobotanical studies. It starts from an un
derstanding of the autoecology and synecology of 
the species, in correlation with geomorphological 
and hydrological factors, and leads to a recon
struction of past vegetational situations by using 
the dynamic series. 

This approach can be used in order to provi
de indication of the autochthony or allochthony of 
the archaeological findings, based on the compati
bility of information derived from paleobotanical 
and geobotanical analyses. 

It is thus possible to establish the significan
ce and importance of findings, and so provide ar
chaeologists and anthropologists who analyze so
cio-economic and cultural dimensions with a solid 
scientific foundation. 

For example, in the protohistoric city of 
Shahr-i-Soktha, in the Iranian Sistan, evidence 
was collected of Dalbergia sissoo (whose present 
N limit does not exceed the 30th S parallel), a 
species incompatible in terms of autoecology with 
the reconstructed characteristics of the habitat. 
These specimens were thus surely imported. 

This interpretation was confirmed by the pre
sence of Xancus pyrum (L.), a species which is 
strictly limited to the coastes of peninsular India. 
This information, along with that concerning the 
ceramic industry, thus made it possible for the ar-
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chaeologists to reconstruct the cultural and com
mercial ties with other peoples. 

Geobotanical information is particularly im
portant in those cases in which the site is presen
tly contained in the distribution area of the species 
considered, but in which a habitat is not found, 
based on the reconstruction of the dynamic series, 
which is compatible with its autoecology. 

2. Contributions to the conservation 
of archaeological sites 

From the standpoint of the conservation of 
archaeological sites, the vegetation can have a po
sitive role, in that it can be used as a protective 
element, or it can have a negative one, particu
larly owing to damage from roots. 

It is especially this last consideration which 
is best known to conservationists who often must 
deal with the problem of weeding, in order to pre
serve the monuments and enhance their visibility. 

The damage which ruderal vegetation can 
cause to monuments has long been known, even 
though often only at a qualitative level, and has 
been the topic of previous publications. 

It is enough to remember that the alterations 
caused in the subsoil are essentially mechanical 
and chemical. 

Owing to this type of problem, the contribu
tion of geobotany is that of knowing the vegeta
tion and its significance, and of predicting the dy
namic evolution in such a way as to be able to 
intervene in a more opportune way in the planning 
of necessary works. 

Instead in the case of vegetation introduced 
by man with the intention of creating an aestheti
cally appealing environment, it must be borne in 
mind that often a lack of understanding of autoe
cology, of environmental balances and of the 
growth potential of both hypogean and epigean 
biomass can lead to serious errors. This is not 
only in the choice of the species to be introduced, 
but especially in terms of not having considered 
the possible damage entailed by the expansion of 
the root biomass, both laterally and in depth. 

Damage to stonework or stuccos is in fact not 
uncommon, owing to the thrust of tree roots plan
ted either too near, or in soil which was too shal
low. 

Less known is instead the possibility of using 
vegetation safeguarding efforts, using the effects 
which cause on microclimatic and pedological pa
rameters, especially concerning phenomena of 
wind erosion or accumulation, or the aggressive 
action of salts or pollutants. 

As concerns the first example, the aim was to 
avoid the burial of some monuments in the de
pression of Dahane-Golaman by sand through the 
action of the wind. This required the use of plants 
which could deviate the movement of the dunes. 
The geobotanical investigation made it possible to 
establish the greater suitability of Desmostachya 
bipinnata, for the first the passive ~ransplanting in 
the dune formation, considering its mechanical 
characteristis and its being easily found in the ter
ritory. Later the study suggested the choice of Ha
loxylon persicum and of Tamarix passerinoides 
active transplants, respectively in the dune com
plexes and the weak covering sands on clayey 
soils. 

As concerns the experiences under way in 
Moen Jo Daro, the fmal goal is that of identifying 
plants that act chiefly as «biological pumps» and 
assist the mechanical pumping of wells, in order 
to lower the water table. They also lead to the 
creation of a suitable microenvironment in order 
to reduce the effect of the rising of water table 
along the stoneworks and the relative destructive 
crystalization of salt due to evaporation. 

The geobotanical study also made it possible 
to identify of the plant comunities and their spa
tial distribution and thus also of the autoecologi
cal characteristics of the species to be transplan
ted, as a function of environmental paramenter 
identified through synecology. 

3. Contributions to the planning 
of an archaeological park 

In relation to the situation and the extension 
of the territory of the archaeological areas, a com
parative analysis often acquires great importances 
as well as an interdisciplinary approach to the 
planning in the environmental setting, which can
not do without a geobotanical contribution. 

In reality the problem of the botanical struc
ture of archaeological areas has not been dealt 
with in great detail in the past, since intervention 
on the vegetation have often been conditioned by 
the cultural inclinations of certains historical pe
riods and in any case only took into account ae
sthetic considerations. 

We hold it to be of fundamental importance 
know the autoecological and synecological requi
rements of the species used in the territorial plan
ning of archaeological areas. 

In particular in these territories, which are re
plete with history, it is important to respect the 
original botanical landscape. With the same logic 
which guides restoration intervention, one must 
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not introduce new elements which are alien to the 
environmental context. 

Furthermore, as stated before, careful evalua
tion must be made of both damage potential and 
useful employment of vegetation, overcoming the 
ember'shing logic idea and the purely visual ef
fects. 

The knowledge of growth potential and the 
ecology of the species must indicate the situations 
of compatibility and incompatibility between 
plants and archaeological remains. 

Naturally requirements of a strictly landscape 
type, or «plastic» ones, which are important in 
these contexts, can be evidence in an interdiscipli
nary perspective. 

Even in cases in which is held necessary to 
contribute with plants to the «rereading» of sto
nework patterns, both underground ones and as 
the completion of interrupted walls, the correct 
use of the vegetation must be carefully evaluated. 

In conclusion, in a new and modern perspec
tive of management of archaeological areas, it is 
important that geobotany contributes both in the 
phase of acquiring information on the site, and in 
the planning of the maintenance interventions, 
and in the evaluation of the botanical structure. 
This aspect along with those linked to educational 
aims and to a more complete use of the complex, 
must be seen not only in an exclusively architect
archaeological perspective, but in a perspective 
necessarily broadened to include naturalist com
ponents. 

Riassunto 

Partendo dalla' analisi della letteratura e sulla base 
di lavori originali, vengono descritti i contributi degli 
studi geobotanici rivolti alia conoscenza e alia conser
vazione di aree archeologiche. 

Dall'analisi ecologica dell a vegetazione attuale e 
infatti possibile stabilire correlazioni con i fattori am
bientali, ricostruire le serie dinamiche nel passato e pre
vedere l'evoluzione futura. Singole specie e associazio
ni vegetali possono essere utilizzate come bioindicatori 
dei piu importanti parametri ambientali presenti nel site 
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(es. umidita del suolo, salinita, presenza di muri nel sot
tosuolo, accumuli di materiale organico). Ricostruendo 
le serie dinamiche verso il passato e possibile determi
nare quali fossero gli habitat corrispondenti. 

Cib da un contributo agli studi paleobotanici, ad 
esempio permettendo di stabilire l'autoctonia 0 all octo
nia dei reperti botanici, sulla base della loro compatibi
lita con le serie dinamiche. E anche possibile utilizzare 
le serie dinamiche per prevedere sia la dinamica natura
le che quella indotta dall'intervento dell'uomo. 

Vengono inoltre descritte le influenze negative 
(es. il problem a delle sviluppo delle radici), 0 positive 
(es. l'influenza sui parametri microclimatici), dell a ve
getazione nella conservazione delle aree archeologiche. 

Vengono infine fomiti a1cuni esempi applicati ad 
aree archeologiche italiane e del Medio Oriente. 
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Vegetation of the upper parts of some archaeological structures in Rome 
and related monument conservation problems 
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Keywords: Ruderal vegetation control; Archaeological areas maintenance; monument conservation. 

Abstract 

The upper parts of monuments, for the topographic 
characheristics and as they are often inaccessible for 
periodic treatments of maintenance, are characterized 
by a more developed and xeric vegetation. 

In the following cases of Roman monuments that 
have been analysed, a very high frequency of species of 
the phytosociological class Quercefea ilicis are present, 
besides those of Aspleniefea rupestris and Parietariefea 
judaicae. Ubiquitous or nitrophylous species of ChelJo
podiefea and Stellariefea mediae are usually rare. This 
situation represents an evolutive stage of stone material 
colonization by plant growth in xeric and heliophic 
conditions in Mediterranean climate. 

It is obvious that for monument conservation this 
kind of vegetation is detrimental. Before consolidating 
these structures, chemical treatment was carried .out. 
Different herbicide compounds were tested on various 
phytocoenoses in order to compare the results. 

Introduction 

For a good conservation of monuments it is 
necessary to provide periodical treatments of clea
ning, protection, consolidation and also control of 
biological growths. In fact the vegetation growing 
on monuments is more or less detrimental to the 
conservation of the building structures, due to the 
growths of the root system. For this reason it is 
necessary, at least in archaeological areas, where 
the priority is the conservation of monuments, op
posed to the natural heritage, to plan treatments 
against this vegetation. The cycles of intervention 
are dependent on different factors conditioning 
the biological growths, such as petrographic cha
racteristics and particularly the porosity of stone, 
climatic factors and also accessibility and econo
mic problems. In fact due to the difficult accessi
bility of the upper part of monuments, in absence 
of scaffolding or other system of ascent, treat-

ments of control are less frequent and the vegeta
tion is more developed, also because it is less di
sturbed. 

So it was that, during the conservation treat
ments arranged by the Archaeological Superinten
dence of Rome in some tracts of Aqueducts and 
Thermae, we had the opportunity to analyse this 
peculiar situation. 

The research was carried out at first to analy
se these vegetation aspects and to give indication 
of correct methodology of plant growth control. 

Analysis of vegetation 

The vegetation present on monuments, espe
cially in those parts that are less accessible, is in
teresting from an ecological point of view, becau
se monuments can be sites of refuge for plants in 
very anthropized contexts, like urban environ
ments. 

In the upper part of monuments the vegeta
tion reaches more developed stages, besides the 
already cited factors of human disturbance, also 
due to the flattish morphology. That permits an 
easier deposition and germination of seeds and a 
greater water storage of the substrate with respect 
to vertical walls. 

The height from the soil (between 18-20 m to 
30 m in the analysed monuments), the lighting 
conditions and the lower content of nitrogen sour
ces do not generally permit a great development 
of the more hygrophylous and sciaphylous asso
ciations of the Parietarietea judaicae. 

Parietarietum judaicae (Arenes 1928) Oberd. 
1977, Parietario-Cymbalarietum mW'alis Pignatti 
1953 and Cymbalario-Trachelietum coerulei Ri
vas Martinez 1969, are instead frequent in the Ro
man monuments in the lowest parts and in septen
trional expositions. 
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It is possible to observe in relation to the ti
me of plant colonization, the development in the 
first stages of aspects with Antirrhinum majus, A. 
tortuosum and Sonchus tenerrimus, as dominant 
species, and of Capparidetum rupestris o. Bolos 
e Molinier 1958, very common on walls with 
warm exposition. 

It is interesting the presence of Ruta cha/e
pensis, a thermophylous species of the O/eo-Ce
ratonion, in these pioneer stages and its disappea
rance when the vegetation reaches a close 
structure. 

When the time of stone material colonization 
by plant growth becomes greater, with a conse
quent amount of porosity of the substrate, with a 
decay of the mortars covering the cacuminal parts, 
and with depositions of particles of soils or orga
nic residuals of other pioneer populations, we can 
observe a decrease of the floristic component of 
the Parietarietea judaicae class. 

At the same time the conditions become mo
re favourable for the growth of Mediterranean 
thermophylous species of the Quercetea ilicis 
class and especially of the O/eo-Ceratonion. In 
fact, when the time after restoration or conservati
ve treatment is more than 20-30 years, it is possi
ble to observe a tendency towards more mature 
wooden thermophylous plant communities. 

In the more developed stages there is a con
stant presence of Teucrium f/avum, that can be 
considered a guide species, disappearing only 
when there is a total closing of the vegetation. 

There is also frequent the presence of Rham
nus a/atemus and Asparagus acuti/o/ius. 

In Tab. I, two groups of releves of vegetation 
are shown as a function of a gradient of maturity. 

In this gradient Fials carica holds an inter
mediate position showing a tendency to remain al
so a more mature situation. 

The substrate composition of the analysed 
monuments, was generally of carbonatic nature, 
due to the layer of mortar over laid as a cover and 
cementing bricks. In the case of the Claudius Ne
ro Aqueduct in Mandrione Street, under the mor
tar layer there were blocks of vulcanic rocks such 
as peperino and tufa, with higher porosity with re
gard to other monuments, thus favouring the plant 
colonization and their dynamism. Moreover some 
species, such as Artemisia arborescens, were ex
clusively found on this kind of pedogenetic sub
strate. Thus the more developed stages reached 
here by the vegetation seem to be conditioned by 
internal and external factors such as lower mainte
nance interventions. 

Monument conservative treatments 

After the analysis of the vegetation it was 
possible to decide the methods and the modality 
of treatment. 

It was preferred to use chemical methods, 
eventually combined with mechanical ones in re
lation to the problems of accessibility, longer du
ration in time, economic parameters and to avoid 
mechanical damages due to the peeling off the 
plants. 

Various products diluted in water, were tested 
by spraying them on different plant communities. 
In the case of ligneous plants it was preferred, 
whenever possible, to cut the plant at the base and 
inject directly the herbicibe compound into the 
roots, in order to minimize the quantity of product 
dispersed in the environment. 

Various herbicides (gliphosate, tertbutylazi
ne, secbumeton, picloram, hexazinone, imazapyr) 
were selected on the basis of specific technical, 
sanitary parameters, important for this kind of ap
plication. 

This is principally the usefulness in relation 
to a possible negative interaction with the stone 
(problems of corrosivity or staining) and the acti
vity at low doses for a long time. It was also con
sidered a low level of toxicity and low values of 
translocability in relation to environmental hygie
nic aspects. 

The research allowed evaluation of the use
fullness of those products and the activity on so
me plant communities or on some specific spe
cies, also in relation to the modality of treatment. 
Detailed results of this specific aspect will be di
scussed elsewere. 

As a preventive measure for a good conser
vation of monuments it would be better to repair 
periodically the layers of mortar and clean the 
surfaces from the earth and dust which deposits it
self on the walls, thus disfavouring the dynamic 
evolution of the plant communities. The degree of 
stone weathering comes in fact together with the 
degree of maturity of plant communities. 

The presence of plants on this substrate can 
be also acceptable for a certain time, because 
the first population are not too disruptive, but 
they prepare the substrate for more aggresive 
associations, if their dynamic tendency is not 
disturbed. It is possible to calculate that 20-30 
years is sufficient for the development of evolu
ted stages in absence of disturbance of their 
growth. 
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Tab. 1 - Vegetation of the upper parts of some Roman monuments 

N° re1. 
Exposition 
Inclination ( X) 
Cover (%) 
H veg. (cm) 
Surface re1. (m

2
) 

N° species 
Local ity 

50 
40 

8 

Ce1 

40 
30 

8 
6 

Ce1 

SE SE 
40 40 

100 40 40 
40 50 40 

8 10 10 
11 15 12 
Car Mas flas 

8 

40 40 95 
40 30 50 
20 12 15 
14 8 11 
ASS ASS Car 

10 11 
NNE 
90 

95 70 80 
60 60 60 
20 10 10 
15 11 11 
Car Car Car 

Car. PARIETARIETEA JUDAICAE (Ri vas Martinez 1964) Oberd. 1977 

Ch Antirrhinum majus L. 
Ch Ant i rrhi num tortuosum 80sc 
Pcaesp Cappari s spi nosa L. v. i nermi s Turra 
Pcaesp Ficus carica L. 
H Sonchus tenerri mus L. 

H 
Ch 
Ch 

Pari etari a judai ca L. 
Foenicu1um vu1gare 11iller 
Chei ranthus chei ri (L.) Crantz 
Trache1ium coeru1eum L. 

+.2 1.2 2.2 
2.3 1.2 3.4 2.3 +.2 2.3 3.3 1.2 

+ 1.2 2.3 1.2 +.2 1.2 1.2 1.2 
1.2 1.2 1.2 

+.2 2.2 + 1. 2 

+.2 + 

12 
NIlE 
70 
80 
SO 
15 
11 
Car 

13 

95 
60 
16 
14 
Car 

+.2 +.2 

14 

80 
60 
10 

7 
flan 

15 

95 
60 
12 
13 
tlan 

1.3 

16 

90 
60 

6 
8 

11an 
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17 

80 
50 
15 

Car 

18 

100 
60 

8 

Man 

Car. BROMO-ORYlOPSION MI LIACEAE D. Bo 1 os 1970 AND HYPARRHEN IENALIA (Ri vas Narti nez 1978) Brull 0 stat. nov. 1984 

Ch fli cromeri a graeca (L.) Bentham 
Oryzopsis rni1iacea (L.) Asch et Schweinf 
Di ttri chi a vi scosa (L.) Greuter 
Dip10taxis tenuifo1ia (L.) DC 
Ferula communis L. 

2 . 2 1.2 1.1 1.1 2.3 1.2 2.3 2.3 + 
2.4 + 2.2 1.2 3.3 1.2 + 

+.2 

+ 

1.3 2.2 2.2 2.2 1.2 
1.2 2.3 + 
+ 

1.2 

Car. OLEO-CERATONION sensu Br.-B1. 1936, PISTACIO-RHAflNETALIA ALATERNI Rivas Martinez 1974 AND QUERCETEA ILICIS Br. B1. 1947 

Ch 
Pcaesp 
G 
Pcaesp 
NP 

Teucri um f1 avum L. 
Rhamnus a 1 aternus L. 
Asparagus acutifo1ius L. 
Lonicera implexa Ait. 
Coronilla emerus L. ssp. emeroides 

+.2 

+.2 
1.2 

+.2 

3.4 1.2 2.2 5.5 2.3 1.2 +.2 
2.3 2.3 

2.2 2.2 2.2 3.4 
+.2 1.2 1.2 

+.2 1.2 2.3 +.2 1.2 + 1.2 
1.2 2 . 4 +.2 1.1 

+ 1.21.24.43.4 
Ch 
Pcaesp 
Pcaesp 
NP 
Pcaesp 
NP 
Pcaesp 
Pcaesp 
Pcaesp 
Ch 

(Boiss and Spruner) Hayek 
Ruta chalepensis L. 1.1 2.4 1. 1 + 

Pl 
Pcaesp 
Pcaesp 

OTHERS 

Ch 
H 
Ch 
Pl 

Sparti um junceum 
Artemi si a arborescens L. 
01 ea europaea L. 
Pi staci a terebi nthus L. 
Laurus nobi 1 i s L. 
Phillyrea angustifolia L. 
Pistacia lentiscus L. 
Co 1 utea arborescens L. 
Prasium majus L. 
Smil ax aspera L. 
Euonymus europaeus L. 
Crataegus oxyacantha L. 

Sedum sediforme (Jacq.) Pau. 
Scabiosa maritima L. 
Reseda alba L. 
Hedera he 1 i x L. 
Me 1 i ca arrecta O. Kuntze 
All i urn cfr. roseum L. 
Bromus madritensis L. 
Daucus carota L. 
Hyperi cum perforatum L. 
Picris hieracioides L. 

Pcaesp Rubus fruticosus L. 
T Conyza canadensi s (L.) Cronq. 
Ch Pinus pinea L. (pl) 
T Catapodi um ri gi dum (L.) Hubbard 

Acanthus mo 11 i s L. 
Dactylis hispanica Roth. 
Silene angustifolia (l.liller) Hayek 

+ + +.2 
+ +.2 1.2 

2.4 

2.3 
+.2 

1.2 

1.1 
+ 

3.3 
+ 

+ .4.5 2.3 
1.1 + 3.4 1.2 
+.2 +.2 1.2 

1.2 1.2 
+.2 

+ 

+ 
3.3 +.2 

2.3 3.4 

+.2 

1.2 

+.2 

2.3 

3.4 

+.2 3.4 
1.2 2.2 1.2 

1.3 1.3 
1.2 

.12 

1. 3 2 . 3 

1.2 2.2 2.3 2.2 
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Riassunto 

Le parti alte dei monumenti, essendo spesso inac
cessibili per i trattamenti periodici di manutenzione, 
presentano una vegetazione piu sviluppata e per le loro 
caratteristiche topografiche hanno caratteristiche di 
maggiore xericita. 

Nei casi relativi ai monumenti romani, che vengo
no qui analizzati, e stata riscontrata una frequenza mol
to elevata di specie appartenenti alia classe fitosociolo
gica dell a Quercetea ilicis , oltre a quelle delle classi 
Asplenietea rupestris e Parietarieta judaicae. Specie 
infestanti e nitrofile delle classi Chenopodietea e Stel
larietea mediae sono generalmente rare. Questa situa
zione rappresenta uno stadio evolutivo finale dell a co
lonizzazione vegetale in condizione di xericita e di 
eliofilia nel clima mediterraneo. 

E inoltre evidente che questo tipo di vegetazione e 
dannoso per la conservazione dei monumenti . Pertanto, 
prima di effettuare interventi di consolidamento delle 
strutture murarie sono stati eseguiti interventi di diser
bo chimico. Sono stati saggiati diversi erbicidi sulle va
rie fitocenosi presenti al fine di comparame i risultati. 

References 

ANZALONE B., 1951 - Flora e vegeta=ione dei muri di Roma, 
Ann. Bot. XXill: 393-497. 

BARTOLO G., BRULLO S., 1986 - La classe Parietarieteajudai
cae in Sicilia - Arch. Bot. e Biog. lt., 62 (1/2): 31-50. 

BRULLO S., 1984 - L' allean:a Bromo-Oryzopsion miliaceae in 
Sicilia. Boil. Ace. Gioenia Sci. Nat. Vol. 17, 323: 239-
258. 

CANEVA G .• DE MARco G., 1986 -11 control/a del/a vegeta:io
ne nelle :one archeologiche e monumentali. Atli del con
vegno: Manutenzione e ConservazioDe del Costruito fra 
tradizione e innovazione: 553-570, Bressanone. 

HRUSKA K., 1979 - Sur la vegetation de la classe Parietarie
tea muralis, Riv. Mat. 1955 dans le Marches (Italie Cen
trale) Doe. Phytosoe., 4: 433-441. 

HRUSKA K., 1985 - La vegeta:iolle delle mura in Umbria. Ar
ch. Bot. e Biogeog. it. 61: 82-89. 

RIVAS-MARTINEZ S., 1980 - Sinopsis de la vegetation nitrofila 
rllpestre (Parietarietea judaicae). Ann. lost. Bot. AJ. 
Cavanilles del e.S.I.e., 35: 225-233, Madrid. 

C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 



Braun-Blanquetia 3 (2), 1989 lA VS Symp. Vegetation in Settlements 

Wall vegetation of some fortresses in the south-eastern Po plain (Italy) 

Rossi G. 
Istituto di Botallica, Ulliversitii di Pavia, via S. Epifallio, 14,27 JOO Pavia, Italy. 

Keywords: Wall vegetation, Numerical analysis, Phytosociology, Parietarietea judaicae, Po plain. 

Abstract 

The vegetation occurring on the external brick 
walls of 5 fortresses (localy named «rocche») located in 
the southeastern Po plain (Northern Italy) was sampled 
by the Braun-Blanquet method. Vegetation types were 
defined by a numerical classification of releves (avera
ge linkage clustering based on the similarity ratio). 
Two releves groups were identified. From the syntaxo
nomical viewpoint they can be ascribed to the Cappari
detum rupestris O. Bolos et Molinier 1958 and to the 
Parietarietumjudaicae (Arenes 1928) Oberd. 1977, re
spectively. The former vegetation type occurs on S-ex
posed walls; the latter has a wider aspect range. The 
ecological and chorological features of both vegetation 
types were shortly discussed in comparison with the 
neighbouring Italian areas. 

Introduction 

Urban settlements are colonized by a sponta
neous flora, occurring on different habitats, such 
as railway lines, river banks, pavements, old walls, 
ancient monuments and others. The species 
growing on old walls can form plant communities 
physiognomically and floristicaJly well defined. 

Moreover, these communities are character
ized from the ecological viewpoint by several 
chasmo-nitrophilous species. On this basis they 
can be distinguished from the natural rock-face 
communities, where nitrophilous species generally 
are absent or rare. 

In Italy wall vegetation was studied by the 
Braun-Blanquet approach since fifties (PIGNAT
n, 1953; OBERDORFER, 1969, 1975; SEGAL, 
1969; HRUSKA, 1979, 1982, 1986; BRANDES 
& BRANDES, 1981 ; BARTOLO & BRULLO, 
1986). 

HRUSKA (1987) suggested e general syn
taxonomical scheme, largely drawn from these 
studies. In the until performed investigations little 
attention was made to ecological correlations. 

In this paper I present some phytosociologi
cal data concerning the vegetation settled on the 
walls of some fortresses located in the Romagna 
region. A special attention was paid to the correla~ 
tion between vegetation types and ecological fea
tures, detected by indirect gradient analysis. 

Study area 

The present research concerns the vegetation 
occurring on the external brick walls of some for
tresses in the Romagna region (south-eastern Po 
plain, Northern Italy). These fortresses are locally 
named «rocche» (singular «roeca») and they were 
built or, in some cases, only modified during the 
Renaissance, owing to the introduction of the mo
dem field artillery as a new war tecnique. From 
the architectonic viewpoint a «rocca» is based on 
a square or rectangular plan and consists of a in
ner courtyard surrounded by thick walls with four 
circular towers at the corners; in the middle of the 
courtyard the main tower (named «mastio») is 
erected. 

The fortresses I considered for the present 
study were the following: the «roeca» Brancaleo
ne of Ravenna, the «rocca» of Lugo di Romagna, 
the «rocca» sforzesca of Imola, the «rocca» mala
testiana of Cesena and the «roeca» of Forli. 

Methods 

Wall vegetation occurring on the above cited 
fortresses was sampled in spring 1987 by the 
Braun-Blanquet method (BRAUN-BLANQUET, 
1964). Species nomenclature follows PIGNATTI 
(1982). 

The set of 16 releves (Table 1) was classified 
and ordered by numerical techniques (ORLOCI, 
1978). Calculations were based on cover data cor
responding to the transformations of the Braun-
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Tab . 1 - Phylosociologicallable. ReI. 2, 4, 1,3, 11,5,8, 16: Capparidetum rupestris; 
ReI. 15, 15, 10,9, 13, 12,6,7: Parietarietumjudaicae 

Releves number 

Aspec t 

Incl i na t ion 

Area (m2) 

Covered surface (%) 

Total number of species 

ChM.a.c.tvr. I.>pe.Ue.6 06 
M/.) 0 c..<.a..U.o nl.> 

Parietaria diffusa 
Capparis spinosa 

ChM.a.c.tvr. 6pe.c.i.e.6 06 
Ce.I1.C'ta.,t-tho- PiVUe-taJt..<.OH 
juda..i.cae. 

Centranthus ruber 

ChaJtac.tvr. 6Pe.c.i.e.6 06 
PiVUe-taJt..<.e..taUa and 
PiVUe-taJt..<.e..te.a juda..i.cae. 

Cymbalaria muralis 
Erysimum cheiri 
Antirrhinum majus 
Ficus carica 

ComparUol'1!.l 

Bromus madritensis 
Catapodium rigidum 
Arenaria serpyll ifol ia 
Calamintha nepeta 
Conyza bonariensis 
Sonchus oleraceus 
Diplotaxis tenuifolia 
Rhamnus alaternus 
Taraxacum officinale 
Echium vul gare 
Oxalis corniculata 
Crepis sancta 
Verba scum sinuatum 
Poa trivial·is 
Melica transsylvanica 
Hedera helix 
Chenopodium album 
Cerastium semidecandrum 
Parietaria officinal is 
Petrorhagia saxifraga 
Hypericum perforatum 
Inula viscosa 
Daucus carota 
Hel ichrysum i tal icum 
Chelidonium majus 

2 4 3 11 5 8 16 14 15 10 9 13 12 6 7 
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Blanquet scale as proposed by VAN DER MAA
REL (1979). All species have been considered but 
for the rare ones occurring in only one releves. 
For classification average linkage clustering 
between merged groups, ALCB (ANDERBERG, 
1973), based on the similarity ratio was em
ployed. The ordination of releves was performed 
by principal components analysis, based on the Q 
algorithm, Q-PCA (ORLOCI , 1978). The results 
obtained by both classification and ordination 
were interpreted from the ecological viewpoint 
through the Shannon 's function (SHANNON, 
1948). This was applied to the contingency table 
including the presence values of the vegetation ty
pes in the four classes of aspect. 

Results 

The dendrogram obtained by ALCB is report
ed in Fig. 1. The two clusters distinguished at a si
milarity level of about 0.33 correspond to vegeta
tion types floristically well defined and well 
recognizable in the field . From the syntaxonomi
cal viewpoint they can be ascribed to the associa
tions Capparitedum rupestris O. Bolos et Moli
nier 1958 and Parietarietum judaicae (Arenes 
1928) Oberd. 1977, belonging to the alliance Cen
trantho-Parietarion judaicae Rivas Martinez 
(1960) 1969 and to the order Parietarietalia ju
daicae (RIVAS MARTINEZ 1960) Oberd. 1977 
(see BARTOLO & BRULLO, 1986). 

Inference about the ecology of the studied ve
getation can be drawn from the PCA. In the dia
gram of Fig. 2 the second principal component 
separates the releves in two groups, corresponding 

s 
0.2 

0.4 

0.6 

0.8 

1.0 
2 4 1 3 11 5 8 16 14 15 10 9 13 12 6 7 

CR PJ 

Fig. J - Class ification dcndrogram of thel6 rclcves of Table 
1. S = similarity ratio; CR = Capparidetum rupestris; PJ = 
Parietarietum judaicae. 
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to the Capparidetum rupestris (negative values) 
and to the Parietarietum judaicae (positive val
ues). The ordination of these associations along 
the second principal component presumably corre
sponds to a gradient of incoming solar radiation, 
from the Parietarietum judaicae to the Capparide
turn rupestris. This hypothesis was ·tested by Shan
non's function applied to the contingency matrix 
of Tab. 2. Considering the H/Hmax ratio for the 
columns of Tab. 2 the Capparidetum rupestris 
seems to be more dependent from aspect than the 
Parietarietum judaicae. Moreover, the Capparide
turn rupestris results confined to the warmer and 
drier S-exposed walls, while Parietarietum judai
cae is distributed in all classes of aspect, with a 
fairly higher frequency in western exposures. 

Concluding remarks 

In Italy, southwards Northern Apennines, the 
Capparidetum rupestris is largely diffused on the 
S-facing old walls (see HRUSKA, 1987; BARTO
LO & BRULLO, 1986). Before the present study 
no evidences were available about its presence in 
the Po Plain. 

In the Romagna region the Capparidetum ru
pestris very rarely occurs and it can presumably 
be regarded as a wall association confmed to ref
uge sites. 

n 

0.5 

----~-0-5----------~----------0~.5----~I 

-0.5 

Fig. 2 - Ordination of the 16 releves of Table I, according to 
the first two principal components (symbols as in Fig. I). 
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Tab. 2 - (a): contingency table 
(classes of aspect x vegetation types); 

(b): Shannon's function and its application 10 Table 2 (a) 

CR PJ 
N 0 I 
E 0 1 
W 1 4 
S 7 2 

(a) 

Summary 

CR 
H 0.38 
H/Hmax 0.27 
Hmax= 1.39 

H = R(K) /NR In NR/R (K) 
Hmax =InNK 

H = entropy 
Hmax = maximal entropy 
R(K) = number of samples 

belonging to k -class 

PJ 
1.21 
0.87 

NR = tolal number of samples 
NK = number of factor classes 

In questo contributo e stata presa in esame la ve
getazione che colonizza i muri di mattoni di alcune roc
che situate nella pianura pad ana sud-orientale. Sono 
stati eseguiti 16 rilievi col metodo di Braun-Blanquet, 
nel periodo maggio-giugno 1987. I tipi di vegetazione 
sono stati individuati mediante il metodo del legame 
medio, basato sui rapporto di somiglianza. I due gruppi 
di rilievi cosl individuati sono stati assegnati rispettiva
mente al Capparidefum rupestris e al Parietarietum ju
daicae. L'ecologia dei due tipi di vegetazione e stata 
indagata attraverso l'analisi indiretta di gradiente. Per 
questo scopo e stato eseguito un ordinamento basato 
sull'analisi delle componenti principali. Su questa base 
e stato ipotizzato un gradiente di radiazione solare inci
dente. L'esistenza di questo gradiente e stata verificata 
attraverso l'applicazione della formula di Shannon ad 
una matrice di contingenza costruita calcolando le fre
quenze medie dei gruppi di rilievi ne lie cIassi del fatto
re esposizione. I risultati ottenuti sono stati brevemente 
discussi in relazione alle problematiche ecologiche e 
sintassonomiche. 

Appendix: list of rare species 

ReI. 5: Lepidium graminifolium. ReI. 6: Plantago 
media. ReI. 10: Pallenis spillosa, COllyza calladensis, 
Dactylis glomerafa, Lotus comiculafus. ReI. 11: Avena 

[atua, Foeniculum vulgare, Reichardia picroides. ReI. 
14: SOllchus asper. ReI. 15: Setaria italica. 
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Historical trees in Villa Mondragone 
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Keywords: Historical trees, Dendrochronological factors, Villa Mondragone. 

«The italian feeling for sensation has been 
spoken of. Perhaps the best example of this is fur
nished by another Villa at Frascati, the great six
teenth-century pleasure-house of Mondragone ... » 
(SITWELL, 1909). 

The history of Villa Mondragone has been al
ready reported in numerous literary and artistic 
works (ROGISSARD, 1706; GROSSI-GONDI, 
1901; SEGHETTI, 1906) as well as in a recent 
work on the historical green of the Villa (GRILL! 
CAIOLA et aI., 1988). 

The last study suggests the interest of the Vil
la, in the past and present times, not only architec
turally and artistically, but also for its green and 
especially for the arboreous component. The latter 
is supported by numerous historical prints, engra
vings and photos of archives (GRILL! CAIOLA 
et aI., 1988). 

The actual arboreous patrimony appears just 
partly changed as compared with that reported in 
ancient prints of Villa Mondragone. Numerous 
trees still perform the same function as in the 17th 
and 18th century. Their presence has induced us 
to study such arboreous patrimony, in order to 
enumerate the present specimens and to evaluate 
the age and the phytosanitary state of various 
trees. 

A dendrochronological study and an arboreus 
census have been carried out on sections of bran
ches and trunks, and on cores from appropriately 
selected samples both on the outside and inside 
area of the Villa (Courtyard inside, Courtyard by 
Vasanzio and Secret Garden). 

It is known that it is not always simple to da
te a tree since the annual activity of the cambium 
is much affected by locale climate. However, our 
valutation is limited to trees of Villa Mondragone, 
a microenvironment in which the climatic diffe
rences would be extremely reduced. Therefore if 
the trees have undergone the same weather cir
cumstance their growth should be homogeneous. 

This note considers the methods used to pro
spect the age of the present various specimens. 
Some samples, of every present species, have 
been 'drilled' by a Pressler drill. A dendrochrono
logical factor (D.F.) expressing the ratio between 
the radius of trunks (or of branches) and the num
bers of annual rings counted in the cores has been 
found. The factors of every species have been re
ported in Tab. 1. 

The annual rings and the value of the circum
ference and radius has been counted on sections 
of trunks and branches of recent lapping of Quer
cus ilex L. and Castanea sativa Miller. 

Tab. 1 - Trees of Villa Mondragone with the number of actual specimens, the dendrochronological factor (D. F.) 
and the age groups (from 100 to 199,200 to 299 and over 300 years old) of older samples 

Species N. specimens D.F. AGE GROUPS 

100 200 Over 
199 299 300 

QuerclIs ilex 461 2.3 261 28 5 
Quercus jrainetto 9 1.2 2 4 3 
Castanea saliva 6 3.2 6 
Tilia cordala 27 2.0 17 3 
Pinuspinea 25 2.0 3 
Plaranus sp. 5 2.3 3 
Olea europaea 3010 1.3 3000 10 

C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 



308 

Even in this case it has been established a 
D.E resulting by ratio between the value of radius 
of section and the number of rings counted. 

The latter factors extimated, 2.7 and 2.2 re
spectively for Quercus ilex and Castanea sativa, 
appeared to be very near to the D.E of the first 
method. For this reason and also for the lack of 
sections of all the specimens of Villa Mondragone 
it has been used the method of cores. Studies have 
not been carried out on Cupressus sempervirens 
L. because in literature (GROSSI-GONDI, 1901) 
already appears a date of the planting of the cele
brated cypress avenue that, from the gate, points 
at the palace. The most part of this, represented in 
various prints, is preserved till now. 

The results have shown the presence of 4300 
trees belonging to 26 genera and 33 different spe
cies with hundreds of stately specimens of Olea 
europaea L., Quercus ilex, Cupressus sempervi
rens, Tilia cordata Miller, Q.frainetto Ten., Ca
stanea saliva, Pinus pinea L., Plalanus sp., for
ming avenues of approach (Fig. I, 2) and small 

woods surrounding the Villa. In the Tab. 1 are re
ported also the age groups (from lOO to 199; 200-
299 and over 300 years old) of various trees. 

It is interesting to point out the presence of 
older specimens (1 Q. ilex about 400 years old 
and 1 Q.frainetto of 450 years old) in places whe
re already in the Kircker's print (1671) were re
ported trees of great size. 

For pines and planes we carried out a compa
rison with two monumental specimens of Pinus 
pinea and Platanus orientalis L. present in the 
near Villa Fa1conieri. These species, already cited 
by MONTELUCCI (1964) and well known for 
their longevity, on the basis of our calculation 
might be respectively 380 and 420 years old, while 
the specimens of Villa Mondragone appeared 
comparatively younger (about 150 years old). 

The hystorical study showed, in the Hex ave
nues (Fig. 1) of the Villa, the presence of many 
specimens in precarious phytosanitary conditions 
because of the presence of many cavities (Fig. 3) 
owing prevalently the xylophagous insects and 

Fig . 1 . Ilcx aVCJlUC lhallcads 10 Ihe Villa. 
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Fig . 2 - A view of cypress avenue (a) thai, from lhe gale on 
the Monte Porzio Calone road, points al the palace; the sur
rounding olive-groves Cb) and the panorama of the roman 
plain. 

olive-fly. Also the olive-trees are damaged by fro
st and encroaching different Rubus sp .. 

We have already expressed in previous works 
(GRILLI CAIOLA et al. 1988) the hystorical value 
of arboreous patrimony of Villa Mondragone, and 
now we must recall the necessity of preservation. 
Together with the restoration of the artistic compo
nent of the Villa, already ahead since some years, it 
is appropriate to recall the necessity of a study of 
maintenance also green component that tends to sa
feguard especially the historical arboreous patri
mony and assure its survival. The problem on how 
to preserve this patrimony is without doubt of diffi
cult resolution and it requests a knowledge of its 
evolution since its origin to today. 

By historical studies (GRILLI CAIOLA et 
aI., 1988) we can affirm that the whole Villa can 
be considered a ' Historical Garden'. As it is a 
work of art it needs to be safeguarded with the de
finite rules as appeared in the 'Paper of Florence' 
(CATALANO e PANZINI, 1985). 

Therefore it is necessary to intervene with 
works of lopping of curing making use of the pre-
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Fig. 3 - A trunk of Quercus ilex with evident cavities. 

sent techniques of dendrosurgery especially on the 
species in condition of advanced decay. 

The techniques of thennic and photographic 
infra-red should contribute, on the contrary to 
show the cavities not in macroscopical relief. 

Riassunto 

Nel parco della secentesca Villa Mondragone e 
presente un cospiquo patrimonio arboreo di elevato va
lore naturalistico. Viene effettuato il censimento di tutte 
le specie arboree e stimata la loro eta sia mediante il 
Fattore dendrocronologico, espresso come rapporto tra 
raggio del tronco e numero dei cerchi annuali contati su 
alcune carotine estratte che su dati bibliografici. 
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Botanical problems in Prato dell a Valle of Padua (North Italy) 

Giulini P., Baldan L., Baggio P., Bili> M., Monetti P., Pietrogrande A. 
Dipartimento di Biologia - settore Biologia vegetale - via Trieste 75, 35121 Padova, Italy. 

Keywords: Landscape & urban architecture, historical gardens, plane disease. 

Abstract 

The authors have studied the evolution of Prato 
della Valle area in the past 2,000 years. In particular 
they have analyzed the state of the planes existing in 
the middle of the square and presently badly infected 
by coloured cancer. Adequate solutions are suggested 
and recommendations for Local Administration are ur
ged. 

Prato della Valle, one of the largest squares in 
Europe, lays in the heart of Padua. It is a huge 
open area characterized by a large basin with an 
island in the middle and by an imposing complex 
of monuments and buildings all around. 

The aerophotografic analysis shows traces of 
ancient river beds of Pre-Roman age delimiting 
the northern boundary of the square; in addition, a 
part of an ancient stream, later called Alicorno, is 
still visible close to St. Giustina Church. 

As early as the «paleoveneta» age it was an 
important area. In Roman times, being the junc
tion of two important roads, it held a theatre and a 
circus and was a place of monuments and capital 
executions. 

In the early Middle Ages, Prato della Valle 
turned to marshland and was outside the town
walls. Nevertheless, it remained an important trade 

centre, the markets taking place in its south-eastern 
part. 

In the XIV century, Prato dell a Valle was en
closed inside the new fortified town-walls built by 
the Carraresi, Lords of Padua. 

The driest spot, close to St. Giustina church, 
became a drill-ground, a seat of great military and 
judiciary assemblies as well as miracle plays. 

After the XVI century, under Serenissima 
Repubblica di Venezia domination, it was nothing 
but the natural seat of fairs, cattle markets, reli
gious cerimonies, exceptional happenings. 

We owe the first reclamation plan and the 
present lay-out of Prato della Valle to Andrea 
Memmo - a Venetian patrician and enlightned 
reformer - who acted as the Superintendent for 
Padua of Serenissima Repubblica di Venezia in 
the period 1775-1776. 

In order to revive the town economy, he devi
sed some restoration plans, where a total remodel
ling of Prato dell a Valle was also included. Accor
ding to these plans, Prato della Valle was first 
thought of as an urbangarden and later as a fair
centre. 

Domenico Cerato, an architect from Vicenza, 
carried out both the final plans and the work exe
cution. Just in the middle of the area he realized 

Fig.] . P. Chevalier: II Prato della Valle di Padova (Pa. Civ. Libr.). In this print of 1831 to be noted the tree clump of 1815. In the 
beginning it consisted of about 24 planes (Plaral/lIs Izibrida BroL) and 76 yellow poplars (Liriodendron tlllipijera L.). 
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Fig . 2 - Isola Memmia at the end of XIXth century (Pa. Civ. Libr.). In spite of the blooming look of the planes to be noted how non 
homogeneous the foliages arc. 

an elliptical isle (called Isola Memmia), surronded 
by a little canal on whose banks he set up a dou
ble ring of 88 statues. The statues - representing 
professors of Padua University and people so
mehow related to the town - were to a great ex
tent made by Paduan sculptors of the time. An
drea Memmo deemed that only fountains, statues, 
carved vases and pruned shrubs should decorate 
Isola Memmia. He unconditionally rejected the 
idea of planting high trunk trees as they would 
shut out the unitary view of the complex, being 
the horizontality of the basin and the verticality of 
the statues its peculiar features. 

In 1815, totally disregarding the original plan 
and lacking in any background information and 
serious planning, unknown persons embedded 
about one hundred trees: 3/4 tulip trees (Lirioden
dron tulipifera L.) and 1/4 planes (Platanus hibri
da Brot.). 

In 1836, Giuseppe Jappelli, the famous archi
tect, fearing the trees could damage the statues, 
urged their felling, maintaining that - safety apart 
- Isola Memmia would so turn out into a «grand» 
open space. 

In 1839, in spite of his opinion, it was deci
ded to keep the tree clump. Over the years it beca-

me too thick and caused more than a problem. 
Meanwhile, owing to their competition with the 
planes and the basis and little drained soil, the tu
lip trees began to die. 

It could be the opportunity to thin out the 
trees, arranging them at right intervals, so that 
they could safely reach their final size. On the 
contrary there was no thinning whatever and the 
dead tulip trees were replaced by new planes. 
They were later indiscriminately pruned, which -
in addition - produced unavoidable and deep rots 
even in their trunks. 

The bad state of the planes worsened when 
they were infested by the wood fungi. 

There was a general weakening, small diame
tric growth and rings badly visible even to the mi
croscope. 

However the couloured cancer (Ceratocystis 
fimbriata Davidson) is, at present, the most dan
gerous scourge. 

In 1978, the disease started spreading from a 
plane to another, through the radical apparatus 
(root system) and vandalic or fortuitous traumas 
as well. In some cases the disease spread through 
the necessary prunings, however carefully and 
using the right treatments they might be executed. 

Fig . 3 - PreSClll (I9Kl!) view of PraLO dclla ValJe showing thc few planes (27) not yet infected by coloured cancer. 

C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 



Fig. 4 - The lust signs of the disease: coming oul of cortical 
disorders caused by the fungus. 

In 1982, because of the coloured cancer, only 
72 planes were left out of a hundred planes or so, 
originally embedded. Up to now 39 more have al
ready been cut down and 5 are just about to be 
felled. 

Padua Local Administration has now in mind 
to embed new planes after putting out the colou
red cancer disease. The new planes might how
ever be embedded only after sixteen months from 
the felling of the last diseased tree, this being the 
maximum time period during which the mycelium 
can survive in the area. Presently this possibility ' 
seems to be very far, as in the meanwhile many 
other planes might be infected. 

To prevent the infection from spreading out 
throughout Italian territory, a decree with the for
ce of law (decree No. 412) was issued on Septem
ber 3, 1987. It prescribes strict rules as regards the 
pruning and felling of planes. 

An experiment of biological fight made by 
reinfecting the diseased trees with an antagonistic 
fungus had the only result to slow down the 
spread of the infection but no success at all was 
obtained in defeating it. 

Since all that might bring about the disappea
rance of the planes in Prato della Valle (3,6), an 
alternative proposal strangely unwelcome to the 
Local Administration has been presented: the pro
gressive embedding of plants of different species, 
set at right intervals. A suitable tree might be the 
hornbeam (Carpinus betulus L.), long-lived, im
mune from this infection, 25 meters high to its 
maximum, dark green foliage, autochthonous and 
an essential element of Querceto-carpinetum bo
reoitalicum Pign, 1953. 

In turn, the European hop-horn beam (Ostrya 
carpimfolia Scop.), only slightly shorter but with 
the same characteristics, might be used. 
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Fig. 5 - The infection spreads along the trunk. 

From an aesthetic and maintenance point of 
view these species are of particular interest. 

In comparison with the planes, their smaller 
size and darker foliage would be in stronger con
trast with the light colour of the statues. The smal
ler diameter of their leafage would prevent the 
branches from damaging the statues. The small 
proportion of the fully developed trees would 
grant considerable maintenance savings, should 
prunings be necessary. The particular quality and 
hardness of the wood would save the trees from 
fungi attacks. 

The plane epidemic death is not the only 
trouble Prato della Valle is suffering from, as -
what is worse - it is undergoing a progressive 
decay. Owing to the heedlessness of Local Admi
nistration it is being badly exploited as the seat of 
exhibitions, markets, fun-fairs, car-parks etc. 

Up to now no steps have been taken in order 
to state to what extent the area can be used and 
what might be done to increase its importance. 

It is plain that Prato della Valle must be rede
signed, keeping in mind its historical value and its 
relationship with the town. Andrea Memmo wan
ted the feature of this incomparable city area to be 
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Fig. 6 - Trunk bark dried by cancer: on both sides sprigs 
sprouted as a result of the infection. 

its grand monumental space and it is imperative 
this peculiarity of its own must be regained. 

We cannot but trust that for one time the Lo
cal Administration may be far-sighted and adopt 
enlightened decisions, determining to, remake the 
structures of Prato della Valle in such a way as to 
restore its ancient beauty and we cannot but wish 
that - its foregone, practical utilization apart -
in Prato della Valle cultural undertakings may pre
vail over simple entertainment and amusement 
performances. 

Riassunto 

Nel 1986, a cura della Signum di Padova, numero
si Autori hanno ricostruito gli ultimi 2 millenni dell a 
storia del Prato della Valle di Padova. 

L'area ebbe un decisivo impulso monumentale ne! 
1775-76 per merito di Andrea Memmo, che concept 
una monumentale isola circondata da un canale ellittico 
sulle cui rive furono poste 88 statue in pietra. Il Mem
mo non volle piante di alto fusto, ma nel 1815, senza 
nessuna seria progettazione, furono collocati un «centi
naio» di alberi. Gia nel 1836 Giuseppe Jappelli accese 
una disputa per la loro eliminazione. 

Verso il 1978 il cancro colorato, infezione fungina 
mortale e specifica, si manifesto sui platani. Dei 72 

Fig. 7 - View of an infected plane. 

esemplari attualmente ne sopravvivono 27 e l'infezione 
non accenna a rallentare. 

L'intenzione ufficiale e queUa di ripiantare platani 
non appena questa infezione sara debellata. 

Saremo pero sicuri in avvenire da questo fungo 
COS! subdol0 e pervicace? 

Non sarebbe questa l'occasione per ristudiare l'ar
chitettura e le funzioni dell a piazza? 

References 

GIULINI P., 1984 - Studi preliminari sui giardini storici del 
settore meridionale della citta di Padova. Ani Cony. Int. 
«11 Giardino come Labirinto deIJa Sloria», Palenno pp. 
143-147. 

GIULINI P ., 1985 - L' ambiente naturale e le sue trasforma:io
ni. in «Ambienle e paesaggio a Padova». Muzzio SpA 
Padova. pp; 15-19. 

AA.VV., 1987 - Le mura ritrovate. ltalgraf Noventa Padova
na. 

RADICCHIO V., 1786 - Descridone della general idea concepi
ta, ed in gran parte effettuata dall' Eccellentissimo Si
gnore Andrea Memmo sui materiale del Prato che deno
masi della Valle . Fulgoni Roma. 

Az:ZJ VISENTINI M., SCAZZOSI L., 1987 - Conservation of parks 
and gardens in Italy. Landscape Res. 12 (2): 3-9. 

Work produced with Ministero Pubblica Istruzione contribu
lion (M.P.1. 40% fund). 

C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 



Braun-Blanquetia 3 (2), 1989 IAVS Symp. Vegetation in Settlements 

The romantic Miari de Cumani park near Padua (North Italy) 

Giulini P., Baggio P., Baldan L., Barbetta R., Bilo M., Monetti P., Pietrogrande A., Scroffa F. 
Dipartimento di Biologia , seflore Biologia vegetale - via Trieste 75, 35121 Padova, Italy. 

Keywords: Landscape architecture, census of historical gardens. 

Abstract 

The historical , geomorphological and architectu
ral aspects of Miari de' Cumani park and villa have 
been examined. In particular the authors have studied 
the park evolution up to its present state identifying the 
species of every tree and shrub. 

This study, even if developed as per the PG 
(Park Garden) instructions of Ministero dei Beni 
Culturali, has been worked out by the Giardini 
Storici Group of Padua University using their own 
methods. This Group receives a 40% contribution 
from Ministero della Pubblica Istruzione (Minis
try of Education). 

Many Historical Gardens are still existing in 
Veneto: some of them date back to the XVIII-XIX 
century. Moreover there are many records about 
the gardens of older times. 

In the last century two architects, Giuseppe 
Jappelli and Francesco Bagnara, were very well 
renowned for the utmost level of their projects 
concerning romantic gardens. Osvaldo Paoletti, 
one of the numerous pupils of Jappelli's, designed 
the romantic park located in S. Elena D'Este (a 
little town near Padua), owned by the descendants 
of Conte Felice Miari de' Cumani. 

The historical researches have been carried 
out through the huge collection of documents, ca
refully preserved by the present descendant. 

The most ancient map (1648) shows a per
spective of the main building, the boundary wall 
and the three entrance gates with swallow-tailed 
merlons on the top. 

The records indicate that the building was re
stored in the past century and that several modifi
cations and enlargements have been made thereaf
ter. On the contrary, the boundary wall has 
remained unaltered in these three centuries. 

Pao1etti's plan was realized in the area pre
viously taken up - as shown in the 1648 map -
by the vegetable garden, the orchard and the fish
pond, whose outputs were used in past times as a 
payment in kind to de' Cumani's farm-workers. 

The fish-pond area is presently visible as a li
near depression marked by a row of ancient horse 
chestnuts (Aesculus hippocastum L.) that, accor
ding to the data obtained by coring them, seem to 
be some decades older than Paoletti's plant. 

The geomorphological researches, carried out 
through the interpretation of the aerial photos, have 
shown the presence of ancient alluvial planes and 
of isolated river-beds in the wide area surrounding 
the park: which testifies the evolution phases of the 
Adige river. The villa and its park are located on 
the bifurcation of two ancient alluvial planes. The 
pedological substratum seems to be of silt-sand 
composition; however, the centuries-old presence 
of trees and shrubs has allowed the making up of a 
humus, rich in organic components. 

The architectural researches have shown the 
main perspective lines and views defined during 
the planning phase and the meaning of the build
ings in the park. The lake as well as the building 
connecting the «Isola del castellaccio» (the Dun
geon Islet) with the «mainland» are of particular 
interest thanks to the originality of their design 
and the unusual effects of the composition. In
stead of a simple bridge, Paoletti conceived and 
realized a charming and fascinating hollow struc
ture - with a gothic-like entrance - which beca
me a shelter for a small boat. 

The hollow, reminding a nympheum, is lit up 
by the water reflections and by two circular open
ings. These ones dissolve the inner darkness so 
that a big niche, with a statue rising out of the wa
ter, can be dimly seen. A narrow, white and spec
tral neo-gothic staircase connects the interior of 
the hollow with the top of the bridge, making it 
impossible to reach the island this way. 

Some more buildings exist in the area, such 
as a large ice-house with a fine entrance gate, an 
unadorned, neo-classical, tiny, little temple with 
the bust of Conte di Cavour inside, a fine and lar
ge green-house on the villa ground floor and a pil
lar, erected in later times, in memory of the failed 
drilling of an artesian well. 
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Fig . 1 - Map of the northern part of the park with the botanical census .. The legend states: symbol, specific name and number of trees 
belonging to each species living there. 
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Moroever, on the original plan there IS 

another big building which was never realized. 
The analysis of the aerial photos taken in 

1955 and 1984 points out the thickening of the fo
liage after the damages suffered during the World 
War n. The comparison with the original plan 
shows a lessening of the grass lands caused by the 
embedding of Norway spruces (Picea abies (L.) 
Karsten) and by the appearance of several infe
sting plants. 

The botanical researches have shown the sur
viving plants of the original set out (core and sta
tistical valuation method), the different vegetation 
stages, the man action effects (prunings, plant
ings, fellings), the present condition, the infesta
tion (from trees and insects) and the infections. 

The census of the perennial plants higher 
than two meters will allow, from this time 
onwards, to control and program any action to be 
taken and, as a consequence, to define the extent 
and the purpose of any general local or individual 
restoration. The blueprint of the census shows any 
single plant and states the species through a prov
en symbology used in the study of many parks, 
gardens, tree clumps, and urban open spaces. 

The numerical data achievable from a census 
are of great importance to know the particular 
condition of a park. As far as the Miari de' Cuma
ni park is concerned, some interesting relations 
exist between deciduous and evergreen plants, 
both species and single plants (61/21 and 
2149/1092) and, even more, between angiosperms 
and gymnosperms (67/15 and 2847/394). This tes
tifies that the original planning took the phytocli
matic situation of St. Elena d'Este area in a pretty 
right account. 

The infestant arboreous plants are few in 
comparison with the other plants (4/78 and 
63/3178) and this testifies that the park enjoys a 
good internal equilibrium preventing new plants 
from growing and that the owner takes a great ca
re in well preserving this historical monument. 

Riassunto 

Questa ricerca segue le indicazioni della scheda 
PG del Ministero Beni Culturali, ma procede secondo 
proprie metodologie. 
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11 Veneto possiede nel suo territorio numerosissi
mi giardini storici di grande interesse architettonico e 
botanico. 

Nel secolo scorso assunsero grande fama gli ar
chitetti Francesco Bagnara e Giuseppe Jappelli. Un al
lievo di questo, Osvaldo Paoletti, progetto il giardino 
sito a S. Elena d'Este proprieta dei discendenti del Co. 
Felice Miari de Cumani. 

L'indagine storica ha preso in esame un nutrito 
corredo documentativo e quella geomorfologica ha evi
denziato la vicinanza in passato dell' Adige e dei suoi 
meandri, l'ottima qualita del suolo ricco di humus. 

L'indagine architettonica ha perrnesso di rilevare 
le prospettive previste in fase progettuale e il significa
to dei manufatti contenuti nel parco. L'indagine botani
ca ha evidenziato l'assetto vegetale originario (metodo 
del carotaggio e della stima statistica), il divenire della 
vegetazione (classi di eta), gli interventi antropici (po
tature, impianti e abbattimenti), la situazione attuale. 11 
censimento delle pi ante perenni di altezza superiore ai 
m 2 consente d'ora in avanti il controllo e la pianifica
zione degli interventi e la programmazione del restauro. 
La carta derivante dal censimento riporta ogni indivi
duo con l'indicazione dell a specie attraverso una sim
bologia originale ormai sperimentata nello studio di 
molti parchi, giardini, alberate e verde urbano. 
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A contribution to the knowledge of the algal flora of 
archaeological remains: the Foro Romano 

Ricci S., Pietrini A.M., Giuliani M.R. 
lstituto Centrale per iI Res/auro. Roma.ltaly. 

Keywords: algae, biodeterioration, archaeological remain, Foro Romano, Rome. 

Abstract 

Subaerial algae were collected in the Foro Roma
no, Rome. These include green and blue-green algae 
and numerous diatom species. 

Introduction 
The decay of exposed stoneworks can be at

tributed both to environmental factors such as 
rain, wind, air pollution and to biological agents 
such as bacteria, algae, lichens, fungi and plants. 

The aim of the present paper is to examine 
the characteristics of the algal microflora that 
establish itself on archaeological remains of the 
Foro Romano causing the deterioration of stone .. 

The main requirements of the algae ar~ a .hl
gh moisture level, light, oxygen, carbo~ dIOXide 
and traces of mineral salts, that are eaSily found 
on the exterior surfaces of the stone. 

The colonization and proliferation of the al
gae cause disfiguring of the material wi~h an ae
sthetic damage which may be so extensive as to 
render the monument unrecognisable. The colour 
and the morphology of alterations depending upon 
environmental parameters, nature of substrate and 
predominant taxa in the community. . 

It can be stated in general that algae occumng 
on stonework have a green colour in conditions of 
high humidity and a dark c.olou~ in dry conditions. 
It is also important to bear III mmd that s~me algae 
can give a peculiar colour to the alteratIOns they 
cause. In these cases the colour is related to the ty
pe of photosynthetic pigment found in greater 
quantity in the cells or their sheaths. . 

For this study we chose several archaeologi
cal remains, made of marble, tufa, travertine, and 
bricks, which showed different biodeterioration 
phenomena. 

Material and methods 

Samples were chosen on the basis of the ty~e 
and degree of deterioration through macroscopIC 
observation; the material was taken by means of 
sterile lancet and kept in sterile test-tubes. The 
presence of algae was ascertained by direct micro-

scopic examination of samples. In ~rder to facili
tate the identification of some organisms, subsam
pies were placed into specific enrichment media 
(Bold Basal Medium and BOll, 1200-1500 lux, 
T=22°C) and culture material was also examin~d. 

For diatom analysis, subsamples were boiled 
for several minutes in H2S04 and HN03 1/1 V.V. to 
remove organic matter. These were .rinsed sever~l 
times in distilled water and were dned onto a mI
croscope cover slip. These were mounted in Cana
da Balsam on standard microscope slides. 

Results and discussion 

On the basis of the analyses effected it was 
possible to identify 8 taxa of Cyanophyceae, 5 
taxa of Chlorophyceae and 12 taxa of Bacilla
riophyceae (see Tab. 1). Most speci~s found are 
broadly distributed in te~perate regIOns .and are 
typical of terrestrial enVlfonments. Particularly 
prevalent were the Cyanophyceae. These algae 
adapt themselves to extreme ecological condi
tions, and are highly favoured as compared to 
others in conditions of climatic variation owing to 
their fairly thick gelatinous sheaths which protects 
them from excessive drying. When coloured these 
sheaths also afford good protection against high 
light intensity. 

When considering the damage caused by 
Cyanophyceae to the substratum, their ~bilit~ to 
make use of carbonates must be borne III mmd. 
The genera Scytonema and Lyngbya in particul~ 
cause these substance to precipitate around their 
sheaths; the genera Gloeocapsa and Chroococcus 
can render them soluble (TROTET et aI., 1973). 

It is also important to consider the mechani
cal distructive action effected by the Cyanophy
ceae equipped with a sheath. Once these algae ha
ve worked their way into the cracks and pores of 
the stonework, they exert damaging pressure 
owing to variations in the volume of their sheath 
(following water retention) as well as by the 
growth of the colonies. In this way they ~an cause 
microfractures which hasten the superfiCIal degra
dation of the stoneworks. 
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Tab. 1 - Algal species collected from stoneworks in the Foro Romano 

CYANOPHYCEAE 

Chroococcus sp. 
Gloeocapsa sanguinea 
Myxosarcina sp. 
Lyngbya autunUlalis 
Lyngbya bourrellyana 
Lyngbya foveolarum 
Lyngbya versicolor 
Calothrix sp. 

CHLOROPHYCEAE 

Haematococcus pluvialis 
Chlorella sp. 
Sticoccus bacillaris 
Ulothrix sp. 
Apatococcus sp. 

Account must also be taken of the massive 
proliferation of algae on stone surfaces which 
creates a favourable organic base for the installa
tion and growth of moss and lichens. The presen
ce of the latter, in turn, encourages the growth of 
Pteridophytes and Spermatophytes whose roots 
can effect significant damage on the structures 
(CANEVA,1985). 

It is thus necessary to ensure the elimination of 
the algal microflora responsible for such alterations 
through the use of biocide chemical substances 
(quaternary ammonium compounds, diazine, etc.). 

It is, however, advisable to limit the use of the
se substances, and instead to act on the causes whi
ch allow algae to become attached in the first place. 

The ideal method would entail controlling 
environmental conditions, but this would only be 
possible for stoneworks which can be contained in 
screened environments. 

Finally, it is important to recall that a perio
dic check of the state of conservation of the sto
neworks is indispensable in order to verify the ef
ficacy and duration over time of the biocide 
tretments employed, and whether a fresh applica
tion of the treatment is necessary. 

Summary 

The characteristics of the algal flora that establish 
themselves on archaeological remains and cause the de
terioration of stone has been studied. 

The colonization and proliferation of the algae 
cause disfigurement of the material with an aesthetic 
damage prevalently. 

For this study we have chosen some stoneworks 
which showed different morphology of alteration. The 
morphological variability depends on environmental 
parameters, nature of the substrate and species present 
in the biocenosis. 

BACILLARIOPHYCEAE 

Melosira sp. 
Cyclotella ocellata 
Stephanodiscus astrea 
Eunotia curvata 
Navicula atomus 
Navicula contenla 
Navicula mutica 
Navicula nivalis 
Navicula sp. 
Pinnularia borealis 
Gomphonema acuminatum 
Hantzschia amphioxys 

The predominance of Cyanophyta and Chlorophy
ta and later the addition of Bacillariophyceae are reco
gnized. 
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Plants at historical sites in Rome: a photographic comparison 

Ubrizsy Savoia A. 
Dipartimento di Biologia Vegetale, Universita di Roma «La Sapienza» , p. A. Moro, 00185 Roma,ltaly. 

Keywords: Plants at historical sites, Rome, photographic-bibliographical comparison, ecological considerations 

Abstract 

Photographs taken of Roman ruins in the middle 
of the 19th century show a rich wall vegetation. A com
parison between the vegetation in those photographs 
and the current plant cover, coupled with a comparison, 
based on bibliographical sources, of the flora of that pe
riod with that of ours, could give us some indication on 
the effects of pollution and changes in urban ecology. 
Since the best-known of Rome's antiquities, the Colos
seum, and so on, are subject to continuous weed control 
by municipal and state agencies and changes in flora or 
vegetation give little information. On the contrary, pho
tographs taken in the 1860's of the Cloaca Maxima and 
on the Porta Maggiore show a vegetation mass no big
ger than wich we fInd at these two sites today, despite 
pollution. The wall vegetation one can identify in the 
photographs is similar to present vegetation, although 
the present vegetation has been enriched by ornamental 
species used in parks, road-side plantings and gardens. 

What could the flora of ancient 
Rome consist of? 

The classical Latin authors, - Cato, Varro, 
Virgil, Columella and Pliny - were the first to 
write about the flora and vegetation of Rome. The 
ancients believed that before the Latins settled 
Rome, the Seven Hills were covered by mixed fo
rests, composed mainly of deciduous oaks, ever
green oak, maple, hombeam trees and even beech. 
In between the forested hills there were marshy 
lowlands, such as that occupied by the Forum, 
while along the Tiber, there were meadows. Pliny 
wrote in his «Historia Naturalis» that Myrtus com
munis occupied the area where the City was foun
ded: according to legend, during the Sabine war, 
the contestants used Myrtus branches to cleanse 
themselves before fighting. Latin toponymy expli
citly indicates the presence of trees: the Caelian 
hill and gate were once known as «Quercetula
num» (This could also refer to the group of people 
named «quercetulani»), as is recalled by the via 
dei Querceti now day, while the Esquiline was on
ce known as «Fagutale». The name «Viminal», 
stille in use, indicates the presence of willows, 
and so on. We know that the Pincio was covered 

with willows, the Vatican, Janiculan, and Aventi
ne with woods of Quercus ilex and other oak spe
cies. There was an oakwood on the Capitoline. Of 
course, although the forests on the different hills 
presented some well-grown specimens of one or 
another of the species of a deciduous mixed-oak 
forest as a result of the exposure of the slope, the 
proximity of marshes or springs and so forth, hills 
so cloese to one another can not have been cove
red by such well-defined forest associations. Mo
reover, the soil of the Seven hills is a quite 
uniform volcanic soil, consisting of pozzolana, 
peperino, and travertine containing deposits of se
dimentary rock. There is some evidence that win
ters in ancient times were more rigorous then to
day: Horace wrote about the snows on nearby Mt. 
Soracte, Livy about the Tiber freezing over in so
me winters, and Martial about an accident in the 
center of Rome in which a young man was killed 
by being hit by a block of ice. A cooler climate 
would explain the presence of deciduous mixed
oak forest. The wide-spread presence of porticos 
in ancient Rome may indicate a climate different 
from the current one: Tacitus says that the wide
ning of the streets during the reconstruction of 
Rome after the famous frre of 64 A.D. allowed the 
suns's rays to penetrate more into the city 
«making the summer heat intolerable». According 
to the legend of the foundation of the basilica of 
S. Maria Maggiore, also knows as S. Maria della 
neve - of the snow - there was a snowfall on the 
Esquiline hill on 13 August, 352 A.D. On the 
other hand Rome does continue to experience 
heavy snowfalls, although only exceptionally. 
Pliny (23-79 D.e.) gives interesting historical 
information, though, of course, one must regard it 
with a certain amount of caution: he tells that ac
cording to Fenestrella, the olive was known 
neither in Italy nor in Spain in the year 173 after 
the foundation of Rome, in the reign of King Tar
quinius Priscus while it had becose very common 
by Pliny's own time. He writes that in the year 
680 after the foundation (i. e. 73 B.c.), there were 
no cherry trees in Italy and that Lucullus introdu
ced them from Pontus. Again according to Pliny, 
the Ziziphus jujuba was introduced towards the 

C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 



322 

Fig. I - The mouth of thc Cloaca Ma,sillla takcn by R. Eaton in about 1860. 

end of Augustus's reign by Sextus Papinius, 
whom Pliny himself knew, and it was used to co
ver the walls and the roofs of houses; the olean
der, on the other hand, is said to have been impor
ted from Greece (although it seems to be 
indigenous in Sicily, Sardinia and South of Italy, 
see PIGNATII, 1982). Pliny further tells us of a 
fig-tree in the Forum, called the Ruminalis, which 
was an object of religious worship because legend 
had it that Romulus and Remus were suckled by 
the she-worf under its branches. 

Among the plants used for ornamentation in 
the city, Pliny cites Buxus sempervirens which 
had been obtained from wild populations and was 
used as an evergreen hedge, cut into various sha
pes. He makes a sharp distinction between trees 
which grow spontaneously and those which con
fer benefits on the city, their fruit, or shade, or 
beauty, thus «showing themselves our friends» 

(Historia Naturalis Book XIV, ch. XXX). Among 
the indigenous fruit trees, he names the almond, 
the apricot, the Ziziphus, and the peach while he 
denies the presence of Pinus sylvestris and Picea 
excelsa, in the area of Rome. The Celtis australis, 
known in Rome as «lotus» because of its sweet 
fruit, grew spontaneously and was used to cover 
the walls of houses. The Cupressus sempervirens, 
imported from Orient, could be cut into elaborate 
shapes, hunt scenes or depictions of little fleets . 
As for the Hedera sp., Pliny tells us referring to 
Theophrastus, that it was imported from India by 
Alexandre the Great, consequently it was unk
nown in Italy as late as the year 440 after the 
foundation but this opinion seems not be suppor
ted by phytogeographicgal evidences. Pliny 
further makes a distinction between «forest trees» 
and «city trees» and the «ornamental trees» of 
gardens and parks. The less or more mysthic 
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Fig. 2 - The Cloaca Massima in 1988. 

Kings of Rome (8-6 Centuries B.C.) cared for 
their gardens themselves, and in these gardens, 
besides fruit trees, there were green of many type: 
artichokes, cabbage, salad greens, cucumbers, 
pumphins, turnips, radishes, parsnips, various 
kinds of onions, red radishes, celery, wood sorrel, 
garlic, leeks, basil, spinach, mustard, fennel, co
riander, poppies, marjoram, endive, curly hale, 
chickpeas, mint, and moreover, A trip lex hortensis, 
Satureja hortensis, Lepidium sativum, Eruca sati
va, Brassica rupestris (These plants, if grown in 
graeter quality was required for sale in the win
dows of patrician homes.) - and flowers: violets, 
roses, lilies, saffron, He/ichrysum, Pulsatilla, Li
monium, Centaurea cyanus, Vinca, Gladiolus, 
hyacinths, and cyclamen were, according to Pliny, 
native plants, while the narcissus was imported. 
Many of the imported species, escaped from gar
dens, entiched the synanthropic vegetation of an
cient Rome. 

The native mixed forest, composed of oaks, 
limetrees (Ti/ia plathyphyllos), hombeams, ma
ples such as Acer campestre and A. monspessula
num and other species mentioned above, shrank 
more and more as the city grew. Deforestation 
created space for buildings, roads, farms, pastu
res, and so on, and the timber harvested was used 
in construction and in ship-building (At the time 
of Scipio Africanus, in 199 B.c., the city had 
about 900.000 inhabitants; 171 years later, during 
the reign of Augustus, it had 1.336.680, although 
we are not sure whether slaves, of whom there 
were between one and four millions, were inclu
ded in the census). 

Nonetheless, little strips of the original forest 
were preserved in the gardens of the Roman plu
tocracy as places of holy cults (Ovid describes the 
wood of Asilio on the slops of Capitol, the wood 
of Vesta on the Palatine, the wood of Juno Lucina 
on the Esquiline). In Cicero's day, Pomponius At-
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ticus had a villa on the Quirinal surrounded by a 
notable ancient forest which was probably a rem
nant of the woods on the Capitoline, since until 
Trajan's reign, the two hills were connected by a 
ridge which Trajan had knocked down in order to 
build the markets behind his forum (The Markets 
of Trajan). The city expanded not only because of 
population growth, but also because previous con
struction, and the resultant costs of demolition, 
made building in the city centre more expensive: 
thus Nero preferred to build his huge new palace, 
the Domus Aurea (Golden House) on the hitherto 
unsettled Oppian, where he could build a gigantic 
building, with hanging gardens, artifical lakes, 
enormous loggias, without the expense of demoli
tion which would have been necessary in the cen
tre. 

The Romans made remarkable changes in the 
city's landscape. For instance, Tarquin built the 
Cloaca Maxima partly to complete the draining of 
the marshes in the valley occupied by the Forum 
(The Cloaca also served an hygienic purpose). 
The valley between the Palatine and the Aventine 
was deforested to make room for the Circus Maxi
mus. 

From the fall of the Empire on, (In 476 A.D., 
Rome had only 300.000 inhabitants). Rome was 
sacked several times by barbarians, and for many 
centuries thereafter, the inhabitants lived among 
the ruins of building, squares, roads, and acque
ducts of Roman times. Some of these ruins were 
re-utilized as bases or material for buildings of the 
Middle Ages and the Renaissance. Others were le
veled by the forces of decay, atmospheric agents, 
earthquakes, and plant cover, and became gras
slands and pastures or gardens, orchards, and vi
neyards. In 1377, Rome had only 17.200 inhabi
tants. 

Nor did the situation change much in the fol
lowing centuries, even though some restoration 
projects were carried out. A kind of archaeologi
cal preservation went on in the gardens of some 
aristocratic families : in the Colonna's palace gar
dens on the Quirinal, first laid out in 1421, there 
were for instance preserved hypogea and a temple 
of the sun in a little wood. The plants growing on 
the historical walls and in their fissures were con
sidered weeds and removed, but the wood, which 
may have contained remains of Pomponius Atti
cus's ancient wood, was left undisturbed. In 1527, 
the city had 33.000 inhabitants. 

The wall vegetation of the city is influenced, 
as ANZALONE asserts (1951), by the differing 
possibilities offered by various wall types for 
plants to take root. In the 4th Century B.C., lime 
appears, and, from then on, the Romans built 

Fig. 3 - The Porta Maggiore was the gate to the road to Prae
neste (modernday Palestrina). The gate supported a tract of 
the Claudian aqueduct. The photos taken in 1864-66 show the 
walls covered by a rich vegetation composed mostly of Rubus 
bushes, fig-shrubs and in the fissures Parietaria, Cymbalaria , 
Asplenium, etc., and many caper-bushes of which the 'fruits» 
(the buds) has been harvested. 

compact wall masses: in the beginning, from the 
2nd Century B.C. to the time of Caesar, smooth 
on one side only, then, from the time of Caesar to 
the late Empire, in 'opus reticulatum' - regular 
blocks of tufa in oblique layers -. The Colosseum, 
for example, is made of 'opus quadrum' - large 
blocks of squared tufa or travertine, placed on top 
of each other without cementing material using 
only some lead cramps -. Brick was used to cover 
buildings» walls, but sometimes slabs of traverti
ne or marble were used as covering means. Brick 
is easily broken down by plants, a process abetted 
by poor maintenance of monuments. Rock slabs 
are a type of wall-covering in which plants take 
root less easily. 

Bibliographic data on urban flora in Rome 

Records of the urban flora of Rome are inclu
ded in many botanic works: 
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from the 16th Century sparce data in works 
by Bauhin, Gessner, Mattioli and other naturalists 
of Renaissance (see PIROTIA & CHIOVENDA, 
1901), and in unpublished manuscripts of Ulisse 
Aldrovandi (University of Bologna); 

from the 17th century, those of Tobia Aldini 
(P. Castelli) (1625), of Domenico Panaroli (1643), 
of Roggeri, - published by Donzelli (1697); 

from the 18th, the «Agrostographia» of 10hann 
Scheuchzer, written in 1718 but based on observa
tions made in 1711, in wich the author notes 8 plant 
species on the walls of the Colosseum, the Baths of 
Caracalla and the Castel S. Angelo, and the manu
script «ltineraria Botanica» of Pietro Antonio Mi
cheli, who visited Rome between 1708 and 1733 
and noted 19 wall-growing plants on the Arch of 
Costantine, the Colosseum, and the basilica of S. 
Croce in Gerusalemme, among other monuments. 

lacques Barre1ier (1714) notes the Eragrostis 
barrellieri among others in Rome. Plants living in 
Rome are described in many manuscripts (kept 
now in the Rome's Libraries), herbaria (for ex. 
Sabbati's, Triumphetti's, Audiffredi's, etc.) and 
cathalogues like that by Liberato Sabbati (1745) 
(for further information see PIROTIA & CHIO
VENDA,1901); 

from the beginning of the 19th century on, 
(In 1815, Rome had 118.000 inhabitants, in 1870, 
226.022) there are more precise reports on the 
plants at the monuments of Rome from scientific 
documents: Francesco Caetani (1803), by Seba
stiani & Mauri (1818), by Maratti (1772 and 
1822), Fiorini Mazzanti (1823 and 1828), and by 
Sanguinetti (1864), as well as the monographical 
works on the Colosseum by Sebastiani (1815), 
deakin (1873) and Fiorini-Mazzanti (1875-78) in 
addition, a number of literary sources, photo
graphs, paintings and drawings. 

Maratti's «Flora Romana» (wrote before 1777, 
published in 1822) which indicates 42 wall-growing 
species among 2276 taxa described in the whole 
work, found on the walls of the monuments, mainly 
the Colosseum, the Crypta Rubra, and the Thermae 
of Diocletian: Mauri (1820) considered most of the
se indications as scientifically unreliable. 

Sebastiani and Mauri (1818), note 74 species 
growing on the walls among 1185 taxa described in 
total, of the major monuments (the Colosseum, the 
Thermae of Diocletian, the Castrum Praetorium, 
the Porta S. Pancrazio, St. Peter's, and so forth). 

Mauri (1820) indicates 8 wall-growing spe
cies among 100 taxa, and ANZALONE (1951) 
confirms 2 of this 8. 

Fiorini-Mazzanti (1823, 1828) adds 100 
wall-growing species to those described by Seba
stiani and Mauri. 
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Sanguinetti (1837) among 300 taxa notes 2 
wall-plants; 27 years later, in 1864, in his «Florae 
romanae prodromus alter», he notes 118 wall
growing species (of which Anzalone confirms 73) 
among 2284 taxa. 

While all for these works despite their titles 
concerned not only the flora of the city of Rome 
but that of the present day province and more , the 
monographs about the flora of the Colosseum are 
concerned exclusively with the local flora. The 
first of these was Panaroli's (1643) work and G.B. 
Triumfetti's unpubliched pamphlet, «Amphithea
tralium Stirpium Catalogus» written in 1681-2 
(See PIROTIA & CHIOVENDA, 1901); in 1815, 
Sebastiani published his «Romanarum Plantarum 
Accedit Enumeratio Plantarum Amphitheatri Fla
vii» listing 261 species, of which Anzalone con
firms 6. Deakin in his «Flora of the Colosseum of 
Rome» (1855) describes 510 taxa. Fiorini-Maz
zanti (1875-8) lists 338 taxa in the Colosseum, in
cluding mosses, lichens, and fungi (Of the higher 
plant species Anzalone confirms 35). Cortesi and 
Senni (1896) describe 100 species on the Roman 
monuments other than the Colosseum (Of which 
Anzalone confirms 35). 

In interpreting the great difference between 
the plants described by the above authors and tho
se confirmed by modern observation (Anzalone), 
one should not rush to use ecological explanation: 
first of all, one must consider that many species 
cited by those authors can not be identified with 
current taxa due to the lack of precise descriptions 
or ambiguous synonyms, and that furthermore 
these authors made misidentifications and mi
stakes confusing subspecies and other inferior 
taxa with species which greatly diminish the num
ber of species described. Furthermore one must 
remember that many of the wall-plants (mu rico
le), unI'ess we are told specifically of their where 
abouts, may have been noted outside of Rome. 
ANZALONE (1951) notes 385 wall-growing spe
cies of which he found 115 described by nine
teenth-century authors. He was unable to confirm 
24 entities found in bibliographical sources. This 
may be due to the fact that, as a result of preserva
tion and maintenance projects, many monuments 
and tourist sites (see below) are currently cleared 
of vegetation but were not so cleared in the 19th 
century. 

Photographic documents on urban flora 
in Rome 

Photographic documents offer us the posibi
lity of comparing the mass of wall vegetation: 
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Fig . 4 - The Arco di Druso taken in lli67-68 covered by a rich vegetation. 

2 photos of the mouth of the Cloaca Maxima 
(and the Temple of Vesta), one taken by R. Ea
ton in about 1855 and the other taken in about 
1860 (Ferula, Rubus, Rhamnus, Parietaria, 
Ficus species can be recognized), (fig. 1 and 
2); 
a photo of the Porta Maggiore, which while 
serving as a gate, also suported a tract of the 
Claudian aqueduct. The photo, taken between 
1864-1866, shows the walls covered by a rich 
vegetation, consisting mainly of Rubus bushes, 
fig shrubs, and, in the fissures, Parietaria, 
Cymbalaria, Asplenium, Capparis, and so 
forth (fig. 3); 

a photo of the Arch of Drusus taken in 1867-
1868 which shows the arc covered by a rich 
vegetation, consisting mainly of Capparis 
inermis, Rubus ulmifolius, Phagnalon sordi
dum, Sedum nicaeense, (Fig . 4 and 5). 

At the time photographs were taken, the city 
did not yet have modern sewage or drainage sy
stems. Horses and other domestic animals passed 
continually through the unpaved streets. Domestic 
waste was thrown on the fields and gardens in the 
city. These factors contributed to widespread and 
continuous «manuring» of the ruderal and wall 
vegetation which, consequently, must have been 
richer that it is at present. The present vegetation 
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Fig. 5 - The Areo di Druso in 1988 (no wall vegetation because of the weed-control) . 

as shown in the photos taken in 1987-88 of the sa
me subjects of the historical photos could be in
fluenced by the following: 

the lack of «manuring» (see aQove); 
- the maintenance of Rome's historical monu

ments by the city government and the Ministry 
of Cultural Heritage. In fact, Anzalone noted 
in 1951, «Another obstacle to my research is 
the periodic clearings to which many of Ro
me's monuments are subjected. At least once a 
year, the vegetation which covers the most fre
quented monuments is removed»; 
pollution. 

We might suppose that given these problems, 
the ruderal and wall vegetation of Rome would be 
lesser today that it was in 1860's. 

In fact a comparison of photographic docu
ments indicates that where no weed-control or 
maintenance is carried out, - on the mouth of the 
Cloaca Maxima, or the walls of the Porta Maggio
re - the vegetation is as rich as it was a century 
ago. On the other hand, where the monuments are 
«weed-controlled», the vegetation consists, by ne
cessity, only of annual plants which after the mo
numents have been cleared return to the walls 

quickly and create a vegetation which is changed 
only in that those plants sensitive to such treat
ment have disappeared. No doubt, this process ex
plains the disappearance of some of the wall 
plants described in the 19th century. 

Certainly, pollution is also a limiting factor 
but, from our photographic comparison, it seems 
to limit only the flora and not the vegetation (In 
fact , the list of present flora is much impoveri
shed). Atmospheric pollution (The EN EA - The 
National Bureau of Alternative Energy - measu
red 60 microgr/m3 of atmospheric pollution at the 
south of the city and 70 microgr/m3 in the city
centre in 1988) has encouraged the expansion of 
less sensitive species, a list of which we could ex
tract from a comparison of bibliographical data 
with recent censi; in fact, a comparison of the 
19th century plant lists with the wall vegetation 
found on the «untreated» monuments is the only 
reasonable source for ecological deductions, i.e. 
for deductions about which plants are sensitive to 
the effects of modem urban expansion. None of 
the places taken over by urbanization in the last 
century offers us the same advantage. Many place 
have been bare of vegetation for many decades as 
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a result of urban expansion. And in the city many 
of the squares which once had a rich ruderal vege
tation as a result of their traditional pavements ha
ve no vegetation now both because well-cared for 
asphalt leaves no room for plant life and because 
of the effects of automobile traffic, such as oil and 
carburator fluid run-off. 

Among ecological factors, we must also con
sider the fact that Rome is an island of urban heat, 
like every metropolis: the minimum winter tempe
rature has risen since 1831, in relation to the 
growth of the city and its population. (In 1901, the 
population was 403.282, and the average winter 
temperature from 1831 to 1910 was 4,1 grC; whi
le in 1971 the population was 2.356.490 and the 
average winter temperature in 1964-1975 had ri
sen to 5,7 grC) From 1831 to 1910, there was al
most no home heating in the city and no automo
bile traffic, while today every home, office, and 
store is heated, and the thermal effect of this hea
ting is multipled by the city's automobile trafic. 

The heat and pollution, or rather filth, attract 
certain species of animals. Beyond rats, we could 
cite the explosion of the Starling population, so 
noticeable in winter in places such as Piazza dei 
Cinquecento and Piazza Indipendenza. Some po
pulations could also explode as a result of a lack 
of predators. 

In on the one hand, the city's flora has been 
unpoverished, on the other hand, the planting of 
ornamental trees frequently of exotic species (Gi
lii wrote about the earliest introduction of some 
exotic plants among them Broussonetia papiryfe
ra Vent. which Cardinal Doria introduced in 1784 
and which was noted in the city between 1949 and 
1951 by Anzalone, Cacciato, and Montelucci) and 
hybrid or exotic shrubs can enrich the ruderal and 
wall vegetation. Of course, these species could al
so compete with the just present vegetation. 

Riassunto 

Le fotografie riprese verso la meta del secolo 
scorso su monumenti romani mostrano una ricca vege
tazione murale. 11 confronto tra questa vegetazione e 
queIla attuale completato da un esame dei dati biblio
grafici suIla flora daIl'epoche storiche fino ad oggi pub 
dare indicazioni sui cambiamenti ecologici urbani. Mo
numenti regolannente mantenuti (con regolare diserbo) 
come iI Colosseo danno risultati poco indicative mentre 
altri siti menD curate (p.e. Porta Maggiore) mostrano 
una vegetazione muricola relativamente folta tanto sul-

. le foto fatte nel 1860 quanto su quelle attuali. Cambia
menti emergono piuttosto dalla flora che e in parte im
poverita e in parte cambiata per l'entrata di specie 
esotiche alla flora locale. 
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Tree roots and hypogean conservation 

Caneva G. 
Istituto Centrale per il Restauro, via di S. Michele 22, 00153 Rome, Italy. 

Keywords: Tree roots, root damages, vegetation management, hypogean monument conservation. 

Abstract 

The problem of the growth of tree roots in ar
chaeological areas is analysed in relation to the conser
vation of hypogeous monuments. A collection of data 
on the frequency of root penetration into underground 
walls of monuments in Rome and their capacity to 
grow in depth is presented. Other observations of this 
phenomenon, especially in tombs (Etruscan necropoli
ses in Tarquinia and Chi us i) and catacombs are mentio
ned. 

Some species such as Pinus pinea, Pinus roxbur
gii, Quercus ilex, etc. proved to be dangerous for un
derground constructions, because of the extension of 
their root biomass. 

On the basis of this study and of a critical analysis 
of the literature, a methodology is proposed for 
studying these kinds of alterations. 

Indications for avoiding them, especially through 
correct planning of vegetation in archaeological areas, 
are given. 

Introduction 

In archaeological areas root growth can be 
dangerous for the conservation of historic structu
res not only owing to the presence of vegetation 
on wall and floor structures, but also owing to the 
overly close occurrence of trees. It is indeed 
known that the roots of woody plants can reach a 
considerable lateral and vertical extension, thus 
seriously destabilizing structures which obstruct 
their path. 

The damage caused to the foundation of buil
dings by tree roots is well documented in the lite
rature, especially in clayey soils (BOZOZUK, 
BURN, 1960; BOZOZUK, 1962; LEGGET, 
CRAWFORD, 1965; BURN, 1973; CUITLER, 
1974; KELSEY, 1977; BIDDLE, 1979; COUTTS, 
1979; FLORA, 1979; PRYKE, 1979; REECE, 
1979; CUTTLER, RICHARDSON, 1981). In the
se soils the presence of absorbing roots creates 
imbalances in volume owing to the swelling-con
traction of the clay, which can seriously compro
mise the stability of foundations. Moreover, in 

these cases damage can also occur at a considera
ble distance from the trees. 

Also cited in the literature, and well known 
to all of us, are cases of damage to street pave
ments which often derive from a mistaken choice 
of tree species planted in asphyxial and unsuitable 
soils. 

We should also mention damage entailed by 
the blockage of sewers, and that caused to canals 
and dams (OPPENHEIMER, 1954, 1957; BURA, 
1970). 

Less is instead known about the in-depth 
growth of tree roots and interaction with hypo
geous structures. This phenomenon is of impor
tance in archaeological areas where underground 
constructions are found, either owing to original 
projects (e.g. tombs, catacombs, mithraic tem
ples), or to historical developments (e.g. partial 
distruction of buildings and covering with earth). 

In densely constructed urban areas this pro
blem is of obvious importance in the construction 
of underground parking areas, metropolitan tran
sport systems, etc. 

Damage caused by vegetation in hypogeous 
archaeological areas is reported for the Etruscan 
tombs of Tarquinia (CESARI, ROSSI, 1972; I.C.R. 
communication, 1972) and Chiusi (VLAD BO
RELLI, 1954), or in the case of various Roman hy
pogeous structures (CANEVA, 1985, in press). 

It is interesting to note that in the case of Tar
quinia (thickness of overlying soil = 2.5 m circa) 
the vaults of the Etruscan tombs (Cardarelli, Bar
toccini, Guerriero, Giocolieri, Auguri, Leonesse, 
etc.) were even perforated by herbaceous vegeta
tion. Since woody plants were absent, the identifi
cation of the species responsible for the alteration 
was achieved on the basis of a simple examination 
of the overlying vegetation (which in fact does not 
always bring sure results - in this case the species 
found were Scolymus hispanicus L. and Lupsia 
galactites O. Kuntze; cfr. CESARI, ROSSI, 
1972), or on the basis of results obtained after me
ristematic culture of the root apexes (leading in 
this case to the identification of Reseda lutea v. 
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mucronata by Prof. Tripodi, Botanical Institute 
Naples; 1.c.R. communication, 1972). In this case 
the roots had reached the frescos via prospecting 
holes, or through the dromos area, clearly exploi
ting the zones in which the soil offered the least 
resistance. 

In the case of the necropolis of Chiusi, dama
ge was caused by the ill-advised planting of a spe
cimen of Pinus pinea directly over the tomb 
(tomb of the Colli). The expansion of the roots 
caused the frescos to become completely deta
ched, so obliging their removal. In this instance 
the planting of the tree, performed by the owner 
of the land, was intended to indicate the location 
of the tomb; this is a common practice in the area 
and does not take into consideration the future ex
pansion of the root biomass. 

In previous cases reported by the writer, the 
stress way laid in a general manner on the role of 
vegetation in the decay of wall structures, exami
ning both the problem of the vegetation on the out
cropping structures, as well as the problem of the 
occurrence of trees as concerns the conservation of 
hypogeans. In regard to the latter issue the metho
dological aspects of investigation were examined 
and a summary of data reported. A detailed evalua
tion of this problem was only treated in the analysis 
of the relation between the vegetation of the Orti 
Farnesiani on the Palatine and the underlying struc
ture of the Domus Tiberiana (CANEVA, 1985). 

In the present paper the already proposed 
methodological approach is again adopted and ex
panded, and the data of the various cases are 
analytically reported. 

It should also be borne in mind that in two 
other cases damage caused by vegetation in ar
chaeological areas was mentioned by several 
authors in various countries (DELVERT, 1963; 
FUSEY, HYVERT, 1964; KARSCHON et aI., 
1976; LOPEZ COLLA DO, 1976; GOELDNER, 
1984; WARNOCK et aI., 1985), but essentially 
concerned the problem of infesting or ruin speci
fic vegetation found on wall structures. In these 
cases the destructive role of the vegetation 
growing on constructions was described, but little 
attention was paid to the interaction between roots 
and underground structures. 

Study methodology 

A scientific approach to this type of problem 
must, in the first place, identify of the causes of 
the alteration, i.e. the species to which the roots 
collected belong. It must then evaluate the future 
evolution of the situation, and finally must propo-

se, as an applied measure; a botanical project con
sistent with conservation requirements. 

A previously proposed study methodology 
for the identification of the roots responsible for 
damage was based on the anatomic characteristics 
of the root wood (CUTLER, 1974). It must be re
membered that the wood of roots often shows dif
ferent anatomic characteristics from those of the 
trunk, so identification is frequently difficult and 
limited to the family. In some cases, colour and 
structural particularities of the cortex and the 
phelloderm were found to be of great diagnostic 
value (OPPENHEIMER, 1957). 

A tree root survey has also been proposed by 
the Royal Botanical Garden in Kew (CUTILER, 
1974; CUTILER, RICHARDSON, 1981). 

The scheme proposed here represents a use
ful means for data collection, and is essentially 
suited to cases of isolated damage. In more com
plex situations, such as archaeological areas, it 
may be preferable to use different systems of data 
collection and information organization. 

This study methodology, already proposed 
(CANEVA, 1985), is divided into four phases 
which are illustrated below. 

1. Vegetation collection (field phase) 

hypogeous environment 

- check for root presence 
- cartographic position 
of oULcropping areas 
- roOL collection 
(if possible woody) 

epigeous environment 

- floristic survey of 
overlying vegetation 
- cartographic position 
of tree and shrubs species 

It should be noted that in large environments, 
where a through inspection could be too lengthy, 
the choice of the area to be checked can be made 
in terms of the relation between epigeous and hy
pogeous situations, thus identifying more critical 
areas on the basis of the overlying tree cover. 

2. Identification of the spcies responsible for 
damage (laboratory phase) 

woody roots 

- cut thin sections 
based on fundamental plans 
- identification based on 
wood anatomy 

non woody roots 
(if necessary) 

- merismatic 
growth of root apexes 

It is preferable always to collect woody roots, 
and possibly at a more advanced age, in order to 
make identification on the basis of anatomy ea
sier. Meristema culture can be limited to cases 
where no woody roots are found, since it is then 
clear that they belong to herbaceous plants. 
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Tab. I 

ROMAN HVPOCEAN MONUMENTS ANALYSED Presence of roots 

Domus aurea Oppius hill) 

Seven sales Oppius hill) 

Nlmphaeum of Nero (Oppius hill) 

4 N)mphaeum at Annibaldi street 

Oomus Tiberiana (Horti Farnesiani) 

6 Grlphons ' house ( Palatinus hill) 

CrlPt of St.Bona,entura (Palatinus ~ill) 

Beauty ' house ( La,entinus hill) 

9 Dolocoenum in St. Oomenico street 

( La,entinus hill) 

10 Declan Therms (La'entinus hill) 

11 Tomb of the Scipioni (Appla street) 

12 Mausoleum of Luciliu5 Petus (Salaria street) 

13 Tomb of the Nasoni (Flaminia street) 

.. localised presence of damages 

*. presence of damages 

.... high lesions 

- absence of roots 

3. Determine the potential risk (documenta
tion phase) 

Based on the literature, estimate the expan
sion potential of the roots of the species found, 
applying the principal variables to the cases consi
dered. Aside from the type of species, the fol
lowing must be established for the various indivi
duals found: 

age (based on historical documentation or 
eventual drill); 
vigor and health; 
possible gardening and maintenance interven
tion, e.g. pruning. 

As concerns the environmental conditions of 
the site evaluation must be made of: 

soil thickness between hypogean and 
overlying ground level; 
type of soil; 
average climatic conditions. 

It should be noted that danger for the conser
vation of a hypogean located under a tree also ari
ses in relation to the biomass itself, particularly 
weight, which in some cases is of several tons, 
concentrated on a limited surface area (in this ca
se roots have a positive role in that they help di
stribute the weight). 

4. Indication of action aiming to safeguard 
hypogeous structures (Processing phase) 

Estimate the best type of intervention on 
plants: 

pruning 
removal 
felling 
transplant to pots 

Evaluation of environment modification, and 
works aiming to consolidate and waterproof ar
chaeological structures. 

Further complications arise when the 
overlying vegetation has naturalistic or historical 
value, as often occurs in these cases, so that consi
deration also has to be given to this aspect, in or
der to arrive at the best compromise solution pos
sible. 

A scheme is thus proposed which is useful in 
the field phase and the successive ones of proces
sing and documentation, with the ultimate aim of 
planning intervention. 

Experimental examples 

The data are provided for some cases studied 
in the city of Rome (Tab. 1) which represent only 
a part of the city's enormous underground ar
chaeological patrimony. Among these cases two 
typical ones were chosen as representative of dif-
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ferent situations which pose the problem of cor
rect vegetational planning: 

Domus Aurea Neronis (a large hypogean situa
ted under a public park with localized presence 
and serious root damage); 
Dolocoenum in S. Domenico Street (small hy
pogean, situated under an public city street 
with thin overlying soil and extremely severe 
tree root damage). 

Domus Aurea 

The archaeological complex of the Domus 
Aurea, a vestige of the immense villa of Empe
ror Nero (1st century A.D.), represents one of 
the most important monuments of antiquity exi-

Tab. 2 

sting today. We limit ourselves to recalling that, 
by an irony of fate, its survival is linked to its 
burial by Emperor Trajan for the construction of 
his Thermae, that from antiquity obliterated its 
presence. 

The systematic-excavation of this complex 
began early in this century in order to remove the 
earth inside the rooms. Today it has an area of so
me 10,000 sq.m. and is situated below Trajan's 
Park on the Oppio Hill. The building of this park 
was realized in the years 1935-36 (only a few 
trees date to an earlier period). 

Considering that the soil above the vault of 
the Domus Aurea is only between 2.5 and 3.5 m 
thick, the danger of root damage from trees is ob-

Locality ( Province and Cor:r.non) .. ~t?t;l~ .. :.C?t?~~l!~.~~~ ~ .: . ~ry~t:l?~t;.t?~.T~-?~~1! ........... . 

Hypotean . ~~~"!~.~~~~~ .. . ....... . .. . ..... Surfaces (mq) .. ~Q:m ..... .. ... . ..... .. . . 

Cl ima tic charac leri sti cs . ~~~~ ~~"."~~~-:~~ . ~';Ir:-~~ . (~1!1~~~~~~~ . . f!t!I. C?{ • !i!; 1) ??2£ r ....... .. . 
Soil type .~~~~~~ .~ ~~:~~~.~.~:~.~~~J:t.~~".": . Soil depth (re) .~~~.:.~ 

Cart ographi ~o~: ~:~.e~o(~~n~ddi t ion) . ~~~ . ~~~: ~ . -:~~ .? . .. . . ........ . 

\'e~(>tat ion 

(florist ic list) 

Ac t uaI future (hypC't.) noC'[~ 

Pious roxburgii Sa rf· 

Pin\.:5 pinea L. 

Pinus nig!"a Arnold 

C'ed ':'"u~ atlantica (Endl)Carr. 

Xel ia azedarach L. 

QUE reus i 1 ex L. 

RC'bir.ia pseuc:C'acacia L 
u::\!>racul i fera 

n:::~:.JS :Jin')T Hi llET 

Prunus culc is ( !~lllE'r)D .A. 

.... ·ebb 

Ph:"lET. :X can.:.rien~is Cha~aud 

La'JTUf, n~t-i!is 1. 

• .. ·a~hi:; f ::('Inia H"~usta ~€ndl. 

++ = r..i'dium 

H+ '" high 

TC'ot rresence 

(occasicmal) 

Tool presence Char.Jcu-ristics 

- / -

exter:ses and 

dee?th Too ts 

f,ene r ally no t 
deepth 

vi~orous r oot 
system 

sur~rficial rOClt: s 

~E':"le-rally sl;perfi 
cial roots 

superficial r oots 

t,;.nr:ral1y not 
dept;) 

5u;'IErficial rocts 

Age 

(0) 

89 

(1898) 

68 
(l9 1 9) 

30 

++ /-++ 

+ 1+" 

Stf(!1~ht P.azard 

j"or':'77:eter 

H. 
.. 

(0) T'le "'act age is hCiccted 
\..'!1en drills " • .-{ re =.ade 

1 E less than 20 years 
1+ E bet .. ,'e;;,n 20 and 50 years 

.. ++ -' :"'1..:'I re than SO YEars 

C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 



1 = Pinus r oxburgii Sarg. ; 2 = Pinus pinea L. ; 3 = Pinus nigra Arno1d ; 4 Quercus 
i1ex L.; 5 = Robinia pseudoacacia L. v. umbracu1ifera ; 6 = Cedrus at1antica (End1)Carr; 
7 = Me1ia azedarach L. ; 8 = Ulmus minor Mi ller; 9 = Prunus du1ciL(Niller) D.A.Webb 
10 = Phoenix canariensis Chabaud ; 11 = Laurus nobilis L. ; 12 Washi ngtonia r obusta 
Wend1 . (Shrubs species are omitted) 

Fig. 1 - Park of the Oppius hill. 
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damages by r oo ts 

Fig. 2 - Hypogeous situation of the Domus Aurea. 
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vious, both in connection with the management of 
the park and the microclimatic, chemical and bio
logical problems of the underground spaces. 

In certain spaces the presence of roots has 
been known for some time, and they have caused 
more or less obvious damage to walls and fre
scoed surfaces. Furthermore, it is easy to foresee 
more damage in the future, both deriving from the 
progressive growth of trees whose roots have al
ready reached the hypogeous structures, and also 
from the growth of trees whose roots have not yet 
extended that far. 

Below the results are presented of the investi
gation carried out based on the previously illustra
ted methodology. In Tab. 2 an example of the 
scheme described above is shown, while Fig. 1 
and Fig. 2 respectively show the cartographic de
scriptions of the hypogeous and epigeous situa
tions. 

The most obvious damage is restricted essen
tially to two areas: one contiguous to the 
Nymphaeum of Polifemus and the other concer
ning new excavations in the eastern sector. In the 
first zone extensive damage is observed in a space 
recently excavated which is raised above the floor 
level of the other rooms. The breaking through of 
root apexes is also found almost at the floor level, 
even though not so extensively as to constitute a 
concern for the conservation of the walls. The 
presence of such root apexes, in fact, is found 
only in areas where are gaps in the constructed 
surface, i.e. in parts which are not connected with 
unexcavated spaces. A morphoanatomic examina-

m 

tion made it possible to identify these roots as be
longing to Pinus roxburgii. These roots had tra
velled a very long way, at least 25 m, of which 15 
m in depth. 

This situation is illustrated by a representati
ve cross-section in which one can also see the pre
sence of Quercus ilex trees, which, while being 
closer to the wall structures, have not yet reached 
them (Fig. 3). This shows that though it is useful 
to establish an understanding of the relation 
between epigeous and hypogeous situation, it is 
only indicative, since the capacity for growth of 
roots, both in length and in depth, is an extremely 
variable specific characteristic. 

In the second area, i.e. corresponding to the 
new excavations in the eastern sector, various ty
pes of roots were found (Pinus pinea, Hedera he
lix, Melia azedarach). In this case shorter distan
ces were involved. 

It must be stressed that even zones which had 
been waterproofed were involved, showing that 
such treatment does not constitute an effective 
barrier against roots. Finally, in the last zone, part 
of the foundations of the Thermae of Trajan (6th 
and 7th grottos), the sporadic occurrence was 
found of Phoenix canariensis roots, which had 
worked their way into cracks in the wall, utilizing 
of old Roman channels. 

These findings, and consideration of the futu
re evolution of the situation, point to the need for 
new botanical planning in the area, trying for now 
to establish a compromise between naturalistic 
considerations and conservational ones. 
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Dolocoenum in S. Domenico Street 

These spaces represent the remains of a place 
of worship dating to the 2nd-3rd centuries A.D. 
All that exists today is the central space with two 
lateral rooms. Unfortunately the frescos present 
on the walls, have a decidedly poor state of con
servation. In many areas the frescoed mortars 
show signs of bulging and detachment caused by 
the penetration of numerous tree roots. 

Most of these roots are now decomposing, 
and hence their presence relates to the trees which 
lined the streets previously, namely Robinia pseu
doacacia. They were replaced by the Garden Ser
vices with small specimens of Quercus ilex. As 
concerns the roots still in life, thin sections show 
that they are roots of Pinus pinea. Notwithstan
ding the small distance separating to street level 
from the ceiling of the Dolocoenum (1.6 m), the 
roots of the very young Quercus ilex trees have 
not yet penetrated through the wall structure. 

A comparison between epi- and hypogeous 
situations shows that the trees lining the street are 
situated directly above the lateral spaces of the 
Dolocoenum . Moreover, within the contiguous 
school, various trees are present along the perime
ter wall (Pinus pinea. Laurus nobilis. Cupressus 
sempervirens. Cercis siliquastrum). The occurren
ce if these tree species obviously is of less con
cern that of those lining the street, owing to the 
greater distance the roots would have to travel, 
not only in length but also in depth, considering 
that the base level within the perimeter wall is 
about 2.5 m higher as compared to that of the 
street. 

For the future it is easy to foresee new dama
ge from Quercus ilex. and to a lesser extent from 
Pinus pinea. 

This case points out the lack of connection 
between the various administrative bodies which 
act on the territory with little knowledge of their 
reciprocal problems. It also documents the need to 
pay greater attention to the growth potential of 
roots. 

Conclusion 

This paper has aimed to show how the pro
blem of root growth must be carefully evaluated 
whenever hypogeous structures are present in the 
area. 

Unfortunately the literature on the topic is 
not yet sufficient to indicate which tree species 
are suited to correct botanical planning in this 
context. Very few publications deal with the pro-
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blem of the root mass of tree species with exact 
data on the extension of root systems (GIORDA
NO E., 1968; LYR, HOFFMAN, 1967; PADULA 
M., 1968; ROBERTS, 1977). More detailed docu
mentation only exists for plants of agricultural in
terest (e.g. MORETTlNI, 1942; SPINA, 1966; 
STRABBIOLI, MANZO, 1981; BALDINI, 
1986). 

The presence of vegetation, obviously impor
tant from the landscaping and aesthetic stand
point, if properly selected, could have even a po
sitive function for both outcropping and 
underground structures. This is because the roots 
can reduce the percolation of water in the subsoil, 
and restrict the formation of saline efflorescences. 
Generally this is achieved through the construc
tion of waterproof barriers whose efficiency and 
duration in time often do not provide desired re
sults. 

The knowledge in this field is, however, in
complete, and it is hoped that our work can contri
bute to filling the gap. All the data these studies 
can constitute a kind of data bank to be integrated 
with specific studies on single species. 

To that end, the existence of a study procedu
re will be an aid in creating uniformity in data 
collection. 

The need for correct identification of roots 
must also be borne in mind, and not simply indi
cations suggested by what seems logical on an 
empirical basis. 

Unfortunately today nondestructive systems 
are lacking for the control of root expansion, with 
the exception of young plants which can be remo
ved. 

The isolation of the roots of a tree species 
from the rest of the soil, in order to limit excessi
ve growth would first require excavation and then 
the construction of mechanical barriers which 
would be costly and have far from certain results. 
Nor is it conceivable in these cases to employ lo
cally chemical products to inhibit growth, that 
was proposed in some cases (NAZER, CLARK, 
1982), owing to obvious technical reasons. Pru
ning seems to be able to reduce root expansion, 
but does not ensure perfect containment. 

The felling of trees responsible for damage is 
conditioned by an evaluation of the effective 
growth and penetration capacity of the roots (at ti
mes penetration can be accidental owing to inter
ruption of wall structures or channels), and by the 
naturalistic importance of the species involved. 
Both of these factors - historic and naturalistic 
heritage - must be taken into account in deciding 
which of the two should take precedence in not 
easily reconciled cases. 
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Riassunto 

Viene analizzato il problerna della crescita delle 
radici degli alberi nelle aree archeologiche in relazione 
alla conservazione dei rnonurnenti ipogei. Viene fomita 
una raccolta di dati sulla frequenza della penetrazione 
delle radici in rnonurnenti rornani sotterranei e sulla 10-
ro capacita di sviluppo in profondita. 

Viene menzionato questo fenorneno relativarnente 
al caso di tornbe (es. le necropoli etrusche di Tarquinia 
e Chiusi) e di catacornbe. 

A\cune specie, quali PilJus pilJea, PilJus roxburgii , 
Quercus ilex, etc. si sono rnostrate dannose per le co
struzioni sotterranee, a causa dello sviluppo della bio
rnassa radicale. 

Sulla base di questo studio e di un'analisi critica 
dell a letteratura, viene proposta una rnetodologia per 
studiare questo tipo di alterazione. 

Vengono infine fomite a1cune indicazioni per evi
tare questi problerni, soprattutto attraverso una corretta 
pianificazione della vegetazione nelle aree archeologi
che. 
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La phytotoponymie des Nuraghes en Sardaigne 
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Abstract 

Sardinian nuraghes phytotoponimy. Plant-related 
names of nuraghes, about 7.000 prehistorical towers of 
Sardinia, are considered. Local phytonims occur in 345 
cases and, among 93 different species identified, Ficus 
carica, Olea sylvestris, Myrtus communis, Ulmus mi
nor, Prunus domestica, Quercus suber, Ruscus aculea
tus are the most common. 

Introduction 

La toponomastique d 'un territoire donne plu
sieres d'informations sur I 'histoire, la langue, les 
rapports de l'homme avec son milieu (PAVUS, 
1988). Les etudes les plus valides a cet egard sont 
realises, sans doute, par les linguistes. Dans ce 
cas, l'interet d'un botaniste pour cette discipline 
derive du grand nombre de phytotoponimes, envi
ron 20.000, de la Sardaigne (CAMARDA, inedit) 
et encore, surtout, de la remarquable variabilite de 
noms des plantes attribues a la meme espece, se
Ion les differentes localites (COSSV, 1968; CA
MARDA et VALSECCHI, 1983; CAMARDA 
1986). L' etude des toponymes, lies au chiitaigner 
et aux chenes, donne de motift de reflexion sur la 
repartition de ces especes dans 1'lIes dans le passe 
(ASOLE, 1950). J'ai trouve interessante l'analyse 
de phytotoponimes dans la chaine calcaire du 
Monte Albo (CAMARDA, 1984) et dans le terri
toire de Dorgali, une ville de la Sardaigne centre
orientale (CAMARDA, inedit). Cette note, qui 
traite des toponymes des nuraghes, veut donner 
une contribution dans le domaine de la toponoma
stique sarde et, moi, j'espere, solleciter l'interet 
des glottologues vers les plants qui donnent leur 
nom aux lieux, mais surtout souligner l'importan
ce des plants dans ce domaine. 

Discussion 

Les Nuraghes sont des particulieres tours 
prehistoriques exclusives de l'ile de Sardaigne. Us 
sont plus que 7.000 et sont repartis chez toutes les 
zones, du niveau de la mer jusqu'a 1.400 m l'alti-

tude, et ils constituent une note special du paysa
ge. La toponymie de 1 'He est tres riche en phyto
nimes et aussi parmi les nuraghes qui donnent le 
nom aux lieux on trouve souvent des noms de 
plants qui le designent. L'analyse de tous les noms 
des nuraghes, en suivant PAVUS (1988), a per
mis de mettre en evidence les nombreux phytony
mes (345) lies a ces tours et les resultats obtenus 
on ete syntetiquement resumes ici. 

Tout d'abord on a veri fie les villes et villages 
dont le territoire presente des nuraghes avec de 
noms de plantes, en les numerautant selon l'ordre 
alphabetique: 

I - Abbasanta 
2 - Aidomaggiore 
3 - Alghero 
4 - Allai 
5 - Anela 
6 - Ardara 
7 - Arzana 
8 - Assolo 
9 - Atzara 
10 - Austis 
II - Baressa 
12 - Barisardo 
13 - Bauladu 
14 - Baunei 
15 - Benetutti 
16 - Bessude 
17 - Bolotana 
18 - Bonarcado 
19 - Bono 
20 - Borone 
21 - Bortigali 
22 - Buddusb 
23 - Burgos 
24 - Busachi 
25 - Cabras 
26 - Castelsardo 
27 - Chiaramonti 
28 - Codrongianus 
29 - Collinas 
30 - Cuglieri 
31 - Domus de Maria 
32 - Dorgali 
33 - Dualchi 
34 - Escalaplano 
35 - Escolca 
36 - Esporlato 
37 - Esterzili 
38 - Florinas 
39 - Fonni 
40 - Gairo 

41 - Galtelli 
42 - Gavoi 
43 - Genoni 
44 - Genuri 
45 - Gergei 
46 - Gesico 
47 - Gesturi 
48 - Ghilarza 
49 - Giave 
50 - Giba 
51 - Goni 
52 - Gonnesa 
53 - Gonnosnb 
54 - Guasila 
55 - Guspini 
56 - Ilboro 
57 - Illorai 
58 - Irgoli 
59 - Isili 
60 - Ittiri 
61 - Jerzu 
62 - Laconi 
63 - Laerru 
64 - Lanusei 
65 - Macomcr 
66 - Marnoiada 
67 - Mandas 
68 - Mara 
69 - Maracalagonis 
70 - Martis 
71 - Masullas 
72 - Meana sardo 
73 - Milis 
74 - Mogorella 
75 - Mogoro 
76 - Mores 
77 - Morgongiori 
78 - Muravera 
79 - Noragugumene 
80 - Norbello 
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81 - Nulvi 
82 - Nuragus 
83 - Nurallao 
84 - Nureci 
85 - Nurri 
86 - Nuxis 
87 - Olmedo 
88 - Onifcri 
89 - Orani 
90 - Orgoso10 
91 - Oristano 
92 - Orosei 
93 - Orroli 
94 - Ortacesus 
95 - Ortueri 
96 - Oschiri 
97 - Osidda 
98 - Osilo 
99 - Osini 
100 - Ossi 
101 - Oltana 
102 - pzicri 
103 - Pabillonis 
104 - Padria 
105 - Pattada 
106 - Paulilatino 
107 - Pcrfugas 
108 - Ploaghe 
109 - Pozzomaggiore 
110 - Quartu S. Elcna 
III - Samugheo 
112 - San Basilio 
113 - San Nicolo Arcidano 
114 - San Vcro Milis 
116 - San Vito 
117 - San1uri 
117 - Sant' Andrca Priu 
118 - Sant'Antioco 
119 - Santadi 
120 - Santulussurgiu 
121 - Sardara 
122 - Sarroch 
123 - Sassari 

124 - Scano Montifcrro 
125 - Sedilo 
126 - Sedini 
127 - Semestene 
128 - Scncghe 
129 - Senorbl 
130 - Scrbariu 
131 - Seui 
132 - Siamanna-Siapiccia 
133 - Siddi 
134 - Silanus 
135 - Siligo 
136 - Sindia 
137 - Sinnai 
138 - Solarussa 
139 - Sorgono 
140 - Sorradile 
141 - Suni 
142 - Tadasuni 
143 - Talana 
144 - Tcmpio 
145 - Tertenia 
146 - Tcti 
147 - Tculada 
148 - Thicsi 
149 - Torpe 
150 - Tortoll 
151 - Trcsnuraghes 
152 - Trici 
153 - Tu1a 
154 - Ula Tirso 
155 - Uras 
156 - Uri 
157 - Uscllus 
158 - Usini 
159 - Ussaramanna 
160 - Villagrandc Strisaili 
161 - Villamar 
162 - Villanova Monteleo
ne 
163 - Villanovaforru 
164 - Vilaputzu 
165 - Villaurbana 

Il Y a donc plus que la moitie des centres de 
la Sardaigne, qui dans leur territoire includent des 
nuraghes nommes par un'espece vegetale. 

Voila maintenant l'enumeration des especes 
suivies par les phytonimes (c'est a dire le nom 
vernaculair des especes) des nuraghes et par le 
numero de la ville ou du village. Tous les noms 
sardes des plantes son precedes par le terme «Nu
raghe, Nurake ou Nuraxi». 

Allium ampeloprasum: PO/TU - 30; 
Allium triquetrum: Appara - 30; 
Alllus glutillosa: S' Alinu - 38, Alinoe - 58, Funta

na Alinus - 80, Alinedu - 146; 
Amygdalus commullis: Pranu e Mendula - 47, 

Mendula - 76, Mendula - 164, Bau Mendula -
164; 

Allagyris foetida: Silimba - 14, Della Ciorba - 3, 
Siliqua - 67, Tilibbas - 149, Mori Siliqua -
163; 

Arbutus unedo: Cenna Olidone - 14, Tuppa Lido
ne - 88; 

Artemisia arborescens: Su Sensu - 11, Su Senzu -
53, Su Sensu - 71, Attetu - 89, Attentu - 108, 
Senzu -119, Attentu - 156, Su Senzu - 159; 

Arundo donax: De Cannas - 17, Cannas - 45, 
Cannas - 62, Sa Canna - 64, Cannalza - 81, 
Cannas - 94, Cannedu - 108, Cannarza - 108, 
CannaLza - 126, Utturos de Canna - 135, Sa 
Cannera - 145, Dessa Canna - 147; 

Asphodelus microcarpus: Arbutzu - 61, Arbuzzo -
71, Arbutzu -145, Corru e Trebuzzu -150; 

Calycotone villosa: De sa Tiria - 145; 
Carduus sp.: Corruardu - 29, Su Cardu - 41, Bal

dosa - 81, Pardu - 83, Carducca - 106, Cor
ruardu - 133, Cardaxiu -115; 

Carlina corymbosa: Spinalva - 70, Spinalva - 96, 
Spinarba - 114; 

Celtis australis: Suarzeda - 48, Surzagas - 106, 
Mura Surzagas - 106, Mura Surzagos - 120, 
Mura Surzagas -125, Surzase - 160; 

Ceratonia siliqua: Si/imba -14, Siliqua -110; 
Chamaerops humilis: Palmavera - 3, Sa Pramma 

- 32; 
Clematis cirrhosa: Esterzu - 64, Bintirissos - 85, 

Bidichinzos - 104, Su 1dichinzu - 106, Sterzu -
154; 

Clematis vitalba: Atzara - 106, Baccu Arzula -
150; 

Cistus sp.: MudegulMurdegu - 75; 
Crataegus monogyna: Calavrichedu - 125, Cala

vrigus - 145; 
Crocus minimus: ZaJferano - 147; 
Cynara cardunculus: Su Reu - 69, CuiLi Cureu -

164; 
Daphne gnidium: Truiscedu - 80, Truiscu - 80, 

Ziu Truiscu - 82; 
Daucus carota: Aiga - 1 ; 
Erica scoparia: Scovera - 18, S'lscopa - 88, Tu

vurunaghe - 60, Tuvaru - 133, IscobaLzu - 97, 
Iscova - 140; 

Eryngium campestre: Peicani - 122; 
Euphorbia characias: Sa Mandra de sa Lua - 3, 

Lua - 7, Luas - 74, De Lua - U5, Lua - 162, 
Perda su Luaxiu - 164, Uluedu - 164; 

Euphorbia cupanii: Su Luargiu - 32, Launessi - 54; 
Euonymus europaeus: Boladigas - 125; 
Ferula communis: Ferula - 5, Ferulas - 19, Feru

laghe - 65, Feruledu - 49, Erulas - 101, Erula 
' - 107, Feurredu -132, Feurra -161; 

Ficus carica: Fighera - 3, FigughialFiguchia - 6, 
Monte Figu - 8, Crabia - 13, Mura Figus - 13, 
Figu -17, Mura e Figu - 18, Sa Mura sa Figu-
18, Su Fogu - 20, Sa Mura sa Figu - 20, Figu 
Niedda - 23, Figu de Cara - 25, Sa Figu - 38, 
Figu - 49, Figus - 52, Crabione - 60, Sa Figu -
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60, Figados - 65, Figu Niedda - 65, Figu Ran
chida - 65, Figu Niedda - 78, Figu Pinta - 81, 
Figu - 91, Figu Chia - 107, Su Crabione - 107, 
Figaru - 108, Figosu -108, Figurassa - 113, Sa 
vigu -115, FiguRanchida -124, Figu -152; 

Foeniculum vulgare: Fenugu - 2, Frenugarzu -
21, Fenugu - 74, Badu Fenuju - 127, Banghie
nuargiu -128, Fenuga -129, Fenuju -157; 

Fraxinus omus: Frassina -107; 
Fraxinus oxycarpa: Sa Pala de su Frassu - 108, 

Frassu - 119; 
Genista sp.: Sa sorighina -18, Sorighina -153; 
Hedera helix: Giada Edra - 21, Edra - 23, Era -

72, S' Ederosu - 88, Pranu Edere - 106; 
Helminthia echioides: Isteccori -10; 
Holoschoenus romanus: Sussuni - 43, Li Sessini-

81 , Sessini - 106, Sessini -119; 
Ilex aquifolium: Olostru - 57; 
luglans regia: Scala Nughes - 104, Nughe -126; 
luniperus sp.; Sinipei - 84, Sinibridaxiu - 86; 
Laurus nobilis: Lavredu - 65, Savruezzu - 107, 

Cantaru de Laros - 108, Mura Lavros - 120; 
Lavatera olbia: Norba - 51, Sa Narba - 59, Monte 

Narbeddu - 115; 
Lycium europaeum: Pruna Cristi -122; 
Lilium sp.: Frontelizzos - 2, Ligios - 9, Liggiu -

24 , Su Lizzu - 27, Truncu Lillu - 35, Mura e 
Lizzos -109, De su Lillu -110, Lilloi -114; 

Linum usitatissimum: Scala e Linus - 24, Su Linu 
- 46; 

Myrtus communis: Murtas nieddas - 46, Mw·tas-
67, Pedra e Multa - 69, Mw·tas - 84, Murtas -
88, Sa Murta - 115, Sa Murta -128, Murta ar
ba -145; 

Malus domestica: Sa Mela - 7, Melas - 55, De sas 
Melas - 66, Badu e mela - 109, Melas - 114, 
Me/as - 125, Melas - 165; 

Ulmus minor )I •••• 
Smilax aspera _. 

Sambucus nigra 

Auscus aculaatus 

Ouercus suber 

Ouercus Ilex 

Prunus domesllca 

Pistacia lentiscus 

Olea saliva 

Malus domestica 

Mynus communis 

Ullum sp. 

Ficus carica 

'0 " 20 30 35 

Fig. J - Especes les plus re presentees (en valeur absolue) par
mi les phytonimens des Nuraghes. 
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Mentha sp.: Sa Menta - 134; 
Nasturtium officinale: Giuspiu - 28, Mantuzzu -

72; 
Nerium oleander: Leonai - 95, Lionagi -145; 
Olea sativa: S'Vlivera - 33, Olia - 83, Mura Olia 

-106, S'Vlia -109, Vliana -149; . 
Olea sylvestris: Ozastru - 6, Ozastru - 16, Odda

stra - 22, Ollastu - 25, Ozzastru - 28, Solastu -
64, Pranu Ollastus - 75, Pranu d'Ollastu - 84, 
Corti Oliastu - 85, Serra s' Ozzastru - 101, Sos 
Olieddos -106, Concas de Ozzastru -108, Oz
zastru - 128, S' Ollastu ventosu - 131, Ozzastru 
-162; 

Papaver (roheas?): Oratanda - 30; 
Phillyrea latifolia: Arrideli - 77, Aladerru - 109, 

S' aridelauiu - 115, S' Arrideli - 137; 
Phragmites australis: Cannisones - 16, Can

nixeddu - 64; 
Pistada terebinthus: Soperis - 37; 
Pistacia lentiscus: Lestincos - 48, Stincoddi - 51, 

Arzola e Chessa - 57, Modditzi - 78, Sa Ches
sa - 114, Iscala Chessa - 135, Sa Chessa -
141; 

Pisum elatius: Cixiri - 119; 
Populus alba: Arbiarbu - 48, Pibilia - 15, Arbu-

rilArbari - 128; 
Prunus armeniaca: Piricoccu - 115; 
Prunus avium: Cilixia - 43, Sas Cariasas - 65; 
Prunus domestica: Prunas - 4, Sa Pruna - 5, Pru-

na - 18, Prunu - 18, Prunas - 24, Prunas - 58, 
Prunas - 65, Sa Pruna - 106, Ena e sa Pruna -
108, Pruna -118; 

Prunus spinosa: Annaju - 108, Su Annaju - 136; 
Pteridium aquilinum: Sa Coa Filigosa - 17, Fili

ghe - 65, santo Filighe -134, E Filighe -158; 
Pyrus amygdaliformis: Su Piru - 33, Pirasta - 69; 
Pyrus communis: Is Piras - 50, Piranseri - 56, 

Piremau - 61, Piradolta - 97, Piredu - 101, Pi-
ra - 105, Mulinu e Pera - 106, Piraferta - 106, 

8,49% 

63,13% 

5 ,84% 

1,86% 

2,65% 

2,12% 

• Flcus carica 

• Ulium sp. 

m Mynus communis 

o Malus domestica 

o Olea saliva 

C Pistacia lentiscus 

DJ Prunus domestica 

~ QU8fCUS llex 

2, 12% ~ QU8rCUS suber 

2,12% Cl! Ruscus aculeatus 

Q! Sambucus nigra 

G! Smllax aspera 

ca Ulmus minor 

S Aulr9S esp9ces 

Fig. 2 - Valeur en pourcentage des especes les plus repre
sentees parrni les phytonirnes des Nuraghes. 
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Pierdu -108, Pirarba -111, Piras -115, Pired
das -119, Pirosu - 130, Genna Pira -145; 

Quercus ilex: Genna illighi - 4, Mura elighe - 21 , 
Elighia - 27, S' Elighe - 87, Elighe Onna - 120, 
Eligosu -134, Elighe -136, Ilixi -157; 

Quercus congesta: Chercu - 6, Crechu -18; 
Quercus pubescens: Funtana Crecu - 18, Orrolo 

- 97, Creeu -139, Creeos -139; 
Quercus suber: Suerzu - 20, Suergiu - 25, De su 

Urtija - 23, Suergiu - 46, Gherdone - 58, S' Or
tigosu - 65, Badde Suergiu -101, Suelzu -102; 

Rhamnus alaternus: Tasarus - 82, Su Tasaru -
115; 

Rosa canina: de Rosa - 27, Badde Olostru -108; 
Rosmarinus officinalis: Zippiri - 31 , Su Zippiri -

147; 
Rubus ulmifolius: Pranu e ruos - 21, Orrui - 42; 
Ruscus aculeatus: Vrusciu - 6, Vruscu - 8, Vru

schiosu - 23, Vruschiosu - 36, Vruscu - 43, Su 
Vrusciu - 135, Fruscos -106, Fruscittu - 123; 

Ruta chalepensis: Sa Ruda - 25; 
Salicornia sp.: Sassoini - 8; 
Salix alba: Salighes - 30, Salighentosa - 68, Tan

ca salighes - 136; 
Salix atrocinerea: Sa Toa - 23, Sa Toa - 27, Sa 

Toa - 57; 
Sambucus nigra: Samuccu - 99, Su Sauccu - 105, 

Sauccos -108, Mura sauccu - 65, De su Sauccu; 
Senecio vulgaris: Predufeghe - 20 
Smilax aspera: Tetti - 27, Su Tione - 36, Tetti -

102 , Tettinosa - 107, Tetti -108; 
Smyrnium olusatrum: LivandrulLivrandu - 18, 

Lisandru - 62; 
Solanum nigrum: Margarida -109; 
Tamarix sp.: Tomarittu - 98; 
Taxus baccata (?): L' Eni - 26 
Typha latifolia: Genna Uda - 8, De Tutturu - 58, 

Ispadula - 89, Monte Uda - 94; 
Ulmus minor: Ulmos - 2, S' Ulumu - 32, Is Ulmus 

- 50, Sa Mura e s' Ulimu - 134, Ulumedu - 141, 
S' Ena de sos Ilimos - 141, S' Ulimul U lumu -
145, Binzas e s' Ulimu - 151, S' Ulimu; 

Urtica atrovirens: Pitzienti - 70; 
Verbascum pulvurulentum: Torodda - 15; 
Viciafaba: Magnafave; 
Vicia villosa: Pani-Casu - 50; 
Vitis sylvestris: Funtana /de - 65, Bidde - 97; 

On a considere encore les mots bois-foret, 
qui rappellent, naturellement, des aspects lies au 
monde des plantes. 

Bois: Sirbonica - 2, Boschinu - 12, Silbanis - 30, 
Sirboniga - 32, Antepadente - 61, Sir-bas - 101, 
Silvan is - 120, Littu Ertikes - 105, Littu Pedro
su - 105, Linnarta - 92, Su Linnari - 95, Ena e 
Littu, Su Linnamini, 115, Matta - 82; 

On trouve interessant de marquer les mots 
(Ruiu, Ruggiu, Arrubiu etc.) qui signalent la pre
sence dominante du lichene Xanthoria ochroleuca, 
lequel donne la couler rougeatre au monument. 

Lichenes: Ruiu - 18, Ruggiu - 21, Rubiu - 50, 
Ruggiu - 65, Muros Rujos - 79, Ruju - 91, Ar
rubiu - 93, Ruju - 96, Ruggiu - 109, Arrubiu -
121, Ruju -125, Ruju - 128, Scala Ruja -134, 
Orrubiu - 139, Ruju - 143, Arrubiu - 145, Or
rubiulArrubiu - 145, Ruju - 153, Arrubiu -
155, Orrubiu-Arrubiu -160; 

Enfin on signalise d'autres noms: Des Follas 
- 40, (desfeuilles) Pranu de Follas - 82 (plan des 
feuilles), Fenu - 103 (fien) , Fenu - 116 (Fien), 
Fiorosu - 108 (fleury) , Fioriosu - 136 (Fleury, 
Florissa -165 (fleury?) . 

Conclusion 

Les phytotoponimes sont 345 tandis que les 
especes qui donnent des noms aux nuraghes sont 
93 (on a exclus le noms generiques tels que littu, 
mais aussi Ruju-Arrubiu) et les especes les plus 
representees sont resume dans les figures 1 et 2. 

Seulement 13 especes donnent le 36,9% des 
phytonimes et ce sont Ficus carica (incl. var. ca
prificus et Olea sativa (incl. var. sylvestris), Py
rus communis, les chenes (Quercus suber, Q. 
ilex, Q. pubescens) les especes les plus fn!quen
tes. On peut dire, en general, que les especes les 
plus representees ont un ecologie qui perm et leur 
vie dans les murs, dans les ruines e dans les lieu x 
pierreux, mais aussi des especes nitrophiles (Sam
bucus nigra, Senecio vulgaris, Smyrnium olusa
trum, Lavatera olbia, Artemisia arborescens), 
qui trouvent un ambience favorable dans ces 
lieux, it cause de I 'utilization des nuraghes pour 
abri des animaux domestiques. 
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Besiedlung eines mauretanischen pyramidenformigen Grabmals bei Tipasa 
in Nordalgerien durch Pflanzen in den letzten 120 lahren 

Wojterski T., Wojterska H. 
UI. Griinwaldzka 31 Bill, 60783 Poznan, Polalld. 

Keywords: Archaeology, Plant succession, Mediterranean Vegetation. 

Abstract 

Plant succession on an archaeologic monument 
(tomb) in Northern Algeria has been studied during se
veral years by the authors and compared with the re
sults of different botanists in the past 120 years. 

Auf dem Gipfel der Hiigelkette des Sahels, 
die sich entlang der Mittelmeerkiiste zwischen AI
gier im Osten und Tipasa im Westen zieht, erhebt 
sich, etwa 50 km westlich von der Hauptstadt Al
geriens, ein riesiges, pyramidenfOrmiges Grabmal 
(Abb. 1 A-B). Dieses Monument, das heute als 
ein mauretanisches, konigliches Grabmal betrach
tet wird+1 und vermutlich aus der Periode zwischen 
dem Ill. und l. lahrhundert v. Chr. stammt, ist 32 
m hoch. Sein Durchmesser betragt 60 m. 

Die Felsblocke, die zum Bau des Grabmals 
benutzt wurden, sind lose, ohne jedes Bindemittel 
aufeinandergelegt worden (Abb. 2). Der Sand von 
der Meereskiiste und der feine Staub aus den be
nachbarten Feldern, jahrhundertelang angeweht 
von starken Winden, haben die Felsspalten aus
gefiillt und gute Bedingungen zur Besiedlung die
ses Denkmals durch Pflanzen geschaffen. 

Das Grabmal ist heute, trotz periodischen 
Riickschnittes der Straucher in den letzten lahren, 
schon begriint. Seine Flora hat seit langem das in
teresse der Botaniker geweckt. 

Die erste Beschreibung der Flora dieses 
Grabmals, die vor 120 lahren erschienen ist (P. 
10URDAN 1867), enthalt 78 Pflanzenarten. lour
dan hat das Denkmal Stufe nach Stufe floristisch 

M E R M ED I TERRA NEE 

BOO ISHAIL ( 10 .) 11.6° 628 
r1 1l] 

l ..... a 
.. ,~ 
'-' 

BOUFARIK 

Abb. 1 lA - Das mauretanischc kiinigliche Grabmal in der Sahel bci Tipasa und Klimadiagramm. charakteristisch fur diese Gegcnd. 
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Abb. liB - Nordwestliche Seite des mauretanischen Grabmals 
bei Tipasa besiedelt durch Pllanzen. 

erforscht und auBerdem interessante phanologi
sche Beobachtungen gemacht. Er hat auch einen 
Kalender des Bliihens erarbeitet, wonach die 
Pflanzen in 4 verschiedenen Sektoren des Denk
mais, die den 4 Himmeisrichtungen entsprechen, 
nacheinander bltiben sollten. Der Wert dieses Ka
lenders ist von MAIRE und SENEVET (1928) be
stritten worden. 

Unsere fliichtigen Beobachtungen haben ge
zeigt, daB es sichtbare Unterschiede zwischen der 
Vegetation der Nord - und Siidseite gibt. Genaue
re Schltisse sind erst nach weiteren Untersuchun
gen moglich. 

Die floristischen Beobachtungen wurden 
nach 60 lahren von R. Maire und G. Senevet 
(1928) wiederholt. Unter den 79, von diesen Au
toren genannten Arten (bei einmaliger Untersu
chung im Dezember) gibt es 30, die lourdan nicht 
gefunden hat. 

Die Adventivflora des Grabmals ist letztens 
auWilling reicher geworden und betragt heute 
nach unseren Untersuchungen (8 Beobachtungen) 

176 Pflanernarten, darunter 102, die neu entdeckt 
worden sind. Die gesamte Flora des Grabmals, 
zusammen mit den Arten, die wir nicht gefunden 
haben, zahlt damit 216 Arten. 

Die Mehrzahl dieser Flora besteht aus ane
mo- und zoochoren Arten, die ihre Standorte in 
der nachsten Nahe des Grabmals haben. 

Ein Aspekt der Flora des Grabmals - der An
teil der Familien - ist mit Hilfe eines Kreisdia
gramms (Abb. 3) gezeigt worden. Am meisten ver
treten sind die Familien: Compositae (29 Arten), 
Liliaceae (16 Arten), Gramineae (16 Arten), Papi
lionaceae (13 Arten) und Umbelliferae (10 Arten). 

Wir ha ben auch versucht, diese Ergebnisse rnit je
nen zu vergleichen, die einen anderen, aber auch von 
Menschen geschaffenen Standort, der durch die Pflan
zen besiedel wurde, betreffen. Es handelt sich urn die 
Halden (Oberflache 360 ha, Hahe bis 70 rn), die irn Zu
sarnrnenhang rnit Braunkohlegewinnung (Tagebau) in 
Zentralpolen bei Konin entstanden sind. Das zweite 
Diagrarnrn (Abb. 4) zeigt die Unterschiede, die trotz: 

des anderen Klirnas: in Algerien - rnediterran, in 
Polen - temperiert; 

des anderern Substrats: in Algerien - rnit Sand 
und Ton gefiillte Spalten zwischen den Sandstein
blacken, in Polen - Geschiebernergel, Pleistozaner sand 
und Ton, Tertiarer Ton; 

der verschiedenen Feuchtigkeitsverhaltnisse : in 
Algerien - wind - und sonnenexponiertes Grabrnal, in 
Polen - feuchtes, teilweise sogar sehr nasses, reliefrei
ches, undurchlassiges Plateau verhaltnisrnaBig klein 
sind. Nur einige Farnilien zeigen deutlichere Unter
schiede: auf dern Grabrnal die Liliaceae, die rnit 8,6% 
stark vertreten sind (Abb. 4, rechts), auf den Halden da
gegen vollkornrnen fehlen; die Halden werden von den 
Salicaceae stark besiedelt, die auf dern Grabrnal fehlen. 
Auch die Oellotheraceae und JUllcaceae, die auf den 
Halden haufig vorkornrnen, sind auf dern Grabrnal 
nicht vertreten. 

Abb.2 - Mauretanisches kbnigliches Grabmal bei Tipasa. 
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8 Familien mit 
.ie 3 Arten 

Crassulaceae 
Hypericaceae 
Scrophulariaceae 

Boraginaceae 
Labiatae 

Gramineae 

Cruciferae 

Abb. 3 - Die Flora des Grabmals beSlchl aus 54 Familien. Anleil der Familien. 
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Abb. 4 - Anteil der Familien in der Flora der Flanken bei Konin (Polen) ind in der Flora des Grabmals bei Tipasa (Algerien). 
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Tab. } 

Tabelle 1 . Die Liste der Pf'lanzen , die an den 
Hauern des mauretanischen, konig
lichen Grabmals bei Tipasa (Nord
algerien) in den l etzten 120 Jah 
ren beobacht et v.fo r den sind : 

FUN G I 
1 . :?uccinia madritensis Naire (auf Clematis 

cirrhosa) 

A L G A E 

2 . Phyllosiphon Arisari Kuhn . (auf' Ar isarum 
vulgare) 

LICHENE8 

3. Lepra antiqu i tatis Eoff' rJ . 
~ . Lepra chlorina Ach . (Chrysothrix chlor i 

na (Ach . ) Laundon 
5. Verrucaria niGrescens Pers . 
6 . Lecanora crassa (Euds . ) Ach . ( =8Qu amari 

na cr assa (Euds . ) Poel t 
7 . Calopl aca murorum (Hoffm . ) Th . Fr . ( =Calo

)laca saxicol a (nuds . ) Nordin 
8 . Cladonia foliacea (Euds . ) 8chaer . var . 

convoluta (Lam . ) Vain . ( = Cladonia con
voluta (La~ . ) p . Cout . 

9. Cladonia rangiforois Eoffo . 
10 . Cladonia furcata (Euds . ) 8chrad . 
11 . Rocce l la physopis Ach . ( =Roccella f'ucoi 

des (Dicks . ) Vai n . 
12 . Xanthoria parietina (L . ) Th . Fr . 
13 . Col l ema tenax (13\'1 . ) Ach . emend . Degel . 

H U S C I 

1~ . Funaria hygrometrica (L . ) ned", . 
15 . Tortule. muralis (L . ) lI ed';, . 
16 . Homalothecium ser iceum (Bed", . ) 3 . 8 . G. 
1? ~urhynchium circinnatum (3rid . ) B. 8 . G. 

( =Scorpiurium circinnatuo ( J rid . ) 
Fleisch . et Loeske 

E ~ P A 2 I C A E 
18 . 'l'argionia hypophyl l a L. 

19 . 

20 . 
21. 

F 'rERIDOP}:YTA 
AsuleniuI1 ceterach L. 

narum LaIlll:: . ) 
( =Ceterach offici-

Asplenium trichomanes L. 
~oiypodium vulgare D . ssp . serratu~ 

(' :illd . ) Christ . 
G Y n iT 0 8 ? E R iI A E 

Pinaceae 
22. ? inus halepensis I:ill . 

Cup res sac e a e 

23 . Callitris articulata (Vahl . ) Link . ( ='1'e 
traclinis articulata (V8,,'1.1 . ) i·lasters 

Unter suchungen von Auf'-
P .J. 

1867 

+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 

M. et S. 

1928 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
-+-

+ 
+ 

+ 
+ 

+ 

+ 

+ 

+ 

T.R.H. tre-
1986 ten 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 

CCC 

cc 
C 

C 

R 

C 
R 

C 
cc 

C 

AB 
AC 

CC 

AC 

AR 

Dle l etzte Spal te zelgt dle :Tfiuflgkelt des Auf-cretens der Pflanzenar
ten . Die Abkurzungen entsprechen denen von Que zel und Santa (1962) : 
AC - ziemlich verbreitet, C - verbreitet, CC - sehr verbreitet, CCC -
auBerordentl ich verbreitet, AR - zieI1lich sel ten, R - sel ten , RR -
sehr sel ten . 
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Tabelle 1. (Fortsetzung) 

A N G I 0 S PER N A E 
HONOCOTYLEDONES 
Gramineae 

24-. Oryzopsis miliacea (L .) Asch. et SChH. 
25. Oryzopsis coerulescens (Desf .) Richt . 
26. Polypogon monspeliensis (L.) Desf. 
27. Lagurus ovatus L. 
28. Cynodon dactylon (L.) Pers. 
29 . Ampelodesma mauritanicum (Poir.) Dur. et 

Schinz. 
30. Avena alba Vahl . 
31 . Avena sterilis L. 
32. Koeleria phleoides (Vill.) Pers . 
33. Melica ciliata L. 
34-. Scleropoa rigid a (L.) Gris. 
35 . Cynosurus echinatus L. 
36. Catapodium loliaceunl Uluds .) LiIL.1(. 
37. Bromus nladritensis L. 
38. Dactylis glonlerata L . 
39. Brachypodium distachyum (L . ) P . B. 

C y p er ace a e 
4-0. Carex halleriana Asso 

Palmae 
4-1 . Phoenix canariensis Chabaud 
4-2. Ch2JJlaerops humil is L. 

Araceae 
4-3 . Arisarum vulgare Targ.- Tozz . 

L i 1 i ace a e 

4-4-. Asphodelus microcarpus Salzm . et Viv o 
4-5. Scilla autumnalis L . 
4-6 . Scilla obtusifolia Poiret 
4-7 . Scilla numidica Poiret 
4-8. Urginea maritima (L . ) Baker 
4-9. Urginea undulata (Desf.) Steiru1 . 
50 . Ur ginea fugax (Horis) Steinh. 
51. Ruscus hypophyllum D. 
52. Asparagus al bus L . 
53 . Asparagus acutifolius L. 
54- . Smila."'{ aspera L. 
55. Allium subhirsutum L. ssp . album (,San i) 

;·1 . et i:i . 
56. Allium roseum L. 
57. Allium pru1iculatum L. 
58. Allium sphaerocephalum L. 
59. Allium anpeloprasum L. 

I rid ace a e 
60 . Gladiolus byzantinus Cill. 

o r chi d ace a e 
61 . Ophrys tenthredinifera ihlld . 
62. Orchis coriophora L. 
63. Aceras anthropophorum (L.) Ait. 

Untersuchungen von 

P.J. 
1867 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

l'1. et S. T.H. Id • 
1928 1986 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 

-:-
-I-

+ 

Auf
tre
ten 

CC 
AR 

R 
C 
R 

C 
C 

AC 
AR 

C 
AR 

AR 
C 

CCC 
C 

AR 

RR 
C 

CCC 

cc 
cc 
cc 

C 
R 

C 
C 

AC 
CC 

AR 
AC 

C 
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Tabelle 1. (Fortsetzung) 

DICOTYLEDONES 
Fagaceae 

64. Quercus coccifera L. 
P 0 1 Y g 0 n ace a e 

65. Rumex bucephalophorus L. 
66. Rumex thyrsoides Desf. 
67. Polygonum aviculare L. 

U r tic ace a e 
68 . Parietaria officinalis L. 

Santalaceae 
69. Osyris alba L. 

C hen 0 pod i ace a e 
70. Chenopodium album L. ssp. opulifolium 

(Schrad.) Batt . 
The 1 i g 0 n ace a e 

71. Theligonum cynocrambe L. 
Car y 0 p h Y 1 1 ace a e 

72. Polycarpon tetraphyllum L. 
73. Paronychia argentea (Pourr.) Lamb. 
74. Arenaria serpyllifolia L. 
75. Cerastium glomeratum Thuill. 
76. Silene cucubalus Wibel (=Silene inflata 

(Salisb.) Sm.) 
77. Silene secundiflora Otth. (=Silene glauca 

(Spreng.) Pourret) 
78. Silene nocturna L. 

Ran u n c u 1 ace a e 
79. Clematis cirrhosa L. 
80 . Clematis flammula L. 
81 . Ranunculus bullatus L. 

Papaveraceae 
82 . Papaver rhoeas L. 
83 . Papaver pinnatifidum Noris 

F u m a r i ace a e 
84 . Fumaria capreolata L. 
85 . Fumaria parviflora Lamk. 

C r u cif era e 
86 . Coronopus didymus (L.) Smith. 
87 . Lobularia maritima )L.) Desf. (=Alyssum ma 

ritimum (L.) Lamk.) 
88. Draba verna L. (=Erophila verna (L .) Che-

vallier 
89 . Diplotaxis tenuifolia (L.) DC 
90 . Sinapis arvensis L. 
91 . Hirschfeldia incana (L.) Lagrese 
92. Erucastrum varium Dur. 
93 . Brassica fruticulosa Cyrillo 

Res e d ace a e 
94 . Reseda alba L. 

Untersuchungen von 
P.J. M.et S. T.H.W. 
1867 1928 1986 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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Tabelle 1. (Fortsetzung) 

C r ass u 1 ace a e 
95. Cotyledon Umbilicus-Veneris L. 
96 . Sedum sediforme (Jacq.) PaU. (=Sedum al

tissimum Poiret) 
97 . Sedum album L. var. micranthum DC 
98 . Sedum coeruleum L. 

Rosaceae 
99 . Sanguisorba minor Scop. 

100. Rubus ulmifolius Schott. 
101. Crataegus oxyacantha L. ssp. monogyna 

(Jacq.) Rony et Camus 
Pap i 1 ion ace a e 

102. Lotus ornithopodioides L. 
103. Lotus creticus L. ssp. cytisoides (L.)Asch. 
10~. Medicago hispida Gaertn . 
105. Trifolium campestre Schreb. 
106. Trifolium resupinatum L. 
107. Trifolium angustifolium L. 
108. Trifolium scabrum L. 
109. Trifolium uallidum ;;aldst. et Kit . 
110. Trifolium stellatum L. 
111. Anthyllis vulneraria L. 
112. Ononis sicula L . 
113. Ononis hispida Desf . 
11~. Rippocrepis multisiliquosa L . 

G 'e r ani ace a e 
115. Geranium Robertianum L. ssp . purpureum 

' . .Jilld. 
116. Geranium molle L . 
117. Geranium dissectum L . 
118. Erodium malachoides (L . ) \ 'illd . 
119. Erodium ch ium (3urm. ) ':illd. 

L i n ace a e 
120. Linum strictum L. 

Rutaceae 

Untersuchungen von 

P.J. M.et S. T.R.W. 
1867 1928 1986 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

.+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 

121. Ruta chalepensis L . ssp . bracteosa (DC)Butt . + 

E u P h 0 r b i ace a e 
+ 

122 . Euphorbia peplus L. 
123. j·:ercurialis annua L . (=folercurialis aL1"!::li 

gua L.) 

A n a car d i ace a e 
1 2~ . Pistacia lentiscus L . 

R hamnaceae 
125. Rhamnus alaternus L. 

M a 1 vac e a e 

126. Lavatera cretica L. 

Th y m e 1 a e ace a e 
127. Daphne gnidium L. 

+ 

+ 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

+ 

347 

Auf
tre
ten 

cc 
C 

CCC 

CC 
AC 

AC 

R 
CCC 

AR 
AR 

R 
AC 

R 
R 

AR 
AR 

R 
R 

AR 
AR 

R 
CC 

AC 

.R 

acc 

CCC 

AC 

R 

AR 

C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 



348 

Tabelle 1. (Fortsetzung) 

U m belli fer a e 
128. Eryngium dichotomum Desf. 
129. Thapsia garganica .L. 
130. Elaeoselinum thapsioides (Desf.) Maire 

(=Laserpitium gummiferum Desf.) 
131. Daucus muricatus L. 
132. Daucus carota L. ssp. hispanicus (Gouan) 

Thell. 
133. Torilis arvensis (Huds.) Link. ssp. neglec-

ta (Roem. et Schultz) Thell. 
134. Ferula communis L. 
135. Foeniculum vulgare (I1iller) Gaertn. 
136. Kundmannia sicula DC 
137. r-lagydaris pastinacea (Lamk.) Paol. 

H y per i c ace a e 
138. Hypericum tomentosum L. ssp. pubescens 

(Boiss.) Ball. 
139. Hypericum perforatum L. 
140. Hypericum humifusum L. ssp. australe (Ten.) 

R. et F. 
141. Hypericum perfoliatum L. 

C i s t ace a e 
142. Cistus heterophyllus Desf. 
143. Cistus salvifolius L. 
144. Cistus monspeliensis L. 
145. Fumana laevipes (L.) Spach. (=Helianthemum 

laevipes Pers.) 
E r i c ace a e 

146. Arbutus unedo L. 
147. Erica multiflora L. 
148. Erica arborea L. 

P rim u 1 ace a e 
149. Anagallis arvensis L. ssp. parviflora (Hoff. 

et Link.) Batt. 
Oleaceae 

150. Jasminum fruticans L. 
151. Olea europaea L. 
152. Phillyrea angustifolia L. ssp. media (L.) 

Rouy 
G e n t i a n ace a e 

153. Blackstonia perfoliata L. 
154. Erythraea maior Link. 

Con v 0 1 v u 1 ace a e 
155. Convolvulus althaeoides L. 
156. Convolvulus arvensis L. 

157. 
158. 
159. 

B 0 rag i n ace a e 
Echium vulgare L. 
Echium plantagineum L. 
Solenanthus tubiflorus Murb. (=Anchusa la

nata L.) 

Untersuchungen von Auf
treP.J. M.et S. T.H.W. ten 

1867 1928 1986 
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Tabelle 1. (Fortsetzung) 

160. Cynoglossum creticum Miller (=Cynoglossum 
pictum Ait.) 

161. Borago officinalis L. 
162. Lithospermum arvense L. 

V e r ben ace a e 
163. Verbena officinalis L. 

Labiatae 
164. Ajuga iva (L.) Schreber 
165. Salvia verbenaca (L.) Briq. 
166. Narrubium vulgare L. 
167. Prasium majus L. 
168. Satureja graeca L. 
169. Stachys ocymastrum (L.) Briq. 

Sol a n ace a e 
170. Solanum nigrum L. 

S c r 0 p h u 1 a r i ace a e 
171. Verbascum sinuatum L. 
172. Anarrhinum pedatum Desf. 
173. Antirrhinum majus L. 
174. Veronica polita Fries 

o rob a n c hac e a e 
175. Orobanche crenata Forsk. 

P I ant a gin ace a e 
176. Plantago serraria L. 
177. Plantago lagopus L. 

Rub i ace a e 
178. Rubia peregrina L. 
179. Galium murale All. 
180. Galium tunetanum Poiret 
181. Sherardia arvensis L. 

Cap r i f 0 I i ace a e 
182. Lonicera implexa L. 

V ale r i a n ace a e 
183. Kentranthus calcitrapa (L.) Dufr. 
184. Fedia cornucopiae (L.) Gaertn. 
185. Valerianella Morissonii DC ssp. microcarpa 

(Lois.) P. Four. 
Dip sac ace a e 

186. Scabiosa atropurpurea L. ssp. maritima (L.) 
Fiori et Paol. 
C a m pan u 1 ace a e 

187. Campanula erinus L. 
C 0 m p 0 sit a e 

188. Bellis silvestris L. 
189. Phagnalon saXatile (L.) Cass. 
190. Pallenis spinosa CL.) Cass. 
191. Senecio vulgaris L. 
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Tab. 2 

"MAQUIS" AN DEN MAUERN UND AUF DER KUPPEL DES GRABMALS 

Nr. der Aufnahme 

Exposition 
Hohe am Grabmal 
Neigung 
Bedeckung 

" 
Aufnahmeflache 
Zahl der Arten 

Assoziation 

b/c 

d 

Ch. Ass.+, O. und Kl .++ 

+ Quercus coccifera 
+ Lonicera implexa 

:: ~~~~~sh~~~~Yllum 
Smilax aspera 
Carex halleriana 
Erica multiflora 
Cistus heterophyllus 
Dactylis glomerata 
Ampelodesma mauretanicum 
Pinus halepensis 
Callitris articulata 
Fumana laevipes 
Hyoseris radiata 
Orobanche crenata 

b 

b 
c 
b 
c 
b 

c 

b 
c 

Prasium majus b 
Elaeoselinum thapsioides c 
Phillyrea angustifolia b 
Allium paniculatum c 

Ch. Ass. ol 
o Pistacia lentiscus 
o Olea europaea 

b 

++ Rubia peregrina b 
c 

++ 

Lotus creticus 
Silene glauca 
Brachypodium distachyum 
Linum strictum 
Kentranthus calcitrapa 
Allium sphaerocephalum 
Sonchus oleraceus 
Asparagus acutifolius 
Reichardia picroides 
Trifolium stellatum 
Brassica fruticulosa 

Asphodelus microcarpus 
Daucus hispanicus 
Antirrhinum majus 
Oryzopsis coerulescens 
Avena alba 
Bromus madritensis 
Mercurialis annua 
Oryzopsis miliacea 
Sedum coeruleum 
Sedum sediforme 
Homalothecium sericeum d 
Eurhynchium circinnatum 
Tortula muralis 
Cladonia foliacea 
Cladonia furcata 

1 

N 

10 m 
300 

70 % 
20 % 
16 m2 

26 

2 

W 

16 m 

300 

70 % 

27 

Lonicero implexae
Quercetum coccife

rae 

4-.3 
1.2 

2 . 2 
2 . 2 
2.2 

+ 
1.2 
+.2 
2.2 
1.2 

+ 

1.1 

2.1 
1.2 

+ 
+ 
+ 
+ 
+ 
+ 

1.1 
+ 
+ 

2.3 
2.2 
1.2 

3.3 
2 . 2 

1.2 
1.1 

1.2 
1.2 
+.2 
2 . 2 

2.3 
1.2 
1.2 

+ 

2 .2 
1.1 
1 . 2 
1.1 

1.2 

+ 
+.2 
1.1 
+ 
+ 
+ 
+ 
+ 

+ 

+ 

3 

32 

Oleo-Pi
stacietum 
lentisci 

+ 

+ 
+ 

3.3 
3.2 
2.2 
+ 

2.1 
+.2 
1.1 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+.2 

+.2 
1.2 
+.2 
+.2 
+ 
+ 
+ 
+ 
+ 
+ 

+.2 
+.2 
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Tab. 3 

Tabelle 3. Vegetation de ?elsspalten in den, de~ Korden zu , ex~onier

ten j"iauern de 5 Grab!!l.al s 

AufnahCle - Nummer 

Gelande-KuI!l1Jer 
Exposition 
Deckung in % 
Aufnahmeflache 

Artenzahl 

Kennarten 

Pari et aria officinalis 
Syoseris radiata 
Reichardia picroides 
Antirrhinum majus 

Felsspaltenarten 

Phagnalon saxatile 
Sedum coerul eu:n 
Cotyledon Umbilicus-Veneris 
Asulenium ceterach 
Polypodium vulgare 
Asplenium trichomanes 

Quercetea ilicis- Arten 
Rubia peregrina 
Asparagus acutifolius 
Smilax asp era 
Pistacia lentiscus 
Ruscus hypophyllum 
Quercus coccifera 
Tamus communis 
Lonicera implexa 

Begleiter 

Daucus hispanicus 
Kundmannia sicula 

Lotus creticus 

Elaeoselinum thapsioides 
Dactylis glomerata 
Oryzopsis miliacea 
Silene secundiflora 
Lagurus ovatus 
Avena alba 
Picris Duriaei 
Sanguisorba minor 
Convolvulus althaeoides 
r''lelica ciliata 
Pallenis spinosa 
r·jercurial is annua 
Geranium molle 
Trifolium campestre 
Bromus madritensis 
Orobanche crenata 
Sonchus oleraceus 
Asphodelus microcarpus 
Scilla obtusifolia 

LOO;ll aria :naritima 
Brnc"'1ypodiu;n distachyum 
BrQ~sica fruticulosa 
Pro.:;iu:n majus 
Resf'da alba 
Cic~oriu~ intybus 
Ca:'lnanul a e rinus 
Sca~iosa ~aritima 
Sinani~ arvensis 
:?li[.lc:: b'lcenhalonhorus 
P~ericum tomentosum 
Sonc~us t enerrimus 

3poradische Arten 

21234567 

297 301 298 304 300 299 303 302 305 

NNE NN\, N;iE NNE NNl·: NNE NNE !n·~.-! S'.N 

10 10 60 70 50 50 60 60 60 
10 16 

4 15 

1 . 1 +.2 

+.2 

+ + 

+ 

+ 
1 . 2 
+ . 2 

r 

+.2 
+.2 

+ 

+ 

+ 
1 . 2 

+ 

10 12 16 

33 40 45 

12 16 16 ?O 

34 53 35 38 

2 . 2 2 . 2 2 . 2 2 . 3 2 . 2 2 . 2 1 . 2 
1 . 2 2 . 2 2 .1 1 . 1 2 . 1 1 . 2 2 . 2 

+. 2 1.1 + . 2 2 . 2 1 . 2 2 . 2 
r r + + + + 

v 
V 
'I 
V 

+ +.2 +. 2 +.2 1.2 + . 2 + . 2 V 
1 . 1 + + . 2 + + . 2 IV 

+ + 1 . 1 + III 
+ + . 2 +.2 III 

+.2 + II 
r I 

1.2 +.2 + . 2 + . 2 +.2 2 . 2 1 . 2 
+.2 + + 

1.2 + + 
+.2 + + 

+.2 + 
+.2 + 

+ 
+ 

1.2 2 . 2~ 2 . 2 1 . 2 1 . 2 + . 2 

+ 2 . 2 1.2 3 . 3 3 . 2 +. 2 +.2 

1.2 1 . 2 2 . 3 1.22 . 2 3 .3 2 . 2 

+ +.2 +.2 + + + g 
1.2 1 . 2 2 .2 2 . 2 1 . 22 . 2 + . 2 
1 . 2 1.22.2 +. 2 1.22.2 +.2 
1 .1 1.2 1 .1 1.1 2 . 22 . 2 + . 2 
+.2 + +.2 1.2 1.1 1 . 1 + 

+ + +.2 1 . 2 1 . 1 +. 2 + 
+ + . 2 + + +. 2 + + 
+ 1 . 2 + . 2 1.2 1 .1 +.2 

2 .1 1.2 + 2 . 2 1.2 
+ +.2 + 
+ + +.2 

+ 
r 
+ 
r 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ + 1 .1 

+ 
+ 
+ 

+ 
+ 

+ 1 .1 
1.1 

+ 

+ 1 . 1 
+.2 +.2 

1 . 1 

+ + 
+ 1 .1 
+ + 
+ 

+ 
+ 

+ + 
1.2 + 

+ . 2 2 . 2 2 . 2 
+ + 

1 . 2 + 
+.2 1. 2 

+ 1 .1 

r 
+. 2 

+ + 

+- 1 . 1 
+ + 

+.2 1 . 2 
+ 2 . 2 

+ . 2 1 . 2 

+ 

+ 

V 
III 
III 
III 
II 
11 

I 
I 

v 
V 

V 

V 

V 
V 
V 
V 
'I 
V 
V 

IV 
IV 
IV 
I V 
III 
III 
III 
III 
III 
III 
III 

III 
III 
III 
III 
III 
III 
III 
III 
III 
III 
III 
III 

Alliu!"l !'oseur:J 299(+) ,305(+) ; Alliu::J s,?:,aerocephalucl 305(+ 2); A: ar>eloeesr:Js 
mauritanicu:n 300(+); Ana;;allis :ll've!1sis ssp . pQI'vif2.or'a 305(+); A.::'en:l~·ia 
serpyllifolia 303(+) ,304,,+) j Bl a c~,:s-;;onia gerfolint a 300(+ ) j Convo2. vulus 
arvensis 299(+) ,303 ( + ) · Coronopus didpus 299(·»; Cratae(;tls . C · la 
SSD . monoc;yna 305(+) ; CrepiE vesicaria 298(+); Cynoglossum creticu:!1 300 
(+); Ech~u:n plantagi!leu!i1 298(+) ,305 ( 1 . 2 ) ; :'ilac;c S,)"t"ulata 302(·;.) , :;03(+); 

":'Ullana laeviues 305(+); Galactites tOr.J.entosa 298(+) j ~irSC'l:-eldia i!'lcana 
298( +) , 299( +); lI ype!'icu!J perforatum 300( +) ; Fe"tra.'1t~us calc' ~=al)a 299C ,.; , 
300(!'); Leontodon h isp idulus 298(+),303(+ . 2) ; ::'inum so!'ictU J 303(+), 305 
( +); Plantac;o laGoous 299(+ ) ,302 (+) ; P~anta~o scr=aria 303(+); " cl,;cnr"o:l 
tetra:>hyllum 304(+); Rubus ulnifolius 302(+); 3o.turej a -;:'.'Jeca 300(-:-) ; 
Sclero!'oa rigida 300(+) ,304(+); ScolY,JUS r :'ancii:-lorus 300(1 . 1 ) ,303 (+) ; Si 
lene nocturna 298(+) 305(+) ; ~rifolium a11urustifoliurr. 300e +) ,303 ( +) ; ·'"ifo-
1 iurn resupinatuITl 303( +), f£rifol ium stell atum 303(+) i :Jros}er:::1u:- 'picroides 
300(+) • 
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The effect of earlier settlements on contemporary distribution of 
Adonis aestivalis L. along lower Vistula banks (Northern Poland) 

Herbich J. 
Department of Plant Ecology and Nature Protection, University of Gdansk, Legionow 9, 80-441 Gdansk, Poland. 

Keywords: Adonis aestil'alis . Lathyro-Melandrietum Oberd. 57, Caucalidion daucoides. archaeological sites, mediaeval 
settlements, lower Vistula, northern Poland, black earths, rendzinas, archaeophyte, edge of geographical range, local refuges. 

Abstract 

Historical and contemporary localities of Adollis 
aestivalis along the lower Vistula banks (northern Po
land) have been investigated. It was found that this spe
cies permanently exists almost only within the limits of 
Mediaeval settlements and cementeries . The soils in 
these places differ from heavy black soils of the neigh
bourhood and become similar to rendzina. 

Introduction 

The physiognomical individuality of vegeta
tion on archaeological sites is a phenomenon 
commonly known to archaeologists. It is manife
sted, among other things, in a different intensity 
of verdure, vitality and size of plants, e.g. higher 
in the regions of filled-in ditches, moats, etc., and 
lower on walls levelled down to the ground. The
se phenomena are so typical as to serve, among 
other things, as a basis in archaeological aerial in
vestigations to find structures invisible at ground 
level (DUEL 1969 and others). 

Another characteristic of former settlement is 
the fact that certain plants formerly cultivated, 
e.g. those of the genus Allium and Ma/vG, can sur
vive on the site of, or in the neighbourhood of for
mer settlements for a long period of time and thus 
constitute indications of such (BAUCH 1937, 
1951/52, HOLLNAGEL 1953, cit. after 
GARCZYNSKI 1959, GARCZYNSKI 1959, BU
LINSKI 1986 and others). In the opinion of spe
cialists, certain of today's weeds could have, at 
one time, been cultivated, such as, e.g., Chenopo
dium sp. div., CamelillG sp. div. (HELBAEK 1960 
and other papers by the same author, GIZBERT 
1971 and literature quoted there, and others). 
Theoretically, it can be assumed that in some ca
ses they could have survived on sites of former 
cultivation, on condition that suitable habitats we
re available, but they are at present too common 
plants for their contemporary existence to be defi-

ned as being spatially related with sites of former 
settlement. 

Relationships of native plants which appeared 
spontaneosuly on sites of former settlements, may 
be highly complex. For instance, the contemporary 
distribution of settlements from the younger stone 
age and bronze age, in central and southern Ger
many, as also in southern Poland, corresponds with 
the present-day range of the remains of steppe ve
getation (FIRBAS 1962,1967 et al.). In the opi
nion of this author, the people of those times pre
ferred to settle in open country with its 
xerophilous and thermophilous vegetation. The 
present author's observations of xerothermal vege
tation along the lower Vistula indicates the possi
bility of the later reversal of this relation. Proof of 
this is the occurrence of species and even well-for
med communities on artificially built ramparts of 
Mediaeval fortified settlement ruins. The relation
ship of certain thermofilous species, including those 
characteristic of the order Festucetalia valesiacae, 
with the ramparts of fortified settlement ruins 
lying along the Wierzyca (tributary of the lower 
Vistula) is also stressed by BULINSKI (1986), 
who considers these secondary habitats to be con
temporary refuges of the plants mentioned. 

The distinct local floristic feauters of former 
settlement sites may take on still other forms, 
which is shown by the investigations of the author, 
as well as SZMEJA (1989) and BULINSKI (op. 
cit.). The present paper is concerned with one of 
the rarest species of weeds in northern Poland. 

In Poland, Adonis aestivalis occurs mainly on 
the rendzinas in the southern part of the country 
(Fig. lA), whereas there are only sparce localities 
in the central and northern parts of the country, in 
different types of soil, although this also rich in 
CaC03• Here it grows in what are locally, the mo
st favourable habitat conditions (KORNAS 1966). 
It is so strongly connected with rendzinas that in 
the opinion of some authors, e.g., TYM
RAKIEWICZ (1959), it is only found transitional-
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Fig. 1 - Distribution of Adonis aestivalis in Poland lA! and 
the investigated are /BI 
a - permanent localities investigated on archeological sites, b 
- permanent localities investigated in close neighbourhood of 
archaeological sites, c - ephemeral locality investigated outsi
de archaeological sites, d - ephemeral localities observed, e -
archaeological sites, mostly Mediaeval, f - edge of an upland, 
1 - Mediaeval fortified selllemenLs, 2 - Mediaeval surrounds, 
3 - Roman period cementery with cave, skeleton and urn gra
ves, 4 - unidentified late Mediaeval archaeological site, 5 -
unidentified Mediaeval archaeological site, 6 - early and late 
Mediaeval settlement, also remains of Bronze Age and Ro
man period settlements, 7 - top of hill in neighbourhood of 
Mediaeval fortified settlement, 8 - top of hill in neigh
bourhood of Mediaeval settlements and remains of neolithic 
encampment, Roman period and modern settlements, 9 - top 
of probably man-made hill close to excavation of clay. 
Numbers 1-9 refer to remaining figures and phytosociological 
table. 
lA: acc. to Abromeit 1898-1940 and Komas 1966, B: acc. to 
Abromeit op. cit. and partly original. Archaeological data af
ter unpublished and partly published materials from Archaeo
logical Museum in Gdansk!. 

ly in other types of soil, having brought there to
gether with seeds and later dying off. In the light 
this, what is an even more interesting phenome
non is the density of localities of A. aC.I'tivalis 
along the lower Vistula, situated on the extreme 
boundary of the species geographical range 
(MEUSEL, JAGER, WEINERT 1965), and mo
stly considered by ABROMEIT (1898-1940) to be 
permanent. The historical and contemporary oc-

currence of Adonis aestivalis along the lower Vi
stula quite distinctly conforms with the areas in 
which former settlements were concentrated, 
mainly in the Early Middle Ages. The author's 
preliminary observations already suggested di
stinct relations between the present-day occurren
ce of the species with the surface of archaeologi
cal relics. It was from this that the aims of the 
present paper arose: 
1. An analysis of the regional and local occurren

ce of Adonis aestivalis along the lower Vistu
la. 

2. Determination of the relationship of its con
temporary occurrence with sites of former set
tlement, i.e., fortified settlements, open settle
ments and necropoli. 

3. Determination of the habitat conditions affec
ting the present-day preservation of the spe
cies. 

1. Material and basic methodical assumptions 

Field work was conducted during the period 
1979-1985, when almost all the localities of Ado
nis aestivalis given by ABROMEIT (1898-1940) 
were verified. The localities were observed for se
veral year, to determine their permanency. Only 
those in which A. aestivalis occurred in fields of 
cultivated vegetation were examined in detail; the
re were 9, 8 permanent and 1 ephemeral. The re
maining ephemeral localities situated on the edges 
of cultivated fields, boundaries, etc., were obser
ved, and the results were utilized as supplementary 
material in the discussions and conclusions. Phyto
sociological records were kept using the Braun
Blanquet method and samples of the superficial 
horizon of soil taken on all A. aestivalis localities 
investigated. A control area was chosen from each 
site, assuming as basic criteria an identical con
temporary method of cultivation with the same 
plant cultivated, in as proximate a vicinity as pos
sible, with similar topographic features. The same 
kind of documentary material was taken from both 
kinds of surface area at the same time. 

The values of ecological indices were calcu
lated by the ELLENBERG (1979) method. The 
calcium carbonate content was determined by 
Scheibler's volume method. Data as to the distri
bution, classification and dating of the ruins of 
fortified settlements, settlements and necropolii 
were obtained from the Gdansk Archaeological 
Museum; this was mainly unpublished material. 
Other material utilized included published results 
of archaeological soundings from the region of 
Cieple (NlWINSKI 1973, SZYMANSKA 1973 a, 
b, WAPINSKA 1973). 
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2. Discussion of Results 

2.1 Localfeatures of Adonis aestivalis habitats 

All the localities of Adonis aestivalis found 
and analyzed, along the lower Vistula, were in 
areas of occurrence of Gniew black earths. On the 
other hand, none of the localities known from the 
literature (Cf. ABROMEIT 1898-1940, Fig. lA; 
JELINOWSKI, SCHWARZ, TOKARZ 1981) from 
other types of habitats, were found during investi
gations. Gniew black earths were formed from very 
heavy and compact loams with a high CaC03 con
tent and low permeability, unfriable and gleyey in 
the lower and frequently the middle horizons of the 
profile (WITEK, BYCZKOWSKI, CHALECKI 
1974). They are thus formations unfavourable to 
the permanent survival of Adonis aestivalis. 

In most parts of the Adonis aestivalis locali
ties were found pieces of daub (unlashed, rarely la
shed), and frequently also stones, slag, fragments 
of bones, pottery and even bricks. Such remains 
were either absent or fewer in number in the im
mediate vicinity of Adonis aestivalis localities. An 
analysis of archaeological material showed that 6 
localities of A. aestivalis were located in areas in 
which archaeological relics had been recorded; 
these constituted the riuns of a Mediaeval fortified 
settlement, surrounds and settlement, necropolis 
from the Roman period and two indefinable 
objects of Mediaeval origin (Fig. IB: Nos. 1-6). 
The following two localities are situated on the to
ps of hills, in the immediate vicinits (150-200 m) 
of recognized Mediaeval settlements (Fig. IB: 6-
7). The surface material collected does not indicate 
its monumental character, although its location and 
neighbourhood do not exclude this; these areas 
would thus require final professional confirmation 
in the field . The only ephemeral habitat investiga
ted (Fig. IB: N. 9) is located close to excavations 
of clay for the brick works , most probably on a ba
se artificially covered over with soil taken from 
the surface layer of the excavation, the Adonis ae
stivalis mainly concentrating in places where there 
is a distinctly lower concentration of wheat and in 
the unsown gaps. In the remaining ephemeralloca
lities observed, A. aestivalis mainly occurred in 
the ecotons on the boundary of the field, along the 
boundary of upland and sides of the Vistula valley 
(Fig. lB). 

2.2 Soil conditions 

The soil on the archaeological sites investiga
ted, differed distinctly from that where there was 
black earth (Figs. 2,3). The differences consist in, 
among other things, the morphology of soil profi
les, the presence of foreign substrata influencing 
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En~' 1I!Il3D4D~~ 

Fig. 2 - Vertical profIle of culture layer Iwith cavel in forti
fied settlement: a - in locality lA /see Fig. 1/ and black earth 
soil profiles; b - on stable and flat area, e - on denuded area. 
I - dark-grey clayey soil with daub and pottery, 2 - dark 
brown clayey soil , small amount of daub, 3 - dark clayey soil 
well saturated with charcoal, 4 - yellow clayey sand, 5 - vir
gin soil = natural layer, 3+4 - cave, Ap - plough layer, At -
humus horizon, C - parent roek la: after Szymanska 1973b/. 

the change of mechanical structure, chemical 
composition and colour of the superficial hori
zons. Soil samples taken from archaeological sites 
are mainly less compact than in the control areas, 
which means that aeration is more favourable for 
the Adonis aestivalis and other components of the 
Caucalidion alliance. All the pieces of daub, pot
tery, bones, clinker and coal, as 'well as stones 
(particularly numerous on site 7), fulfil the func
tion of the soil skeleton which does not occur at 
all in black earths. The may thus be the reason for 

-A.a~ 

A B 

-A.o rtl 
A B 

-Aa~ 
A B 

-Aolfi 
A B 

Fig . 3 - CaCO} content in plough layer and mean values of 
ecological indices of weeds lacc. to ELIenbcrg 1979/ in patches 
with Adonis aesrivalis IA/ and control areas /BI 
R - mean reaction figure, F - mean moisture figure, T - mean 
temperature figure , N - mean nitrogen figure, I - 9 numbers 
of localities, see Fig. I. 
pr - parent rock, d t - large pieces of daub, d2 - small and de
caying pieces of daub, d3 - fired daub, A.a. - values of figures 
indices of A. aestivalis omitted. 
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the soil conditions on sites of former settlements 
becoming similar to those on the rendzinas. 

A quantitative analysis revealed that the 
CaC03 content is the plough layer of all localities 
of Adonis aestivalis lying on the boundaries of ar
chaeological monuments (with the exception of 
area 5), is much higher as compared with the con
trol area (Fig. 3). As previously mentioned, all 
soil samples from these sites contain fragments of 
daub, sometimes quite substantial, of varying de
grees of degradation and weathering. The highest 
CaC03 content (about 15%) was noted in the lar
gest, non-weathered pieces of daub with diame
ters of up to 10 cm, found on the surface of the 
soil. This is a quantity similar to that found in the 
parent rock of the soils examined, and distinctly 
greater than in the plough layer; this difference is 
particularly striking as compared with the control 
areas. Field observations indicate that the daub 
undergoes gradual granulation, weathering and 
degradation, the results of analyses also sugge
sting a drop in the CaCO, content with the natural 
disintegration of particies (Fig. 3). These facts 
lead to the conclusion that in part, at least, daub 
constitutes a secondary source of CaC03 in the 
superficial layer of soil on the sites of archaeolo
gical monuments. 

This does not, however, explain convincin
gly, the high CaC03 content in the cemetery (Site 
4), as only small quantities of daub were found 
there, or the very low CaC03 content at site 5, 
where, although there was a substantial quantity 
of daub, the CaC03 content was low (lower even 
than on part of the control area). There are three 
possible explanations in the case of cemeteries. 
The first assumes the possibility of overlooking 
traces of former settlements which might have 
existed irrespective of burials from earlier pe
riods. This assumption, although backed by the 
presence of daub, is improbable due to the length 
of time and accuracy of investigations carried out 
on the site (already commenced in XIX century). 

There must, therefore, exist another mechani
sm for enriching the superficial layers of soil with 
CaC03• This would play a decisive role where the
re was a lack of daub, or only a small quantity. 
One possibility is the extracting of loams rich in 
CaC03 to the surface, from lower levels, during 
the digging of graves and again during archaeolo
gical excavations. The same factor might have 
played an essential, or even fundamental role in 
settlements and fortified settlements, whilst dig
ging moats, pits (i.e. parts of the dwellings which 
were immersed in the grou'nd, see Fig. 2), and 
others, also during the building of ramparts. 
Another possible factor is denudation. This consi-

sts, among other things, in the uncovering of dee
per levels of soil as the result of degradation and 
the removal of the surface layers, particularly in 
sloping and upland areas. This appears in a distinct 
lessening of the thickness of the humus horizon 
which is relatively poor in CaC03• This means the 
slow diminishing of the occurrence of parent rock 
rich in CaC03, its being ploughed up to the surfa
ce, resulting in an essential increase in CaC03 con
centrations in the plough layer. As opposed to the 
previously discussed local extraction of loams, all 
localities of Adonis aestivalis, both permanent and 
ephemeral, as well as the control area, undergo de
nudation, as well the sites are located along the ed
ges of uplands and the tops of hills. Although sub
stantially stimulated by human activity, this natural 
factor may thus also explain the high CaC03 con
tent in control samples and the ease with which the 
A. aestivalis is temporarily propagated along the 
boundaries of fields on hill tops and sides of the 
Vistula valley (Cf. Fig. 1). 

It is much more difficult to explain the per
manent presence of A. aestivalis on site 5, i.e. on a 
less clearly defined settlement site where the surfa
ce soil is noticeably poorer in CaC03 as compared 
with the other permanent localities of the species. 
This locality is on the edge of a'n upland, in a 
poorly outlined depression, where there may be an 
accumulation of material with a low CaC03 con
tent, denuded from the parts of the field situated 
somewhat higher. The surface soil sample might 
thus have contained allochthonous material. This 
difference may not, however, be essential for the 
A. aestivalis taking root much deeper (acc.to 
HEGI, 1974, to 80 cm). Another explanation is si
milar, with the one difference that surface material 
and A, aestivalis seeds were carried down and then 
settle, the greatest accumulation of A, aestivalis 
suggesting this point as the optimum sampling si
te. The third explanation is based on the assump
tion that the site and sampling method were good 
and the presence of A, aestivalis was influenced by 
some other, unknown factor which compensating 
for the lower quantity of CaC03 in the substratum. 
In accordance with this assumption, this factor 
does not occur outside the settlement areas, hence 
Adonis aesivalis does not appear there permanen
tly, despite the much higher concentration of 
CaC03 in the surface layer. 

2.3 P hytocoenotic relationship 

The vegetation on sites of the permanent oc
currence of Adonis aestivalis also 'differs noticea
bly from the control areas (Table 1); at the same 
time, it should be remembered that the latter are 
representative of fields in the region investigated. 
These differences concern both cultivated plants 
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Tab. J - Comparison of phylococnoscs with Adonis aestivalis (A) with control patches (B) 

Nuaber of locality 

Dat. 

Cover 
Expo,~ 
Slope 

1 2 

5 5 8 
8 8 6 

79 79 83 
30 70100 

S saw SE 
5 10 5 

19 
7 

80 
80 
lIE 

5 

6 7 8 
19 19 8 28 

7 7 6 6 
80 80 8' 85 
80 70 40 60 
E E 
5 - 10 

B 

9 2 4 7 8 9 
12 5 5 8 19 19 19 8 28 12 

7 8 8 6 7 7 7 6 6 7 8' 79 79 83 80 80 80 83 85 83 
70 50 60100 70 70 70 90 90 70 

S S - NEI !lIE lIE - NIl 
5 5 5 5 10 5 

Area ot record 150150100150100100100150100 150150100150100100100150100 
Numbe1'" of loI •• d species 

Cultivated: 
Tr 1 ticUJII vu.lgare 
Hordeum vulgare 
Avena sativ& 
Lolium perenne 
Hordeum d1stlchum 
Brassies napus 
Brassica napus 

napobrasslca 
Secsle cereale 

30 30 34 34 40 30 19 2' 22 20 27 16 " " 22 18 19 18 

4 

Sporadic special!: A: 8 - Oactylls slocaerata +, ".atuc. pratens1a +, Phlewa pratenae +, Poa pratenaa 
Ch. Caucalldloa laopulae: 

Adonis aestlva.l1s 
Consolide regalb 
Aethus8 cynaplum 
Euphorbla exigua 
LathYnJB tuberosua 
Ranunculua arvenets 
Avena latus 
S1lene noctltlora 

Ch. Centauretalla cyan1: 
Veronica hederlfolla 
Papaver rhoeal!l 
LltbospeMrUlD arvense 
Apera spica-vent! 
Papaver arge..one 
Centaurea cyanua 
Viela tetrasperma 

Ch. Stellarletea IDediae: 

Stellaria media 
Fallopia convolvulus 
!hlsspi arvense 

~!l~~:~re~1:ulm:ri timum 
Chenopodium album 
Ceranlum pus ilIum 
Sonchus 8S per 
Polygonum heterophyllum 
Viola arvensis 
Euphorbia helioscopia 
My080tls erven.sis 
Veronica pollta 
TUssi18t;o ferfere 
Sinapis arvensis 
Atri:plex patulum 
Capsella bursa-pastoris 
Sonchus arvensis 
Veronica persica 
Geleopsis tetrahl t 
Descurainia sophis 
AnAgallb arvensis 
PolygonUII tomentosum 
Veronica opaca 
Fumaria officinalis 
Erod.lum cicutarium 
Sonchus oleraceus 

Accompanying spec les : 

Gal1um aparine 
Agronyron reoens 
Convolvulus arvensis 
Taraxacum o!'flcinale 
Clrsium arvense 
Cempanula raounculoides 
Le.osana communis 
Melandrlum. album 
Arct1um tomentosum 
Tri!'olium re pens 
Galium snurium 
Rumex crispus 
Falcaria vulgaris 
Chaeroohyllum bulbosum 
Veronica arvens is 
Carduus personate 
Medicago luoulina 
Cemelina microcarpa 
Arenaria seroylli!'ol1a 
Polygonum amnhiblum 
Equisetum arvense 
Stachys pelustrls 
Galeoosis bifida 
Rubus sp. 
GaleoD.!.I1s pubescens 
Trifolium oratense 
Sherardia arvens is 

r 

+ 
+ 

+ 
+ 

• 

+ . 
+ + 

1 

+ 

. 
• 

+ 
+ 

r 

+ 
+ 

+ 
+ 

+ 
+ 
1 

;0 + 
+ 

. 
1 

+ 
r 

g~~~~!\:~~~~~:~~: r~ ; :l:~~~u~~;e~~;: :; ~u;e~!~=~~~: ~8~r:l~~~~a;~ :~~~l!~ 7 d~b~~i;' 
cracca .; B: 2 - Senecio 81' •• , 5 - Lathvrus pratens1s .; 7 - Symphytum officinale rO: 9 - Arte
'Ilis la vulgaris ., Poa trivialis •• 
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and weeds. In the area of archaeological monu
ments, wheat has a lower vitality - it is about 1/3 
less in height, yellowish and grows in less com
pact groups. These facts conform with those gene
rally known in archaeology. The phytocoenoses of 
field weeds in the terrain of confirmed archaeolo
gical monuments have richer flora than the con
trol areas - there are, on overage, 11 more spe
cies of weeds (Fig. 4). In the remaining three 
locations of Adonis aestivalis , these differences 
are much less significant, but the general confor
mity is the same. Almost all phytocoenoses in 
which Adonis aestivalis is present are also richer 
in other species characteristic of Caucalidion al
liance. 

Considering the combination of species con
taining a large proportion of calciphilous plants 

" ~ 
, ~ 
0 

AB 

Fig. 4 - Number of weed species in the records compared. 
1 - 9 - numbers of localities, see Fig. 1. 
A - patch with Adonis aestivalis. B - control patch without A. 
aestivalis. 

they have been included in the association of 
Lathyro-Melandrietum Oberd. 1957; this is one of 
the most northerly situated locations of this asso
ciation and the Caucalidion alliance in Poland 
(SZMEJA 1987, HERBICH in print). 

Comparison of all the phytocoenoses contai
ning Adonis aestivalis applying the lackard and 
Steinhaus formula with Romaniszyn 's modifica-
. (PI 2 c x 100% ) . d" 1 fi tiOn , = a + b _ c ' qUIte tstmct y con trm 

the relationship of areas containing confirmed ar
chaeological monuments and separates them from 
the remainder (Fig. 5: 1-6 and 7-9). 

An analysis of the mean values of ecological 
indices calculated for weeds in the areas, indicates 
the recurrence of flori stic-habitat conditions on 
archaeological sites (Fig. 3: lA - 6) and their dif
ference from the control areas (Fig. 3: lB - 6B), 
namely a greater calciphility (R) and thermophi
lity (T) , with a simultaneously lower humidity (F) 
and fertility (N). Although some differences are 
statistically unimportant, they illustrate concor
dance with the general tendency. After rejecting 

the index numbers characterizing Adonis aestiva
lis from the calculations, very similar results were 
obtained. This would indicate that not only the 
presence or lack of A. aestivalis influences the 
floristic-ecological similarity or differences in the 
areas analyzed. 

3. The problem of the appearance and 
disappearance of Adonis aestivalis 
localities along the lower Vistula 

The results given are related to two que
stions, namely, that of the time and way in which 
Adonis aestivalis appeared along the lower Vistula 
and the reasons for the disappearance of the majo
rity of localities over the past several score years 
(Cf. ABROMEIT 1898-1940 and Fig. 1). They 
did not constitute the subject of detailed studies, 
as this would exceed the aims set, hence they are 
only mentioned preliminarily; this concerns, in 
particular, the first problem. 

The determining of the time at which Adonis 
aestivalis appeared is impossible in view of the 
lack of palinological and archaeological source 
material. The fact that A. aestivalis is an ar
chaeophyte and found on Bronze Age excavations 
in Czechoslovakia (GIZBERT 1971), comparison 
with the age of settlement and agriculture along 
the lower Vistula might suggest that it appeared 
here a long time ago. On the other hand, the spa
tial relationship of all the localities with the trade 
routes in the whole of Poland's lowland, particu
larly grain trade along the lower Vistula in XV
XVII centuries (Fig. 6, Cf. KORNAS 1966, CZA
PLINSKI, LADOGORSKI 1979), might suggest a 
much younger origin of the plant along the lower 
Vistula. The acceptance of the first possibility 
does not, of course, exclude the second, as a se
condary appearance of the species. It should, 

Fig. 5 - Diagram and dendrite constructed on the base of flori
stical similarity of patches with Adonis aestivalis / cultivated 
plants excluded/. 
I - 9 - numbers of localities, see Fig. 1. 
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Fig . 6 - Localities of Adonis aestivalis in Poland against the 
background of the occurenec of rendzinas and the trade routs 
in XVI century. 
1 - localities of A. aestivalis, 2 - main areas of occurence of 
rendzinas - the centre of distribution of A. aestivalis in Poland, 3 
- main overland routes, 4 - eom ports, 5 - com trade water routes 
(1,2 after Komas 1966,3-5 aftcr Czaplinski, Ladog6rski 1979). 

however, be emphasized that considering the ma
terial available, this is purely speculation. 

It would seem much simpler to explain the 
shrinking of the local range, as basing on material 
from both historical and contemporary localities, 
the following reasons for the disappearance of A. 
aestivalis can be formulated: 1) abundant fertili
zing of fields with fresh manure; 2) the universal 
introduction of new plants (Papilionaceous, mai
ze), which with their specific periods and types of 
agrotechnical operations, effectively eliminate al
most all grain weeds; 3) continous or periodic 
changing of fields for the long-term cultivation of 
grass or pasture; such a change in the utilization is 
also one of the forms of protecting archaeological 
monuments. Together with the universal intensifi
cation of agriculture, these effects might conside
rably restrict both the regional and local range of 
Adonis aestivalis to habitats most unfavourable to 
the plant, and usually related to the loams rich in 
carbonates from the region of Gniew. 

4. Conclusions 

1. In the area investigated, such archaeologi
cal monuments as ruins of fortified settlements, 
settlements and cemeteries constitute local refu
ges of Adonis aestivalis, hence the plant has tem
porarily spread to other habitats abudant in cal
cium carbonate. 

2. The basis factor influencing the permanent 
survival of Adonis aesrivalis on the localities in-
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vestigated today, is the mechanical raising to the 
surface of soil abundant in calcium carbonate 
from the lower horizons of the profile. This may 
be in the processed form (daub) or in its natural 
state; in the second case this takes place during 
the digging of pits, graves, moats and excavation 
investigations - the latter playing the least role. 

3. Fragments of daub together with pieces of 
bone, clinker etc., constitute the soil skeleton 
which, together with the loosening of the soil du
ring digging, improves the porosity of the heavy, 
compact Gniew black earths. As a result, the con
ditions become partially similar to those existing 
in rendzinas, which constitute the optimum habi
tat for Adonis aestivalis in Poland. 

4. Denudation, causing the uncovering of 
deeper layers of soil abundant in CaC03, would 
appear to play the basic rule in the local shifting 
of ephemeral localities of Adonis aestivalis. 

5. Factors favouring the survival of Adonis ae
stivalis localities also favour the development of 
the Lathyro-Melandrietum Oberd. 1957 associa
tion, which forms island locality in the area studies, 
far beyond the boundary of the continuous range of 
associations of the Caucalidion alli~nce in Poland. 

6. In two cases, the presence of Adonis aesti
va/is helped in the finding of a former settlement 
site previously unknown to archaeologists. This 
fact would apepar to emphasize the relationship 
between the contemporary vegetation and former 
settlements. 

7. The results obtained indicate that former 
settlement sites, at present fields, may constitute 
local refuges of segetal archaeophytes outside the 
boundaries of their continuous range. 

8. The relationship between the historical and 
contemporary distribution of Adonis aestivalis lo
calities along the banks of the lower Vistula and 
other parts of lowland Poland, and the early trade 
(particularly that of grain) routes, would seem to 
suggest the path along which this species was pro
pagated in the past. 

Zusammenfasung 

Einfluss friiherer Ansiedlungen auf die gegenwar
tige Verteilung von Adonis aestivalis L. an der unteren 
Weichsel (Nordpolen). 

Adonis aestivalis tritt in Polen hauptsachlich auf 
den Kreidemergelerden in siidlichem Teil des Landes 
hervor, dagegen in Mittel und Nordpolen hat sie nur sel
tene Fundorte auf anderen Bodenarten, die auch reich an 
CaC03 sind. In Nordpolen konzentrieren sich die Fun
dorte an der unteren Weichsel. Das sind die Bereiche der 
friiheren, hauptsachlich mittelalterlichen Ansiedlungen. 
Man erforschte fast alle bekannten Fundorte von Adonis 
aeslivalis in dieser Region und stellte fest, dass zur Zeit 
ein dauerhaftes Hervortreten dieser Gattung auf den Fel
dem sich fast ausuchliesslich nur auf der Oberflache des 
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archeologischen Denkamals berschrankt. Agrophytocoe
nose mi A . aestivalis, im Vergleich mit der Nachbar
schaft, hat auch eine grossere Zahl von Arten, darunter 
besonders charakteristish flir den Caucalidiol1 - Verband. 
Die Oberflachenschicht des Bodens, auf den archeologi
schen Fundorten, enthalt zahlreiche Fragmente von Leh
mestrich, Keramik, Knochen usw., sowie auch eine gros
sere Menge von CaC03• Das verursacht, dass sich der 
Boden von der Typischen Schwarzerde unterscheidet, 
die in der Umgebung archeologischer Fundorte hervor
tritt und sich den Kreidemergelerden angleicht. Es 
scheint, dass die spezifischen, lokalen Eigenschaften des 
Standortes eine gegenwartige, dauerhafte Anwesenheit 
von A. aestivalis auf dem erforschten Gebiet ermogli
chen. Die Gebiete ehemaliger Ansiedlungen und Graber
felder erflillen jetzt die Funktion 10ka1er Refugien von A. 
aestivalis an ihrer Verbreitungsgrenze. 

Summary 

Adonis aestivalis occurs in Poland mostly on 
rendzinas in the southern part of the country, whereas 
in its central and northern parts there are only a few lo
calities on the other kinds of soils, but also rich in 
CaC03• In northern Poland the localities are concentra
ted along the lower Vistula banks . This is an area also 
rich in earlier settlements. Almost all known historical 
and all contemporary localities of A. aestivalis in this 
region have been investigated. It was found that this 
species permanently exists only within the limits of ar
chaeological sites. The greater number of species, parti
cularly those characteristic of the Caucalidion alliance, 
distinguishes these agrophytocoenoses from the sur
rounding ones. The upper layer of soil on the sites of 
earlier settlements etc. contains numerous pieces of 
daub, pottery, bones and the like and also a much hi
gher CaC03 content. The soil thus becomes similar to 
rendzina and differs from the heavy black soils of the 
neighbourhood. Tt seems that these specific local featu
res of present-day habitats on archaeological sites ren
der possible the contemporary permanent occurrence of 
A. aestivalis in he investigated area. Earlier settlements 
and graveyards function now here as local refuges of A. 
aestivalis at the edge of its geographical range. 
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Braun-Blanquetia 3 (2), 1989 IAVS Symp. Vegetation in Settlements 

Spontane Vegetation auf den Boschungen des Elbe-Seitenkanals 
im Bereich der Samtgemeinde Bodenteich 

Schwerdtfeger G. 
Am Tallnennloor 34, Suderburg 1 - 3113 Germany. 

Keywords: Plant communities, embankment, channel. 

Abstract 

Ten years after the opening of the ESK (Elbe-Sei
tenkanal) plant communities are studied on a one meter 
strip of the embankment. 

1. Vorbemerkungen 

Der Anfang der 70er Jahre in Betrieb genom
mene Elbe-Seitenkanal verbindet mit einer Uinge 
von 115 km die Elbe mit dem Mittellandkanal 
zwischen Braunschweig und Wolfsburg. Neben 
der Schiffahrt wird er auch in gro13erem Umfang 
fUr die Feldberegnung genutzt (Abb. 2, NIET
FEID 1986 und SCHWERDTFEGER 1987). 

Wnse'lOlO9!lbrellO • 53 m 

F ohrwlSwrtJreit. • 35 m 
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• 26 bi,29 m 

• 1 : 3 . 

• 4.15 bi, 4.65 m 

'166 m2 

• 7. 

Zur Beobachtung der Vegetation an den Bo
schungen des Kanals ist die Strecke vom km 41 
bis zum km 53,3 - Stidgrenze der Samtgemeinde 
Bodenteich bis zu deren Nordgrenze am Sperrtor 
Wieren gut geignet. Hier verUiuft der Kanal 
sowohl im Einschnitt als auch auf einem Damm 
(Abb. 1, BELLIN 1975). Der Boschungsbereich 
bis 1 m tiber dem Kanalwasserspiegel ist durch ei
ne mit Asphalt vergossene Steinlage befestigt. 

Wahrend die tiber dieser Steinlage befindli
ch en Boschungsbereiche angesat und teilweise 
bepflanzt worden sind, soli die Steinlage durch 
den Asphaltvergu13 weitgehend vegetationsfrei 
bleiben. Hier hat sich jedoch in einem Jahrwehnt 
eine spontane Vegetation eingestellt, die wahrend 
der Vegetationsperiode 1987 und im Friihjahr 
1988 untersucht wurde. 

Srlicke 

~ '. 
; '0111111~r==:::;Qk;4kGJ¥!;:t~11111111111 1 

I ~ ,,.., ~ /lUI 

~" .• --J 

Abb. 1 - Kanalquerschnitte. 
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2. Der untersuchte Streckenabschnitt 

Der Kanalkilometer 41 liegt an der Siid
ostecke des Liiberbruchs im Bereich des Staats
forstes Knesebeck. Daran schlieBen in nordlicher 
Richtung bis zum km 46 AckerfHichen der Ge
markung Ltider an. In der Ortslage dieses Dorfes 
wird der Kanal von drei StraBenbriicken gekreuzt. 
AnschlieBend unterquert die Aue, Quellfluf3 der 
Ilmenau, in einem Diiker den Kanal. Hierzu wird 
dieser auf einer ersten Dammstrecke im Unter
suchungsabschnitt gefiihrt. 

H-AM-aURG 

-r-
I 

~ ETI WL 

~8 : 
~-.I' 

,- ' 

,--
--~ UE 

\ 
_T_ ... 

\ 
\ 

In der Ortslage Bodenteich ist am Ostufer ei
ne durch eine gerammte Spundwand gesicherte 
Schiffsanlegestelle von etwa 300 m Llinge 
vorhanden. Nordlich davon kreuzen zwei StraBen
briicken und eine FuBgangerbriicke den Kanal. 
Letztere verbindet zwei Neubaugebiete tiber den 
hier im Einschnitt verlaufenden Kanal. Nordlich 
des Fleckens Bodenteich durchschneidet der Ka
nal ein Waldgebiet, das ein Auslaufer der westlich 
gelegenen Wierener Berge ist (ab km 49,5). 

Der restliche Untersuchungsabschnitt des 
Kanals bis zum Sperrtor Wieren bleibt am 

I 
r-

E:Hnahn . 

• 3«.gnunc;. 

- 40 -
o 

- 3 -

Abb. 2 . Bercgnungsvcrbandc am Elbc·Scitcnkanal. 
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Tab. 1 - Spontane Vegetation am Elbc-Seitenkanal in dcr Steinbtischung 1987/88 im Bcrcich der Samtgemeinde Bodcnteich 

Acer campestre 

Achillea millefolium 

Aegopodium podagraria 

Agrostis tenuis 

Alchemilla vulgaris 

Alnus glutinosa 

Anthriscus sylvestris 

Apera spica-venti 

Artemisia vulgaris 

Bellis perennis 

Betula pendula 

Capsella bursa-pastoris 

Cerastium holosteoides 

Cerastium arvense 

Chrysa~hemum vulgare 

Cirsium arvense 

Cirsium vulgare 

Conyza canadensis 

Corylus avellana 

Corynephorus canescens 

Dactylis glomerata 

_ E chi u.m v u I 9 are 

Epilobium angustifolium 

Equisetum arvense 

Erodium cicutarium 

Erophila verna 

Festuca arundinacea 

Festuca ovina 

Festuca rubra 

Frangula alnus 

Fraxinus excelsior 

1 2 3 4 5 

r ? 

+ 1 + 2 

1 + 

III 2 1 
2 

2 

I Z + 

+ I + 

I 3 I 

+ 

I Z I 

+ 

I 
I + 

I 

Z + 

I 

Z + 

+ 

I 

+ 

I Z I 3 + 

1 

+ I 

2 

+ 

1 

+ 

1 

+ 

I + + I + 

+ 

+ 

I Z I 3 + 

+ 

+ + 

Z 

3 

+ I + Z I 
+ 

11+ 1 + 

+ 

363 

I km 41 - 46 freie Landschaft mit Wald ( Staatsforst LGderbruch) 

Z km 46 - 47 Ortslage LGder 

3 km 47 - 48 freie Landschaft 

4 km 48 - 49,5 Ortslage Bodenteich 

5 km 49,5-53,3 freie Landschaft- Waldrandlage am Wierener Berg 
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Tab. 2 - Spontane Vegetation (Fortsetzung) 

1 2 3 4 5 

Fumaria officinalis + r 

Gnaphalium uliginosum + 1 

Heracleum sphondy lium 1 2 2 3 1 

Hieracium pilosella + 

Holcus lanatus 1 

Hypericum perforatum 1 2 1 3 + 

Juncus effusus + 1 

Mentha aquatica + ? 

Molinia caerulea r 

Myosotis palustris + 

Oenanthe aquatica 1 + 1 

Origanum vulgare + ? 

Peucedanum palustre + 1 

Pinus sylvestris r 

Plantago lanceolata + 1 

Poa annua + 1 + 1 

Poa pratensis + 

Poa trivialis + 1 + 

Potentilla anserina 1 2 + 1 + 

Ranunculus rep ens 2 3 1 2 + 

Rubus fructicosus + 1 

Rumex crispus + 

Sagina procumbens + 

Salix aurita 1 + 2 r 

Salix cap rea + 1 r 

Salix cinerea ? + 

Salix purpurea + 2 + 1 1 

Sambucus nigra + 

Sarothamnus scoparius 1 r 

Scleranthus annuus + 

Senecio vulgaris 1 2 1 + 

Sisymbrium officinale 1 3 1 2 + 

Solidago gigantea + ? 

Sorbus aucuparia + 1 r 2 r 

Taraxacum officinale 1 3 1 2 1 

Trifolium repens 1 + 

Tussilago farfara 2 

68 Zahl der beobachteten Arten 35 49 25 47 19 
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Ostrand des Waldgebietes der Wierener Berge. 
Die Forsten bestehen an Stelle des dort heimi
schen Querco roboris-Betllletul7I tiberwiegend aus 
angepflanzten, artenarmen Pil1l1s syll'estris- Be
standen. 

Aus dieser Beschreibung ergibt sich die Auf
teilung der untersuchten trecke in die flinf Absch
nitte, die in Tabelle 1 aufgefUhrt sind. 

3. Die pflanzensoziologische Einordnung 

In Tabelle 1 sind 68 Species aufgefUhrt, die 
in den fUnf vorstehend beschriebenen Untersu
chungsraumen beobachtet worden sind. In den 
beiden Orstlagen LUder und Bodenteich sind mit 
49 und 47 Species mehr als doppelt so viel wie im 
nordlichen Abschnitt an denWierener Bergen beo
bachtet worden. 

Mit dies er geringen Artenzahl konne die 
Pflanzenbestiinde nur als spontane Vegetation an
gesprochen werden. Bei der grof3en Ltickigkeit 
der BesUinde konnen Assoziationen allenfalls na
ch mehrjahrigen Beobachtungen erfaf3t werden. 
Dabei besteht die Gefahr, daf3 bei der geringen 
Artenzahl Fragmente zu wenig aussagekriiftigen 
Tabellen fUhren. 

Eine pflanzensoziologische Kartierung ist au
ch in der weiteren Umgebung nicht erfolgt. Die 
nachste Lokalflora mit ausflihrlichen Angaben der 
fundorte ist in etwa 100 km Entfernung fUr den 
Landkreis Harburg verOffentlicht worden (MOL
LER/HORST 1983). 

1111 Rahmen der «Mitteleuropakartierung» 
liegen beim Niederslichsischen Landesverwal
tungsamt, Dezernat Naturschutz, Landespflege, 
Vogelschutz in Hannover Pflanzenlisten vor. Die
se hat der damalige Naturschultz-beauftragte des 
Landkreises Uelzen nach eigenen Feststellungen 
bei vielen Begehungen in den Jahren 1947-1972 
aufgestellt (WILDFEUER 1972). FUr die TK 25 
3129 Wieren sind 752 Sippen und fUr die TK 25 
Bodernteich 654 Sippen verzeichnet. Die in den 
Steinboschungen 1987 beobachteten 68 Artenha
ben danach an der gesamten Gebietsflora einen 
anteil von etwa 10%. 

Dies entspricht einer angabe von BRANDES 
(1988): «Von insgesamt 238 Ruderalpflanzenarten 
des Braunschweiger Umgebung sind nur 10,9% 
der Sippen in mehr als 90% der untersuchten TK 
25-Quadranten vertreten. Die Hiilfte der Arten ist 
jeweils in weniger als 30% der Quadranten 
vorhanden». 
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4. Rudcralpflanzen 

Die spontane Vegetation auf den mit SteinIa
gen befestigten und mit Asphalt vergossenen Bo
schungen des Elbe-Seitenkanals kann bei der bis
herigen Entwicklung nicht als Ruderalvegetation 
angesporchen werden. 

«In der Definition werden Ruderalgesell
schaften charakterisiert aIs vom Menschen "stark 
gepragt". Der Begriff "Starung" wurde absichtlich 
vermieden, da er eine "Unterbrechung des Nor
malZllstandes" impliziert. Derartige Eingriffe sind 
aber essentieller Bestandteil des "bkosystems Ru
deralgesellschaft"». (F1SCHER 1988). 

In der Naturlandschaft Mitteleuropas gab es 
immer wieder offene, konkurrenzarme Wuchsorte 
durch Wind- und Gewiisseranrisse, um Tierbauten 
und an frilhen SiedlungspHitzen. Schon in der 
]ungsteinzeit fUhrte der beginnende Ackerbau mit 
zunehmender Besiedlungsdichte zur Einwande
rung von Arten aus dem Mittelmeergebiet und aus 
Vorderasien. Erst zu Beginn der Neuzeit kamen 
auch Arten aus Ubersee vor allem aus Nordame
rika nach Mitteleuropa, die das heimische Arten
inventar deutlich vermehrten. Sie alle fanden an 
diesen, in unserer modernen Kulturlandschaft zu
nehmenden, vorhandenen WuchspHitzen einen 
geeigneten Standort. Die Ruderalvegetation im 
weiteren Sinne bedeckt daher in der Bundesrepu
blik Deutschland einen hoheren FWchenanteil als 
aHe Naturschutzgebiete des Festlandes zusammen 
(BRANDES 1988). 

Der untersuchte Boschungsstreifen am Elbe
Seitenkanal ist durch den Asphaltverguf3 der 
Steinlage schwer zu besiedeln. Asphalt ist aber 
ein Naturprodukt, das nicht so besiedlungsfeindlich 
ist wie Beton, der fUr die Befestigung von 
VerkehrsfWchen eingebaut wird. FUr letztere triff! 
BRANDES (1988) die Feststellung: «Auf versie
gel ten bzw. tiberbauten FWchen kannen sich nur 
noch Fragmentgesellschaften aus triviaIen Arten 
entwickeln». 

Bei der Besiedlung auf der untersuchten Bo
schung sind mehrjahrige Arten den einjahrigen 
deutlich Uberlegen. Dies findet in der Zusammen
setzung der Vegetation seien Ausdruck. Von 68 
gefundenen Arten sind nur 11 Therophyten. 

Ob auf diesem Standort eine Sukzession zu 
einer anniihernd stabilen Klimax-Gesellschaft ma
glich ist, kann aus den kurzfristigen Beobachtun
gen noch nicht abgeleitet werden. An Stelle der 
oft uferbegleitenden Hochstaudengesellschaften 
der Phragmitetea kann es an diesem Standort 
wahrscheinlicher zu einer Geholzvegetation aus 
der Klasse der Allletea und Salicetea kommen. 
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Zusammenfassung 

Am Elbe-Seitenkanal sind die durch Steinpackun
gen gesicherten Boschun ge n bis etwa ein Meter 
overhalb der Wasserlinie mit Asphalt vergossen und 
sollen dadurch vegetationsfrei bleiben. Im Laufe eines 
Iahrzehnts sind jedoch zahlreiche Pflanzenarten durch 
natiirlichen Anflug zum Keimen und Durchwachsen 
der Asphaltdecke gekommen. Dieser Anflug is! nach 
Artenzahl und Wuchskraft in den beiden Ortslagen Bo
dernteich und Uider deutlich groBer als auBerhalb. Die 
pflanzensoziologische Einordnung wird auch im Hin
blick auf benachbarte Ruderalgesellschaften diskutiert. 

Summary 

The stone-embankment of the new channel «El be
Seitenkanal» was filled with asphalt upto one meter 
above the water-line to keep it vegetation-free. But in 
one decade numerous plants, that got there by deposit 
of airtransported seeds, have germinated or grown from 
the under-layer through the asphalt. 

In the surrounding locality of the two villages Bo
denteich and Uicler is the number of species and their 

growth higher and stronger as in the other parts of the 
enbankment. The future possibility of the succession of 
plantcommunities is discussed also in regard to the 
neighbouring ruderal-societies. 
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Braun-Blanquetia 3 (2), 1989 1AVS Symp. Vegetation in Settlements 

Toleranz eines fragmentarischen Bryo-Saginetum procumbentis auf 
einem sUidtischen Parkplatz gegenliber Schwermetallanreicherung 

Bernhardt K.-G., Markert B. 
Speziel/e Botanik und Systemforschung, Universitiit Osnabriick, Postfach 4469, 4500 Osnabriick, Germany. 

Keywords: Bryo-Saginetum procumbentis, soil seed bank, contamination, chemical elements. 

1. Einleitung 

Urbane Trittrasen werden insbesodere im in
nersUidtischen Bereich als Parkplatz genutzt. 
Hierbei sind sie aufgrund des sUindigen Befahrens 
nicht nur einer sUirkeren Verdichtung ausgesetzt, 
sondern aufgrund der Kfz-Frequentierung auch ei
ner starken Schwermetallbelastung. 

Achon zu Beginn der siebziger lahre wurden 
die Auswirkungen dieses StreBfaktors auf einzel
ne Pflanzenarten untersucht (z.B. LAGERWERFF 
& SPECHT 1970, SOMMER et a!. 1971, KLOKE 
1972). Neben dem okologischen Aspekt ist ab er 
auch die synokologische Betrachtung von groBem 
Interesse. 

Wie wirkt sich die Verkehrsbelastung auf die 
floristische Zusammensetzung einer Sonderform 
eines Trittrasens, der Pflasterritzenvegetation aus. 
Diese Pflanzengemeinschaften siedeln in den Fu
gen zwischen Pflastersteinen, Betonplatten etc. 
Kommt es auf diesen FHichen zu einer Verarmung 
der Pflanzengesellschaften? Spielen weitere che
mische Elemente des Bodes eine RoBe, bei der 
Zusammensetzung? Das sind Fragen, die in vor
liegender Untersuchung aufgrund von Vegeta
tions-, Samenspeicher- und Multielement- analy
sen bearbeitet werden sollten (vh!. MARKERT & 
BERNHARDT, in Druck) . 

2. Die Untersuchungsfliichen 

Im zentralen Bereich OsnabrUcks (Norddeut
schland) wurden in einem Wohnbereich (Jahn
straBe) stark und weniger gestOrte «TriUflachen» 
untersucht. 

Samtliche Probeflachen sind Pflasterritzenge
sellschaften. Bei den Aufnahmen 1-5 handelt es 
sich um ParkpJatze, die intensiv befahren und be
treten werden. Die Pflasterung besteht aus Natur
stein . Vergleichsweise wurde ein naheliegender, 
wenig begangener Weg mit einer Pflasterung aus 
Betonplatten und sehr breiten Fugen ausgewahlt 

(Probeflachen 6-9). Die direkte Einwirkung durch 
Tritt und Verkehr ist im Vergleich zu den Probe
flachen 1-5 wesentlich geringer. Im Nachfolgen
den werden die ersten 5, stark gestOrten FIachen 
als P (Parkplatz) und die Aufn. 6-9 als G (Gehweg) 
bezeichnet. 

3. Methoden 

3.1 Vegetationsanalysen 

Die Aufnahme der pflanzensoziologischen 
Einheiten richtet sich nach BRAUN-BLANQUET 
(1964), die Nomenklatur der Artnahmen nach 
EHRENDORFER (1973). 

3.2 Diasporenbank 

Auf jeder Probeflache (1 m2
) wurde der in 

den Ritzen vorhandene Boden entnommen und als 
Mischprobe in Plastikbeutel gefUllt, dabei ent
sprach die Bodentiefe der Tiefe der Pflastersteine 
(ca. 3 cm). Die Probenahme erfolgte nach Beendi
gung der Vegetationsperiode (Anfang November). 

Zur Extraktion der Samen wurde ein SpUl
verfahren verwendet. Nach zahlreichen Literatu
rangaben sind die Arten- und Individuenzahlen 
bei dem SpUlverfahren wesentlich hoher als beim 
Ausstreichen von Bodenproben (BRENCHLEY & 
WARINGTON 1930, KROPAC 1966, 
BERNHARDT & HURKA 1988 u.a.), da hierbei 
einige Samen nicht auflaufen. Der Nachteil aber 
ist, daB nicht alle ausgespUlten Diasporen 
keimfahig sind (FISCHER 1987). Unter flieBen
dem Wasser wurde die Bodenmenge nacheinander 
durch 6 Bodensiebe (2; 1; 0,8; 0,5; 0,2; 0,1 mm) 
gespUlt (vg!. STANDIFER 1980). Die Fraktion je
des Siebes wurde unter einem Binokular nach Sa
men durchsucht. 

3.3. Multielementanalysen 

Um einen ersten Einblick in den Elementhau
shalt von Pflasterritzengesellschaften zu erhalten, 
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wurden vom Standort «Parkplatz» mehrere Bo
denproben entnommen (1 cm Tiefe) und zu einer 
reprasentativen Mischprobe (200 g) vereinigt. Die 
Bodenprode wurde im Vakuumtrockenschrank 
unter vermindertem Druck (20 Torr) 48 Stunden 
bei 50°C get rock net und anschlieBend durch ein 
Nylonsieb (Maschenweite 2 mm) geschickt, 
vakuumverpackt, und an die Universitat London, 
Imperial College, Applied Geochemistry Research 
Group, versand. 

Das folgende AufschluB- und MeBprogramm 
konnte jeweils an zwei Teilen der Gesamtprobe 
durchgefUhrt werden. Je 0.200 g (+/- 0.001 g) des 
Bodens wurden in gereinigte Glas-AufschluB
gefaBe eingewogen, 4 ml Salpetersaure (P.A., 
70%) hinzugefUgt, und in einem aufheizbaren 
Aluminiumblock bei 50°C Uber Nacht stehenge
lassen. Nach dem AbkUhlen wurde 1 ml Perchlor
saure (P.A., 60%) hinzugefUgt und folgendes au
tomatisches Temperaturprogramm aktiviert 
(THOMPSON & WOOD 1982): 

Aujheizsa/ler 

12 h 
3 h 

18 h 
0.1 h 

Temperafllr 

100°C 
150°C 
190°C 
195°C 

Der trockene Riickstand wurde mit 2 ml 
Salzsaure (P.A., 5 M) aufgenommen, 1 h auf 60°C 
erhitzt und anschlieBen mit 8 ml destilliertem 
Wasser versetzt. Nach krtiftigem Schiitteln der 
Proben mit einem Vertex-Mixer und OberfUhrung 
in PlastikgefaBe wurden die Proben mit Hilfe ei
nes ABS/lCP der Firma ARL (34000C) vermes
sen . Die verwardten Gerateparameter sind bei 
THOMPSON er al., 1987, beschrieben. Die Qua
litatskontrolle des gesamten Analysengangs wur
de nach THOMPSON & WALSH (1983) mit Hil
fe von Blanks, Doppelbestimmungen und 
Referenzmaterialien durchgefUhrt. 

4. Ergebnisse 

4.1. Vegetationsverhiiltnisse 

Bei den untersuchten Vegetationseinheiten 
handelt es sich um Trittpflanzen-Gesellschaften, 
die an extreme Standortbedingungen wie etwa 
stantigen Tritt, angepaBt sind (LIETH 1953, 
OBERDORFER 1983). Sie gehoren zur Klasse 
der Plantaginetea majoris Tx. et Prsg. in TX 50 
em. Oberd; et al., zur Ordnung: Plantaginetalia 
majoris TX 50 em Oberd. et al. 67, und zum Ver
band Polygon ion avicularis Br.-B\' 31 ex Aich. 

Tab. J - Sozio\ogie der ulltersuchten POasterritzen (Bedeckungsska\a nach Braun-Blanquet): Brya-Sagillellllll procllmbelllis 

Lfde. Nr. 

FUichengroBe (m2 ) 1 1 1 1 1 1 1 1 1 
Ri tzenbrei te (cm) 5 5 3 4 7 5 3 5 6 
Bedeckunq (% ) 100 90 90 90 100 100 90 90 100 

Artenzahl 7 11 13 10 14 

AC, Bryo-Saginetum procumbentis 
Sagina procumbens + + 

CA: Bryum argenteum + 

VC, Polygonion avicularis 
Polygnonum arena strum + + 

0, K, Plantaginetea majoris, 
Plantaginetalia majoris 
Poa annua 2 
Plant;ago major + + 
Matricaria dlscoidea + + + + 

Begleiter: 
Taraxacum officinale + 
Cera todon purpureus 
Fumaria hygrometria + 
Agrostis tenuis + 3 + 
Conyza canadensis + + + 
Cl!J.psella bursa- pastoris 
Stellar ia media 
Chenopodium album + + 
Achillea millefoliatum + 
Veronica serpyllifolia 
Trifolium repens 
Arenaria serpyllifolia + + 
Senecio vulgaris + + 
Sedum acre + 
Cerastium holosteoides + 
Poa pratensls + 
Rumex acetosella 
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33. Aufgrund der Assoziationscharakterart Sagina 
procumbens und der Differentialart Bryum argen
teum k6nnen die Aufnahmen 1-6 (Tab. 1) zum 
Bryo-Saginetum procumbentis Diem, Siss. et West. 
40 n-inv. Oberd. gezahlt verden. Es handelt sich 
dabei urn eine artenarme Pioniergesellschaft in 
Pflasterritzen auf verdichteten, stark betretenen 
oder befahrenen B6den. Auffalling ist der groBe 
Moosreichtum dieser Ge:sellschaft (Bryum argen
teum, Ceratodon purpureus, Fumaria hygrometri
ca). Die Aufnahmen 6-8 sind nur durch die Ver
bandscharakterart Polygonum arenastrum, die 
Aufn. 9 nur durch Ordnungs- und Klassencharak
terarten gekennzeichnet. Sie zeigen fragmentari
schen Charakter. AuffalIig sind die hohen Bedek
kungsgrade von Poa al1l1l1a in den Aufs. 6-9. Die
se Aufnahmen zeigen Ahnlichkeiten zu der von 
OBERDORFER (1983) angebenen Poa annua
GeselIschaft. 

Die durchschnittliche Artenzahl dieser Auf
nahmen (6) liegen mit 12 wesentlich hoher als die 
der Aufn. 1-5 (P) (Abb. 1). Hier machen sich die 
extremen Standortbedingungen bemerkbar. Zum 
einen sind es die extreme Verdichtung und das 
sUindige Befahren. Dadurch werden die Arten 
gefOrdert, die Ihre Wuchshohe so einschranken 
konnen daB sie dei Maximalhohe der Pflasterstei
ne nicht i.iberragen. Hierzu gehoren die charakteri
stischen «Pflasterritzenarten». 

Dieser StreBfaktor «Befahren» ist auf der 
Flache G nicht vorhanden. Dazu tritt die groBe fu-

Artenzahl(x) 
12 

8 

4 

o 
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CIJ 
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Abb. 1 - Verglcich der mittieren Artenzahl der FJachen (sicht
bare Vegetation und Samenspeichcr). 
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genbreite von z.T. 10 cm. Hier konnen sich auch 
h6herwi.ichsige ruderale Pionierarten ansiedeln 
wie z.B. Capsella bursa-pastoris und Veronica 
serpyllifolia. Dadurch erh6hen sich die artenzah
!en (Abb. 1). 

4.2. Diasporenbank 

Als Samenspeicher wird der Vorrat der 
keimfahigen Diasporen in Boden bezeichnet (vgl. 
ROBERTS 1981, BERNHARDT 1987, FISCHER 
1987). Dieser Samenvorrat beinhaltet nicht nur 
die Arten der sichtbaren Vegetation, sondem auch 
weitere Pflanzen, die aufgrund fehlender Keimbe
dingungen nicht auflaufen (BERNHARDT, in 
Druck). 

Der Samenspeicher der untersuchten Probe
fHichen enthalt im wesentlichen die charakteristi
schen Arten der beschriebenen Pflanzengesell
schaften (Tab. 2). Die Moossporen wurden 
alIerdings nicht bestimmt. 

Auffalling ist die Verschieburg der hoheren 
Artenzahlen zugunsten der FHiche P (Abb. 1). Sie 
liegen hier h6her als auf der ungestorten FHiche. 
Es treten im Samenspeicher einige Arten auf, die 
nur in der aktuellen Vegetation der Flache G 
vorhanden waren (Tab. 2). Dieses Ph an omen 
konnte dadurch erklart werden, daB in der Flache 
G samtliche Pionierarten aufgelaufen sind und der 
Vorrat im Boden aufgebraucht ist. Pionierarten 
mi.issen u.a. in der Lage sein, moglichst schnell zu 

Tab. 2 - Samengehall der untersuchten Aufnahmel1achen 
(Angabe der absoluten Anzahl). 

Lfde. Nr. 

Artenzahl 

AC: 

OA: 

Bryo-Saqinetum procwnbenti8 
Saglna procumbens 

Moose 

vc: Polygonion avicularis 
Polygonum arenastrwn 

QC, KC : Plantaginetea majoris, 
Plantaqenetalia majorie 
Poa annua 
Matricaria discoldea 

B9gleiter: 
Conyza canadensis 
Capsella bursa-pastoris 
Stellaria media 
Chenopodium album 
Veronica cf . serpyllifolia 
Arenaria serpyll1folia 
Senecio vulgaris 
Rumex acetosella 
Potentil1a anserina 
Lepidium ruderale 

1 1 1 1 1 1 
5 5 3 4 3 6 

200 150 180 200 200 200 

10 

/ Moo8sporen konnten nicht determiniert warden 
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keimen, urn der Konkurrenz, z.B. mehrjahriger 
oder rasenbiIdender Arten auszuweichen 
(BAKER 1964, FISCHER 1987, BERNHARDT 
1987 u. in Druck). Das Vorhandensein dieser Ar
ten, die in FIache G in der sichtbaren Vegetation 
vorhanden sind, im Samenspeicher der FHiche P 
deutet daraufhin, daB sie hier keine optimaIen 
Keimbedingungen vorfinden. Das kann einmaI an 
dem dichten AbschIuB der Moosschicht Iiegen, 
aber auch an der SchwermetaIlanreicherung im 
Boden. 

Interessant ist das Vorkommen von Potentilla 
anserina und Lepidium ruderale im Samenspei
cher. Beide traten in keiner der untersuchten Fla
chen auf. Lepidium ruderale konnte in beiden 
Probeflachen festgestellt werden, Potentilla anse
rina nur in P. Beide Arten treten im bebauten Be
reich des Osnabriicker Stadtgebiets haufig auf 
(HARD 1983), besonders an offenen Standorten 
wie Baumscheiben etc. Das HiBt den Schlu13 zu, 
daB beide Arten in den Ritzengesellschaften kaum 
optimaIe Lebens- und Keimbedingungen finden . 
Die Samenproduktion, besonders von Lepidillm 
ruderale ist groB, so daB das Auftreten dieser Dia
sporen im Samenspeicher erkHirt werden kann. 
Generell ist die Anzahl der im Boden festgesteIl
ten Diasporen sehr gering (Tab. 2). 

4.3. Schwermetallanreicherung 

Als ein weiterer StreBfaktor, der zur Reduzie
rung der Artenzhal htiherer Pflanzen fiihren ktinn
te, mu13 die Schwermetallbelastung des Bodens 
angefiihrt werden (LAGERWERFF & SPECHT 
1970; SOMMER er al. 1971; MARKERT & 
JAYASEKERA 1987). Wie aus der chemischen 
Multielementalyse hervorgeht, sind insbesondere 
die Blei-, Cadmium-, Kupfer- und Zinkwerte 
erhtiht (Abb. 2). Dies wird besonders dann deutli
ch wenn wir die ermittelten Elementkonzentratio
ne~ mit den «Normalwerten» fUr Btiden verglei
chen, wie dies in Tab. 3 getan wurde. 

5. Diskussion 

Neben den fUr «Pflasterritzengesellschaften» 
typischen StreBfaktoren Verdichtung und mecha
nische Beeinflussung durch Tritt und Befahren 
liegt fUr die untersuchte Parkplatzflache ein weite
rer vor. Die aufflillige Schwermetallbelastung des 
Standortes konnte zu einer Reduzierung der Ar
tenzahl fiihren (cg!. LAGERWERFF & SPECHT 
1970, SOMMER et al. 1971 , MARKERT & 
JAYASEKERA 1987). 

Cr 

Mo 

Mn 
Fe 

Co 
Ni 

Cd 

SOO 1000 5000 10000 20000 50000 mgtkg 

Abb.2 - Ergebnis der Multieiementanaiyse. 

Neben den Pflanzen, die in FHiche P und G 
im Samenspeicher sowie auch in der Pflanzenge
meinschaft auftreten (Tab. 4), wie Sagina procum
hens, Matricaria discoidea, Agrostis tenuis un 
Conyza canadensis, konnten zahlreiche Arten in 
der sichtbaren Pflanzengemeinschaft festhesteIlt 
werden. Es handelt sich hierbei im wesentlichen 
urn Pflanzen, die kaum einen Samenspeicher anIe
gen und wahrend der Sammelzeit noch als adulte 
Pflanze vorhanden waren (vgl. BERNHARDT 
1987). Interessant ist der groJ3e Block der Pflan
zen die in der belasteten Flache nur im Samen
speicher und in der FIache G auch in .der ~f1an~ 
zengemeinschaft auftreten. Es handeIt sIch hlerbeI 
urn Schwerpunktarten der Trittrasen, die vermutli
ch aufgrund von «keimungshemmenden» Fakto
ren in der FIache P nicht auflaufen konnten. Zu 
diesen «keimungsshemmenden» Faktoren ktinnte 
die Schwermetallanreicherung zahlen. Die Arten, 
die in der FIache P auftreten, werden in der Lite
ratur teilweise auch aIs schwermetaIltoIerant an
gegeben (ERNST 1974). 

Die chemischen AnaIysen (Tab. 3) haben ge
zeigt, daB insbesondere der GehaIt an Cadmium, 
Kupfer, Blei und Zink erhtiht ist. Der hohe Moo
santeil der Untersuchungsflachen P ktinnte eine 
direkte Folge der Belastung sein. Nach ERNST 
(1974) sind vieIe Moosarten schwermetalltolerant, 
insbesondere auch Bryum argenteum. Hiermit 
wiirden sich auch Ergebnisse von MARKERT & 
MEER (1985) decken, die im Raum Osnabriick 
im Rahmen einer Biomonitoruntersuchung eine 
Anreicherung von Blei , Cadmium, Kupfer und 
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Tab. 3 - Vergleich der Ergebnisse der Multielcmentanalyse der Probeflache sowie einer «normal belasteten» Flache 
(Daten aus Bowen 1979) (Angabc in mg/kg) 

Element 

Cr 

Mo 

Mn 

Fe 

Co 

Ni 

Cu 

Pb 

Cd 

Zn 
P 

Li 

Na 
K 

Rb 

Mg 

Ca 

Sr 
Ba 

Al 

La 

Ti 

U 

Be 

Probeflache 

(x aus 2 Messungen) 

24 

480 

36000 

13 

60 

120 

350 

3.1 

420 

550 

22 

6ot) 

3400 

12 

4300 

16000 

65 

320 

15500 

13 

570 

34 

1.1 

Verg1eichsf1ache 

(n. BOWEN 1979) 

70 

1000 

40000 

8 

50 

30 

35 

0.4 

90 

800 

25 

5000 

14000 

150 

5000 

15000 

250 

500 

71000 

40 

5000 

90 

0.3 

Tab. 4 - Das Auftreten der einzelnen Arlcn in den verschiedenen Untersuchungsflachen 

Art P 

Sagina procumbens I 
Matricaria discoidea I 
Agrostis tenuis I 
Conyza canadensis / 
Plantago major 0 

Taraxacum officinale 0 

Achillea millefoliatum 0 

Sedum acre 0 

Cerastium holostoides 0 

Poa pratensis 0 

Trifolium repens 0 

Poa annua I 
Capsella bursa-pastoris x 
Stellaria media x 
Polygonum arenastrum x 
Chenopodium album x 
Veronica serpyllifolia x 
Senecio vulgaris x 
Rumex acetosella x 
Arenaria serpyllifolia x 
Lepidium ruderale x 
Potentilla anserina x 

/ Samenspeicher und sichtbare Vegetation 
x nur Samenspeicher 
o nur sichtbare Vegetation 

kein Vorkommen 

G 

I 
I 
/ 
/ 
0 

0 

0 

0 

0 

0 

0 

0 

/ 
/ 
0 

0 

0 

0 

0 

0 

x 
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Zink (also der gleichen Elemente wie in dieser 
Untersuchung) in dem Moos Hypnum cupressijor
me (Hedw.) feststellten. 

Sagina procumbens, die neben dem Silber
moos eine Charakterart der Flache P ist, soli eben
falls eine Toleranz gegentiber Schwermetallbela
strungen aufzeigen. So tritt sie auch als steting 
Begleiter in Sifeno-Armeriefum metaflicofae 
(Schwermetallrasen) auf (ERNST 1974). 

Zusammenfassung 

Auf einem innersHidtischen Parkplatz Osnabrlicks 
wird ein fragmentarischen Bryo-Sagillatlll1l prOCUl1lbell
tis pflanzensoziologisch und mit Hilfe des Samenspei
chers beschrieben. 24 chemische Elemente wurden 
quantitativ ermittelt. Dabei stellte sich heraus, daB der 
Boden mit verschiedenen toxischen Elementen wie Pb 
und Cd angereichert is!. Die Konzentration von wichti
gen Elementen wie P wurde mit anderen Boden vergli
chen. Aufgrund dieser Untersuchungen sowie Verglei
che des Samenspeichers und der Pflanzengemeinschaft 
mit anderen Flachen ka nn angenommen werden, daB 
die Verarmung der vorliegenden Pflasterritzengesell
schaft hierdurch bedingt is!. 

Summary 

A description of a fragmental Bryo-Sagilletum 
procumbelltis is given by the seed bank in soil and the 
physiological characterization. 24 chemical elements 
were quantitatively determined in the soi l su bstrate. It 
was found that the soil substrute is entiched with diffe
rent toxic elements like Pb and Cd. The concentmtion 
of essentiul elemente like P were decreased compmed 
with other soilds . It could be assumed that the impove
rishment of the investiguted pbnt association should be 
related to the unnatural element concentration. 
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Braun-Blanquetia 3 (2), 1989 lA VS Symp. Vegetation in Settlements 

Vegetation recovery at the Braun-Blanquet class level after several types of 
human disturbance at the Fish Creek Test Well 1, arctic Alaska 

Komarkova V. 
American College of Schiller/ntemational University. CH-1854 Leysin, Switzerland. 

Keywords: vegetation recovery, arctic Alaska, solid waste, trails, surface human disturbance, hydrocarbon spills, resistance, 
resilience, multiple disturbance, disturbance intensity 

Abstract 

The Fish Creek Test Well 1 was drilled on the 
Alaskan Arctic Slope in 1949, abandoned the same 
year, and little disturbed since. The original or newly 
developing Braun-Blanquet classes/landform units, 
rather than the type or intensity of disturbance, determi
ned the direction of recovery. Both the colonization ra
te and the rate of recovery of community composition 
were lower on disturbances that produced greater de
partures from the original state. The resistance elasti
city of ecosystems to disturbance are specific for diffe
rent types of disturbance and for different 
Braun-Blanquet c1asses/landform units. The elasticity 
component may dominate the recovery after more in
tense disturbances and the resistance component after 
less intense disturbances. Vegetational recovery lagged 
behind the environmental one, especially after more in
tense disturbances. Post-disturbance base saturation, 
nutrients, and depth of thaw were usually higher, and 
organic matter, available water, silt, clay, and CEC we
re usually lower than in undisturbed control ecosy
stems. The rate of recovery of multiple disturbances by 
spills and blading appeared to be determined by the do
minant disturbance, i.e. the one that produced the grea
test departure from the original state. 

Introduction 

Along with other test well sites drilled on the 
Alaskan Arctic Slope during the 1944-1953 ex
ploration period (REED 1958, GRYC 1985), the 
Fish Creek Test Well 1 represents a one-time, ti
me-controlled, long-term experiment in the natu
ral recovery of arctic ecosystems from human di
sturbance. The site has not been artificially 
revegetated and it has been disturbed very little 
between the 1949 drilling (BROWN 1978) and 
the cleanup of solid wastes in 1979 and 1980 
(SCHINDLER 1983). The disturbance and the 
subsequent changes on the site have been docu
mented by LAWSON et al. (1978 a). The pre-di
sturbance landforms and vegetation have been re
constructed and correlated to the present ones on 
the basis of air photography (KOMARKOV A & 

WEBBER 1978), and the vegetational changes on 
bladed surfaces have been analyzed by 
KOMARKOV A (1983). 

The present paper includes one of the studies 
(KOMARKOV A 1985 a) following the original 
investigation in 1977. It focuses on the rate of re
covery of several vegetation/landform types after 
several disturbance types, after single and multi
ple disturbances, and after several disturbance in
tensities. The following hypotheses were tested: 
1. The rate of plant community recovery differs 
with the type and intensity of disturbance and 
with the vegetation/landform type. 2. The degree 
of plant community recovery is closely related to 
the degree of recovery of the physical environ
ment. 3. In sites of multiple impacts, the rate of 
recovery is slower than in sites of component sin
gle impacts. 4. The direction of plant community 
recovery differs with the vegetation/landform type 
but not with the type and intensity of disturbance. 

Vegetation type hierarchies based On floristic 
composition such as the Braun-Blanquet hierar
chy (WESTHOFF & VAN DER MAAREL 1978) 
correspond to the hierarchies of landform units 
supporting them and are good measures for the 
ecosystem recovery after disturbance. Different 
vegetation hierarchy levels resolve the landscape 
pattern at different scales. For example, class, the 
highest level of the Braun-Blanquet hierarchy, 
corresponds to the level of landform type hierar
chy which includes units such as marshes, snow
patches, and ridges. Disturbance is defined as a 
matter-removing activity (GRIME 1979, ODUM 
et al. 1979, VAN DER MAAREL 1980, WEST
MAN & O'LEARY 1986). 

The Site 

Location and environment 

The Fish Creek Test Well 1 (700 18'36"N, 
151 0 52'40"W; Fig. 1 in LAWSON et al. 1978 a) 
is located on the Arctic Coastal Plain 
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(WAHRHAFTTG 1965) in the region of consoli
dated sand dunes which were a part of a Pleistoce
ne sand sea (CARTER 1981). Vegetation and 
landforms at the test well site belong to the same 
types as those near Atkaspok (Ko~ARKOV A & 
WEBBER 1980, KOMARKOV A & MCKEN
DRICK 1988) which is located within the same 
sand region. The ground contains a high amount 
of ice and moisture; the surface peat layer insula
tes permafrost which thaws from 0.2 to 1.5 m
depth during the summer. In the flat, sandy land
scape, the rivers , wind, thaw-lake cycle 
(BRITTON 1967), and cryoturbation produce pat
ches most of which are only several thousand 
years old (EVERETT 1979, 1980). Therefore, the 
individual landforms and their vegetation types 
are distinct but less well differentiated than the 
corresponding vegetation/landform types in less 
dynamic landscapes. Although the test well site is 
near the Arctic Ocean, the area surrounding it is 
not under the direct influence of ocean climate. 

The test well site was placed on a uniform, 
primary, zonal surface, probably a wide, stabili
zed, and partly eroded sand dune ridge, elevated 
above the surrounding oriented lake basins. Some 
of these lake basins are drained, with low-cente
red polygons. The extent of natural thermokarst 
suggested that the primary surface on which the 
site was drilled was in transition from a low-cen
tered to a high-centered polygon terrain (LAW
SON et a!. 1978 b). 

1949 disturbance 

The Fish Creek Test Well 1 was drilled near 
an oil seep as a stratigraphic test (REED 1958, 
LAWSON et a!. 1978 b). The disturbance was li
mited to a relatively short period in 1949. The 
equipment and materials for camp construction 
and drilling were transported from Barrow 
between January and April 1949, the drilling took 
place between May and August, and a production 
test, which yielded 444 barrels of crude oil, took 
place in September and October. The well was 
abandoned shortly thereafter (LA WSON et al. 
1978 b). 

The buildings were set on short pilings and 
connected by boardwalks; these and adjacent 
areas were usually bladed clear of snow and vege
tation along with the top of the surface soil layer. 
Part of the vegetation/soil mat was thawed and 
used for insulation and part was piled into berms 
around the site margin. Only a few such mats we
re rolled up in 1977. Water was hauled on bladed 
and other trails from a nearby lake and stream. 
Trails and tracks and a winter runway are the di-

sturbances with the greatest areal extent. The con
struction of winter snow or ice roads and runway 
may have involved compaction of snow or 
spraying of water on the surface. Solid waste left 
on the site until 1979 included steel drums, pi
lings, boardwalks, remains of camp buildings and 
equipment, and a concrete well head drilling pad. 
Drilling mud was spilled in a small area around 
the pad. Hydrocarbon spills were common (cover 
photo, Figs. 3 to 5 and 9 to 20 in LA WSON et a!. 
1978 a). 

Disturbance effects 

The most lasting effects have been produced 
by surface blading or bulldozing, excavations, and 
diesel fuel spills (LAWSON & BROWN 1978 a). 
Vegetation, part of the organic surface layer, and 
soil morphology have been completely destroyed 
in many places by surface blading or bulldozing 
and excavations. Hydrocarbon spills killed or da
maged vegetation and increased the active layer to 
twice it's normal depth. All investigated spills pe
netrated the soil; 28-year-old diesel spills still 
showed significant depression of permafrost and a 
toxic component in the soil (EVERETT 1978). 
Berms piled around the site buried the original ve
getation and soil, and solid waste killed the origi
nal vegetation and buried the soi!. 

Initially, surface blading or bulldozing produ
ced a new, relatively homogeneous surface that 
was later differentiated by new disturbance pro
cesses such as permafrost thaw, ground subsiden
ce, thermokarst, and thermal erosion, triggered by 
reduced albedo and insulation of permafrost (e.g. 
BROWN et a!. 1969, RADFORTH 1972, BLISS 
& WEIN 1972 a, LAWSON 1986). These proces
ses produced a hummocky topography, thaw 
ponds, and troughs (Fig. 1) on the bladed site and 
in bladed trails and some multiple vehicle passes. 
In 1977 thaw was positively correlated with the 
intensity of disturbance (range 32 to 53 cm). In 
less intensely disturbed areas the thaw depths ha
ve returned to near their predisturbance depths, 
suggesting that part of the physical recovery is 
near completion. Because the test well site has a 
relatively small amount of ground ice and sandy 
material, the amount of subsidence after 30 yr was 
only 0.4 to 2 m. In the flat landscape, thermal and 
hydraulic erosion were active mainly in drainage 
ditches and sloping bulldozed trails (Lawson in 
WALKER et a!. 1987). Hydraulic and eolian ero
sion, thaw, and ground subsidence may still conti
nue in some places (LA WSON et a!. 1978 a). 

Outside the test well site, a winter runway, 
trails, trampling, and single and multiple passes 
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Fig. 1 - Thennokarsting triggered by the 1949 disturbance at the Fish Creek Test Well 1 site. Melting of ice wedges and ground sub
sidence may be still continuing (LA WSON & BROWN 1978a, b). Except for a few habitats such as both extremes of the moisture 
gradient, solid waste, intensive hydrocarbon spills, and severely eroded surfaces, vegetation cover was complete after 30 years. 

by vehicles compacted or crushed vegetation and 
the surface soil layer. Usually, vehicle cause much 
less damage during winter than summer (e.g. 
HERNANDEZ 1973). Depending on the type of 
vehicle and vegetation/landform type, summer 
multiple passes and even single passes may kill or 
remove vegetation. Such vehicle tracks may persist 
for decades in the Alaskan arctic tundra (e.g. 
HOK 1969, ABELE et al. 1984). Some of the 
tracks still apparent near the Fish Creek Test Well 
predate the drilling. 

Methods 

Visually homogeneous 339 vegetation sam
ples were collected on both disturbed and undi
sturbed surfaces according to the Braun-Blanquet 
method (WESTHOFF & VAN DER MAAREL 
1978) at the Fish Creek Test Well and in its vici
nity between 1977 and 1980, the majority (256) in 

1978 (Figs. 2 & 3). Homogeneity was favored 
over plot size on small-sized landforms and di
sturbances. In each plot, the percentage cover of 
all taxa of vascular plants, bryophytes, and lichens 
was recorded. The intensity of disturbance and so
me other environmental factors were evaluated on 
subjective environmental gradient scales (e.g. 
KOMARKOvA 1979, KOMARKOvA & 
MCKENDRICK 1988). 

The plants were identified like at Atkasook 
(KOMARKOV A & MCKENDRICK 1968). Only 
vascular plants were used in the present analysis. 
Releves were classified according to the Braun
Blanquet method of vegetation analysis by ta
blework (WESTHOFF & VAN DER MAAREL 
1978). Classes and most other units of the undi
sturbed vegetation were the same as those at 
Atkasook (KOMARKOV A & MCKENDRICK 
1988 , KOMARKOV A in prep.). The physical 
analysis of surface soil horizons was carried out at 
the Institute of Arctic and Alpine Research, Uni-
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Fig, 2 - Relevc locations in the vicinity of the Fish Creek Test Well I site, Rectangle indicates the intensely disturbed test well area 
(Fig,3). 

versity of Colorado, and the chemical analysis at 
the Ohio State University. 30 environmental va
riables were selected for partial analysis of the re
covery of the abiotic part of the disturbed ecosy
stems. Most of these variables were physical and 
chemical surface soil properties; also included 
were the depth of thaw and estimates of moisture, 
erosion, duration of snow cover, and cryoturba
tion. 

Disturbances were classified according to 
LAWSON et al. (1978 b). The investigated pri
mary disturbances which occurred in 1949 inclu
ded surface removal and subsurface compression 
during blading or bulldozing, surface compression 
or removal on trails, new surfaces created by solid 
waste, and toxic chemical damage by hydrocar
bon spills. In each plot, all disturbances were 

ranked in importance according to their intensity. 
Omitted were plots bare of vegetation due to di
sturbance. 

Pre-disturbance ecosystems on the test well 
site were assumed to be similar to undisturbed, 
mature ecosystems in its vicinity. These undistur
bed ecosystems were used as the controls of the 
disturbed ones that have been recovering or newly 
developing for about 30 yr. Control and disturbed 
plots belonging to the same Braun-Blanquet clas
ses were numerically related. The degree of reco
very of community composition was inversely re
lated to the distance between disturbed and 
control samples in ordinations (KOMARKOV A 
1983). The methods included numerical classifi
cation, ordination (DECORANA; HILL 1979), 
and multivariate statistics (SPSS, SYSTAT, and 
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==== PrincipII Post-1948 Veh rcle TrackS 

• Simple Site 

--- Winter Runway Boundary 

Fig. 3 - Releve locations in the intensely disturbed test well area. Parts of the site which are little thermokarsted today probably indi
cate pre-disturbance sand ridges with few ice wedges (KOMARKOY A & WEBBER 1978). Releves 107 to 111 were collected on 
the concrete pad of the well head. Steel drum piles and other solid waste also apparent in Fig. 1 have been removed after sampling. 

STATVIEW), carried out on the University of Co
lorado Cyber mainframe and on a Macintosh per
sonal computer. 

Results 

Undisturbed and pre-disturbance vegetation and 
landforms 

Over 20 mature, undisturbed plant associa
tions were sampled near the Fish Creek Test Well. 
These associations were classified into 7 Braun
Blanquet classes/landform units; they all occur at 
Atkasook and most of them are common on the 
.\rctic Coastal Plain, particularly within the sand 
region. In the description of KOMARKOV A & 

WEBBER (1978), Appendix G lists the vascular 
taxa composition in representative releves and 
Appendix F the mean values of some environ
mental variables for Braun-Blanquet 
c1asseslIandform units. Table 3 in 
KOMARKOV A & MCKENDRICK (1988) gives 
means and standard errors of chemical and physi
cal properties of surface soil horizons for the sa
me classes/landform units in the Atkasook area. 

A map of the Fish Creek Test Well based on 
pre-disturbance air photography (KOMARKOV A 
& WEBBER 1978) identified the pre-disturbance 
landforms and indicated the pre-disturbance vege
tation units. This vegetation was probably very si
milar to the vegetation currently surrounding the 
site; in the absence of disturbance, only small 
changes can be observed in mature plant commu-
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nities in cold regions in 30 yr. Individuals of do
minants such as willow shrubs and Eriophorum 
vaginatum L. ssp. spissum (Fern.) Hulten tussocks 
may live for a long time, perhaps between 50 and 
several hundred years. Partly disturbed landforms 
and communities at the margin of the disturbed si
te, presumably representing landforms and com
munities originally extending into the site, mat
ched the pre-disturbance landforms in the same 
areas and the current communities on similar 
landforms. 

Braun-Blanquet classes/landform units that 
most probably occurred on the disturbed surfaces 
prior to the disturbance include, in the order of 
their importance: 1. Eriophorum vaginatum ssp. 
spissum tussock-, dwarf shrub-, and lichen-cove
red flat mesic zonal uplands, the control for most 
of test well disturbances. Uplands have medium 
moisture and duration of snow cover, shallow 
depth of thaw, high organic matter and nutrients, 
and low pH and erosion. 2 Salix planifolia Pursh 
ssp. pulchra (Cham.) Argus, Carex spp., and 
moss-dominated shrubby moist lowlands in de
pressions. Lowlands have less water and cryotur
bation, deeper depth of thaw, higher pH, and high 
nutrients and organic matter. 3. Carex aquatilis 
WO. ssp. stans (Drejer) Hulten and Eriophorum 
angustifolium Honck. ssp. subarcticum (V. Vas
si!.) Hulten marshes, dominated by rhizomatous 
Cyperaceae, probably found mostly in polygon 
troughs and ponds. Marshes have high moisture 
and cryoturbation, high nutrients and organic mat
ter, shallow depth of thaw, and low pH. 4. Salix 
phlebophylla Anderss. or Dryas integrifolia M. 
Vahl ssp. integrifolia dwarf shrub-, lichen-, and 
cushion- dominated elevated, ancient sand dune 
ridges. Ridges are older, drier, and sandier than 
other landforms, may be snow-free in winter, have 
deep depth of thaw, and are windy, eroded, and 
poor in nutrients. 5. Cassiope tetragona (L.) D. 
Don ssp. tetragona or Salix rotundifolia Trautv. 
dwarf shrub-dominated snowpatches, with most 
stands on outlying disturbances and only very 
few, poorly developed stands on the test well site. 
Snowpatches have long duration of snow cover, 
low pH, low nutrients, and relatively high erosion. 

Undisturbed releves were clearly sorted into 
several clusters representing Braun-Blanquet clas
ses/landform units (Fig. 4). Uplands and marshes, 
the most common and best developed units with 
fewest associations, clustered at the highest simi
larity (Tab. 1). In the ordination space, 
classes/landform units were arranged according to 
moisture, the duration of snow cover, and the in
tensity of natural disturbances determining, in 

Fig. 4 - Polythetic, hierarchical tree diagram of undisturbed, 
mature communities sampled outside of the test well site. The 
tree diagram was constructed by average linkage method 
from a Pearson correlation marix of pecentage cover vascular 
taxa data. Among all analyzed subsets, the group of undistur
bed releves showed the best separation of the Braun-Blanquet 
classes/landform units and the highest average similarity 
within the individual clusters. 

combination with the age of the surface, the pro
portion of the ground covered by vegetation (Fig. 
5). 

Based on environmental variables, the grou
ping of the same samples was less clear; wetter 
lowlands and marshes were separated from drier 
uplands and ridges (Fig. 6). The average simila
rity was close for all units, with uplands having 
the highest and marshes and ridges the lowest 
(Tab. 1). All classes/landform units were better 
defined based on vegetation than on environment; 
the difference was greatest in marshes and 
uplands. 

Vegetationllandform type disturbance 
and recovery 

Ecosystem resistance (ability to remain unaf
fected by disturbance) determines the type and de
gree of damage a disturbance will cause, and eco-
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Fig. 5 - Detrended correspondence analysis (DECORANA) ordination of percentage cover vascular taxa data for undisturbed, matu
re communities sampled outside the test well site. The groups of releves are similar to clusters in Fig. 4 and are outlined. Releves and 
Braun-Blanquet classes are primarily ordered by moisture and the duration of snow cover. Closed vegetation on older and stable sur
faces surrounds the center of the diagram while open vegetation on younger and unstable surfaces is placed at the ends of the ordina
tion axes, 

SINGLE LINKAGE METHOD (NEAREST NEIGHBOR) 
TREE DI"GR"M 

-1 .000 DISSIMIL"RITlES -0 .500 

M"RSH 11 
STREAM 7 
M"RSH 173 

SNOWPATCH 218 
MARSH MARSH 3 

LOWL"ND 313 
LOWLAND LOWLAND 295 

UPLAND 326 
UPLAND 1 
MARSH 10 

LOWLAND 332 
LOWLAND 336 

MARSH 333 
SNOWPATCH 2 

MARSH 334 
LOWL"ND, ANIMAL DISTURBED 339 

SNOWPATCH 5 
SNOWPATCH 338 

RIDGE, ANIMAL DISTURBED 335 
SNOWPATCH RIDGE 6 

LOWLAND SNOWPATCH 9 
LOWLAND 337 

RIDGE 226 
RIDGE 209 

SNOWPATCH 242 
SNOWPATCH 13 

LOWLAND 4 
UPLAND 224 
UPLAND 212 

LOWLAND 207 
RIDGE 217 

UPLAND 
MARSH 191 
MARSH 162 

RIDGE LOWLAND 220 
UPLAND 193 

LOWLAND 169 
UPLAND 187 
UPLAND 250 

RIDGE 244 
RIDGE "NIMAL DISTURBED 8 

MARSH 
LOWLAND 12 

MARSH 189 
LOWLAND MARSH 194 

MARSH 219 

Fig. 6 - Single linkage (nearest neighbor) hierarchical tree diagram from a Pearson correlation matrix showing groups of undisturbed 
releves based on environmental variables. The sorting of releves into groups corresponding to the five investigated classes/landform 
units is considerably poorer than in Fig. 4. Somewhat better groups of releves appeared in a configuration produced by monotonic 
multidimensional scaling using Kruskal ' s coefficient of alienation from Pearson correlation matrix (not presented), 
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Tab. 1 - Average % similarity between ecosystems recovering system resilience (ability to recover to a more or 
or newly forming after a human disturbance and their controls less persistent state) determines the rate, degree, 

based on vegetational and environmental data and direction of recovery from this damage (e.g. 
Disturbance type - Classllandform unit BOESCH & ROSENBERG 1981). The measured 

ridge upland snow patch lowland marsh degree of similarity between undisturbed and re-
UNDI STURBED covering vegetation (floristic similarity) and envi-

vegetation 70 83 72 72 80 ronment included both these attributes. Only one envIronment 61 66 64 63 61 

BLAOED OR BULLDOZED SURFACES 
component of resilience was represented: its ela-

vegetation recovering 31 28 30 65 75 sticity, or the rate of recovery following disturban-
vegetation new 38 52 ce. Despite a number of small bare patches still 

TRAILS present at the Fish Creek site, the threshold 

Winter trails 
beyond which recovery to the original state no 

vegetation 60 86 longer occurs (amplitude; e.g. WESTMAN 1986, 
environment 75 54 WESTMAN & O'LEARY 1986) probably was 

Single pass trails not reached. The comparison of elasticity between 
vegetation 66 7] 60 58 BO different vegetation/landform types assumed equi-environment 75 74 62 54 75 

valent availability of propagules. 
Multiple pass trails The degree of damage to an ecosystem at the vegetation 61 25 73 S8 

environment 72 62 39 75 time of disturbance indicates the resistance of that 
Bladed trails ecosystem to that type and intensity of disturban-

vegetation 36 58 73 ce. Because some types of vegetation and 
environment 68 54 75 

land forms are more resistant to disturbance than 
SOLID WASTE others, the interpretation of the degree of recovery 
Concrete pad is difficult without information on the degree of 

vegetation 27 18 18 damage caused by the original partial disturbance. 
environment 75 45 45 

Little disturbed trails and runways were the only 
Pebble rill partial disturbances to vegetation in which the in-vegetation 22 18 

environment 75 7S tensity of disturbance and the degree of damage 
Landing mat were estimated relatively easily (LA WSON et al. 

vegetat ion 18 25 1978b). 
environment 45 4S Highly resistant ecosystems usually have a 

Rope large amount of tough and highly sclerenchyma-
veQetatlOn 18 tic, silica-rich, woody phytomass that forms a clo-environment 60 

Steel drum 
sed, complex, and taxa-rich vegetation cover; 

vegetation 22 18 17 rocky, gently sloping or flat, and well drained and 
envIronment 75 37 45 vegetated landforms and soils; and soils with wel-

Tarp ldeveloped structure. In the Arctic, such a descrip-
vegetation 32 18 tion probably fits best mesic zonal uplands that environment 75 49 

have been reported as more resistant to vehicle 
Wood damage than marshes where the surface soil layer vegetatlOn 30 20 18 22 

envIronment 73 52 48 58 is considerably more compressible (e.g. BLISS & 
Wood stack WEIN 1972a). At the Fish Creek site ridges are 

vegetation 32 10 17 better drained than zonal uplands which have, due 
environment 73 43 34 

to their relatively large amount of dense phyto-
SPILLS mass, well insulated permafrost which thaws to 
Crude oil very shallow depths during the summer. 

vegetation 14 14 37 Partial disturbance to landforms, soils, and environment 80 45 57 
vegetation also provided for different starting 

Crankcase points of recovery, complicating the interpretation vegetation 14 14 
environment 45 55 of the rate of recovery (elasticity). Except for two 

Diesel fuel highly eroded landforms bare of vegetation, almo-
vegetation 14 26 st all of each landform and part of the surface soil 
environment 50 51 

were preserved. Only on completely new surfaces 
Drilling mud such as solid wastes, the elasticity of landforms, 

vegetation 38 
soils, and whole ecosystems was being measured. environment 45 

The rate of soil recovery is also important; for 
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example, the recovery of vegetation on a hydro
carbon spill cannot start until toxic chemicals are 
removed from the soil. 

Highly elastic ecosystems usually have a 
small amount of weak phytomass that can be ra
pidly replaced, forms an open, simple, and taxa
poor vegetation cover, and consists of colonizers 
which are also dominants of mature communities 
or which are rapidly replaced by the dominants. 
The colonizers are characterized by rapid, often 
vegetative reproduction and rapid dispersal, esta
blishment, and growth. Landforms and soils are 
poorly developed and vegetated, flat or gently slo
ping, little stabilized, and easy to colonize. In the 
Arctic, this description probably fits best simple 
azonal ecosystems with high degree of material 
movement and enough moisture to ensure rapid 
growth, such as riverbars, wet sand dunes and, to 
a lesser degree, marshes. Particularly high elasti
city will result when the type and intensity of hu
man disturbance match those of the natural distur
bance controlling the ecosystem such as when a 
riverbar is bladed. 

Bladed or bulldozed swjaces 

On most of the Fish Creek site, vegetation 
was totally destroyed by blading or bulldozing. 
On current ridges, in parts of uplands and low
lands, snowpatches, and in a small proportion of 
current marshes, this disturbance did not change 
landforms significantly, did not trigger any further 
landform changes, and partially destroyed soils, 
leaving a part of the compacted soil profile with 
some plant propagules in place. In such areas the 
measured degree of recovery indicates the elasti
city of the original vegetation, combined with the 
partial elasticity of the soil. Most resistant to bla
ding or bulldozing were probably flat mesic 
uplands and elevated dry ridges. The although 
soils on uplands are moist in summer and soils on 
ridges are sandy and loose, while soils on most 
other landforms are usually wet and little resistant 
to surface disturbance. However, the differences 
in resistance to such an intense disturbance proba
bly did not produce large differences in distur
bance effects. 

The new, relatively homogeneous, predomi
nantly upland bladed surface became topographi
cally differentiated during the 30 yr following the 
disturbance through newly triggered disturbance 
processes. New marshes formed in thermokarsts 
in places of thawed ice wedges and, along with 
new lowlands, in areas of surface subsidence due 
to the lowering of the permafrost table. 
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Recovering and newly forming marshes and, 
to some degree, lowlands are covered by the do
minants of undisturbed communities already du
ring colonization and cluster with their respective 
controls at higher levels of similarity than in other 
classe~/landfo~m units (Fig. 7, Tab. 1; in 
KOMARKOV A 1983, the similarity levels 
showed the same trends). Marshes developed mo
re rapidly than other classes/landform units reco
vered even when a new marsh landform was 
being differentiated with the contribution of partly 
bladed upland organic surface soils. Newly for
ming marshes had lower similarity levels than re
covering marshes (Tab. 1). Marsh formation may 
be even more rapid on surfaces newly bared by 
wind or rivers on nutrient-rich riverbars. The 
spread of dominant sedges into places covered by 
old organic soil layers may be slowed down du
ring drought when the connection to wet subsurfa
ce soil layers is interrupted by dry organic matter. 
This occurs in shallow polygon ponds during ex
ceptionally dry summers. 

Bladed uplands, ridges, and partly snowpat
ches, all probably located in places of their re
spective pre-disturbance landforms, were covered 
by succesional communities of otherwise infre
quent rhizomatous graminoids or, more rarely, 
prostrate herbs. These successional communities 
are relatively homogeneous and well separated in 
the treediagram. Their replacement by the domi
nants of the undisturbed vegetation is starting; so
me disturbed upland, ridge, and snowpatch re
leves clustered with their controls. 

In the ordination of composite data for bla
ded surfaces presented earlier (KOMARKOV A 
1983), the principal ordering factor was disturban
ce along with moisture, the duration of snow co
ver, and the depth of thaw. Clusters based on envi
ronmental data, were much less clear than those 
based on vegetation; wetter lowlands and marshes 
were only slightly separated from drier uplands 
and ridges. Snowpatches and lowlands showed 
the highest similarity and marshes and ridges the 
lowest. 

Moisture, the duration of snow cover, and 
erosion were higher and thaw was deeper by up to 
40 cm (on ridges) in most disturbed plots than in 
their controls. Disturbance decreased organic mat
ter, available water, silt, clay, CEC, and exchan
geable H+; it usually increased N03, P, pH, sand, 
base saturation, and exchangeable Ca++ and Mg++. 
Shrubs and soil lichens had considerably lower 
percentage in disturbed plots. Total vegetation co
ver, herbs, and bryophytes usually decreased, but 
sometimes (e.g. in marshes, uplands) increased af
ter disturbance. Some of these trends were rever-
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Fig. 7 - Polythetic, hierarchical tree diagram of recovering or newly developing communities on bladcd ,urfaces of the test well site 
and their controls. The tree diagram was constructed by average linkage method from a Pearson correlation matrix of percentage co
ver vascular taxa data. Bladed surfaces show better separation of the Braun-Blanquet classes/landfonn units and higher average simi
larity within the individual clusters than solid waste (Fig. 11) and hydrocarbon spill (Fig. 14) surfaces, and poorer separation than 
undisturbed surfaces (Fig. 4). 

C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 



sed in ridges that disturbance brought closer to 
uplands. 

Trails and runways 

The composition of undisturbed communities 
is usually only impoverished or slightly altered in 
less disturbed trails. However, compression of the 
moss layer and subsidence due to the melting of 
the permafrost occurred even on heavily used 
lowland winter vehicle trails (FELIX & RAY
NOLDS 1989). A single vehicle pass in summer 
can change the original class/landform unit due to 
the thaw of ground ice followed by subsidence or 
thermokarsting. The recovery and development of 
newly forming landforms in such trails and in se
verely disturbed multiple vehicle passes and bla
ded or bulldozed trails follows, on a smaller scale, 
the patterns on bladed or bulldozed surfaces. 

Some time after partial disturbance to vegeta
tion, the contributions of the resistance and elasti
city of the original communities to the measured 
degree of similarity between disturbed and undi
sturbed releves cannot be separated. In the absen-

• SIMILARITY 

~ ~ 
r r ~ tIi g; Si 

.., .., 
0 '" 0 '" 
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ce of ground ice melting, the same intensity of 
vehicle disturbance will produce less damage in 
more resistant uplands with a larger amount of 
tougher phytomass than in marshes where there is 
a greater compression of the water-saturated sur
face organic soil layer (e.g. BLISS & WEIN 
1972a). Once damaged, uplands will recover more 
slowly than more elastic marshes in which satura
ted compressed fibrous organic material regains 
its original structure rapidly (ABELE et al. 1984). 
Equal similarities between two pairs of undistur
bed and recovering communities thus could be 
produced by either high resistance (uplands) or hi
gh elasticity (marshes). 

Braun-Blanquet classes/landform units were 
relatively well separated in trails (Fig. 8). Again, 
marshes clustered at the highest similarity levels 
and lowlands at the next highest, followed by 
snowpatches, uplands, and ridges. New marshes 
in original uplands and lowlands were less similar 
to marsh controls than recovering marshes, but 
were still highly elastic. The similarity between 
undisturbed and recovering releves also decreased 
with the increasing intensity of disturbance from 

:g :li 0 
r 
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Fig. 8 - Polythetic, hierarchical tree diagram of recovering or newly developing communities in trails and their individual controls. 
The tree diagram was constructed by average linkage method from a Pearson correlation matrix of percentage cover vascular taxa 
data. The individual Braun-Blanquet classes/landfonn units are well separated. The similarity within clusters of less disturbed re
leves approaches that of the undisturbed controls (Fig. 4). At low disturbance intensities in winter trails and single vehicle passes, the 
recovering releves cluster with their undisturbed controls. At high disturbance intensities in multiple vehicle passes and in bladed 
trails, marshes may develop even in originally other vegetation/landform types, and there is little similarity between the recovering 
releves and their controls (cluster «bladed trails/multiple pass»). 
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Fig . 9 - Detrended correspondence analysis (DECOR ANA) ordination of percentage cover vascular taxa data for trails and their con
trols sampled outside the test well site. The pairs of disturbed releves and their controls are outlined. Releves and Braun-Blanquet 
classes are primarily ordered according to moisture and duration of snow cover. The degree of disturbance impact is positively rela
ted and the degree of recovery is negatively correlated with the distance between recovering and control releves. The similarity 
within pairs of disturbed releves and their controls is the highest in uplands and ridges under low disturbance intensities and in mar
shes under high disturbance intensities. 

winter trails to single vehicle passes, multiple pas
ses, and to bladed trails. Releves of less disturbed 
winter trails and single vehicle passes are usually 
near their unique controls. Multiple vehicle passes 
and bladed trails that became marshy are grouped 
together with marshes apart from their original 
controls. 

Disturbance impacts were positively related 
and the degree of recovery was negatively related 
to the intensity of disturbance also in the ordina
tion, arranged primarily according to moisture and 
the duration of snow cover (Fig. 9). Winter trails, 
little affected by vehicles traveling over ice and 
snow, were closer to their controls in a marsh than 
in an upland which could have been snow-free 
and consequently more damaged (Tab. 1). Single 
vehicle passes were often produced by similar 
vehicles; the intensity of the original disturbance 
is comparable between different tracks and the ef
fect of resistance relatively clear. Their similarity 
to the controls was the highest in marshes (low re
sistance, high elasticity), followed by uplands (high 
resistance, Iow elasticity). The damage to vegeta
tion was often total in multiple pass tracks and, 
due to their successional communities, upland 
tracks showed very little similarity to the controls 

both there and in bladed trails. Rapid rate of reco
very in multiple pass and bladeq marshes was pro
bably responsible for their considerably greater si
milarity to the controls. 

Groups of releves and the differentiation 
between different disturbance intensities were less 
clear on the basis of environment (Fig. 10) than 
on the basis of vegetation (Fig. 8). The average si
milarity of the environment in disturbed and undi
sturbed plots somewhat decreased with the inten
sity of disturbance, particularly in uplands, but 
significantly less so than the similarity of vegeta
tion (Tab. 1). Track environment becomes more 
similar to the controls than track vegetation with 
the increasing intensity of disturbance. This could 
reflect both the fact that vehicles damaged envi
ronment less than vegetation and the tendency of 
environment to recover more rapidly than vegeta
tion after disturbance. Disturbed and control envi
ronments in bladed, mUltiple pass, and even single 
pass ridges, uplands, and snowpatches were more 
similar than disturbed and control vegetations, in 
uplands up to twice as much. Upland landforms 
and soils are probably relatively resistant to seve
re disturbance even after the vegetation is de
stroyed. Disturbed and control marsh landforms 
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SINGLE LINKAGE METHOD (NEAREST NEIGHBOR) 
TREE DIAGRAM 

MARSH 
LOWLAND 

UPLAND 

MARSH CONTROL (171 J 172) 
MARSH SINGLE PASS ~173) 
MARSH SINGLE PASS (173) 
MARSH SINGLE PASS (189) 

-1.000 

MARSH BLADED (194) 
LOWLAND BLADED (169) 

UPLAND MULTIPLE PASS (224) 
UPL ... NO BL ... OEO (21 2) 

MARSH CONTROL (195,196) 
LOWLAND BLADED (720) 

L WLA D CON OL 161 

DISSIMILARITIES -0 .500 

LOWLAND 
MARSH 

MARSH CONTROL 190 191 
LOWLAND CONTROL 206 207 
LOWLAND CONTROL 221 220 

UPLAND CONTROL 186 187 
UPLAND SINGLE PASS 187 186 

MARSH BLADED 194 195 
MARSH CONTROL 188 189 

LOWLAND BLADED (207) 206 
MARSH WINT~R TRAil. (191 ~ 190 

UPLAND 
RIDGE 

LOWLAND SINGLE PASS 162 161 LOWLAND SNOWPATCH SINGLE PASS (242) 246 _____ 1-------
SNOWPATCH 

Fig. 10 -Single linkage (nearest neighbor) hierarchical tree diagram from a Pearson correlation matrix showing groups of trail re
leves and their controls based on environmental variables. The sorting of releves into groups corresponding to the five investigated 
classes/landforrn units is poorer than in Fig. 8. Control, winter trail, and single pass rei eves are usually grouped in separate clusters, 
while multiple passes and bladed trails are not. A configuration produced by monotonic multidimensional scaling using Kruskal's 
coefficient of alienation from Pearson correlation matrix (not presented) showed results similar to Fig. 9, wih less clear groups. Re
covering samples and controls were again closest in little disturbed uplands and ridges and in heavily disturbed marshes and low
lands. 

and soils showed the highest similarity, probably 
due to their relatively high elasticity; lowland 
landforms and soils, which may be neither resi
stant nor resilient, showed the lowest. 

After 30 yr, the effects of disturbance were 
apparent even in winter trails. Moisture, the dura
tion of snow cover, erosion, the percentage cover 
of surfaces bare of vegetation were higher and 
thaw was deeper by 3 to 5 cm in almost all tracks 
than in their controls. Disturbance decreased orga
nic matter, available water, silt, clay, CEC, and 
some exchangeable bases; it often increased N03 
and P. Shrubs and soil lichens had considerably 
lower percentage in the tracks and often disappea
red after disturbance. In winter trails, vegetation 
cover and the cover of herbs and bryophytes were 
lower in disturbed than undisturbed marshes and 
uplands. In single pass tracks, herb and bryophyte 
covers were higher in uplands but lower in all 
other units, and pH was slightly lower than in the 

controls. In multiple passes and in bladed trails, 
herb and bryophyte covers were lower except for 
uplands and marshes where bryophyte cover was 
higher, thaw was deeper, and pH was higher after 
disturbance. 

Solid waste 

On top of bladed surfaces and undisturbed 
vegetation, solid wastes created small-scale 
landforms with dry, solid surfaces and no soil. Such 
habitats are not available in the surrounding 
tundra, and pieces of wood may support the only 
adventive community of lichens (JOHNSON et al. 
1978). Solid waste caused secondary disturbances 
such as shading, reduced wind, reflected infrared 
radiation, and prolonged duration of snow cover 
in its immediate vicinity (also JOHNSON et al. 
1978). Communities controlled by these factors 
occur near certain landforms or shrubs even in un-

C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 



386 

disturbed areas; they include, for example, shaded 
communities of mosses that are outcompeted by 
graminoids soon after shading is removed. 

Due to cold climate, many types of solid wa
ste surfaces were very little or not at all disinte
grated after 30 yr. Only soft materials such as ro
pe and tarps showed a significant degree of 
disintegration; paper probably disintegrated com
pletely. Most of solid waste is being incorporated 
into the surrounding ecosystems primarily by mi
neral and organic particles that are trapped by it, 
cover it, and are eventually colonized by plants. 
Such particles may fall from vegetation above or 
may be windblown. 

The degree of this integration is reflected in 
the releves that include both plants growing in the 
material newly accumulated on solid waste surfa
ces and plants that are rooted in the soil below or 
next to the solid waste surface they are covering. 
The development of all successional communities 
associated with solid waste is fragmentary usual-
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ly, their composition is not affected by the solid 
waste type and is similar to the composition of the 
successional communities on the bladed 
landforms on which the solid waste is resting. So
lid waste surfaces are usually considerably drier 
than the surrounding areas. Short solid wastes are 
much better vegetated than tall ones; tall solid wa
stes are usually bare of fine material due to an in
crease in wind speed and decrease in the number 
of windblown particles higher above the ground. 
In winter, tall surfaces protrude above the protec
ting snow layer. 

In a tree based on vegetational data, one large 
cluster is formed mostly by uplands, another one 
by dry uplands and ridges, and a third one by low
lands, wet uplands, and marshes (Fig. 11). Only 
some solid waste releves are clustered with their 
controls and several controls are clustered to
gether. Ridges and dry uplands solid waste com
munities are more similar to their controls than 
marshes perhaps because solid waste surfaces are 

ID 
o 

ID 
o 

ID 

'" 
o 
o 

90 UI'lAAO WCXXJ 
166 UPlAND S I EEL. ..)RUM 
, 24 UPlAND FILL PEBBLES 
125 UPlAND Fill PEBBLES 
1 36 ORYlPI..Ar\CICONCRETEPAO 
197 LPLAND'NOODSTACK 
103 UPlAND TARP 
133 UPLANDLANDlNGMAT 

74 UPlAND STEEL DRUM 
139 UPLANDLANDiNGMAT 

86 UPlANDTARP 
331 UPlAND lANOING MAT 
1 23 UPlANO Fill PEBBlES 
283 DAVUPtANOSTEElDRUM 
305 I..lJY.Il..ANOI/ol(X)Q 
242 &-ICMIPATCH CONmoL 
119 WET UPLAND STEEL DRUM 
244 RIDGE CONmoL 
2 6 5 MA.RSH 'NiXX> 
113 UP\..ArI()CONCRETEPAO 
132 UPLANOTARP 

93 UPlANDWCOO STACK 
58 !PlAND WOOD STACK 
36 UPlAND LANDING MAT 

1 4 4 lPL.ANO ROPE 
114 lPl.AfI,[)'NCX)Q 

1 22 DRY UPlAND FILL PEBBLES 
, 2 1 DRY UPLAND FILL PEBBLES 
176 DRYUPLANOWCXXJ 
2 0 9 FIOGE CCNT'RCl. 
3 1 2 DRY UPlAND w(xx) 
3 1 0 ORY UPlAND W(X)[) STACK 

56 UPlANOWOOOSTACK 
35 UPl.ANO WOOD 

1 79 WET UP1.AND STEEL DRUM 
91 DRY UPLAND W(X)[) 
4. DRYUPlANOTAAP 

299 DRY UPlAND WCXXJ STACK 
1 80 DRY UPI..AND W(X)[) ST AD< 

92 DRY UPlAND 'NOOO STACK 
3 0 9 DRY UPlAND 'rYOOO ST AD< 

57 ORYUPlANDWOOOSTACK 
306 LJF5lAf\()WCXD 
308 LQWLANDlANDINGMAT 
1 38 LONlANDY'I'CX)[) 

1 UPlANDCONTRCX. 
220 LONlANOCCffi'RCl. 

4 lOMANO CONTRO. 
219 ~CO>lTACJl 
lOO WET UPlAND 
314 ~WOOJ 

99 'NET UPLAND WCXJO 
98 'NET UPlAND WCXJO 

298 lPlANO WCX)Q ST~ 
73 UPlAND STEEL DRUM 

~ 7 1 lO'NlAND STEEL DRUM 
Z 5 1 lOWLAND WCIXJ STACK 
"o WETlJPLANDCQNC'qr"-rr·r" 

97 wp LlPLAN['l51 FI-L .rH'!: 

c 
" ~ z 
o 

c 
" ~ z 
o 

o 
:0 
-< 
C 

" ~ o 

Fig. J J - Polythetic, hierarchical tree diagram of newly developing communities on solid waste and their controls. The tree diagram 
was constructed by average linkage method from a Pearson correlation matrix of percentage cover vascular taxa data. Individual 
Braun-Blanquet c1asses/landfonn units are relatively poorly separated although some releves cluster with their undisturbed controls. 
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usually dry (except for tarps and rope; Tab. 1). 
Uplands and lowlands had the lowest similarity 
values. 

Wood stacks with fine material filling the 
space between pieces of wood had almost com
plete cover of herbs; landing mats and rope were 
also covered more than 50%. A high cover of 
bryophytes occurred on moist places on the con
crete drill pad, on wood stacks, and on wood. Li
chens were generally rare but could have relati
vely high cover on wood. Shrubs did not grow on 
solid waste. 

The differentiation of classes/landform unit 
groups in the ordination was much poorer, the 
overlap of the groups was greater, and the envi
ronmental axes were less clear on solid waste than 
on other disturbance types (Fig. 12). Disturbance, 
moisture, and the duration of snow cover were the 
principal ordering factors. The tree based on envi
ronmental data shows a poor sorting into 
classes/landform units that reflects the poor deve
lopment of soils on solid waste (Fig. 13). 

Soils developing on solid waste were more 
similar to their controls than vegetation (Tab. 1). 

DRY 

EARLY-MELTING SNOW ",-

DRY UPLAND -RIDGE 

e 
RlDCE CONTROL 

DISTURBED 

387 

The average similarity of the environment in di
sturbed and undisturbed plots was more related to 
the vegetationnandform type than to the degree of 
solid waste disintegration or even the degree to 
which solid waste conducts moisture (tarps, rope). 
Like vegetation, environment of solid waste surfa
ces is most similar to the controls on ridges and 
least similar to the controls in lowlands and 
uplands. The difference between the vegetational 
and environmental similarities is also highest in 
ridges, followed by marshes, uplands, and low
lands. 

Solid waste surfaces are always drier and have 
less snow for a shorter period of time than the sur
rounding landforms. The material accumulated on 
solid waste is considerably lower in organic matter, 
CEC, exchangeable cations, available water, silt, 
clay, N03, and P, and considerably higher in pH, 
sand, and base saturation than the control soil. 

Spills 

Intense hydrocarbon spills prevented vegeta
tion establishment for at least 30 yr. Both in undi-

C - COMCR£TE PAD 
F- Fill 
l - lNtDIJrtG *T 
R - ROPE 
5 - STEEL IIUII! 
T - TMP 
• - wooo 

liS - WOOO STACK 

UNDISTURBED 

VECTOR 'l 

LOWl.AH~. n CO"NT"R"'m •• ~ no ~ 
~ SMOWPAT¥COHTROL 

LATE-LYING SNOW 

WET 

Vl( TQR I 

Fig. 12 - Dctrended correspondence analysis (DECORANA) ordination of percentage cover vascular taxa data for solid waste surfa
ces and their controls. Relcvc sites were classified according to the «topographic» position of the solid waste surface and according 
to the neigh boring vcgetation/landfoml type. Groups of releves in individual Braun-Blanquet c1asses/landform units are outlined. 
These groups are ordered according to moisture, disturbance, and the duration of snow cover, but are less well formed than such 
groups from other disturbance types. 
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Fig. 13 - Single linkage (nearest neighbor) hierarchical tree diagram from a Pears on correlation matrix showing groups of solid wa
ste releves based on environmental variables . The sorting of releves into groups corresponding to the five investigated 
c\asses/landform units is poorer than in Fig. 11. A configuration produced by monotonic multidimensional scaling using Kruskal's 
coefficient of alienation from Pears on correlation matrix (not presented) showed similar results. 
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Fig. 14 - Polythetic, hierarchical tree diagram of recovering, mostly bladed, spills and their controls. The tree diagram was construc
ted by average linkage method from a Pearson correlation matrix of percentage cover vascular taxa data. Individual Braun-Blanquet 
classes/landform units are relatively well separated although controls, except for marshes, cluster together. The similarity between 
recovering and control samples was the highest in marshes and the lowest in uplands, where spill sites often remained bare after 30 
years. 

sturbed and successional vegetation, the recovery 
on less intense spills proceeded, as on other types 
of disturbance, without a specific successional 
pathway. The number of hydrocarbon spills in 
otherwise undisturbed vegetation was small. To 
estimate the original intensity of a spill and the 
damage caused by it is difficult. The measured de
gree of recovery on non-bladed surfaces thus re
flected both the resistance of the original ecosy
stems and their elasticity. On top of bladed 
surfaces, spills were additional, mUltiple distur
bances. There, the measured degree of recovery 
reflected mainly the resistance to spills and the 
elasticity after both blading and spills. 

Based on vegetation, the groups of 
classes/landform units were relatively good (Fig. 
14). The cluster of disturbed marshes included the 
control plot and was formed at the highest simila
rity level (Tab. 1); none of the other controls were 
grouped with the recovering releves. Spills are 
usually more damaging in dry sites than in wet 

ones where they may disperse quickly (e.g. PU
CE 1948, DEN EKE et al. 1975, UNKINS et al. 
1984, HOLT 1987). Possibly at the Fish Creek si
te, spills were dispersed during marsh formation 
in thermokarsts. Marshes are thus more elastic af
ter spills than other classes/landform units also 
due to lower initial damage. In other classes/ 
landform units the recovery was much slower due 
to both greater damage and lower elasticity. 

The recovery of vegetation appeared to be 
considerably more related to the intensity of the 
spill and to the class/landform unit than to the ty
pe of spill. Refined petroleum products are consi
dered more toxic to plants than crude oil (e.g. 
MCCOWN et al. 1973); this was probably reflec
ted in the fact that no diesel fuel spill had a vege
tation cover higher than 75%, while all other spills 
(crude oil, crankcase, drilling mud) were almost 
fully covered by vegetation in at least some re
leves. All types of spills except for drilling mud 
had very low or no vegetation cover in some 
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Fig. 15 - Detrended correspondence analysis (DECOR ANA) ordination of percentage cover vascular taxa data for mostly bladed 
spills and their controls. Groups of releves in individual Braun-Blanquet classes!landform units are outlined; they are clearly ordered 
according to moisture and disturbance. Most of control releves are separated on one side, with marsh control the only one grouped 
with the recovering releves. The separation of individual classes!landform units is better than for solid waste surfaces (Fig. 12). 

areas. Shrubs and soil lichens had very low cover 
or were absent in all disturbed releves. Bryophy
tes reached up to 60% cover on crude oil or crank
case spills in most classes/landform units; their hi
ghest cover on diesel fuel spills was 33%. This 
response probably also depends on the individual 
taxa in question, because different growth reco
very has been reported in different studies. 

The groups of classes/landform units were al
so well apparent in the ordination, ordered prima
rily by disturbance and moisture (Fig. 15). On the 
basis of environmental variables, the main clas
ses/landform units were separated (Fig. 16) less 
clearly than on the basis of vegetation data (Fig. 
14). Except for marshes , all controls were again 
clustered together and with some less disturbed 
releves. Similarities between undisturbed and re
covering plots were considerably higher based on 
environment than based on vegetation (Tab. 1); 
they did not differ much with the spill type. The 
smallest difference between vegetational and en
vironmental similarities was in marshes and the 
greatest one on ridges. 

Spills caused some subsidence and changed 
soil chemistry and perhaps other soil properties; 
the recovery of vegetation probably proceeds 
along with the removal of toxic chemicals from 
the soil. Disturbance usually increased site moi-

sture, sometimes the duration of snow cover, and 
sometimes significantly the depth of thaw (up to 
three times the original), particularly in marshes 
and on ridges. NO} and P sometimes decreased 
and pH usually increased after the disturbance. On 
bladed surfaces, it was impossible to separate the 
effects of blading and spills. 

Discussion 

Direction of recovery 

The test well disturbance increased spatial 
and temporal heterogeneity (e.g. LEVIN & PAI
NE 1974, RA UP 1981 , BOESCH & ROSEN
BERG 1981), breaking larger uniform landforms 
into smaller ones that are undergoing secondary 
(most of the disturbed surfaces) or primary (solid 
waste) succession and may persist until the next 
thaw lake development. The test well disturbance 
did not permanently increase organismic, commu
nity, or ecosystem diversity. No landforms that do 
not exist near the site were created, except for so
lid waste that will eventually disintegrate or be 
overgrown. The floristic diversity did not increase 
except for one lichen that will probably also di
sappear when solid waste wood, most of which 
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SINGLE LINKAGE METHOD (NEAREST NEIGHBOR) 
TREE D I AGR AM 

MARSH 
WET UPLAND 

UPLAND 

WET UPLAND 
MARSH 
LOWLAND 
SNOWPATCH 

UPLAND 
RIDGE 

-1 .000 

MARSH CRUDE BARE 275 
WET UPLAND CRUDE 70 

MARSH CRUDE? 286 
MARSH DIESEL 282 

MARSH CRUDE? 285 
MARSH DIESEL 281 

UPLAND CRUDE BARE 62 
UPLAND CRANKCASE 266 
UPLAND CRANKCASE 257 

M ARSH CONTROL 21 9 
UPLAND DIESEL 53 

UPL AND CRUDE BARE 52 
UPLAND DIESEL 51 
UPLAND DIESEL 49 

UPL AND DIESEL BARE 48 
RIDGE CRANKCASE BARE 253 

UPLAND CRUDE BARE 80 
UPLAND CRUDE BARE 68 
UPL AND CRUDE BARE 67 

WET UPL AND CRUDE BARE 66 
WET UPLAND CRUDE 69 

UPLAND DIESEL BARE 50 
M ARSH CRUDE 71 

MARSH CRUDE BARE 65 
LOWL AND CONTROL 4 

WET UPLAND DRILLING MUD 118 
WET UPL AND DR ILL ING MUD 11 2 

LOWLAND CONTROL 220 
SNOWP A TCH CONTROL 242 

WET UPLAND DIESEL 294 
UPL AND CONTROL 1 

UPLAND CRANKCASE 268 
MARSH CRUDE 279 

RIDGE CONTROL 244 
RIDGE CRUDE 274 

MARSH CRUDE 273 
RIDGE CONTfWL 209 

WET UPLAND CRUDE 79 
UPLAND DIESEL 55 

UPLAND DIESEL BARE 54 

D ISS IM IL AR IT IES -0 .800 

Fig. 16 - Single linkage (nearest neighbor) hierarchical tree diagram from a Pearson correlation matrix showing groups of mostly 
bladed spill releves and their controls, based on environmental variables. The sorting of releves into groups corresponding to the five 
investigated classes/landforrn units is apparent but less clear than in Fig. 14. Except for marshes, controls for various classes are 
again grouped into a cluster which also includes less disturbed releves. A configuration produced by monotonic multidimensional 
scaling using KruskaJ's coefficient of alienation from Pearson correlation matrix (not presented) showed that the intensity of distur
bance and moisture are again important ordering variables. The sorting of individual classes/landforrn units is relatively good althou
gh much poorer than in the ordination based on vegetational data . 

was removed from the site during the cleanup, di
sintegrates. In drier habitats, successional commu
nities of mosses, herbs, and shrubs increased the 
current diversity of vegetation types. 

The direction of plant community recovery 
was strongly related to the different environments 
associated with different landforms but usually 
not to the intensity and type of disturbance. The 
successional pathways are similar on most types 
of disturbance and the current undisturbed com
munities seem to be the last step in the succession 
on each particular landform. 

Disturbed moist and wet habitats were colo
nized directly by the dominants of undisturbed 
marshes (more common Carex aquatilis ssp. 
stans and less common Eriophorum angustiJo-

lium ssp. subarcticum) and lowlands. Disturbed 
uplands, ridges, and partly snowpatches were co
lonized by rhizomatous graminoids (primarily 
Arctagrostis arundinacea [TRINO BEAL and 
Poa arctica R. BR.) which can disperse, grow, 
and reproduce rapidly (colonizers; GRIME 1979) 
and which are relatively rare in the surrounding 
tundra (e.g. HERNANI;:>EZ 19?2a,b, 1973, 
YOUNKIN 1973, KOMARKOVA 1983). Suc
cessional communities in drier sites may also be 
dominated by prostrate herbs (e.g. Stellaria 
edwardsii R. BR.). Dry elevated berms of bladed 
material surrounding the site were covered by 
rhizomatous Poa arctica and bladed ridges outsi
de the main site by caespitose Poa glauca M. 
VAHL. Long-lasting succession stages in arctic 
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western Siberia are also formed by graminoids 
(TVOROGOV 1988). 

Some taxa colonizing surface disturbances are 
the same in arctic Alaska, Canada, and western Si
beria. Only Eriophorum angustifolium in wet areas 
and Senecio congestus (R. BR.) DC. commonly re
vegetate both arctic Alaskan and Siberian test wel
ls; taxa less common in one of the areas include 
Equisetum arvense L., Arctagrostis arundinacea, 
Carex aquatilis ssp. stans, and Salix lanata L. Suc
cessional communities similar to the ones at the 
Fish Creek Test Well also occur on coal mining 
and dwelling disturbances near Atkasook. Willows 
and other grasses and herbs may be more impor
tant in western and southern arctic Alaska (e.g. 
EBERSOLE 1985, EBERSOLE & WEBBER 
1983), in the Tuktoyaktuk Peninsula region, 
Northwest Territories (HERNANDEZ 1972a, 
1973), in the Mackenzie Delta region (BLISS & 
WEIN 1972b, HERNANDEZ 1972b), and on we
stern Siberian drill sites (TVOROGOV 1988). 
Willows are dominant in successional and even in 
zonal communities under warmer and more humid 
arctic climate. They usually spread from indivi
duals or parts that survived the disturbance, but al
so germinate from seeds (TVOROGOV 1988). 

Moss-dominated successional communities 
do not occur in the continually disturbed Vorkuta 
region (DRUZHININA 1985); they may occur in 
areas that have not been disturbed after the termi
nation of the drilling (TVOROGOV 1988). In arc
tic Alaska, bryophytes may colonize burned surfa
ces and persist for decades~(e.g. JOHNSON & 
VIERECK 1983) or reach maximum cover 5 to 6 
yr after fire and then decline as the vascular over
story develops (RACINE et al. 1987). At the Fish 
Creek Test Well in places shaded by solid waste 
and on moist solid waste surfaces, bryophyte-do
minated communities are still persisting. 

In well-drained habitats, successional 
pathways following human disturbances were dif
ferent from those following natural disturbances. 
For example, Arctagrostis arundinacea, which 
often dominates successional communities on hu
man surface disturbances, dominated only one se
veral- m2-large site on a floodplain near Atka
sook. Possibly, it dominates only one-time surface 
disturbances that enrich soil in nutrients.Webber 
& Walker (in WALKER et al. 1987) suggested 
slope failures, river and lake banks, and frost 
scars as natural analogs to bladed trails. Repeated 
surface disturbance and material movement in 
these natural habitats produce and maintain persi
stent communities with unique composition that is 
very different from the composition of successio
nal communities colonizing trails in which surface 

is bladed once, blading may be followed by multi
ple vehicle passes, and then, in flat terrain, distur
bance usually ceases. Similar arguments can be 
made for other suggested natural human distur
bance analogs such as snowpatches and riverbars. 
Natural analogs can illustrate the response of arc
tic ecosystems to human disturbances, but only 
when the analogy is established through an analy
sis of intensity, frequency, other disturbance attri
butes, and an analysis of disturbance-associated 
ecosystem changes. 

Disturbance damage 

The resistance of ecosystems to disturbance 
and the resulting damage are specific for different 
types of disturbances and ecosystems. While well
drained ecosystems with large phytomass were 
more resistant to mechanical disturbances in 
trails, wet ecosystems appeared to be most resi
stant to damage by spills due to the dispersal of 
the spilled substance by water. 

The degree of damage and the rate of reco
very may also vary with other factors. Classes/ 
landform units most resilient to disturbance by 
vehicles appeared to be marshes with water-satu
rated surface soil layer. However, even single pas
ses of lightweight vehicles on winter seismic trails 
in wet graminoid and moist sedge-shrub tundra 
were visible the following summer; frozen mosses 
were crushed and broken, and were not able to re
bound immediately like in summer trails (FELIX 
& RAYNOLDS 1989). 

Rate of recovery 

The rate of ecosystem recovery (elasticity) 
differs with the type and intensity of disturbance 
and with the Braun-Blanquet classllandform unit. 
Like resistance, elasticity is specific for each di
sturbance and vegetationllandform unit. The ela
sticity component may dominate the recovery af
ter more intense disturbances and the resistance 
component after less intense disturbances. 

Very early stages of colonization of bladed or 
bulldozed surfaces have been observed, in much 
smaller plots than the original test well disturban
ce, after the removal of solid waste in 1979 and 
1980. More of this colonization was accomplished 
by rhizomes and other vegetative means by plants 
growing at the edges of the disturbed patches than 
from seeds, especially in dry or wet places where 
seedlings were rare (KOMARKOV A 1985b) . 
This was also true in small recovering sites at the 
Oumalik Test Well to the south of Fish Creek 
where seeds did not survive long-term burial un
der solid waste (EBERSOLE 1987). 

C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 C

ou
rte

sy
 o

f E
di

to
rs

 C
ou

rte
sy

 o
f E

di
to

rs
 



The size of the disturbed area has an impor
tant relation to the speed and, in some cases, the 
direction of the recovery. When the area is too lar
ge to be rapidly colonized vegetatively from the 
edges, plants may colonize the central area more 
slowly by seeds and dominate the successional 
communities. This was observed by EBERSOLE 
(1987) at the Oumalik Test Well. It is unlikely that 
early colonizers originated from the seed bank at 
the Fish Creek Test Well. Seeds of early coloni
zers that are rare in undisturbed vegetation will be 
considerably less numerous in the seed bank than 
seeds of upland dominants that do not participate 
in successional communities. 

A remnant of an old organic mat may serve 
as a source of seeds for revegetation (e.g. MC
GRAW 1980) in places where successional domi
nants are common in undisturbed vegetation or 
where dominants are also colonizers. This is pos
sible only in the presence of ample moisture, 
usually on mineral substrate. Old organic matter 
layers may become dry even in originally mesic 
upland habitats where there is moisture near the 
surface on top of the permafrost table. Once dry, 
organic matter does not conduct enough moisture 
for successful germination and establishment of 
seeds that it may contain or for colonization by 
other taxa (ZASADA & GREGORY 1969, DE
NEKE et al. 1975, VAN CLEVE 1977, JOHN
SON et al. 1978, KOMA.RKOV A. 1983, 1985b, 
EBERSOLE 1985, 1987). For this reason and be
cause old organic mats, particularly in northern 
upland sites, may lack the seeds of early coloni
zers, it is doubtful that all such mats in disturbed 
mesic sites will be rapidly revegetated by natural 
succession from the seeds they contain (CAR
GILL & CHAPIN 1987). 

The period of rapid ecosystem change that 
follows disturbance (e.g. GUTIERREZ & FEY 
1980) has not been observed at the Fish Creek Te
st Well. Arctic disturbed areas are usually invaded 
by colonizers in 5 yr (JOHNSON 1969) and the 
recovery of full vegetation cover may last 10 yr 
even on bladed surfaces. In arctic western Sibe
rian gas fields on disturbances very similar to the 
Fish Creek Test Well, natural regrowth after total 
destruction of vegetation lasted about 10 to 15 yr; 
it proceeded in zones from the edges of a distur
bed area to its center (TVOROGOV 1988). Rapid 
establishment of vegetation cover is followed by 
slow community composition change controlled 
by slow environmental recovery, new landform 
differentiation, and by newly triggered natural di
sturbances; during this period, successional com
munities are being replaced by communities simi
lar to the undisturbed ones. 
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It has been noted that the recovery of distur
bed arctic vegetation may be relatively rapidly ac
complished within a few years (e.g. WEBBER & 
IVES 1978, CARGILL & CHAPIN 1987). At the 
Fish Creek Test Well, even the composition of ve
getation on winter trails was not fully recovered 
30 yr after the disturbance. In marsh vehicle trails, 
the highest average similarity to controls was 
88%, but in upland trails it was only 73%. FELIX 
& RAYNOLDS (1987) reported little recovery on 
winter trails on the Coastal Plain in the Arctic Na
tional Wildlife Range, Alaska, second or third 
summers after the disturbance. 

At the Fish Creek Test Well, both the coloni
zation rate and the rate of recovery of community 
composition were lower on disturbances that pro
duced greater departures from the original state. 
Solid waste vegetation composition differed from 
the original ecosystems most drastically; hydro
carbon spills, bladed surfaces, multiple vehicle 
passes, single passes, and winter trails and a 
runway supported vegetation increasingly more 
similar to the controls. A high degree of commu
nity differentiation was indicated by a low degree 
of similarity between and a high degree of simila
rity within the groups of samples belonging to each 
community. This degree was highest in trails and 
on bladed surfaces, approaching that of undistur
bed communities. The recovery was slowed down 
when disturbance was followed by a newly trigge
red natural disturbance such as the lack or over
supply of moisture or erosion. 

Excluding thermokarsts and ponds in which 
water is too deep to be vegetated, the measured 
degree of community composition recovery de
creased along with decreasing moisture from mar
shes to lowlands to snow patches to uplands and 
ridges on most disturbance types. The elasticity of 
newly developing marshes is still greater than the 
elasticity of other ecosystems recovering from di
sturbance. The regrowth rate was also highest in 
wet, depressed areas with longer-lying snow at 
other disturbed Alaskan (e.g. EBERSOLE 1985, 
EBERSOLE & WEBBER 1983) and western Si
berian (TVOROGOV 1988) tundra sites, and in 
forest-tundra and northern taiga in western Siberia 
(MOSKALENKO 1980). 

The inhibition of the undisturbed vegetation 
dominants by the successional dominants (e.g. 
LAMBERT 1972, JOHNSON & VAN CLEVE 
1976) on bladed upland, ridge, and snowpatch 
surfaces lasts at least for several decades. Pioneer 
taxa also persist for more than 10 yr on the Sibe
rian wells, particularly in the drilling mud around 
the well head (TVOROGOV 1988). Some of the 
original dominants, even Eriophorum vaginatum 
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ssp. spissum which propagates by seeds (GART
NER 1982, GARTNER et al. 1986), are at least 
present in successional communities in many pla
ces 30 yr after the disturbance. 

At the Fish Creek site, both microtopographi
cal and vegetational differentiation will continue 
more rapidly than in the surrounding landscape 
for some time. Even recovering plant communi
ties most similar to their controls are still relati
vely poorly differentiated. Even at low disturban
ce intensities, full recovery may still take between 
a hundred and several hundred years, as long as 
the development of new ecosystems takes on na
turally disturbed surfaces (KOMARKOVA 1983). 
In temperate scrub or grassland, recovery may be 
much faster. In coastal sage scrub in California, 
the pre-burn and post-burn community similarity 
is on the average 85% 5 yr after the fire (WEST
MAN & O'LEARY 1986); this is similar to Medi
terranean-climate shrublands of southern France 
where the elasticity is between 3 and 11 yr (WE
STMAN 1986). 

Recovery of environment 

Environment was relatively poorly differen
tiated in recovering ecosystems. Discriminant 
analysis showed less clear prediction of group 
membership in recovering than in undisturbed 
ecosystems for both vegetational and environmen
tal data. However in most cases, the similarity of 
disturbed to control vegetation was considerably 
lower than the similarity of disturbed to control 
environment; only in marshes and lowlands in 
less disturbed winter, single pass, and mUltiple 
pass trails was the similarity of vegetation in di
sturbed plots to their controls higher (Tab. 1). The 
more intense disturbance, the greater the differen
ce. This was again supported by discriminant 
analysis: environmental, including soil, properties 
predicted group membership considerably more 
accurately than plants. 

This probably reflects the fact that soils and 
landforms were less disturbed, especially by more 
intense disturbance, than vegetation; it could also 
indicate a greater elasticity of environment than 
vegetation. Vegetational recovery lags behind en
vironmental one also, for instance, after a fire in a 
coastal sage scrub in California, where nutrients 
that increased after the burn more or less returned 
to pre-burn levels within five years, but the elasti
city of vegetation was about 7 yr (WESTMAN & 
O'LEARY 1986). 

Six yr after the disturbance, the soil in a com
pressed track at Barrow, Alaska, had higher bulk 
density, reduced moisture content and aeration, 

lower acidity, higher nutrients, and higher plant 
productivity than the surrounding tundra (CHAL
LINOR & GERSPER 1975, GERSPER & CHAL
LINOR 1975). At the Fish Creek Test Well, most 
of this was still true for most disturbance types 30 
yr after the disturbance. Post-disturbance base sa
turation, nutrients, and depth of thaw were usually 
higher, and organic matter, available water, silt, 
clay, and CEC were usually lower. Similar pat
terns also appeared elsewhere. For example, the 
following soil properties increased in the Califor
nian coastal sage ecosystem, after fire: N, P04 , K, 
Ca++, N03-, NH4, salinity, and water holding capa
city (WESTMAN & O'LEARY 1986). 

Because part of the organic soil layer was not 
removed and more organic matter was released by 
deeper thaw, after blading or bulldozing, the Fish 
Creek Test Well was relatively rich in nutrients 
that supported high plant production and rapid 
growth and colonization by invading rhizomatous 
graminoids; an old organic mat may serve as an 
all-important source of nutrients (e.g. VAN CLE
VE 1977). Higher soil temperatures may also in
crease decomposition rates and nutrient availabi
lity (EBERSOLE & WEBBER 1983). In places 
where the organic matter layer is removed along 
with vegetation, most of nutrients may be lost 
from the ecosystem (VAN CLEVE 1977). 

Plant community recovery is parallel and clo
sely related to the recovery of the physical envi
ronment. While environmental recovery is usually 
ahead of vegetational one during the first decades 
after disturbance, full recovery of insulating and 
nutrient-cycling vegetation may be necessary for 
full recovery or development of soil properties 
and the depth of thaw. LAWSON (1986, in 
WALKER et al. 1987) proposed a sequence of 
events, including both physical and biological 
processes, leading to the restoration of thermal 
equilibrium in disturbed Alaskan tundra. Three in
fluential factors included the distribution of ice 
volume, which directly affects the mode and rate 
of degradation; the physical properties of sedi
ments, which affect their susceptibility to failure 
once thaw begins; and the local and regional slope 
which affects moisture conditions, drainage, and 
thus degradational processes. In some sequences 
proposed by other authors (e.g. CHAPIN & SHA
VER 1981), land forms and environment do not 
play large enough role. 

Multiple disturbances 

The recovery of vegetation cover was com
plete after 30 yr, except for small patches still ba
re of vegetation that were produced by all investi-
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gated human disturbance types, usually in 
conjunction with a newly triggered natural distur
bance. Such patches and their possible causes in
cluded, for example, small areas of hydrocarbon 
spills (high intensity of the spill); bladed, elevated 
tops of ridges (lack of moisture); piled up mineral 
material (lack of moisture); overturned organic 
mats (lack of moisture); deep ponds in new ther
mokarsts (too much moisture); severely eroding 
surfaces (gravity); and most solid waste surfaces 
(high disturbance intensity, lack of moisture). El
sewhere in the Arctic, no or very little of vegeta
tion occurred 20 yr after disturbance in sites with 
high ice content, thermokarst subsidence~ and ero
sion (HOK 1969), and in trails up to 10 yr old 
(BLISS & WEIN 1972a). 

The only recovering multiple human distur
bances were hydrocarbon spills on bladed surfa
ces. Vegetation was totally removed by both in
tensive spills and blading. The recovery was 
equally slow in otherwise undisturbed spills outsi
de the main site as in spills that were also bladed. 
In both areas on corresponding landforms, several 
spills were still bare; the vegetation cover in 
others was very low and consisted of successional 
dominants. Surfaces that were only bladed were 
completely vegetated unless some natural distur
bance factor intervened. Fish Creek Test Well, it 
was not true that the rate of vegetation recovery 
was slower in multiple impacts than in the sites of 
component single impacts. Rather, this rate appea
red to be determined by the dominant toxic distur
bance of hydrocarbon spills. 

In hydrocarbon spills on bladed surfaces, en
vironment was damaged more than in places of 
the component single impacts . The measured di
sturbance effects, such as the release of nutrients 
and the depth of thaw were greater in bladed sites 
than in places where hydrocarbon spills were the 
only disturbance. The recovery of these environ
mental characteristics appeared again to be domi
nated by the disturbance that produced the greater 
effect, i.e. by blading. For example, thaw was 
deeper only by several centimeters when the only 
disturbance was a hydrocarbon spill, but it could 
be deeper by several tens of centimeters in both 
hydrocarbon spills on bladed surfaces and when 
the only disturbance was blading. 

Summary and conclusions 

A common pattern emerged in response to a va
riety of disturbance factors (e.g. SELYE 1956, 
WOODWELL 1970, AUERBACK 1981) 30 years after 
the disturbance at the Fish Creek Test Well. There was 
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a temporary increase in heterogeneity of plant commni
ties and spatial heterogeneity of landforms and their 
ecosystems. The successional pathways after various 
disturbance types were similar, and the degree to which 
the disturbed ecosystems were different from the origi
nal controlled the rate rather than the direction of reco
very in almost all cases. 

The rate of recovery was highly dependent on the 
type and other properties of disturbance (e.g. type, in
tensity, frequency, predictability) and on the properties 
of the responding unit itself (e.g. VITOUSEK et. al. 
1981). Each specific case of ecosystem disturbance in
volved different resistance and damage characteristics 
and different elasticity responses. 

·The Braun-Blanquet class/landform unit was the 
major factor controlling the direction and rate of reco
very. Natural disturbances triggered by the human di
sturbance often determined the rate of recovery within 
the individual vegetation/landform types; again, this ef
fect may be very specific for different disturbances and 
ecosystems. For example, some disturbance may short
circuit or eliminate certain natural pathways, and others 
may accelerate certain natural processes (e.g. LUGO & 
SNEDAKER 1974). This disturbance-specificity of 
ecosystem response is most important where ecosy
stems are in equilibrium with particular disturbances, 
especially where the probability of the disturbance in
creases with time since the disturbance occurred last 
(HOLLING 1981, VITOUSEK et al. 1981). This may 
be the case on the Alaskan Arctic Coastal Plain, where 
natural surface disturbances are relatively frequent. 

The rate of recovery in the investigated cold-do
minated ecosystems was slow and full recovery may 
take between a hundred and several hundred years. All 
changes that the Fish Creek Test Well disturbance pro
duced are temporary; eventually, the site will enter the 
natural, several-thousand-years-long cycle driven by 
the thaw lake, river, and wind disturbances and disap
pear. 

Some trends in response to disturbance are the sa
me in different geographical regions; for example, mar
shes appear to be the most elastic vegetation/landform 
unit in the whole circumpolar region. However, conclu
sions reached at one geographical site cannot be tran
sferred to another without a detailed evaluation. Even 
between the northern and southern reaches of the Ala
skan arctic tundra, the response patterns may be quite 
different. For example the same species may play a dif
ferent role in the successional process in different parts 
of it's geographical range. Eriophorum vaginatum is 
not a colonizer in the northern part of the Alaskan Arc
tic Slope, but it is an important one on surface distur
bances in the south and west (Eagle Summit, Toolik 
Lake, Seward Peninsula; CHAPIN & CHAPIN 1980, 
CHESTER & SHAVER 1982). 
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Braun-Blanquetia 3 (2), 1989 IAVS Symp. Vegetation in Settlements 

Vegetationsdynamik in brachgefallenen Parkrasen (Cynosurion) 

Muller N. 
Amt fur Umweltschut: und Grullordnung, Abt. Lalldschaftsokologie und Naturschutz. Dr. Ziegenspeck-Weg 10, 
8900 Augsburg, Germany. 

Keywords: Vegetation dynamic, abandoned lawns, pennanent plots. 

Einleitung 

Parkrasen im Sinne von regelma13ig kurz 
gehaltenen Grunlandflachen gehoren heute in Eu
ropa im Bereich des sommergrunen Laubwaldes 
zu den verbreitetsten Pflanzengesellschaften der 
Siedlungsraume. 

Wiihrend der Vegetationsperiode werden sie 
je nach Biomassenentwicklung 10 - 30 mal 
gemaht, wobei das Schnittgut liegenbleibt und 
von Regenwurmern und Mikroben zersetzt wird. 

Bei ihrer Anlage werden in der Regel einige 
regenerationsfreudige Graser ausgesat (HILLER 
1976, HOPE 1983), die allerdings nach einigen 
lahren zusammen mit spontan auftretenden Arten 
ein vielschnittbedingtes Gleichgewicht bilden. le 
nach Standort, Vorgeschichte und Alter kommt es 
zur Ausbildung charakteristischer Pflanzenge
meinschaften, wobei die ursprunglich ausgebrach
ten Graser nur noch von untergeordneter Bedeu
tung sind (MULLER 1990). 

Pflanzensoziologisch werden die Parkrasen 
zum Cynosllrion gestellt, wobei die im folgenden 
behandelten sudbayerischen Parkrasen als eigene 
Gebietsassoziation (Trifolio repentis - Veronice
tum filiform is N. Muller 88) betrachtet werden 
konnen. 

Entwicklungsgeschichtlich sind die Parkra
sen vorwiegend eine junge Pflanzengesellschaft, 
deren gro13f1achige Ausbreitung erst Mitte der 
60er lahre dieses lahrhunderts mit der zunehmen
den Verwendung von Motorrasenmahern einsetz
te. Zunehmende Rationalisierung bei der Grunfla
chenpflege und gestalterisch-asthetische 
Gesichtspunkte fUhrten dazu, da13 Parkrasen in of
fentlichen und privaten Grunflachen sowie ent
lang Stra13enbanketten etc. eine weite Verbreitung 
fanden. Der haufige Schnitt wurde mit dem Ziel 
betrieben, eine niedrige, dichte, geschlossene und 
mehr od er minder strapazierfahige Vegetations
decke zu schaffen. Okologische Aspekte fanden 
dabei keine Berucksichtigung. Die neueren Be
strebungen des Naturschutzes, durch abgestufte 
Pflege in Siedlungsraumen rnoglichst viele Le-

bensgerneinschaften nebeneinander zu fordern 
und so die Arten- und Biotopdiversitat zu 
erhohen, fUhrten zu der Forderung, auch bei der 
Rasenpflege differenzierter vorzugehen. Irn Herbst 
1981 ernpfahlen darurn die Mitglieder der Arbeits
gruppe «Biotopkartierung irn besiedelten Bereich 
der BRD» (SUKOPP u.a. 1979), in verschiedenen 
Stadten Dauerbeobachtungsflachen anzulegen, urn 
die Entwicklung von Parkrasen bei Schnittredu
zierung zu verfolgen. Dabei sollten Beobachtun
gen in Parkrasengesellschaften verschiedener Na
turraurne nach einern standardisierten Prograrnrn 
(WOLF 1982) uber rnindestens ftinf lahre durch
gefUhrt werden. Ein Ziel dieser Untersuchungen 
war es, Erfahrungen zu sarnrneln, unter welchen 
Schnittvarianten (1-, 2- oder 3-Schnitt pro lahr) 
die Parkrasen in floristisch reichhaitige Wiesen 
verwandelt werden konnen. 

Desweiteren wurde auch jeweils eine Varian
te «ungestorte Sukzession» eingerichtet, da aus 
tierokologischer Sicht das ganzjahrige Vorhanden
sein von Strukturen (Halme, vertrocknete Bltiten
stande, Sarnen etc.) als Entwicklungs- und 
Uberwinterungshabitat fUr Grunlandgesellschaf
ten relevanten Evertebraten (insbesondere Insek
ten) von Bedeutung ist (DUFFEY u.a. 1974, 
FEWKES 1961, MORRIS 1971). 

Zu vorgenannten Fragestellungen wurden 
1982 in Koln (KUNICK 1987), Bonn (WOLF 
1982) und Sudbayern (Schwerpunkt Augsburg) 
Dauerflachen eingerichtet. 

Aus dem sudbayerischen Versuchsprograrnrn 
von insgesarnt neun Standorten rnit jeweils glei
chen Pflegevarianten (naheres vg!. MULLER 
1988), soil irn folgenden uber die Entwicklung der 
Bracheparzellen exernplarisch anhand zweier Ver
suchsstandorte in Augsburg berichtet werden. 

Floristisch handelt es sich urn sehr ahnlich Be
stande, die zur typischen Ausbildung der sudbaye
rischen Parkrasen (Trifolio repentis - Veronicetum 
filiformis N. Muller 1988) gestellt werden konnen. 
Mit hohen Anteilen ist die Kennart Veronica filifor
mis vorhanden, die im Fruhjahr rnit ihren blauen 
Bltiten physiognomisch beherrschend ist. 
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2. Grundlagen und Methoden des Bayerischen Alpenvorlandes zu den «Lech
Wertach Ebenen» zahlt (Abb. 1). 

2.1 Allgemeine Beschreibung der Versuchsanlagen 

Die beiden Versuchsanlagen liegen im Stadt
gebiet von Augsburg, das naturraumlich innerhalb 

Abb. 1- Lage der Versuchsf1achen. 

Augsburg (Muhlhausen) 458m U. NN 

Das Klima kann als subatlantisch mit konti
nentalem Einschlag bezeichnet werden. Fur die 
Interpretation der Vegetationsentwicklung sind 
neben den Jahresmittelwerten vor allem die jahre
szeitlichen Schwankungen wahrend des Untersu
chungszeitraumes von Interesse. Sie sind darum 
in Form eines Klimacliagrammes mit Klimato
gramm nach WALTER (1955) in Abb. 2 darge
stellt. 

Bei cler Anlage cler DauerfHichen (vg!. Abb. 
3) wurde entsprechend dem Minimumareal von 
GrUnlandaufnahmen pro Behandlungsvariante 20 
m2 (4 x 5 m) gro6e Flachen mit versenkten Metall
pflocken dauerhaft markiert. 

In der Regel wurde mindestens eine Wie
derholung angelegt, um die Ergebnisse statistisch 
abzusichern. Auf dem Standort Berliner Allee 
wurden in zwei Wiederholungen umfangreiche 
Versuchseinsaaten mit dem Ziel durchgefUhrt, die 

mm 
200 

818 8.5°C 7768,7°C 696 7,6°C 6837,3°C 
mm 

7727,7°C 
mm 

743 150 
mm mm mm mm 

°c 

langj. Mittel 1982 1983 1984 1985 1986 

Abb.2 - Klimaoiagramm mit Klimatogramm fUr Augsburg (nach Grundlagen der Wetterstation des Deutschen Wetterdienstes Augs
burg - Miihlhausen). 

I lit 
o 10 20 30m 

1,2.3 Schnitlvarianten • Bodenpr.!il 

N Normalschnitt x Krautereinsaat 

o ungest.Sukzession v Probefl.z.gene rat . Vermehrung 

Abb. 3 - Versuchsf1ache 2 (Berl iner Allee I und II). 
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Schnittvarianten floristisch anzureichem. Da durch 
die eingesaten Arten der Sukzessionsverlauf zum 
Teil stark beeinfluBt wurde, erfolgte hier jeweils 
flir zwei Versuchsreihen eine getrennte Auswer
tung (Berliner Allee I und IT). 

2. 1. 1 Versuchsfliiche 1 (Spickel) 

Die Grlinanlage, in der diese Versuchsflache 
liegt, enstand 1968 auf einer ehemaligen Ma
gerwiese. Nach Umbruch der Flachen im Zuge 
von Bauarbeiten wurden sie mit einer handels
iiblichen Rasenmischung eingesat und in Folge als 
Parkrasen gepflegt. 

Auf die ehemalige Vornutzung als artenrei
che Magerwiese ist es zuriickzuflihren, daB diese 
Parkrasen zu Versuchsbeginn in geringen Menge
nanteilen einige Wiesenarten wie z.B. Leucanthe
mum vulgare und Ranunculus aais enthielten. 

Die Bodenforrn stellt eine Auenrendzina mit 
einer 10 cm machtigen gerollhaltigen Humusauf
lage dar. Der C-Horizont besteht aus schwach to
nigem Schluff. Das niedrige C/N Verhaltnis (8,3) 
und die ausgeglichenen Phosphat- (9 mg P20,/lOO 
g Boden) und Kaliwerte (6 mg KP/IOO g) ver
deutlichen das gute N~ihrstoffangebot des Bodens. 
Gegeniiber der Versuchsanlage Berliner Allee hat 
dieser Standort eine deutlich erhohte Biomassen
produktion. 

2.1.2 VerslIchsfliiche 2 (Berliner Allee 1 und 11) 

Die Versuchsflachen liegen in einer Parkanla
ge, die 1958 auf Triimmerschuttablagerungen ent-

% Deckungsgrad 

100f==IIIJ"r.----~l1lI]JII:='I 

50 

· . . . 
· ....... . · ............ . . 
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stand. Nach einer schwachen Humusierung 
erfolgte, nachdem eine spontane Begriinung ein
setzte, rege1maBiger Parkrasenschnitt. Da im Ge
gensatz zur Versuchsflache Spickel wahrscheinlich 
kaum keimfahiger Samenvorrat von Griinlandge
sellschaften bei der Neuanlage im Boden ruhte, 
sind diese Flachen im Vergleich floristisch arrner. 

Trotzdem haben sich - wie in der Versuchs
f1ache Spickel - innerhalb der tiber 20 - jahrigen 
Parkrasenpflege alle typischen Arten der Parkra
sen eingestellt, so daB zu Versuchsbeginn auf bei
den Standorten ahnliche Mengenanteile von Cy
nosurionarten auftraten. 

Bei der Bodenprofilbohrung folgte auf eine 7 
cm machtige sandige Humusauflage eine flir den 
Bohrstock undurchdringliche Trlimmerschuttlage. 
Gegeniiber der Versuchsflache Spickel hat der 
Standort Berliner Allee eine geringere Biomas
senproduktion (C/N = 10; 24 mg PP5/100 g Bo
den, 18 mg K20/lOO g). 

2.2 Methoden 

Im Vordergrund der Untersuchungen stand 
eine moglichst genaue Erfassung der Veranderung 
der Vegetation. 

Mit Hilfe der verfeinerten LONDO-Skala 
(1975) wurden die Teilflachen jedes Jahr Ende 
Mai und Anfang August erhoben, daraus ein Mit
telwert gebildet und anschlieBend das arithmethi
sche Mittel aus den zwei Teilflachen errechnet. 

Um einen Einblick in den zeitlichen Verlauf 
der flir die Sukzession bezeichnenden Arten zu 

o 
Jahr 1982 84 86 1982 84 86 

Versuchsfliche 1 (Spickel) VersuchsfHche 2a (8erl.Allee I I) 

Uillill Ge s amtdeck u n 9 o Griserantei 1 o Kriiuterantei 1 

Abb.4 - Vcrandcrung im Gcsamtdcckungsgrad und im Krautcr- u. Grtiscranteil in brachgcfallcnen Parkrasen (TriJolio repel1fis - Ve
rGl1iceTlI1II ji/fiorlllisj inncrhalh VOB 5 JahrcB. 
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gewinnen, wurde ihr Deckungsgradverlauf profil
artig dargestellt (Abb. 6). 

An synthetischen Daten iiber die Bestands
veranderungen wurden berechnet: 
- Veranderung des Gesamtdeckungsgrades und 

des Krauter- u. Graseranteils (Abb. 4). 
- Veranderung der Artenzahl und des Gemein

schaftskoeffizienten (S0RENSEN 1948) (Abb. 
5). 

Weitere Einzelheiten und kritische Be
merkungen zu den Auswertungsmethoden finden 
sich bei MULLER (1988). 

Veranderung der Artenzahl: 

Artenzahl 
40r--------------------------. 

30 

--- -. 
10 
0L-----~----_r----~r_--~~ 

Jahr 1982 84 86 

dennahen Luftschichten. Verstarkt wird dieser 
Effekt durch Graser, die auf Grund eines hohen 
Gehaltes an langsam abbaubarer Zellulose und Lig
nin eine verklebte und kompakte Streudecke aus
bilden. 

Desweiteren fiihren Trockenperioden im 
Herbst und darauffolgendem Friihjahr zu einer 
Verlangsamung der Streumineralisation (GISI u. 
OERTLI 1981, STOCKLIN u. GISI 1985). In den 
brachgefallenen Parkrasen werden am geringeren 
Gesamtdeckungsgrad 1984 die Auswirkungen 
des trockenen Herbstes 83 und des niederschlags-

Veranderung des Gemeinschafts

koeffizienten: 
% 
100~--------------------------~ 

50 

1982 84 86 
Abb.5 - Veranderungen der Artenzahl u. des Gemeinschaftskoeffizienten in brachgefallenen Parkrasen (Trifolio repelllis - Veronice
IlIm filiformis) innerhalb von 5 Jahren. 

3. Vegetationsdynamik 

In den ehemaligen Parkrasen haben sich nach 
fiinf lahren «ungestorter Sukzession» deutIiche 
Bestandsumschichtungen vollzogen. 

3.1 Verdnderungen im Gesamtdeckungsgrad 

Beim Brachfallen von Parkrasen kommt es 
in den ersten lahren ebenso wie in anderen Griin
landgesellschaften (BORSTEL 1974, SCHIEFER 
1981, 19R1 a u. 19R2, SCHREIBER 1986, WOLF 
1979) durch akkumulierte Streu zu einer verzo
gerten Vegetationsentwicklung im Friihjahr, was 
sich in einem verringerten Gesamtdeckungsgrad 
an lebender Biomasse niederschlagt (vg!. Abb. 
4). 

Die Streuschicht bewirkt eine geringere und 
langsamere Erwarmung des Bodens und der bo-

armen Friihjahrs 84 sichtbar (vg!. Abb. 2 und 
Abb.4). 

Allerdings ist anzunehmen, daB die 
Deckungsverluste im lahre 1984, die in samtli
chen Versuchsflachen des Programms (vg!. MUL
LER 1988) beobachtet werden konnten, nicht aus
schlieBlich auf die Witterung zuriickzufiihren 
sind. Aus Sukzessionsstudien ist bekannt, das 
Akkumulations- und Abbauzyklus erst nach eini
gen lahren im Gleichgewicht sind (ODUM 1960, 
SCHIEFER 1981). Dabei kommt es in den ersten 
Brachejahren zunachst bei gehemmter Zersetzung 
zur iibermaBigen Streuakkumulation, die erst 
aufhort, wenn die Streu auf Grund des verander
ten Mikroklimas in Erdbodennahe verstarkt abge
baut wird. Dann steIlt sich ein fUr Brachflachen 
typischer lahresrythmus der Streumineralisation 
ein. Die zu Beginn der Vegetationsperiode recht 
groBe Streumasse wird im Friihjahr und Friihsom-
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mer besonders schnell zersetzt, so daB im Juni 
und Juli die geringsten Streumengen anzutreffen 
sind. Mit dem Vergilben der Pflanzenbestande im 
Sommer steigt die Streumasse dann schnell an, 
urn im Oktober ein Maximum zu erreichen. Eine 
kontinuierliche Akkumulation von Streu iiber Jah
re hinweg findet aber nicht statt, da Abbauta
tigkeit und Streuanfall sich die Waage halten 
(WOLF 1979, SCHTEFER 1981, STOCKLIN u. 
GISII985). 

Die hohen Deckungsverluste 1984 sind dem
nach auch damit zu erklaren, daB sich der Akku
mulations- und Abbauzyklus in Parkrasen erst se it 
1985, also nach drei Jahren, eingespielt hat. Das 
sowohl die Witterung als auch der Abbauzyklus 
flir den geringen Gesamtdeckungsgrad 1984 ver-

Ver suchs fLic he 1 
(Sp i cke l ) -

% Oeck"ng 

20~ 
10 

o 
1982 84 86 

Vers uchs fl ache 2 
(Be r l iner Allee 1- u. 
Berl i ner Allee 11 ---- ) 

% 

::~ 
Bellis perennis '~82 86 

Tri fol iu. repens 

P~a pratensis 

--~=====> Agropyron repens 

1-----------,] 

Arrhen~theru. __ ~- -"'-_-_/_/ ...JJ 
elilt;'s 

Agrostis stolonifera 
L-___ --' ssp. stolonifera 

Abb. 6 - Dcckungsgradveranderungen einzclner Artne in brach
gefallenen Parkrasen (Trifolio repentis - Veronicetum filifor
mis). 
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antwortlich sind, bestatigen auch Untersuchungen 
in einer anderen Rasenversuchsanlage innerhalb 
des Gesamtprogramms, die ein Jahr spater als die 
anderen Standorte eingerichtet wurden (vgl. 
MULLER 1988). Hier war sowohl 1984 bedingt 
durch die Witterung als auch 1985 bedingt durch 
den Akkumulationszyklus eine erhohte Streu
auflage zu beobachten. 

Demnach hat sich der Abbauzyklus auf den 
Rasenbrachen nach drei Jahren eingespielt, was 
auch Untersuchungen von ODUM (1960) in 
Ackerbrachen und SCHIEFER (1981) in Griin
landbrachen entspricht. 

3.2 Veranderung der Artenzahl 

Bedingt durch die erhohte Streuakkumu
lation in den ersten Jahren kommt es in den brach
gefallenen Parkrasen zu einem deutlichen Ar
tenriickgang (vg!. Abb. 5), wobei vor allem licht
liebende Cynosurion-Arten verschwinden (vgl. 
Tab. 1, Gruppe 1). 

Dabei zeigt sich ein Zusammenhang zwi
schen der Zunahme des Graseranteils und der Ab
nahme der Artenzahl. Je hoher der Anteil an 
schwer zersetzbaren Grasern und der damit ver
bundenen akkumulierten Streu, urn so groBer sind 
auch die Artenverluste, eine Beobachtung die 
SCHIEFER (1981, 1982) u. SCHREIBER (1986) 
ebenfalls in Cynosurion- und auch in Arrhenathe
rion-Gesellschaften gemacht haben. Auf nahrstoff
reichen Standorten verIauft dieser Prozess rascher, 
da schneller einige konkurrenzkraftige Arten zur 
Vorherrschaft gelangen, als auf mageren Versuchs
flachen (vg!. MULLER 1988). Die Kurve der Ar
tenzahl verdeutlicht auch, daB die Sukzession in 
den Parkrasen noch im vollen Gange ist und das 
auch in den nachsten Jahren mit einem weiteren 
Artenverlust zu rechnen ist. 

3.3 Veranderungen des 
Gemeinschaftskoeffizienten 

Auch die Darstellung des Artenwechsels, be
zogen auf den Ausgangsbestand mit Hilfe des Ge
meinschaftskoeffizienten (S0RENSEN 1948) 
zeigt, daB die Sukzession kontinuierlich verlauft 
und noch nicht abgeschlossen ist (vg!. Abb. 5). 
Die relativ flachen Kurven machen deutlich, daB 
sich die Vegetation wahrend der Versuchsdauer 
qualitativ nicht wesentlich verandert hat. 

Zusammenfassend laBt sich an Hand der 
Veranderungen der Artenzahlen und der Ahnlich
keitsbeziehungen die Vegetationsentwicklung in 
brachgefallenen Parkrasen nach dem «initial flori
stic composition model» (EGLER 1954) interpre
tieren: Der Sukzessionsverlauf wird von dem bei 
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der Pflegeumstellung vorhandenen Pflanzenbe
stand bestimmt, wahrend neue Arten sich kaum 
etablieren konnen. 

3.4 Verschiebungen in Kriiuter- u. Griiseranteil 

In brachgefallenen Parkrasen ist wie in un
gemahten Arrhenatherion-und Cynosurion-Gesell
schaften (BORSTEL 1974, SCHIEFER 1981 a) 
der Artenverlust mit einer mengenmaBigen Zu
nahme von Grasem verbunden (vg!. Abb. 4). 

Bei allen Ausildungen von Parkrasen in
nerhalb des Versuchsprogramms (vg!. MULLER 
1988) konnten deutliche Bestandsumschichtungen 
zugunsten der Graser beobachtet werden . Dabei 
kommen hochwlichsige- bereits im Ausgangsbe
stand vorhandene Graser wie z.B. Agropyron re
pens, Dactylis glomerata zur Dominanz, wahrend 
niederwiichsige Rasengraser wie z.B. Poa trivial is 
und Poa pratensis verdrangt werden (vg!. Tab. 1 
Versuchsflache 2, Berliner Allee I). Sind aller
dings im Ausgangsbestand keine hochwlichsigen 
Graser bestandspragend vorhanden, so erreichen 
typische Rasengraser wie z.B. Agrostis stol. sub
sp. stol. (vg!. Versuchsflache 1, Spickel) oder F e
stuca rubra und Poa pratensis hohe Deckungs
gewinne (vg!. MULLER 1988) und .~onnen 
artenarme Dominanzbestande ausbilden. Ahnliche 
Beobachtungen machten auch TRAUTMANN u. 
LOHMEYER (1975) an wenig oder ungemahten 
Rasenaussaaten an Autobahnen und KUNICK 
(1987) in brachgefallenen Parkrasen. 

Ob allerdings diese Dominanzbestiinde aus 
Untergrasser ahnlich stabil sind wie solche aus 
Hochgrasern z.B. mit Arrhenatherum elatius 
(FISCHER u.a. 1985) oder mit Agropyron repens 
kann auf Grund der Klirze der Beobachtungszeit 
nicht beurteilt werden. 

3.5 Verschiebungen in der Artenkombination 

FaBt man dieVeranderungen einzelner Ar
tenkombinationen mit gleicher Tendenz zusam
men, so wird deutlich, daB die Sukzession in 
brachgefallenen Parkrasen in mehreren Etappen 
verIauft (vg!. Tab. 1). 

In den ersten Jahren kommt es durch die 
erhohte Streuakkumulation zu einem raschen Ver
lust der lichtliebenden Cynosurion-Arten (Gruppe 
1), der durch einen sprunghaften Anstieg einzel
ner Rasengraser wie z.B. Agrostis stolonifera sub
sp. stolon. u. gigantea ausgeglichen wird. 

Bis sich ein flir brachgefallene Parkrasen ty
pischer Streuakkumulationszyklus eingestellt hat, 
sind weitere verbreitete Arten der Parkrasen 
(Gruppe 2) verschwunden. 

Nach flinf Jahren sind alle lichtliebenden 
Griinlandarten stark zurlickgegangen (Gruppe 3) 
und es ist mit deren Verlust in den nachsten Jah
ren zu rechnen. 

Der Riickgang der lichtliebenden Rasen- und 
Wiesenarten wird durch die Zunahme einiger we
niger hochwlichsiger Arten mit breiter soziologi
scher Amplitude ausgeglichen (Gruppe 4). 
Uberwiegend sind dies konkurrenzstarke Obergra
ser wie Agropyron repens und Arrhenatherum ela
tius und Saumarten wie Galium album und Vero
nica chamaedrys. Dabei scheint die 
Durchdringungsgeschwindigkeit einzelner Arten 
darliber zu entscheiden, we1che als erste die Platze 
der verschwundenen Arten besetzen und sich durch
setzen konnen. Wahrend in der Versuchsflache 
2a-Berliner Allee I die Quecke artenarme Domi
nanzbestande aufbaute und fast die gesamte Fla
che besiedelte, verhielt sich in der Versuchsflache 
2b-Berliner Allee II der zu Versuchsbeginn ausge
sate Glatthafer als deutlicher Gegenspieler und trat 
in Konkurrenz mit der Quecke. In der Versuchs
flache 1-Spickel, in der keine dieser Arten zu Ver
suchsbeginn vorhanden waren, bildet das Rasen
gras Agrostis stolon. subsp. stolonifera artenarme 
Dominanzbestande. Es bleibt abzuwarten, 
inwieweit diese Bestande durch die seit 1984 neu 
auftretende Quecke abgebaut werden. 

3.6 Dynamisches und okologisches Verhalten 
einzelner Arten 

Im Gegensatz zu Ackerbrachen (SCHMIDT 
1981) zeichnen sich ungelenkte Sekundarsukzes
sionen in Grtinlandgesellschaften durch einen ge
ringen Lebensformenwechs<?.1 aus (BORNKA:t:1M 
1975, BORSTEL 1974, BURING 1970, MUL
LER 1988, RUNGE 1975, 1985 , SCHAFER 
1975 , SCHIEFER 1981, WOLF 1979), da der 
Sukzessionsverlauf vom vorhandenen Pflanzenbe
stand bestimmt wird, wahrend die Einwanderung 
neuer Arten von untergeordneter Bedeutung ist. 

Rascher reagieren auf Veranderungen einzel
ne Arten (vg!. Abb. 6), so daB das Verhalten der 
flir den Sukzessionsverlauf und Bestandsaufbau 
bedeutsamen Arten an Hand der Lebensformen
gruppen betrachtet werden solI. 

Wuchshohe und Reservestoffspeicherung 
sind dabei flir das Sukzessionsverhalten in Bra
chen von besonderer Bedeutung. 

Konkurrenzvorteile auf Brachflachen haben 
Pflanzen mit Reservespeicherung in Form von 
Rhizomen, Pfahlwurzeln, Knollen etc. (OOMES 
u. MOOI 1985, SCHIEFER 1982, WOLF 1979). 
Die haufig im Frtihjahr vorhandene Streudecke 
wirkt so stark beschattend, daB eine Assimilation 
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Tab. 1 - Vegetationsentwicklung in brachgefallenen Parkrasen (Trijolio repenfis - Veronicefumjilijormis N. MUller 88) 
innerhalb von 5 lahren (Angaben in Deckungsprozente) 

Versuchsfl ache l-Spickel 2a-Berl.Allee I 2b-Berl.Allee 11 

Jahr 82 83 84 85 86 82 83 84 85 86 82 83 84 85 86 

Zahl d. Aufnahmen 2 2 2 2 1 2 2 2 2 r 2 2 2 2 1 
Zahl d. Teilflach. 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Deckung GefaBpfl. 99 99 67 97 99 99 99 64 89 99 99 59 58 93 99 
Krauter (incl.Leg.) 64 33 35 39 37 55 31 20 16 13 62 38 16 22 19 
Graser 36 67 29 58 63 45 69 44 73 87 38 61 42 71 81 

GefaBpfl./Teilfl. 0 26 18 21 20 12 25 21 17 15 12 27 26 21 21 15 Le-
11 absolut 28 22 25 23 17 30 24 22 19 16 32 31 27 26 19 bens-

G 1 Bellis perennis 4 4 
form 

4 Hr 
Capsella bursa-past. r r r T 
Veronica serpyllifol. 1 1 r HRr 
Plantago media r 2 r 6 1 r r Hr 
Prunella vulgaris 1 r 2 r 5 r r HRs 
Cerastium holost. 1 1 r r 1 r C 
Lolium perenne 2 1 r 2 r 1 r r Hc 

G 2 Trifolium repens 11 1 1 r 15 2 1 11 3 r 1 C 
Taraxacum off. 3 1 1 2 7 5 r r 4 5 1 r Hr 
Poa trivialis 6 1 9 1 4 r 9 1 r HRs 
Leucanthemum vulg. 6 r r HRr 
Plantago major r r r 1 r r r Hr 

G 3 Agrost. stol.ssp.gig. 13 31 7 5 23 46 25 28 8 HRr 
Plantago lanceolata 3 r 1 1 r 4 3 r r 1 5 3 r r 1 Hr 
Veronica filiformis 23 8 13 12 2 14 10 1 2 r 19 10 1 C 
Poa pratensis 13 9 7 14 4 15 14 2 2 1 7 6 5 9 6 HRr 
Achillea millefol. 2 1 r r r 8 8 13 6 2 5 6 4 5 4 HRr 
Medicago lupulina 1 1 r r r 1 1 1 r 1 T 

G 4 Galium album 1 7 9 10 20 r 1 2 2 1 2 4 5 5 6 HRr 
Veronica chamaedrys 4 13 9 10 11 1 3 2 4 7 1 r 1 r 1 HRs 
Dactylis glomerata 1 3 2 4 5 3 5 6 3 6 4 6 8 16 4 HC 
Agropyron repens 1 1 3 8 23 24 59 82 1 6 8 15 45 G 
Acer pseudoplat. r r r r r r P 
Fraxinus excelsior r 1 1 r r P 
Acer platanoides r r P 
Stellaria graminea r r 1 r 1 1 HRr 
Populus nigra r r r r r P 
Agrost.stol .ssp.stol. 13 48 18 38 50 HRs 
Arrhenatherum elat.* 1* 4*15* Hc 
Potentilla reptans r 1 1 2 11 HRs 

Sonstige: Ranunculus repens 6 3 1 1 r 1 1 1 ' 2 4 2, 5 ,2 HRs 
Glechoma hederacea r r r 2 2 1 r 2 2 1 r 1, 1 2 r HRs 
Ranunculus aeris 1 1 2 2 1 1 1 r 1 1 Hs 
Rumex erispus r 1 1 1 r r l" r r Hs 
Holeus lanatus 1 1 1 2 1 He 
Festuea rubra 1 1 2 1 1 r 1 He 
Leontodon hispidus r 1 1 r r Hr 

* eingesat 1982 
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Fortsetzung Tab. 1: 

Lebensform nach ELLENBERG 1952 und 1979: 

Hs 
Hc 
Hr 
HRs = 
HRr 
G 
T 
P 

Schaft-Hemikryptophyt 
Horst-Hemikryptophyt 
Rosetten-Hemikryptophyt 
Stolonen-Hemikryptophyt 
Rhizom-Hemikryptophyt 
Geophyt 
Therophyt 
Phanerophyt 

AuBerdem in 
Versuchsflache 1-Spickel: Sinapis 
Sonchus asper 1984: r; Crataegus 
Urtica dioica 1985 u. 86: r; 

arvensis 1984: r; Acer campestre 1985: 1; 
monogyna 1985: r; Trifolium prat. 1982: 1; 

Versuchsflache 2a-Berl.Allee I: Veronica arvensis 1982: r; Trisetum flavescens 
1984: r; Silene vulg. 1982 u. 83: r; Crepis biennis 1982: r; Poa annua 1982: r; 

Versuchsflache 2b-Berl.Allee 11: Veronica arvensis 1982: r; Ajuga reptans 1982: 
1, 1983: r; Festuca prat. 1982, 83, 84: r; Trifolium dubium 1982: 3, 1983: r; 
Cardamine prat. 1982, 84: r, 1983 u. 85: 1; Trifolium prat. 1982 u. 83: r; 

erst nach Durchwachsen der Schicht einsetzt 
(WEAVER u. ROW LAND 1952). Die unterirdi
sche Reservespeicherung von Assimilaten in 
Knollen und Rhizomen befahigt Geophyten und 
Rhizom-Hemikryptophyten die Streudecke im 
Frtihjahr gut zu durchwachsen, zumal die Ober
dauerungsknospen im Winter von den negativen 
Einfltissen der Streu geschtitzt sind. Dartiber hin
aus kommt dieser Lebensformgruppe auch ihre 
Fahigkeit zur vegetativen Vermehrung bei der Aus
breitung zu Gute, da unter der Streudecke eine ge
nerative Vermehrung stark erschwert ist. 

Damit ist zu erkHiren, daB sich der Geophyt 
Agropyron repens in brachgefallenen Parkrasen 
rasch von Einzelpflanzen aus verbreiten kann. 

Von den Rhizom-Hemikryptophyten konnte 
sich vor allem Galium album in den brachgefalle
nen Parkrasen behaupten und zum Teil ihre 
Deckungsanteile erhohen. Auch Stetlaria grami
nea zeigt leicht zunehmende Tendenz. Hingegen 
scheint Poa pratensis nicht so konkurrenzkraftig 
zu sein. Auffallend war, daB bei ihr die Bli.itentrie
be stark vermindert waren und sie sich nur vegeta
tiv ausbreitete, ein Zeichen daftir, daB sie in den 
brachgefallenen Parkrasen ihre Lichtansprtiche 
nicht decken kann. Leucanthemllm vulgare zeigt 
ebenso wie in Arrhcnatherion-Brachen einen ra
schen Rtickgang. Die Margarite bildet zwar Rhi
zome aus, aber ein GroBteil ihrer Reservestoffe 

tiberwintern in den Blattrosetten, die unter der 
akkumulierenden Streu rasch ersticken. 

Hochwtichsige Horst-Hemikryptophyten mit 
starker Verdrangungstendenz zeigen in brachge
fallenen Parkrasen deutliche Deckungsgewinne. 
Wie aus der Tab. 1 und Abb. 6 deutlich wird, 
verhalt sich der eingesate Glatthafer als deutlicher 
Gegenspieler zur Quecke. Verdrangungsstarke 
Horst-Hemikryptophyten sind innerhalb der Ge
samtversuchsreihe vor allem auf krauterreichen 
Bestanden konkurrenzfahiger, da hier die Streu ra
scher abgebaut wird und sie sich generativ aus
brei ten konnen. Hingegen erwiesen sie sich in 
grasreichen Bestanden, die zur Ausbildung einer 
langsamen zersetzbaren Streu neigen, gegentiber 
den vegetativ sich ausbreitenden Geophyten und 
Rhizom-Hemikryptophyten unterlegen (vg\. 
MOLLER 1988). Niederwtichsige Horst-He
mikryptophyten wie Lolium perenne und Trifo
lium pratense werden bereits in den ersten lahren 
verdrangt. 

Stolonen-Hemikryptophyten sind in der Re
gel nicht so konkurrenzkraftig wie Rhizom-He
mikryptophyten, da oberirdische Ausiaufer der 
Reservespeicherung dienen und somit zumindest 
in grasreichen Bestanden mit langsam zersetzen
der Streu keine Konkurrenzvorteile bieten. Ajuga 
rcptans, Prullclhl vulgaris und Poa trivialis, Sto
lenen-Hemikryptophyten mit kurzen AusHiufern, 
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nahmen darum in allen brachgefallenen Parkrasen 
ab. Die starke Ausbreitung von Agrostis stol. sub
sp. stol. in der Versuchsflache Spickel ist damit zu 
erkliren, daB sich bislang keine konkurrenzkrafti
gen Geophyten und Horst-Hemikryptophyten aus
breiteten und darum das StrauBgras mit seinen 
langen Auslaufern ungehindert die Streudecke 
Uberwachsen konnte. 

Rosetten-Hemikryptophyten wie Bellis pe
rennis, Taraxacum officinale, Plantago media, P. 
major und P. lanceolata nehmen in Folge der Be
schattung durch Pflanzenbestand und Streudecke 
rasch ab. Dabei konnte beobachtet werden, daB 
Taraxacum officinale und Plantago media versuch
ten, durch Anderung ihres Habitus dem Licht
mangel zu entgehen. Sie strecken ihre Blatter im 
spitzen Winkel in die Hohe, dabei wurden bei 
Plantago media die Blatter deutlich schmaler und 
langer. 

Auf die hohen LichtansprUche der meisten 
Chamaephyten des Cynosurion ist es zurUck
zufUhren, daB sie beim Brachfallen nicht mehr 
konkurrenzHihig sind. Trifolium repens, Cera
stium holosteoides und Veronica filiformis zeigten 
deutliche Deckungsverluste bzw. verschwanden. 
Veronica chamaedrys hingegen versuchte durch 
die Bildung von Polykormonen die Streudecke zu 
Uberwachsen, wobei sie stets steril blieb und zum 
Teil ihre Deckungsanteile erhohte. Die Sterilitat 
sttitzt die These von JAKUCS (1969) und FORS
TER (1975), daB die Polykormonbildung ein Zei
chen der Grenzlage der Lebensfahigkeit dieser 
Pflanzen ist. 

FUr die generative Ausbreitung von Phane
rophyten herrschen auf Grund der Streuauflage 
ungUnstige Voraussetzungen. Hin und wieder 
kommen in offenen Stellen Keimlinge zur 
Entwicklung, die aber haufig wieder unterdrUckt 
werden und absterben. Erst nachdem sie die 
Streudecke deutlich tiberwachsen haben, konnen 
sie sich dauerhaft etablieren. 

Innerhalb der Versuchsflachen kamen bislang 
nur einige wenige Geholze zur Entwicklung. Die 
in Brachflachen haufig beobachtete vegetative 
Vermehrung Uber Wurzelsprosse oder Polykormo
ne kann in den Parkrasen mangels geeigneter Aus
gangsgeholze nicht beobachtet werden. 

Untersuchungen in brachgefallenen Fettwie
sen (SCHIEFER 1981) und Feuchtwiesen (WOLF 
1979) zeigten, ebenso wie die brachgefallenen 
Parkrasen, daB Dominanzbestande von Grasern 
und Krautern tiber Jahre stabil sein konnen und 
nur sehr langsam von Geholzen durchdrungen und 
abgebaut werden. 
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Zusammenfassung 

Parkrasen im Sinne von regelmaBig kurz geschnit
tenen Griinlandflachen sind heute in Europa im Bereich 
des sommergriinen Laubwaldes eine der verbreitetsten 
Pflanzengesellschaften der Siedlungsraume. 

Auf Grund der neueren Bestrebungen des Natur
schutzes in Siedlungsraumen durch abgestufte Pflege 
moglichst vieJe Lebensgemeinschaften nebeneinander 
zu fOrdern, werden die Rasen nicht mehr so haufig ge
schnitten od er fallen brach. 

Mit Hilfe von geobotanischen Dauerflachen wur
de in Slidbayem (hauptsachlich Ausburg) seit 1982 auf 
neun verschiedenen Standorten die Entwicklung der 
Vegetation bei verschiedenen Pflegevarianten beobach
tet. Die Vegetationsdynamik der Bracheparzelle in den 
ersten flinf lahren wird an Hand von zwei Versuchs
standorten exemplarisch dargestellt. 

Beim Brachfallen von Parkrasen vollziehen sich 
in den ersten flinf lahren deutliche Bestandsumschich
tungen. 

In den ersten lahren kommt es zu einer erhohten 
Streuakkumulation, wodurch ein deutlicher Artenrlick
gang stattfindet. Betroffen sind dadurch vor allem licht
liebende Cynosurioll- und Arrhenatherioll-Arten. Dage
gen konnen einige wenige irn Ausgangsbestand bereits 
vorhandene konkurrenzkraftige Ruderal- und Wiesenar
ten zur Vorherrschaft gelangen und artenarme Domi
nanzbestande aufbauen. Diese erweisen sich gegenliber 
neuen Arten relativ stabil, so daB sich bislang kaum 
GehOlze etablieren konnten. 

Nach drei lahren hat sich ein flir Brachflachen ty
pischer Akkumulations- und Abbauzyklus eingespielt, 
in dem sich Abbautatigkeit und Streulieferung die Waa
ge halten. 

Summary 

Lawns, which are regulary cut short, are one of 
the most widely distributed plant societies in housing
areas within the summergreen deciduous forest region 
of Europe. 

Due to newer activities of nature conservation in 
urban areas their cutting has been reduced or they lie 
fallow. 

Since 1982 in southern-Bavaria (mainly Augs
burg) vegetation dynamics by different treatments has 
been observed by permanent plots in different forma
tions of laws. The development of vegetation on the 
succession parcel during the first five years is shown by 
the example of two experimental plots. 

In the abandoned lawns considerable changes ha
ve occured. During the first years the accumulation of 
litter is combined with a frequent decrease of species. 
These are mainly light prefaring plants of the CYllosu
rioll and Arrhealltherioll. On the other hand some 
highly competitive species from ruderal sites and mea
dows of the original vegetation can develop and build 
up species-poor dominance formations. These are rela
tively stabil against new arriving plants, so that since 
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today only a few woody species can establish themsel
ves. 

After three years a typical cycle of accumulation 
and mineralization can be observed, in which speed de
crease and development of litter are in balance. 
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Primary habitats of a few synanthropic plants in Israel 

Danin A. 
Department of Evolution, Systematics and Ecology. The Alexander Silbermanlnstitute of Life Sciences. The Hebrew University of 
Jerusalem, Jerusalem, Israel 91904. 

Keywords: Harvester ants, preadaptation, eutrophic, ruderal plants. 

Abstract 

Most weeds and synanthropic plant species in 
many parts of Israel are derived from the local flora. 
Several species in undisturbed habitats are adapted to 
live in relations with harvester ants. These old primary 
adaptations enabled them to develop on human-induced 
fertile soils (i.e. cattle enclosures, encampments, garba
ge heaps, ruins, and roadsides). Silybum marianum, a 
common ruderal plant in the Mediterranean region, has 
pappous achenes that assist wind dispersal. An oily 
food body (elaiosome) at the achene's top functions as 
an ant-attractant. The harvester ant Messor semirufus 
efficiently collect achenes and transfer them into their 
nests. Later, they place intact achenes in the nest's refu
se zone together with soil particles, parts of plant dia
spores, dead ants, and other organic remains. When 
wet, the material in the refuse zone disintegrates as a 
result of microbial activity. Soil near the nests had 2.4 
times more nitrates, 4.5 times more phosphorous, and 
1.2 times more potassium as compared with the area 
between the nests. The weight of S. mariallum plants 
near the nests was 9 times higher than in the control 
grassland. The former produced 3-4 times more heads 
per plant near the nest than in the grassland. 

Other ruderal species of the genera Carduus, No
tobasis, Beta, Chrysanthemum, Malva, Calendula, and 
Emex were also found as important components near 
nests of the harvester ants. 

Introduction 

The synanthropic flora of Israel is customa
rily divided into segetal and ruderal plants 
(ZOHARY 1973). The intensive human interfe
rence with the vegetation and environment of the 
Mediterranean area during the last millennia is re
garded as one of the most important factors that 
influenced the floristic richness of the area 
(ZOHARY 1962, 1973; PIGNATTI 1978, 1983). 
There is no doubt that human interference opened 
new habitats for plants that are adapted to live in 
synanthropic habitats. However, the stigma of 
being an obligatory synanthropic plant has to be 

tested by studying the primary habitats of species 
by species. The last comprehensive review of the 
ruderal flora of the East Mediterranean was that of 
ZOHARY (1973). He listed the important plants 
of the ruderal habitats; in his account on the distri
bution and origin of segetals and ruderals (I.c., pp. 
646-650) he did not mention any theory concer
ning the origin of the ruderals. Nearly non pri
mary habitat is attributed to the ruderal plants in 
Flora Palaestina (ZOHARY 1966, 1972; FEIN
BRUN-DOTHAN 1978, 1986). 

Nests of harvester ants were found to be a ha
bitat rich in nutrients (COLE 1932, GOLLEY and 
GENTRY 1964, WIGHT and NICHOLS 1966, 
KOYUMDJISKY et al. 1967, KING 1977, OF
FER 1980, BUCKLEY 1982, BEATTIE 1985, 
RISSING 1986, DANIN and YOM-TOV 1990, 
DANIN 1989). In various grasslands in the Medi
terranean territories of Israel (DANIN and PLIT
MANN 1987) we observed circles of tall plants 1-
3 m in diameter. These were nests of the harvester 
ants Messor semirufus (E. ANDRE) Santschi sub
sp. semirufus and Messor semirufus (E. ANDRE) 
Santschi subsp. ebeninus Eorel (AVIDOV 1968). 
Most of the plants that were dominants in these 
circles were regarded as ruderals (ZOHARY 
1966,1972; FEINBRUN-DOTHAN 1978). 

The aim of the present paper is to review the 
supporting facts for the hypothesis that several of 
the common ruderal plants were preadapted to the 
new synanthropic habitats through association 
with harvester ants. 

Methods and materials 

Ant nests were detected by the appearance of 
much taller vegetation in the grassland where they 
developed. After detecting actual activity of har
vester ants, the vegetation of the nests was recor
ded. The plot area was 50 x 50 cm; 10 such plots 
were recorded for each dominant species on the 
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nest's refuse zone and 10 control plots in the gras
sland, at least 5 m away from the nest's margin. In 
the study of two sites (1 and 3 in Tab. 1; DANIN 
and YOM-TOV 1990, DANIN 1989) all the abo
ve-ground phytomass was harvested, and dry wei
ghed. In the rest of the sites (2 and 4-6 in Tab. I), 
height of most plants was measured, total vegeta
tion cover and relative contribution of each spe
cies was estimated (DANIN and NOY-MEIR, un
published data). Soil fertility (nitrates, 
phosphorous and potassium contet) was analyzed 
in plots of the two species (DANIN and YOM
TOV 1990, DANIN 1989). Plant names and 
authors are after Flora Palaestina (ZOHARY 
1966, 1972; FEINBRUN 1978, 1986). 

Environment and vegetation 

In all the study sites annual plants cover the 
entire area. The dominant plants, locations, mean 
annual rainfall, and soil type for the study sites 
are summarized in Tab. 1. The dominant species, 
mean number of species per plot ± SE, height or 
standing phytomass (expressed as dry weight of 
the plot) are listed in Tab. 2. The plants near the 
nest are 2-6 times taller than the plants among the 
nests. Species composition always differ from the 
control. The number of species per plot near the 
nest differs in most cases from the control. In the 
slightly saline soil of site 3 the number of species 
near the nest is higher than that of the control. In 
the sites where Silybum marianum was the domi
nant the number of species in the control area was 
significantly higher than by the ant nests. S. ma
rianum seems to overtop the other species effi
ciently and decrease the number of its compa-

nions. A similar effect takes place in the plots do
minated by Ma/va parviflora in the Judean Desert 
and Beta vulgaris in the Jordan Valley. The num
ber of species near the nests dominated by Chry
santhemum coronarium and Echium judaeum did 
not differ much. However, the lists of species dif
fer remarkably (DANIN and NOY-MEIR, unpu
blished data). 

Association of several species 
with harvester ants 

The physiognomic appearance of nests of 
harvester ants is similar for all the species that do
minate on the nests (Tab. 2). All the species that 
dominate near the nests have much more robust 
individuals there than their individuals away from 
the nest. They are capable of responding to the ri
ch nutrient situation and aerated soil better than 
any other species in the local flora. They can be 
regarded as eutrophic when compared with the 
oligotrophic (sensu DAUBENMIRE 1964) gras
sland species. Experimental work is needed to 
ascertain if these species respond to the high ni
trate, phosphorous, or potassium content, or to 
their combinations. The aeration may be of great 
significance (GLINSKI and STEPNIEWSKI 
1985). 

Despite of the physiognomic similarity of the 
sites dominated by various species each of them 
has its own syndrome of adaptations to arrive and 
establish in the vicinity of the nest. The most ad
vanced syndrome is that of the myrmecochorous 
species. Their diaspore is provided with an oily 
food body (elaiosome) that functions as an ant-at
tractant (SERNANDER 1906; BERG 1975; 

Tab. 1 - Locations and habitats where ant nests and their vegetation were analyzed. Soil types are after Dan et al. (1975); 
rainfall data are after Dorfman (1981) 

Site Dominant species Location 

1 Silybum marianum Lower Galilee 

2 Malva earviflora Judean Desert 

3 Malva earviflora Jordan Valley 

4 Beta vulgaris Jordan Valley 

5 Chrysanthemum 

coronarium Jordan Valley 

6 Echium judaeum Jordan Valley 

Mean annual So il type 

rainfall ( mm ) 

370 Basaltic Pro togrumusol 

300 Brown Lithosol 

150 Alluvial Light Brown Soll 

200 Alluvial Brown Soil 

200 Brown Stony Soil 

200 Brown Stony Soil 
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Tab. 2 - Mean number of species/plot. mean height of most plants in the plot or mean standing phytomass 
on the vegetation near the nest and on the control grassland 

Site Dominant Number of SE Height SE Standing 

phytomass 

SE 

species 

1 ants ~ilybum marianum 7.3 

1 control Avena sterilis + 

Hordeum s~ontaneum 24.3 

2 ants Ma;!,va Earviflora 7.7 

2 control Erucaria rostrata 13.0 

3 ants Malva Earviflora 12 . 1 

3 control Aizoon hisEanicum 9.5 

4 ants Beta vulgaris 13.5 

4 control Aizoon hisEanicum 15.5 

5 ants Chrysanthemum 

coronarium 8.2 

5 control StiEa caEensis 8.3 

6- ants Echium judaeum 10.2 

6 control StiEa ca~nsis 9.0 

BUCKLEY 1982; BEATTIE 1983, 1985). This 
mechanism is not reported much in literature for 
harvester ants in grasslands but was found to be 
the syndrome of Silyhum marianum (DANIN and 
YOM-TOV 1990). A more generalist syndrome 
that functions here successfully is synzoochory 
(RIDLEY 1931; PIJL 1972) of species with hard 
coated diaspores. The ants collect the diaspores 
into the nest; unable to obtain all the seeds they 
deposit diaspores with viable seeds into their refu
se zone. 

The following is a list of the most common 
species found near ant nests in Israel with notes 
on their syndrome of dispersal. 

Silyhum marianllm 

The pappous wind-dispersed achenes of this 
species possess an oily food body that is attractive 
to ants (DANIN and YOM-TOV 1990). The ants 
perform secondary movement to the achenes that 
arrive by wind and collect them into the nest. 
They efficiently remove the food body, partly 
scratch the achene coat with their mandibles and 
do not consume the seed. Soil near the nests had 
2.4 times more nitrates, 4.5 times more phospho
rous, and 1.2 times more potassium as compared 
with the area between the nests. The weight of S. 

2.0 

2.9 

2.2 

2.1 

1.1 

1.4 

2.0 

2.2 

1.2 

1.6 

1.6 

1.6 

(cm) 

63.3 

17.5 

37. 7 

6.8 

84.5 

49.0 

82.5 

35.3 

2.9 

1.7 

3.9 

0.6 

2.6 

3.6 

3.7 

3.2 

447.3 

142.4 

226.6 

48.6 

(g) 

64.0 

19.6 

8.8 

5.1 

marianum plants near the nests was more than 9 
times higher than in the control grassland. The 
former produced 3-4 times more heads per plant 
near the nest than in the grassland. 

Carduus argentatus 

This species resembles much S. marianum in 
its modes of dispersal. It has achenes with readily 
caducous pappus and oily food body (cf. FEIN
BRUN-DOTHAN 1978, Figs. 633,634). Both C. 
argentatus var. argentatus and var. esdrael 
esdraelonicus, C. australis, and C. getulus Pomel 
(I.c., Figs. 631, 632) possess this body. From the 
illustrations of C. australis and C. getulus Pomel 
(FEINBRUN-DOTHAN, Figs. 631,632) it seems 
that they have a food body as well. C. argentatus 
is occasionally found as a dominant near ant ne
sts. 

Notobasis syriaca 

This species resembles Silybum marianum in 
its habitus and is often found together with it near 
ant nests. The pappus of N. syriaca is caducous 
but not as readily as that of S. marianum. Experi
ments should be made to test if there is mimicry 
of N. syriaca and S. marianum. 
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Beta vulgaris 

Diaspores of B. vulgaris subsp. maritima are 
synaptospermic containing 1-7 seeds. Harvester 
ants collect such diaspores into the nest and fail to 
obtain most of the seeds from among the hardened 
sepals. They dispose the diaspores into the refuse 
zone (DANIN 1989). They efficiently use the 
seeds of other synaptosprmic diaspores such as 
those of Pteranthus dichotomus. Soil near the ne
sts had 48.1 times more nitrates, 5.6 times more 
phosphorous, and 3.3 times more potassium as 
compared with the area between the nests. 

Malva parviflora 

The diaspore of this species is a I -seeded 
mericarp with a very hard coat. Un-bitten whole 
diaspores were found in the refuse zone of nests 
with M. parviflora as a dominant or as a compa
nion. 

Echium judaeum 

The diaspore of this species is a hard coated 
nutlet. Most nutlets, found in refuse zone of nests 
in sites 2-6 (Tab. 1), contained seeds and were 
hardly bitten. 

Emex spinosa 

The aerial diaspores are trigonous, spiny, 1-
seedes fruits with a hard coat. Intact diaspores we
re found in the refuse zone of many nests in sites 
2-6 (Tab. 1). E. spinosa was not found as a domi
nant near nests but was a common companion of 
nest vegetation where other species dominated. 

Chrysanthemum coronarium 

There are two types of achenes in this hetero
carpous species. There are many that develop 
from the disc florets; they are obpyramidal with a 
narrow wing. There is one peripheral circle of 
achenes that develop from the ray florets; they are 
triquetrous and 3-winged. Plant debris from the 
refuse zone of nests from sites 4, 5, and from the 
coastal plain near Tel Aviv were studied. In most 
cases intact peripheral achenes of C. coronarium 
were found , whereas from those of the central flo
rets mostly the empty achene coats could be de
tected. 

Calendula arvensis 

This is a polymorphic and heterocarpic spe
cies (HEYN, DAGAN and NACHMAN 1974). 
There are nests in sites 2-6 where C. arvensis is 
an important companion. In many of the debris-

samples from the refuse zone of sites 2-6, intact 
diaspores of this species were found. Nearly non 
achenes of the «rostrate» type were found there, 
but plenty of the «cymbiform» and «annulate» 
forms (cf. HEYN et aI., 1974, Fig. 5). 

Conclusions 

All the species that grow as dominants near 
nests of harvester ants are eutrophic as compared 
with the oligotrophic species of the grassland in 
the area between the nests. They have bi-modal or 
pluri-modal seed dispersal (PLITMANN 1986). 
Some of them have obvious myrmecochory as in
dicated by their oily food body; others have hard 
coated diaspores, or as in heterocarpous species, 
some hard coated diaspores . These modes of di
spersal may be regarded as adaptations to ant di
spersal. The worker ants that collect seeds and 
bring them into the nest do not select diaspores. It 
is the worker ants inside the nest that obtain seeds 
wherever they can and dispose the intact hard coa
ted diaspores, together with plant debris , in the re
fuse zone of the nest. 

The adaptations to live with harvester ants 
may be regarded as preadaptations to many rude
ral habitats. 

Apart from Echium judaeum, the species li
sted above are of the most important dominants of 
ruderal habitats in Israel. 

Summary 

The most common ruderal plants of Israel grow in 
association with nests of the harvester ant Messor semi
ru/us . Responding to the high nutrient situation of the 
nest ' s, soil by efficient growth, the plants adapted to li
ve near the nests outcompete most other annuals in the 
nest area. The true myrmecochorous species among 
these plants are Silybum marianum and the few species 
of Carduus of Israel, all of which have ant-attractant oil 
body (elaiosome) that has no role in seed germination. 
At least part of the diaspores produced by the following 
species are hard for ants to open: Beta vulgaris, Malva 
parvif/ora, Chrysanthemum coronarium, Calendula ar
vensis, and Ell/ex spinosa. The diaspores of these plants 
are brought by the worker ants into the nests. When di
sposing the seeds that are hard to open near the nest, 
those listed above grow successfully and overtop most 
other species. Having the ability to grow successfully 
in nutrient rich soils these plants were preadapted to 
prosper in the ruderal habitats created by human acti
vity. 
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Untersuchungen zur Vegetationsdynamik einer Industriebrache 
im Stadtgebiet Osnabriicks (Norddeutschland) 

Bernhardt K.G. 
Universitiit Osnabriick, FB 5. Spe:iel/e Botallik. Barbarastraj3e 11,4500 Osnabriick 

Keywords: soil seed bank, gennination, vegetation dynamics. 

Abstract 

On waste industry land the vegetation dynamics 
were studied. Therefore the seed bank in soil was ob
served. The impact of lorries show the int1uence of soil 
condensation to vegetation and seed bank in soil. The 
vegetation is dominated by ruderal plants. 

1. Einleitung 

Die Tnventarisierung der Flora von groBen 
stadtischen Odlandflachen wie Industriebrachen 
etc. hat gezeit, daB neben den Standortansprtichen 
Boden, Wasserhaushalt auch der Grad der Habi
tatsstorung entscheidend filr die Ausbildung der 
Pflanzendecke ist (HARD 1983, GODDE 1987, 
WITIIG et a1. 1985, KUNICK 1987 etc.). Bisher 
wurde die Dynamik dieser Flachen ausschlieBlich 
pflanzensoziologisch beschrieben. Dynamische 
Prozesse in Vegetationseiheiten lassen sich aber 
auch anhand des Samenspeichers ablesen 
(BERNHARDT 1987, FISCHER 1987). Die Zu
sammensetzung des Diasporenlagers im Boden 
unterscheidet sich gerade bei gestorten Boden von 
der Zusammensetzung der sichtbaren Vegetation 
(BERNHARDT & HURKA 1988). Hier spielen 
populationsdynamische Prozesse wie unterschied
liche Keimoptima, Artenkonkurrenzen etc. eine 
Rolle. 

In vorliegender Untersuchung soll eine groBe 
Industriebrache in Hinblick auf die Vegetations
entwicklung und ihre Abhangigkeit von anthropo
genen Storungen untersucht werden. Wirkt sich 
der StreBfaktor «Befahren durch Lkw» auf den 
Samenvorrat im Boden und auf die sichtbare Ve
getation gleich aus? Was sind die Grtinde ftir die 
unterschiedliche f10ristische Zusammensetzung 
des Samenspeichers und der Vegetationsdecke? 
Das sind die zentralen Fragen dieser Untersu
chung. 

2. Das Untersuchungsgebiet 

Am Piesberg, im Nordwesten Osnabrticks 
(Norddeutschland), wurde in unmittelbarer Ka
nalnahe ein Industriegelande untersucht. Dieser 
Kanalabschnitt stellt die VerHingerung des Hafens 
dar. Bei dem untersuchten Gebiet handelt es sich 
urn ein ca. 40 ha gro6es Industriegelande, das als 
Bedarfsflache brach liegt. Hier wird teilweise 
Sand- und Kies gelagert. Ein Teil des Gebietes 
wird als Abstell- und Wendeplatz ftir Lkw's ge
nutzt. Tnsbesondere an den Randern hat schon ei
ne starke Verbuschung (Birke etc.) stattgefunden. 
Bei der Probeflliche I handelt es sich urn eine of
fenen, aufgrund sllindigen Befahrens durch Lkw, 
stark gestorte Flache. Das Substrat wird aus auf
geschtittenen Fein-, Mittel-, bis Grobsand gebil
det. Dieses Sandgemisch ist sehr sauer und weist 
einen groBen Glimmerreichtum auf. 

Probeflache 2 wird relativ gering gestort, im 
wesentlichen nur durch ein zufalliges Befahren. 
Das Gebiet bildet den Ubergang von einer 
Gebtischreihe zu der offenen Sandaufschtittung
sflache. Der Untergrund wird von einem skelet
treichen Kalkboden gebildet, mit einer starkeren 
Mtillauflage. 

Probeflache 3 besteht aus aufgeschtittetem 
Mutterboden; das Substrat ist sehr tiefgrtinding. 
Diese ungestOrte Flliche wird im wesentlichen von 
mehrjahrigen Hochstauden (Solidago gigantea) 
eingenommen. 

Das Substrat der Probeflache 4 ist skelettrei
cher Silikatsand. Die Flache ist durch Befahren 
stets starker gestort als Probeflache 2, aber weni
ger als 1. Es hat sich ein Vegetationsgemisch aus 
Elementen der «Magerrasen» (Agrostis tenuis) 
und Trittrasen angesiedelt. 
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Abb. J - EinfluB des Storungsgrades auf die Differenz der Ar
tenzahJen von Samenspeicher und Pflanzengemeinschaft. 

3. Methoden 

Die Vegetation wurde mit Hilfe des pflanzen
soziologischen Methode nach BRAUN-BLAN
QUET (1964) erfa13t. Pro Probeflache und unter
schiedlichem Vegetationstyp wurden 5 
Aufnahmen gemacht, die mit Hilfe der Stetigkeit 
(I ... V) zusammengefa13t wurden. Der Zeitraum 
der Vegetationsaufnahmen war der August 1986. 

Fur die Erfassung des Samenvorrats im Bo
den wurde folgenderma13en verfahren (vg!. 
BERNHARDT 1987, BERNHARDT & HURKA 
1988): Auf jeder Probeflache wurde eine 100 m2 

gro13e FHiche ausgewiesen. Nach dem Zufallsprin
zip wurden zwei 1 m2 gro13e Fllichen abgegrenzt. 
In diesen Quadraten wurden je 2 Proben von 10 
cm2 bis zur Tiefe von 15 cm abgegraben und als 
Mischprobe in einen Plastikbeutel gefUllt. Diese 
Mischprobe wurde ausgewaschen und die aus
gezahlten Samen fUr 1 m2 hochgerechnet. 

Die Probenahme der Boden erfolgte nach 
dieser Methode einmal pro Daueruntersuchungs
flache nach dem Fruchten der Mehrzahl der Arten 
(Anfang September). 

Zur Extraktion der Samen wurde ein Spiil
verfahren verwendet (vg!. BERNHARDT & 
HURKA 1988). Nach zahlreichen Literaturanga
ben sind die Arten- und Individuenzahlen bei dem 
Spiilverfahren wesentlich hoher als beim Austrei
chen der Bodenproben(BRENCHLEY & WA
RING TON 1930, KROPAC 1966, FAY & OL
SON 1978 u.a.), da hierbei die Samen einiger 
Arten nicht auflaufen. Als Nachteil des Spiilver
fahrens mu13 die Tatsache gesehen wetden, da13 

Tab. J - Die Vegetation und der Samengehalt im Boden 
der probertache 1 

saurer Sand (fein -

~
rOb); hoher Glimmer
nteil, st~ndig be
ahren (atarke StBrung) 

Vegetationsbedeckung (x in %) 
Artenzahl (x) 

Ar~bidopsis thalli ana 
Poa annua 
Betula pendula 

Z Zoochor 
o Windstreuer 
x Flieger 
/ Nahtransport 

Ferntransport 

c 
o 
.~ .., 
~ .., 
" '" ~ 

390 
70 
46 

o 
o 
x 

nicht alle ausgespulten Diasporen lebensfahig 
sind (vg!. FlSCHER 1987). 

Unter flie13endem Wasser wrde die Boden
menge nacheinander durch 6 Bodensiebe (0; 1; 
0.8; 0.5; 0.2; 0.1 mm) gespiilt (vgl STANDIFER 
1980). Die Fraktion jedes Siebes wurde unter ei
nem Binokular nach Samen untersucht. Fur die 
Keimversuche wurden aus den Bodenproben aus
gespulte Diasporen verwendet. In Topfen mit 
TKS 11- Erde wurden jeweils 50 Samen fUr 21 
Tage ausgelegt. 

4. Ergebnisse 

4.1. Vegetation 

Die auf den vier Probeflachen festgestellten 
Vegetationseinheiten gehoren zu folgenden Klas
sen: Plantaginetea majoris, Artemisietea vulgaris, 
Chenopodietea und Secalietea. Das entspricht den 
Literaturangaben fur Osnabruck (HARD 1983) 
und fur das nordliche Mitteleuropa (GbDDE 
1987, KUNICK 1987). 

Auf der stark gestOrten Probeflache 1 konnte 
keine Vegetation festgestellt werden. Probeflache 
2 (Tab. 2) zeigt ein Gemisch von Arten unter
schiedlicher Vegetationseinheiten. Zum Teil han
delt es sich urn warmeliebende Arten wie sie hau
fig im Bahnschotter, Hafen etc. gefunden werden 
(BRANDES 1983, HARD 1983, BERNHARDT 
1986, GbDDE 1966, SUKOPP et a!. 1987 u.a.). 
Dazu gehoren Berteroa incana, Torilis japonica, 
Daucus carota, Reseda luteola, Echium vulgare 
und Melilotus albus. Der Grund hierftir ist der 
skelettreiche Kalkboden , der aufgrund seiner 
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Tab. 2 - Die Vegetation und der Samengehait im Boden der Probeflliche 2 

ske1ettreiche Ka1k
Rendzina, starke Mull 
auf1age, wenig gestort 

Vegetationsbedeckung (x in %) 
Artenzah1 (x) 

Betula pendula 
Betula pubescens 
Pinus sylvestris 
Chamaecyparis lawsoniana 
POd trlviale 
Myosotis arvensis 
Solidago canadensis 
Rumex acetosella 
Reseda luteola 
Daucus ca rota 
Conyza canadensis 
Echium vulgare 
Meliolotus albus 
Berterod incana 
Torilis japonica 
Agrostis tenuis 
Arrhenatherum elatius 
Bromus hordaceus 

.... " C ,..-I QJ 
o Q) El . .-t~..c: 
.... "'''' tU·.-4 C ............. 
Q) Q)" 

"' .... <C Q)<I) 
::>-<n 

8 

I 

V 
II 

IV 
III 
I 
V 
III 
II 
I 
I 
II 
III 
IV 

Z 
o 
x 

Zoocher 
Windstreuer 
F1ieger 
Nahtransport 

Ferntransport 

1 

85 
8 

610 
35 

8 
132 
114 

5 
2 

12 
15 

4 
22 

3 

Tab. 3 - Die Vegetation und der Samengchait im Boden der Probeflliche 3 

'" " c ·..-t Q) 
o Q) El 
'.-i~..c 

sandige, tiefgrlinde .... "'''' ro·.-t c Braunercte, ungestort ............ 
Q) Q)" 

"' .... <C Q)<I) 
::>-<n 

Vegetationsbedeckung (x in %) 
Artenzah1 (x) 6 

KC: Artemisietea vulgaris 
Solidago gigantea V 
Poa trlviale V 
Calystegia sepium III 
Galium aparine III 

KC: Chenopodietea 
Chenopodium album II 
Stel1aria media I 
Urtica urens I 
Polygonum lapathifolia I 

lihrige Arten 
Cirsium arvense II 
Agrostis tenuis IV 
Betula pendula 
Potentilla anserina 
Rhinanthus alectorolophus 
Poa annua III 

z 
o 
x 

Zoochor 
Windstreuer 
F1ieger 
Nahtransport 

Ferntransport 

1 

0. 
:>, 

" .... 
Q) '" "'.a '" ,., 0 " "'H- " .c ON .... 

Q) El .... 
"'0 Q) 

"o~ ... 
Q) ~ .a 

" 0 H 
'" X H Q) 
<1)-0. ::> 

95 

788 xo 
16 xo 
12 1 

6 z 

12 0 
4 0 

2 1 
66 I? 

74 x 
44 xo 

280 x 
2 1 
4 

0 

x 
x 
x 
x 
xo 
1 
xo 
o 

z 
x 
1 
1 
o 

xo 
xo 
xo 
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«Wannespeicherung» diesen wanneliebenden Ar
ten entgegen kornrnt. 

Die ProbefHiche 3 wird hauptsachlich von 
rnehrjahrigen Stauden besiedelt. AIs dorninieren
de Art fallt Solidago gigantea auf. die nach 
OBERDORFER (1983) als Neophyt dichte Be
stande rnit eigenern syntaxonornischern Rang auf
baut (<<Solidago gigantea-Gesellschaften» (WIT
TIG 1978). Ihre Verrnehrung aufgrund 
unterirdischer Auslaufer ftihrt zu dichten Bestan
den und verhindert die Existenz vieler ruderaler 
Pionierarten (vg!. BERNHARDT 1988). Die 
Klassen der Chenopodietea und der Artemisie
tea vulgaris bilden mit einigen Vertretem die wich
tigsten Vegetationseinheiten. Sie deuten auf den 
Nahrstoffreichturn dieser Flliche. 

Zu den Pflanzen der Probeflache 4 zahlen ei
nige Vertreter der Klasse Plantaginetea majoris 
(Poa annua. Plantago majm~ Sagina procumbens 
etc.) sowie Arten anderer ruderaler bis halbrude
raler Vegetationseinheiten. 

4.2 . Diasporenvorrat im Boden 

Der in den Bodenproben der Untersuchungs
flachen festgestellte Sarnenvorrat in ebenfalls in 

den Tab. 1-4 aufgeftihrt. Es fallt generell auf. daB 
in sarntlichen Proben Diasporen enthalten sind. 
die in der sichtbaren Vegetation nicht festgestellt 
wurden. Hierzu gehoren: Betula pendula. Betula 
pubescens. Chamaecyparis lawsoniana und Pinus 
sylvestris. In Flache 1 tritt nur Betula pendula auf. 
Bei diesen Pflanzen handelt es sich urn Arten. die 
rnit Hilfe des Windes (anernochor) verbreitet wer
den (MULLER-SCHNEIDER 1977). Die Mut
terpflanzen sind in der Urngebung des Untersu
chungsgeWndes zu fmden. wie Birkenbiische und 
eine Chamaecyparis-Hecke. Auffallig bei dern 
Vorkornrnen der Diasporen irn Boden ist. daB ins
besondere diese vier Arten aber auch weitere 
Pflanzen. die durch den Wind verbreitet werden. 
in der oberen Bodenschicht od er auf dern Boden 
zufinden sind (Tab. 5). Sarntliche dieser Arten 
gelten allgernein als Pionierbesiedler (vg!. 
BERNHARDT. in Druck). Ihre Diasporen rniissen 
rnoglichst bald keirnen konnen. da sonst ihr Vor
teil gegeniiber andere Pflanzen. einen Standort 
schnell zu besiedeln. hinfallig ist (BAKER 1974. 
VINCENT 1985. BERNHARDT 1987). Deshalb 
sind die Sarnen dieser Arten in der Regel auch 
nicht in tieferen Bodenschichten zu finden. da nur 
die Sarnen in tiefere Bodenschichten gelangen. 
die langere Zeit irn Boden lagern (vg\. HURKA & 

Tab. 4 - Die Vegetation und der Samengchalt im Boden der Probeflaehe 4 

humoser, skelettreicher 
Silikatsand, wenig ge
start 

Vegetationsbedeckung (x in %) 
Artenzahl (x) 

KC: Plantaginetea majoris 
Poa annua 
Sagina procumbens 
Plantago major 
Potentil1a anserina 
Polygonum aviculare agg. 

iihrige Arten 
Betula pendula 
Chamaecyparis lawsoniana 
Pinus sylvestris 
Agropyrum repens 
Apera spica-venti 
Agrost:.is tenuis 
Poa triviale 
Aphanes arvensis 
Conyza canadensis 
Potentilla norwegica 
Bryum spec. 

Z Zoochor 

V 
IV 
IV 
III 
Il 

IV 

IV 
V 
Il 
11 
III 
IV 
V 

o Windstreuer 
x Flieger 

Ferntransport 

/ Nahtransport 

95 

30 
170 

8 
10 

2310 
30 

230 
10 

6 
340 

45 
24 

o 
o 
/ 
/ 
/ 

x 
/ 
x 
x 
xo 
xo 
xo 
x 
o 
/ 
xo 
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Tab. 5 - Verteilung der Diasporen in den Bodenschichten (Angabe in %) 

Art 

Betula pubescens 
Pinus sylvestris 
Chamaecyparis lawsoniana 
Arabidopsis thalliana 
Stellaria media 
Betula pendula 
Apera spica-venti 
Urtica urens 
Rhinanthus alectorolophu5 
Poa annua 
Sagina procumbens 
Chenopodium album 
Conyza canadensis 
Agrostis tenuis 
Plantago major 
Potentil l a anserina 
Agropyrum repens 
Aphanes arvensis 
Galium aparine 
Calystegia sepium 
Polygonum aviculare 
So lidago gigantea 
Poa trivia le 
Cirsium arvense 

HAASE 1982, BERNHARDT & HURKA 1988). 
So sind an Pionierstandorten, zu denen auch Ru
deraltlachen zahlen, selten Diasporen tiefer als 5 
cm im Boden zu finden. . 

Von den Arten der Probetlachen konnten nur 
Samen von Solidago gigantea in groBerer Menge 
in tieferen Bodenschichten gefunden werden. Bei
diesen Samen ware zu erwarten, daB eine Anzahl 
von ihnen nicht mehr keimfahig ist (FISCHER 
1987). Eigene Keimungsversuche im Freiland ha
ben gezeigt, daB ca. die Halfte der getesteten 50 
Samen nicht mehr autliefen. Dagegen gab es bei 
Betula pendula nur einen, bei Poa annua nur drei 
Ausfalle (Tab. 6). 

Interessant ist auch, daB je geringer der StO
rungsgrad der FJache ist, die Unterschiede zwi
schen der mittleren Artenzahl im Samenspeicher 
und der sichtbaren Vegetation wegfallen (Tab. 1). 
So sil)d bei den ungestorten bzw. wenig gestOrten 
FJachen 2 und 3 keine Differenzen festzustellen. 

Tab. 6 - Keimrate in % (nach 30 Tagcn) der getesteten Samen 
aus dem Samenspeicher im Boden (50 ausgelegte Individuen) 

Betula pendula 98 

Poa annua 94 

Sagina procumbens 72 

Agrostis tenuis 64 

Solidago gigantea 48 

100 
100 
100 
100 
100 

85 

75 
90 
80 
60 
80 

5 
10 

100 

" '" " ~ .. 
E 
u 
';" 
0 

15 
100 
100 
100 

18 
6 

15 
18 

5 

15 
10 
20 

" '" " ..< .. 
E 
u 
'" ~ 

7 
4 
5 

22 
15 

10 0 
10 0 
100 
100 
100 
100 

60 
20 
80 

" '" " ~ .. 
E 
u 
'" ';" 
'" 

20 
60 

Dagegen weist die stark gestorte Fliiche 1 einen 
Unterschied von 3, und die Flache 4 eine Diffe
renz von 2 Arten auf. Wahrend aber in der Probe
tlache 1 nur Arten im Samenspeicher des Bodens 
auftreten (Tab. 1), weist die sichtbare Vegetation 
der Flache 4 mehr Arten als der Samenspeicher 
auf. Der Grund hierfiir ist vermutlich in der dich
ten Moosschicht dieser Flache zu sehen. Neue Ar
ten konnen mit ihren Samen nicht in den Samen
speicher des Bodens eindringen, sie bleiben auf 
der «Vegetationsdecke» liegen. Dieses Phanomen 
konnte auch bei einer innerstadtischen Ptlasterrit
zengeselleschaft beobachtet werden 
(BERNHARDT & MARKERT, in Druck). Bei der 
Vegetation der Flache 4 hendelt es sich im wesent
lichen auch urn eine Trittptlanzengesellschaft. 

5. Abschlie6ende Betrachtung 

Die Untersuchung des Samenspeichers sowie 
der aktuellen Vegetation hat gezeigt, daB es deut
liche tloristische Unterschiede auf unterschiedlich 
stark gestorten Flachen gibt. Auf der untersuchten 
Industrietlache konnte ein Mosaik aus starkge
stOrten bis ungestorten Ruderaltlachen vorgefun
den werden. Da die Art der Storung sowie die In
tensitat gleich sind, konnen sich die 
vorgefundenen Vegetationstypen langerfristig hal
ten (BRANDES 1987). Das Nebeneinander von 
therophytenreichen stark gestOrten, sowie hemi
cryptophytenreichen wenig gestOrten Bereichen, 
sowie auch Gebiischstadien wird so erhalten. Das 
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ist nur auf groBflachigen, geringen Veranderungen 
unterworfenen Flachen moglich (KUNICK & 
SUKOPP 1975, BRANDES 1987). Die Untersu
chungen von HARD (1983 u. 1986) bestatigen 
das ftir den Osnabrticker Raum. Auf diesen Indu
striebrachen wird die groBte Anzahl an seltenen 
Adventativ- und Ruderalarten festgestellt (vgl. 
GODDE 1986). 

Die Zammensetzung des Samenspeichers 
zeigt auf diesen FIachen deutlich Einfltisse der 
weiteren Umgebung an. So deutet das Vorkom
men zahlreicher Diasporen von windverbreiteten 
Pionierarten an, daB auch die mehrjahrigen Hoch
staudenflachen weiteren Veranderungen ausge
setzt sind. Zwar wird aufgrund einer geschlosse
nen Vegetationsdecke eine Zeit lang das 
Eindringen insbesondere der Geholzpioniere wie 
Betula penclula verhindert, aber durch standigen 
Nachschub keimfHhiger Samen konnen diese Ar
ten sich an dem Standort ansiedeln. Das ist aber 
nur auf ungesUirten, der Sukzession belassenen 
FHichen der Fall. Schon geringe StOrungen wie 
zufiilliges Befahren etc. verhindern das Aufkom
men der Hochstauden und Geholzflora. Intensive 
SWrungen wie standiges Befahren (mehrmals tag
lich) durch Lastkraftwagen verhindern das 
Aufkommen einer Vegetationdecke. Der Samen
speicher dieser FJachen beinhaltet nur Pionierar
ten. Das sind aber nicht nur Therophyten wie Poa 
annua und Arahiclopsis thal/iana, sondern auch 
Phanerophyten wie Betula penclula. 

Zusammenfassung 

Auf einer ca. ha groBen Industriebrache wurden 
vier verschieden stark gestorte ProbefHichen aus
gewahlt. Es wurde der Samenspeicher sowie die sicht
bare Vegetation untersucht. EintlUsse wie das Eindrin
gen von Pioniergeholzen oder die Besiedlung von 
Therophyten konnten festgesstellt werden . Anemochor 
verbreite Pionierarten liegen hier in der oberen Boden
schicht oder auf der Bodenoberflache vor. Die 
Keimfahigkeit dieser Ptlanzen ist noch, wahrend sie bei 
anderen Arten (z.B. ruderale Hochstauden) mit zuneh
mender Lagerung und Bodentiefe abnehmen. Eine 
Abhangigkeit von der IntensiUit der StOrung auf die Ve
getationszusammensetzung im Samenspeicher und der 
Vegetationsdecke wurde sichtbar. 
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Wildbienen-Gemeinschaften (Hymenoptera Apoidea) an spontaner 
Vegetation im Siedlungsbereich der Stadt Freiburg im Breisgau 

Kratochwil A.*, Klatt M.** 
*Institutfiir Biologie 11 I Geobotanik der Universitiit Freiburg . Schiinzlestr. 1, Freiburg i. Br., 7800 Germany. 
** Fachbereich Biologie. ChemielOkologie der Universitiit Osnabriick, Barbarast 11, Osnabriick, 4500 Germany. 

Keywords: ruderal plant communities, flower phenology, flower visitors, Hymenoptera Apoidea, community structure. 

Abstract 

In 1987 the bee community (Hymenoptera, Apoi
dea) of different ruderal plant communities in and 
around the city of Freiburg i.Br. (FRG) was studied 
from the middle of May till the middle of September; 
e.g.: Conyzo-Lactucetum, Tanaceto-Artemisietum, Con
volvulo-Agropyretum, Ranunculus repens-community, 
Onopordetu/1/ acanthii , ruderal Arrhenatherion-frag
ment community, Dauco-Melilotion , Vulpia myuros
community. The 6 study sites , in some cases single 
plant communities, in other cases vegetation com
plexes, comprise an area of 100-5000 m' . The flower 
phenology of these different ruderal plant communities 
was analysed. They are all characterized by a high 
number of simultaneously flowering entomophilic plant 
species in July and August. The maximum number of 
flowering species was reached at the end of July. The 
flower phenological results are discussed in comparison 
with other plant communities. We registered 22% (n = 
112) of the bee species recorded for the Federal Repu
blic of Germany. The highest diversity of bee species 
was reached in the ruderal sites which possess a vegeta
tion mosaic built up by plant communities of different 
phytosociological progression. These ruderal sites offer 
different nesting habitats for ground nesting bee species 
as well as for species nesting, e.g., in stems of tall herbs 
and shrubberies, in old wood, in walls but also in the 
framework of buildings. 50% of all bee species recor
ded in this investigation show preferences in their 
flower visiting behaviour, two thirds of them are ste
nanthic for the plant families Asteraceae s.I., Fabaceae 
and Apiaceae. It is remarkable that a high portion of 
bee species living in the studied ruderal plant commu
nities are species listed in the Red Data Book (18 spe
cies Red Data Book for FRG, 31 species for Baden
Wiirttemberg). The results show that the ruderal plant 
communities and their complexes located in or near set
tlements do exhibit a flower visitor community rich in 
endangered species. The importance of these plant 
communities for nature conservation is thus confirmed. 

Einfiihrung 

In der BRD sind derzeit 517 Wildbienen-Ar
ten bekannt (WESTRICH 1984). DORN (1983) 

schlieBt aus Untersuchungsergebnissen, daB allein 
25% der in der ehemaligen DDR nachgewiesenen 
Arten im urbanen Bereich vorkommen und dort 
geeignete Lebensbedingungen finden. Ein ahnlich 
hoher Prozentsatz durfte auch bei uns anzutreffen 
sein, so daB mit mindestens 130 Bienenarten im 
stadtischen Bereich zu rechnen ist. Die Tatsache, 
daB viele Arten nur in kleinen Individuenzahlen 
vorkommen, ihre z.T. nur kurze Flugzeit von we
nigen Wochen im Jahr, die haufig nur auf wenige 
Tagesstunden begrenzte Aktivitatszeit und auch 
ihre in vielen Fallen geringe KorpergroBe von nur 
wenigen Millimetem, macht viele Wildbienen-Ar
ten in der Regel zu «unscheinbaren Mitbewoh
nem» im liindlichen und urbanen Siedlungsbereich. 
Dennoch sind sie charakteristische Elemente 
dieses anthropogen so intensiv beeinfluBten Le
bensraumes. Ein Grund liegt neben den fUr ther
mo- und xerophile Insekten dort gunstigen mikro
und mesoklimatischen Gegebenheiten vor allem 
in der im Siedlungs- und besonders im Stadtrand
bereich vorhandenen Vielfalt an potentiellen Nist
moglichkeiten (offenen Bodenstellen, Pflanzen
stengel, totes Holz, Fachwerk, Mauern u.a.) und 
in einem oft recht vielseitigen Nahrungspflanzen
Angebot verschiedener Wild- und Gartenpflanzen. 

Neben einer Fulle von Einzelbeobachtungen 
uber Wildbienen im Siedlungsbereich, die zum 
groBen Teil weit in der Literatur gestreut sind, lie
gen nur wenige umfassendere Arbeiten zu diesem 
Thema vor (z.B. BANASZAK 1982, DORN 1983, 
JACOB-REMACLE 1984, LECLERCQ 1982, 
WESTRICH 1985). Aufgrund der Standortsviel
fait urbaner Okosysteme erscheint es fUr okofau
nistische Untersuchungen sinnvoll, die unter
schiedlichen Lebensraume und Habitattypen 
differenzierend zu analysieren. Ein Gliederungs
schema urbaner Okosysteme haben KLOTZ, 
GUTTE und KLAUSNITZER (1984) vorgelegt. 
In entsprechender Weise wurde eingehender die 
Wildbienen-Fauna von Stadtgarten (GAUCKLER 
1971, HAESELER 1972), von Botanischen Gar
ten (DORN 1977), von Tierparks (DATHE 1969, 
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1971) und Btirgersteigen, ParkpUitzen und 
StraBenrandern (HAESELER 1982) vorgestellt. 

In einer vorausgegangenen Untersuchung 
konnte, basierend auf eigenen Beobachtungen und 
einer umfangreichen Literaturauswertung, durch 
Zuordnung von 85 Wildbienen-Arten zu bestimm
ten Vegetationsformationen, in Einzelfallen, wo es 
moglich war, auch zu bestimmten Pflanzengesell
schaften, die grofie Bedeutung von Ruderal-Pflan
zengesellschaften als (Teil-) Lebensraumen von 
Wildbienen aufgezeigt werden (KRATOCHWIL 
1984, Tab. 24, p. 594/595). Aufgrund dieses Er
gebnisses erschien es sehr lohnend zu sein, die 
Wildbienen-Fauna an spontaner Vegetation im 
Siedlungsbereich naher zu erforschen. Wir haben 
eine so1che Untersuchung in Freiburg im Breisgau 
durchgefUhrt (KLATI 1988). Aufgrund der Viel
fait verschiedener Typen von Ruderalgesellschaf
ten und den deshalb auch zu erwartenden Unter
schieden in der Tierartenzusammensetzung 
wurde, wie bei anderen Untersuchungen tiber Blti
tenbesucher-Gemeinschaften (KRATOCHWIL 
1987), auch hier in definierten pflanzensoziologisch 
charakterisierten BesUinden gearbeitet und ein 

biozonologischer Ansatz verfolgt, bei we1chem 
pflanzensoziologische und zoozonologische Er
gebnisse miteinander verkntipft werden soUten. 
Einer so1chen Vorgehensweise ist bisher (s. z.B. 
die zusammenfassede Darstellung von KLAUS
NITZER 1987) kaum Rechnung getragen worden. 

Die Beantwortung der folgenden Fragen war 
Gegenstand der vorliegenden Untersuchung: 
1) Wie lassen sich verschiedene ausgewlihlte Ru

deral-Pflanzengesellschaften bltitenokologisch 
charakterisieren, weIche entomophilen Pflan
zenarten kommen vor, wie ist das Blumenty
pen-Spektrum zusammengesetzt? 

2) We1che bltihphanologische Entwicklung zei
gen die Bestande im Jahresverlauf, wie groB 
ist die Blumendichte? 

3) We1che Wildbienen-Arten kommen in den ein
zelnen Ruderal-Pflanzengesellschaften und 
Gesellschaftskomplexen vor? 

4) Dominieren innerhalb der Zoozonose der 
Wildbienen an Ruderalstellen besonders ange
paBte stenoke Arten, oder eher euryoke? 

5) Unterscheiden si ch einzelne Ruderal-Pflanzen
gesellschaften bzw. Gesellschaftskomplexe in 

Abb. I . Untcrsuchungsgcbict und Lagc dcr 6 Untcruchungs-fl tichcn im Stadtbercich von Freiburg (schraffiert = Siedlungs-bereich, 
punktiert = Wald). 
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Tab. 1 - Vergleich einzelncr Klimadaten: Freiburg 
(Wctteramt) und Kaiscrstuhl (Oberrotweil) 

FREI BURG KAISERSTUHL 
WETTERAMT 259m OBERROTWEIL 235 m 

M ITTLERE JAHRLlCHE 
NI E DERSC HLAGSMENG E 

(mm) 849 682 
(1931-1960) 

JAHRLlCHE SONNEN-
SCHEINDAUER IN 
STUNDEN (h) 1802 1858+ 

(1901-1950) 

JAHRESMITTEL 
LUFTTEMPERATUR 

(OC) 10,5 9,9 
(1931-1960 ) 

AN GABEN NACH TRENKLEI19BOI 'FUR BLANKENHORNSBERG 
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ihrem Wildbienen-Inventar. und welches sind 
mogliche Grtinde? 

6) Wie ist diese Ruderal-Biozonose bzw. Teilzo
nose (entomophile Pflanzenarten der Ruderal
PflanzengesellschaftfWildbienen) aus Natur
schutz-Sicht zu beurteilen? 

Einige weiter Gesichtspunkte (z.B. arealgeo
graphische und historische Zusammenhange) wer
den in einer eigenen Arbeit behandelt (KRATOCH
WIL & KLATT 1989). 

2. Untersuchungsgebiet und 
Untersuchungsflachen 

Die Stadt Freiburg liegt in der Stidlichen 
Oberrheinebene am Rande des Schwarzwaldes 

FOlD 1 - a) StraBendamm «Weingarten» (1), b) Gewerbegebiet «Haid» (ll), 
c) Gewerbegebiet «Obcre Haid» (Ill), d) StraBendamm «Betzcnhausen» (IV), 
e) Erdwall «F!ugplatz» (V), f) GUterbahnhof Freiburg. 
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Tab . 2 - Die 6 Untersuchungsflachen gcordnet nach ihrer 
StclJung in dcr soziologischcn Progression (nach einem 
Entwurf von A. SCHW ABE und A. KRA TOCHWIL) 

OAMM GEBIET GEBIET OAMM FLUGPLATZ' BAHNHOF STRASSE N"IGEWE RBE-IGEWERBE-ISTRASSENJ~ROWALL :fOTER' 

'WEINGAR' 'HAl O' 'OBE RE 'BETZEN-
TEN' III IITI HAIO'IIDI HAUSEN'1IllI IYI {llll 

STELLARIETEA 
MEDIAE 

SISYMBRON CONYZO- CONYZO-
l.ACT U(ETlM LACTUCETUM 
IFRISCH AUSB.) [TROCI< AUS,BJ 

ARTEMISIETEA 
ONOPOOOION ONOPOROE-

TUMACANTH. 
OAUCO· 
MELlLOTION TANACETO- OAUCO' 

ARTEMI - ~ MELlLOTlON 
SI ETUM ISUKZ.STAO.) 
IMITFRI5(J£-

TANACETO-ZEIGERN I 
ARTEMI-
SIET UM 

OAUCO-
PICRIOETUM 
ECHIO-MEU-
LOTETUM 

AGROPl'RETEA 
INTERMEOII ' 
REPENTIS CONVOLVUU}CONVOlVUtO CONVOLVULO' 

AGROPY- AGROPY- J AGROPI'RION 
RETUM RETUM 

AGROSTIETEA RAMJNCU- RANUNCU-
STOLONIFERAE LUS REPENS-lUS REPENS 

GES. GES. 
MOLl NIO-
ARRHENATHE- ARRHENATHE' 
RETEA 

"'"""" J (R..DERAUS,. 
lROCI<ENIMIT 
SEOO'SUE-
RANTHETEA-
ARTE N 

SEOO-SCLERAN- SEOO5CLE-
THETEA RANTHETEA-

PIONIlRSTAD. 
THERO - VULPIA 
AIRION MYUROS-

GES .. 

OHtE ZUORONUNG PlONIERSTAO. 
MSlUKAT-
SCJ-+OTTER.Z.B 
"IT LINARIA 
REPENS 

---+ SUKZESSIONssrAOIUM ~ STANOCRTLICH VERMITTELNQ 

(Abb. 1). Warmeklimatisch zUhlt Freiburg zu den 
begtinstigsten Stadten der Bundesrepublik. Das 
Klima ahnelt dem des nahegelegenen Kaiser
stuhls, dieser submediterran getanten und vielen 
Botanikern bekannten Gebirgsinsel in der 
Oberrheinebene, ein Gebiet, das zu den warmsten 
und sonnenreichsten der BRD zahlt (Tab. 1). Zwar 
liegt die mitt1ere jahrliche Niederschlags-menge 
im Falle von Freiburg deutlich haher (urn fast 200 
mm), dennoch ist die jiihrliche Sonnenscheindauer 
fast identisch, das Jahresmittel der Temperatur so
gar urn 0,6°C haher. 

Eine Bestandsaufnahme der Bllitenbesucher
Gemeinschaften der Wildbienen setzt eine prazise 
Biotop-Charakterisierung voraus. Sie erfolgte in 
einer genauen pflanzensoziologischen Kennzeich
nung 6 ausgewah lter reprasentativer Untersu
chungsfliichen im Bereich der stiidtischen Vegeta
tion (Abb_ 1, Foto I) . Diese liegen alle in der 
Stadtkern-fernen Zone , nur dort waren Ruderal
stellen haherer QualiWt und graf3erer Ausdehnung 

zu finden. Die Charakterisierung der FIachen f01gt 
der zunehmenden soziologischen Progression und 
Komplexitat der Gesellschaften bzw. KomplexiHit 
im Gesellschaftsmosaik (Tab. 2). 

Fliiche 1 : Straf3endamm in der Nahe eines 
Wohngebietes im Stidwesten Freiburgs (Weingar
ten) mit einem Conyzo-Lactucetum (frische Aus
bildung) in Stidexposition (300 m2). 

Diese Gesellschaft tritt im Gebiet von Frei
burg als einzige der einjahrigen Ruderalfluren auch 
in graBeren Bestanden auf (KOHL 1986). 

Fliiche 2: GroBflachiges Tanaceto-Artemisie
turn (mit Frischezeigern) auf dem Gelande der 
Freiburger Verkehrsbetriebe (Gewerbegebiet 
'Haid') (800 m2). 

Diese Gesellschaft ist im Gebiet we it verbrei-
tet. 

Fliiche 3: Zur Gewerbeansiedlung ausgewie
senes Brachland im Stidwesten Freiburgs (Gewer
begebiet 'Obere Haid') mit einem Vegetationsmo
saik aus einem Convolvulo-Agropyretum und 
einer Ranunculus repens-Gesellschaft (1000 m2). 
Das Convolvulo-Agropyretum kommt haufig auf 
Baustellen-GeIande der Stadt vor. 

Fliiche 4 : In den Jahren 1980/81 aufgeschtit
teter Straf3endamm bei Freiburg!Betzenhausen mit 
einem Convolvulo-Agropyretum in Stidost-Expo
sition, weIches standartlich zu einer Ranunculus 
repens-Gesellschaft vermittelt (100 m2). 

Fliiche 5: Erdwall im Gebiet des Freiburger 
Flugplatzes. In oberen 1986 aufgeschtitteten Be
reich befindet sich ein Onopordetum acanthii, im 
unteren eine ruderalisierte trockene Arrhenathe
rion-Fragmentgesellschaft, durchsetzt mit Sedo
Scleranthetea-Pionierstadien (700 m2

) . Das Ono
pordetum acanthii ist im Freiburger Raum sehr 
selten (KOHL 1986), die Bestandsentwicklung, 
wie in anderen Gebieten auch (BRANDES 1988), 
muf3 als rtickHiufig eingestuft werden. 

Fliiche 6: Bereich des Gtiterbahnhofs Frei
burg. Innerhalb eines grof3flachigen Vegetations
komplexes finden sich z.B . in Gleisnahe das 
Conyzo-Lactucetum und ruderalisierte Dauco-Me
liIotion - Fragmentgesellschaften , in Gleisferne, 
grof3flachig von Rosa canina und Rubus frutico
sus agg. durchsetzt, Bestande des Tanaceto-Arte
misietum, Dauco-Picridetum und Echio-Melilote
tum auf dem Silikatschotterband ehemaliger 
Abstellgleise Pioniergesellschaften mit Poa com
pressa, Linaria repens und Convolvullls arvensis, 
femer z.B. auch Gesellschaften des Thero-Airion, 
z.B. eine Vulpia myurus-Gesellschaft mit Echium 
vulgare und Hieracium piloscl/a . Die Abb. 2 gibt 
die Lage der 8 Untersuchungsflachen im Gtiter
bahnhofbereich wieder; sie tiberdecken insgesamt 
ca. 5000 m2. 
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~G~U~T~E~R~B~A~H~N~H~O~F~F~R~E~IB~U~R~G~~1~O~O~m~~==o 
~ Gebaude 

~~:::;~~~~~~~~ ~ befestigter Weg ~ Gleis intokt 

- - 3 Gleis entfernt 

Abb. 2 - Die einzelnen Untersuchungsflachen im Bereich des 
Gliterbahnhofes Freiburg: 
1. 2: Dauco-Picridetum 
3: Dauco-Melilotion-Sukzessionsstadien 
4: Convolvulo-Agropyretum I Dauco-Picridetum-Ubcr-

gangsgesellschaft 
5: Linaria repens I Convolvulus orvensis-Bcstand 
6: Thero -Airion-Gcsellschaftcn 
7: Echio- Melilotetum 
8: Senecio viscosus-Fragmcntgcsellschaft 
+: 8erteroa incona-IRhync/lOsinapis cheiromhos-Bcstand. 

3. Methode 

Die Untersuchung wurde in einem Zeitraum 
von Mitte Mai bis Mitte September des Jahres 
1987 durchgeflihrt. Die 6 in Kap. 2 vorgesteIlten 
UntersuchungsfHichen sind durch mehrere pflan
zensoziologische Aufnahmen belegt. In diesen 
Untersuchungsflachen fand in wochentlichen In
tervallen in markierten homogenen Bestanden von 
20 - 50 m2 GroBe eine quantitative bli.ihphanologi
sche Erfassung der entomophilen Pflanzenarten 
statt (zur Methode s. KRATOCHWIL 1983, 
1984). Bezeichnende Arten. die auBerhalb der 
Dauerbeobachtungsflachen vorkamen und die 
ebenfaIls von bli.itenokologischer Bedeutung sind, 
wurden zusatzlich gesondert mitaufgenommen. 

Die Erfassung der Wildbienen geschah durch 
Sichtfang an der Bllite (nahere Angaben zur De
termination s. KRATOCHWIL 1983). Hummeln 
(Bomhus) und die Honigbiene (Apis mellifica L.) 
sind nur durch Sichtbeobachtungen belegt. Insge
samt wurde an 87 Tagen gefangen (105 Stunden), 
die Fangzeiten lagen flir die einzelnen FHichen ge
staffelt zwischen 9-18 Uhr bei einer Temperatur 
von mindestens 20D C (Schatten). Die Indigenitat 
(SCHAEFER & TISCHLER 1983) der in den ver
schiedenen Untersuchungsflachen erfaBten Wild
bienen k<?nnte nur in Einzelfallen nachgewiesen 
werden (Uberprlifung von in verschiedenen Pflan
zenstengeln nistenden Tieren, Erfassung einzelner 
NistpJatze im Boden). 

4. Ergebnisse und Diskussion 

4.1 BlUhphanologie und blUtenokologische 
Charakterisierung ausgewahlter 
Ruderal-Pflanzengesellschaften 
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Die einzelnen untersuchten Ruderalgesell
schaften zeichnen sich alle dadurch aus, daB sie 
tiber den Juli and August besonders viele simultan 
bllihende entomophile Pflanzenarten besitzen, in 
der Regel mit einem Bli.ihmaximum Ende Juli 
(Abb. 3). Gemeinsam ist ihnen auch die hohe Blu
mendichte einzelner Pflanzenarten und eine groBe 
Farbvielfalt. Irn folgenden sei die Bllihphanologie 
6 verschiedener, reprasentativ ausgewahlter Ge
sellschaften beschrieben (Abb. 3). 

Im Conyzo-Lactucetum (Flache l) erreichen 
unter den flir bli.itenbesuchende Insekten wichti
gen Pflanzenarten eine besonders hohe Blumen
dichte im Untersuchungsgebiet Barbarea vulga
ris, Anthemis arvensis , Erigeron annuus und 
Lactuca serriola. 

Im Tanaceto-Artemisietum (Flache 11) sind 
auf der U ntersuchungsflache bli.ihphanologisch 
folgende Arten aspektbestimmend: Cirsium ar
vense, Melilotus alba, Erigeron annuus, spater im 
Jahr Tanacetum vulgm-e. 

Im Convolvulo-Agropyretum (Flache Ill) ha
ben unter den entomophilen Pflanzenarten Erige
ron annuus, Crepis capillaris und Lactuca serrio
la besonders hohe Infloreszenzzahlen. 

Im Convolvulo-Agropyretum (Flache IV), das 
standortlich zu einer Ranunculus repens-Gesell
schaft vermittelt, erreichen im Untersuchungsge
biet eine hohe Blumendichte Ranunculus repens, 
Vicia villosa, Coronilla varia und Erigeron an
nuus. 

Das Onopordetum acanthii (Flache V) wird 
im wesentlichen von den hochwlichsigen und 
hochsteten Distelarten bli.ihphanologisch be
stimmt: Onopordum acanthium, Cirsium arvense, 
Carduus crispus, Cirsium eriophorum u.a. Zu
sammen mit Echium vulgare und Malva sylvestris 
bestimmen sie den farbenprachtigen rot-blauvio
letten Bllihaspekt dieser GeseIlschaft, der so ganz 
von dem weiB- und besonders gelbdominierten 
Farben der tibrigen untersuchten RuderalgeseIl
schaften abweicht. 

Die Dauco-Melilotion-Gesellschaft (FJache 
VI) zeichnet sich im Untersuchungsgebiet durch 
die hohe Blumendichte z.B. von Lotus cornicula
tus, Trifolium campestre, Campanula rapunculus, 
Cichorium intybus und Crepis capillaris aus. 

Ein Vergleich der Gesellschaften untereinan
der zeigt, daB das Echio-Melilotetum, das Dauco-
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Abb.3 . BlUhphanologie·Diagramme einzelner blUteniikologisch wichtiger entomophiJcr Pflanzenarten ausgewahlter Ruderalgesell· 
sehaften der einzelnen Untersuchungsflachen. 
n = maximal crreichte Zahleinheit pro Art (=100%); Zahl·einheiten: I = EinzelbHite, II = Teilbliitenstand. III = Infloreszenz. IV = 
Synfloreszenz (1. Ordnung), V = blUhende Pflanze; 
)( = die Art wurde nur auBerhalb der Dauerbeobachtungsflachen erfaBI. 
Die Beobachtungszeitraume sind durch Pfeile gekennzeichnet; aspektbestsimmende Arten sind mit einem Kreuz gekennzeichnet 
(weitere Erliiuterungen s. Text) . 
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Picridefum und das Onopordefum acanfhii die 
farbenprachtigsten Gesellschaften im Untersu
chungsgebiet ausbilden. Das Conyzo-Lac fucefum 
und das Convolvulo Agropyrefum sind im Juni 
blUhphanologisch bereits weit fortgeschritten und 
weisen zahlreiche synchron blUhende Arten auf, 
das Onopordefum folgt im Juli , ein Maximum er
reichen sie alle Ende Juli . Den spatesten blUhpha
nologischen Hohepunkt unter den vorgestellten 
Ruderalgesellschaften hat das Tanace fo-Artemi
siefum. 

Im folgenden sei ein Vergleich mit der 
blUhphanologischen Entwicklung anderer ebenfalls 
nicht oder in der Regel nicht gemahter Offenland
gesellschaften gezogen: z.B. dem Xerobrome fum 

STRASSEN- GEWERBE- GEWERBE- STRASSEN- ERDWALLM GUTER-(llIl 
DAMMIIJ GEBIET (ill GEBIET (lIlI DAMM (llll FLUGPLATZ BAHNHOF 
CONYZO- TANACETO- CONVOLVULO CONVOLVULO ONOPORDET CONYlO-
LAlTUCETUM ARTEMISIET. AGROPYRET AGROPYRET ACANTHII LAlTU(ETUM 

RANUNCUL. RANUNCUL ARRHENATH DAUCO·MHI 
REPENS·GES REPENS-GE RION-GES. LOnON -GES 

SEDO·SClfR. MOSAIK 
PION.STAD. CONIIAGROP 

PF/PAI 14/40 16/49 17/52 18/55 22172 I 23172 

% l[ 

l ~ 
I 

~ 
~ 

~ 
~ ~ 

~ ASTER ACE AE S.L. III CAR YO PHYLLAC EAE 

m FA8ACEAE G(. ROSAC EAE 

U SCROPHULARIACEAE ~ LAM IACE AE 

1:1 BRA SSICA CEAE m CONVOLVULAC EAE 

'¥' APIACEAE - SONSTIGE FAMILlEN 

Abb.4 - Prozcntualer Antcil der nach Familienzugehtirigkeit 
zugcordneten cnt omophilen Pflanzenarten der einzelnen Un
tersuchungsflUchcn . 

I 

Pflanzenfamilien, die mindestens 5% des Arteninventars einer 
Fl tiche stellcn, sind durch cin Symbol reprasenticrt, alle iibri
gen durch Schraffur zusammengcfaBt. 
PF = Anzahl Pflanzenfamilicn; PA = Anzahl Pflanzenal1cn. 
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und den warmeliebenden Staudensaumen (Trifo
lio-Geranietea-Gesellschaften). 

BlUhphanologisc h ahneln die untersuchten 
Ruderalgesellschaften den Saumgesellschaften 
mit einem spaten blUhphanologischen Hohepunkt 
im Jahresverlauf Ende Juli bis Anfang September 
(KRATOCHWIL 1983, Abb. 22, p. 509); das Xe
robrometum hingegen erreicht Ende Mai bereits 
sein Bliihmaximum (KRATOCHWIL 1989). 

Ein Vergleich der Arealtypen-Spektren ver
schiedener Pflanzengesellschaften bestatigt die 
Regel , daB soiche mit einem hohen Anteil subme
diterraner Arten ihr BlUhmaximum in der ersten 
Jahreshalfte ausbilden (z.B. Xerobrometum , Meso
bromefum), jene hingegen mit einem hohen Anteil 
(subozeanisch) eurasiatisch verbreiteter Arten ihr 
BlUhmaximum im Juli und viele in der zweiten 
Jahreshalfte besitzen (z.B. Gesellschaften der Mo
li nio-Arrhenatherefea . Saumgesellschaften 
trockener und frischerer Standorte) (KRATOCH
WIL 1988a, b, 1989) . Als Grund ftir dieses 
spezifische symphanologische Verhalten werden 
die in den jeweiligen Hauptverbreitungsgebieten 
der einzelnen Gesellschaften wirkenden phanolo
gisch selektierenden Witterungsbedingungen an
gesehen (KRATOCHWIL 1988a). Die untersuch
ten RuderalgeselIschaften entsprechen dieser 
Regel; sie haben einen hoheren Anteil (subozeani
sch-) eurasiatisch verbreiteter Arten und ein 
bltihphlinologisches Maximum in der zweiten Jah
reshalfte. 

Die vorherrschenden Pflanzenfamilien, die 
mit den ihnen zugehorigen Arten die untersuchten 
Ruderalgesellschaften phanologisch bestimmen, 
sind die Asteraceae s.l. und die Fabaceae. Sie stel
len insgesamt 43-60% all er entomophiler Pflanzen
arten (Abb. 4). Da mit der Zugehorigkeit zu ei
ner Pflanzenfamilie gleichzeitig auch ein 
bestimmter Blumentyp verbunden ist, sei im fol
genden kurz auf die bltihphanologische Entwick
lung im Jahresverlauf auf Familienniveau hin
gewiesen : Scrophulariaceen erscheinen 
blUhphanologisch gehauft bereits im Mai, die Fa
baceen zeigen einen Schwerpunkt Mitte/ Ende Ju
ni bis Ende Juli, die Asteraceen zeitlich versetzt 
Anfang Juli bis Mitte/Ende August; die Apiaceen 
als weitere ftir blUtenbesuchende Insekten wichti
ge Familie haben wie in anderen Pflanzengesell
schaften auch (KRATOCHWIL 1983) den spates
ten BlUhtermin Ende Juli bis in den September. 

4.2 Die Gemeinschaft der Wildbienen an den 
einzelnen Ruderalstandorfen 

In dem sehr kurzen Untersuchungszeitraum 
von nur 4 Monaten konnten insgesamt bereits 112 
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Tab. 3 - Liste der 1987 auf den Untersuehungsfllichen I-VI naehgewiesenen Bienenarten (Hymenoptera Apoidea). 
RL I : Rote Liste der Bundesrepublik Deutschland 
RL2: Rote Liste Baden-Wtirttemberg 
Kategorien: 0 = ausgestorben oder verschollen 

1 = vom Aussterben bedroht 
2 = stark gefahrdet 

I II In IV v VJ 

N n.&! 9\>.d'd'??ad" '?9 . ad" n·&! n . &;"RL l RL2 NEST 

CO'LletsB 

daViBSQI1UB SMITH 1846 

simais SCHENCK 1853 
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85 

28 

12 

'.3 
5 . 9 1. 

7 . 1. 

1. 

1. 

2 1. 

14. 634 . 21 

5 . 2 3 . 2 

1 1. 2 

2. 

3 . 2 

1 hy en ~ 
3 en B 

hy PR 

hy PR 

hy HP~ 

hy PR 
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Tanacetu'"' 
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Qnnu'La,.i8 (KIRBY 1802) 

b7'flvicol'nie (NYLANDER 1852) 

communis (NYLANDER 1852) 

confusus (NYLANDER 1852) 

C01'nutuB CURTIS 1831 

di/formis (EVERSMANR 1852) 

gl'acilicornis (MORA'oIITZ 1861) 

hyat.inatu8 SMITH 1842 

lflptooflphaluB (MORAWITZ ,S71) 

nigl"itus (FABRICIUS 1798) 

piotipes NHARDER 1852 

pl.matatus (BRULU 1832) 
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labiata FABRIC IUS 1781 
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mi'lutuloideB PERKINS 19111 

nitidiuscula SCHENCK 1853 
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pandflZlfli PE:REZ, 1895 

propinqua SCHENCK 1853 1) 

viridflBcflns VIERECK 1916 
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Panu'1'gus 
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HaliotuB 
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albipu (FABRICIUS 1781) 

calcflatu1ll (SCOPO LI 1763) 
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A8te1"ac . > gelh 

Ve1"onica 

ApiaeeaQ 

Apiaceae 

Fabaceae 

Campanuta 

VerO'liea 

Bra8Fieaeeae 

A8tQrae .~gelh 

Astft1'aceae 

Asttl1'aceae 

A8te1"aCeae 

Apiactlae 

A8tel'aCeae 

AstBl'ae ... gelb 

A8tft1"aCeae 

(Fabac . ?) 

A 8 tel'ae . .. gelb 

(Asterao. ?) 
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3 = gef<ihrdet 
4 = potentiell gef<ihrdct 

Nistweise: en = endogaisch (B=Boden) 
hy = hypergaisch (H=Holz, Kr=Krautschicht, 

L= Lehmwand, M=Mauerwerk, P=Pflan
zenstengel , R=Rubus-Stengel). 

Tab. 3 (cont.) 

1), 2) = systcmatisch dcrzeit schwer trennbare und deshalb hier zusammengefa13te Artenpaare. 

NeZ'itta 

1Iie-ricans ALFKEN 1905 

AntIJidium 

litt/ra/aIM (PANZER 1801) 

manioatull'l (LINNAEUS 1758) 

ob longa tum (I LLIGER 1806) 

pwnctatul'l L ATREILLE 1809 

stl"igatul'l (PANZER 1805) 

HSl'iadfl8 

crsnulatlo/s NYLANDER 1856 

tl"uncoru m (LINNAEUS 1758) 

Che Z08tOl7la 

campal'luZarum (KIRBY 1802) 

fu1.iginoBum (PANZER 1198) 

Osmia 

adunca (PANZER 1198) 

00"ru1.11801lI'lS (LINNAEUS 1158) 

fuZviventri8 (PANZER 1198) 

l.eucomeLal'la (KIRBY 1802) 

l"avou .ri P:E:REZ 1902 

r ufa (LUNAEUS 1158) 

tl'identata DUFOUR & PERRIS 1840 

Dioxys 

tridentata (NYLANDER 1848) 

MegachiZtt 

oentuncU~a l' i8 (LINNAEUS 1158) 

el'icetol'um LEPE LETIER \84 1 

ge nat.is MORAWITZ 1880 

pacifica (PANZER 1798) 

piZidens ALFKEN 1923 

ver 8icol.or SMITH 1844 

L)il.l.ughbiel.l.a (KI RBY 1802) 

CoeZio.rys 

aUl'ol. i rrrbata FORSTER 1853 

rufocaudata SMITH 18511 

Nomada 

fZava PANZER 1798 

fuoata PANZER 1798 

ful.vicornis FABRICIUS 1193 

goodeniana (KIRBY 1802) 

l.ineol.a PANZER 1798 

ssxfasciata PANZER 1199 

striata FABRICIUS 1193 

EPSOZ U8 

va r isgatus (LUNAEUS 1158) 

M"Z"cta 
punctata (FABRICIUS 11'75) 

Eueera 

tubsreulata (FABRICIUS 1793) 

XyZocopa 

vio l.acea ( L INNAEUS 1158) 

Ce ratina 

ohal.ybea CHEVRIER 1812 

cucurhitina (ROSSI 1192) 

cyansa (URBY 1802) 

Bomhus 

humil.is ILLIGER 1806 

Zapidarius (LINIfAEUS 1158) 

Zucor um ( LUNAEUS 116 1 ) 

paseuorUI7I (SCOPOL l 1163) 

p1"ato r um ( LINN AEUS 1161) 

1"UdBl'ar iu s ( MULLER 1176) 

ByZva r um ( LUNAEUS 11 61) 

tel'r68 tris ( LINN AEUS 1758) 

Pllithyr u s 

bohemicu8 (SEIDL 1831) 

I 

N ~~.M 

B '-
24 

24 

B 

15 

27 

61 

3 2. 

13 

29 

37 

24 

'
'-

2 2 . 

13 

1 

II III 

~~.M K-9 -M 

2 . 1 '-

2 . 4 2. • 

'- 1 

'-

'-

'- 5 

'-
5. 1 2. 

'-

2. 

VI I 
IV f'l v 

9·6't! 9~·~~ 9 _6.<' RL 1 OD ~'PS::T 

1 3 .n P 

'- '- 1 2 hy HE.R 

4. 3 3 9 . 5 hy I:"" 

1 . 2 . 4 2 en hy ~P 

3 . 3 en B 

2 . 2 hy 

hy H 

7 . 3. 3. 1 hy HM 

'- 1 hy H 

B. 4 3. 7 hy H 

'- 9 . 5 15 . 31 hy HM 

6 . 2 . 1 hy H 

'- hy H 

3 . hy PR 

'- 2 hv M 

'- hy MM 

,'- 1 3 2 hy P 

3 0 ( I 

hy HP 

6 . 1 1'- 5 3 en B!:1 
'- 1- 1 hy P 

4. 3 7. 3 10 . 1 3 e n B 

'- 1 3 2 e n e 
h y H 

3. 7.12 hy H 

'- 1 

'-

1- 3. ( I 
3 ( 

1- ( 

2. 1 

( I 

1 . '- 3 en B 

1- 2 h y H 

'- 1 2. 1 hy PR 

2 . 3 3. hy PR 

'- 2 . 4 4. 2 hy PR 

en B 

en B 

hy Kr 

hy Kr 

3 en B 

en B 

en B 

( I 
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BL' !TE~'r~~ lIC I' 

LlIthl'urt 

As tel'aceae 

Fabaceae 

Fabaceae 

Fabaceae 

ABteraceae 

Aat61'Glc . J 9"elh 

Campanul.a 

Campanu "La 

Echium 

Fabac . (Lal'liac . ) 

Apteraceae 

Pabacltae 

Fahaceatl 

Fabaceae 

Aster acsQe 

Fabaceae 

Ps t e l"QCBae 

Fabac . • Lamiac . 

FabacBae 

FabacsQII , 

Hieraci um , 
Tanacetum 

Pabac . • Lamiac . 

As t el'ac eae 

Ast81'aCeae 
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L = 112 ARTEN 

Abb.5 - a) Anzahl dcr in den einzclnen UntcrudlUngsnachcn 
festgcstelltcn Wildbienen-A11cn und Individucnzahlcn; abso
lute Zahl uml prozentuale Vertcilung (FJtichc mit dcr grol3ten 
ArtenzahI = 100%). 
b) Anzahl oer von Wildbiencn bcsuchtcn (=apidophilcn) 
Pflanzenartcn in dcn UntcrsuchungsfIachen I-IV ; nahere 
ErHiuterungen zu den Untcrsuchungsflachcn s. Tab. 2 und 
Text. 

Wildbienen-Arten an den 6 UntersuchungsfHichen 
festgestellt werden (Tab. 3). Das sind 22% der fUr 
die BRD und 27% der flir Baden-Wtirttemberg 
bisher nachgewiesenen Arten. 

Je nach Ausbildung des Gesellschaftsinven
tars, seiner Mosaikbildung, z.T. jedoch aber auch 
aufgrund der FlachengroBe und des Alters der ein
zelnen Ruderalstellen, ist die Anzahl der hier 
vorkommenden Bienenarten unterschiedlich groB. 
Eine geringere Diversitat (35 und 37 Arten) ist in 
den FHichen I und IT festzustellen, dem Conyzo
Lactucetum und dem Tanaceto-Artemisietum, eine 
hohe (66 und 72) in den Flachen V und VI, den 
Vegetationskomplexen am Flugplatz und am Gti
terbahnhof (Abb. Sa). Auch die Anzahl der von 
Bienen beflogenen Pflanzenarten steigt in analo
ger Weise (Abb. 5b). 

Eine Pflanzenart, Erigeron anlluus (Abb. 6a, 
A), kommt in alien Untersuchungsfllichen vor und 
erreicht im Bltitenbesuch von alien entomophilen 
Pflanzenarten der untersuchten Ruderalstellen die 
hochste Bienenartenzahl (bis 17 Arten). In der 
Gruppe B (Abb. 6a) sind einzelne Pflanzenarten 
aufgefiihrt, die in mehreren Fllichen vorkommen 
und ebenfalls besonders viele Bienenarten an
locken, so z.B. Tanacetunz vu/gare' und Barbarea 
vulgaris. Die Gmppe C (Abb. 6a) vereinigt Pflanzen
arten mit hoher Bliitenbesuchszahl, die nur an weni
gen der untersuchten Ruderalstellen vorkommen. 

01 Il ill 

""I Erigeron onnuus 
\!Y, 11 1S 17 

® 

ICirsium lCorooi/{o I erioph. 14 "aria 6 

bl Il ill 

o Andreno f fovipes 
Ho/ict us scobiosoe 
Holictus simp lex 
Ho/ictus tumulorum 

® 

® 

CD 

o 

Losiog(ossum pouxillum 
fo1egachile pacifica 

I Hylaeus cornutus 

lU 

Onopordum Hierocjum 
aconth. 8 pifose/Ia 10 

Sfefloria Hypochoeris 
gremin 8 rodicato1 

Achilfea Me/i/otus 
millefol. 7 alba 9 

Siihmbrium Resedo 

~L~~~~'O 9 

[ ovo/ulo 

repens B 
Lotus 
cornicut.8 

Thymus 
pulegioid8 

Centoureo 
joceo 6 

Cichorium 
iotybus 6 

Convolvu/u 
orl/ens/56 

Hyloeus hyolinotus 
Lasegfassum vl1losu{um 
(helostoma tufigmosum 
Osmio odunco 
Ceratino cyanea 

Abb. 6 - a) Die wichtigsten apidophilcn Pflanzenarten der un
tersuchten Ruderalstellcn der Stadt Frciburg (I-IV), differen
zicrt nach ihrcm Stcnotopie-Grad untcr Angabe dcr in den ein
zelnen Untcrsuchungsflachcn an ihncn festgestelltcn 
Wildbicncn-Artcnzahl. 
b) Dominante Wihlbicnc-Artcn dcr untcrsuchtcn RuderaIna
chen, geordnet nach ihrcm jeweiligcll Stenotopic-Grad (A-F). 
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FOlo 2 - a) Furchenbicne Lasiog/ossllm /ellco:ollillm auf Hieracilllll pi/oseJla (Giitcrbahnhof, 5.6.1987), 
b) Scidenbicnc Colletes simi/is auf Tallacelllm vlI/gare (Gcwerbegebiet «Haid», September 1987), 
c) Trugbicnc Pallllrglls denlipes auf Cic/lOrillm illtyblls (GUtcrbahnhof, 17.7.1987), 
d) Wollbicne Anlhidillf11 manicalllf11 auf adventiv vorkommender Me/issa officina/is (StraJ3endamm «Betzenhausel1», 
20.7.1987. 

Eine ahnliche Verteilung wie bei den api
dophilen Pflanzenarten laSt sich auch flir die Bie
nenarten nachweisen (Abb. 6b). Unter den domi
nanten Arten finden sich soJche (Abb. 6b, A), die 
in fast alien FJachen gleichmaSig anzutreffen 
sind, so z.B. die Furchenbiene Lasioglossum leu
cozonium (Foto 2a). Es handelt sich hierbei im 
wesentlichen urn Arten, die bei uns Uberall recht 
haufig auftreten und die in der Regel eine groSe 
okologische Amplitude besitzen. Die Ubrigen 
Oruppen (Abb. 6b, B-F) hingegen umfassen Ar
ten, die zunehmend deutlichere Schwerpunkte 
hinsichtlich ihrer Habitatpraferenzen aufweisen. 
Ihr Anteil steigt mit der Anwesenheit bestimmter 
Pflanzengesellschaften, mit dem Orad ihrer Aus
bildung, mit der Zunahme der Vielseitigkeit und 
Komplexitlit des Vegetationsmosaiks, wobei das 
Ineinandergreifen moglichst verschiedener Oesell
schaften unterschiedlicher Stellung in der soziolo-

gischen Progression von besonderer Bedeutung ist 
(Tab. 2). So kommt die Trugbiene Panurgus den
tipes (Foto 2c), eine bei uns sehr seltene submedi
terrane Art, nur im Bereich des OUterbahnhofes 
vor. Auch spielt in diesem Zusammenhang die 
Anwesenheit bestimmter abiotischer Strukturele
mente (s.u.) ebenfalls eine groSe Rolle. 

Das Schwerpunktvorkommen zahlreicher 
Wildbienen-Arten beruht immer auf bestimmten 
HabitatansprUchen, die einerseits die Nistweise 
(1), andererseits das BlUtenbesuchsverhalten (2) 
dieser Arten betreffen. 

1) Nistweise: 

Die Uberwiegende Mehrzahl der an den un
tersuchten Ruderalstellen festgestellten Wildbie
nen-Arten sind Bodennister (66%, 59 Arten). Zu 
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diesen gehoren im wesentlichen die Sandbienen 
(Andrena), Trugbienen (Panurgus), Furchenbie
nen (HalicfusILasioglossum) und Langhombienen 
(Eucera) . 

Weitere 17% (15 Arten) nisten in und an 
Gebauden, im Fachwerk, in altem Holz od er in 
Mauem. Typische Arten, die in lehmverfugtem 
Mauerwerk ihre Nester anlegen, sind die Seiden
biene Col/efes daviesanus und die Maskenbiene 
Hylaeus hyalinafus. Hohlraume in Mauem dienen 
den Mauerbienen Osmia adunca und O. rufa als 
Nistplatz; in altem Holz legen vieIe verschiedene 
andere Wildbienen-Arten ihre Brutzellen an, z.B. 
die U:icherbiene Heriades fruncorum , verschiede
ne Maskenbienen (Hylaeus communis, H . diffor
mis , H. picfipes) , Wollbienen (Anthidium litura
fum , A. manicafllm: Foto 2d), die Scherenbiene 
Chelostoma fuliginosum, Mauerbienen (Osmia 
coerulescens, O. fulviventris), Blattschneiderbie
nen (Megachile cenfuncularis, M. versicolor, M . 
willughhiella) und die Holzbiene Xylocopa viola
cea. 

Die tibrigen 17% (15 Arten) nisten in Pflan
zenstengeln, z.B. solche von Rubus-Sippen. FUr 
die folgenden 5 Wildbienen konnten die Stengel 
von Onopordum acanfhium als Nistplatz nach
gewiesen werden: Hylaeus cornufus, H. gracili
cornis, Anfhidium lifurafum, Chelosfoma campa
nularum und Cerafina cyanea. 

HYMENOPTERA APOIDEA 
N ISTWEISE 

50 @ 
% 

50 @ 

Ein Vergleuch der einzelnen Untersuchungs
flachen untereinander zeigt, daB die Anzahl der 
Gebaude-, Holz- und Mauemister, wie zu erwar
ten, mit Zunahme dieser Nistgelegenheiten eben
falls wachst (Abb. 7) 

Mit 28% ist der Anteil der Arten mit dieser 
Nistweise im Bereich des Gtiterbahnhofes mit sei
nen zahlreichen alten Waggonschuppen am hoch
sten. Auch nimmt def Prozentsatz def Pflanzen
stengel-Nister mit der Anwesenheit von 
Hochstauden- und Gebtischgesellschaften zu, von 
3% (Conyzo-Lacfucefum, StraBendamm 'Weingar
ten'; Flache I) auf 16% (Vegetationsmosaik 'GU
terbahnhof'; Flache VI). Entsprechend nimmt der 
Anteil der Bodemnister hingegen ab; er ist hoch 
an neu entstandenen RuderalsteIlen die no ch be
sonders ltickig sind. Im Conyzo-Lacfucefum be
trug er 90% 

2) BlUfenbesuchs-Priiferenz: 

Zahlreiche Wildbienen-Arten nutzen nur 
ganz bestimmte Pollenquellen zur Versorgung der 
Brut. In der Regel handelt es sich hierbei urn eine 
Praferenz (<<angeborene Stenanthie») ftir be
stimmte Pflanzengattungen oder Pflanzenfami
lien. 

Von den 112 an den untersuchten Ruderal
stellen der Stadt Freiburg erfaBten Wildbienen-Ar-

GEBAUDE, FACHWERK,HOLZ, MAUERN 
PFLANZENSTENGEL (RUBUS u.Q.) 

IM BODEN 

24 28 

Abb. 7 - Pro7.entuale Anteile der in den jeweiligen RuderalfHichen in Gebaude, Fachwerk, Holz und Mauern CA), in Pflanzenstengel 
(B) und im Boden CC) nistenden Wildbienen-Arten. Es kamen nur Arten zur Auswertung, bei denen eine eindcutige Zuordnung ge
troffen werden konnte . 
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ten konnen allein die Halfte als im Bliitenbesuch 
spezifisch eingestuft werden. Eine hohe Bliitenbe
suchsspezifitat erklart haufig auch bestimmte Ha
bitatpraferenzen. So besuchen die beiden Seiden
bienen-Arten Colletes daviesanus und C. similis 
(Foto 2c) fast ausschlieBlich Tanacetum vulgare, 
ihr Schwerpunktvorkommen liegt deshalb in
nerhalb der Untersuchungsflachen im Tanaceto
Artemisietum, im Onopordetum acanthii und im 
Dauco-Picridetum. 

Ein weiterer Spezialist ist die Sandbiene An
drena florea, die fast ausschlieBlich an Bryonia
Arten (z.B. Bryonia dioica) anzutreffen ist. An 
den untersuchten Ruderalstellen tritt sie deshalb 
nur an 2 Stellen auf (StraBendamm 'Betzenhau
sen ' .. FJache IV, Erdwall 'Flugplatz', Flache V), 
wo In Kontakt zu den dort eingehender bearbeite
ten FJachen AlIiarion-Gesellschaften mit Bryonia 
dioica angrenzen. 

Eine enge Bindung an Echium vulgare zeigt 
die Mauerbiene Osmia adul1ca . Im Bereich des 
Guterbahnhofes (Flache VI) beschrankt sie sich 
wahrend ihres Pollensammelflugs im wesentli
chen auf die Vulpia myuros-Gesellschaft, da dort 
Echium vulgare in besonders hoher Blumendichte 
vorkommt. 

Im Pollensammeln spezifisch auf Reseda-Ar
ten (Reseda lutea, R. luteola) ist die Maskenbiene 
Hylaeus signatus. Ihr Schwerpunktvorkommen 
liegt deshalb im Onopordetum acanthii (Flug
platz, FJache V) und im Echio-Melilotetum (Gtiter
bahnhof, FJache VI), wo sie Reseda lutea besucht, 
ferner im Tanaceto-Artemisietum (Gewerbegebiet 
'Haid', FJache II). Die beiden Scherenbienen-Ar
ten Chelostoma campanularum und Ch.fuligino
sum sind Campanulaceen-Spezialisten. Im Unter
suchungsgebiet wurden sie fast ausschlieBlich an 
Campanllla rapunculus in der ruderalisierten 
Arrhenatherion-Fragmentgesellschaft am Flug
platz und im Dallco-Picridetum und der Vulpia 
myuros-Gesellschaft am Guterbahnhof angetrof
fen. Ebenfalls auf Campanula-Arten spezifisch ist 
die Sandbiene Andrena pandellei . Wahrend die 
Weibchen all dieser Campanula-Spezialisten die 
Bltiten vorwiegend als Pollenquelle nutzen, die
nen sie den Mannchen hllufig als Ubernachtungs
quartier und Schlafplatz. 

Fiir die Mehrzahl der im Bliitenbesuch spezi
fischen Bienenarten (73%), die an den untersuch
ten Ruderalstellen nachgewiesen werden konnten, 
haben 3 Pflanzenfamilien eine besonders groBe 
Bedeutung (Tab. 4). 

J) Asteraceae 

Beispiele fUr spezifische Bienenarten der Ru
deralflachen: Hylaeus nigritus, Andrena fulvago, 
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Tab . 4 . Prozentsatz der Asteraceen (s.I.)-, Fabaceen-, 
und Apiaceen-Spezialisten unter den an den untersuchten 

Ruderalstellen festgestellten im Bliltenbesueh spezifischen 
(stenanthen) Wildbienen-Arten; in Klammer: 

Anzahl der Arten 

HYMENOPTERA APOIDEA 
IM BLUTENBESUCH SPEZIFISCH AUF: 

ASTERACEAE s.l. 39% (22 ) ~ 

FABACEAE 21 % (12 ) 

APIACEAE 
~ 73% 

9% (5 ) 

ASTERACEAE s.l. 
+ APIACEAE 4% (2) 

A. humilis, Panurgus calcaratus, P. dentipes (Foto 
2c), Halictus scabiosae, H. sexcinctus, Lasioglos
sum lativentre, L. leucozonium (Foto 2a), L. minu
tissimum, L. villosulum, Heriades crenulatus, H. 
truncorum; 

2) Fabaceae 

Andrena ovatula, Anthidium oblongatum, A. 
punctatum, A. strigatum, Osmia coerulescens, O. 
leucomelana, O. rayouxi, O. tridentata, Megachi
le ericetorum, M. willughbiella; 

3) Apiaceae 

Hylaeus annularis, H. punctatus, H. sinuatus, 
Lasioglossum laevigatum. 

Die Dominanz dieser Pflanzenfamilien steht 
auch in Ubereinstimmung mit dem Ergebnis, daB 
an alien 6 Untersuchungsflachen die Asteraceen, 
gefolgt von den Fabaceen, die meisten ento
mophilen Pflanzenarten stellen (Abb. 4). 

Ein Vergleich der 6 untersuchten Ruderalstel
len untereinander zeigt, daB der Anteil der im 
Bliitenbesuch unspezifischen Arten in der 
Reihenfolge I-VI abnimmt, der der spezifischen 
Arten hingegen zunimmt (Abb. 8a). Mit steigen
der Diversitat von Gesellschaften unterschiedli
cher soziologischer Progression erhoht sich dem
nach der Anteil der im Bliitenbesuch 
spezifischeren Arten. Ein Grund liegt einerseits in 
der steigenden Pflanzenarten-Zahl und dem damit 
wachsenden Anteil solcher Pflanzenarten, auf die 
bestimmte Wildbienen-Arten spezifisch sind, an
dererseits in der langeren Zeitspanne, die viele 
spezialisierte Bienenarten benotigen, urn be
stimmte Ruderalstandorte zu besiedeln. 

Eine Analyse auf Pflanzenfamilien-Niveau 
fiihrt zu dem Ergebnis, daB entsprechend der 
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@ 

% 
50 
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Abb. 8 - a) Prozentuale Anteile der in den jeweiligen RuderaInachen im BHitenbesuch unspezifischen (euryanthen) und spezifischen 
(stenanthnen) Wildhienen-Arten. 
b) Prozentuale Anteile der in den einzelnen UntersuehungsfHiehen auf Asteraceen (s.l.) -, Fabaceen-, Apiacecn-Arten, sowie Pflanze
narten anderer Familien spezifischen Wildbienen-Arten. 

jeweiligen Ausstattung der einzelnen Ruderalge
sellschaften und Gesellschaftsrnosaike der Anteil 
der jeweiligen Spezialisten variiert (Abb. 8b). Ein 
Zusarnrnenhang zwischen Spezialisierung auf eine 
bestirnrnte Pflanzenfarnilie und Hohe in der sozio
logischen Progression der Gesellschaften der Un
tersuchungsflachen ist z.T. erkennbar. So iiberwie
gen an «jungen» Ruderalstandorten 
Asteraceen-Spezialisten unter den spezifischen 
Wildbienen-Arten, an «alteren» Standorten rnit 
Gesellschaften unterschiedlicher Stellung in der 
soziologischen Progression solche der Fabaceen. 
Apiaceen-Spezialisten zeigen irn Vergleich der 
Untersuchungsflachen keine Priiferenzen. 

Zusarnrnenfassend ist festzustellen, daB es 
sich bei der hier vorgestellten Bliitenbesucher-Ge
rneinschaft der Wildbienen an Ruderalstellen der 
Stadt Freiburg urn eine besonders artenreiche, z.T. 
hoch angepaBte Zonose handelt. Da dieser Unter
suchung nur die Ergebnisse von 4 Monaten zu
grundeliegen und der Friihjahrs- und Herbstaspekt 
nicht oder nur unzureichend erfaBt wurde, ist, ge
rnessen an den tatsachlichen Verhaltnissen, die 
festgestellte Artenzahl noch zu niedrig. Die Erfah
rung zeigt, daB bei rnehrjahrigen Untersuchungen 
der Wildbienenfauna eines Gebietes der Anteil 
neuer Arten irn 2. Untersuchungsjahr ca. 25-30%, 
irn 3. Jahr ca. 10% betragt. Es dUrfte deshalb an 
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den vorgestellten Ruderalstellen bei der Berticksich
tigung der gesamten Vegetationsperiode und ei
nem Iangeren Untersuchungszeitraum mit ca. 150-
180 Wildbienen-Arten zu rechnen sein. 

Der Anteil derjenigen Arten, die man als ty
pische Kulturfolger oder synanthrope Arten ein
stufen kann, ist hier gering (ca. 19%). Auch von 
der Dominanzstruktur iihnelt die Wildbienen-Ge
meinschaft der untersuchten Ruderalstellen eher 
nattirlichen bzw. naturnahen Zonosen (TROJAN 
et a1. 1982). 

Die einzelnen Untersuchungsfliichen unter
scheiden sich in der Zusammensetzung der Arten
gemeinschaft in Abhiingigkeit vom Pflanzengesell
schaftsinventar, von seiner Mosaikbildung und 
GroBe, von der Diversitat der Pflanzengesell
schaften unterschiedlicher soziologischer Progres
sion (und damit auch unterschiedlichen Alters) 
und von der Anwesenheit bestimmter, tiber Hinge
re Zeit zur Verftigung stehender Nistplatzsubstra
te. Die Vergleichsdaten reichen bisher jedoch noch 
nicht aus, urn die Frage beantworten zu konnen, 
ob bestimmte Ruderal-Pflanzengesellschaften 
und Gesellschaftskomplexe eigene Wildbienen
Gemeinschaften besitzen, die sich durch ein 
charakteristisches Artenspektrum typisieren 
lassen. 

4.3 Naturschutzaspekte 

Schon allein die hohe Artenzahl an vorkom
menden Wildbienen beweist eine hohe Qualitiit 
der untersuchten Ruderalstellen aus Naturschutz
sicht. Im Vergleich zu der Wildbienenfauna eines 
versaumten Kaisersttihler Halbtrockenrasens sind 
die Ruderalstandorte etwa am Flugplatz oder am 
Gtiterbahnhof keinesfalls arteniirmer, auch wenn 
es sich urn eine andere Zonose handelt. Dies wird 
untermauert, berticksichtigt man die Anzahl der 
Rote-Liste-Arten (Tab. 3,5). 

Tab . 5 - Vcrgleich: Artcnzahl und Antcil Rotcr-Liste-Arten 
(Baden-Wiirttemhcrg) von Wildbicncn-Gemeinschaften 

vcrschicdcncr Rudcralstandortc dcr Stadt Freiburg 
(I Untersuchungsjahr) mit eincm vcrsaumtcn Mesobrometllm 

im Kaiscrstuhl (3 Untcrsuchungsjahrc. 
s. KRATOCIIWlL 19R3. 1984) 

HYM ENOPTERA RUDERALSTANDORTE VER SAUMTER 
APO IDEA STADT FRE I BURG HALBTROCK ENRASEN 

KA I SERSTUHL 
1 UNTERSUCHUNGSJAHR 3 UNTERSUCHUNGSJAHRE 

ARTENZAH L 112 130 

ANZAHL ARTEN 
DER ROTE N LI STE 31 29 
BAD.-WURTl 
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Unter diesen sind allein 17 Arten der Roten 
Liste der BRD (nach WARNCKE & WESTRICH 
1984) und 28 Arten der Roten Liste von Baden
Wtirttemberg (WESTRICH & SCHMIDT 1984). 
Die hochste Anzahl von Rote-Liste-Arten bezo
gen auf Baden-Wtirttemberg beherbergt der Gti
terbahnhof (N=21), aber auch der nur wenige Jah
re alte StraBendamm der FHiche I weist bereits 8 
Rote-Liste-Arten auf (Abb. 9). Im folgenden seien 
7 «Besonderheiten» vorgestellt: 

Biareolina /agopus: Diese submediterrane, 
den Sandbienen nahestehende Art ist innerhalb 
der Bundesrepublik nur aus dem stidlichen Teil 
bekannt und bisher nur von wenigen Orten nach
gewiesen worden. Die meisten Angaben waren iil
teren Datums, so daB sie in der Roten Liste der 
BRD von 1984 als verschollen angegeben wurde. 
1983 konnte sie WESTRICH (1984) bei Alt
lu13heim wieder finden. WESTRICH & SCHMIDT 
(1984) stufen sie in der Roten-Liste Baden-Wtirt
temberg in die Kategorie 1 ein: vom Aussterben 
bedroht. 

Bemerkenswert ist, daB sie innerhalb der un
tersuchten Ruderalstellen an dem nur wenige Jah
re alten StraBendamm bei Weingarten (Fliiche I) 
und im Gewerbegebiet «Obere Haid» (Fliiche III) 
auftrat, also keinesfalls an den hinsichtlich der 
Rote-Liste-Arten dominierenden FHichen. Mann
chen und Weibchen traten nur an Bltiten von Bar
barea vulgaris auf; wahrscheinlich ist diese Art 
ein Cruciferen-Spezialist. 

Ha/ictus scabiosae: In der Roten-Liste Ba
den-Wtirttemberg wird diese submediterrane Art 
in die Kategorie 1 (vom Aussterben bedroht) ein
gestuft, in der Roten Liste der BRD als stark 
gefahrdet (Kategorie 2) . Die Skabiosen-Furchen
biene kommt nur im Stiden der BRD vor, wobei 
es sich zumeist urn altere Funde aus dem 
Oberrheingebiet handelt (WESTRICH 1984). H. 
scabiosae konnte an allen untersuchten Ruderal
stellen nachgewiesen werden. Am StraBendamm 
«Betzenhausen» waren mehrere Nistplatze (12 
Nesteingange) im Convolvulo-Agropyretum an 
ltickigen, vegetationslosen Stellen in stidlicher 
Exposition festgestellt worden. 

Lasioglossum quadrinotatum: Auch diese 
Furchenbiene wird in der Roten Liste von Baden
Wtirttemberg in die Kategorie 1 (vom Aussterben 
bedroht) gestellt, in der Roten Liste der BRD in 
die Kategorie 3 (gefahrdet). Nach EBMER (1970) 
kommt sie in ganz Europa vor, jedoch immer nur 
lokal. Aus Osterreich z.B. sind erst 4 Funde 
bekannt. EBMER (1970) fand diese Art aus-
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HYMENOPTERA APOIDEA: ROTE-L I STE -ARTEN 

% 

50 

Abb.9 - Anzahl der Arten dcr Rotcn Liste von Baden-Wiirtt~mbcrg an den 6 verschiedenen untersuchten Ruderalstellen der Stadt 
Freiburg in % (100% = 3\); in Klammer Anzahl der der Ar1en. 

schlieBlich auf Sandboden. Innerhalb der unter
suchten Ruderalstellen trat sie nur im Conyzo
Laetueetllm des wenige Jahre alten StraBendam
mes bei Weingarten (FHiche I) auf. 

Anthidium Iituratum: Bei dieser WolIbiene 
handelt es sich um eine submediterrane Art, wel
che innerhalb der Bundesrepublik nur aus dem 
Stiden bekannt ist (WESTRICH 1984). Sie wird 
in der Roten Liste von Baden-Wlirttemberg in die 
Kategorie 2 (stark gefahrdet) eingestuft, in der 
Roten Liste der BRD sogar in die Kategorie 1 
(vom Aussterben bedroht). Von dieser Art liegen 
nur wenige Fundmeldungen aus Baden-Wtirttem
berg nach 1960 vor (WESTRICH 1983). Auch flir 
diese Art ist bemerkenswert, daB sie, ahnlich wie 
Ha/ictus seabiosae, mit einer Ausnahme (FIache 
IV) in alien untersuchten Ruderalflachen nach
gewiesen werden konnte. WESTRICH (1983) 
erwahnt, daB sie in Baden-Wtirttemberg bisher 
nur in Lagen bis 500 m auf Flugsanddtinen, 
Trockenhangen und an warmen Waldrandem nach
zuweisen war. 

Dioxys tridentata: Diese ebenfalls submedi
terran verbreitete Kuckucksbiene wurde in der 
Roten Liste der BRD von 1984 noch als ausge
storben bzw. verschollen eingestuft. WESTRICH 
(1983) nennt flir Baden-Wlirttemberg nur einen 
rezenten Flugplatz: Oberbergen/Kaiserstuhl; ent
sprechend wird die Zweizahnbiene in der Roten 
Liste von Baden-Wlirttemberg in der Kategorie 1 
geflihrt. Nach den Angaben von STOECKHERT 
(1933) war diese Art schon immer selten. Am Gti
terbahnhof, wo Dioxys tridentata vorkommt, flo
gen Osmia adunea und O. ravouxi. die beide als 
Wirtsbienen-Arten angegeben werden (SCHMIE
DEKNECHT 1930). 

Megachi/e gena/is: Diese subkontinental ver
breitete Blattschneiderbiene konnte in Baden-

Wtirttemberg bis 1986 erst flinfmal nachgewiesen 
werden (WESTRICH 1983; WESTRICH, briefl.). 
Der letzte Fund der Beulen-Blattschneiderbiene 
geht auf das Jahr 1943 bei Kehl zurtick (BALLES 
1949). Auf den untersuchten Ruderalstellen war 
sie auf 3 Untersuchungsflachen angetroffen wor
den: am Flugplatz, am Gliterbahnhof und im 
Gewerbegebiet «Obere Haid». 

In der Roten Liste der BRD fehlt diese Art, 
in der von Baden-Wtirttemberg wurde sie in die 
Kategorie 1 eingestuft. 

Ceratina ehalybea: Von der GroBen 
Keulhornbiene liegen nur vereinzelte altere Fund
meldungen aus dem Oberrheingebiet vor (LAU
TERBORN 1924; LEININGER 1924; STROHM 
1924, 1925; BALLES 1925, 1927). Diese subme
diterran verbreitete Art kommt nur im Sliden der 
BRD vor (WESTRICH & SCHMIDT 1985). In 
der Roten Liste der BRD wird sie als «gefahrdet» 
(Kategorie 3), in der von Baden-Wtirttemberg als 
«vom Aussterben bedroht» (Kategorie 1) einge
stuft. Innerhalb der untersuchten Ruderalflachen 
wurde sie am Gliterbahnhof und am Flugplatz 
nachgewiesen. 

Ruderalvegetation kann im steten Werden 
und Vergehen kleinraumig von hoher lokaler Per
sistenz sein. Gleiches gilt auch flir die dort leben
de Tierwelt. Bei bestimmten Ruderal-Pflanzenar
ten (z.B. Papaver rhoeas) wird diese Persistenz 
zusatzlich durch eine 'seed bank' im Boden 
gewahrleistet. 

Unsere 6 Untersuchungsflachen liegen alle 
auBerhalb des Stadtkemes. Der heutige Stadtkem 
ist in seiner Umgrenzung vergleichbar mit der 
Altstadt des 13. Jahrhunderts. Alle unsere Flachen 
liegen somit in dem alten Vorstadtbereich um 
1300, wo es immer schon solche Ruderalstandorte 
gegeben haben muB. Um 1300 erreichte die Stadt 
Freiburg eine Ausdehnung, die sie tiber das ganze 
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Mittelaiter nicht mehr uberschritt. Diese unsere 
Untersuchungstl1:ichen liegen einerseits auch in ei
nem Bereich, der etwa im 16. lahrhundert 
landwirtschaftlich z.T. genutzt, andererseits Ende 
des 17. lahrhunderts im Vorfeld der Vaubanschen 
Festungswerke, wo ebenfalls Standorte fur Rude
ralbiozonosen sicher in groBer Ausdehnung 
vorhanden waren. Es ist davon auszugehen, daB 
die untersuchte Ruderalbiozonose etwas uber 
lahrhunderte Gewachsenes darstellt, nur so ist der 
hohe Anteil besonders seitener, z.T. wenig aus
breitungsftihiger Standortsspezialisten unter den 
Wildbienen zu verstehen. 

Ihr Schutz muB ein besonders ernstzuneh
mendes Anliegen sein. 

Zusammenfassung 

Im J ahre 1987 wurden in einem Zeitraum von 
Mitte Mai bis Mitte September an Ruderalstellen im 
Stadtbereich von Freiburg Wildbienen-Gemeinschaften 
(Hymenoptera Apoidea) in Pflanzengesellschaften u.a. 
folgender Syntaxa erfaBt: Conyzo-Lactucetum, Tanace
to-Artemisietum , Conl'olvulo-Agropyretul1l , Ranunculus 
repens-Gesellschaft, Onopordetul1l acanthii, ruderali
sierte An'henatherion-Fragmentgesellschaft, Dauco
Melilotion. Dallco-Picridetul1l , Vulpia myuros-Gesell
schaft. Die un'tersuchten Flachen, die teilweise 
Vegetationskomplexe darstellen, hatten eine GroBe von 
etwa 100-5000 m'. Von den einzelnen Ruderal-Pflan
zengesellschaften liegen genaue Daten iiber ihre 
Bliihphanologie vor; sie zeichnen sich alle durch eine 
hohe Anzahl simultan bliihender entomophiler Pflanzen
arten in den Monaten Juli und August aus . Der bliihpha
nologische Hohepunkt der untersuchten Gesellschaften 
1iegt Ende Juli. Insgesamt lieBen sich 22% (n=112) der 
in der BRD bekannten Wildbienen-Arten (n=517) nach
weisen. Eine besonders groBe Artenzahl wurde an 501-

chen Ruderalstellen gefunden, wo Ptlanzengesellschaf
ten unterschiedlicher Stellung in der soziologischen 
Progression das Vegetationsmosaik aufbauen, und 
sowohl fUr Bodennister, als auch fUr Arten, die z.B. im 
Fachwerk von Gebauden, in altem Holz, in Mauern 
oder auch in Ptlanzenstengeln von Hochstauden und 
Strauchern nisten, ausreichende Nistmoglich-keiten 
vorhanden sind. 50% aller festgestellten Wildbienen
Arten sind im Bliitenbesuch Spezialisten, iiber zwei 
Drittel davon auf Asteraceen, Fabaceen und Apiaceen. 
Bemerkenswert ist auch der hohe Anteil von Arten der 
Roten Liste (18 Arten der Liste er BRD, 31 der von Ba
den-Wiirttemberg). So kamen an einem nur wenige 
Jahre alten StraBendamm mit einem Conyzo-Lactuce
fUI1l bereits 8 Rote-Liste-Arten vor. Hier;us ltiBt sich 
ab1eiten, daB Standorte mit spontaner Vegetation im 
stadtischen Bereich eine artenreiche Bliitenbesucher
Gemeinschaft mit z.T. sehr seltenen und bei uns beson
ders gef'iihrdeten Wildbienen-Arten haben konnen. Dies 
belegt auch aus zoologischer Sicht die Schutzwiir
digkeit von Ruderal-Gesellschaften im stadtischen 
Siedlungsbereich. 
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Braun-Blanquetia 3 (2), 1989 

The paper entitled «Measuring settlement ve
getation: structure and function» published on the 
Part One of this number of Braun-Blanquetia pag. 
9-20, because of editorial mistake appeared with 
the co-author's name missing. Stating that the co-

IAVS Symp. Vegetation in Settlements 

author of this paper is David N. Myers of the De
partment of Geography, The University of Geor
gia, USA, the editor apologize for this mistake. 
Therefore the paper sholud be listed as follows: 

Measuring settlement vegetation: structure and function 

Myers D.N., Box E.O. 
Dept. o/Geography. The University o/Georgia. USA 

The editor 
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Braun-Blanquetia 

Un heritage est enrichissant et curve de nouvelles possibilites creatrices. Mais il en decoule en 
c~ntre partie I'obligation de ne pas gaspiller le patrimoine re<}u. Ceux qui, aujourd'hui etudient la 
vegetation grace a la phytosociologie peuvent utiliser des methodologies bien au point et tirer profit d'un 
ensemble coherent de connaissances. 

C'est le resultat du travail methodique de nombreux chercheurs de qualite pendant plusieurs 
decennies. Aujourd'hui, nous nous trouvons face a des problemes qui ne sont sans doute pas tout a fait 
nouveaux mais qui paraissent infiniment plus graves que dans le passe: primaute de la technique, 
specialisation, penurie de matieres premieres, d'energie et d'espace, crise de I'environnement... 

II se developpe ainsi des problemes specifiques divers pour lesquels il est necessaire de trouver des 
reponses nouvelles. Les chercheurs sont places devant un veritable defi et il depend de leur savoir et de 
leur immagination de montrer si la Science de la vegetation est capable d'apporter une contribution 
appreciable a la solution de ces problemes. 

La tradition phytosociologique dans ce contexte constitue une base essentielie. La conception 
typologique de la vegetation et la clarte du systeme qui en decoule, I'habitude des chercheurs de vivre en 
contact etroit avec la vegetation, les recherches basees sur I'observation condition antitMtique de 
I'experimentation, sont les traits caracteristiques de la phytosociologie. 

Les lignes directrices qui nous ont ete transmises par les maitres de la Science de la vegetation, 
Josias Braun-Blanquet et Reinhold TOxen avant tout, constituent actuellement une part importante de 
notre patrimoine d'idees. Notre but est de valoriser cet heritage et d'honorer la memoire du premier de 
ces maitres et fondateur de la phytosociologie moderne par une nouvelle serie de publications. 

Pourront y trouver place des monographies etudiant concretement la vegetation selon les 
enseignements de J. Braun-Blanquet et R. TOxen qui, a travers la creativite des auteurs, produiront de 
nouveaux fruits. 

Disciples nous-memes de J. Braun-Blanquet et ayant collabore a son activite, no us pensons, qu'a 
travers cette serie de publications son heritage restera vivant dans I'esprit originel et avec de nouvelles 
idees. 

© 1989 Dipartimento di Botanica ed Ecologia dell 'Universita . Camerino 
Station de Phytosociologie . Bailleul 

Printed in Italy 
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